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A COMPOSITION FOR USE IN CONVERTING 

HYDROCARBONS. ITS PREPARATION AND USE 

BACKGROUND OF THE INVENTION 

PCT/US99/l 8472 

The invention relates to a composition useful for converting 

5 hydrocarbons, and particularly to a zeolite catalyst composition and an improved 

method of making the zeolite catalyst composition which has improved properties 

when compared with certain other zeolite catalysts. The improved method is 

especially important because it provides a zeolite catalyst composition with reduced 

coke formation properties and greatly simplifies the preparation of certain metal-

1 O promoted zeolite catalysts. The invention also deals with a process for the 

conversion of hydrocarbons to a product including aromatics using the zeolite 

catalyst composition. 

It is known to catalytically crack gasoline boiling range hydrocarbons 

(in particular, non-aromatic gasoline boiling range hydrocarbons, more in particular, 

15 paraffins and olefins) to light olefins, also referred to as lower olefins (such as 

ethylene and propylene), and aromatic hydrocarbons (such as BTX, i.e., benzene, 

toluene, and xylenes, and 8lso ethylbenzene) in the presence of catalysts which 

contain a zeolite (such as ZSM-5), as is described in an article by N.Y. Chen et al. 

in Industrial & Engineering Chemistry Process Design and Development, Volume 

20 25, 1986, pages 151-155. The reaction product of this catalytic cracking process 

contains a multitude of hydrocarbons such as unconverted C5+ alkanes, lower 

alkanes (methane, ethane, propane), lower alkenes (ethylene and propylene), C6-C8 

aromatic hydrocarbons (benzene, toluene, xylene, and ethylbenzene), and C9+ 

aromatic hydrocarbons. Depending upon the relative market prices of the individual 

25 reaction products, it can be desirable to increase the yield of certain of the more 

valuable products relative to the others. 

One concern with the use of zeolite catalysts in the conversion of 

hydrocarbons to aromatic hydrocarbons and light olefins is the excessive production 

of coke during the conversion reaction. The term "coke" refers to a semi-pure 

30 carbon generally deposited on the surface of a metal wall or a catalyst. Coke 

formed during the zeolite catalyzed aromatization of hydrocarbons tends to cause 

catalyst deactivation. It is desirable to improve processes for the aromatization of 
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hydrocarbons, and the formation of light· olefins from hydrocarbons, by minimizing 

the amount of coke formed during such processes. It is also desirable to have a 

zeolite catalyst that is useful in producing significant quantities of the aromatic and 

olefin conversion products. 

5 Certain known methods of preparing zeolite catalysts often require 

the modification of a zeolite or zeolite material ·with an acid to remove components 

which hinder the reaction and/or promote coke formation. The elimination of the 

process step of acid-treating, or acid-leaching, the zeolite can be desirable provided 

that it does not negatively impact the catalytic performance of the modified zeolite. 

I 0 The elimination of the acid:..treating step can· be particularly desirable if it results in 

an improved catalyst. There ate also economic and safety benefits from an 

elimination of a process step involving the use of a strong acid. 

It is also known that a thermally-cracked hydrocarbon-containing 

· fluid in the gasoline boiling range, especially coker •naphtha, may be produced by a 

15 coking process such as delayed coking, fluid coking, or contact coking, all of which 

are known processes in the petroleum refining industry. Because the coking 

. process( es) are well known to one skilled' in the art, the description of such. coking 

process( es) is omitted herein. 

Coker naphtha, being produced by a coking process, has a low octane 

20 number, typically no higher than about 70, and is a volatile material which is highly 

olefinic and diolefinic. Coker naphtha also tends to form gums by polymerization 

of diolefins and other· unsaturated species which are present in the coker naphtha. 

Although the content of unsaturated species is high, with bromine numbers (ASTM 

D 1159) typically in the range of 50 to 80, there is no positive contribution to octane 

25 from the unsaturated species as they are low octane components. Before the coker 

naphtha can be used elsewhere in a refinery; the coker naphtha must be severely 

hydrotreated to remove the olefinic and diolefinic materials. Such treatment results 

in an even lower octane number. Thus, the coker naptha must be further processed 

(for example, by reforming) before it can be used as a fraction in the gasoline 

30 boiling range with a high octane number, i.e., before it can be used as a motor fuel. 

It is therefore desirable to improve the processes for the· upgrading of 

a catalytically-cracked or thermally.,.cracked hydrocarbon-containing fluid in the 
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gasoline boiling range, such as catalytically-cracked gasoline or coker naphtha, to 

reduce the levels of, or preferably remove, the low value olefinic and diolefinic 

materials (such as C5+ olefins and diolefins) from such hydrocarbon-containing fluid 

to produce a product containing high value petrochemicals such as aromatics (such 

5 as BTX. i.e., benzene, toluene, and xylene) and light olefins (such as ethylene, 

propylene, and butylene) .. It is also desirable to have a zeolite catalyst composition 

that is useful in the upgrading of such hydrocarbon-containing fluid, such as 

catalytically-cracked gasoline or coker naphtha, in a single-step process. 

It is also known that these hydrocarbon-containing fluids are often 

10 contaminated with large amounts of nitrogen compounds. The presence of these 

nitrogen compounds can cause a loss of zeolite catalyst activity and stability. It is 

therefore desirable to have a process that does not significantly decrease the activity 

and stability of a zeolite catalyst when such catalyst is used in the conversion of 

hydrocarbons, preferably during the upgrading of hydrocarbon-containing fluids 

15 such as coker naphtha. 

SUMMARY OF THE INVENTION 

The present invention involves at least partially converting 

hydrocarbons to aromatics (such as BTX, i.e., benzene, toluene, xylene and also 

ethylbenzene) and light olefins (such as ethylene and propylene) utilizing an 

20 improved zeolite catalyst composition, that has been prepared by various methods 

including treatment with or without acid, and further, such zeolite includes a boron 

component and a zinc component (preferably the boron component and the zinc 

component are in the form of a zinc borate compound, more preferably, zinc 

hexa.borate, Zn2B6011). 

25 The invention provides a process for making an improved zeolite 

30 

catalyst composition that has such desirable properties as providing for lower coke 

production and an improved yield of aromatics (such as BTX) and light olefins 

(such as ethylene and propylene), particularly with an improved ratio of olefins to 

aromatics in the product, when utilized in the conversion of hydrocarbons. 

The invention also provides an improved zeolite material which, 

when used in the conversion of hydrocarbons, results in less coke formation than 

alternative zeolite materials. 
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The pre$tmt invention further provides a method for making an 

improved zeolite material having such desirable properties. as providing for 

improved concentrations of benzene in the BTX fraction of a reaction product 

produced when such improved zeolite material is used in the conversion of 

5 hydrocarbons, as providing· for the increasing of the yield of aromatics with only a 

slight decreasing of the yield of light olefins by using the improved zeolite material 

in the conversion of hydrocarbons, or as providing for the increasing of the yield of 

light olefins with only· a slight decreasing of the yield of aromatics by using the 

improved zeolite material in the conversion of hydrocarbons. 

1 O The invention yet further provides a method for making an improved 

zeolite material having such desirable properties as providing for the upgrading of a 

· · thermally-cracked hydrocarbon-containing fluid in the gasoline boiling range, such 

as coker ·naphtha, in a single-step process to reduce the levels. of, or preferably 

remove, the low value olefinic and diolefinic materials (such as C5+ olefins and 

15 diolefins) and other low value hydrocarbons from such thermally-cracked 

hydrocarbon-containing fluid to produce a high value product containing a high 

concentration of aromatics (such as BTX), high value light olefins (sue~ as ethylene, 

propylene, and butylene), and paraffins (such as methane, ethane, and propane). 

The present invention also deals with an improved process for the 

20 conversion of hydrocarbons in which the rate of coke formation during such 

conversion of hydrocarbons is minimized. 

The invention also provides hydrocarbon conversion processes which 

have an acceptably low coke production· rate and/or which produce a conversion 

product containing suitable quantities of aromatics (such as BTX) and light olefins 

25 (such as ethylene and propylene). 

The invention also provides hydrocarbon conversion processes which 

produce a conversion product containing suitable quantities of aromatics (such as 

BTX). 

The invention further provides hydrocarbon conversion processes for 

30 the upgrading of a thermally-cracked hydrocarbon-containing fluid in the gasoline 

boiling range, such as coker naphtha, in a process that does not significantly 

decrease the activity and stability of a zeolite catalyst which results in an aromatic 
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(such as BTX) yield which does not decline rapidly over_time during the upgrading 

of such thermally-cracked hydrocarbon-containing fluid. 

One of the inventive methods provides for the conversion of 

hydrocarbons, preferably non-aromatic hydrocarbons, to aromatic hydrocarbons 

5 (such as BTX) and light olefins (such as ethylene and propylene) by contacting, 

· under reaction conditions (Le., conversion conditions), a hydrocarbon-containing 

fluid with an improved zeolite catalyst composition prepared by a method that 

includes utilizing a zeolite. The zeolite is combined, or incorporated, with a binder, 

a boron component and a zinc component (preferably the boron component and the 

10 zinc component are in the form of a zinc borate compound, and, more preferably, 

the boron component and the zinc component are in the form of zinc hexaborate, 

Zn2B60 11), to form a mixture. The mixture is then calcined or treated with steam 

(depending on the desired reaction products), to form the improved zeolite catalyst 

composition, Thus, an embodiment of the invention is a novel composition 

15 comprising a mixture that has been calcined wherein the mixture comprises a zeolite 

(that has not been treated with an acid), a binder, a boron component, and a zinc 

component (preferably the boron component and the zinc component are in the form 

of a zinc borate compound, and, more preferably, the boron component and the. zinc 

component are in the form of zinc hexaborate, Zn2B60 11). 

20 Another embodiment of the invention is a novel composition 

comprising a mixture that has been treated with steam, in lieu of calcination, 

wherein the mixture comprises a zeolite (that has not been treated with an acid), a 

binder, a boron component, and a zinc component (preferably the boron component 

and the zinc component are in the form of a zinc borate compound, and, more 

25 preferably, the boron component and the zinc component are in the form of zinc 

hexaborate, Zn2B60 11). The zeolite catalyst composition prepared by the novel 

inventive method can be used to convert hydrocarbons, preferably non-aromatic 

hydrocarbons, to aromatics and light olefins, by ·contacting the catalyst under 

reaction conditions with a hydrocarbon-containing fluid. 

30 The zeolite catalyst composition prepared by the inventive method 

can also be used for the upgrading of thermally-cracked hydrocarbon-containing 

fluid in the gasoline boiling range, such as coker naphtha, in a single-step process to 
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reduce the levels of, or preferably remove, the olefinic and diolefinic materials 

(such as C5+ olefins and diolefins) and other low value hydrocarbons from such 

thermally-cracked hydrocarbon-containing fluid to produce a product containing a 

high concentration of aromatics (such as BTX), high value light olefms (such as 

5 ethylene, propylene, and butylene), and paraffins (such as methane, ethane, and 

propane). 

