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(57) Claim

1. In a process for producing optically anisotropic
masophase pitch wherein a hezavy aromatic hydrocarbon
feedstock is heat soaked until a substantial portion of
the feedstock has been caaverted to optically
anisotropic mesophase containing material, and in which
optically anisotropic mesophase pitch is recovered from
the heat soak material containing sai¢ pitch by gravity
settling wherein the improvewnent comprises subjecting
the heat scak material prior to the recovery of
mesophase piteh therefrom te¢v a pressure at least 30 kpa
higher than the pressure at wliich the heat soak took
place, whereby boiling of tha leat soak mateirial is
reduced, gases formed by cracking of heat soak material
during settling are substantially maintained in
solution, and settling of the optically anisotropic
mesophase pitch is enhdnced.
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(10) 593326

6. A process for producing optically anisotropic
mesophase pitch comprisinc:

(a) heat soaking a heavy aromatic hydrocarbon
feedstock at a temperature of from 350 to
475°C for a timg of from 0.5 to 120 hours
and at a first pressure until a

substantial porition of said feedstock has
been converted to mesophasz pitch;
(b) subjecting said heat soak#d feedstock

containing mesophase pitch to a pressure

higher. than said first pressure;

(c) dllowing mescphase pitch to settle from

| said heat soaked feedstock by gravity
settlement; and

(d) separating and recovering saiq settled
mesophase pitch,
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The following statement 1. a ful] description of this invention
including the best method of performing 1t known to me:-
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PRESSURE SETTLING OF MESOPHASE Case No. 7250

Background of the Invention

1. Field of the Invention

This invention relétes to production of mesophase pitch
suitable for manufacture of carbon fibers and other carbon artifacts.
More particularly, the invention is directed to an improved settling
process for separating mesophase pitch from a heat soaked heavy
aromatic hydrocarbon feedstock.

2. The Prior Art

There has been a substant:ial effort in recent years to
produce anisotropic pitch comprised of from 40 to 100 percrnt meso-
phase, which can then be spun into carbon fibers. One approach to
production of mesophase involves hrat soaking a heavy aromatic hydro-
carbon feedstock at c¢onditions such that a more dense mesophase
material forms., Variaticns of the heat soaking process include
sparging inert gas through the feedstock' during heat soaking, agi-
tating the feedstock during heat soaking, or a combination of sparging
#nd agitation, as described in U.S. Patent 4,209,500 to Chwastiak.

U. S. Patent 4,317,809 to Lewis et al describes heat soaking
a mesophase precursor material at high pressure, followed by addition=-
al heat soaking at atmospheric pressure with gas sparging.

U. S. Fatent 4,454,020 to f[zumi et al describes heat soaking
mesophase precursor material, separating a heavier anisotropic phase,
and further heating the separated portion.

European Patent Application Publication No. 44,714 describes
a basic heat soak and gravity separation process for producing meso-
phase pitch which involves cooling the heat soaked material enough to
stop boiling so that settling of mesophase pitch readily occurs.

Many other descriptions of variations of the heat soaking
procedure for producing mesophase appear in the literature, and the
present invention is applicable in general to any process in which a
mesophase forming feedstock is heat soaked to form mesophase and the
thus formed mesophase recovered from the heat soaked feedstock.
Specific mesophase-forming conditions of temperature, heat soaking
tine, feedstock composition, gas sparging, agitation and the like have
Heen extensively devaloped in the prior art, and are not a part of the

pxesent invention; as the present invention is generally applicable in
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any case where a mesophase-forming feedstock is heat soaked and
mesophase- pitch recovered therefrom, without regard to the specific
conditions under which the mesophase is formed.

Summary of the Invention

According to the present invention, mesophase pitch is
recovered from a heat soaked mesophase precursor feedstock by applying
a pressure higher than the heat soaking pressure to the heat soaked

material, allowing more dense mesophate material to settle by gravity,

~and separating the settled material from the less dense heat soaked

material.

The settling temperature can be the same as or lower than
the heat soaking temperature, but should not be ‘low enough that
increased viscosity substantially impedes settling.

During the heat soaking stage, the feedstock undergoes
cracking reactions leading to production of mesophase and other
components, including gaseous components. ‘These gaseous cracking
components continue to evblve during the settling step, if settling is
conducted at or near the heat soaking temperature, resulting in
agitation of the material to be settled.

EPA Publication No. 44,714, referred to earlier, attempts to
overcome this problem by cooling the heat soaked material to reduce
gas evolution from cracking, as well as Boiling 6f the material, suéh
that settling is not hindered by gas movement through the settling
material. This technique is subject to the drawback of increased
viscosity with decreasing temperature, such that the time required fox
settling is increased. ‘

Accbrding to the present invention, an increased pressure is

applied to the heat soaked material, sufficient to prevent or reduce

boiling and to substantially maintain cracked gaseous components‘in‘

solution, such that the settling occurs without the necessity of a
viscoéity-increasing‘cooling step. :

It is an object of the invention to provide a process for

rapidly settiing meésophase pitch from heat soaked mesophase precursor.

| It is a further object to provide a process for controlling

certain characteristics of mesophase pitch which is‘separated from a

heat soaked mesophase pracursor.
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The above as well as additional objects ‘and advantages are
obtained by the present invention, as will be apparent from the
following detailed description. '

The Drawings , .
Figure 1 is a schematic flowchart showing a batch type
précess in accordance with the invention. ‘

Figure 2 is a schematic flbwchart showing a continuous type
process in accordance with the invention.

