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Description
Title of Invention: HYDROCRACKING CATALYST FOR
PREPARING VALUABLE LIGHT AROMATIC HY-
DROCARBONS FROM POLYCYCLIC AROMATIC HY-

DROCARBONS
Technical Field

The present invention relates to a hydrocracking catalyst for preparing valuable light

aromatic hydrocarbons from polycyclic aromatic hydrocarbons derived from oil.

Background Art

Typically, polycyclic aromatic hydrocarbons, in particular, bicyclic aromatic hy-
drocarbons such as naphthalene and alkyl-substituted naphthalene, are the main con-
stituents of inexpensive oils derived from oil. Furthermore, light aromatic hy-
drocarbons resulting from the hydrocracking of polycyclic aromatic hydrocarbons are
generally known as C6~C13 hydrocarbons including benzene and alkyl-substituted
benzene.

Meanwhile, polycyclic aromatic hydrocarbons are converted into light aromatic hy-
drocarbons using hydrocracking via the following reaction route. Specifically, in the
case of a representative bicyclic aromatic hydrocarbon, that is, naphthalene, when
hydrogen is added to naphthalene in the presence of a catalyst, one of the two benzene
rings of naphthalene is hydrogenated, so that naphthalene is converted to tetralin one
ring of which is a benzene ring and the other ring of which is a naphthene ring. The
naphthene ring of the tetralin thus converted is continuously hydrocracked, ultimately
obtaining a light aromatic hydrocarbon in which an alkyl group is substituted on the
one benzene ring.

Although techniques for producing Benzene, Toluene, and Xylene (hereinafter,
BTX) using a hydrocracking catalyst as in the present invention have been already
disclosed, they are problematic because the maximum amount of BTX is unattainable.
Hence, the production of a maximum amount of BTX from Light Cycle Oil
(hereinafter, LCO) is required, and furthermore, increasing attention is being paid to a
hydrocracking catalyst enabling such production.

Disclosure of Invention
Technical Problem

Under such circumstances, the present inventors have prepared valuable light

aromatic hydrocarbons from polycyclic aromatic hydrocarbons derived from oil and

furthermore have produced a hydrocracking catalyst enabling such preparation, and
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therefore the present invention has been devised in response to the need by the market

for the above techniques.
Accordingly, an object of the present invention is to provide a novel hydrocracking

catalyst for preparing valuable light aromatic hydrocarbons from polycyclic aromatic
hydrocarbons.
Solution to Problem

In order to accomplish the above object, the present invention provides a hydro-
cracking catalyst for preparing valuable light aromatic hydrocarbons from polycyclic
aromatic hydrocarbons derived from oil, comprising (i) beta-zeolite; (ii) pseudo-
boehmite; and (iii) one or more metals selected from among metals of Groups VIII and
VIB, optionally containing one or more cocatalyst components selected from the group
consisting of tin (Sn), phosphorus (P), boron (B), silicon (Si), bismuth (Bi), and lead
(Pb).

Advantageous Effects of Invention

According to the present invention, there is provided a method which enables the
production of valuable light aromatic hydrocarbons from polycyclic aromatic hy-
drocarbons derived from oil and the production of a maximum amount of BTX from
LCO.

In particular, among a variety of hydrocracking catalysts, catalyst components are se-
lectively included, so that a maximum amount of BTX can be produced from LCO.
Mode for the Invention

Hereinafter, a detailed description will be given of the present invention.

The present invention pertains to a hydrocracking catalyst for preparing valuable
light aromatic hydrocarbons from polycyclic aromatic hydrocarbons derived from oil.
According to the present invention, polycyclic aromatic hydrocarbons used as the feed
are the main constituents of inexpensive oils, for example, LCO (Light Cycle Oil),
derived from oil. In particular, bicyclic aromatic hydrocarbons such as naphthalene and
alkyl-substituted naphthalene are mostly included but the present invention is not
limited thereto. Any hydrocarbon including polycyclic aromatic materials that may be
derived from oil may be used.

Also, valuable light aromatic hydrocarbons produced by hydrocracking polycyclic
aromatic hydrocarbons are generally known as C6~C13 hydrocarbons including
benzene and alkyl-substituted benzene. In particular, valuable light aromatic hy-
drocarbons include mainly BTX (Benzene, Toluene, Xylene).

