WO 2006/065330 A2 || 0000 000 0 000 0 0 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
22 June 2006 (22.06.2006)

2| ) R
) | 0O 0 O 00 0

(10) International Publication Number

WO 2006/065330 A2

(51) International Patent Classification:
CO7C 7/00 (2006.01)

(21) International Application Number:
PCT/US2005/036448  (74)

(22) International Filing Date: 12 October 2005 (12.10.2005)

.. (8D)
(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
11/010,990 13 December 2004 (13.12.2004) US

(71) Applicants (for all designated States except US):
CATALYTIC DISTILLATION TECHNOLOGIES
[US/US]; 10100 Bay Area Boulevard, Pasadena, TX
77507 (US). EXXONMOBIL CHEMICAL PATENTS,
INC. [US/US]; P.O. Box 2149, Baytown, TX 77522-2149
(US).

(72) Inventors: LOESCHER, Mitchell, E.; 10100 Bay Area
Boulevard, Pasadena, TX 77507 (US). BOYER, Christo-
pher, C.; 10100 Bay Area Boulevard, Pasadena, TX 77507

(84)

(US). KEENAN, Michael, J.; P.O. Box 2149, Baytown,
TX 77522-2149 (US). SILVERBERG, Steven, C.; P.O.
Box 2149, Baytown, TX 77522-2149 (US).

Agent: JOHNSON, Kenneth, H.; P.O. Box 630708,
Houston, TX 77263 (CA).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

[Continued on next page]

(54) Title: PROCESS FOR REMOVING NAPHTHALENE FROM ALKYLAROMATICS

(57) Abstract: A process for the
reduction of naphthalene in process
streams  containing  alkylaromatic
solvents. Naphthalene is contacted with
alkylbenzenes in a distillation column
reactor in the presence of transalkylation
catalyst to produce al kylnaphthalenes
which are concurrently separated by
fractional distillation as bottoms and
the alkylbenzenes are separated as

100\\

Al50 &
A200

I:if’__l
v ~——103 104
| N

A150 overheads.

j A200

102



WO 2006/065330 A2 I} NN ANDVOR) AT VKO V00 N OO0 AR

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,  For two-letter codes and other abbreviations, refer to the "Guid-
RO, SE, S, SK, TR), OAPI (BF, BJ, CE, CG, CI, CM, GA, ance Notes on Codes and Abbreviations" appearing at the begin-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette.

Published:
—  without international search report and to be republished
upon receipt of that report



10

15

20

25

30

WO 2006/065330 PCT/US2005/036448

CDT 1880
PROCESS FOR REMOVING NAPHTHALENE FROM ALKYLAROMATICS
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a process for the removal of naphthalene
from a hydrocarbon stream carried out concurrently with fractional distillation within
a distillation column reactor. More particularly the invention relates to a process
wherein the naphthalene is converted to alkylnaphthalenes by transalkylation with
alkylbenzenes. More particularly the invention relates to the conversion of
naphthalene contained in aromatic solvents to alkylnaphthalenes by transalkylating
the naphthalene in the aromatic solvent with alkylbenzenes contained within the
solvent.

Related Information

Alkylbenzenes, naphthalene, and alkylnaphthalenes are produced as a by-
product in olefin plants, fluid catalytic crackers, catalytic reformers and coal tar
plants. Dialkylbenzenes have value as precursors of monomers for high
performance polymers. Mixtures of alkylbenzenes and alkylnaphthalenes have
found value as solvents.

The terms A150 and A200 have been applied in the industry to aromatic
solvents produced by the separation of heavy boiling compounds from the effluent
of gasoline catalytic reforming units and olefin plants. A150 and A200 are distilled
in such a way as to afford flash points of 150°F and 200°F, respectively. The
heavier solvent contains significant amounts of naphthalene. Naphthalene has been
identified as a carcinogen causing cancer, haemolytic anaemia (damage to red blood
cells), and local respiratory tract irritation (nose and throat). It has therefore become
desirable to remove naphthalene from these solvents. ‘

United States patents 6,232,517 and 5,670,704 describe the chemistry for

- alkylating naphthalene in the presence of a solid catalyst to selectively yield 2,6

dimethylnaphthalene. United States patents 6,204,422, and 5,844,064 describe a
chemistry wherein alkylnaphthalenes are produced by transalkylation over a catalyst.

