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PROCESS FOR IMPROVING PURITY
OF PARA-XYLENE PRODUCT

[y

e ventio .

The invention relates to methods for producing
para-xylene, and more particularly, the invention
relates, in one aspect, to processes for separating
para-xylene in exceptionally high purity from its
isomers.

Backgro o ve o

There exist several technologies for recovering
para-xylene from its mixture with other xylene isomers
including ortho-xylene, meta~xylene and ethylbenzene.
Adsorption-based methods and crystallization-based
processes are commonly used in industry. These two
processes can produce 99.6 to 99.8 wt.$ purity para-
xylene very efficiently. Achieving purties on the
order of 99.9+ wt.%, however, is very difficult and
costiy. Other techniques for xylene separation such as
hydrogen-fluoride extraction, sulfonation and
alkylation have not been able to demonstrate an
efficiency'comparable to that of the adsorption and
crystallization processes.

. The chemistry for xylenes alkylation has been
studied for several decades. D. Nightingale, et al. in
"Orientation Effects in the Alkylation of m-Xylene by
Various Procedures. and Réagents," Journal of the
American Chemical Society, Vol. 64, pp. 1662-1665,
1942; and D. Nightingale, et al. in "The Alkylation of
o~ and p-Xylene," Journal of the American Chemical
Society, Vol. 66, pp. 154-155, 1944, indicate that
ortho-xylené, meta-xylene and ethylbenzene can be
alkylated with molecules containing tertiary butyl
moiety (e.g. iscbutylene, tertiary butyl chloride,
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Thi's |nvent|on?&P$ﬂ. to valves for controlling fluid flows. In _
partlcular I on relates to a techni que whi ch nmake
exvrenely feasible to achieve mnute, yet highly consi stent fl uid
rates. "Making use of this technique will open the way to making fluid
val ves havi ng | ow manuf acturing and mai ntenance costs, inproved operati ™
characteristics 10 and very weak forces to oferate. That is, the solutioM
to the persistent problenms other valve manuf acturers are trying to

aneliorate, is only waetidry wityhalendére ; edivtareiatycbatyl hydroxyl
Description of the PRri

seat and a novabl e ?ﬁé ’%;b%?cm cfﬁaaqurh\‘/eegél ”%",ﬁ%’?{.;’ﬁéagg S‘égg\ég%vgﬁ |
control the fluid flqultémdntflzmlt for stetrt baxy ybatiylationl vEt nksber
theorized that a steric effect has 'hindered the

5 insertion of the bulky tertiary butyl group to the
more restricted aromatic ring of the para-xylene
molecule. Partial separation of para-xylene from
meta-xylene and ortho-xylene based on the selective
alkylation concept has been demonstrated; see, e.g.,

10 ' US-A-2,648,713; US-A-2,801,271 and B. B. Corson, et
al., Industrial and Engineering Chemistry, Vol. 48,
No. 7, pp. 1180, 1956.

US-A-2,648,713 provides a process for the
separation of ortho-xylene from an admixture thereof
15 with meta-xylenes by the successive steps of
alkylation, distillation and dealkylation. Para-
Xylene may also be present in the xylene mixture and
remains unalkylated with the meta-xylene. The
alkylating agent is preferably an olefin or
- 20 cycloolefin having a tertiary carbon atom, such as '

' isobutylene; diisobutylene; trimethylethylene; 2,4-
methylpentene-2; 3-methylbutene-2; 4-
methylcyclohexene~1 and l-methylcyclohexene-1l. This
process, as the ones previously discussed, is limited

] to bulk separation; in the best Example recorded
therein (Example 2) the percent conversion of ethyl
benzene and ortho-xylene was 89 and 54, respectively.

US-A-2,801,271 describes an integrated process
for separating xylene isomers and producing high

30 octane gasoline which involves contacting isobutylene
with a xylene fraction having substantial quantities
of para-xylene and meta-xylene. The contact is done in
the presence of liquid hydrogen fluoride at a
temperature in the range =10 to 100°C. The quantity of

35 isobutylene employed is sufficient to alkylate a
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to cause no%p

nt of the valve nenber. In large valves the forces required
to nove the 9

e menber may be |arge, meking manual act uat PeRUS93/04879
disfficult or/inpossible, in which case a mechani cal actuator is
- requi red. Jhe present invention ains to at |east aneliorate sone of 20 the
above di sgdvant ages. Basically at |east part of the valve

i £ exposed to a pressure in a chanber.3By altering the pressure
hanber the direction of the net force applied to the val ve nenber

irmrr%;rb egh\allglg\e/g. sf?ﬁgfﬁfgnfga%hgggﬂgg?cfﬂg ién'm %%jl?ﬁ}%ﬁéﬁ%gz%?er
alian Patent XBfI PY3EnS, Ixgctiens,/The alkylation reaction produc
L . is fractionally distilled to separate a para-xylene
rich fraction and a fraction comprising tertiary-
5 butyl-meta-xylene. The latter fraction and a straight
run petroleum distillate are contacted with a silica-
alumina catalyst in a catalytic cracking zone at a
temperature in the range 426 to 538°C (800 to 1000°F).
The latter fraction is cracked forming predominantly
10 meta-xylene and isobutylene. The effluent from the
cracking zone is fractionally distilled to separate a
fraction rich in isobutylene, and the isobutylene rich
fraction is then returned together with additional
xylenes to the alkylation step. Again, this process is
15 a bulk separation process; the only example (Example
1) to the alkylation separation step yielded a para-
xylene purity of 48%. ‘
Purified meta-xylene is obtained by alkylating a
-mixture containing m- and p~xylene with a small but
20 effective amount of isopropylating agent in the
' presence of a small but sufficient amount of aluminum
chloride catalyst, according to US-A-3,539,650. The
alkylation mixture is maintained at a temperature
within the range of about 70°C to about 100°C for
2 about thirty minutes to one hour after which the
‘catalyst is destroyed, an iscpropyl meta-xylene
fraction recovered, and the recovered fraction
deisopropylated to produce meta-xylene above 95%
purity. It is apparent that meta-xylene concentrations
30 much above 98% may not be readily attainable, however,
' given the best Examples in Table IV of this patent.
' which focuses only on the meta-xylene product, rather
than the para-xylene material. .
US-A-5,055,630 describes a process for obtaining

35 a para-xylene final product more than 98% pure from a
—_— 7
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Conventi onal iyl rated valves are primarily designed to rep
acting 30 vaﬁggggkﬁﬁgftuations where it is not possible to provi N
forces_nor consune hi gh power for controlling said direct acting}
val ves. However, said conventional pilot operated val ves have '
di sadvantages and limtations which val ve ngngfgcturers are constantly ¥
searching for feasi bl e ways to aneliorat

crystalline starting material with a purity of about
98%, which includes the steps of intermixing the
starting material with precooled water and feeding
back the recovered para-xylene in a mixer at a

5 temperature of 0 to 13°C to form a para-xylene-
crystal-water mixture containing para-xylene crystals
and water. The mixture is continuously transferred as
soon as it contains 30% by weight para-xylene crystals
into a purifying centrifuge via a dewatering filter to

10 form a fluid phase and a para-xylene crystal slurry.
The fluid phase is separated further from the para-
Xylene crystals in a first stage of a purifying
centrifuge, mixing the para-xylene crystal slurry in a
second stage with a partial flow of final product,

15 heating at about 13°C and subsequently liberating from
the fluid phase still adhering, whereby the para-
xylene crystals are drawn off into the heated vessel.
Next, the para-xylene crystals melted in the heated
vessel are drawn off as the final product with the

20 desired purity. A partial flow of final product is
also drawn off which is fed back to the second stage
of the purifying centrifuge, being heated previously
to a temperature from 60 to 80°C. and feeding the
fluid phase separated from the para-xylene crystals to

5 the second stage of the centrifuge for recovery of
additional para~xylene which becomes part of the final
product stream. It would be advantageous if a method
could be devised for obtaining high purity para-xylene
which was less comﬁlex and costly than that described

30 in Us-a-5,055,630.

The separation of close-boiling meta-xylene and
para-xylene via selective alkylation and subsequent
dealkylation or transalkylation was recently studied
according to Chemical Abstracts 116(6):43394n (1992).

35 The alkylation was carried out with isobutylene or
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a gecond pasgageway communi cating between said control chanber and said
secbnd’ port; an control valve associated with at
| east one AOf said passageways to permit fluid flow . t her et hr ough, and
to there urge said valve nenber into either ¥ard seated or lifted
posi ti oy. 5 Preferably, said valve device is a float or

actugfi ng. menber extgndgoct r4ug: 3bT-35° B4 P BT UEY%0-2 44

respectively. Meta-Xylene reacted very selectively
(Filtrol-24 gave selectively 5-tert-butyl-meta-

5 xylene), and the alkylated products could be
dealkylated at higher temperatures in the presence of
Filtrol-24 catalyst, to give relatively pure meta-
xylene and isobutylene which could be recycled. Para-
Xylene purity is not mentioned in the Abstract.

10 There remains a need for a process which provides
a high yield to para-xylene in very high purity which
is relatively simple and cost-effective. The linking
of two conventional para-xylene purification processes
together is generally less efficient. Additionally,

15 the reaction to make para-xylene is reversible under
many of the conditions to selectively alkylate the
xXylene mixture; often in the attempt to make very high
purity para-xylene, an isomerization side reaction
occurs to make more of the less desirable meta-xylene

20 and/or ortho-xylene. At relatively high purities, e.:
98 wt.%, attempts to increase purity of the already
pure product result in degradation of the product
rather than improvement through these side reactions.
Also, para-xylene does alkylate to some extent and

25 there is a great tendency when 98 wt.% of the prdduct
is para-xylene that the alkylation will more readily
occur with the para-xylene, rather than with the small
proportion of impurities which are more difficult for
the catalyst to come into contact with. Attempts often

30 result in removing alkylated para-xylene and/or

- isomerizing para-xylene with the overall result of a

' telatively increased proportions of impurity and a

: ' product with a lowered purity to para-xylene.

Many of the prior processes do not discuss the

35 problems of side reactions and reversible reactions.
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end of sai ¢ye3434379 nmenber having a sealing neans adapted tq o
prevent the passage of fluid through said second passaoeﬂc
second end of said actuating nmenber - 10 adapted to be noved, to
consequently seal or unseal said sealing neans. Y
preferably, said second end of said actqug?g_nenber adapted to nove SEi
actuating nenber in an axially transverse rection, causing said seal i
nmeans to pivot and t hereby selectively permt and prevent the
passage of sai d Mbatdofhthegharei dopaerngdwanly #ith bulk separations

Preferably, saidazgcapd ﬁgéigkiééiGiéﬁFH?BbQQsEBEEGBfi%b%ﬁ%pkﬁi,tﬁsﬁnv?
sai d actuating menber 1n the axial direction, causing said sealing
means to nove toddsFrgsrdel anlycUS-A-5,055,6R0 at¥epptsate pehigyeray and
thereby sel ecti vghynppayeey ﬁaﬁapﬁﬁﬁbheEhﬁnaaS%aQQ n1§2aecomplishidd!i d
t hrough sai d passageway. ) ) ] ] ]
5 via a complicated crystallization process involving a
multi-stage centrifuge. It is anticipated that in the
near future there will be a great need for ultra-pure

para-xylene, on the order of 99.9+ wt.% purity.

10 u of the Inventio _
According to the present invention there is
provided a process for producing at least 99.5 wt%
para-xylene from a mixture of xylene isomers
comprising the steps of: _

15 (1) providing, as an intermediate product, a
mixture of xylene isomers containing para-xylene in a
concentration ranging up to 99.8 wt% para-xylene; and

(2) recovering para-xylene from the intermediate
product to produce a final product having para-xylene

20 in a concentration which is at least 99.5 wt% and
greater than the concentration of para-xylene in the
intermediate product, by a second step which

comprises:
(a) treating the intermediate product with an
-] alkylating agent and in a manner effective to alkylate

substantially all of the xylene isomers other than
para-xylene while alkylating substantially none of the
para-xylene; and .
(b) separating from the alkylated xylene
30 isomers, para-xylene in a purity which is at least
99.5 wt.% and greater than the concentration of para-

xXylene in the intermediate product, to form the final
product. '
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"



20 2 rably, said second end of said actuating |
provided with ?%é%gﬁor |'i ght wei ght | oad thereon adaptgﬁwa?béiyuun9

re%ponq to,tHAe level of fluid surrounding said second end of sai d
act®ati ng nmber. 25 In a further broad form the present

i nvention fprovides a valve device conprising: an actuating
menber aglapted to directly or indirectly contr%l the flow of fluid,
noveabl ¢ between first and second positions, said actuating nmenber being
f or med /of f er r onBheeprocessyuprefferaidye usad continuously, a

coopdrated wih - obeRRtcd pFBaReEiGn br BatTAYIENS, 4IF VIV nidh purit
br glight into proxi nbyysehectivehalkylation in a stralght-forward, 51mple
manner, generally with extremely high selectivity and
5 little or no reverse reactions and side reactions.

In one embodiment of the invention, there is
provided a technique for producing at least 99.5 wt.%
para-xylene from a mixture of xylene isomers by first
recovering para-xylene from a mixture of xylene

10 isomers by a first step (typically using conventional
processes) where the concentration of para-xylene in
an intermediate product or stream ranges up to 99.8
wt.%$ purity para-xylene, preferably from 99.0 to 99.8
wtd. Next, para~xylene is recovered from the |

15 intermediate product or stream to produce a final .

- product or stream having a higher purity, e.g. at
least 99.5 wt.% para-xylene and at least greater
purity par&—xylene than that obtained in the first
step, by a second step (having two parts) involving:

20 ° (a) alkylating substantially all of the xylene isomers
in the intermediate product or stream with an
J alkylating agent, while alkylating substantially none
of the para-xylene; and (b) separating the para-xylene
. in at least 99.5 wt.% purity and in higher purity than
> that obtained from the first step, from the alkylated
xylene isomers to give the final product or stream.

The present invention is distinct from US-A-
5,055,630, describgd éarlier, in that the former
separates via alkylation whereas the latter uses

30 crystallization. Although it is possible in some prior
- processes to achieve 99.9 wt.% purity, it is
accomplished only with a significant capacity debit.
. ' For example, in one conventional process, the increase
from producing 99.8 to 99.9 wt.% para-xylene results
35 in a 15% reduction in capacity. That is, there is a
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Preferably, s@iglofalspti ng menber is provided within a housing,

portion of

nmeans storage position to store said

-3-

10

20

5

30

35

sal d housing being additionally provided with iatfc]g’ ¢

production capacity/purity trade off which cannot be
overcome. Prior commercial processes are separation
processes only, whereas the subject procéss uses
separation and reaction processes. In the present
invention, one does not have to sacrifice capacity to
increase purity.

tajled Descripti f the Inventio

It has been discovered that it is not economical
nor efficient to produce 99.9+ wt.% para-xylene via
any single separation process, whether adsorption,
crystallization, hydrogen-fluoride extraction,
sulfonation or other processes. It has been
surprisingly found that the best process arrangement
to maximize purity and productivity appears to be
attaching an alkylation process at the back end of an
adsorption or crystallization process. According to
this embodiment the intermediate product is provided
as the product resulting from recovery of para-xylene
from a mixture of xylene isomers using an adsorption
or crystallization technique, although other
techniques may be used, such as distillation,
extraction or sulfonation. Such a hybrid system can
easily achieve the desired 99.5+ wt.% purlty without
any significant productivity loss.