Figure 3 is a schematic flowdharﬁ showing another variation
of a contirvous type process in accordance with the invention.

Description of the Prefe:red'Emquiments

The term "mesophase" as used herein refers to an optically
anisotropic material formed by ény:of several variations of a process
in which a heévy aromatic hydrocarbon feedstock is heat soaked at
conditions known in the.art to produce a substantial amount of the
optically anisotropic mesophase material. ‘

Heavy aromatiq'hydrocarbon feedstocks suitable for formation
of meséphase are also known in the art, and include, among others,
petroleum pitch, decant oil and thermal tar. | ‘

A basic batch type version of the process of the invention
is illustrated in Fiéure 1, where heavy aromatic hydrocarbon feedstock
from tank 10 is pumped to heat soak vessel 12 where it .is heated‘by
any suitable means (not.shown) until a substantial amount of mesbphase‘
haé formed. During all or part of the heating, an ineft sparge gas
from line 14 may be sparged through the feedstock to remove lighter.
hydrocarbon components and to effect more efficient heat‘ transfer.
The sparging gas exits through line 16.

' When the hea* soak is completed, flow of sparging gas is
stopped, the soak tank 12 is sealed, and soak tank 12_is_then pres-
surized by gas from cylinder 18 to a pressure sufficient to prevent
boiling of the contents and to maintain cracked gases in solution.
with the system closed in and no appreciable gas movement through the
heat soaked material, the more dense mesophase readily settles to the
bottom of tank 12, and is withérawn thtouqh mesophase recovery
line 20. _

A basic continuous type version of tﬁe process of the

invention is illustrated in FiQure 2, where feedstock from tank 30 is
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heated in heater 32 and passed to distillation or flash tower 34. The
tower bottoms are fed through line 36 to soak tank 38, and sparge gas
may be passed through the soak tank 38 via lines 40 and 42. If sparge
gas is not used, vapors from tank 38 may be returned to tower 34 via
line 44. Soak tank 38 may have internal baffles (not shown) or other
flow control means to assure uniform residence time of the feedstock
in tank 38, ' The heat soaked material from soak tank 38 is passed to
settling tank 46 via line 48. Settling tank 46 may also include
internals (not shown) +o assure appropriate vresidence time and to
direct settled mesophase to mesophase recovery line 50. The
non-mesophase material may be removed from settling tank 46 via
line 52, or recycled to soak tank 38 via line 54, An increased
pressure in settling tank 46 may be maintained by gas pressure from
gas cylinder 56.

A more elaborate continuous type version of the process of
the invention in which two different mesophase products are recovered
is illustrated in Fiqure 3. The system depicted in Figure 3 is
similar to the Figure 2 version, but includes a second settling tank
60 which is fed with non-mesophase material from. first settling
tank 46 via line 62. Second settling tank 60 normally is maintained
at a lower temperature and pressure than first settling tank 46.
Pressure in tank 60 may be controlled with gas c¢ylinder 64, and
unsettled material may be returned to heater 32 via recycle line 66,
Settled mesophase from tank 60 is recovered via line 68. Elements of
¥igure 3 which are common with Figure 2 have 1like identification
riamhers .

Temperature is an important variable = during pressure
settling due to the strong temperature dependence of the solubility of
mesophase in isotropic heavy aromatic .pitch. Decreased settling
tamperature increases the yield of mesophase while Jlowering its
average molecular weight. Through proper temperature control, two
digtinct types of mesophase pitch or blends thereof can be isolated.
BSeteling at or near the soaking temperature yields a relatively high
melting, highly coalesced mesophase pitch. This material is almost
entirely comprised of anisotropic mesophase. Subsequent cooling of
the satursated heat soaked feecdstock leads to precipitation and
selttling of '"new" lower melting mesophase pitch which is less highly
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coalesced. This lower melting mesophase pitch is generally 50 to 90
weight percent anisotropic material.

Thus,  the embodiment illustrated in Figure 3 enables a
"tailoring" of mescophase product which is not possible in a single
settling step operation.

Example I

This example illustrates production of two mesophase pitch
products having different properties using a process as depicted in
Figure 3.

