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(57) ABSTRACT 

Provided is a catalyst for hydrocracking paraf?nic hydro 
carbons Which provides satisfactorily high cracking activity 
and middle distillate yield as Well as the loW pour point of 
the resulting gas oil all together. The catalyst of the present 
invention comprises a crystalline aluminosilicate, alumina 
boria and a noble metal of Group VIII of the Periodic Table. 
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HYDROCRACKING CATALYST AND PROCESS 
FOR PRODUCING LIQUID HYDROCARBON 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation of International 
Application No. PCT/JP2005/004728, ?led Mar. 10, 2005, 
Which Was published in the Japanese language on Oct. 6, 
2005, under International Publication No. WO 2005/092500 
Al and the disclosure of Which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a catalyst for 
producing liquid hydrocarbons from paraf?nic hydrocarbons 
in the presence of hydrogen and a process for producing 
liquid hydrocarbons using such a catalyst. 

[0003] In recent years, demands have been escalating 
rapidly toWard a clean liquid fuel Which is loW in contents 
of sulfur and aromatic hydrocarbons. In response to such 
demands, fuel oil manufacturers have already been studying 
various processes for producing clean fuel. Among these, a 
process has been considered to be the most prospective in 
Which process paraf?nic hydrocarbons such as Waxes are 
hydrocracked in the presence of a catalyst. 

[0004] In a process of hydrocracking of a paraf?nic hydro 
carbon, it is important to produce useful middle distillates at 
higher yields in order to improve the economical ef?ciency 
of the process. In addition, the resulting gas oil is necessarily 
loW in pour point. That is, development of a highly ef?cient 
hydrocracking catalyst Which can enhance the cracking 
activity and middle distillate yield of the hydrocracking 
process and can render the process possible to produce a gas 
oil With loW pour point holds the key to an improvement of 
economical ef?ciency of the process. 

[0005] Hydrocracking of a vacuum gas oil has already 
been commercialized and is a technology Which has been 
established for more than decades. HoWever, since the 
difference betWeen the reactivity of a para?inic hydrocarbon 
and that of a vacuum gas oil is so signi?cant that it is dif?cult 
to use the catalyst for the latter as it is for hydrocracking a 
paraf?nic hydrocarbon, the research and development have 
been continued vigorously to aim development of a highly 
ef?cient catalyst for paraf?nic hydrocarbons. There are a feW 
but some patents and reports concerning such a catalyst. For 
example, Patent Document 1 beloW discloses a catalyst 
comprising platinum loaded into a support containing silica 
alumina. There is an example of a study in Non-Patent 
Document 1 Wherein the hydrocracking of a paraf?nic 
hydrocarbon Was carried out using a catalyst comprising 
platinum loaded into a crystalline aluminosilicate (Zeolite). 

[0006] HoWever, the crystalline aluminosilicate catalyst is 
at a satisfactorily higher level of the cracking activity but has 
disadvantages that the middle distillate yield is loW and the 
resulting gas oil fails to obtain a su?icient pour point. On the 
other hand, amorphous solid acid catalysts a typical example 
of Which is silica alumina are at satisfactorily higher level in 
middle distillate yield and the pour point of the resulting gas 
oil but loW in cracking activity. That is, there has not been 
developed a catalyst Which satis?es high cracking activity 
and middle distillate yield as Well as the loW pour point of 
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the resulting gas oil all together, resulting in a serious 
hindrance to an improvement of economical ef?ciency of the 
hydrocracking process of paraf?nic hydrocarbons. 

[0007] (1) Patent Document 1: Japanese Patent Laid-Open 
Publication No. 6-41549 

[0008] (2) Non-Patent Document 2: “Zeolite” (Volume 6, 
page 334 to 348, 1986) 

BRIEF SUMMARY OF THE INVENTION 

[0009] The present invention has an object to provide a 
novel catalyst for hydrocracking paraf?nic hydrocarbons 
Which can satisfy higher cracking activity and middle dis 
tillate yield and the loWer pour point of the resulting gas oil 
all together thereby improving the productivity of the hydro 
cracking process. 

[0010] As a result of an extensive research made by the 
present inventors, they completed the present invention 
based on the ?nding that the above-described problems can 
be solved With a catalyst comprising a crystalline alumino 
silicate and alumina-boria in combination. 

[0011] That is, the present invention relates to a catalyst 
for hydrocracking para?inic hydrocarbons Which comprises 
a crystalline aluminosilicate, alumina-boria and a noble 
metal of Group VIII of the Periodic Table. 