Finally United States patent 5,243,115 discloses a process whereby aromatic
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compounds are alkylated with an olefin, such as ethylene or propylene, in a
distillation column reactor.
SUMMARY OF THE INVENTION

The process for the removal of naphthalene from mixtures comprising
naphthalene and alkylbenzenes utilizes a distillation column reactor to transfer alkyl
groups from alkylbenzenes to naphthalene by transalkylation and simultaneously
separating the alkylbenzenes from the alkylnaphthalenes produced in the
transalkylation. The process can be simply described as comprising the steps of:

(@) feeding a stream containing naphthalene and alkylbenzenes to a
distillation column reactor containing a bed of alkylation catalyst;

(b) concurrently in said distillation column reactor,

(i) contacting the naphthalene with the alkylbenzenes in the presence
of the alkylation catalyst under conditions to transalkylate a portion of the
naphthalene to form a reaction mixture containing alkyl naphthalene, alkyl benzenes
and unreacted naphthalene, and

(i) separating the unreacted alkylbenzenes from the unreacted
naphthalene and alkyl naphthalene by fractional distillation; whereby

(c) alkylbenzenes are withdrawn from said distillation column reactor as
overheads; and

(d) alkylnaphthalenes are withdrawn from said distillation column reactor as
bottoms.

Preferably the process is operated under conditions whereby the naphthalene
is trapped in the catalyst zone. Naphthalene is heavier (higher boiling) than the
overhead fraction and lighter (lower boiling) than the bottoms fraction.
Alkylbenzenes exit in the overheads of the column while alkylnaphthalenes exit in the
bottoms of the column.

BRIEF DESCRIPTION OF THE DRAWING

The FIGURE is a flow diagram in schematic form of the preferred embodiment

of the invention. ’
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
In the current invention a mixed stream of alkylbenzenes, naphthalene and

alkylnaphthalenes is fed into a distillation column reactor below a catalyst zone.

2
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Naphthalene has a boiling point between the alkylbenzenes and
alkylnaphthalenes components. The distillation tower is designed with enough
stages and operates with enough reflux such that the bottom of the tower operates
at the boiling point of the alkylnaphthalenes and the top of the tower operates at the
boiling point of the alkylbenzenes. Naphthalene is too light to exit the bottom of the
tower and too heavy to exit the top of the tower, so it accumulates in the catalyst
zone until it is converted to alkylnaphthalenes.

The column pressure is set such that the column temperature allows for a
reasonable rate of reaction for alkylation or transalkylation, between 5 and 100 psia,
preferably 30 psia (about 15 psig). The feed point is below the catalyst bed so that
heavy materials and impurities that may poison the catalyst exit the bottom of the
tower without reaching the catalyst zone.

The catalysts used in the transalkylation process are those catalysts generally
known as aromatic alkylation catalysts, such as metal oxides, supported metal
oxides, solid acid resins or zeolites. The most preferred catalysts are molecular
sieves.

Molecular sieves are porous crystalline, three-dimensional alumina-silicates
of the zeolite mineral group. The crystal skeleton is composed of silicon and
aluminum atoms each surrounded by four oxygen atoms to form a small pyramid or
tetrahedron (tetrahedral coordination). The term molecular sieve can be applied to
both naturally occurring zeolites and synthetic zeolites. Naturally occurring zeolites
have irregular pore size and are not generally considered as equivalent to synthetic
zeolites. In the present invention, however, naturally occurring zeolites are
acceptable so long as they are substantially pure. The balance of the present
discussion shall be directed to the synthetic zeolites with the understanding that
natural zeolites are considered equivalent thereto as indicated above, i.e., insofar as
the natural zeolites are the functional equivalents to the synthetic zeolites.