The schematic reaction route for converting polycyclic aromatic hydrocarbons to
light aromatic hydrocarbons via hydrocracking according to the present invention is

described below.
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Among polycyclic aromatic hydrocarbons, a representative bicyclic aromatic hy-
drocarbon, that is, naphthalene is illustratively described. In the case where hydrogen
is added to naphthalene in the presence of a catalyst, one of two benzene rings that
constitute the naphthalene is hydrogenated, so that the naphthalene is converted to
tetralin one ring of which is a benzene ring and the other ring of which is a naphthene
ring. The naphthene ring of the converted tetralin is continuously hydrocracked,
resulting in a light aromatic hydrocarbon in which an alkyl group is substituted on one
benzene ring.

Briefly, one or more among the benzene rings of a polycyclic aromatic hydrocarbon
are saturated via hydrogenation and thereby the polycyclic aromatic hydrocarbon is
converted to a hydrocarbon comprising one benzene ring and one or more naphthene
rings, after which the naphthene rings are hydrocracked, thus obtaining a valuable light
aromatic hydrocarbon.

As such, the reaction that produces BTX from naphthalene may cause a variety of
side-reactions. Because products resulting from such side-reactions have no BTX, the
side-reactions may malfunction to decrease the amount of BTX in the products. Hence,
the side-reactions should be suppressed in order to maximize the BTX yield.

The following is an illustration of side-reactions that occur when the reaction of the
present invention takes place.

The first is a thermodynamic equilibrium between tetralin and naphthalene. The
conversion of naphthalene to tetralin is essential in order for BTX to be prepared from
bicyclic aromatic materials such as naphthalene. This is because BTX is produced by
hydrocracking tetralin. Typically, the equilibrium is known to be shifted toward
tetralin in proportion to a decrease in temperature and an increase in pressure.

Also because the hydrocracking of the present invention is carried out under
conditions of high temperature and high pressure, tetralin converted from naphthalene
may be re-converted to naphthalene depending on the reaction conditions. In order to
prevent the re-conversion to naphthalene, the process conditions should be changed in
such a manner that the reaction temperature is lowered by as much possible and the
reaction pressure is increased, or the converted tetralin should be rapidly hydrocracked
to thus produce BTX, whereby the concentration of tetralin in the feed is lowered and
the conversion of tetralin to naphthalene is thus reduced. The hydrocracking per-
formance of the hydrocracking catalyst according to the present invention is high and
thus the re-conversion to naphthalene may be minimized, thereby maximizing the
production of BTX.

The second is a conversion of tetralin to decalin in which one benzene ring of the
tetralin is additionally hydrogenated and thus both of two rings are saturated. The

decalin produced in the presence of hydrogen at high pressure may be converted to
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paraffin via additional hydrocracking. When such a side-reaction occurs to a great
extent, the amount of BTX in the product may be decreased.

Actually, in the case where a hydrocracking reaction of the present invention is
performed using a hydrotreating catalyst having high hydrogenation activity, the
amount of naphthene or paraffin produced is larger than that of BTX. To suppress such
a side-reaction, the hydrogenation activity of the hydrocracking catalyst should be ap-
propriately controlled so that the hydrogenation reaction for producing tetralin from
naphthalene is promoted and the hydrogenation reaction for producing decalin from
tetralin is suppressed. Briefly, when the hydrogenation activity of the hydrocracking
catalyst according to the present invention is properly controlled, the production of
naphthene and paraffin may be minimized and the production of BTX may be
maximized.

The third is an additional hydrogenation of BTX resulting from hydrocracking of
tetralin, undesirably converting the BTX to cyclohexane-like naphthene. The produced
naphthene may be converted to paraffin via additional hydrocracking. This side-
reaction may take place when the hydrogenation activity of the hydrocracking catalyst
is very strong, as in the second side-reaction as above. That is, the hydrogenation
activity of the hydrocracking catalyst according to the present invention is controlled
such that the additional hydrogenation of the produced BTX is suppressed, thereby
maximizing the production of BTX.

In order to prepare valuable light aromatic hydrocarbons from polycyclic aromatic
hydrocarbons, a hydrocracking catalyst is required. The hydrocracking catalyst
according to the present invention includes (i) beta-zeolite; (ii) pseudo-boehmite as a
binder; and (iii) one or more metals selected from among metals of Groups VIII and
VIB, optionally containing one or more cocatalyst components selected from the group
consisting of tin (Sn), phosphorus (P), boron (B), silicon (Si), bismuth (Bi), and lead
(Pb).

In particular, the metal of Group VIII of the hydrocracking catalyst may be cobalt,
and the metal of Group VIB may be molybdenum. Moreover, the cobalt or
molybdenum component may be provided in the form of a sulfide. This is considered
to be because the sulfidation of a metal oxide having no hydrogenation activity may
result in appropriate hydrogenation activity and high resistance to poisoning caused by
sulfur and nitrogen compounds present in the feed.