[0012] The present invention also relates to the above 
described catalyst Wherein the average particle diameter of 
the crystalline aluminosilicate is 0.5 pm or smaller. 

[0013] The present invention also relates a process for 
producing liquid hydrocarbons Wherein paraf?nic hydrocar 
bons are hydrocracked using the foregoing catalyst. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] The present invention Will be described in more 
detail beloW. 

[0015] The term “aluminosilicate” used herein denotes a 
metal oxide constituted by three elements, i.e., aluminum, 
silicon, and oxygen. Although another metal element may 
coexist to an extent that the present invention is not prohib 
ited from achieving the advantageous effects, the amount of 
such a metal element is 5 percent by mass or less and 
preferably 3 percent by mass or less of the total amount of 
alumina and silica in the form of an oxide. Examples of the 
metal element Which may coexist are titanium, lanthanum, 
manganese, gallium and Zinc. Preferred are titanium and 
lanthanum. 

[0016] The crystallinity of aluminosilicate can be esti 
mated With the proportion of tetrahedrally coordinated Al 
atoms in all the Al atoms Which proportion can be measured 
by a solid 27Al NMR spectrum. The term “crystalline 
aluminosilicate” used in the present invention denotes that 
Whose proportion of tetrahedrally coordinated Al atoms is 50 
percent or more. Any crystalline aluminosilicate can be used 
in the present invention as long as the proportion of tetra 
hedrally coordinated Al atoms is 50 percent or more. HoW 
ever, it is preferred to use those containing 70 percent or 
more of the tetrahedrally coordinated Al atoms, and it is 
more preferred to use those containing 80 percent or more of 
the tetrahedrally coordinated Al atoms. 
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[0017] Crystalline aluminosilicates eligible for the present 
invention are so-called Zeolites. Preferred are Y- or USY 

type Zeolites, beta-type Zeolites, mordenite, and ZSM-5, and 
most preferred is USY-type Zeolite. If necessary, tWo or 
more types of crystalline aluminosilicates may be used. 

[0018] No particular limitation is imposed on the average 
particle diameter of the crystalline aluminosilicate to be used 
in the present invention. However, the average particle 
diameter is preferably 1.0 um or smaller and particularly 
preferably 0.5 um or smaller. 

[0019] The hydrocracking catalyst of the present invention 
is characterized in that it comprises a crystalline alumino 
silicate and alumina-boria. No particular limitation is 
imposed on the content ratio of alumina to boria in alumina 
boria. HoWever, in general the ratio of alumina to boria is 
preferably 30 to 99 percent by mass: 70 to 1 percent by mass, 
more preferably 50 to 95 percent by mass: 50 to 5 percent 
by mass, and most preferably 70 to 90 percent by mass: 30 
to 10 percent by mass. 

[0020] No particular limitation is imposed on the mass 
ratio of the crystalline aluminosilicate to alumina-boria in 
the catalyst. However, in general the mass ratio is preferably 
from 0.001 to 2.000, more preferably 0.010 to 1.500 and 
most preferably 0.015 to 0.200. 

[0021] The catalyst may be molded into a desired shape 
Without using a binder. HoWever, a binder may be used if 
necessary. No particular limitation is imposed on the binder. 
HoWever, preferred binders are alumina, silica, silica-alu 
mina, titania and magnesia, and most preferred is alumina. 
No particular limitation is imposed on the percentage of 
binder in the Whole molded catalyst. HoWever, it is usually 
from 5 to 99 percent by mass and preferably from 20 to 99 
percent by mass. 

[0022] The catalyst of the present invention necessarily 
contains a noble metal of Group VIII of the Periodic Table 
as an active component. When a metal other than that of 
Group VIII of the Periodic Table is used as an active agent, 
the middle distillate yield obtained by a hydrocracking 
process using a catalyst containing such a metal is extremely 
reduced thereby failing to achieve the purposes of the 
present invention. 

[0023] Speci?c examples of the noble metal of Group VIII 
of the Periodic Table include cobalt, nickel, rhodium, pal 
ladium, iridium, and platinum. Most preferred are palladium 
and platinum. The catalyst of the present invention can be 
produced by loading these metals into the above-described 
molded catalyst by a Well-knoWn method such as impreg 
nation or ion-exchange. 