The zeolite catalyst composition prepared by the inventive method 

can also be used in a process that does not significantly decrease the activity and 

stability of such zeolite catalyst composition when such zeolite catalyst is used in 

10 the conversion of hydrocarbons, preferably during the upgrading of a thermally­

cracked hydrocarbon-containing fluid such as coker naphtha. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE illustrates that the activity (in terms of BTX yield) and 

stability (in terms of BTX yield over time) of a novel zeolite catalyst composition, 

15 prepared by a novel inventive method, can be improved when such catalyst is used 

in the conversion of hydrocarbons~ such as dliring the upgrading of a thennally­

cracked hydrocarbon-containing fluid such as coker naphtha, by pretreating such 

hydrocarbon-containing fluid with a nitrogen removal medium such as ion-exchange 

resin. 

20 DETAILEDDESCRIPTION OF THE INVENTION 

The inventive composition includes utilizing a zeolite or zeolite 

material that has not been treated with an acid (i.e., an acid-treating step or acid-

. leaching step is omitted). The zeolite is combined, or incorporated, with a binder, a 

boron component, and a zinc component (preferably the boron component and the 

25 zinc component are in the form of a zinc borate compound, and, more preferably, 

the boron component and the zinc component are in the form of zinc hexaborate, 

Zn2B(;011), to form a mixture, or combination, wherein such·mixture is calcined, to 

form a calcined mixture, or treated with steam to form a steam_ed mixture. The 

resulting calcined mixture can be used to provide an improved benzene 

30 concentration in the BTX fraction of the reaction product produced when such 

resulting calcined mixture is used in the conversion of hydrocarbons, preferably 

non-aromatic hydrocarbons. 
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The resulting calcined mixture or the resulting steamed mixture can 

be used to provide an improved yield of light olefins and a greater olefins-to­

aromatics. ratio when used in the conversion of hydrocarbons, preferably non­

aromatic hydrocarbons, than a catalyst that is made by certain methods other than 

5 the inventive method described herein. 

The resulting steamed mixture can also be used to provide an 

improved product containing a high concentration of aromatics (such as BTX), high 

value light olefins (such as ethylene, propylene, and butylene), and paraffins (such 

as methane, ethane, and propane) when used in the conversion of a thermally-

10 cracked hydrocarbon-containing fluid, such as coker naphtha. The term "fluid" is 

used herein to denote gas, liquid, vapor. or combinations thereof. 

An important feature of this invention is that the zeolite component 

of the composition is not treated, or leached, with an acid prior to mixing it with 

the binder, boron component, and zinc component (preferably the boron component 

15 and the zinc component are in the form of a zinc borate compound, and, more 

preferably, the boron component and the zinc ·component are in the form of zinc 

hexaborate, Zn2B6011)· 

The zeolite starting material used in the composition of the invention 

can be any zeolite or zeolite material which is effective in the conversion of 

20 hydrocarbons to aromatic hydrocarbons and light olefin hydrocarbons when 

contacted under suitable reaction conditions. Examples of suitable zeolites include, 

but are not limited to, those disclosed in Kirk-Othmer Encyclopedia of Chemical 

Technology, third edition, volume 15, pages 638-669 (John Wiley & Sons, New 

York, 1981). Preferably, the zeolite has a constraint index (as defined in U.S. 

25 Patent 4,097,367, which is incorporated herein by reference) in the range of from 

about 0.4 to about 12, preferably in the range of from about 2 to about 9. 

Generally, the molar ratio of Si02 to Al20 3 in the crystalline framework of the 

zeolite is at least about 5:1 and can range up to infinity. Preferably the molar ratio 

of Si02 to Al20 3 in the zeoli~e framework is in the range of from about 8:1 to about 

30 200:1, more preferably in the range of from about 12:1 to about 100:1. Preferred 

zeolites include ZSM-5, ZSM-8, ZSM-11, ZSM-12, ZSM-35, ZSM-38, and 

combinations thereof. Some of these zeolites are also known as "MFI" or "Pentasil" 
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zeolites. The presently more preferred zeolite is ZSM-5. 

An important aspect of this invention is incorporation of a boron 

component and a zinc component (preferably the boron component and the zinc 

component are in.the form of a zinc borate compound, and, more preferably, the 

5 boron component and the zinc component are in the form of zinc hexaborate, 

Zn2B60 11 ) into, onto, or with the zeolite or zeolite material to produce a zeolite 

catalyst composition without the need to treat, or leach, the zeolite with an acid. 

It has been discovered· that there are certain benefits from preparing a 

zeolite catalyst having incorporated therein, thereon, or therewith a boron 

10 component and a zinc component (preferably the boron component and the zinc 

component are in the form of a zinc borate compound, more preferably; the boron 

component and the zinc component are in the form of zinc hexaborate, Zn2B60 11 ) 

without treating, or leaching, the zeolite with an acid ·prior to such incorporation. 

Depending on the use of the zeolite catalyst, such benefits include: lower coke 

15 production, an improved (i.e., greater) Olefin-to-BTX ratio in the reaction product, 

increased concentrations of·benzene in the BTX fraction of the reaction product, and 

upgrading a thermally-cracked hydrocarbon-containing fluid to a product with a 

high concentration of aromatics. These benefits result from utilizing the improved 

(i.e., inventive) zeolite catalyst composition. 

20 To prepare the inventive zeolite catalyst composition, a zeolite 

starting material is mixed, or combined, with a binder, a boron component and a 

zinc component (preferably the boron component and the zinc component are in the 

form of a zinc borate compound, and, more preferably, the boron component and 

the zinc component are in the form of zinc hexaborate, Zn2B60 11 ), to form a 

25 mixture, or combination, which has not been treated with an acid. · The mixture is 

then calcined, or treated under suitable treatment conditions with steam, to form the 

inventive zeolite catalyst composition. 

The zinc borate compound used in the preparation of the mixture to 

be calcined, or steam-treated, can be any zinc borate compound that, when 

30 incorporated into, onto, or with the starting zeolite material pursuant to the methods 

and under the conditions described herein, provides· a zeolite composition containing 

a zinc borate compound having desired properties such as good catalytic activity and 
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resistance to coke formation. The zinc borate compound used in this invention may 

be any anhydrous zinc borate having a general formula xZnO • yB20 3 , or any 

hydrated zinc borate having a general formula xZnO • yB20 3 • nH20, wherein 

x= 1 to6 

y= 1 to S 

n= an integer ranging from 0 to 14. 

Non-limiting examples of possible zinc borate compounds include 

zinc borate, zinc hexaborate, zinc diborate dihydrate, zinc triborate monohydrate, 

zinc tetraborate pentahydrate, dizinc hexaborate heptahydrate, zinc decaborate 

10 (tetrazinc dodecaborate heptahydrate), and the like and combinations thereof. The 

zinc borate compound is preferably zinc hexaborate. Among the zinc hexaborate 

compounds the more preferred is dizinc hexaborate heptahydrate (Zn2B60 11 • 7H20). 

The improved (i.e., inventive) zeolite catalyst composition described 

herein can also contain an inorganic binder (also called matrix material) preferably 

1 S selected from the group consisting of alumina, silica, alumina-silica, aluminum 

phosphate, clays (such as bentonite), calcium aluminate, kaolin, colloidal silica,• 

sodium silicate, titania, and the like and combinations thereof. The most preferred 

binders are bentonite and colloidal silica. 

The relative amounts of a zeolite material, a binder, and a zinc borate 

20 compound in the mixture, or combination, to be calcined, or treated with steam, 

should be such as to provide the inventive zeolite composition having desired 

properties such as good catalytic activity and resistance to coke formation. 

Generally, the mixture of a zeolite, a binder, and a zinc borate 

compound to be calcined, or treated with steam, has a concentration of zeolite in the 

25 range of from about 40 weight percent of the mixture (on a total mixture weight 

basis) to about 99.5 weight percent of the mixture, preferably, in the range of from 

about 50 weight percent of the mixture to about 90 weight percent of the mixture 

and, most preferably, in the range from 60 weight percent of the mixture to 80 

weight percent of the mixture. 

30 Generally, the mixture of a zeolite, a binder, and a zinc borate 

compound has a concentration of binder in the range of from about 5 weight percent 

of the mixture (on a total mixture weight basis) to about 40 weight percent of the 
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mixture, preferably, in the range of from about 10 weight percent of the mixture to 

about 35 weight percent of the mixture and, most preferably, in the range from 15 

weight percent of the mixture to 30 weight percent of the;: mixture. 

Generally, the mixture of a zeolite, a binder, and a zinc borate compound has a 

5 concentration of zinc borate compound in the range upwardly to about 30 weight 

percent of the mixture (on a total mixture Weight basis), preferably in the range of 

from about 0.5 weight percent of the mixture to about 30 weight percent of the 

mixture, more preferably, in the range of froni about 1 weight percent of the 

mixture to about 25 weight percent of the mixture, and, most preferably, in the 

10 range from 2 weight percent of the mixture to 15 weight percent of the mixture. 

Any suitable means for mixing a.zeolite, a· binder, and a zinc borate 

compound can be used to achieve the desired dispersion of the materials in the 

resulting mixture. Many of the possible mixing niearts suitable for use in preparing 

the mixture of a zeolite, a· binder, and a zinc borate compound of the inventive 

15 . method to make the inventive zeolite catalyst composition are described in detail in 

Perry's Chemical Engineers' Handbook, Sixth Edition, published by McGraw-Hill, 

Inc., copyright 1984; at pages 21-3 through 21 .. 10. Thus, suitable mixing means 

can include, but are not limited to, such devices as tumblers, stationary shells or . 

troughs, Muller mixers, which are either batch type or continuous type, impact 

20 mixers, and the like. It is preferred to use a muller mixer in the mixing of a 

zeolite, a binder, and a zinc borate compound. 

The mixture of a zeolite, a binder, and a zinc borate compound can 

then be formed or shaped, preferably extruded or granulated. Any suitable means, 

known to those skilled in the art, for forming, preferably extruding or granulating, 

25 the mixture of a zeolite, a binder, and a zinc borate compound can be used to 

achieve the desired formed mixture, preferably extruded mixture (i.e., extrudate) or 

granulated mixture (i.e.,· granulate), of a zeolite, a binder, and a zinc borate 

compound. A liquid, such as, but not limited to, water, may be used in forming, 

preferably extruding or granulating, the mixture of a zeolite, a binder, and a zinc 

30 borate compound. 

Suitable extruding means can include, but are not limited to, such 

devices as screw extruders (also known as auger extruders or auger-type extruders) 
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and the like. . It is preferred to use a screw extruder in the extruding of the mixture 

of a zeolite,. a binder, and a zinc borate compound. 

Suitable granulating means can include, but are not limited to, wet 

granulation and dry granulation. Wet granulation consists of mixing dry ingredients 

5 with a liquid such as, but not limited to, water. The resulting wet paste is then 

dried, coarsely ground, and sieved to the desired size using the proper screen size. 