Furthermore, the cocatalyst component of the hydrocracking catalyst according to the
present invention may be tin (Sn). In the case where tin (Sn) is used, it may interact
with the active metal of the hydrocracking catalyst, namely, cobalt or molybdenum,
thus controlling the hydrogenation activity of cobalt or molybdenum, thereby in-

creasing the BTX yield.
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The total Si/Al atom ratio of beta-zeolite that constitutes the hydrocracking catalyst
falls in the range of 5 ~ 200, thus providing the cracking function of the hydrocracking
catalyst necessary for production of BTX, particularly favored being 10 ~ 150.

In the hydrocracking catalyst, beta-zeolite exists in the form of an extrudate mixed
with pseudo-beohmite as the binder, and the amount of beta-zeolite in the extrudate
may be 10 ~ 95 wt% based on the total weight of the catalyst in order to maintain the
mechanical strength of a support and ensure the cracking function of the hydrocracking
catalyst necessary for production of BTX, particularly favored being 30 ~ 90 wt%.

The amount of cobalt or molybdenum may be 0.1 ~ 20 wt% based on the total weight
of the catalyst in order to ensure the hydrogenation activity of the hydrocracking
catalyst for maximally producing BTX, particularly favored being 1 ~ 10 wt%.

Also the amount of tin (Sn) may be 0.01 ~ 10 wt% based on the total weight of the
catalyst in order to modify the hydrogenation activity of the hydrocracking catalyst via
interaction with cobalt or molybdenum, particularly favored being 0.5 ~ 5 wt%.

In the hydrocracking catalyst, when cobalt or molybdenum is used as the main
catalyst and tin is used as the cocatalyst and these are added in amounts less than the
above lower limits, the number of active sites of the catalyst may be decreased, un-
desirably deteriorating the hydrogenation performance, resulting in lowered BTX
yield.

In contrast, when cobalt or molybdenum is the main catalyst and tin is the cocatalyst
and these are added in amounts larger than the above upper limits, cobalt or
molybdenum which is the active metal and tin may be sintered, so that the number of
active sites is similar compared to when using a hydrocracking catalyst within the
above ranges, thus exhibiting a similar BTX yield or blocking the pores of beta-zeolite
by the sintered particles, undesirably deteriorating the hydrogenation performance.

In order to additionally explain the principle of the present invention, examples are
given below, but the intent of the present example is not to limit the scope of the

present invention as envisioned by the present inventors.

EXAMPLE

Comparison of Performance of Various Transition Metal Sulfide Catalysts

Example 1. Preparation of Co-BETA Catalyst

A catalyst comprising beta-zeolite having a diameter of 1 mm (zeolite:binder = 7:3,
weight ratio) and about 5 wt% of cobalt (Co) was prepared. The cobalt precursor used
was cobalt nitrate hexahydrate (hereinafter, CNH). (Cobalt may be provided as a
variety of precursors and is not limited only to the above precursor.)

The above catalyst was prepared in the following procedures.

Specifically, CNH was first dissolved in distilled water thus obtaining a CNH
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aqueous solution with which beta-zeolite was then impregnated, followed by
performing drying at 150°C for 2 hours and continuous calcination at S00°C for 2
hours, thereby preparing a Co-BETA catalyst.

Example 2. Preparation of Mo-BETA Catalyst
This catalyst was prepared in the same manner as in Example 1, with the exception
that ammonium heptamolybdate was used instead of CNH. (Mo may be provided as a

variety of precursors and is not limited only to the above precursor.)

Comparative Example 1. Preparation of Pt-BETA Catalyst
This catalyst was prepared in the same manner as in Example 1, with the exception
that hydrogen hexachloroplatinate was used instead of CNH. (Pt may be provided as a

variety of precursors and is not limited only to the above precursor.)

Comparative Example 2. Preparation of Pd-BETA Catalyst
This catalyst was prepared in the same manner as in Example 1, with the exception
that palladium nitrate hydrate was used instead of CNH. (Pd may be provided as a

variety of precursors and is not limited only to the above precursor.)

Comparative Example 3. Preparation of Fe-BETA Catalyst
This catalyst was prepared in the same manner as in Example 1, with the exception
that iron nitrate was used instead of CNH. (Fe may be provided as a variety of

precursors and is not limited only to the above precursor.)

The catalysts thus prepared were sulfide using the following method, and then used
in hydrocracking reaction. The results are shown in Table 1 below.