The process of the invention is in essence a
purification process, as opposed to the separation
processes of the prior art, e.g., UsS-a-2,801,271.

Thus the intermediate prodﬁct of step (1) preferably
contains substantially no components other than para-
xylene and its isomers, and step (2) is concerned with
purification to para-xylene with minimal proportlons :

of other isomers. Looking more to the contrast w:th,_a )
the teachings of US-A-2,801,271, that document relates -

to separation processes rather than purification

This Sheet Has Been Reﬂlaced




sai d second §
valve seat b

)Py a val ve nenber, noveable relativ
d &%ﬁﬁ“%;seated position and ?Kﬁ?ugﬁﬁﬁhm79

alifted position,

nber formed at least in part by said valve nenber; 5

gSsageway communi cating between said control chanber and said

®ed positio
| east o

a second passageway connunlcatlng bet ween sai d

and said second port; a control valve

| east one of said passageways to permt fluid flow
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that is already relatively pure. It is very easy to
separate para-xylene from paraffins and such
separations are well known. However, what is not well
known is how to purify para-xylene from a mixture of
its isomers (rather than separation in bulk from
paraffins). Linking together two separation processes
does not ipso facto make an effective purification
process.

Even with this concept, it is not obvious in
which sequence the techniques should be arranged,
because once a very high purity is achieved in the
first step (e.g., 98 wt%), it is extremely difficult
to improve upon this purity for a number of reasons.
Undesirable isomerization side reactions occur to
convert the para-xylene to less desirable meta-xylene
and/or ortho-xylene. Because of the predominant
presehce of para-xylene, it is difficult for the
alkylating agent to "see" or come into contact with
the isomer impurities to enable them to be alkylated.

According to the invention a two-step process
where the selective alkylation is conducted in the
second step permits further enriching of the para-~-
xylene stream rather than further degradation so that
an ultra-pure para-xylene may be obtained.

In the first treatment of the above-mentioned
hybrid system, a conventional para-xylene recovery
technology such as the PAREX® adsorption process or a
crystallization process may be used to produce a
product stream with 99.0 to 99.8 wt.% para-xylene.
PAREX is a registered trademark of UOP Inc. These

- commercial processes are very efficient in such purity
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el ement comMwOY3MD43i5 a substantially |ongitugicfpae

el ement having cross-sectional area snmaller than the cross-sectiagal
area of said passageway; retaining means to retain

el ement within said passageway whil st permtting novenent; and,

bi asi ng nmeans, such as a spring, which peramige$ said elenment to
automatically 20 nove within said passageway whenever said valve is
activated and/ or under the influence of - fluid novenent in said device;

such that, as sai Fandeweds mxplaingd d wiak dfergre dEfEieRE o48I/RPW cFRar ed
of particul ate matdRfradetie ghdduct PuFitd} Es IEPHFive. s efPiciently.
Preferably, said retaining neans, conprises enl arged ends on the ends of the
f1 ow Unexpectedly, it was discovered that further para-

xylene purification is better done via xylene-'

5 selective alkylation; the second treatment of the
hybrid system of this invention. Preferably an acidic
catalyst'is used to selectively alkylate just the non-
para-xylene isomers, selected from ethylbenzene, meta-
Xylene and ortho-xylene, while leaving para-xylene

10 alone unalkylated. Since the alkylated para-xylene
isomers boil at substantially higher temperatures
compared to unalkylated para-xylene, a simple post-
alkyiation fractionation or a post alkylation carbon
adsorption provides efficient removal of the heavies

15 (alkylated products) and produceé 99.5+ wt.% para-~
xylene. Moreover, the inventive process does not have
appreciable side reactions, reverse reactions, or
alkylation of para-xylene which decreases yield or
conversion to high purity para-xylene.

20 The processes to produce an intermediate product
stream having a purity of from about 99.0 to about
99.8 wt.%'para—xylene, which may be provided in step
(1), are well known in the art, though are preferably
an adsorption or a crystallization process.

> ‘ The purification via alkylation process of this
invention may be accomplished with either an acidic
heterogeneous catalyst, such as proton-exchanged
zeolites or an acidic homogeneous catalyst such as
aluminum chloride at a temperature in the range of

30 from 10 to 300°C and a pressure from sub-atmospheric
to 6.89 MPag (1000 psig), in one embodiment.
Preferably, the liquid hourly space velocity (LHSV)
ranges from about 0.1 to about 100, and more
preferably ranges from about 0.1 to about 10.
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control elé€ 3/24432 In a preferred form said flow <93/04879
| ement i ncyeases response tinme (reduces water hammer) an /or permts
duction @df the required forces to activate the valve. 30
oef erabl ¥, said valve device is a float or flood val ve, whereby said
control ,val ve conprises a tongitudingl,gctuating menber extending
t hrought sai d second passageway, a first end of said actuating nmenber

having a sealing neans adapted to sel ectively prevent the
The selective alkylation may, in one embodiment,

be done in the presence of an acidic catalyst.
Preferably, steps are taken so that there is good
molecular contact between the catalyst and the xylene
5 isomers which are not para-xylene. Without being bound

by any one theory, it is hypothesized that the success
of the present invention is due at least in part to
excellent molecular contact between the catalyst and
the non-para-xylene isomers. This contact may involve,

10 for example, using a particular high surface area
catalyst, extensive mixing or both. Extensive mixing
includes, but is not limited to mixing by pressure
drop, mixing orifices, static mixers, distribution
heads and high speed mixing mechanisms. By "high

15 surface area" catalyst is meant a catalyst having a
surface area in excess of about 100 m2/g, preferably
in excess of about 200 m?/g, and more preferably one
with a surface area in excess of about 300 m?/g. A
most preferred high surface area catalyst has a

20 surface area in excess of about 450 m2/g.
Additionally, the catalyst is desirably one which does
not polymerize the alkylating agent. For example, the
catalyst should not be one which substantially
dimerizes isobutylene, if this is the alkylation

Fa] agent.

In one embodiment, the catalyst is a high surface
area heterogeneous catalyst, and more preferably may
be a high surface area catalyst selected from proton-
exchanged zeolites, bentonite clay, acid-treated clay,

30 acidic alumina, solid acids, proton-exchanged resins,
ard the like. The most preferable catalysts are
proton-exchanged zeolites. In another embodiment of
the invention, homogeneous acidic catalysts suitable
for this invention include, but are not limited to,

eet Has Been R laced
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-4 - Pas{rPe3/hadl vi d through sai d second passageway, and a
end of said actuag?ng nenber adapted to be noved, to consequ acal
or unseal said sealing means. Al so preferably, said secoR

end of said actuating nenber is adapted to pivot said 5 actuating nenbe#
in an axially transverse direction, relative tQ_said sealing neans to pi Vv
and t hereby selectively permt and prevénﬁztﬁé passage of said quidfﬁg
t hrough sai d passageway. T

aluminum chloride, alkyl aluminum chlorides,
hydrofluoric acid, and sulfuric acid.
The selective alkylation step of the present
invention may be conducted at a temperature in the
5 range of from about 10 to about 300°C, preferably from
about 10 to about 150°C and most preferably from about
10 to 50°C. Reaction temperatures greater than about
300°C. are not desired as the tendency for '
isomerization increases with increasing temperature
10 (the para-xylene isomerizes to ortho-xylene, meta-
xylene and/or ethylbenzene), as does the undesired
alkylation of para-xylene. The alkylation reaction may
be conducted in the liquid phase or the vapor phase
and thus may be conducted for example at a pressure of
15 from sub-atmospheric to about 6.89 MPag (1000 psig),
preferably from sub-atmospheric to 3.45 MPag (500
psig), and most preferably from sub-atmospheric to
2.07 MPag (300 psig). Further, the preferred
alkylating agents were found to contain at least one
20 tertiary butyl moiety. In one embodiment, the
" alkylating agent is selected from the group consisting
of isobutylene, tertiary butyl chloride, tertiary
butyl benzene, di-tertiary butyl hydroxyl toluene, and
isobutylene oligomers. The amount of alkylating agent
25 is dependent on other parameters:; for example, it is
necessary to have enough alkylating agent to react
with all of the impurities. Thus, the amount of
alkylating agent should be an effective amount to so
alkylate the impurities desired to be removed. A large
30 excess of alkylating agent is preferably avoided.
Under the conditions of preferred embodiments of
this invention, the loss of para-xylene to alkylation
is only in the range of several tenths of one percent.
That is, the selectivity of alkylation of non-para-
35 Xylene isomers to para-xylene may be a éurprising
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Preferably, i’ d end of said actuating nmenber is adapted to nove

sai d ac%sf“mnber in the axial direction, relative to SM/Q%’M&P
nmeans and thereby selectively 10 prevent and permt the passage of said
fluid'through said passageway. Preferably, said actuating
menber is integrally formed with said flow control el enent.

Preferably, said second end of said actuatiﬁgl%nﬁber Is provided with a
heavy oy |ight 15 weight |oad thereon adapted to respond to the |evel of

fluid gurroundi ng 306k Feeesboeo ofatio. EBwen actedatigelPrhésh ratio of
30:1 would generally be unacceptable inasmuch as too
much of the para-xylene would be lost, as has been
established in the prior art. In pfior processes, the
5 selectivity was always less than 100:1; the
selectivities achievable with this process are
surprisingly higher. The selectivity achieved with
this invention is unexpected and extraordinary. The
process of this invention generally prevents
" 10 destruction of the major product while Selectively
removing only the contaminants. This is unusual as
previous selective alkylation processes are not this
selective, but rather only selectively alkylate the_
non-para-xylene isomers to a much lower extent than is
15 possible in this process. The system of this invention
generally and preferably avoids (1) isomerization of
the desired para-xylene and (2) alkylation of the
para-xylene (even in the presence of high
concentrations thereof), and (3) polymerization of the
20 alkylating agent, e.g. dimerization of the
. isobutylene. Only by avoiding these other reactions
are the extraordinarily high selectivities achieved
using the inventive process which sets it apart from
conventional processes which can only achieve a lower
r-] selectivity ratio.

Another advantage of the present invention is
that the alkyl, preferably t-butyl, -meta-xylene and
-ortho-xylene adducts which may have a lower value
will not have a significant effect on the process

30 economics due to the low levels produced. Thus,'
although some small amount of lower value by-ptoducts
are produced, the process remains economically '

! ' attractive.

The invention is illustrated by the following
35 Exanmples.

-
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In a furtherygr@aghhorm the present i nvention provides a val ve deV| c

conpri si ng: an actuating nenber adapted to dlrectl

indirectly control the flow of fluid, 20 noveabl e between first and secqnd
positions, said actuating nmenber being formed of ferromagnetic or
magnetic material; - a control neans, conprised of magnetic or

ferromagnetic material to cooperated with™ 14 3nd control the novenent of
sai d actuati ng nmenber when brought into proximty therewth. 25
Preferably, said actuating nmenber is provided within a housing, an upper

portion of s§$§%ﬁﬁ#ghgg being additionally provided with a control
nmeans storage posi tore said control means whilst not ig use.

Para-Xylene product from Exxon Chemical PAREX
Adsorption Units (PAU) was prov1ded.accord1ng to step
5 (1) of the invention. The PAU para-xylene contained
99.70 wt.% para-xylene, 0.15 wt.% meta-xylene, 0.10
wt.% ethylbenzene and 0.05 wt.% ortho-xylene. The
alkylation catalyst in this test was a proton-
exchanged Y zeolite in the form of extrudate (LZ2Y-82,
10 obtained from UOP Inc.). The catalyst was calcined at
300°C 'under nitrogen prior to testing. The alkylation
reactor was a 1.27 cm internal diameter (0.5" I.D.),
7.62 cm (3.0") long stainless steel tubing packed with
2.91 g calcined catalyst. A feed solution containing
15 99.70 wt.% of the PAU-para-xylene as specified above
and 0.30 wt.% isobutylene was pumped through the
reactor at 1 liquid hourly space velocity (LHSV),
ambient temperature and 1.38 MPag (200 psig). Gas
chromatograph analysis revealed that the alkylation
20 product contained 0.08 wt.% C4 compounds, 0.01 wt.%
ethylbenzene, 0.05 wt.% meta-xylene, 99.36 wt.% para-
-Xylene and 0.50 wt.% butylated xylenes and other heavy
compounds. dftho-Xylene was completely butylated.
After distillation to remove the C4-materials and the
25 - heavies, a para-xylene product containing 0.01 wt.%
ethylbenzene, 0.05 wt.3% meta-xylene and 99.94 wt.%
para~xylene was obtained.

EXAMPLE 2
30 ' This Example was conducted similarly to Example
1. The catalyst was an extrudate of 80 wt.% proton-
exchanged ultra stable Y zeolite (VALFOR CP304-~37,
obtained from The PQ Corp.) and 20 wt.% bentonite clay
_ (obtained from Aldrich Co.). The catalyst was ground
35 to 18/30 mesh and calcined at 300°C prior to loading
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In a furthéﬁ% rm the present invention provides a flow c '
el ement adap d%o be provided within a substantially | ongi tﬁg‘kh%”’“s”

fluid passageway of a val ve device, said fl ow control el ement
conpri si ng: a substantially | ongitudinal elenent having a
cross-sectional area smaller than the crgss-sectional area of said
passageway; - 15 - ' :

in the reactor specified in Example 1. A feed
solution composed of 99.50 wt.% of the PAU~-para-xXylene
of Example 1 and 0.50 wt.% di-tertiary butyl hydroxyl
toluene was pumped through the reactor at 0.5 LHSV,

5 ambient temperature and 1.38 MPag (200 psig). The
alkylation product contained 0.01 wt.$%$ C4 compounds,
0.01 wt.% ethylbenzene, 0.09 wt.% meta-xylene, 99.00
wt.% para-xylene, 0.89 wt.% alkylated xylenes and
other heavies. There was no ortho-xylene detected.

10 After distillation, a para-xylene product containing
0.01 wt.% ethylbenzene, 0.09 wt.% meta-xylene and
99.90 wt.% para-xylene was obtained, as analyzed by
gas chromatograph.

15 COMPARATIVE EXAMPLE 3
This Example demonstrates the fact that a simple
extension of a previously known xylenes-alkylation
technique is not suitable for the present purpose cof
producing 99.9+ wt.% purity para-xylene. The Example
20 includes the following two experiments.