Dry granulation consists of densifying dry ingredients in a heavy-duty tableting 

press to produce granulates which are subsequently crushed to the desired size. It is 

preferred to use wet granulation in the granulating of the mixture of a zeolite, a 

I 0 binder, and a zinc borate compound. 

It can be desirable for the formed mixture to be an agglomerate of 

the mixture of a zeolite, a binder, and a zinc borate compound. Any suitable means 

or method(s) known by those skilled in the art for forming such an agglomerate can 

be used. Such methods include, for example, molding, . pressing, pelletizing, 

15 tumbling, and densifying. Further discussion of such methods, including extruding 

means and granulating means, is provided in a section entitled "Size Enlargement" 

· in Perry's Chemical Engineers' Handbook, Sixth Edition, published by McGraw­

Hill, Inc., copyright 1984, at pages 8-60 through 8-72. 

Generally, the zeolite, binder, and zinc borate components are 

20 compounded and subsequently shaped (such as by pelletizing, extruding or 

granulating) into a compounded composition. Generally, the surface area of the 

compounded composition is in the range of from about 50 m2/g to about 700 m2/g. 

Generally, the particle size of the compounded composition is in the range of from 

about 1 mm to about 10 mm. 

25 The mixture, preferably formed mixture, more preferably extruded 

mixture or granulated mixture, of a zeolite, a binder, and a zinc borate compound 

can be subjected to drying conditions in an atmosphere of air or inert gas (such as, 

but not limited to, N2, H2, argon, and the like and combinations thereof) by any 

method(s) known to one skilled in the art. Drying the mixture is generally carried 

30 out at a temperature in the range of from about 20°C to about 200°C, preferably· at 

a temperature in the range of from about 50°C to about 17~°C, and most preferably 

at a temperature in the range from I 00°C to 150°C. Drying the mixture is generally 
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carried out at ambient pressure (i.e., about 14~7 pounds per square inch absolute) or, 

can be carried out under vacuum conditions. Preferably, the drying pressure is in 

the range of from about ambient pressure upwardly to about 25 pounds per square 

inch absolute. The rate of drying is controlled so as to· avoid surges of water vapor 

5 and splattering. ·Drying times can be in the range of from about 0.5 hour to.about 

50 hours, preferably the drying time can be in the range of from about 1 hour to 

about 30 hours, and, most preferably, the drying time can be in the range from 1.5 

hours to 20 hours. The presently preferred drying is in a convection oven, under 

any pressure, at a temperature in the range of from about 110°C to about 180°C for 

1 O a time period of from about 2 hours to about 16 hours. 

The dried mixture, preferably dried, formed mixture, more preferably 

dried, extruded mixture or dried, granulated mixture, of a zeolite, a binder, and a 

zirtc borate compound can then be calcined, by any method(s) known to. one skilled 

in the art, to give a final calcined zeolite catalyst composition having desirable 

15 properties such as· good catalytic activity and resistance to coke formation. 

The dried mixture, preferably dried, formed mixture, more preferably 

dried, extruded mixture or dried, granulated mixture, of a zeolite, a binder, and a 

zinc borate compound can also be treated by exposing such mixture to a 

predoriii.nantly gaseous atmosphere, preferably an entirely gaseous atmosphere, 

20 comprising steam to give a final steamed zeolite catalyst composition having 

desirable properties such as good catalytic activity and· resistance to coke formation. 

Calcining the dried mixture, preferably dried; formed mixture, more 

preferably dried, extruded mixture or dried, granulated mixture, of a zeolite, a 

binder and a zinc borate compound may be conducted ·at any pressure conditions 

25 and at any temperature conditions that suitably provide a final calcined zeolite 

catalyst composition. Preferably, the dried mixture· of a zeolite, a binder and a zinc 

borate is calcined in air. 

Generally, the calcination may be conducted at a pressure in the 

range of from about 7 pounds per square inch absolute (psia) to about 750 psia, 

30 preferably in the range of from about atmospheric pressure (i.e., about 14.7 psia) to 

about 450 psia, and most preferably in the range from atmospheric pressure to 150 

psia. The calcination temperature is generally in the ·range of from about 100°C to 
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about 1500°C. Preferably, the calcination temperature is ~n the range of from 

about 200°C to about 800°C and, most preferably, the calcination temperature is in 

the range :from 250°C to 700°C. 

The time period for conducting the calcination is generally in the 

5 range of from about 1 hour to about 30 hours. Preferably, the calcination is 

conducted for a time period in the range of from about 2 hours to about 20 hours 

and, most preferably, the calcination is conducted for a time period in the range 

from 3 hours to 15 hours. 

The dried mixture, preferably dried, formed mixture, more preferably 

10 dried, extruded mixture or dried, granulated mixture, of a zeolite, a binder, and a 

zinc borate compound, may also be subjected to steaming conditions by exposing 

such mixture to a predominantly gaseous atmosphere, preferably an entirely gaseous 

atmosphere, comprising steam and, optionally, an inert carrier such as nitrogen .or 

helium to give a final steamed zeolite catalyst composition. The steam atmosphere, 

15 excluding the inert carrier, preferably has a concentration of steam exceeding about 

90 molar percent and, most preferably, the concentration of the steam atmosphere 

exceeds about 95 molar percent. 

Treating the dried mixture of a zeolite, a binder, and a zinc borate 

compound with steam may be conducted at any pressure conditions and at any 

20 temperature conditions that suitably provide a final steamed zeolite catalyst 

composition. 

Generally, the steam treatment may be conducted at a pressure in the 

range of from below atmospheric upwardly to about 3000 pounds per square inch 

absolute (psia). More typical pressures, however, are in the range of from about 

25 atmospheric to about 2500 psia. The steam treatment temperature is generally in 

the range of from about 100°C to about 1 S00°C. Preferably, the steam treatment 

temperature is in the range of from about 120°C to about 1300°C and, more 

preferably, the steam treatment temperature is in the range from 150°C to 800°C. It 

is preferred for the steam to be superheated and not saturated. 

30 Generally, the time period for exposing the mixture of a zeolite, a 

binder, and a zinc borate compound to a steam atmosphere at the appropriate 

temperature conditions and appropriate. pressure conditions can be in the. range of 



5 

WO 00/12450 PCT/US99/18472 

- 14 -

from about 0.1 hour to about 30 hours.· Preferably, the steam treatment step is 

conducted for a time period in the range of from about 025 hour to about 25 hours 

and, most preferably, the steam treatment step is conducted for a time period in the 

range from 0.5 hout to 20 hours. 

Generally, the final calcined zeolite catalyst- composition or final 

steamed zeolite catalyst composition has a concentration of zeolite in the range of 

from about 40 weight percent of the composition (on a total- composition weight 

basis) to about 95 weight percent of the composition;- preferably, in the range of 

from about 50 weight percent of the composition to about 90-weight percent of the 

10 composition and, most preferably, in the range from 60 weight percent of the 

composition to 85 weight percent of the composition. 

Generally, th~ final calcined zeolite catalyst composition or final 

steamed zeolite catalysi composition has a concentration of binder in the range of 

from about 5 weight percent of the composition (on a total composition _weight 

15 basis) to about 50 weightpercent of the composition, preferably, in the range of 

fro:tn about 8 weight percent of the composition to about 40 weight percent of the 

composition and, most preferably, in the range from 10 weight percent of the 

composition to 30 weight percent of the composition. 

Generally, the final calcined zeolite catalyst composition or final 

20 steamed zeolite catalyst composition has a concentration of zinc borate compound in 

the range upwardly to about 30 weight percent of the composition (on a total 

composition weight basiS}, preferably, in the range of from about 0.5 weight percent 

of the composition to about 30 weight percent of the composition, more preferably, 

in the range of from about l weight percent of the composition to about 25 weight 

25 percent of the composition, and, most preferably, in the range from -2 weight 

percent of the composition to 20 weight-percent of the composition. 

Generally, the concentration of zinc in the zinc borate compound in 

the- final calcined. zeolite catalyst composition or final steamed zeolite catalyst 

composition is in the range -upwardly to about 40 weight percent of the composition 

30 (on a total composition weight basis); preferably, in the range of from about 0.3 

weight percent of the cc>mposition to about 40 weight percent of the composition, 

more preferably, in the range of from about 0.5 weight percent of the composition 
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to about 30 weight percent ofthe composition, and, most preferably, in the range 

from 0.7 weight percent of the ·composition to 20 weight percent of the · 

composition. 

Generally, the concentration of boron in the zinc borate compound in 

5 the final calcined zeolite catalyst composition or final steamed zeolite catalyst 

composition is in the range upwardly to about 20 weight percent of the composition 

(on a total composition weight basis), preferably, in the range of from about 0.1 

weight percent of the composition to about 20 weight percent of the composition, 

more preferably, in the range of from about 0.3 weight percent of the composition 

1 O to about 1 S weight percent of the composition, and, most preferably, in the range 

from 0.4 weight percent of the composition to 10 weight percent of the 

composition. 

Any suitable hydrocarbon-containing fluid which comprises paraffins 

(alkanes) and/or olefins (alkenes) and/or naphthenes (cycloalkanes), wherein each of 

· 15 these hydrocarbons contains in the range of from about 5 carbon atoms per 

molecule to about 16 carbon atoms per molecule can be used as the fluid to be 

contacted with the zeolite catalyst compositions described herein under suitable 

process conditions for obtaining a reaction product, i.e., conversion product, 

comprising light olefins (alkenes, such as ethylene and propylene) containing in the 

20 range of from about 2 carbon atoms per molecule to about 5 carbon atoms per 

molecule and aromatic hydrocarbons (such as BTX, i.e., benzene, toluene, and 

xylene). Frequently, the suitable hydrocarbon-containing fluid also contains 

aromatic hydrocarbons. The term "fluid" is used herein to denote. gas, liquid, vapor, 

or combinations thereof. 

25 Non-limiting examples of suitable, available hydrocarbon-containing 

fluid include gasolines from catalytic oil cracking (e.g., FCC and hydrocracking) 

processes, pyrolysis gasolines from thermal hydrocarbon-( e.g., ethane, propane, and 

naphtha) cracking processes, naphthas, gas oils, reformates, straight-run gasoline and 

the like and combinations thereof. The preferred hydrocarbon-containing fluid is a 

30 gasoline-boiling range hydrocarbon-containing fluid suitable for use as at least a 

gasoline blend stock generally having a boiling range of about 30°C to about 210°C. 