Usually synthetic zeolites are prepared in the sodium form, that is, with a
sodium cation in close proximity to each aluminum tetrahedron and balancing its
charge. To date four principal types of molecular sieves have been reported, A, X,
Y and L erionite, omega, beta and mordenite. The A types have relative small pore

size. By the term pore size is meant the effective pore size (diameter) rather than
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the free pore size (diameter). Types X and Y have larger pore size (approximately
10 A.) and differ as to the range of ratio of Al,O, to SiO, as:

Type X--m=mnmemememem Al,0,/2.0-3.0 SiO,

Type Y--mrmmmmmemmmee Al, O ,;/3.0-6.0 SiO,

Types L, beta and other types listed have still higher ratios of SiO, to Al,Os.

The mole sieve catalysts employed in the present invention are the acid form
mole sieves or exhibit acidic characteristics. The acid form of the mole sieves is
commercially available but also may be prepared by treating the mole sieves with
acid to exchange Na for hydrogen. Another method to produce the acid form is to
treat the mole sieve with decomposable cations (generally ammonium ions) to
replace Na with the decomposable ions and thereafter to heat the mole sieve to
decompose the cation leaving the acid form. Generally the Na form mole sieve is
treated with soluble ammonium salts to remove the Na and thereafter the mole sieve
is heated to a temperature of about 350°C to remove the ammonia. The removal of
Na* ions with NH", is more easily carried out than with multivalent ions as described
below and these catalysts are generally more active, but less stable to heat than the
multivalent cation exchange forms. Mole sieves, which have had their alkali metal
reduced to low levels by partial treatment with NH*, and partial multivalent metal
cation exchange, possess increased activity and increased stability.

In addition to mole sieves which are acidic according to the Brénsted Theory,
those mole sieves which exhibit acidic characteristics under the Lewis Theory, for
example, calcium exchanged mole sieves are suitable for the present reaction. By
exchanging the univalent cations (e.g. Na®) with multivalent cation, strong ionic
activity is imparted. The ratio of SiO,:Al,O,, valence and radius of the cation and the
extent of exchange all affect the catalyst activity. In general, activity increases with
(1) increased Si0,:Al,0, ratio, (2) decreased cation radius and an increase in cation
valence. The effect of replacing univalent ions (e.g. Na®) with bivalent (e.g. Ca™) is
much greater than replacing the bivalent ions with cations of greater valence. - -

The various types of mole sieves having reduced alkali metal content are
characterized as the acid form molecular sieve and are all contemplated as useful

in the present invention.
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For use in a catalytic distillation reaction system, the catalyst is preferably
prepared in the form of a catalytic distillation structure. The catalytic distillation
structure must be able to function as catalyst and as mass transfer medium. The
catalyst must be suitably supported and spaced within the column to act as a
catalytic distillation structure. The catalytic distillation process employs él catalyst
system (See U.S. Pat Nos. 5,730,843; 4,302,356; and 4,215,011) which provides for
both reaction and distillation concurrently in the same reactor, at least in part within
the catalyst system. The method involved is briefly described as one where
concurrent reaction and distillation occur in combination reaction-distillation
structures which are described in U.S. Pat. Nos. 4,242,530; 4,250,052; 4,232,177,
4,302,356; 4,307,254; and 4,336,407. Additionally U.S. Pat. Nos. 4,302,356 and
4,443,559 disclose catalyst structures which are useful as distillation structures.

In the present reaction, catalytic distillation is a benefit first, because the
reaction is occurring concurrently with distillation, and the initial reaction products
and other stream components are removed from the reaction zone as quickly as
possible reducing the likelihood of side reactions. Second, because all the
components are boiling, the temperature of reaction is controlled by the boiling point
of the mixture at the system pressure. The heat of reaction simply creates more boil
up but no increase in temperature at a given pressure. As a result, a great deal of
control over the rate of reaction and distribution of products can be achieved by
regulating the system pressure. Also, adjusting the throughput (residence time =
liquid hourly space velocity‘1) gives further control of product distribution and to a
degree control of the side reactions such as oligomerization. A further benefit that
this reaction may gain from catalytic distillation is the washing effect that the internal
reflux provides to the catalyst thereby reducing polymer build up and coking.