(A) Experiment A demonstrates the feasibility of
using a conventional alkylation technique for the bulk
separation of xylene mixtures. A mixture of 50.00%

P para-xylene and 50.00% ortho-xylene was prepared. 3.09
Grams of the mixture was then thoroughly mixed with
3.02 g. of tertiary-butyl chloride in a sealed vial.
After the mixing, about 0.10 g. of aluminum chloride
~catalyst was added to the solution. The system was

30 allowed to react at ambient conditions for 30 minutes..
A sample of the hydrocarbon phase was taken and
analyzed using gas chromatography. It was found that
the xylenes fraction of the reaction product contained
97.50 wt.% para-xylene and 2.50 wt.% ortho-xylene
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-5 - r ining means to retain said element within said o
passageway Whi |"¥P’[§éﬁ$§#tl ng automati c novenent of said el eneRFT/US9°.
ative to,sai d passageway; and, a bi asing neans, such as a
ing, which permts said elenment to alter its position within said
sageway; 5 such that, said flow control el enent enables a

sistent low flowrate of fluid t hrough B&id passageway whil st said
omati c novenent of said elenent relative to said passageway cl eans

lor clears said pagf@eaeing r£geed (dSplrdeioRt £#26m StRE £iginalasdl00%
osit whil st prevent Q? t he |ngrqis oflﬁartlcles whi ch m ght ot herw se
g said passageway Par "Qﬁcﬁ'&)‘? ML P RN YTHRRTXELEN® her eof

(B) Experiment B demonstrates the failure of
5 using a conventional alkylation technique for
| producing para-xylene in very high purity. 39.91 Grams
of a high purity para-xylene stream (99.70% para-
xylene, 0.18% meta-xylene, 0.07% ethylbenzene and
0.05% ortho-xylene) was mixed with 0.11 g. tertiary
10 butyl chloride. 5.00 Grams of the mixture was then
brought into contact with 0.46 g. of aluminum chloride
catalyst. The mixture was then allowed to react at
ambient conditions for 30 minutes. A sample of
hydrocarbon phase was analyzed using gas
15 chromatography. The xylenes fraction of the reaction
product contained 99.53% para-xylene, 0.32% meta-
xXylene, 0.09% ortho-xylene and 0.06% ethylbenzene. It
is apparent that the alkylation was accompanied by a
small amount of side reactions such as para-xylene
20 isomerization; note the increase in meta-xylene and
ortho-xylene fractions. As a result, the product had
more isomers and para-xylene purity decreased. Such
low levels of side reactions would not even be
detected in bulk separations. But they would be
3 detrimental for purifying high purity products and, as
shown, overall para-xylene purity would decrease.

O YYOT W™

EXAMPLE 4 )
This Example illustrates the use of a homogeneous
30 catalyst for purifying para-xylene. 20.00 Grams of a

PAU para-xylene product (99.69% para-xylene, 0.18%
meta-xylene, 0.07% ethylbenzene, 0.06% ortho-xylene)
was thoroughly mixed with 10.16 g. 98% sulfuric acid
in a container at ambient temperature and pressure. A
35 mixture of isobutylene and the specified PAU para-
[
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,A
10 ably, sald retalnlng nmeans conprises enlarged ends
Dgscri ption d?o?ﬁgsf%w ngs The invention shall now ﬁ%rmswomg

descrlbed with reference to the non- l'imting embodi ment and the

driayi ngs.- i n whi ch: Fig. 1 is a schematic cross-section of a
known val ve devi ce; Fig. 2is a %phenatlc cross-section of
anot her known val ve devi ce; Fig."‘3shows a parti al

cross-section of a first enbodi ment of an horizontal float or 20 fl ood
val ve device accor styQgneo (ohgosnisobutylene and 99.70% PAU para-xylene

product stream) was placed in a buret and added drop-
wise to the xylenes/sulfuric acid mixture over a 45
minute period. A high Speed magnetic stirrer was used

5 to provide sufficient mixing, i.e., good molecular
contact. The hydrocarbon phase was sampled and
analyzed by GC at the end of the reaction. It was
found that the xylenes product separated out contained
99.75% para-xylene, 0.16% meta-xylene, 0.06%

10 ethylbenzene and 0.03% ortho-xylene. Thus, it is
demonstrated that the process of this invention may be
successfully performed using a homogeneous catalyst.

EXAMPLE 5

15 This Example omonstrates the use of a mordenite
zeolite catalyst for purifying para-xylene. A mixture
of 0.5% isobutylene and 99.5% PAU para-xylene product
(99.70% para-xylene, 0.15% meta-xylene, 0.10%
ethylbenzene, 0.05% ortho-xylene) was prepared. 3.02

.20 Grams of the mixture was brought into contact with

1.09 g. of a_mordenite extrudate obtained from UOP
Inc. in a sealed bottle at ambient temperature and
pressure for 2 hours. According to GC analysis, the
Xylenes product subsequently separated out contained

25 99.76% para-xylene, 0.15% meta-xylene, 0.07%
ethylbenzene, 0.03% ortho-xylene. It is thus
demonstrated that another'catalyst may be used in the
process- of this invention.
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Fig. 4 shows lal cr ction of a second enbodi nent of a vertiga
float or flood val ve deV|ce according to the invention;

Fig. 5 shows “I“ I the inventiaon, having a nmagnetic control
nmeans and an ﬁllummlﬂ Iil uid fl ow pr%e?ti ng feature and that it can
be retrofitted tn @ staMdafd $hower 25 cock or tap cock; Fig.
6 shows yet anotlgmampepect of the invention, incorporating a flow control
resi stor/cl eaner el enent; and, Fig. 7 shows a schenmatic
cross-sectional view of a preferred enbodi ment of the i nventi on,

i ncor porating various ¥eat & gradesshefom\praduing 30t least 99.5 wti
para-xylene from a mixture of xylene isomers
5 comprising the steps of: _
(1) providing, as an intermediate product,
a mixture of xylene isomers containing para-
xXylene in a concentration ranging up to 99.8 wt%
para-xylene; and
10 (2) recovering para—xylene from the
intermediate product to produce a final product
having para-xylene in a concentration which is at
least 99.5 wt% and greater than the concentration
of para-xylene in the intermediate product, by a
15 second step which comprises:
| (a) treating the intermediate product
with an alkylating agent and in a manner
effective to alkylate substantially all of
the xylene isomers other than para-xylene
20 while alkylating substantially none of the
para-xylene; and
(b) separating from the alkylated
¥ylene isomers, para-xylene in a purity
which is at least 99.5 wt.% and greater than

3 the concentration of para-xylene in the
intermediate product, to form the final
product.

2. The process of claim 1 wherein the
30 intermediate product is ﬁrovided as the product
resulting from recovery of para-xylene from a mixture
of xXylene isomers using an adsorption, '
crystallization, distillation, extraction or
sulfonation process.
35
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Description of Preferred Enbodi ment
| i ke nunerals will be utilised to |demPWU§P%W9

iyéﬁ?% re.expressly ot herwi se i ndi cat ed.
) 0 A VA 1o -

3. The process of claim 1 or 2 wherein step
(2) (a) comprises an extensive mixing technique,
optionally selected from pressure drop, mixing
orifices, static mixer, distribution head and high
5 speed mixing techniqués. '

4. The process of any preceding claim wherein
in step (2) (a) the intermediate product is treated
with the alkylating agent in the presence of an acidic

10 catalyst and with molecular contact between the
catalyst and the xylene isomers which are not para-
Xylene.

5. The process of claim 4 where the catalyst is
15 a heterogeneous catalyst having a surface area of at
least 100 m2/g, preferably greater than 200 mz/g.

6. The process of claim 5, wherein the acidic
heterogeneous catalyst is selected from the group
20 consisting of proton-exchanged zeolites, bentonite
clay, acid-treated clay, acidic alumina, solid acids,
proton-exchanged resins and mixtures of any two or
more thereof.

25 7. The process of claim 4, wherein the catalyst
is a homogeneous catalyst.

8. The process of claim 7 wherein the catalyst
comprises aluminum chloride, an alkyl aluminum
30 chloride, hydrofluoric acid or sulfuric acid.

9. The process of any preceding claim wherein
the alkylating agent contains at least one tertiary
butyl moiety.

35
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The main principles of this invention is illustrated by Figure 1, whe
the ApplicaWO%/24432 earlier valve device is shown. The valve F&IVUS9
in Fig, 1 is described iin the Applicant's earlier Patent Appllcatlon

No. 24554/92, the disclosures of which should be considered to 10 be

|ncorp he reference thereto. An i npor t ant

featur 'iHmIHI t he cross sectional 28rea(A) of piston 15 is greater
han

that of ftthewnseat wal ve. Figure 1 shows that when the snal
valve i's closed the prggasurgpin pEQéEE§r0%7cWh&h 9 where the alkylating

agent comprises isobutylene, tertiary butyl chloride,

tertiary butyl benzene, di-tertiarx butyl hydroxyl

toluene, an isobutylene oligomer, or a mixture of any
5 two or more thereof.

11. The process of claim 10 wherein the
alkylating agent is isobutylene and the treating step
is performed in the presence of a catalyst which does

10 not substantially dimerize the isobutylene.

12. The process of any preceding claim wherein
in step (2)(a) the intermediate product is treated

with the alkylating agent at a temperature of from 10
15 to 300°C.

13. The process of claim 12 wherein the
temperature is from 10 to 50°C.

20 14. The process of any preceding claim in which

' step (2)(a) is performed at a pressure of from sub-
atmospheric to 6.89 MPag (1000 psig), preferably to
2.07 MPag (300 psig).

5 15. The process of any preceding claim when
carried out continuously.

" 16. The process of claim 15 in which step (2)(a)
is conducted at a liquid hourly space velocity (LHSV)
30 of from 0.1 to 100, preferably from 0.1 to 10.

17. The process of any preceding claim wherein
the intermediate product comprises ortho-xylene, meta-
xylene and ethylbenzene.

35
-_
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A
reach theo IMiessure hence, because the downward force SF': APP'&%JQ

on the |sv n-l greater than the upward force (f= aP[er

piston‘ﬁ;TT‘B““bushed—agalnst t he val ve seat 14 causing the valve to
ose. JI hbm1 because the pressure in chanber 17 can be varied

%ope ,m "ﬂg H smal | valve 19 the main flow rate through
e devite W It eg vary with it~ 2l Further details

wi |l becone apparent fromthe follow ng detail ed description. 25
The valve 10 has a housi ngrid piedcessigof dhyi preceding’2claiml wheredn et 13

and a val ve in step (2) (a) the selectivity of alkylation of non-
para-xylene isomers to para-xylene is from 300:1 to
3000:1. '

19. The process of any preceding claim wherein
step (2) (b) comprises fractionation or carbon
adsorption. |

10 20. The process of any preceding claim wherein
the intermediate product comprises from 99.0 to 99.8
wt% para-xylene.

21. The process of any preceding claim in which
15 the final product contains para-xylene in at least
99.9 wt% purity.
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15 to communi cat
OF PARA-XYLENE PRODUCT

Field of the Invention

5 The invention relates to methods for producing
para-xylene, and more particularly, the invention
relates, in one aspect, to processes for separating
para-xylene in exceptionally high purity from its
isomers. '

10
Background of the Inventjon

There exist several technologies for recovering
para-xylene from its mixture with other xylene isomers
including ortho-xylene, meta-xylene and ethylbenzene.

5 Adsorption-based methods and crystallization-based
processes are commonly used in industry. These two
processes can produce 99.6 to 99.8 wt.% purity para-
xXylene very efficiently. Achieving purties on the
order of 99.9+ wt.%, however, is very difficult and

20 costly. Other techniques for xylene separation such as
hydrogen~fluoride extraction, sulfonation and
alkylation have not been able to demonstrate an
efficiency comparable to that of the adsorption and
crystallization processes.

25 The chemistry for xyienes alkylation has been
studied for several decades. D. Nightingale, et al. in
"Orientation Effects in the Alkylation of m-Xylene by
Various Procedures and Reagents," Journal of the
American Chemical Sbciety, Vol. 64, pp. 1662-1665,

30 1942; and D. Nightingale, et al. in "The Alkylation of
o- and p—Xylene," Journal of the American Chemical
Society, Vol. 66, gép*“154 155 1944,,1nd1&ate that
ortho-xylene, meta:xylene and’ ethylbenzene can be
alkylated with molecules containing tertiary butyl

35 moiety (e.g. isobutylene, tertiary butyl chloride,

. is ig lacement sheet
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t
-7 - fluid inlet 12 with the chanmber 17. VWen the control valve 19

is open a flow occurs fromthe inlet 12 through the chanber 17 to the
butl et 13. The chanber pressure P3 will lie intermediate the inlet

pressure P[err] and outlet pressure P[err]. Assum ng this second passageway
20 provides much a greater restriction to fluid flow than does the first
passageway 18, when 5 the control valve_1§ 1s open the pressure P3 in the
chanber 17 will be substantially equal to the pressure P[err] in the
fluid outlet 13. However when the control valve 19 is clqsed the

pressure Plerr] kertdexy butyhebgnzevenedirtertiary hutyl hydnaxdl 12,

toluene, etc.). Para-Xylene, however, was found to be
quite difficult for tertiary butylation. It is
theorized that a steric effect has 'hindered the
5 insertion of the bulky tertiary butyl group to the
more restricted aromatic ring of the para-xylene
molecule. Partial separation of para-xylene from
meta-xylene and ortho-xylene based on the selective
alkylation concept has been demonstrated; see, e.g.,
10 US-A-2,648,713; UsS-A-2,801,271 and B. B. Corson, et
al., Industrial and Engineering Chemistry, Vol. 48,
No. 7, pp. 1180, 1956.
UsS-a-2,648,713 provides a process for the
separation of ortho-xylene from an admixture thereof
15 with meta-xylenes by the successive steps of
alkylation, distillation and dealkylation. Para-
Xylene may also be present in the xylene mixture and
remains unalkylated with the meta-xylene. The
alkylating agent is preferably an olefin or ~
20 cycloolefin having a tertiary carbon atom, such as E
o isobutylene; diiscbutylene; trimethylethylene; 2,4~
methylpentene-2; 3-methylbutene-2; 4-
methylcyclohexene-1 and l-methylcyclohexene-l. This
process, as the ones previously discussed, is limited
L to bulk separation; in the best Example recorded
therein (Example 2) the percent conversion of ethyl
benzene and ortho-xylene was 89 and 54, respectively.
UsS-A-2,801,271 describes an integrated process
for separating xyléne isomers and producing high
30 octane gasoline which involves contacting isobutylene
with a xylene fraction having substantial quantities
of para-xylene and meta-xylene. Thé?coﬁfgét is done in
the presence of liquid hydrogen flﬁoride at a
temperature in the range =10 to 100°C. The quantity of

35 isobutylene employed is sufficient to alkylate a
This Sheet Has Been Replaced o This is the replacemeht sheet
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Resolving in the direction of novenent of the valve nmenber 15, the upper
swface 16 10 ofthe valve nenber has an area Alerr] exposed to chanber

pressure P3.while its | ower surface 21 has a first area Alerr]
exposed to the fluid inlet pressure P[err] and a second area Alerr] exposed
to - the fluid outlet pressure P[err] The net force R
applied to the valve nenber is: 15 -3 - R =
Plerr]Alerr] + P[err]A[err] - Plerr]Alerr] wher e

Alerr] + Alerr] A err

stantial proportion of the meta-xylene contained in
the xylene fraction. The alkylation reaction product
is fractionally distilled to separate a para-xylene
rich fraction and a fraction comprising tertiary-

5 . butyl-meta~xylene. The latter fraction and a straight
run petroleum distillate are contacted with a silica-
alumina catalyst in a catalytic cracking zone at a
temperature in the range 426 to 538°C (800 to 1000°F).
The latter fraction is cracked forming predominantly

10 meta~xylene and isobutylene. The effluent from the
cracking zone is fractiénally distilled to separate a
fraction rich in isobutylene, and the iscbutylene rich
fraction is then returned together with additional
xXylenes to the alkylation step. Again, this process is

15 a bulk separation process; the only example (Example
1) to the alkylation separation step yielded a para-
Xylene purity of 48%. _

Purified meta-xylene is obtained by alkylating a
-mixture containing m- and p-xylene with a small but
20 effective amount of isopropylating agent in the |

' presence of a small but sufficient amount of aluminum
chloride catalyst, according to US-A-3,539,650. The
alkylation mixture is maintained at a temperature
within the range of about 70°C to about 100°C for