[0024] If necessary, tWo or more noble metals may be 
loaded in combination. For example, both platinum and 
palladium may be loaded. No particular limitation is 
imposed on the loaded amount of the noble metal. The 
amount is usually from 0.02 to 2 percent by mass based on 
the total mass of the catalyst. 

[0025] In the present invention, the term “para?‘inic hydro 
carbon” used herein denotes hydrocarbons the paraffin mol 
ecule content of Which is 70 percent by mol or more. No 
particular limitation is imposed on the carbon atom number 
of the hydrocarbon molecules. HoWever, those having from 
10 to 100 carbon atoms are usually used. The catalyst of the 
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present invention is particularly effective for hydrocracking 
para?inic hydrocarbons having 20 or more carbon atoms, 
so-called “Wax”. 

[0026] No particular limitation is imposed on the process 
for producing a para?inic hydrocarbon Which Will be the 
feedstock of the hydrocracking process. Therefore, the cata 
lyst of the present invention is applicable to various paraf 
?nic hydrocarbons such as petroleum-based or synthetic 
para?inic hydrocarbons. HoWever, particularly preferred 
para?inic hydrocarbons are so-called FT Waxes produced by 
Fischer-Tropsch synthesis. 
[0027] The catalyst of the present invention may be used 
in a conventional ?xed bed reactor apparatus. The reaction 
conditions are a reaction temperature of 200 to 500° C., a 
hydrogen pressure of 0.5 to 12 MPa, and an LHSV (liquid 
hourly space velocity) of a paraf?nic hydrocarbon feedstock 
of 0.1 to 10/h. Preferred conditions are a reaction tempera 
ture of 250 to 400° C., a hydrogen pressure of 2.0 to 8.0 
MPa, and an LHSV (liquid hourly space velocity) of a 
para?inic hydrocarbon feedstock of 0.3 to 5.0/h. 

[0028] When the catalyst of the present invention com 
prising the above-described aluminosilicate, alumina-boria 
and a noble metal of Group VIII of the Periodic Table is used 
for hydrocracking paraf?nic hydrocarbons, it can achieve 
high cracking activity and middle distillate yield and the loW 
pour point of the resulting liquid hydrocarbon all together. 

[0029] The present invention Will be described in more 
detail With reference to the folloWing examples and com 
parative examples but are not limited thereto. 

EXAMPLE 1 

[0030] A column-like support With a siZe of 1/16 inch 
(about 1.6 mm) comprising 30 g of a USY Zeolite With an 
average particle diameter of about 0.4 pm and 970 g of 
alumina-boria Was impregnated With an aqueous solution 
containing dichlorotetraammine platinum (H) in such an 
amount that the amount of the platinum element Was 0.8 
percent by mass of the support. The support Was dried at a 
temperature of 120° C. for 3 hours and calcined at a 
temperature of 500° C. for one hour thereby preparing a 
catalyst. 
[0031] The catalyst thus prepared (200 ml) Was ?lled into 
a ?xed bed ?oW reactor and used to hydrocrack a paraf?nic 
hydrocarbon. The feedstock used herein Was an FT Wax 
Whose paraf?n content Was 95 percent and carbon number 
distribution Was from 20 to 80. The hydrogen pressure Was 
3 MPa, While the LHSV of the feedstock Was 2.0/h. The 
fraction Whose boiling point Was 360° C. or loWer Was 
de?ned as “cracked product”. The reaction temperature at 
Which the cracked product in an amount of 80 percent by 
mass based on the feed stock Was obtained Was measured. 
Also measured Were the yield of the middle distillate Whose 
boiling point Was from 145° C. to 360° C. and the pour point 
of the resulting gas oil Whose boiling point Was from 260° 
C. to 360° C. The results are set forth in Table 1 beloW. 

EXAMPLE 2 

[0032] 30 g of a USY Zeolite With an average particle 
diameter of about 0.4 pm, 570 g of alumina-boria poWder, 
and 400 g of alumina used as a binder Were molded thereby 
obtaining a column-like support With a siZe of 1/16 inch 
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(about 1.6 mm). Platinum Was loaded into the support such 
that the amount of the platinum Was 0.8 percent by mass of 
the support in the same manner as Example 1. The support 
Was dried at a temperature of 120° C. for 3 hours and 
calcined at a temperature of 500° C. for one hour thereby 
preparing a catalyst. 