Another suitabl~ hydrocarbon-containing fluid may also comprise a 
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thermally-cracked hydrocarbon-containing fluid which boil~ in the gasoline boiling 

range. The preferred hydrocarbon-containing fluid of this type is coker naphtha 

although other thermally-produced fluid(s) such as pyrolysis gasoline may also be 

used. Coker naphthas are unsaturated fractions containing significant amounts of 

5 diolefins as a result of the thermal cracking. Coker naphtha is obtained by coking 

processes, i.e., thermal cracking of a residual fluid, such .as a crude oil residual 

fluid, in a coker. As mentioned. above, coking processes are well-established in the 

petroleum refining industry and are used to convert residual fluid into higher value 

liquid products. Because·the coking process(es) are kno\vn to one skilled in the art, 

1 O · the description of such coking process( es) is omitted herein. 

Depending on the mode of operation of the coker and refinery 

requirements, coker naphthas may include: light naphthas (typically having a 

boiling range of from about 50°C to about 165°C), full range naphthas (typically 

having a boiling range of from about 25°C to about 215°C), heavier naphtha 

15 fractions (typically having a boiling range of from about 125°C to about 210°C), or 

heavy gasoline fractions (typically having a boiling range of from about l65°C to 

about 260°C). In addition, the present process may be operated with. the entire 

naphtha fraction obtained from the coker or with a part of the naphtha :fraction 

obtained from the coker. Extensive analytical results of the composition of coker 

20 naphtha and some of the characteristics of coker naphtha are disclosed in U.S. Pat. 

No. 4, 711,968. 

The hydrocarbon-containing fluid can be ·subjected to a contacting 

step wherein such hydrocarbon-containing fluid is contacted· by any suitable means, 

method(s), or manner with the zeolite catalyst composition, described herein, 

25 contained within a reaction zone, i.e., conversion. zone. The contacting step can be 

operated as a batch process step or, preferably, as a continuous process step.· In the 

latter operation, a solid catalyst bed, or a moving catalyst bed, or a fluidized catalyst 

bed can be employed. ··Any of these operational modes have advantages and 

disadvantages, and those skilled in the art can select the one most suitable for a 

30 particular fluid and· catalyst. 

In a preferred operational mode, the hydrocarbon-containing fluid is 

subjected to a pretreating step wherein such hydrocarbon-containing fluid is 
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pretreated within. a pretreatment zone wherein is contained a.nitrogen removal 

medium, preferably ion-exchange resin, before such hydrocarbon-containing fluid is 

passed to a conversion zone to be contacted with the zeolit~ catalyst composition. 

Non-limiting suitable examples of ion-exchange resin are Amberlyst-15, Amberlyst 

5 XN-1005, Amberlyst XN-1008, Amberlyst XN-1010, Amberlyst XN-1011, 

Amberlite 200, Amberlite-IR-120, and combinations thereof. More preferably, the 

ion-exchange resin is Amberlite-IR-120 ion-exchange resin (provided by Rohm & 

Haas Co.) or Amberlyst 15 ion-exchange resin (also provided by Rohm & Haas 

Co.). 

10 The pretreating step can be done by any suitable means, method(s), 

or .manner known in the art for pretreating a hydrocarbon-containing fluid with a 

nitrogen removal medium such as, preferably, ion-exchange resin. The pretreating 

step can be operated as a batch process step or, preferably, as a continuous process 

step preferably preceding the contacting step. In a preferred operation, the 

15 pretreatment zone comprises a solid ion-exchange resin bed employed preceding 

(i.e., upstream of) a conversion zone comprising a solid catalyst bed, or moving 

catalyst bed, or fluidized catalyst bed, containing the zeolite catalyst composition. 

Any of these operational modes have advantages and disadvantages, and those 

skilled in the art can select the one most suitable for a particular fluid, nitrogen 

20 removal medium, and zeolite catalyst composition. 

The pretreating step is preferably carried out under pretreating 

conditions that suitably promote the reduction of the concentration of nitrogen 

compounds, preferably the removal of nitrogen compounds, from the hydrocarbon­

containing fluid. Thus, the resulting pretreated hydrocarbon-containing fluid, 

25 containing a reduced level of nitrogen compounds, can then be passed to a 

conversion zone to promote the formation of aromatics, preferably BTX, from at 

least a portion of the hydrocarbons of the hydrocarbon-containing fluid. 

Pretreating conditions would include a pretreating temperature in the 

range of from about 0°C to about 550°C, more preferably in the range of from 

30 about 10°C to about 200°C and, most preferab~y, in the range from 20°C to 150°C. 

The pretreating pressure can be in the range of from below atmospheric pressure 

upwardly to about 500 pounds per square inch absolute (psia), preferably, the 
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pretreating pressure cart be· in the range of from about atmospheric pressure to about 

. 450 psia and, most preferably, the ptetreating pr~tire can be from atmospheric 

pressure to 400 psia. · · 

The flow rate at which the hydrocarbon-containing fluid is charged to 

5 the pretreatment zone (i.e., the pretreating charge rate of hydrocarbon-containing 

fluid) is such as to provide a pretreating weight honrly space velocity ("pretreating 

WHSV11
) in the range of from exceeding 0 hour1 upwardly to about 1000 hour -1• 

The term 11pretreating weight hourly space velocity"; as used herein, shall mean the 

numerical ratio of the rate at which a hydrocarbon-containing fluid is charged to the 

10 pretreatment zone in pounds per hour divided by the pounds of nitrogen removal 

medium;, preferably ion-exchange resin, contained in the pretreatment zone to which 

the hydrocarbon-containing fluid is charged. The preferred pretreating WHSV of 

the hydrocarbon-containing fluid to the pretreatment zone can be in the range of 

from about 0.25 hour·1 to about 250 hour ·1 and, most preferably in the range from 

15 0.5 hour·1 to 100 hour1
• 

The contacting step is preferably carried out within a conversion 

zone, wherein is contained the zeolite catalyst composition, and under reaction · 

conditions, i.e., conversion conditions, that suitably promote the formation of 

aromatics, preferably BTX, from at least a portion of the hydrocarbons of the 

20 hydrocarbon-containing fluid, preferably pretreated hydrocarbon-containing fluid. 

Thus, the reaction product, i.e., the conversion product, includes aromatics. 

Conversion· conditions would include a reaction temperature of the 

contacting step preferably· in the range of from about 400°C to about 800°C, more 

preferably in the range of from about 450°C to about 750°C and, most preferably, 

25 in the range from S00°C to 700°C. The contacting pressure can be in the range of 

from below atmospheric· pressure upwardly to about 500 pounds per square inch 

absolute (psia), preferably, the contacting pressure can be in the range of from about 

atmospheric pressure to about 450 psia and, most preferably, the contacting pressure 

can be in the range from atmospheric pressure to 400 psia. 

30 The·flow rate at which the hydrocarbon-containing fluid is charged to 

the conversion zone (i.e., the.contacting charge-rate of hydrocarbon-containing fluid) 

is such as to provide a contacting weight hourly space velocity ("contacting 
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WHSV") in the range of from exceeding 0 hour·1 upwardly to about 1000 hour -•. 

The term "contacting weight hourly space velocity", as used herein, shall mean the 

numerical ratio of the rate at which a hydrocarbon-containing fluid is charged to the 

conversion zone in pounds per hour divided by the pounds of catalyst contained in 

5 the conversion zone to which the hydrocarbon-containing fluid is charged. The 

preferred contacting WHSV o( the hydrocarbon-containing fluid to the conversion 

zone can be in the range of from about 0.25 hour·1 to about 250 hour -t and, most 

preferably in the range from 0.5 hour·1 to 100 hour·1
• 

The process effluent, from the conversion zone, generally contains: a 

IO light gas fraction comprising hydrogen and methane, a C2-C3 fraction comprising 

ethylene, propylene, ethane, and propane, an intermediate fraction comprising 

non-aromatic compounds having greater than 3 carbon atoms, a BTX aromatic 

hydrocarbons fraction comprising benzene, toluene, ortho-xylene, meta-xylene, 

para-xylene, and also ethylbenzene (i.e., BTX aromatic hydrocarbons), and a c;+ 

15 ("heavies"} fraction which contains aromatic compounds having 9 or more carbon 

atoms per molecule. 

Generally, the process effluent can be separated into these principal 

· fractions by any known method(s) such as, for example, fractionation distillation. 

Because the separation method(s) are known to one skilled in the art, the description 

20 of such separation method(s) is omitted herein. The intermediate fraction can be 

fed to ·an aromatization reactor to be converted to aromatic hydrocarbons. The 

methane, ethane, and propane can be used as fuel gas or as a feed for other 

reactions such as, for example, in a thermal cracking process to produce ethylene 

and propylene. The olefins can be recovered and further separated into individual 

25 .olefins by any method(s) known to one skilled in the art. The individual olefins can 

then be recovered and marketed. The BTX fraction can be further separated into 

individual C6 to C8 aromatic hydrocarbon fractions. Alternatively, the BTX fraction 

can further undergo one or more reactions either before or after separation to 

individual C6 to Cg hydrocarbons so as to increase the content of the most desired 

30 BTX aromatic hydrocarbon. Suitable examples of such subsequent C6 to Cg 

aromatic hydrocarbon conversions are disproportionation of toluene (to form 

benzene and xylenes), transalkylation of benzene and xylenes (to form toluene), and 
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isomerization of meta-xylene and/or ortho-xylene to para~xylene. 

After the nitrogen removal medium, pr~ferably ion-exchange resin, 

has been deactivated (Le., contaminated) by, for example, :refinery feed poisons, to 

ail extent that the nitrogen removal capability of the nitrogen removal medium has 

5 become unsatisfactory, the nitrogen removal medium, preferably ion-exchange resin, 

may be replaced with new nitrogen removal medium or, preferably, reactivated by 

any means or method(s) known to one skilled in the art s.uch as, for example, acid 

washing. The optimal temperatures and time periods f~r:'acid washing the ion­

exchange resin depend· generally on the types and amol.µl'ts of deactivating deposits 

1 O on such resin. These optimal temperatures and time periods can easily be 

determined by those possessing ordinary skill(s) in the :art and are omitted herein for 

the interest of brevity.· 

After the improved zeolite catalyst compo~ition has been deactivated 

by, for example, coke deposition or feed poisons, to ari e~ent that the feed 

15' conversion and/or the selectivity has become unsatisfact<>cy, the improved {i.e., 

inventive) zeolite catalyst composition can be reactivated •by any means or 

· method(s) known to one skilled in the art such as, for -~~pie, calcining in air to 

burn off deposited coke and other carbonaceous materi~s, such as oligomers or 

polymers, preferably at a temperature in the range of fro~ about 400°C. to about 

20 1000°C. The optimal time periods of the calcining dep~nd generally on the types 

and amounts of deactivating deposits on the zeolite cam.J.yst composition and on the 

calcination temperatures. These optimal time periods can. easily be determined by 

those possessing ordinary skill(s) in the art and are omitted herein for the interest of 

brevity. 

25 The following examples are presented to further illustrate this 

invention and are not to be construed as unduly -limiting the scope of this invention. 

EXAMPLE I 

This example illustrates the preparation of several catalysts which 

were subsequently tested as catalysts in· the conversion· of hydrocarbon-containing 

30 fluids. 