25 about thirty minutes to one hour after which the
catalyst is destroyed, an isopropyl meta-xylene
fraction recovered, and the recovered fraction
deisopropylated to produce meta-xylene above 95%

_purity. It is apparent that meta-xylene concentrations

30 much above 98% may not be readily attainable, however,
given the best Examples in Table IV of this patent.
which focuses only on the meta-xylene product, rather
than the para-xylene material.

| Us-~A-~5,055,630 describes a process for obtaining

35 a para-xylene final product more than 98% pure from a
This Sheet Has Been Replaced This is the replacement sheet
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When the control valve 19 is cl osed

Plerr]= Plerr] 20 and t hus

R =P[err]Alerr] + Plerr]Alerr] - Plerr]Alerr]

R= Plerr]Alerr] - Alerr] - Alerr]] + Plerr]Alerr]

R=Aerr] [Plerr] - Plerr]] 25 However Plerr]>P[err] and
therefore Ris negative and the valve nenbgr Js urged downwar ds
agai nst the valve seat. It will be noted that even when the valve is

Phan that appli carystatbie cobarting BrarRoRy Vith SOPUELRY BE EBHEEol
\{Z' ve 19 will regaq} WwikheiNolu@esraher stapscaki hgtegainingt ftheval ve- seat
starting material with precooled water and feeding
back the recovered para-xylene in a mixer at a

5 temperature of 0 to 13°C to form a para-xylene-
crystal-water mixture containing para-xylene crystals
and water. The mixture is continuously transferred as
soon as it contains 30% by weight para-xylene crystals

" into a purifying pentrifuge via a dewatering filter to

10 form a fluid phase and a para-xylene crystal slurry.
The fluid phase is separated further from the para-
xylene crystals in a first stage of a purifying
centrifuge, mixing the para-xylene crystal slurry in a
second stage with a partial flow of final product,

15 heating at about 13°C and subsequently liberating from
the fluid phase still adhering, whereby the para-
xylene crystals are drawn off into the heated vessel.
Next, the para-xylene crystals melted in the heated
vessel are drawn off as the final product with the

20 desired purity. A partial flow of final product is
also drawn off which is fed back to the second stage
of the purifying centrifuge, being heated previously
to a temperature from 60 to 80°C. and feeding the
fluid phase separated from the para-xylene crystals to

25 the second stage of the centrifuge for recovery of
additional para-xylene which becomes part of the final
product stream. It would be advantageous if a method
could be devised for obtaining high purity para-xylene
which was less comélex and costly than that described

30 in US-A-5,055,630. |

The separation of close-boiling meta-xylene and
para-xylene via selective alkylation and subsequent
dealkylation or transalkylation was recently studied
according to Chemical Abstracts 116(6):43394n (1992).

35 The alkylation was carried out with isobutylene or
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Wien the control valve is open

10

15

30

35

-5 -

diisobutylene with concentrated H3SO4 catalyst at -10
to +20°C and Filtrol-24 acid clay at 80-130°C,
respectively. Meta-Xylene reacted very selectively
(Filtrol-24 gave selectively S5-tert-butyl-meta-
xylene), and the alkylated products could be
dealkylated at higher temperatures in the presence of
Filtrol-24 catalyst, to give relatively pure meta-
xylene and isobutylene which could be recycled. Para-
Xylene purity is not mentioned in the Abstract.

There remains a need for a process which provides
a high yield to para-xylene in very high purity which
is relatively simple and cost-effective. The linking
of two conventional para-xylene purification processes
together is generally less efficient. Additionally,
the reaction to make'para-xylene is reversible under
many of the conditions to selectively alkylate the
xylene mixture; often in the attempt to make very high
purity para-xylene, an isomerization side reaction
occurs to make more of the less desirable meta-xylene
and/or ortho-xylene. At relatively high purities, e.-
98 wt.%, attempts to increase purity of the already
pure product result in degradation of the product
rather than improvement through these side reactions.
Also, para-xylene does alkylate to some extent and
there is a great tendency when 98 wt.% of the product
is para-xylene that the alkylation will more readily
occur with the para-xylene, rather than with the small
proportion of impurities which are more difficult for
the catalyst to ccﬁe into contact with. Attempts often
result in removing alkylated para-xylene and/or
isomerizing para-xylene with the overall result of a
relatively increased proportions of impurity and a
product with a lowered purity to para-xylene.

Many of the prior processes do not discuss the
problems of side reactions and reversible reactions.

|
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Plerr] = Plerr] ' - and thus R= Plerr]Alerr] +

Plerr]Alerr] - Plerr]Alerr] 5 =P[err]Alerr] + Plerr]Alerr] -
Plerr]Alerr] - Plerr]Alerr] R= Alerr][Plerr] - Plerr]]

but P[err] > Plerr] and therefore Ris positive and the val ve nenber is
urged upwards away fromthe val ve seat 10 : It will be
appreciated that this is an idealised descrigption and in reality the .
pressure P3 in the chanber will |ie between the fluid inlet pressure

Plerr] and the fluid outlet pressure Plerrl. - .
[ ] Most o theg are conc rneA only with bulk separations

and are satisfied with conversions of about 50%. As
discussed, only US-A-5,055,630 attempts to achieve
high purity para~xylene, and it is only accomplished
5 via a complicated crystallization process involving a
multi-stage centrifuge. It is anticipated that in the
near future there will be a great need for ultra-pure
para-xylene, on the order of 99.9+ wt.% purity.

10 Summary of the Invention _
According to the present invention there is
provided a process for producing at least 99.5 wt%
para-xylene from a mixture of Xylene isomers
comprising the steps of: _

15 (1) providing, as an intermediate product, a
mixture of xylene isomers containing para-xylene in a
concentration ranging up to 99.8 wt% para-xylene; and

(2) recovering para-xylene from the intermediate -
product to produce a final product having para-xylene

20 in a concentration which is at least 99.5 wt% and
greater than the concentration of para-xylene in the
intermediate product, by a second step which
comprises: '

(a) treating the intermediate product with an
> alkylating agent and in a manner effective to alkylate
substantially all of the xylene isomers other than
para-xylene while alkylating substantially none of the
para-xylene; and '
(b) separatiné from the alkylated xylene

30 isomers, para-xylene in a purity which is at least
99.5 wt.% and greater than the concentration of para-
xylene in the intermediate product, to form the final
product. '

_—
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It wll also be appreciated that even when the valve is partially open the
pressure Plerr] applied to area Alerr] will always be greater than
pressure Plerr] applied to area Alerr], so long as a 15 fl ow occurs. Thus
basically the sane equations apply and changing the control valve 19 from
open to closed or vice versa wll result in a correspondi ng novenent of the
val ve nenber 15. - Sheuld € he fluid outlet 13 be

bl ocked no flow occurs and in whatever configuration 20

Ve ve mener 15, A spr i REGCBESp BoesERap? B8ka ORI O T,
an open or cl osedpguoBits cpxoduptndnngfopapaexyienees.n very high purity
by selective alkylation in a straight-~forward, simple
manner, generally with extremely high selectivity and
5 little or no reverse reactions and side reactions.

In one embodiment of the invention, there is
provided a technique for producing at least 99.5 wt.$%
para-xylene from a mixture of xylene isomers by first
recovering para-xylene from a mixture of xylene

10 isomers by a first step (typically using conventional
processes) where the concentration of para-xylene'in
an intermediate product or stream ranges up to 99.8
wt.% purity para-xylene, preferably from 95.0 to 99.8
wtd. Next, para-xylene is recovered from the '

15 intermediate product or stream to produce a final
product or stream having a higher purity, e.g. at
least 99.5 wt.% para-xylene and at least greater
purity para-xylene than that obtained in the first
step, by a second step (having two parts) involving:

20 (a) alkylating substantiélly all of the xylene isomers
in the intermediate product or stream with an
alkylating agent, while alkylating substantially none
of the para-xylene; and (b) separating the para-xylene
in at least 99.5 wt.% purity and in higher purity than

F1] that obtained from the first step, from the alkylated
Xylene isomers to give the final product or strean.

The present invention is distinct from US-A-
5,055,630, described earlier, in that the former
separates via alkyiation whereas the latter uses

30 crystallization. Although it is possible in some prior
processes to achieve 99.9 wt.$% purity, it is
accomplished only with a significant capacity debit.
For example, in one conventional process, the increase
from producing 99.8 to 99.9 wt.% para-xylene results

35 in a 15% reduction in capacity. That is, there is a
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It will be appreciated that the control valve 19 may be located in the
second 25 passageway 20. In this configuration when the control valve 19
is closed the chamnber pressure Plerr] is equal to the fluid outlet
pressure P[err] and the valve nenber -15 will rise to open t he val ve
10. Conversely when the control valve 19 is open the pressure P3 in the
chanber 17 will rise, preferably near8to P[err], and the valve 10
will close. 30 Fig. 2 shows a variation to the val ve device of

Fig. 1. In Fig. roug&%@iwﬁ mﬁs éﬂe&m 12 dEHABE v

position, rather than t |eV|n e sane :
function. It is FNEHCORG-t FRiomcommercis Bi'é’cfﬁﬁ%%s @%rsqw#astmn hi gher
pressure, becaUS%rocesse@’ Ow%ﬁm%ﬁedﬁ PFecéts tdigesnal |

val ves the nain rate t hrough the device
eparatlon and.%eacéion processes. In the present
5 invention, one does not have to sacrifice capacity to

increase purity.

Detailed Description of t nventio
It has been discovered that it is not economical
10 nor efficient to produce 99.9+ wt.% para-xylene via
any single separation process, whether adsorption,
crystallization, hydrogen-fluoride extraction,
sulfonation or other processes. It has been
surprisingly found that the best process arrangement
15 to maximize purity and productivity appears to be
" attaching an alkylation process at the back end of an
adsorption or crystallization process. According to
this embodiment the intermediate product is provided
as the product resulting from recovery of para-xylene
20 from a mixture of xylene isomers using an adsorption
or crystallization technique, although other
techniques may be used, such as distillation,
extraction or sulfonation. Such a hybrid system can
easily achieve the desired 99.5+ wt.% purlty without
i any significant productivity loss.

The process of the inventzon is in essence a
purification'process, as opposed to the separation
processes of the prior art, e.g., US-a-2,801,271.
Thus the intermediate product of step (1) preferably

30 contains substantially no components other than para-
Xylene and its isomers} and step (2) is concerned with
purification to para-xylene with minimal proportioné
of other isomers. Looking more to the contrast with
the teachings of US-~-A-2,801,271, that document relates

35 to separation processes rather than purification
Wi
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- 9- can then be controlled by the other. Fig. 3
illustrates a cross-sectional view of an actual device in which the

princi pl es

descri bed hereinbefore is applied, and which is nodified

to be used with a float or flood

10

15

20

30

35

~9—

processes, where separation involves concentrating
para-xylene from a mixture of paraffins and xylene
isomers. Purification in the context of the instant

- invention concerns purifying a stream of para-xylene

that is already relatively pure. It is very easy to
separate para-xylene from paraffins and such

~ separations are well known. However, what is not well

kXnown is how to purify para-xylene from a mixture of
its isomers (rather than separation in bulk from
paraffins). Linking together two separation processes
does not ipso facto make an effective purification
process.

Even with this concept, it is not obvious in
which sequence the techniques should be arranged,
because once a very high purity is achieved in the
first step (e.g., 98 wt%), it is extremely difficult
to improve upon this purity for a number of reasons.
Undesirable isomerization side reactions occur to
convert the para-xylene to less desirable meta-xylene
and/or ortho-xylene. Because of the predominant
presence of para-xylene, it is difficult for the
alkylating agent to "see" or come into contact with
the isomer impurities to enable them to be alkylated.

- - According to the invention a two-step process
where the selective alkylation is conducted in the
second step permits further enriching of the para-
xXylene stream rather than further degradation so that

- an ultra-pure para-xylene may be obtained.

In the first treatment of the above—mentloned
hybrid system, a conventional para-xylene recovery
technology such as the PAREX® adsorption process or a
crystallization process may be used to produce a
product stream with 99.0 to 99.8 wt.% para-xylene.
PAREX is a registered trademark of UOP Inc. These
commercial processes are very efficient in such purity
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5 wvalve, in this case, a horizontal float or flood val ve.
The val ve conprises a body 31 having inlet 32, outlet 33 and an openi ng

whi ch, together with piston 34 and cap 35, formthe val ve seat 36 and
chanmber 37. Inlet 32 conmuni cates wi th chanber 37 by opening 38. Arm
39 and Oring 40 together withweight 10 41 formthe small flow control

val ve 42. Valve 42 nmay be opened ny noving 3@ Qut of it's stabl e
position. Using weight 41 is one way of causing this movenent. Fig. 3 shows
t hat w thout the effect of weight 41 on-arm 39, valve 42 will renain
cl osed, hence t heXpRE&suPs exPlaiﬁeghaWBéF 4% mome i EEiquldh i hawtor

inlet 32, causingu??saaa QﬁetErEEﬁetaﬁﬁkﬂ% ke odalsue wt . & eXFElcidhtang
shutting the main

ow owg openi nq.val ve i%h/ t he ex ent t hat the
oressure 15 in cHERBBECESALY:| 3% WASLGHSCOVATEy thaL SRTENER, BARAS anay
fromthe valve seaylaﬁeapdrlflca&hbﬁWLEhbetbunddunéIvma1kymand#EH 32 to

outlet 33. selective alkylation; the second treatment of the
hybrid system of this invention. Preferably an acidic
catalyst is used to éelectively alkylate just the non-
para-xylene isomers, selected from ethylbenzene, meta-
xylene and ortho-xylene, while leaving para-xylene

10 alone unalkylated. since the alkylated para-xylene'
isomers boil at substantially higher temperatures
compared to unalkylated para-xylene, a simple post-
alkylation fractionation or a post alkylation carbon
adsorption provides efficient removal of the heavies

15 (alkylated products) and produces 99.5+ wt.% para-
xylene. Moreover, the inventive process does not have
appreciable side reactions, reverse reactions, or
alkylation of para-xylene which decreases yield or
conversion to high purity para-xylene.

20 The processes to produce an intermediate product
stream having a purity of from about 99.0 to about
99.8 wt.% para-xylene, which may be provided in step
(1), are well known in the art, though are preferably
an adsorption or a crystallization process.

25 The purification via alkylation process of this
invention may be accomplished with either an acidic
heterogeneous catalyst, such as proton-exchanged
zeolites or an acidic homogeneous catalyst such as
aluminum chloride at a temperature in the range of

30 from 10 to 300°C and a pressure from sub-atmospheric
to 6.89 MPag (1000 psig), in one embodiment.
Preferably, the liquid hourly space velocity (LHSV)
ranges from about 0.1 to about 100, and more
preferably ranges from about 0.1 to about 10.
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In Fig. 4 is shown an alternative arrangenent of a flood or float valve in

accordance with the invention, this tine being enbodied as a verti cal
valve. In'this case, a float 217 is 20 provided about the valve 207.
Operation of the actuating nenber 212 is achi eved by contact of the

i nner surface of the float 217. Fig. 4 also illustrates the provision of a
| ongi tudi nal flow control elenent 2Q4ihn-accordance w th anot her
aspect of the invention, which wll be nDre fully described

hereinafter with reference to peration, as the float, 217 rises,

t he act uating neWBErSE}Ec§FgS pggg;a JaYyy Line HeRb/ ¢ he

float, or by suibablenéi ifi 8He’bregencs) ofualhn tahfitd;a: mamabout t he
actuatlng menber 21 the f|OM/Of fluid, through the

passageway, consgﬁﬁéﬁFFyigpeﬁngﬁg fe ToXEN: Sorfhat JFhexs 15,9998  at i on

enabl es the devi melecudhrocentact hetweemcdthe catalyst and the xylene

5 isomers which are not para-xylene. Without being bound
by any one theory, it is hypothesized that the success
of the present invention is due at least in part to
excellent molecular contact between the catalyst and
the non-para-xylene isomers. This contact may involve,

10 for example, using a particular high surface area
catalyst, extensive mixing or both. Extensive mixing
includes, but is not limited to mixing by pressure
drop, mixing orifices, static mixers, distribution
heads and high speed mixing mechanisms. By "high

15 surface area" catalyst is meant a catalyst having a
surface area in excess of about 100 mz/g, preferably
in excess of about 200 mz/g, and more preferably one
with a surface area in excess of about 300 m2/g. A
most preferred high surface area catalyst has a

20 surface area in excess of about 450 m2/g.
Additionally, the catalyst is desirably one which does
not polymerize the alkylating agent. For example, the
catalyst should not be one which substantially
dimerizes isocbutylene, if this is the alkylation

2] agent.