[0033] Hydrocracking Was conducted using this catalyst in 
the same manner as Example 1 so as to measure the reaction 

temperature at Which the cracked product in an amount of 80 
percent by mass based on the feed stock Was obtained, the 
yield of the middle distillate Whose boiling point Was from 
1450 C. to 360° C. and the pour point of the resulting gas oil 
Whose boiling point Was from 260° C. to 360° C. The results 
are set forth in Table 1 beloW. 

EXAMPLE 3 

[0034] Preparation of a catalyst and hydrocracking Were 
conducted by the same procedures of Example 1 except that 
a USY-type Zeolite With an average particle diameter of 0.8 
pm Was used so as to measure the reaction temperature at 
Which the cracked product in an amount of 80 percent by 
mass based on the feed stock Was obtained, the yield of the 
middle distillate Whose boiling point Was from 145° C. to 
360° C. and the pour point of the resulting gas oil Whose 
boiling point Was from 260° C. to 360° C. The results are set 
forth in Table 1 beloW. 

COMPARATIVE EXAMPLE 1 

[0035] Preparation of a catalyst and hydrocracking Were 
conducted by the same procedures of Example 1 except that 
alumina Was used instead of alumina-boria so as to measure 

the reaction temperature at Which the cracked product in an 
amount of 80 percent by mass based on the feed stock Was 
obtained, the yield of the middle distillate Whose boiling 
point Was from 145° C. to 360° C. and the pour point of the 
resulting gas oil Whose boiling point Was from 260° C. to 
360° C. The results are set forth in Table 1 beloW. 

COMPARATIVE EXAMPLE 2 

[0036] Preparation of a catalyst and hydrocracking Were 
conducted by the same procedures of Example 1 except that 
a USY-type Zeolite Was not used so as to measure the 

reaction temperature at Which the cracked product in an 
amount of 80 percent by mass based on the feed stock Was 
obtained, the yield of the middle distillate Whose boiling 
point Was from 145° C. to 360° C. and the pour point of the 
resulting gas oil Whose boiling point Was from 260° C. to 
360° C. The results are set forth in Table 1 beloW. 

COMPARATIVE EXAMPLE 3 

[0037] Preparation of a catalyst and hydrocracking Were 
conducted by the same procedures of Example 1 except that 
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the support loaded With nickel in an amount of 5 percent by 
mass based on the support and tungsten in an amount of 15 
percent by mass based on the support instead of platinum so 
as to measure the reaction temperature at Which the cracked 
product in an amount of 80 percent by mass based on the 
feed stock Was obtained, the yield of the middle distillate 
Whose boiling point Was from 145° C. to 360° C. and the 
pour point of the resulting gas oil Whose boiling point Was 
from 260° C. to 360° C. The results are set forth in Table 1 
beloW. 

[0038] As apparent from the results set forth in Table 1, the 
combination of a crystalline aluminosilicate and alumina 
boria can satisfy high cracking activity, high middle distil 
late yield and the loW pour point of the resulting gas oil all 
together. Furthermore, it Was also apparent that noble metals 
of the Group VIII of the Periodic Table are effective as active 
metals. 

TABLE 1 

Middle 
Cracking Distillate Pour Point of 

Temperature Yield Resulting Gas Oil 
° C. mass % ° C. 

Example 1 298 52.9 —37.5 
Example 2 305 53.0 —37.5 
Example 3 301 50.9 —37.5 
Comparative Example 1 330 47.5 —30.0 
Comparative Example 2 355 47.4 —37.5 
Comparative Example 3 361 25.5 —35.0 

[0039] It Will be appreciated by those skilled in the art that 
changes could be made to the embodiments described above 
Without departing from the broad inventive concept thereof. 
It is understood, therefore, that this invention is not limited 
to the particular embodiments disclosed, but it is intended to 
cover modi?cations Within the spirit and scope of the present 
invention as de?ned by the appended claims. 

We claim: 
1. A catalyst for hydrocracking a paraf?nic hydrocarbon 

comprising a crystalline aluminosilicate, alumina-boria and 
a noble metal of Group VIII of the Periodic Table. 

2. The catalyst for hydrocracking a paraf?nic hydrocarbon 
according to claim 1 Wherein the average particle diameter 
of the crystalline aluminosilicate is 0.5 pm or smaller. 

3. A process for producing a liquid hydrocarbon Wherein 
a paraf?nic hydrocarbon is hydrocracked using the catalyst 
according to claim 1. 

4. A process for producing a liquid hydrocarbon Wherein 
a paraf?nic hydrocarbon is hydrocracked using the catalyst 
according to claim 2. 