Acid-Treated ZSM-5 Zeolite Catalyst 

A commercially available ZSM-5 zeolite catalyst (provided by United 
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Catalysts Inc., Lollisyille, KY, under product designation "T-4480" obtained as 1/16 

inch extrudate) was ,tf~lited with acid. To treat the catfil.yst with acid, the catalyst 

was soaked in an aqueous hydrochloric acid (HCl) solution, having a concentration 

of 19 weight percent HCl (approximately 6N), for two ho'Ql"S at a constant 

5 temperature of about 90°C. After soaking, the catalyst was separated from the acid 

solution and thoroughly washed with water and dried. The acid-soaked, washed, 

and dried catalyst was calcined in air at a temperature of about 525 °C for four 

hours. 

10 

Catalyst A (Control) 

, A I 0 gram quantity of the above-described, acid-treated ZSM-5 

zeolite catalyst (commercially available "T-4480" treated with aci~, as described 

above) was impregnated, by an incipient wetness impregnation technique (i.e., 

essentially completely filling the, pores of the substrate material with a solution of 

the incorporating elements), with a solution containing 1.08 grams of hydrated zinc 

15 nitrate (Zn{N03) 2•6H20), 0.45 grams of boric acid (H3B03), and 8.47 grams of 

deionized water. This acid-treated, impregnated :ieolite was then dried in air at 

125°C for 16 hours. The acid-treated, impregnated, dried zeolite was then treated in 

a steam atmosphere for 6 hours at 650°C with a H20 flow rate of 20 ml/hr followed 

by calcining in helium for 2 hours at 538°C with a helium flow rate of SO ml/min. 

20 A final product weighing 10.26 grams was obtained. The final product contained a 

boron (B) concentration,of 0.77 percent of the total weight of the final product (i.e., 

0.77 weight percent B). The final product also contained a zinc (Zn) concentration 

of 2.31 percent of the total weight of the final product (i.e., 2.31 weight percent 

Zn). The final product had an atomic ratio of boron to zinc of 2:1. 

25 Catalyst B (Control) 

A 100 gram quantity of commercially available ZSM-S zeolite Zeocat 

PZ2/SOH powder (provided by Chemie Uetikon) was mixed with 25 grams of 

bentonite to form a mixture. A sufficient quantity of deionized water was then 

added to the mixture so as to provide for an extrudable paste which was extruded. 

30 The extrudate was then dried at room temperature (about 20°C to about 25°C) and 

atmospheric pressure (about 14.7 pounds per square inch absolute) for about 2 hours 

and then calcined in air for 3 hours at 500°C. A 50 gram quantity of this dried 
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and calcined zeolite-bcmtonite extrudate was impregnated, by an incipient wetness 

impregnation technique (i.e., essentially completely fil~ing the pores of the substrate 

material with a solution of the incorporating elements); with a sohltion containing 

10.8 grams of hydrated zinc nitrate (Zn(N03) 2•6H20), 4.5 grams of boric acid 

5 (H3B03), and 84. 7 grams of deionized water. This impregnated zeolite-bentonite 

e:xtrudate was then dried at 125°C and atmospheric pressure (i.e., about 14.7 

pounds per square inch· absolute) for about 3 hours. ·A 25 gram quantity of the 

thus-dried impregnated zeolite-bentonite extrudate was then calcined in air for 3 

hours at a temperature of 500°C. The thus"".calcined impregnated zeolite-bentonite 

10 extrudate was then treated in a steam atmosphere for.8 hours at 650°C with a H20 

flow rate of 20 ml/hr and a helium flow rate of 500 cc/min. A final product 

weighing about 25 grams was obtained. The final product contained a boron (B) 

concentration of 0.62 percent of the total weight of the final product (i.e., 0.62 

weight percent B). The final product also contained a zinc (Zn) concentration of 

15 1.88 percent of the total weight of the final product (Le., 1.88 weight percent Zn). 

Catalyst C (Invention)· 

A 20 gram quantity of commercially available ZSM-5 zeolite Zeocat 

PZ2/50H powder (provided ·by Chemie Uetikon) was mixed with 5 grams of 

bentonite and 2 grams of Zn2B60 11 • 7H20 (dizinc hexaborate heptahydrate, .· 

20 provided by Alfa AESAR, Ward Hill~ MA under··the product designation, zinc 

hexaborate, 98%) to form a mixture. A 39 ml quantity of deionized water was then 

added to the mixture so as to provide for an e:xtrudable paste which was e:xtruded. 

The extrudate was then dried at about 125°C and atmospheric pressure (about 14.7 

pounds per square inch absolute) for about 3 hours. The thus-dried zeolite-

25 bentonite-zinc borate extrudate was then treated in a steam atmosphere for 4 hours 

at 650°C with a H20 flow rate of 20 ml/hr and a helium flow rate of 500 cc/min. 

A final product weighing about 25 grams was obtained. The final product 

contained 0.26 grams ·of boron (B) resulting in a boron concentration of 1.0 percent 

of the total weight of the final product (i.e., 1.0 weight percent B). The final 

30 product also contained 0.53 grams of zinc (Zn) resulting in a zinc concentration of 

2.1 percent of the total weight of the final product (i.e., 2.1 weight percent Zn). 
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Catalyst D (Invention) 

A 20 gram quantity of commercially available ZSM-5 zeolite Zeocat 

PZ2/50H powder (provided by Chemie Uetikon) was mixed with 5 grams of 

bentonite and 2 grams of Z~B409 • 5H20 (trizinc tetraborate pentahydrate, provided 

5 by Pfaltz & Bauer, Inc., Waterbury, CT under the product designation, zinc borate) 

to form a mixture. A 22 ml quantity of deionized water was then added to the 

mixture so as to provide for an extrudable paste which was extruded. The extrudate 

was then dried at about 125°C and atmospheric pressure (about 14.7 pounds per 

square inch absolute) for about 3 hours. The thus-dried zeolite-bentonite-zinc borate 

10 extrudate was then treated in a steam atmosphere for 4 hours at 650°C with a H20 

flow rate of 20 ml/hr and a ·helium flow rate of 500 cc/min. A final product 

weighing about 25 grams was obtained. The final product contained 0.18 grams of 

boron (B) resulting in a boron concentration of 0. 7 percent of the total weight of the 

final product (i.e., 0.7 weight percent B). The final product also contained 0.83 

15 grams of zinc (Zn) resulting in a zinc concentration of 3.3 percent of the total . 
weight of the final product (i.e., 3.3 weight percent Zn). 

Catalyst E (Invention) 

A 20 gram quantity of commercially available ZSM-5 zeolite Zeocat 

PZ2/50H powder (provided by Chemie Uetikon) was mixed with 5 grams of 

20 bentonite and 2 grams of Zn2B60 11 • 7H20 ( dizinc hexaborate heptahydrate, 

provided by Alfa AESAR, Ward Hill, MA under the product designation, zinc 

bexaborate, 98%) to form a piixture. A 21 ml quantity of deionized water was then 

added to the mixture so as to provide for an extrud8.ble paste which was extruded. 

The extrudate was then dried at about 125°C and atmospheric pressure (about 14.7 

25 pounds per square inch absolute) for about 3 hours. The thus-dried zeolite~ 

bentonite-zinc borate extrudate was then calcined in air for 3 hours at a temperature 

of 500°C. The calcination was done in lieu of a steam treatment. A final product 

weighing about 25 grams was obtained. The final product contained 0.26 grams of 

boron (B) resulting in a boron concentration of 1.04 percent of the total weight of 

30 the final product (i.e., 1.04. weight percent B). The final product also contained 

0.53 grams of zinc (Zn) resulting in a zinc concentration of 2.12 percent of the total 

weight of the final product (i.e., 2.12 weight percent Zn). 
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Catalyst F .Qnvention) 

A 28 gram quantity of commercially available ZSM-5 zeolite Zeocat 

PZ2/50H powder (provided by Chemie Uetikon) was mixed With 1.4 grams of 

Zn.iB60 11 • 7H20 (dizinc hexaborate heptahydrate, provided by Alfa AESAR, Ward 

5 Hill, MA under the product designation, zinc hexaborate, 98%) and 30 grams of 

colloidal silica (provided by Aldrich Chemical Company, Inc., Milwaukee, WI, 

under the product designation of "LUDOX AS-40" ( 40 wt-% suspension of silica in 

water)) to form a paste. The paste was then dried at about 125°C and atmospheric 

pressure (about 14.7 pounds per square inch absolute) for about 3 hours. The thus-

10 dried zeolite-silica-zinc borate paste was· then coarsely ground and sieved to a 

particle (i.e., granulate) size of between 12 and 20 mesh. The thus-dried zeolite-

. silica-zinc borate granulate was then treated in a steam atmosphere for 4 hours at 

650°C with a H20 flow rate of 20 ml/hr and a helium flow rate of 500 cc/min. A 

final product weighing 22.8 grams was obtained. The final product contained 0.1 

15 grams of boron (B) resulting in a· boron concentration of 0.44 percent of the total 

weight of the final product (i.e., 0.44 weight percent B). The final product also 

contained 0.2 grams of zinc (Zn) resulting in a zinc concentration of 0.89 percent of 

the total weight of the final product (i.e., 0.89 weight percent Zn). 

Catalyst G (Invention) 

20 A 28 gram quantity of commercially available ZSM-5 zeolite Zeocat 

PZ2/SOH powder (provided by Chemie Uetikon) was mixed with 2.8 grams of 

Zn2B60 11 • 7H20 ·(dizinc hexaborate heptahydrate, provided by Alfa AESAR, Ward 

Hill, MA under the product designation, zinc hexaborate, 98%) and 25 ml of 

colloidal silica (provided by Aldrich Chemical Company, Inc., Milwaukee, WI, 

25 under the product designation of "LUDOX AS-40" ( 40 wt-% suspension of silica in 

water)) to form a paste. The paste was then dried at about 125°C and atmospheric 

pressure (about 14.7 pounds per square inch absolute) for about 3 hours. The thus­

dried zeolite-silica-zinc borate paste was then coarsely ground and sieved to a 

· particle (i.e., granulate) size of between 12 and 20 mesh. The preparation procedure 

30 was then repeated in order to double the quantity of thus-dried zeolite-silica-zinc 

borate granulate. The thus-dried zeolite-silica-zinc borate granulate was then treated 

in a steam atmosphere for 4 hours at 650°C with a HiO flow rate of 20 ml/hr and a 
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helium flow rate of 500 cc/min. A final product weighing 22.8 grams was obtained. 

The final product :contained 0.2 grams of boron (B) resulting in a boron 

concentration of 0.88 percent of the total weight of the final product (i.e., 0.88 

weight percent B). The final product also contained OA grams of zinc (Zn) 

5 resulting in a zinc concentration of 1. 78 percent of the total weight of the final 

product (i.e., 1.78 weight percent Zn). 

EXAMPLE II 

This example illustrates the use of the catalysts described in Example 

I as catalysts in the conversion of a catalytically-cracked gasoline boiling range fluid 

10 to light olefins (such as, ethylene and propylene) and aromatics (such as, benzene, 

toluene, and xylene, i.e., BTX). 