In one embodiment, the catalyst is a high surface
area heterogeneous catalyst, and more preferably may
be a high surface area catalyst selected from proton-
exchanged zeolites; bentonite clay, acid-treated clay,

30 acidic alumina, solid acids, proton-exchanged resins,
ard the like. The most preferable catalysts are
proton-exchanged zeolites. In another embodiment of
the invention, homogeneous acidic catalysts suitable
for this invention include, but are not limited to,
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The formof the invention illustrated by Fig. 4 is used as a float control
val ve, which 30 operates the sane way as that of Fig. 7, which will be
descri bed hereinafter except for the - opening and closing of the relief
val ve, where the nmagnetic activation used in Fig. 7 is. repl aced by
menber 217. Because the valve is nounted vertically inside a tank the

wei ght of menber 217 pushed nenber 24212lown to open relief valve 206.

aluminum chloriqé, alkyl aluminum chlorides,
hydrofluoric acid, and sulfuric acid.
The selective alkylation step of the present

invention may be conducted at a temperature in the

5 range of from about 10 to about 300°C, preferably from
about 10 to about 150°C and most preferably from about
10 to 50°C. Reaction temperatures greater than about
300°C. are not desired as the tendency for
isomerization increases with increasing temperature

10 - (the para-xylene isomerizes to ortho-xylene, meta-
xylene and/or ethylbenzene), as does the undesired
alkylation of para-xylene. The alkylation reaction may
be conducted in the liquid phase or the wvapor phase
and thus may be conducted for example at a pressure of

15 from sub-atmospheric to about 6.89 MPag (1000 psig),
preferably from sub-atmospheric to 3.45 MPag (500
psig), and most preferably from sub-atmospheric to
2.07 MPag (300 psig). Further, the preferred
alkylating agents were found to contain at least one

20 tertiary butyl moiety. In one embodiment, the
alkylating agent is selected from the group consisting
of isobutylene, tertiary butyl chloride, tertiary
butyl benzene, di-tertiary butyl hydroxyl toluene, and
isobutylene oligomers. The amount of alkylating agent

5 is dependent on other parameters; for example, it is
necessary to have enough alkylating agent to react
with all of the impurities. Thus, the amount of
alkylating agent should be an effective amount to so
alkylatg the impurities desired to be removed. A large

30 excess of alkylating agent is preferably avoided.

Under the conditions of preferred embodiments of

this invention, the loss of para-xylene to alkylation
is only in the range of several tenths of one percent.
That is, the selectivity of alkylation of non-para-

35 Xylene isomers to para-xylene may be a éufprising

\
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- 10 - o Mermber 218 (mhibh I's considerably lighter than water)

can be positioned anywhere al ong the hei ght of nenber 217. \Wen the
fluid level in the tank rises high enough to upwar dly push nenber 218
along wi th nenber 217 away from nenber 212, the relief valve: t hen
reverts to its closed position causing the valve to close. 5

In Fig. Sis illustrated another aspect af {fie.present invention, wherein a
magnet is . used to control the operatlon of the valve. A piston 60
formed of steel or other magnetically attractable material, which can

nmove in the diredQ0d ¢ FAWid Fatip.afiven R eelakively Ligh ratio of

positioning a magwh Al ég‘eeiatrélflq: e @iéé@ﬁﬁ&'ﬁie bgfha SRuck casegesNt | y
actuating the steel 10 bar pen or éme the val ve. The gnet may

be removed to a FOSR Qﬁ1§§Fsﬁﬂﬂ?1ﬁ¥ ne woul ost, as has bee

established in the prior art. In prlor processes, the

5 selectivity was always less than 100:1; the
selectivities achievable with this process are

~ surprisingly higher. The seleétivity achieved with

this invention is unexpected and extraordinary. The
process of this invention generally prevents

10 destruction of the major product while selectively
removing only the contaminants. This is unusual as
previous selective alkylation processes are not this
selective, but rather only selectively alkylate the
non~-para-xylene isomers to a much lower extent than is

15 possible in this process. The system of this invention
generally and preferably avoids (1) isomerization of
the desired para-xylene -and (2) alkylation of the
para-xylene (even in the presence of high
concentrations thereof), and (3) polymerization of the

20 . alkylating agent, e.g. dimerization of the

. iscbutylene. Only by avoiding these other reactlons
are the extraordinarily high selectivities achieved
using the inventive process which sets it apart from
conventional processes which can only achieve a lower

25 selectivity ratio.

Another advantage of the present invention is
that the alkyl, preferably t-butyl, -meta-xylene and
~ortho-xylene adducts which may have a lower value
will not have a significant effect on the process

30 economics due to the low levels produced. Thus,
although some small amount of lower value by-products
are produced, the process remains economically -
attractive.

The invention is illustrated by the following

35 Examples.
_ 7
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magnetic attraction/repul sion of the steel bar 62 does not occur,

consequent |y cl osi ng/ opening the valve. A steel ring or other suitable
Fetention means 64 is provided to ‘store' the nagnet. Movenent of the
magnet may be achieved directly or via a suitable actuating neans.

Modi fications and variations to this enbodlnent wi || becone readily 15
apparent to persons skilled in the art. = 14

In Fig. 6 1is
i | lustrated another aspect of the invention, relating to pilot operated
type  valves. . 20 _ An inlet 81 communicates with chanber 83
via opening 82. The said opening 82 is formed by a relatively |large

orifice 85 parti§¥$¥2¥§+¥ed with axially novabl e nenber 84. The
' Para-Xylene product from Exxon Chemical PAREX®

Adsorption Units (PAU) was provided Jaccording to step
5 (1) of the invention. The PAU para-xylehe contained
99.70 wt.% para=-xylene, 0.15 wt.% meta-xylene, 0.10
wt.$ ethylbenzene and 0.05 wt.% ortho-xylene. The
alkylation catalyst in this test was a proton-
exchanged Y zeolite in the form of extrudate (L2Y-82,
10 obtained from UOP Inc.). The catalyst was calcined at
' 300°C 'under nitrogen prior to testing. The alkylation
reactor was a 1.27 cm internal diameter (0.5" I.D.),
7.62 cm (3.0") long stainless steel tubing packed with
2.91 g calcined catalyst. A feed solution containing
15 99.70 wt.% of the PAU-para-xylene as specified above
and 0.30 wt.% isobutylene was pumped through the
reactor at 1 liquid hourly space velocity (LHSV),
ambient temperature and 1.38 MPag (200 psig). Gas
chromatograph analysis revealed that the alkylation
20 product contained 0.08 wt.% C4 compounds, 0.01 wt.%
ethylbenzene, 0.05 wt.% meta-xylene, 99.36 wt.% para-
-xyléne and 0.50 wt.% butylated xylenes and other heavy
compounds. dftho—Xylene was. completely butylated.
After distillation to remove the Ci-materials and the
25 heavies, a para-xylene product containing 0.01 wt.%
ethylbenzene, 0.05 wt.% meta-xylene and 99.94 wt.% |
para-xylene was cbtained.

PLE 2
30 This Example was conducted similarly to Example
1. The catalyst was an extrudate of 80 wt.% proton-
_exchanged ultra stable Y zeolite (VALFOR CP304-37,
obtained from The PQ Corp.) and 20 wt.% bentonite clay
(obtained from Aldrich_cO.); The catalyst was ground
35 to 18/30 mesh and calcined at 300°C prior to loading
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difference in the cross-sections of orifice 85 and nenber 84 is the actual
cross-section of- openi ng 82. The novenent of nenber 84 (in any
direction) relative to orifice 85 will ensure opening 82 is cleared
from deposited particulate matter. The use of nenber 84 in 25 conjunction
with orifice 85 to formopenings 82 are also to ensure that the size of

particles entering chanber 83 are snall enough to easily pass through
the relief valve 86 (not shown in FiOQ. %)T This particular feature of
the invention (that is the arrangenment used to form openi ng 82) can be

used on all typeanﬁtnﬂIx&aéumfE&pﬁbﬂf&d@81ﬁ0EﬂamPMetMe bho€eade of the
Posei bl 6 to have SPTHTARR SPmeiRaf of of5 56 Wk B 67 bflel aA8-BRE 2 vaene
Bei ng abl e to achkife\Example r-‘eohmdlw)rs@ Wt he diotertidariyobusylt hydxaxyl
Chombed” 2 ean SO Unp FubpdylERfoSRSEHRoduBRoouERN 5 1 and
5 ambient temperature and 1.38 MPag (200 psig). The
| alkylation product contained 0.01 wt.% C4 compounds,
0.01 wt.% ethylbenzene, 0.09 wt.% meta-xylene, 99.00
wt.%¥ para-xylene, 0.89 wt.% alkylated xylenes and
other heavies. There was no ortho-xylene detected.
10 After distillation, a para-xylene product containing
0.01 wt.% ethylbenzene, 0.09 wt.% meta-xylene and
99.90 wt.% para-xylene was obtained, as analyzed by
gas chromatograph.

15 CO 3 _

This Example demonstrates the fact that a simple
extension of a previously known xylenes-alkylation
technique is not suitable for the present purpose cf
prqducing 99.9+ wt.% purity para-xylene. The Example

20 includes the following two experiments.

(A) Experiment A demonstrates the feasibility of
using a conventional alkylation technigque for the bulk
separation of xylene mixtures. A mixture of 50.00%

5 para-xylene and 50.00% ortho-xylene was prepared. 3.09
Grams of the mixture was then thoroughly mixed with
3.02 g. of tertiary~butyl chloride in a sealed vial.
After the mixing, about 0.10 g. of aluminum chloride
catalyst was added to the solution. The system was

30 allowed to react at ambient conditions for 30 minutes.
A sample of the hydrocarbon phase was taken and
analyzed using gas chromatography. It was found that
the xylenes fraction of the reaction product contained
97.50 wt.% para-xylene and 2.50 wt.% ortho-xylene
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- 11 - | ower fluid flow through the pilot opening 82 and the relief
val ve 86 (not shown in Fig. 6). Hence t he openi ngs and cross-sections
associated with the relief valve can, in this case, be reduced. This
reduction in the relief valve dinmensions in turn inplies that the forces
required

- 16 -

indicating a good separation from the-oriqinal 50.00%
para-xylene and 50.00% ortho-xylene.

(B) Experiment B demonstrates the failure of

5 using a conventional alkylation technique for
producing para-xylene in'very high purity. 39.91 Grams
of a high purity para-xylene stream (99.70% para-
xylene, 0.18% meta-xylene, 0.07% ethyibenzene and
0.05% ortho-xylene) was mixed with 0.11 g. tertiary

10 butyl chloride. 5.00 Grams of the mixture was then
brought into contact with 0.46 g. of aluminum chloride
catalyst. The mixture was then allowed to react at
ambient conditions for 30 minutes. A sample of
hydrocarbon phase was analyzed using gas

15 chromatography. The xylenes fraction of the reaction
product contained 99.53% para-xylene, 0.32% meta-
xylene, 0.09% ortho-xylene and 0.06% ethylbenzene. It
is apparent that the alkylation was accompanied by a
small amount of side reactions such as para-xylene

20 isomerization; note the increase in meta-xylene and
ortho=-xylene fractions. As a result, the product had
more isomers and para-xylene purity decreased. Such
low levels of side reactions would not even be
detected in bulk separations. But they would be

ri] detrimental for purifying high purity products and, as
shown, overall para-xylene purity would decrease.

EXAMPLE 4 .
This Example illustrates the use of a homogeneous
30 catalyst for purifying para-xylene. 20.00 Grams of a

PAU para-xylene product (99.69% para-xylene, 0.18%
meta-xylene, 0.07% ethylbenzene, 0.06% ortho-xylene)
was thoroughly mixed with 10.16 g. 98% sulfuric acid
in a container at ambient temperature and pressure. A

35 mixture of iscbutylene and the specified PAU para-
This Sheet Has Been Replaced This is the replacement sheet
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to activate the relief valve (open or shut) under certain pressure, are

al so reduced. 5 This will obviously open the way to using

vari ous sinple nechanical and/or very | ow power ed techni ques for
activating the relief valve. Fig. 7 shows a pilot operated
val ve having inlet 101 communi cates with chanber 103 vi a openi ng 102.
The said opening 102 is forned by a relatively large orifice 105 partially
10 filled with axially novabl e nmenber 104. 1%he- di fference in the
cross-section of orifice 105 and menber- 104 is the actual

T04 rel ative to ofYLREE. B3 SAMI ERULYLeBEATFL 2y 0 PR PEAAAMT om
deposi ted parti cupgb@uett stireamjewasephhcedntier al Guret cam laddeddneph
wise to the xylenes/sulfuric acid mixture over a 45
minute period. A high speed magnetic stirrer was used
5 to provide sufficient mixing, i.e., good molecular
contact. The hydrocarbon phase was sampled and
- analyzed by GC at the end of the reaction. It was
found that'the xXylenes product separ%ted out contained _
99.75% para-xylene, 0.16% meta-xylene, 0.06%
10 ethylbenzene and 0.03% ortho-xylene. Thus, it is
demonstrated that the process of this invention may be
successfully performed using a homogeneous catalyst.

EXAMPLE S5

15 This Example monstrates the use of a mordenite
zeolite catalyst for purifying para-xylene. A mixture
of 0.5% isobutylene and 99.5% PAU para-xylene product
(99.70% para-xylene, 0.15% meta-xylene, 0.10%
ethylbenzene, 0.05% ortho-xylene) was prepared. 3.02

20 Grams of the mixture was brought into contact with
1.09 g. of a mordenite extrudate obtained from UOP
Inc. in a sealed bottle at ambient temperature and
pressure for 2 hours. According to GC analysis, the
Xylenes product subsequently separated out contained

25 99,76% para-xylene, 0.15% meta-xylene, 0.07%
ethylbenzene, 0.03% ortho-xylene. It is thus
demonstrated that another catalyst may be used in the
process: of this inyention.
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r|f|ce opening 102 is also to ensure that the size of

partl nber - 103 are small enough to easily pass
throu Wiﬂ’mﬂ B e 106. This particular feature of t he
i nventi*on¢(t arrangenment used to form opening 102) can be used on

all types of pil ot .operated valves to gcuieve the foll ow ng.. 20
Firstly, it avoids the bl ockage of the piloe opening and/or the relief

val ve downstream Secondly, it also nakes it possible to have
a pilot opening ofLAIMBeat|y reduced cross- - secti on.