A flashed thermal tar feedstock is heated to about 460°C and
passed to a flash tower maintained at about 375 kPa. The flash tower
bottoms. (deep flashed thermal tar) are passed to a heat soak tank
maintained at about 375 kPa and about 440°C. Residence time of the
deep flashed thermal tar in the heat soak tank is about six hours.
Heat soaked thermal tar is pumped from the soak tank to a first
settling tank maintained at about 620 kPa without substantial cooling
of the heat soaked material. Residence time in the first settling
tank 1is about ten minutes. The increased pressure essentially
prevents boiling in the settling tank, and about 35 percent by volume
of the heat soaked material settleu out as "old" mesophase pitch which
is essentially 100 percent anisctropic material having a melting point
of about 450°C, Unsettled material frcm the first settling tank is
passed to a second settling tank maintained at a pressure of 375 kPa
and a temperature of about 250°C with a residence time of about twenty
minutes. A "new" mesophase pitch in an amount of about 50 percent of
the feed to the second settling tank, comprising about 75 percent
anisotropic material and having a melting point of about 200°C, is
recovered. Unsettled material from the second settling tank 1is
recycled to the heater feed.

This example illustrates that high melting mesophase can be
quickly settled from heat soaked feedstock using an increased pres-
sure, and a low melting mesophase can be precipitated from the remain-
ing saturated heat soaked material.

There are many variations and embodiments of the invention
which will ke apparent to those skilled in the art of making meso-
phase., Directionally, much is known as to the effects of varying such

things as feedstock, soaking time and temperature, sparging,
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agitaticn, cooling of soaked feedstock, and the 1like. Soaking

temperatures of from 350 to 475°C and soaking times of from 0.5 to 120
hours are generally considered to be the practical limits for the
with shorter times within that range generally being -used
The

process,

with temperatures nearer the higher linit. conditions for a
particular run may be influenced by factors such as time available,
feedstock limitations, desired = product

properties, equipment

properties, etc., as is known in the art. However, the prior art has
not recognized that rapid settling can be effected by increasing
pressure on a heat soaked mesophase-containing feedstock, and further
has not recognized that rapid initial settling of mesophase, made
possible by use of increased settling pressure, provides a capability
for producing mesophase pitches having specific desired properties
such as low melting point.

The essential novel feature which permeates all the embodi-
of the invention is the use of an initial siettling pressure

The

ment:s
greater than the pressure at which the feedstock was heat soaked.
heat soaking pressure can be higher, lower or equal to atmospheric
pressure, and the settling pressure needs to be suffieiently higher
than the soaking pressure to retard or eliminate boiling in the soak
tank -and to keep in solation any gases generated by cracking after the
soaking is. completed. A pressure as little as 30 kPa above the
soaking pressure can be effective in some cases, and in other c¢ases it
may be desirable to use a pressure as much as 2 MPa higher than the

soaking presstre.




THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. In a process for producing optically anisotropic
mesophase pitch wherein a heavy aromatic hydrocarbon
feedstock is heat soaked until a substantial portion of
the feedstock has been converted to optically
anisotropic mesophase containing material, and in which
optically anisotropic mesophase pitch is recovered from
the heat soak materilal containing said pitch by gravity
settling wherein the improvement comprises subjecting
the heat soak material prior to the recovery of
mesophase pitch therefrom to a pressure at least 30 kpa
higher than the pressure at which the heat soak took
place, whereby boiling of the heat soak material is
reduced, gases formed by cracking of heat soak material
during settling are substantially maintained in
solution, and settling of the optically aniiotropic
mesophase pitch is enhanced.

2. The process of claim 1 wherein said heat soaked
material is vretained in a heat soaking vessel, and the
pressure in said vessel is increased prior to recovery
of settled mesophase pitch therefrom.

3. The prccess of claim 1 wherein said heat soaked
material is transferred fivom a heat soaking vessel to a
set%ling vessel maintained at a highey pressure  than
said heat soaking vessel, and mesophase pitch is
recovered from said settling vessel.

4. The process of claim 3 wherein the remaining
heat soakerl material in said settling vessel, after
recovery of mesophase pitch therefrom, is refiurned to
said hpat soaking vessel and further heat soaked.




5. | The‘prbcess‘of claim 3 wherein the remaining
heat soaked material in said settling vessel, after
recovery of mesophase pitch therefrom, is transferred to

a second settling vessel from which additional settled
‘mesophase pitch is recovered. ‘

6. | A process for producing optically anisotropic
~mesophase pitch comprising:

(a) heat soaking a heavy aromatic hydrctatbon
feedstock at a temperature of from 350 to
475°C for a time of from 0.5 to 120 hours
and at a first pressure until a ‘
substantial portion of said feedstock has
beén converted to mesophase-pitch;

(b) subjecting said heat soaked feedstock
containing mesophasé'pitch to a pressure
higher than said first pressure;

PLLIN. ‘ (c) allowing mésophase:pitch to settle from

) said heat soaked‘feédstock by gravity
settlement; and

(@) separating and recovering said settled
mesophase pitch.

'DATED THIS 8TH DAY OF NOVEMBER, 1989
CONOCO INC. | |
By Its Patent Attorneys:

- GRIFFITH HACK & (O.

Fellows Institute of Patent
Attorneys‘of‘AuStpalia.
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