For each of the test runs, a 5.0 g sample of each catalyst material 

described in Example I was placed into a stainless steel tube reactor (length: about 

18 inches; inner diameter: about 0.5 inch). Gasoline boiling range fluid from a 

15 catalytic cracking unit of a refinery was passed through the reactor at a flow rate of 

about 14 ml/hour, at a temperature of about 600°C, and at atmospheric pressure 

(about 0 pounds per square inch gauge). The formed reaction product exited the 

reactor tube and passed through several ice-cooled traps. The liquid portion 

remained in these traps and was weighed, whereas the volume of the gaseous 

20 portion which exited the traps was measured in a "wet test meter". Liquid and 

gaseous product samples (collected at hourly intervals) were ·analyzed by means of a 

gas chromatograph. Results of the test runs for Catalysts A (Control), B (Control), 

C (Invention), and D (Invention) are summarized in Table I. All test data were 

obtained after 8 hours on stream. 
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TABLE I 

BTX 
Light Sum of 

Avg 
Catalyst Olefma BTX Olefin/BTX 

Catalyst Preparation 
Yield 

Yield and Ratio 
wt-% 

(wt-%) (wt-%) Olefin 
Coke/hrb 

A 
(Control) (AL+ IMP)c 39.0 20.7 59.7 0.53 0.3 

B· 
(Control) (EXT +IMP)d 50.0 7.6 57.6 0.15 0.7 

c (EXT w/B6 + 
(Invention) 42.l 20.l 62.2 OAS 0.2 

STMY 

D (EXT w/B4 + 
(Invention) STM)r 34.0 21.6 55.6 0.64 0.2 

a . Ethylene and Propylene 

b Coke was determined at the end of the reaction by removing the catalysts. from 
the reactor and measuring the coke with a thermal gravimetric anal:Yzer (TOA), 
manufactured by TA Instruments, New Castle, Delaware. 

c Acid-leached Zeolite Impregnated with Zinc Nitrate and Boric Acid. 

d Zeolite-Bentonite Extrudate Impregnated with Zinc Nitrate and Boric Acid 
(Zeolite was Not Acid-Leached). 

e Zeolite:-Bentonite-Zinc Hexaborate Extrudate Dried and Steamed (Zeolite was 

Not Acid-Leached). 

f Zeolite-Bentonite-Zinc Tetraborate Extrudate Dried and Steamed (Zeolite was 
Not Acid-Leached). 

The test data presented in Table I clearly show that Invention 

Catalysts C and D exhibited considerably less coking than Control Catalysts A and 

B. Invention Catalyst D also exhibited an improved (i.e., greater) Olefin-to-BTX 

35 ratio when compared to Control Catalysts A and B. Invention Catalyst C exhibited 

an improved (i.e., greater) Olefin-to-BTX ratio when compared to Control Catalyst 

B. The improvement in catalyst performance is believed to be due to the novel 
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process of making the inventive catalyst by drying and steaming a zeolite-bentonite­

zinc hexaborate extrudate ot zeolite-bentonite-zinc tetraborate extrudate. The 

improvement in catalyst performance is also significant given the fact that Invention 

Catalysts C and Duse a zeolite that has not been acid-treated or acid-leached. 

5 The difference in performance between the invention catalysts and the 

control catalysts is certainly unexpected. One would not expect that drying and 

steaming a non-acid-leached-zeolite-bentonite-zinc hexaborate extrudate, or non­

acid-leached-zeolite-bentonite-zinc tetraborate extrudate,in lieu of impregnating an 

acid-leached zeolite with zinc nitrate and boric acid, would enhance the performance 

IO of the final inventive zeolite catalyst compositions. One would also not expect that 

drying and steaming a non-acid-leached-zeolite-bentonite-zinc hexaborate extrudate, 

or non-acid-leached-zeolite-bentonite-zinc tetraborate extrudate,in lieu of 

impregnating a non-acid-leached-zeolite-bentonite. extrudate with zinc nitrate and 

boric acid, would enhance the performance of the final inventive zeolite catalyst 

15 compositions. 

The results demonstrate that the invention catalysts, in which a non­

acid-leached-zeolite-bentonite-zinc hexaborate extrudate, or non-acid-leached-zeolite­

bentonite-zinc tetraborate extrudate, is dried and steamed, as opposed to 

impregnating an acid-leached zeolite, or non-acid-leached-zeolite-bentonite 

20 extrudate, with zinc nitrate and boric acid, gives a catalyst that is significantly 

superior to the control catalysts. 

EXAMPLE III 

This example illustrates that the Invention Catalysts described in 

Example I can be used to modify the yields of aromatics (such as, BTX) and light 

25 olefins (such as, ethylene and propylene) in the conversion of a catalytically-cracked 

gasoline boiling range fluid. Each test run was conducted in the same manner as 

described above for Example II. Results of the test runs for Catalysts B (Control), 

C (Invention), and E (Invention) are summarized in Table II. All test data were 

obtained after 8 hours on stream. 
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· Catalyst 

B 
(Control) 

Cafalyst 
Prep~tion 

(EXT+ IMP)c 

c (EXTw/B6 + 
(Invention) STM)d 

E 
(EXTw/B6 + 

(Invention) CAL )e 

a Ethylene and Propylene 
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TABLE II 

BTX 
Yield . . ~ 

(wt-%) 

50.0 

42.1 

47.7 

·Light 
Olefina 
Yield 

(wt-%) 

7.6 

20.1 

13;7 

'Sum 
o'f 

· BTX 
ai)d 

Olefin 

57.6. 

62.2 

61.4 

PCT/US99/18472 

Olefin/BT 
x 

Ratio 

0.15 

0.48 

0.29 

Avg 
wt-% 

Coke/hrb 

0.7 

0.2 

0.4 

15 . b Coke was determined at the end of the reaction by removing the catalysts .· 
from the reactor &id measuring the cok~ with a thermal gravimetric 
analyzer (TOA), Ill:anufactured by TA I~truments, New Castle, Delaware. 

c Zeolite-Bentonite Extrudate Impregnated with Zinc Nitrate and Boric Acid 
20 (Zeolite was Not Acid-Leached). · 

d Zeolite-Bentonite-Zinc Hexaborate Extrudate Dried and Steamed (Zeolite 
was Not Acid-Leached). 

25 e Zeolite-Bentonite-Zinc Hexaborate Extrudate Dried and Calcined (Zeolite 
was Not Acid-Leached). 

The.test data presented in Table II clearly show that the novel 

methods of preparing the invention catalysts can have an impact on the yield of 

30 aromatics and light oleflns. Invention Catalyst C, made by the novel process of 

steaming a zeolite-bentonite-zinc hexaborate extrudate, exhibited higher yields of 

light olefins and lower yields of aromatics. than the calcined Invention Catalyst E. 

Invention Catalyst E, mad~ by the novel pr~cess of calcining, in lieu of steaming, a 

zeolite-be:ntonite-zinc hexaborate extrudate, produced an unexpected and opposite 

35 result of lower yields of light olefins and higher yields of aromatics than the 

steamed Invention Catalyst C. 
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The test data ~dicates that the octane. ratings of low octane streams 

can be maximized b); Increasing the yield of aromati~s' • fuid minimizing the yield of 

light olefins by using Invention Catalyst E. The opposite result, of minimizing the 

yield of aromatics and maximizing the yield of light olefins, can be obtained by 

5 using Invention Catalyst C. 

In addition, Invention Catalyst E exhibited considerably less coking 

than Control Catalyst B, had an improved (i.e., greater} Olefins-to-BTX ratio when 

compared to Control Catalyst B~ and had a BTX aromatics yield similar to Control 

Catalyst B. Also, as stated above in Example II, Invention Catalyst C exhibited 

1 O considerably less coking than Control Catalyst B and had an improved (i.e., greater} 

Olefin-to-BTX ratio when compared to Control Catalyst B. 

The results demonstrate that the invention catalysts, in which a non­

acid-leached-zeolite-bentonite-zinc hexaborate extrudate is dried and calcined, or 

dried and steamed, as opposed to impregnating a non-acid-leached-zeolite-bentonite 

15 extrudate with zinc nitrate and boric acid, gives a catalyst that is significantly 

superior to the control catalyst. 

EXAMPLE IV 

This example illustrates that the Invention Catalysts described in 

Example I can be used to increase the concentration of benzene in the BTX fraction 

20 of the reaction product produced in the conversion of a catalytically-cracked 

gasoline boiling range fluid. Each test run was conducted in the same manner as 

described above for Example II. Results of the test runs for Invention Catalysts C 

and E are summarized in Table III. All test data were obtained after 8 hours on 

stream. 
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TABLE.III 
.. :···. · .. •'. 

Catalyst B~e Toluene Xylene BTX 
Catalyst Preparation 

Yield Yield Yield* Yield 
(wt-%) (wt-%) (wt-%). (wt-%) 

c (EXT w/B6 + 
(Invention) lQ.p 19.1 13.0 42.l STM)a 

E (EXT w/B6 + 
(Invention) CAL)b 13.6 20.5 13.7 47.7 

a Zeolite-Bentonite-Zinc Hexaborate Extrudate Dried anc;l Steamed (Zeolite 
was Not Acid-Leached). '· 

b Zeolite-Bentonite-Zinc Hexaborate Extrudate Dried and Calcined (Zeolite 
was Not Acid-Leached). 

*Xylene yield includes Ethylbenzene which is readily converted to xylene, 

The test data presented in Table III clearly show that the novel 

methods of preparing the invention catalysts can have an impact on increasing the 

highest value component, benzene, of the aromatic hydrocarbons (such as, BTX; 

20 i.e., benzene, toluene, and xylene) produced in the conversion of a catalytically­

cracked gasoline boiling range fluid. Invention Catalyst E, made by the novel 

process of calcining a zeolite-bentonite-zinc hexaborate extrudate, produced a BTX 

fraction of the reaction product having a higher concentration of benzene compared 

to Invention Catalyst C, made by the novel process of steaming, in lieu·· of calcining, 

25 a zeolite-bentonite-zinc hexaborate extrudate. The test data in Table III indicates 

that the concentration of benzene in the BTX fraction of the reaction product can be 

maximized by using Invention Catalyst E. 

In addition, the test data in Table III indicates that the increase in 

BTX yield using Invention Catalyst E (calcined extrudate) (BTX yield= 47.7 wt-%) 

30 as compared to Invention Catalyst C (steamed-extrudate) (BTX yield= 42.1 wt-%), 

is a result of an increase in the concentration of benzene in the BTX fraction of the 

reaction product. It is also significant that Invention Catalyst E increased the 

concentration of benzene in the BTX fraction of the reaction product without 

affecting the concentration of the other aromatic products (such as toluene and 
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xylenes) in the BTX fraction of the reaction product. 
:i· .. -; EXAMPLE V 

This example illustrates that Invention Catalyst F described in 

Example I can be used in the upgrading of coker naphtha (a thermally-cracked 

5 hydrocarbon-containing fluid in the gasoline boiling range), in a single-step process 

to reduce the levels of, or preferably remove, the low value olefinic and diolefmic 

materials (such as C5+ olefins and diolefins) from such coker naphtha to produce a 

product containing high value petrochemicals such as aromatics (such as BTX, i.e., 

benzene, toluene, and xylene) and light olefins (such as ethylene and propylene). 