1. A process for producing at least 99.5 wt%
para-xylene from a mixture of xylene isomers
5 comprising the steps of:
(1) providing, as an lntermedlate product,

a mixture of xylene isomers containing para-
xylene in a concentration ranging up to 99.8 wt%
para-xylene; and

10 (2) recovering para-xylene from the
intermediate product to produce a final product
having para-xylene in a concentration which is at
least 99.5 wt%¥ and greater than the concentration
of para-xYlene in the intermediate product, by a

15 second step which comprises:

{(a) treating the intermediate product
with an alkylating agent and in a manner
effective to alkylate substantially all of
the xylene isomers other than para-xylene

20 ' while alkylating- substantially none of the
' para-xylene; and

(b) separating from the alkylated
xylene isomers, para-xylene in a purity
which is at least 99.5 wt.% and greater than

P the concentration of para-xylene in the
intermediate product, to form the final
product.

2. The process of claim 1 wherein the
30 intermediate product is provided as the product
resulting from recovery of para-xylene from a mixture
of xylene isomers us;ng an adsorption,
crystallization, distillation, extraction or

sulfonation process.
35
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25 ———Berngabteto achi eve such reduction in the cross-section of

the pilo that the required pressure drop between
i nl et 10} iﬁmﬁmm tl@ can be obtained at much | ower fluid flow
t hr ough 102 and the relief valve 106. Hence, the openings

and cross-sections associated with the relief valve can, in this case, -be

reduced. This reduction in the relief. g e dinensions, in turn,
inplies that the forces required to activate 30 the relief valve, (open or
shut) under certain pressure, are also reduced. This wi |l obvjously

open the way to u5|ng QarloEbesPNﬁFésﬁeeﬁamlﬁﬂme%uﬂﬁwz\Rh§r¢kﬂv§%ﬂEred

t echni ques for Qﬁg'&éhbﬂﬂs&geahehkﬁkd§¥d€3mi* tdennfguelion in the
fl ow t hrough open I es eed at which the val ve

nmenber 107 noves PBg6BEﬂ1$Hd5§ﬁGFtFﬂefFQPVQr%§ TS F%RRuc i xing

orifices, static mixer, distribution head and high
5 speed mixing techniques.

4. The process of any preceding claim wherein
in step (2)(a) the intermediate product is treated
with the alkylating agent in the presence of an acidic

10 catalyst and with molecular contact between the
catalyst and the xylene isomers which are not para-
Xylene.

S. The process of claim 4 where the catalyst is
15 a heterogeneous catalyst having a surface area of at
least 100 m2/g, preferably greater than 200 m2/g.

6. The process of claim 5, wherein the acidic
heterogeneous catalyst is selected from the group
20  consisting of proton-exchanged 2eolites, bentonite
clay, acid-treated clay, acidic alumina, solid acids,
proton-exchanged resins and mixtures of any two or
more thereof. .

25 7. The process of claim 4, wherein the catalyst
is a homogeneous catalyst.

8. The process of claim 7 wherein the catalyst
comprises aluminum chloride, an alkyl aluminum '
30 chloride, hydrofluoric acid or sulfuric acid.

9. The process of any preceding claim wherein
the alkylating agent contains at least one tertiary
butyl moiety.

35
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-12- Fig. 7 shows body 108 of a standard househol d shower

cock or tap cockT ted with an assenbly of the follow ng parts:
val ve ne Ebtﬂﬂ h constitutes pilot opening 102 as descri bed
earlier. i@ﬂ er 109 in which nmenber 107 is sealingly and
axi al |y novabi e.t M0 is to

- 20 -

10. The process of claim 9 where the alkylating
agent comprises isobutylene, tertiary butyl chloride,
tertiary butyl benzene, di-tertiary butyl hYdroxyl
toluene, an isobutylene oligpmer, df a mixture of any

5 two or more thereof.

11. The process of claim 10 wherein the
alkylating agent is isobutylene and the treating step
is performed in the presence of a catalyst which does

10 not substahtially dimerize the isobutylene.

12. The process of any preceding claim wherein
in step (2)(a) the intermediate product is treated
with the alkylating agent at a temperature of from 10
5 to 300°C. | |

13. The process of claim 12 wherein the
temperature is from 10 to 50°C.

20 14. The process of any preceding claim in which

- step (2) (a) is performed at a pressure of from sub-
atmospheric to 6.89 MPag (1000 psig), preferably to
2.07 MPag (300 psig).

5 15. The process of any preceding claim when
carried out continuously.

' 16. The process of claim 15 in which step (2)(a)
is conducted at a liquid hourly space velocity (LHSV)
30 of from 0.1 to 100, preferably from 0.1 to 10.

17. The process of any preceding claim wherein
‘the intermediate product comprises ortho-xylene, meta-
xylene and ethylbenzene.
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overcome—the friction between the nenber 109 and nmenber 107. Menber 112
(which is made of soft magnetic naterial) and opening 111 formthe
reI i ef vﬂmmﬂmmmu" 113 is to push nenber 112 sealingly agai nst
openi ng s a slightly nodified version of the spindl e
for a househdl d wdt ef t&p. This nodification is to accommodate nenber 112
10 and spring 113. Menber 115 is a | oop of soft magnetic material janmed

bet ween cap 116 and hand 118. Pernanent magnet 117 which can be
attracted to either loop 115 or nenber ~ 1112 Menber 118 may be rotated
to adjust the axial position of nmenber 1 14 for presetting - the opening

of the valve. 15 18, ThélopLotéss bf anybprecedimy elaim wildreimg

menbers 118, 116, 122 and de i.C _mat rlal i ke
brass or plastlc}_ (%)%a)ngh seiecthlgy %%raE%§H ion'Of nd (

para-xylene isomers to para-xylene is from 300:1 to
3000:1. | -

19. The process of any preceding claim wherein
step (2) (b) comprises fractionation or carbon
adsorption. '

10 20. The process of any preceding claim wherein
the intermediate product comprises from 99.0 to 99.8
wt¥ para-xylene.

21. The process of any preceding claim in which
15 the final product contains para~xylene in at least
99.9 wt% purity.
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The valve is shown in Fig. 7 in its closed position because magnet 117 is

attached to | oop 115 and far enough from menber 112 allow ng spring
T13 and nenber 112 to shut 20 reli'ef valve 106 hence allow ng the pressure
in chanber 103 to be equal to the inlet pressure 101 and menber 107 is

pushed agai nst the valve seat 119 because thé cross-section of the

seat valve is smaller than the cross-secgi,on of the face of menber 107
which is part of the wal I s of chanmber 103. In-this state, there is no
net hydraulic forces acting on nenber 104. - When magnet 117 i s pushed

away from | oop FRodEBSIFIR NEMEROVING EURESIY OF (PAKR IOVEEND PROWOCT r om
opening 111 (i.e. opening relief vale 106) causing the pressure in chanber

103 to drop and nmenber 107 to nove away fromthe val ve seat 119 hence,
fluid flows through the - val ve at aBsTraAeTdet er m nedbyt he axi al preset
position of nmenber 114. During this tine, due to the pressure

di fference between inlet 101 and chanber 103 nenber 104 is pushed up'
relative to nenber 1W7procebearfcapeprodunadigf 8fnbary wol% dpaxatsylens by

causing spring dflctive alkylation comprises providing an intermediate

| product having 99.0 to 99.8 wt.% purity and reacting it

with an alkylating agent. The agent preferably has at least

one tertiary butyl moiety and is reacted in the presence of

an acidic catalyst under conditions where the catalyst is

in good molecular contact with the non-para-xylene isomers.

The caﬁalyst may be a high surface area acidic

heterogeneous catalyst such as a proton-exchanged zeolite.

Upon distillation, para-xylene is recovered in 99.5 wt.%

purity or higher. The selective alkylation gives little or

no alkylation of the para-xylene, the most predominant

species, and very little or no isomerization to the other,
non-desirable isomers.

é‘ Ay
% o ®
i
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>
V\hen magnet 117 is noved awa 'om

vaﬂ ve 'goes -back to’ '| s cl osed state, and nenber 104_ S
f @r.'PgL nal; pomtlon at which spring 120 is not

REPLACEMENT SHEET

PROCESS FOR IMPROVlNG PURITY OF PARA-XYLENE PRODUCT

Description

Field of the Invention

The invention relates to methods for - producing
para-Xylene, and more particularly, the invention re-
lates, in one aspect, to processes for separating para-
xylene in exceptionally high purity from its isomers.

" Backaround of the Invention

There exist several technologies for recovering
para-xylene from its mixture with other xylene isomers
including ortho-xylene, meta-xylene and ethylbenzene.
Adsormption-based methods and crystallization-based
processes are commonly used in industry. These two
processes can produce 99.6 to 99.8 wt.% purity para-
xylene very efficiently. Achieving purities on the order of
99.9+ wt. %, however, is very difficult and costly. Other
techniques for xylene separation such as hydrogen-flu-
oride extraction, sulfonation and alkylation have not
been able to demonstrate an efficiency comparable to
that of the adsorption and crystallization processes.

The chemistry for xylenes alkylation has been stud-
ied for several decades. D. Nightingale, et al. in "Orien-
tation Effects in the Alkylation of m-Xylene by Various
Procedures and Reagents,* Journal of the American
Chemical Society, Vol. 64, pp. 1662-1665, 1942; and D.
Nightingale, et al. in “The Alkylation of o- and p-Xylene,
* Journal of the American Chemical Society, Vol. 66, pp.
154-155, 1944, indicate that ortho-xylene, meta-xylene
and ethylbenzene can be alkylated with molecules con-
taining tertiary butyl moiety (e.g. isobutylene, tertiary
butyl chloride, tertiary butyl benzene, di-tertiary butyl hy-
droxyl toluene, etc.). Para-Xylene, however, was found
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Oovi ousl vy,
mechani ca
power .

as conpressed.

| nprove their operation have

to be quite dlfflcult for tertlary butylatlon Itis theorlzed -
that a steric effect has hindered the insertion of the bulky
tertiary butyl group to the more restricted aromatic ring
of the para-xylene molecule. Partial separation of para-
xylene from meta-xylene and ortho-xylene based on the
selective alkylation concept has been demonstrated;
see, e.g., US-A-2,648,713; US-A-2,801,271 and B. B.
Corson, et al., Industrial and Engineering Chemistry,
Vol. 48, No. 7, pp. 1180, 1956.

US-A-2,648,713 provides a process for the separa-
tion of ortho-xylene from an admixture thereof with me-
ta-xylenes by the successive steps of alkylation, distil-
lation and dealkylation. Para-Xylene may also be
present in the xylene mixture and remains unalkylated
with the meta-xylene. The alkylating agent is preferably
an olefin or cycloolefin having a tertiary carbon atom,
such as isobutylene; diisobutylene; trimethylethylene;
2,4-dimethylpentene-2; 3-methylbutene-2; 4-methyicy-
clohexene-1 and 1-methylicyciohexene-1. This process,
as the ones previously discussed, is limited to bulk sep-
aration; in the best Example recorded therein (Example
2) the percent conversion of ethyl benzene and ortho-
Xylene was 89 and 54, respectively.

US-A-2,801,271 describes an integrated process
for separating xylene isomers and producing high oc-
tane gasoline which involves contacting iscbutylene
with a xylene fraction having substantial quantities of
para-xylene and meta-xylene. The contact is done in the
presence of liquid hydrogen fluoride at a temperature in
the range -10 to 100°C. The quantity of isobutylene em-
ployed is sufficient to alkylate a substantial proportion
of the meta-xylene contained in the xylene fraction. The
alkylation reaction product is fractionally distilled to sep-
arate a para-xylene rich fraction and a fraction compris-
ing tertiarybutyl-meta-xylene. The latter fraction and a
straight run petroleum distillate are contacted with a sil-
ica-alumina catalyst in a catalytic cracking zone at a
temperature in the range 426 to 538°C (800 to 1000°F).

This is the replacement sheet
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10 therefore been herei nbefore described. It will be
understood to -persons skilled in the art that variations and nodifications
wi Fl be possible. Al such variations and nodifications should be

considered to fall within the scope of the invention g ASEMENTSHEES
descri bed and as hereinafter clained. 335 :

The latter fraction is cracked forming predominantly me-
ta-xylene and isobutylene. The effluent from the crack-
ing zone is fractionally distilled to separate a fraction rich
in isobutylene, and the isobutylene fich fraction is then
returned together with additional xylenes to the alkyla-
tion step. Again, this process is a bulk separation proc-
ess, the only example (Example 1) to the alkylation sep-
aration step yielded a para-xylene purity of 48%.
Purified meta-xylene is obtained by alkylating a mix-
ture containing m- and p-xylene with a small but effec-
tive amount of isopropylating agent in the presence of

- a small but sufficient amount of aluminum chloride cat-
alyst, according to US-A-3,539,650. The alkylation mix-

+ ture is maintained at a temperature within the range of
about 70°C to about 100°C for about thirty minutes to
one hour after which the catalyst is destroyed, an iso-
propyl meta-xylene fraction recovered, and the recov-
ered fraction deisopropylated to produce meta-xylene

" above 95% purity. It is apparent that meta-xylene con-
centrations much above 98% may not be readily attain-

~ able, however, given the best Examples in Table |V of
this patent, which focuses only on the meta-xylene prod-
uct, rather than the para-xylene material.

US-A-5,055,630 describes a process for obtaining
a para-xylene final product more than 98% pure froma
crystalline starting material with a purity of about 98%, °
which includes the steps of intermixing the starting ma-

. terial with precooled water and feeding back the recov-
ered para-xylene in a mixer atatemperature of 0t0o 13°C
to form a para-xylene-crystal-water mixture containing
para-xylene crystals and water. The mixture is continu-
ously transferred as soon as it contains 30% by weight
para-xylene crystals into a purifying centrifuge via a de-
watering filter to form a fluid phase and a para-xylene
crystal slurry. The fluid phase is separated further from
the para-xylene crystals in a first stage of a purifying
centrifuge, mixing the para-xylene crystal slurry in a sec-
ond stage with a partial flow of final product, heating at
about 13°C and subsequently liberating from the fluid
phase still adhering, whereby the para-xylene crystals
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-14- ¢ THE CLAI M5 1. A val ve device conpri sing:

afirst fluid port; a second fluid port; 5 a val ve
seat defining an aperture through which fluid may flow fromsaid first port
to sai d second port; a val ve nenber, e CEMENTSHE&E
to said val ve seat between a seat.ed position and a l'rtted position;

a control chamber formed at least in p&rt by said val ve nenber;

are drawn off into the heated vessel. Next, the para-xy-
lene crystals melted in the heated vessel are drawn off

_ asthe final product with the desired purity. A partial flow
of final product is also drawn off which is fed back to the
second stage of the purifying centrifuge, being heated
previously to a temperature from 60 to 80°C. and feed-
ing the fluid phase separated from the para-xylene crys-
tals to the second stage of the centrifuge for recovery of
additional para-xylene which becomes part of the final
product stream. It would be advantageous if a method
could be devised for obtaining high purity para-xylene
which was less complex and costly than that described
in US-A-5,055,630.

