Sept. 8, 1953 J. D. BOOKER 2,651,665

RECOVERY OF PURE PARAXYLENE
Filed June 10, 1950

SCRAPED SURFAC
l CHILLER € : fGENTRIFUGE

1" l2 /3
S = B

L g 16
2
15
LIQUOR w—m— ]
20 HEATER kL
2
24 20l %1
= . 22
17
18
19 r b
CENTRIFUGE ' 4
Vd 19, ' | ,i
23 28 “MELT TANK
24
~ HEATER
A %L
25 26 _ })33
29 ) ~32
27
%
| |
31
|
MELT TA v
N 3
PARAXYLENE
INVENTOR.

John D. Booker,

BY
i1



Patented Sept. 8, 1953

2,651,665

UNITED STATES PATENT OFFICE

- 2,651,665
RECOVERY OF PURE PARAXYLENE

John D. Booker, Baytown, Tex,, assignor, by
mesne assignments, to

ment Company,
of Delaware

Standard Oil Develop-
Elizabeth, N. J., a corporation

Application June 10, 1950, Serial No. 167,447
2 Claims. (Cl 260—674)

1

The present invention is concerned with a proc-
ess for separating paraxylene of over 909 purity
from a mixture of it with at least one other iso-
meric xylene wherein the mixture contains a
minor portion of paraxylene. In this particular
invention the mixture is subjected to cooling to
the first eutectic temperature of paraxylene and
another constituent of the mixture to form a first
slurry; the slurry is subjected to centrifugal ac-
tion for a time sufficient to form a first cake com-
prising a major portion of paraxylene and a first
mother liquor. In accordance with the present
invention, the first cake is heated to a tempera-
ture in the range between —30° and 40° . to
form, by partial melting, 3 second slurry contain-
ing paraxylene erystals in an amount in the range
between 30% and 85% by weight of said second
slurry. This second slurry is then centrifuged
for a time sufficient to form a second cake having
& paraxylene content in excess of 50% and g sec-
ond mother liquor, the second mother liquor be-
ing recycled or admixed at least in part with the
said mixture ang substantially pure paraxylene
is recovered from the second cake.

" The invention will be further Mustrated by
reference to the drawing in which the single fig-
ure is a flow diagram of g preferred mode thereof.

Referring now to the drawing, numeral i1 des-
ignates a charge line through which a mixture
containing paraxylene with other
xylenes is infroduced into the system. -A typical
analysis of a suitable feed stock in the practice of
the present invention is as follows:

Volume
Component Pf;?fgegy

Ana.lysis
Toluene —— 2.0
Ethylbenzene._ - - 19.2
Paraxylene.__ 15.7
Metaxylene. . 42.2
Orthoxylene.___ 20.9

A feed stock having a composition as indicated
above is discharged by line i1 into g chiller, such
as a scraped surface chiller, indicated by numeral
12, wherein the temperature of the feed mixture
is reduced to a temperature in the range of —90°
and —110° B, If desired, the chilled mixture may
be held in a suitable holding tank or other facil-
ity, not shown, for a time, such as about 30 min-
utes, sufficient to allow the crystals in the slurry
formed by the chilling operation to attain a form

- conducive to give best results. However, it may
be desirable to omit the holding time since good
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- results may be obtained without holding the crys-
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“second mother liquor.
" range from 400 to 1000

tals at the low temperature. In- any event, the
slurry at a temperature in the range between
—90° and —110° F. is discharged from chiller 12
by line 13 and introduced thereby into a first cen-
trifuge 14 which may be a centrifuge of the bas-
ket type. This centrifuge may operate at a rate

sufficient to impose on the slurry a centrifugal

force from about 400 to 1000 times gravity. How-
ever, usually it will be desirable to employ a cen-
trifugal force above about 500 times gravity.
Satisfactory results may be obtained at centrifu-
gal forces of about 750 timeg gravity. By virtue
of the operation of centrifuge 14 a first cake and
a first mother liquor is formed. The first mother
liquor may be discharged from centrifuge 14 by
line 5 for further handling as may be desired
while the cake comprising substantially paraxy-
lene crystals, with some mother liquor adhering
thereto, is discharged from centrifuge 14 by line
{6 which connects to branch line 17 and thereby
discharges the cake into g melt tank 18. Melt
tank i8 is held at a sufficient temperature to cause
partial melting of the crystals from the cake dis-
charged from centrifuge 4. It is desirable to
melf from 15 to 70% of the cake from centrifuge
{4 to provide a second slurry containing paraxy-
lene crystals in the range from 30% to 85% by
weight of said slurry. The second slurry formed
in melt tank (8 is withdrawn therefrom by line
18 and a portion of the second slurry is recycled
to melt tank I8 by line 20 containing heater 21
which introduces a sufficient amount of heat into
the slurry to allow broper functioning of mels
tank 18 and also to form the second slurry. In
order to insure proper control of the temperature
in melt tank 18, a portion of the slurry in line 20
may be discharged directly into melt tank (8
through line 22 which will allow @ portion of the
slurry to by-pass heater 21. It will be noted that
line 28 connects into line (7 with line 16 and al-
lows recycling of the slurry to tank (8.