10 The coker naphtha sample had been produced in a commercial coker unit. 

Each test run was conducted in the same manner as described above 

for Example II except that coker naphtha from a commercial coker unit of a 

refinery was used ·in lieu of the gasoline boiling range fluid. from a catalytic 

cracking unit of a refinery that was used in Example II. Properties of the coker 

15 naphtha used in this example are shown in Table IV below. Results of the test run 

for Invention Catalyst F are summarized in Table V. All test data were obtained 

after 8 hours on stream. 
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.TABLE IV 

.. Properties of Coker Naphtha F~d 

Average Molecular Weight .95.1 

5 Specific Gravity, glee , 0.70 

Nitrogen, ppm 93.8 

Research Octane 72.6 

Distillation, °C (ASTM. D2887) 

10 
. . 

Initial Boiling Po~nt (1}3P) (0.5 weight-% off) 20.1 

5 weight-% off 30.0 

10 weight-% off 36.1 

20 60.3 

15 30 68.7 

40 90.8 

50 98.4 

60 117.7 

70 125.7 

20 80 140.5 

90 159.2 

95 169.4 

Final Boiling Point (FBP)(99.5 weight-% off) 296.4 
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TABLE V 

Upgrading Coker Naphtha Using Invention :Catalyst F 

Coker Naphtha 

C2= 0 

C3= 0 

C4= 0.1 

Benzene Content, wt-% 0.2 

Toluene Content, wt-% 1.2 

Xylene Content, wt-% 2.7 

Cl+C2 0 

C3 0 

C4 (includes paraffins and 0.2 
isoparaffins) 

C5 (includes paraffins, 8.7 
isoparaffms, and naphthenes). 

Conversion Product 
Obtained After Upgrading 

Coker Naphtha Using 
Invention Catalyst F 

5.3 

S.S 

2.0 

8.7 

22.1 

12.2 

12.8 

12.3 

2.9 

0.7 

The test data presented in Table V clearly show that the novel 

20 methods of preparation produce inventive catalysts which can be used in the 

upgrading of coker naphtha to produce a product containing high value 

petrochemicals such as aromatics (such as BTX, i.e., benzene, toluene, and xylene) 

and light olefins (such as ethylene and propylene). The test data also show that 

Invention Catalyst F upgraded the coker naphtha, which initially contained only 

25 about 4 weight percent high value petrochemicals (BTX and light olefins) before 

upgrade, to about 56 weight percent high value petrochemicals (BTX and light 

olefins) after upgrade. 

The performance of the invention catalyst is certainly unexpected. 

One would not expect that steaming a zeolite-silica-zinc borate granulate would 

30 produce a final inventive zeolite catalyst composition that produces such a high 
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quantity of high value petrochemicals ciuring the use of such composition in the 

upgrading of coker naph.tha. 

EXAMPLE VI 

This e.xlUI1ple illustrates that Invention Catalyst G described in 

5 Example I can be use4 in the upgra~g of coker naphtha (a thermally-cracked 

hydrocarbon-containing :fluid.in.the gasoline boiling range) to produce a prodµct 
~ . . . .·. 

10 

containing a high concentration of aromatics (such as aTX~ i.e., benzene, toluene, 

and xylene). The cok~r' naphtha ~pie had been produced in a commercial coker 

unit. 

This example also illustrates that the activity (in terms of BTX yield) 

and stability (in terms ()f BTX yield over time) of Invention Catalyst G can be 

maintained for longer periods of time when used in the upgrading of coker naphtha 

when such coker naphtha is pretreated with a nitrogen removal medium such as 

Amberlyst 15 ion-exchange resin (provided by Rohm & Haas, Co.) or Amberlite-

15 IR-120 ion-exchange ~e~in (also provided by Rohm & Haas, Co.). 

Three test runs were conducted. Run I was conducted in the same 

manner as described above for Example n except that coker naphtha from a 

commercial coker unit of a refinery was used in lieu of the gasoline boiling range 

fluid from a catalytic cracking unit of a refinery that was used in Example II. The 

20 coker naphtha used in ~is example was the same as the coker naphtha used in 

Example V above. The properties of the coker naphtha, used in this example and 

Example V, are shown: in Table IV above. 

Run II was conducted in the same manner as Run I except that the 

coker naphtha was pas$ed through.a stainless s~el tube re~tor (length: about 12 

25 inches; inner diameter: about 0.5 inch) containing 15 grams (i.e., 20 ml) of 

Amberlite-IR-120 ion-exchange resin (provided by Rohm & Haas, Co.) at a flow 

rate of about 14 ml/ho\Jr, at a temperature of about 550°C, and at atmospheric 

pressure (about 0 pounds per square inch gauge) before such coker naphtha was 

passed through the catalyst-containing reactor. Run HI was conducted in the same 

30 manner as Run II except that Amberlyst 15 ion-exchange resin (provided by Rohm 

& Haas, Co.) was used in lieu of the Amberlite-IR-120 ion-exchange resin. Results 

of the three test runs for Invention Catalyst G are summarized in Table VI below. 
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The test data in Ta}?le VI illustrates ~ on-stream 8-hour time period in I-hour 

segments. Data w~':6btmned starting with the secohdtidfu. The data in Table VI 

is plotted in the FIGURE. 

In addition, the amount of nitrogen, in parts per million (ppm), 

5 remaining in. the coker naphtha after 8 hours on stream for Runs I and III is 

summarized in Table VII below. 

TABLE VI 

BTX Yield (wt-%) 

Time a Run lb Run Ile Run Hid 

10 2 36.1 32.7 42.2 

3 37.6 42.4 41.5 

4 32.2 40.7 42.2 

5 31.1 41.6 39.8 

6 27.4 39.6 40.8 

15 7 25.7 38.7 40.6 

8 24.2 37.8 39.9 

a One-hour segments over an eight-hour on-stream time period. Data was 
obtained beginning at the two-hour mark. 

20 b No pretreating of the coker naphtha with ion-exchange resin. 

c Coker naphtha was pretreated with Amberlite-IR-120 ion-exchange resin 
(provided by Rohm & Haas Co.). 

25 d Coker naphtha was pretreated with Amberlyst-15 ion-exchange resin 
(provided by Rohm & Haas Co.). 
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TABLE VII 
; 

Basic Nitrogen {ppfll) 

Time~ Run lb Run Ilic .. 

8 
.- :·: 

93.8 25.6 

5 a Eight-hour on-stream time period. 
; 

b No pretreating pf the coker naphtha with ion-exchange resin. 

c Coker naphtha was pretreated with Amberlyst-15 ion-exchange resin 
IO (provided by Rohm & Haas Co.). 

The data in Table VI, such data is plotted in the FIGURE, clearly 
. . . : 

demonstrates that Invention Catalyst G can be used in the. upgrading of coker 

naphtha to produce a hi~ octane liquid product containing a high concentration of 

15 aromatics (such as BTX, i.e., benzene, toluene, and xylene). 

The data in Table VI also demonstrates that the upgrading of coker 

naphtha (in terms of aTX yield) using Invention Catalyst G did not decline over 

time when such coker naphtha was pretreated with an ion-exchange resin (Runs II 

and III) as compared to. the upgrading of coker naphtha that was not pretreated (Run 

20 _I). The data demonstrates' that the activity (in terms of BTX yield) and stability (in 

terms of BTX yield over time) of Invention Catalyst G can be maintained for longer 

periods of time when Used in the upgrading of coker naphtha when such coker 

naphtha is pretreated with an ion-exchange resin such as Amberlyst 15 (provided by 

Rohm & Haas, Co.) or Amberlite-IR-120 (also provided by Rohm & Haas, Co.). 

25 The dat8: in· Table VII demonstrates that more nitrogen is removed 

from the coker naphtha when such coker naphtha is pretreated with an ion-exchange 

resin such as Amberlyst 15 (provided by Rohm & Haas~ Co.). The data in Table 

VII combined with ~e data in Table VI demonstrate that the pre-treating of such 

coker naphtha with a nitrogen removal medium, such as ion-exchange resin, during 

30 the upgrading of such coker naphtha helps increase the activity and stability of 

Invention Catalyst G (ill terms of BTX yield and BTX yield over time) (Run III), as 

compared to the upgrading of coker naphtha that was not pretreated (Run I), due to 

the removal of additional nitrogen by the ion-exchange resin. 
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The res~~: shown in the above ~xampl~~:diearly demonstrate that the 

present invention is W~11 adapted to carry out the o1JJ~6t~ and attain the ends and 

advantages mentioned as well as those inherent therein. 

Reasonable variations, modifications, and adaptations can be made 

5 within the scope of the disclosure and the appended claims without departing from 

the scope of this invention. 
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A composition for use in converting hydrocarbons, which comprises a 

zeolite, a binder, and a: zinc borate compound. 

2. A composf tion according to claim 11, wherein the amount of said 

5 zeolite in said composition is in the range of from about 40 weight percent of said 

composition (on a total composition weight basis) to about 99.5 weight percent of 

said composition (on a:total composition weight basis). 

3. A composition according to claim 2, wherein the amount of said 

zeolite in said composition is in the range of from about SQ weight percent of said 

10 composition (on a total composition weight basis) to about 90 weight percent of 

said composition (on a total composition weight basis). 

4. A compo~ition according to claim 1, wherein said zeolite is ZSM-5, 

ZSM-8, ZSM-11, ZSM"'.12, ZSM-35, ZSM-38, or a combination of any two or more 

of said zeolites. 

15 5. A composition according to claim 4, wherein said zeolite is ZSM-5. 

6. A composition according to claim 1, wherein the amount of said 

binder in said· composition is in the range of from about 5 weight percent of said 

composition (on a total composition weight basis) to about 50 weight percent of 

said composition (on a total composition weight basis). 

20 7. A process according to claim 6, wherein the amount of said binder in 

said composition is in the range of from about 5 weight percent of said composition 

(on a total composition weight basis) to about 40 weight percent of said 

composition (on a total composition weight basis). 

8. A composition according to claim 7, wherein the amount of said 

25 binder in said composition is in the range of from about 8 weight percent of said 

composition (on a total composition weight basis) to about 40 weight percent of 

said composition (on a total composition weight basis). 

9. A process according to claim 8, wherein the amount of said binder in 

said composition is ·in the range of from about 10 weight percent of said 

30 composition (on a total composition weight basis) to about 35 weight percent of 

said composition (on a total composition weight basis). 

10 . A composition according to claim 1, wherein said binder is alumina, 

. . 11111111111111111111111111 1111 
* C L M S * 111iii1nr 
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silica, alumina-silica,· al~inum phosphate, a clay, cai2ltifu aluminate, bentonite, 
;~~~t~: ,~:/· ·~ .;:1 ... __ )_!-~'·;~ ;· . 

kaolin, colloidal· silica,:·~sodium silicate, titania, or a·cdmbination of any two or more 

of said binders. · 

11. A composition according to claim 10, wherein said binder is 

5 bentonite or colloidal silica. 