The separation of close-boiling mela-xylene and
para-xylene via selective alkylation and subsequent
dealkylation or transalkylation was recently studied ac-
cording to Chemical Abstracts 116(6):43394n (1992).
The alkylation was carried out with isobutylene or di-
isobutylene with concentrated H,SO,4 catalyst at -10 to
+20°C and Filtrol-24 acid clay at 80-130°C, respectively.
Meta-Xylene reacted very selectively (Filtrol-24 gave
selectively 5-tert-butyl-meta-xylene), and the alkylated
products could be dealkylated at higher temperatures in
the presence of Filtrol-24 catalyst, to give relatively pure
meta-xylene and isobutylene which could be recycled.

~ Para-Xylene purity is not mentioned in the Abstract.

GB-A-1 108 178 describes a process for separating
xylene isomers from a mixture containing para-xylene
and at least one other xylene isomer, comprising treat-
ing the mixture with an xylene aromatic compound hav-
ing an alkyl group of at least 3 carbon atoms in the pres-
ence of an alkylating catalyst to form alkyl adducts of
ortho xylene and/or meta xylene and separating the
para-xylene by distiliation. _

The Example of the patent using a starting mixture
of equivalent weights of meta and para-xylene. The pu-
rity of the para-xylene obtained is not recorded.

There remains a need for a process which provides
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10 ¢ a first passageway conmunicating between said control chanber

and said first port; a second passageway communi cati ng between
sai’d control chanber and said second port; a control
val ve associated with at | east one of said passageways to WPD?\GEI\WEN'TﬁHEIEPW
t her et hrough, and to thereby urge said_val ve nenber into either sald seated
or lifted position; 15 and, 5  aflowcontrol el enment provided
within at | east i ' ' ' ' i | ow of fluid
t hrough said pasggehegg él(ﬂ}%’ to rev%nﬂﬁ@sﬁﬁfggwgfw%ghtii&cl es which

ni ght ot hervﬁé el staple g Qgﬁbvﬁb?c ey dhe [Ring.PhiWlownst r eam

thereof, said fl osomventiohal para-xyterea purificatiosiprocesses togeth- . ha
oS rnes Ll | ord) el BB LERAO Ackiforaf he Ttk o e 1 hon
means to retain s@%‘%P@ﬁﬁﬁ%? ng\'e!&f%l Ifaudgemgnwaf tbe con-

ditions to selectively alkylate the xylene mixture, often

in the attempt to. make very high purity para-xylene, an

isomerization side reaction occurs to make more of the

less desirable meta-xylene and/or ortho-xylene. At rel-

atively high purities, e.g. 98 wt %, attempts to increase

purity of the already pure product result in degradation

of the product rather than improvement through these

side reactions. Also, para-xylene does alkylate to some

extent and there is a great tendency when 98 wt % of

the product is para-xylene that the alkylation will more

readily occur with the para-xylene, rather than with the
~ small proportion of impurities which are more difficult for

the catalyst to come into contact with. Attempts often

result in removing alkylated para-xylene and/or isomer-

izing para-xylene with the overall result of a relatively

increased proportions of impurity and a product with a

lowered purity to para-xylene.

., Many of the prior processes do not discuss the

problems of side reactions and reversible reactions.
Most of them are concemed only with bulk separa-
tions and are satisfied with conversions of about 50%.
As discussed, only US-A-5,055,630 attempts to achieve
high purity para-xylene, and it is only accomplished via -
a complicated crystallization process involving a multi-
stage centrifuge. It is anticipated that in the near future

there will be a great need for ultra-pure para-xylene, on
the order of 99.9+ wt.% purity.

Summary of the Invention

According to the present invention there is provided
a process for producing at least 99.5 wt% para-xylene

from a mixture of xylene isomers comprising the steps
of: - '

This is the replacement sheet
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permtting novenent; and, bi asi ng neans, such as a
spring, which permts sald el enent to automatically 25 nove within said

passageway whenever said valve is activated and/or undeEEFE@?EmmngE@» of

fluid novenent

in said device;

as sal

el ement noves, said passageway is cleangd and/or cleared

particul ate matter such as dirt and/or other deposits. 30 2 A val ve
device as clained in claiml1, wherein sald retalnlng means conpri ses

enl ar ged ends 3.

th d f t |
A val ve device as cI@) quidl S*I%‘ﬁ'ﬁ%n mie ‘@ﬁé?’éﬁr?auee emﬁb’\'f\?control

el ement

I ncr eases

of xylene isomers containing 99 to 99.8 wt% para-
Xylene; and
(2) recovering para-xylene from the intermediate
product to produce a final product having para-xy-
lene in a concentration which is at least 99.5 wt%
and greater than the concentration of para-xylene

in the intermediate product, by a second step which
comprises:

(a) alkylating substantially all of the xylene iso-
mers in the intermediate product other than
para-xylene with an alkylating agent having at -
least one tertiary butyl moiety in the presence
of an acidic catalyst and will good molecular
contact between the catalyst and the xylene
isomers, while alkylating substantially none of
the para-xylene; and
(b) separating from the alkylated xylene iso-
mers, para-xylene in a purity which is at least
99.5 wt.% and greater than the concentration
of para-xylene in the intermediate product, to
- form the final product. |

The process, preferably used continuously, permits
production of para-xylene in very high purity by selective
alkylation in a straight-forward, simple manner, gener-
ally with extremely high selectivity and little or no reverse

- reactions and side reactions.

In one embodiment of the invention, there is provid-
ed a technique for producing at least 99.5 wt.% para-
xylene from a mixture of xylene isomers by first recov-
ering para-xylene from a mixture of xylene isomers by
a first step (typically using conventional processes)
where the concentration of para-xylene in an intermedi-
ate product or stream ranges up to 89.8 wt.% purity
para-xylene, praferably from 99.0 to 99.8 wt%. Next,
para-xylene is recovered from the intermediate product
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-.15 - response tinme (reduces water hamrer) and/or permts re tion
of the required forces to activate the val ve. REPLACEMENTS

i 7 _

~ or stream to produce a final product or stream having
higher purity, e.g. at least 99.5 wt.% para-xylene and at -
least greater purity para-xylene than that obtained inthe .
first step, by a second §teép (having two parts) involving:
(a) alkylating substantially all of the xylene isomers in
the intermediate product or stream with an alkylating
agent, while alkylating substantially none of the para-
xXylene; and (b) separating the para-xylene in at least
99.5 wt.% purity and in higher purity than that obtained
from the first step, from the alkylated xylene isomers to
give the final product or stream.

The present invention is distinct from US-A-
5,055,630, described earlier, in that the former sepa-
rates via alkylation whereas the latter uses crystalliza-
tion. Although it is possible in some prior processes to
achieve 99.9 wt.% purity, it is accomplished only with a
significant capacity debit. For example, in one conven-

~ tional process, the increase from producing 99.8 t0 99.9
~wt.% para-xylene results in a 15% reduction in capacity.
That is, there is a production capacity/purity trade off
which cannot be overcome. Prior commercial processes
are separation processes only, whereas the subject
process uses separation and reaction processes. In the

present invention, one does not have to sacrifice capac-
ity to increase purity.

Detailed Description of the Inventién

It has been discovered that it is not economical nor
efficient to produce 99.9+ Wt.% para-xylene via any sin-
gle separation process, whether adsorption, crystalliza-
tion, hydrogen-fluoride extraction, sulfonation or other
processes. It has been surprisingly found that the best
process arrangement to maximize purity and productiv-
ity appears to be attaching an alkylation process at the
back end of an adsorption or crystallization process. Ac-
cording to this embodiment the intermediate product is
provided as the product resulting from recovery of para-
xylene from a mixture of xylene isomers using an ad-
sorption or crystallization technique, although other
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4. . A valve device as clained in any one of clains 1 to 3, wherein said

valve device is a 5 float

or flood val ve, whereby ai rol.sval ve
conrpri ses a | ongitudi nal actuating nmenber exten g‘\ﬁﬁﬁ@&ﬁhﬂgﬁd
second passageway, a first end of said actuating rrerrber having a

seal i ng neans adapted to selectively pgevent t he passage of fluid through

sai d second passageway,

and a second end of said aetuating nmenmber

adapted to be m)vdéchmques mayobe arsed) tduchsas distillalioss @xtragtibrs eal i ng

nmeans. 10
second end of sal c? Lﬁk*?ét

i, 5N 8 @goﬁaaggfegn'd&rpéasmé hidV i n sai d

t_said actuating

menber in an axial h? ﬂﬁﬁlﬁ@deggé‘ldl |P(5Wtyé¢’5€8% any s P%%PH seal i ng

ofsr mt and prevent the passage of said fluid

means to thereby gsiogitict a'gi
;} ess of the invention is in essence a purifi-

t hrough said passagemg%e

is how to purify para-xylene from a mixture of its isomers

cation process, as opposed to the separation processes
of the prior art, e.g., US-A-2,801,271. Thus the interme-
diate product of step (1) preferably contains substantial-
ly no components other than para-xylene and its iso-
mers, and step (2) is concemed with purification to para-
xylene with minimal proportions of other isomers. Look-
ing more to the contrast with the teachings of US-A-
2,801,271, that document relates to separation process-
es rather than purification processes, where separation
involves concentrating para-xylene from a mixture of
paraffins and xylene isomers. Purification in the context
of the instant invention concerns purifying a stream of
para-xylene that is already relatively pure. Itis very easy
to separate para-xylene from paraffins and such sepa- -
rations are well known. However, what is not well known

(rather than separation in bulk from paraffins). Linking
together two separation processes does not ipso facto
make an effective purification process. .

Even with this concept, it is not obvious in which
sequence the techniques should be arranged, because
once a very high purity is achieved in the first step (e.
g., 98 wt%), it is extremely difficult to improve upon this
purity for a number of reasons. Undesirable isomeriza-
tion side reactions occur to convert the para-xylene to
less desirable meta-xylene and/or ortho-xylene. Be-
cause of the predominant presence of para-xylene, it is
difficult for the alkylating agent to “see" or come into con-
tact with the isomer impurities to enable them to be
alkylated.

According to the invention a two-step process
where the selective alkylation is conducted in the sec-
ond step permits further enriching of the para-xylene
stream rather than further degradation so that an ultra-
pure para-xylene may be obtained.
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6. A val ve device as clainmed in claim4, wherein said second end of said
act uating menber is adapted to nove said actuating nenber in the axial

direction relative to said sealing to thereby sel t and
permt the passage of said fluid through said pas@@&&\gm@

A val ve device as claimed in any one ofgclainms 1 to 6, wherein said
actuati ng nmenber Is integrally formed with said flow control el enent.

Second end of sai d_ 25 INdBEE igelmet o e Bpsieimpniat ekl or i T ot
wei ght | oad t her eosystem; accanventignaldpara-xylene: tecaveryitechndlo+ d
surrounding sai d seEogGeifaE thle PARER® 4akbARiR PréEess or a crys-
~ tallization process may be used to produee a product
stream with 99.0 to 99.8 wt.% para-xylene. PAREX is a
registered trademark of UOP Inc. These commercial
processes are very efficient in such purity range. As ex-
plained, what is more difficult is how to upgrade the
product purity to 99.5+ wt.% efficiently. Unexpectedly, it :
was discovered that further para-xylene purification is 5
better done via xylene-selective alkylation; the second
treatment of the hybrid system of this invention. Prefer-
ably an acidic catalyst is used to selectively alkylate just
the non-para-xylene isomers, selected from ethylben- -
zene, mela-xylene and ortho-xylene, while leaving para-
xylene alone unalkylated. Since the alkylated para-xy-
lene isomers boil at substantially higher temperatures
compared to unalkylated para-xylene, a simple post-
alkylation fractionation or a post alkylation carbon ad-
sorption provides efficient removal of the heavies
(alkylated products) and produces 99.5+ wt.% para-xy-
lene. Moreover, the inventive process does not have ap-
.preciable side reactions, reverse reactions, or alkylation
of para-xylene which decreases yield or conversion to
high purity para-xylene. '
The processes to produce an intermediate product
stream having a purity of from about 99.0 to about 88.8
wt.% para-xylene, which may be provided in step (1),
are well known in the art, though are preferably an ad-
sorption or a crystaliizafion process. ,
The purification via alkylation process of this inven-
tion may be accomplished with either an acidic hetero- -
geneous catalyst, such as proton-exchanged zeolites or
an acidic homogeneous catalyst such as. aluminum
chloride at a temperature in the range of from 10 to
300°C and a pressure from sub-atmospheric to 6.89
MPag (1000 psig), in one embodiment. Preferably, the
liquid hourly space velocity (LHSV) ranges from about
0.1 toabout 100, and more preferably ranges fromabout
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9. - A val ve device conpri sing:
to directly or indirectly control
first and second positions,

neans,

an actuating nenber adapted
the flow of fluid, 30 noveabl e between
sai d actuating nmenber being formed of
ferromagnetic or nagnetic material; _ a control

of magnetic or ferromagnetic material 4 cooperated

conpri sed

gront r ol
t he novenent of said actuating nenber mhen brought i ﬁtﬂC]mENFSHE

therew th.

0.1 to about 10.

The selective alkylatlon may, in one embodiment,
be done in the presencé of an acidic catalyst. Preferably,
steps are taken so that there is good molecular contact
between the catalyst and the xylene isomers which are
not para-xylene. Without being bound by any one theo-
ry, it is hypothesized that the success of the present in-
vention is due at least in part to.excellent molecular con-
tact between the catalyst and the non-para-xylene iso-
mers. This contact may invoive, for example, using a
particular high surface area catalyst, extensive mixing
or both. Extensive mixing includes, but is not limited to
mixing by pressure drop, mixing orifices, static mixers,
distribution heads and high speed mixing mechanisms.
By "high surface area" catalyst is meant a catalyst hav-
ing a surface area in excess of about 100 m2/g, prefer-
ably in excess of about 200 m2/g, and more preferably
one with a surface area in excess of about 300 m2/g. A
most preferred high surface area catalyst has a surface
area in excess of about 450 m2/g. Additionally, the cat-
alyst is desirably one which does not polymerize the
alkylating agent. For example, the catalyst should not
be one which substantially dimerizes isobutylene, if this

is the alkylation agent.

In one embodiment, the catalyst is a high surface
area heterogeneous catalyst, and more preferably may
be a high surface area catalyst selected from proton-
exchanged zeolites, bentonite clay, acid-treated clay,
acidic alumina, solid acids, proton-exchanged resins,
and the like. The most preferable catalysts are proton-
exchanged zeolites. In another embodiment of the in-
vention, homogeneous acidic catalysts suitable for this
invention include, but are not limited to, aluminum chlo-
ride, alkyl aluminum chiorides, hydrofiuoric acid, and
sulfuric acid.

The selective alkylation step of the present inven-
tion may be conducted at a temperature in the range of
from about 10 to about 300°C, preferably from about 10

~ to about 150°C and most preferably from about 10 to

50°C. Reaction temperatures greater than about 300°C.

(0) prOX|mty
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-16- - 10. A valve device, as claimed in claim9, wherein said
actuating nenber is provided wi thin a housing, an upper portion of
sai d housing being additionally provided with a control means storage

position to store said control neans whilst not is u neNT BHEETA flow
control elenent adapted to be provideggwthin a subsm‘TAgFEPlgNﬁ:ongi t udi nal

fluid passageway of a val ve device, said flow control el enent
conpri si ng: are not desifed astthdl tandeney todiisemerization ifravi ng a
3222262%;! onal aie2aSEB'With iherladiNg tempefafiis (6! paRAxylRNEA Of said
’ isomerizes to ortho-xylene, meta-xylene and/or ethyl-
benzene), as does the undesired alkylation of para-xy-
lene. The alkylation reaction may be conducted in the
liquid phase or the vapor phase and thus may be con-
ducted for example at a pressure of from sub-atmos-
pheric to about 6.89 MPag (1000 psig), preferably from
sub-atmospheric to 3.45 MPag (500 psig), and most
preferably from sub-atmospheric to 2.07 MPag (300
psig). Further, the preferred alkylating agents were
found to contain at least one tertiary butyl moiety. In one
embodiment, the alkylating agent is selected from the
group consisting of isobutylene, tertiary butyl chioride,
tertiary butyl benzene, di-tertiary butyl hydroxyl toluene,
and isobutylene oligomers. The amount of alkylating
agent is dependent on other parameters; for example,
it is necessary to have enouah alkviating agent to react
‘with all of the impurities. Thus, the amount of aikylating
agent should be an effective amount to so alkylate the
impurities desired to be removed. A large excess of
alkylating agent is preferably avoided.