The slurry containing paraxylene crystals from
melt tank (8 ig discharged by line 19 into second
centrifuge 23. The slurry introduced into sec-
ond centrifuge 23 is at g temperature in the range
between —30° and —a4g° ., the temperature at
which the slurry is formed in melt tank 18. Cen-
trifuge 23, like centrifuge 14, may be of the bas-
ket type and may also operate at rates sufficient
to allow the formation of a second cake and a
Centrifugal forces in the
times gravity may also be
employed in centrifuge 23.

The second mother liquor separated in centri-
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fuge 23 is discharged therefrom by line 24 con-
trolled by valve 25 which connects into line it
Thus the mother liquor which contains a sub-
stantial amount of paraxylene may be recycled
to chiller 12 to allow substantially complete re-
covery of the paraxylene in the total feed. It
may be desirable-at.times to recycle only a por-
tion of.the mother liguor and to withdraw the
unrecycled portion. Provision is, therefore, made
by line 26 controlled by valve 27 to withdraw
mother liquor from the system as may be desired.

The second cake formed in -centrifuge 23 is
discharged therefrom by line 28 and.-introduced
by line 29, which connects.thereto; into ‘a-second

melt tank 30 which is operated at-a:temperature :

above aboui 55° F. wherein the paraxylene crys-
tals are melted to allow recovery.of liguid para-
xylene from tank 30 by line 3. "In order to intro-
duce heat into the paraxylene crystals -with-
drawn by line 28 from centrifuge 23 a portion of
the paraxylene in line 3! may be recycled by line
.32 through heater 33 .for admixture ‘with the
paraxylene crystals in line 28 and for re-intro-
duction into tank 30 by line 29.

Tt -will be -seen from the foregoing description
taken with the drawing that a simple, commer-
cially adaptable. process is provided wherein sub-
stantially pure paraxylene of 80% by weight and
better purity may be recovered from a mixture

of paraxylene containing only minor portions of

it.

The chilling temperature employed in the first
stage is.a function of the composition of the feed
thereto since it is desired to obtain the- maximum
precipitation of paraxylene crystals without pre-
cipitation of .other contaminating crystals. This
is.achieved by lowering the femperature to just
above the eutectic point of paraxylene with the
next most easily precipitatable component. As
.an- example, with a feed containing 20 mele.per
_cent -paraxylene, 50.mole per.cent. methaxylene
and 30 mole per cent orthoxylene, the methaxyl-
ene in -such @ concentration is soluble at —93° F.
and the orthoxylene at —90° F. Thus, by chill-
_ing the feed to about —82° F. paraxylene crystals
may be separated until 65% of the amount origi~
nally present may be recovered and the concen-
tration of paraxylene in the residual liquor is 8
mole per cent. .For a composition of the . feed
stock such as given above, the temperature in
the first stage will be in the range between —90°
and —110°F.

In .order to illustrate.the beneficial aspects of
the present invention, 100 lbs. of a slurry con-
taining paraxylene at abeut —100° F. is intro-
_dueed into. a centrifuge. similar to centrifuge -14.
This slurry comprises 10-1bs. of paraxylene erys-
tals,.5 1bs. of paraxylene liquid and 85 lbs. of iso-
meric xylenes which may be termed diluent. The
equivalent of centrifuge 14 is operated at a rate
sufficient to apply a centrifugal force of -about
750 times of gravity to form a mother liquor and
a.cake. The mother liquor contains no para-
xylene crystals, 4.9 lbs of paraxylene lquid and
83.34 Ibs of diluent. On the other hand, the cake
contains 10 lbs. of paraxylene crystals, .10 1b. of
paraxylene liguid and 1.66 1bs. of diluent liquid
for-a total of 11.76 lbs. This total of 11.76 1bs. is
heated to a temperature in the range of —30° to
40° ¥. to form a second slurry which is charged to
a centrifuge equivalent to second centrifuge 23
wherein a second mother liquor corresponding to
4.7 1bs. is separated. This second mother liquor
contains 3.3¢4 1bs. of paraxylene liquid .and 1.34
1os. of diluent while the second cake which is
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formed in the second centifuge liquid and 0.30
1b. of diluent, making a total of 7.06 lbs. of prod-
uct recovered. Therefore, this product has a
purity of 96% paraxylene.