The temperature in the distillation column reactor is determined by the boiling
point of the liquid mixture present at any given pressure. The temperature in the
lower portions of the column will reflect the constitution of the-material in that part of
the column, which will be higher than the overhead; that is, at constant pressure a
change in the temperature of the system indicates a change in the composition in the

column. To change the temperature the pressure is changed. Temperature control
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in the reaction zone is thus effected by a change in pressure; by increasing the
pressure, the temperature in the system is increased, and vice versa.

The reflux ratio, represented as external L/D (wt. liquid just below the catalyst
bed/wt. distillate) in the instant invention has been found to be important and may
beneficially range from 2 to 15. Increasing the reflux ratio increases the effective
residence time of the naphthalene in the catalyst column which increases the
conversion. The preferred reflux ratio is 6 or greater with a most preferred reflux
ratio of greater than 10.

EXAMPLE 1

Referring now to the FIGURE a simplified flow diagram of the process is
shown. A mixture of A150 and A200 having a ratio of 2:1 A150 to A200, the
composition of which is shown in TABLE |, was fed via flow line 100 to distillation
column reactor 10 containing a bed 12 of MCM-49 Zeolite as manufactured by Exxon
Mobil Chemical Company. The naphthalene reacts with alkylbenzenes contained
within the feed stream in the presence of the zeolite catalyst bed 12 to produce a
reaction mixture containing alkylbenzenes, naphthalene, and alkylnaphthalenes.
The alkylnaphthalenes are the highest boiling material in the column and are
removed as bottoms along with the A200 product via flow line 102. A portion of the
bottom stream is recycled through reboiler 40 via flow line 103 to provide heat. The
A200 solvent product is removed via flow line 104.

The alkylbenzenes in the A150 product are the lowest boiling materials in the
column and thus exit the top of the column as overheads via flow line 101 and
passed to condenser 20 where the product is condensed and then passed on to
reflux drum 30 via flow line 105. Liquid is removed from the reflux drum via flow line
106 with a portion being returned to the distillation column reactor 10 as reflux via
flow line 107. A150 product is taken via flow line 108. By adjusting the reflux rate
the naphthalene can be retained within the catalyst bed 12 until almost all of it is

" reacted. A small amount may exit with the overheads. -

The operating conditions and results are shown in TABLE Il. The temperature
was maintained at about 530°F in the bed. Otherwise the conditions are shown. A
reflux ratio (external L/D) preferably over 6, more preferably over 10 provided the
best conversion. In the preferred embodiment the product split should be adjusted

6



10

WO 2006/065330 PCT/US2005/036448

such that the naphthalene concentration bulges in the middle of the catalyst bed. It
was found that if the split were not adjusted properly the naphthalene would exit the
top of the column (too much distillate) or out the bottom (too much bottoms) with a
very low conversion. High naphthalene conversion was achieved when 45to 70 wt%
of the feed exited as distillate product.

If naphthalene were the only species affected by the reaction, a perfect split
would have been 63 wit% distillate. It was found that the bottoms cut could be
increased without obtaining light material in the product. Material balances suggest
that additional species lighter than naphthalene were converted to the more
desirable A200 product.
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Component

Cs and lighter

C,/Cq alkylbenzenes
Naphthalene

C,o/Cy4 alkylbenzene

2 methylnaphthalene

1 methylnaphthalene
biphenyl

2 ethylnaphthalene

1 ethylnaphthalene

2,6 dimethylnaphthalene
2,7 dimethylnaphthalene
1,7 & 1,3 dimethylnaphthalene
1,6 dimethylnaphthalene
1,5 dimethylnaphthalene
1,4 dimethylnaphthalene
1,3 dimethylnaphthalene
2 methyl biphenyl

C,; naphthalene

methyl biphenyl

other heavies

TABLE |
TYPICAL FEED

Wt. %
4.9165
63.6982
8.3323
9.0897
8.7272
4.5760
0.1412
0.0000
2.1850
0.9612
0.7982
1.9238
0.9858
0.7162
0.1874
0.4074
0.2916
1.5173
0.3477
0.1973

PCT/US2005/036448
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The invention claimed is:

1. A process for the removal of naphthalene from mixtures comprising
naphthalene and alkylbenzenes comprising the steps of:

(a) feeding a stream containing naphthalene and alkylbenzenes to a
distillation column reactor containing a bed of transalkylation catalyst;
(b) concurrently in said distillation column reactor,

(i) contacting the naphthalene with the alkylbenzenes in the presence
of the alkylation catalyst under conditions to transalkylate a portion of the
naphthalene to form a reaction mixture containing alkyl naphthalene, alkyl benzenes
and unreacted naphthalene, and

(i) separating the unreacted alkylbenzenes from the unreacted
naphthalene and alkyl naphthalene by fractional distillation; whereby

(c) alkylbenzenes are withdrawn from said distillation column reactor as
overheads; and
(d) alkylnaphthalen'es are withdrawn from said distillation column reactor as

bottoms.

2. The process according to claim 1 wherein said mixture comprises

naphthalene, alkylbenzenes and alkylnaphthalenes.

3. The process according to claim 1 wherein a portion of the overheads is

condensed and returned to said distillation column reactor as reflux.

4. The process according to claim 1 wherein the pressure, temperatures, and
reflux rate are controlled such that the naphthalene is maintained within the bed of
alkylation catalyst such that substantially all of the naphthalene is reacted with alkyl

benzenes.

5. The process according to claim 1 wherein the ratio of liquid returned to said
distillation column to distillate product is in the range of 2 to 15.

10
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6. The process according to claim 5 wherein the ratio of liquid returned to said

distillation column to distillate product is at least 6.0

7. The process according to claim 1 wherein said alkylation catalyst is a

zeolite.

8. The process according to claim 2 wherein the pressure, temperatures and
reflux rate are controlled such that the naphthalene is maintained within the bed of
alkylation catalyst such that substantially all of the naphthalene is reacted with alkyl
benzenes.

9. The process according to claim 8 wherein the ratio of liquid returned to said

distillation column to distillate product is in the range of 2 to 15.

10. The process according to claim 9 wherein the ratio of liquid returned to

s\aid distillation column to distillate product is at least 6.0.

11. The process according to claim 10 wherein said transalkylation catalyst

is a zeolite.

12. The process according to claim 11 wherein said stream containing
naphthalene and alkyl benzenes comprises a mixture of A150 and A200 aromatic

solvents.

13. The process according to claim 12 wherein said overheads comprise
A150 aromatic solvent having a reduced naphthalene content and said bottoms
comprise A200 aromatic solvent having a reduced naphthalene content.

14. The process according to claim 13 wherein the ratio of A150 to A200

aromatic solvent in said stream is 2:1 and the total naphthalene content of said

stream is about 8 percent.

11
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15. A process for the removal of naphthalene from mixtures comprising
naphthalene and alkylbenzenes comprising the steps of:

(a) feeding a stream containing naphthalene and alkylbenzenes to a
distillation column reactor containing a bed of transalkylation catalyst;

(b) concurrently in said distillation column reactor,

(i) contacting the naphthalene with the alkylbenzenes in the presence
of the alkylation catalyst under conditions to transalkylate a portion of the
naphthalene to form a reaction mixture containing alkyl naphthalene, alkyl benzenes
and unreacted naphthalene, and

(i) separating the unreacted alkylbenzenes from the unreacted
naphthalene and alkyl naphthalene by fractional distillation; whereby

(c) alkylbenzenes are withdrawn from said distillation column reactor as
overheads;

(d) alkylnaphthalenes are withdrawn from said distillation column reactor as
bottoms; and

(e) naphthalene is maintained within the bed of alkylation catalyst.

16. The process according to claim 15 wherein said mixture comprises

naphthalene, alkylbenzenes and alkylnaphthalenes.

17. The process according to claim 16 wherein the ratio of liquid returned to
said distillation column to distillate product is in the range of 2 to 15.

18. The process according to claim 17 wherein the ratio of liquid returned to

said distillation column to distillate product is at least 6.0.

19. The process according to claim 18 wherein said transalkylation catalyst

is a zeolite.
20. The process according to claim 19 wherein said stream containing

naphthalene and alkyl benzenes comprises a mixture of A150 and A200 aromatic

solvents.

12
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