- Sulfidation of Catalyst -

To 5 cc of the catalyst prepared in each of the above examples and comparative
examples described to additionally explain the principle of the present invention, R-
LGO including DMDS as a feed for sulfidation was allowed to flow at a rate of 0.08
cc/min under conditions of a pressure of 50 bar and hydrogen supply of 90 cc/min, and
the catalyst was heated to 232°C and maintained at 232°C for 6 hours, after which the
catalyst was heated to 320°C and maintained at 320°C for 6 hours, so that the catalyst
was sulfided.

- Hydrocracking Reaction -

After all of the catalysts of the above examples and comparative examples were
sulfide as the above method, reaction conditions including a pressure of 80 bar and

hydrogen supply of 90 cc/min were set, and then the reaction temperature was
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increased to 410°C. Thereafter, tetralin as a feed was allowed to flow at a rate of 0.08
cc/min, so that hydrocracking was carried out. After the steady-state was achieved, the
reaction product was recovered at intervals of 8 hours to analyze components in the
product using GC-MSD. The performance of the catalysts was compared based on the
conversion of tetralin as the feed, the amount of monocyclic aromatic hydrocarbon
having no naphthene ring in the liquid product, and the amount of C6~C8 aromatic hy-
drocarbon such as BTX in the liquid product.

Tetralin conversion (%) = (100 amount of tetralin in product) / 100 * 100

Table 1

[Table 1]
Catalyst Tetrglin Amount of Monoccyclic Aromatic Hydrocarbon | Amount of
Conversion (%) without Naphthene Ring (%) BTX (%)

Ex. 1 99 93 83
Ex. 2 99 92 84

CEx. 1 99 40 32

CEx. 2 79 52 27

CEx. 3 60 32 22

Comparison of Performance of Hydrocracking Catalysts with respect to amount of
Co

Example 3. Preparation of 1 wt% Co-BETA Catalyst
This catalyst was prepared in the same manner as in Example 1, with the exception

that the amount of Co was 1 wt% based on the total weight of the catalyst.

Example 4. Preparation of 3 wt% Co-BETA Catalyst
This catalyst was prepared in the same manner as in Example 1, with the exception

that the amount of Co was 3 wt% based on the total weight of the catalyst.

Example 5. Preparation of 10 wt% Co-BETA Catalyst
This catalyst was prepared in the same manner as in Example 1, with the exception

that the amount of Co was 10 wt% based on the total weight of the catalyst.
Example 6. Preparation of 20 wt% Co-BETA Catalyst
This catalyst was prepared in the same manner as in Example 1, with the exception

that the amount of Co was 20 wt% based on the total weight of the catalyst.

Comparative Example 4. Preparation of 30 wt% Co-BETA Catalyst
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[76] This catalyst was prepared in the same manner as in Example 1, with the exception
that the amount of Co was 30 wt% based on the total weight of the catalyst.
[77] Table 2

[Table 2]
Catalyst Tetralin Amount of Monocyclic Aromatic Hydrocarbon | Amount of
Conversion (%) without Naphthene Ring (%) BTX (%)
Ex. 1 99 93 a3
Ex. 3 87 a7 77
Ex. 4 85 89 80
Ex. 5 S8 92 81
Ex. 6 96 82 75
C.Ex. 4 73 70 65
[78] Comparison of Performance of Hydrocracking Catalysts using Various Zeolites
[79]
[80] Comparative Example 5. Preparation of Co-USY Catalyst
[81] This catalyst was prepared in the same manner as in Example 1, with the exception
that USY zeolite was used instead of beta-zeolite.
[82]

[83] Comparative Example 6. Preparation of Co-Si0,-Al,O; Catalyst

[84] This catalyst was prepared in the same manner as in Example 1, with the exception
that amorphous Si0,-Al,O; was used instead of beta-zeolite.

[85] Table 3
[Table 3]

Tetralin Amount of Monocyclic Aromatic Hydrocarbon | Amount of
Conversion (%) without Naphthene Ring (%) BTX (%)
Ex. 1 99 93 83
CEx. 5 97 65 42
CEx. 6 67 36 21