- Under the conditions of preferred embodiments of
this invention, the loss of para-xylene to alkylation is on-
ly in the range of several tenths of one percent. That is,
the selectivity of alkylation of non-para-xylene isomers
to para-xylene may be a surprising 300:1 to 3000:1 ratio.
Even a relatively high ratio of 30:1 would generally be
unacceptable inasmuch as too much of the para-xylene
would be lost, as has been established in the prior art.
In prior processes, the selectivity was always less than
100:1; the selectivities achievable with this process are
surprisingly higher. The selectivity achieved with this in-
vention is unexpected and extraordinary. The process
of this invention generally prevents destruction of the
major product while selectively removing only the con-
taminants. This is unusual as previous selective alkyla-
tion processes are not this selective, but rather only se-
lectively alkylate the non-para-xylene isomers to a much
lower extent than is possible in this process. The system

This is the replacement sheet

13007 1998

| Date:



retaini.ng means to retain said element wthin saj d passageway whil st
permtting 10 automatic novenent of said element relative to said

passageway; and, a biasing neans, such as a spring,

permts said elenent to alter its position wi t hi n’ gePid\ ;
such that, said flow control el enent ables a consistent |low flowrate of
fluid t hrough sai d passageway whiTst said automatic novenent of said

passageuay fr om BhibRoIMion: GereEun s Breleraly avo08 (Waposi t whil st
preventing the i isg:r?eﬁizafiom)ﬂtheldaim paraiyhene ane @)alky:laag sai i O
D P e 10O L AU $1 00T tdhos o ighZ. 11 0"
conpri ses enl ar gé@nepAlations thereo?f, and V(g) polymerization of the

alkylating agent, e.g. dimerization of the isobutylene.

Only by avoiding these other reactions are the extraor-

dinarily high selectivities achieved using the inventive

process which sets it apart from conventional processes

which can only achieve a lower selectivity ratio.

Another advantage of the present invention is that
the alkyl, preferably +-butyl, -meta-xylene and -ortho-xy-
lene adducts which may have a lower vaiue will not have
~ asignificant effect on the process economics due to the

low levels produced. Thus, although some small amount

of lower value by-products are produced, the process

remains economically attractive.

The invention is illustrated by the following Exam-
ples.

EXAMPLE 1

Para-Xylene product from Exxon Chemical
PAREX® Adsorption Units (PAU) was provided accord-
ing to step (1) of the invention. The PAU para-xylene
contained 99.70 wt.% para-xylene, 0.15 wt.% meta-xy-
lene, 0.10 wt.% ethylbenzene and 0.05 wt.% ortho-xy- -
lene. The alkylation catalyst in this test was a proton-
exchanged Y zeolite in the form of extrudate (LZY-82,
obtained from UOP Inc.). The catalyst was calcined at
300°C under nitrogen prior to testing. The alkylation re-
actor was a 1.27 cm internal diameter (0.5" 1.D.), 7.62

- cm (3.0") long stainless steel tubing packed with 2.91 g
calcined catalyst. Afeed solution containing 98.70 wt.%
of the PAU-para-xylene as specified above and 0.30 wt.
% isobutylene was pumped through the reactor at 1 lig-
uid hourly space velocity (LHSV), ambient temperature
and 1.38 MPag (200 psig). Gas chromatograph analysis
revealed that the alkylation product contained 0.08 wt.
% C4 compounds, 0.01 wt.% ethylbenzene, 0.05 wt.%
meta-xylene, 99.36 wt.% para-xylene and 0.50 wt.%

This is the replacement sheet

Date: E’ga ﬁﬁT lo%8



13. A val ve device, substantially as herein described with reference to

t he acconpanyi ng dr awi ngs. 25 14. A flow control el enent,

substantially as herein described with reference to the acconpanyi ng

dr awi ngs. _ -
13 REPLACEMENT SHEET

butylated xylenes and other heavy compounds. Ortho-
Xylene was completely butylated. After distillation to re-
move the C4-materials and the heavies, a para-xylene
product containing 0.01 wt.% ethylbenzene, 0.05 \t.%
meta-xylene and 99.94 w.% para-xylene was obtained.

EXAMPLE 2

This Example was conducted similarly to Example
1. The catalyst was an extrudate of 80 wt.% proton-ex-
changed uitra stable Y zeolite (VALFOR CP304-37, ob-
tained from The PQ Corp.) and 20 wt.% bentonite clay
(obtained from Aldrich Co.). The catalyst was ground to
18/30 mesh and calcined at 300°C prior to loading in the
reactor specified in Example 1. A feed solution com-
posed of 99.50 wt.% of the PAU-para-xylene of Example
1 and 0.50 wt.% di-tertiary butyl hydroxy! toluene was
pumped through the reactor at 0.5 LHSV, ambient tem-
perature and 1.38 MPag (200 psig). The alkylation prod-
uct contained 0.01 wt.% C4 compounds, 0.01 wt.%
ethylbenzene, 0.09 wt.% meta-xylene, 99.00 wt.% para-
xylene, 0.89 wt.% alkylated xylenes and other heavies.
There was no ortho-xylene detected. After distillation, a
para-xylene product containing 0.01 wt.% ethylben-
zene, 0.09 wt.% meta-xylene and 99.90 wt.% para-xy-
lene was obtained, as analyzed by gas chromatograph.

COMPARATIVE EXAMPLE 3

This Example demonstrates the fact that a simple
extension of a previously known xylenes-alkylation
technique is not suitabie for the present purpose of pro-
ducing 99.9+ wt.% purity para-xylene. The Example in-
cludes the following two experiments.

(A) Experiment A demonstrates the feasibility of us-
ing a conventional alkylation technique for the bulk
separation of xylene mixtures. A mixture of 50.00%
para-xylene and 50.00% ortho-xylene was pre-
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WD 96/ 35067 :
PCT/ US96/ 00263 11. A val ve device, as clainmed in claim 10, wherein
sai d actuating nenber is provided wi t hin a housing, an upper portion of

sai d housing. being additionally provided with a control . ns. storage
position to store said control means V\,h.ust not is use. BEPLABE%AE?\ITSHEE_-

pared. 3.09 Grams of the mixture was then thor-
oughly mixed with 3.02 g. of tertiary-butyl chloride
in a sealed vial. After the mixing, about 0.10 g. of
aluminum chloride catalyst was added to the solu-

_tion. The system was allowed to react at ambient
conditions for 30 minutes. A sample of the hydro-
carbon phase was taken and analyzed using gas
chromatography. It was found that the xylenes frac-
tion of the reaction product contained 97.50 wt.%
para-xylene and 2.50 wt.% ortho-xylene indicating :
a good separation from the original 50.00% para-
xylene and 50.00% ortho-xylene.

(B) Experiment B demonstrates the failure of using
a conventional alkylation technique for producing
' para-xylene in very high purity. 39.91 Grams of a
high purity para-xylene stream (99.70% para-xy-
lene, 0.18% meta-xylene, 0.07% ethylbenzene and
0.05% ortho-xylene) was mixed with 0.11 g. tertiary
butyl chloride. 5.00 Grams of the mixture was then
brought into contact with 0.46 g. of aluminum chio-
- ride catalyst. The mixture was then allowed to react
at ambient conditions for 30 minutes. A sample of
hydrocarbon phase was analyzed using gas chro-
matography. The xylenes fraction of the reaction
product contained 99.53% para-xylene, 0.32% me-
ta-xylene, 0.09% ortho-xylene and 0.06% ethylben-
zene. It is apparent that the alkylation was accom-
panied by a small amount of side reactions such as
para-xylene isomerization; note the increase in me-
ta-xylene and ortho-xylene fractions. As a result,
the product had more isomers and para-xylene pu-
rity decreased. Such low levels of side reactions
would not even be detected in bulk separations. But
they would be detrimental for purifying high purity
products and, as shown, overall para-xyiene purity
would decrease. |
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This Example illustrates the use of a homogeneous
catalyst for purifying para-xylene. 20.00 Grams of a PAU
para-xylene product (99.69% para-xylene, 0.18% meta-
xylene, 0.07% sethylbenzene, 0.06% ortho-xylene) was
thoroughly mixed with 10.16 g. 98% sulfuric acid in a
container at ambient temperature and pressure. A mix-
ture of isobutylene and the specified PAU para-xylene
(0.30% isobutylene and 89.70% PAU para-xylene piod-
uct stream) was placed in a buret and added dropwise
to the xylenes/sulfuric acid mixture over a 45 minute pe-
riod. A high speed magnetic stirrér was used to provide
sufficient mixing, i.e., good molecular contact. The hy-
drocarbon phase was sampled and analyzed by GC at
the end of the reaction. it was found that the xylenes
product separated out contained 99.75% para-xyiens,
0.16% meta-xylene, 0.06% ethylbenzene and 0.03% or-
‘tho-xylene. Thus, it is demonstrated that the process of
this invention may be successfully performed using a
homogeneous catalyst.

EXAMPLE 5

This Example demonstrates the use of a mordenite
zeolite catalyst for purifying para-xylene. A mixture of
0.5% isobutylene and 99.5% PAU para-xylene product
(99.70% para-xylene, 0.15% meta-xylene, 0.10% ethy!-
benzene, 0.05% ortho-xylene) was prepared. 3.02
Grams of the mixture was brought into contact with 1.09
g. of a mordenite extrudate obtained from UOP Inc. in
a sealed bottle at ambient temperature and pressure for
2 hours. According to GC analysis, the xylenes product
subsequently separated out contained 99.76% para-xy-
lene, 0.15% meta-xylene, 0.07% ethylbenzene, 0.03% -
ortho-xylene. It is thus demonstrated that ancther cata-
lyst may be used in the process of this invention.
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I nsert f clains attached hereto in duplicate, one copy indicating
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¥hclude the 'flow control el enment’ ,REB[EC’EI\S?EWT SHEET
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Claims

1. A process for pro&ucing at least 99.5 wt % para-
xylene from a mixture of xylene isomers comprising
the steps of:

(1) providing, as an intermediate product, a
mixture of xylene isomers containing 99 t0 99.8
wt % para-xylene; and

(2) recovering para-xylene from the intermedi-
ate product to product a final product having
para-xylene in a concentration at least 99.5 wt
% and greater than the concentration of para-
xylene in the intermediate product, by a second
step which comprises: . .

(a) alkylating substantially all of the xylene
isomers in the intermediate product except
para-xylene with an alkylating agent hav-
ing at least one tertiary butyl moiety in the
presence of an acidic catalyst and with
good molecular contact between the cata-
lyst and the xylene isomers, while alkylat-
ing substantially none of the para-xylene;
and .

(b) separating from the alkylated xylene
isomers, para-xylene in a purity which is at
least 99.5 wt % and greater than the con-
centration of para-xylene in the intermedi-

ate product stream, to form the final prod-
uct.

2. The process of Claim 1 wherein the intermediate
product is provided as the product resulting from re-
covery of para-xylene from a mixture of xylene iso-
mers using an adsorption, crystallization, distilla- -
tion, extraction or sulfonation process. |

3._ The process of Claims 1 or 2 wherein step (2) (a)
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defined in claim8 —and shown in Fig. 7 as item 104. The Applicant subnits

t hat none of the

rior art shows such a 'flow control el enent'

The primary

pur pogmllmlll@' u tmuont rol element are to restrict the flow of fluid
“throu Ui and, to claimand/or clear the t he
bui | d-up of par i cul at e matter, i.e. dirt, etc. mﬁwéﬁﬁ

10.

.300°C.

17

comprises an extensive mixing technique, optional-
ly selected from pressure drop, mixing orifices, stat-
ic mixer, distribution head and high speed tech-
niques.

The process of any preceding claim where the cat-

alyst is a heterogeneous catalyst having a surface

area of at least 100 m2/q, preferably greater than

200 mzlg

The process of Claim 4, wherein the acidic hetero-
geneous catalyst is selected from the group consist-
ing of proton-exchanged zeolites, bentonite clay,

acid-treated clay, acidic alumina, solid acids, pro-

ton-exchanged resins and mixtures of any two or

more thereof.

The process of Claims 1, 2, or 3, wherein the cata-
lyst is a homogeneous catalyst.

. The process of Claim 6, wherein the catalyst com-

prises aluminum chloride, an alkyl aluminum chlo-
ride, hydrofluoric acid or sulfuric acid.

The process of any preceding claim, where the

alkylating agent comprises isobutylene, tertiary

butyl chloride, tertiary butyl benzene, di-tertiary
butyl hydroxyl toluene, an iscbutylene oligomer, or

a mixture of any two or more thereof.

The process of Claim 8, wherein the alkylating
agent is isobutylene and the treating step is per-
formed in the presence of a catalyst which does not
substantlally dimerize the isobutylene.

The process of any preceding claim, wherein in step

(2) (a) the intermediate product is treated with the

" alkylating agent at a temperature of from 10 to -
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11. The process of Claim 10, wherein ihe temperature
is from 10 to 50°C.

12. The process of any préceding claim, in which step
(2) (a) is performed at a pressure of from sub-at-

mospheric to 6.89 MPag (1000 psig), preferably to
2.07 MPag (300 psiq).

13. The process of any preceding claim when carried
out continuously.

14. The process of Claim 13, in which step (2) (a) is
conducted at a liquid hourly space velocity (LHSV)
of from 0.1 to 100, preferably from 0.1 to 10.

15. The process of any preceding ciaim, wherein the
intermediate product comprises ortho-xylene, me-
ta-xylene and ethylbenzene.

| 16. The proceés of any preceding claim, wherein in step
(2) (a) the selectivity of alkylation of non-para-xy-
lene isomers to para-xylene is from 300:1 to 3000:1.

17. The process of any preceding claim, wherein step

(2) (b) comprises fractionation or carbon adsorp-
tion. .

'18. The process of any preceding claim, in which the

final product contains para-xylene in at least 89.9
wt % purity.
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PROCESS FOR IMPROVING PURITY OF PARA-XYLENE PRODUCT

ABSTRACT

A process for producing 99.5 + wt.% para-xylene by
selective alkylation comprises providing an intermediate
product having 99.0 to 99.8 wt.% purity and reacting it
with an alkylating agent. The agent preferably has at least
one tertiary butyl moiety and is reacted in the presence of
an acidic catalyst under conditions where the catalyst is
in good molecular contact with the non-para-xylene isomers,
The catalyst may be a high surface area acidic
heterogeneocus cé.talyst‘ such as a proton-exchanged zeolite.
Upon distillation, pafa-xylene is recovered in 99.5 wt.%
purity or higher. The selective alkylation gives little or
no alkylation of the paré.-xylene,- the most predominant
species, and very little or no isomerization to the other,

non-desirable isomers.
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