The feature of the present invention is par-
ticularly the heating of the first cake from the
first centrifuge to a temperature in the range
petween —30° and 40° F. to form.a second slurry
which contains from 30% to 85% by weight of
~the siurry of paraxylene crystals. By virtue of
the formation of the second slurry in which para-
xylene -crystals and paraxylene diluent are
formed, . it:is .possible to recover by centrifuging
in the-second stage substantially pure paraxylene
while the ‘recycling process allows ultimate re-
covery of substantial yields of pure paraxylene.
.1t is desirable to recycle the second mothor liquor
in an amount in the range of 20% to 250% of
the:.purified paraxylene recovered from the sec-
ond centrifuge stage. A preferred range of re-
_eyele is-from 150% to 176%. The formation of
the second -shurry in the first melt tank by par-
tially melting the first cake is dependent on the
coneentration of the paraxylene remaining in the
liquid recycled and that which is required for a
given produet purity. Stating this otherwise, the
first cake is melted to that extent required.to
give a product having the desired purity with a
given amount of recycle of the mother liquor
separated from the second cake. For example, in
the 20% recycle roughly 16.7% of the cake would
be -melted, and in the 250% recycle, approxi-
mately 71.5% of the cake would be melted to
.form the second slurry.

One of the benefits of the present invention
is the reduction in the time during which cen-
trifugation takes place. Ordinarily in one stage
processes in which substantially pure paraxylene
is recovered, it is necessary to operate a cen-
trifuge for long periods of time to obtain sub-
stantially pure paraxylene of over 909 purity.
In the present invention instead of operating
the centrifuge in the one stage for 30 mins. or
more, the total time of the centrifuging opera-
tion. is reduced to no more than 10 mins. and
usually to.around 2 to 4 mins. Thus the first
centrifuge is equivalent to centrifuge {4, This
centrifuge would operate for no more than 10
_mins. and usually no more than 2 mins. Similar
times would obtain in centrifuge 23. For . ex-
-ample, centrifuge 23 may be operated with 2
-mins. centrifuging time at 32° F. to form a cake
of 93.5% paraxylene. With 2 mins. time of op-
eration and at 40° F. a cake of 95% purity of
paraxylene would be produced. If the centrifug-
ing time is increased to the maximum of aboub
10 ‘mins. the corresponding temperature for a
given purity may be ljowered to a lower tempera-
ture in the range given. As the centrifuging time
is increased the temperature may be decreased.

While the present invention has been deseribed
with relationship to scraped surface chillers and
basket centrifuges, it will be apparent that other
chilling. devices and other separation devices may
be used. For example, it may be desirable to
use different types of centrifuges or to use filters
and other-types of chillers such as are available
on the market.

The nature and objects of the present inven-
tion having besn completely deseribed and illus-
trated, what I wish to claim as new and useful
and to secure by Letters Patent is:

1. A process for separating paraxylene of over
.90% purity from a mixture of it with-at least
-one other isomeric xylene wherein the mixture
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contains & minor péortion of baraxylene which
cormprises cooling said mixture to a temperature
no lower than its eutectic point to form a first
slurry of paraxylene crystals in a mother liguor,
centrifuging said first slurry for no more than
two minutes and sufficient to separate a first
cake comprising g major portion of paraxylene
and a first mother liquor, heating the first cake
to a temperature in the range between —30° and
40° F. to form a second slurry containing paraxy-
lene crystals in an amount in the range between
30% and 85% by weight of said slurry, centrifug-
ing the
separate a second cake having a paraxylene con-
tent in excess of 90% and a second mother liguor
the time of centrifuging the second slurry plus
the time for centrifuging the first slurry being
ho greater than a total of ten minutes, admix-
ing at least a portion of the second mother liquor
with the feed mixture, and recovering substan-
tially pure paraxylene from said second cake.

2. A process for separating paraxylene of over
90% purity from a mixture of it with at least
one other isomeric xylene wherein the mixture
contains a minor portion of baraxylene which
comprises cooling said mixture to temperature
in the range between —90° and —110° P to form
a first slurry of paraxylene crystals in a mother

i3
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second slurry for a time sufficient to -

20

liguor, centrifuging said first slurry for no more
than two minutes and sufficient to form a first
cake comprising g major portion of paraxylene
and g first mother liquor, heating the first cake
10 a temperature in the range between —30° and
40° P. to form a second slurry containing paraxy-
lene erystals in an amount in the range between
30% and 85% by weight of said slurry, cen-
trifuging the second slurry for a time sufficient
to form a second cake having a paraxylene con-
tent in excess of 90% and a second mother liquor
the time of centrifuging the second slurry plus
the time for centrifuging the first slurry being
no greater than a total of ten minutes, recyeling
the second mother liquor for admixture with said
feed mixture in an amount in the range be-
tween 20% and 250% by weight based on said
second cake, and recovering substantially pure
baraxylene from said second cake.
JOHN D, BOOKER.
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