Catalyst

Comparison of Performance of Hydrocracking Catalysts including Cocatalyst

Example 7. Preparation of Co-Sn-BETA Catalyst

CNH and tin chloride were dissolved in distilled water so that the amounts of Co and
Sn were respectively 5 wt% and 3 wt% based on the total weight of the catalyst, and
then beta-zeolite was impregnated with the resultant aqueous solution, followed by
drying at 150°C for 2 hours and continuous calcination at 500°C for 2 hours, thus
preparing a Co-Sn-BETA catalyst. (Co and Sn may be provided as a variety of
precursors and are not limited only to the above precursors.)
[90]
[91] Example 8. Preparation of Mo-Sn-BETA Catalyst
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[92] This catalyst was prepared in the same manner as in Example 7, with the exception
that ammonium heptamolybdate was used in lieu of CNH.
[93]
[94] Comparative Example 7. Preparation of Co-Cr-BETA Catalyst
[95] This catalyst was prepared in the same manner as in Example 7, with the exception
that chromium (III) nitrate was used in lieu of tin chloride. (Cr may be provided as a
variety of precursors and is not limited only to the above precursor.)
[96]
[97] Comparative Example 8. Preparation of Co-Ni-BETA Catalyst
[98] This catalyst was prepared in the same manner as in Example 7, with the exception
that nickel nitrate was used in lieu of tin chloride. (Ni may be provided as a variety of
precursors and is not limited only to the above precursor.)
[99] Table 4
[Table 4]
Catalyst Tetralin Amount of Monocyclic Aromatic Hydrocarbon | Amount of
Conversion (%) without Naphthene Ring (%) BTX (%)
Ex, 7 99.5 96 85
Ex. 8 99.5 94 85
CEx. 7 91 62 44
C.Ex. 8 92 62 47
[100] Comparison of Performance of Hydrocracking Catalysts with respect to Amount of
Cocatalyst
[101]
[102] Example 9. Preparation of Co-Sn-BETA (Sn: 1 wt%) Catalyst
[103] This catalyst was prepared in the same manner as in Example 7, with the exception
that the amount of Sn was 1 wt% based on the total weight of the catalyst.
[104]
[105] Comparative Example 9. Preparation of Co-Sn-BETA (Sn: 20 wt%) Catalyst
[106] This catalyst was prepared in the same manner as in Example 7, with the exception
that the amount of Sn was 20 wt% based on the total weight of the catalyst.
[107] Table 5
[Table 5]
Catalyst Tetralin Amount of Monocyclic Aromatic Hydrocarbon | Amount of
' Conversion (%) without Naphthene Ring (%) BTX (%)
Ex. 1 99 93 83
Ex. 7 99.5 95 85
Ex. 9 99.5 94 83
C.Ex. 9 60 36 17
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[108] Although the embodiments of the present invention have been disclosed for il-
lustrative purposes, those skilled in the art will appreciate that a variety of different
modifications and substitutions are possible, without departing from the scope and
spirit of the invention as disclosed in the accompanying claims. Accordingly, such
modifications and substitutions should also be understood as falling within the scope of

the present invention.
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Claims

A hydrocracking catalyst for preparing light aromatic hydrocarbons
from polycyclic aromatic hydrocarbons, comprising:

(i) beta-zeolite;

(ii) pseudo-boehmite;

(1i1) one or more metals selected from among metals of Groups VIII
and VIB.

The hydrocracking catalyst of claim 1, wherein the metal of Group VIII
is cobalt.

The hydrocracking catalyst of claim 1, wherein the metal of Group VIB
is molybdenum.

The hydrocracking catalyst of claim 1, wherein the metal of Group VIII
or VIB is in sulfide form.

The hydrocracking catalyst of claim 1, further comprising a cocatalyst.
The hydrocracking catalyst of claim 5, wherein the cocatalyst is one or
more selected from the group consisting of tin (Sn), phosphorus (P),
boron (B), silicon (Si), bismuth (Bi), and lead (Pb).

The hydrocracking catalyst of claim 6, wherein the cocatalyst is tin
(Sn).

The hydrocracking catalyst of any one of claims 1 to 7, wherein a total
Si/Al atom ratio of the beta-zeolite is in a range of 5 ~ 200.

The hydrocracking catalyst of claim 8, wherein the total Si/Al atom
ratio of the beta-zeolite is in the range of 10 ~ 150.

The hydrocracking catalyst of any one of claims 1 to 7, wherein an
amount of the beta-zeolite is 10 ~ 95 wt% based on a total weight of the
catalyst.

The hydrocracking catalyst of claim 10, wherein the amount of the
beta-zeolite is 30 ~ 90 wt% based on the total weight of the catalyst.
The hydrocracking catalyst of any one of claims 1 to 7, wherein an
amount of cobalt or molybdenum is 0.1 ~ 20 wt% based on a total
weight of the catalyst.

The hydrocracking catalyst of claim 12, wherein the amount of cobalt
or molybdenum is 1 ~ 10 wt% based on the total weight of the catalyst.
The hydrocracking catalyst of claim 7, wherein an amount of tin is 0.01
~ 10 wt% based on a total weight of the catalyst.

The hydrocracking catalyst of claim 14, wherein the amount of tin is
0.5 ~ 5 wt% based on the total weight of the catalyst.
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