12. A composition according to claim 1, wherein the amount of said zinc 

borate compound in said composition is in the range of from about 0.5 weight 

percent of said composition (on a total composition weight basis)· to about 30 

weight percent of said composition (on a total composition weight basis). 

10 13. A composition according to claim 11; wherein the amount of said 

zinc borate compound in said composition is in the range of from about 1 weight 

percent of said composition (on a total composition weight basis) to about 25 

weight percent of said composition (on a total composition weight basis). 

14. A composition according to claim 1, wherein said zinc borate 

15 compound has the formula xZnO • yB20 3 or xZnO • yB20 3 • DHiO wherein x. = 1 

to 6, y = 1 to 5. 

15. A composition according to claim 14, wherein said zinc borate 

compound is zinc borate, zinc hexaborate, zinc diborate dihydrate, zinc triborate 

monohydrate, zinc tetraborate pentahydrate, dizinc hexaborate heptahydrate, zinc 

20 decaborate (tetrazinc dodecaborate heptahydrate), or a combination of two or more 

of said zinc borate compounds. 

16. A composition according to claim 15, wherein said zinc borate 

compound is zinc hexaborate. 

17. A composition according to claim 1, wherein said composition is a 

25 mixture comprising a zeolite, a binder, and a zinc borate compound. 

18. A composition according to claim 17, wherein said mixture is a 

formed mixture, an extruded mixture, or granulated mixture. 

19. A composition according to claim 17, wherein said mixture has been 

either calcined or steamed. 

30 20. A composition according to claim 19, wherein said mixture is a dried, 

extruded mixture, or a dried, granulated mixture. 

21. A composition according to· claim .1, wherein said zeolite has not 

I Ill /If 1111~ 1111111111111111 
M S * 
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been· treated with an acid; 

22. A ·composition according to claim 1, wherein ·the amount of zinc in 

said zinc borate compound in said·colll.position is in the range of from about 0.3 
. ~ . : '. 

weight percent of said ·cQmposition (on a total composition weight basis) to about 

5 40 weight percent ofsajd composition (on a total comppsit;ion weight basis) and the 

concentration of boron· 'i#. said zinc borate compound in said composition is in the 
. : 

range of from about 9.1 )"'eight percent of said composition (on a total composition 

weight basis) to about ·20 weight percent of said composition (on a total 
. . ~ 

-

composition weight ha8is). 

10 23. A process for making a composition according to any one of the 

15 

preceding claims, wbicli oomprises: 

(a) mi~~g said zeolite, said binder, and a zinc borate compound to 

provide a mixture, 

24. 

(b) fonriing said mixture to provide a formed mixture, and 

( c) treating said formed mixture to provide said composition. 

A process according to claim 23, wherein said treating step ( c) 

comprises either calcining said formed mixture-to provide said composition, or 

steaming said forme4 mixture to provide said composition .. 

25. A proces~ according to· claim 24, wherein said calcining comprises 

20 exposing said formed mixture to: 

25 

an atmosphere of air, 

at a temperature in the range of from about ~ 00°C to about 1500°C, 

at a pres~ure in the range of from about 7 pounds per square inch 

absolute (psia) to about 750 psia, and · 

for a time period in the range of from about 1 hour·to about 30 

hours. 

26. A process according to claim 25, wherein. said steaming comprises 

exposing said formed mixture to: 

a steam atmosphere, having a concentration of steam exceeding about 

30 90 molar percent, 

at a temperature in the range of from about 100°C to _about 1500°C, 

at a pressure in the range of from below atmospheric upwardly to 

' lll\lll l\ll\l lllll l\111 \l lll\ 
* C L M S * 
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about 3000 pounds per sq~e inch absolute (psia), and · .. 
·.~:. U~.~:..;;-0.\ ·~·;:;'.~~\.:;.--

for a·tmiS'period in the range of from a1ii~otl;t 0.1 hour to about 30 

hours. 

27. A process according to claim 23, wherein said forming step. (b) 

5 comprises subjecting said mixture to an extruding means to provide an extruded 

mixture. 

28. A process according to claim 27, wherein said extruding means can 

be a screw extruder, an auger extruder, an auger-type extruder or a combination of 

any two or more of said extruders. 

10 29. A process according to claim 28, wherein said extruding means 

consists of a screw extruder. 

30. A process according to claim 23, wherein said forming step (b) 

comprises subjecting said mixture to a granulating means to provide a granulated 

mixture. 

15 31. A process according to claim 3, wherein said granulating means is 

wet granulation, dry granulation or a combination thereof. 

32. A process according to claim 31, wherein said granulating means 

consists of wet granulation. 

33. A process according to claim 23, wherein said forming step (b) 

20 further comprises drying said formed mixture wherein said drying comprises 

25 

exposing said formed mixture to: 

34. 

an atmosphere of air or inert gas, 

at a temperature in the range of from about 20°C to about 200°C, 

at a pressure of about 14.7 pounds per square inch absolute, and 

for a time period of from about 0.5 hour to about 50 hours. 

A process. for the conversion of hydrocarbons to a conversion product 

including aromatics, which comprises contacting, under conversion conditions, a 

hydrocarbon-containing fluid with a composition according to any one of claims 1-

22. 

30 35. A process according to claim 34, wherein said hydrocarbon-

containing fluid is a gasoline from a catalytic oil cracking process, a pyrolysis 

gasoline from a thermal hydrocarbon-cracking process, a naphtha, a gas oil, a 

· I If lllll llllll lllll lllll II llll 
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reformate, a straight-run gasoline or a combination of any two or more of said 

hydrocarbon-containing ·.fluids. 

36. A proces~ according to claim 35, wherein sBid hydrocarbon-

containing fluid is a g~~olirie-boiling range hydrocarbon-containing fluid suitable for 

5 use as at least a gasolfue blend stock generally having a boiling range of about 30°C 

to about 210°C. 

37. A proc<:~s ~cording to claim 35, wherein said hydrocarbon-

containing fluid is a thermally-cracked hydrocarbon-containing fluid~ 

38. A process fiCCording to claim 37, wherein said hydrocarbon-

10 containing fluid is coker naphtha. 

39. A process according to claim 34, wherein a hydrocarbon of said 

hydrocarbon-containing· fluid contains in the range of from about 5 carbon atoms 

per molecule to about 16 carbon atoms per molecule. 

40. A proce~s· according to claim 34, wherein said contacting comprises 

15 passing said hydrocarbon::.containing fluid through a con.version zone wherein is 

contained said composition. 

41. A process according to claim 34, wherein said conversion conditions. 

comprise: 

a temper~fure in the .range of from about 400°C to about 800°C, 

20 a press1lre iri the range of from below atmospheric pressure upwardly 

to about 500 pounds per. ~quare inch absolute (psia), ~d · 

a contacting charge rate of said hydrocarbon-containing fluid such 

that the contacting weight hourly space velocity is in the range of from exceeding 0 

hour·1 upwardly to about :1000 hour1
• 

25 42. A process 8.ccording to claim 34, which further comprises pretreating, 

under pretreating conditj.ons, said hydrocarbon-containing fluid before said 

hydrocarbon-containing fluid is subjected to said· contacting, under said conversion 

conditions, with said composition. 

43. A process according to claim 42, wherein said pretreating comprises 

30 passing said hydrocarbon-containing fluid through a pretreatment zone wherein is 

contained a nitrogen removal medium. 

44. A process according to claim 43, wherein said nitrogen removal 
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medium is an ion-exchange resin which is Am.berlyst-15, .Amberlyst XN-1005, 

Amberlyst XN-1008~;~terlyst XN-1010,Amberly~f;.~ho11, Amberlite 200, 

Am.berlite-IR-120, or a combination of any two or more of said ion-exchange resins. 

45. A process according to claim 44, wherein said nitrogen removal 

5 medium is Amberlite-IR-120 ion-exchange resin or Amberlyst 15 ion-exchange 

resin. 

46. A process according to claim 42, wherein said pretreating conditions 

comprise: 

a temperature in the range of from about 0°C to about 550°C, 

1 O a pressure in the range of from below atmospheric pressure upwardly 

to about 500 pounds per square inch absolute (psia), and 

a pretreating charge rate of said hydrocarbon-containing fluid. such 

that the pretreating weight hourly space velocity is in the range of from exceeding 0 

hour·1 upwardly to about 1000 hour·'. 

15 47. A composition for use in converting hydrocarbons substantially as 

herein described. 

48. A composition for use in converting hydrocarbons substantially as 

herein described with reference to Catalysts C, D, E, F and G of Example I, 

catalysts C and D of Example II, Catalysts C and E of Examples III and IV, 

20 Example V or Example VI. 

49. 

described. 

50. 

A process for preparing a composition substantially as herein 

A process for preparing a composition substantially as herein 

described with reference to Catalysts C, D, E, F and G of Example I, catalysts C 

25 and D of Example II, Catalysts C and E of Examples III and IV, Example V or 

Example VI. 

51. A composition when produced by a process according to any one of 

claims 23-33 and 49 or 50 substantially as herein described. 

52. A composition when produced by a process according to any one of 

30 claims 23-33 and 49 or 50 whenever used in a process for the conversion of 

hydrocarbons according to any one of claims 34-46. 

53. A process for the conversion of hydrocarbons substantially as herein 
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described. 

54. A process for this conversion of hydrocarbons substantially as herein 

described with reference to any of the examples. 
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AMENDED CLAIMS 
[received by the International Bureau on2~ December 1999 (23.12.99); 

original claims 1-54 replaced by amended claims 1-54 (7 pages)] 
CLAIMS 

1. A composition for use in converting hydrocarbons, which comprises a 

zeolite, a binder, and a zin~ borate compound. 

2. A composition according to claim l, wherein the amount of said 

zeolite in said composition is in the range of from about 40 weight percent of said 

composition (on a total composition weight basis) to about 95 weight percent of 

said composition (on a total composition weight basis). 

3. A composition according to claim 2, wherein the amount of said 

zeolite in said composition i~ in the range of from about SO weight percent of said 

composition {on a total composition weight basis) to about 90 weight percent of 

said composition (on a total composition weight basis). 

4. A composition according to claim 1, wherein said zeolite is ZSM-5, 

ZSM-8, ZSM-11, ZSM-12, ZSM-35, ZSM-38:, or a combination of any two or more 

of said zeolites. 

5. 

6. 

A composition according to claim 4, wherein said zeolite is ZSM-5. 

.A composition according to claim l, wherein the amount of said 

binder in said composition is in the range of from about 5 weight percent of said 

composition (on a total composition weight basis) to about SO weight percent of 

said composition (on a total composition weight basis). 

7. A composition according to claim 6, wherein the amount of said 

binder in said composition is in the range of from about 8 weight percent of said 

composition (on a total composition weight basis) to about 40 weight percent of 

said composition (on a total composition weight basis). 

8. A composition according to claim l, wherein said binder is alumina, 

silica, alumina-silica, aluminum phosphate, a clay, calcium aluminate, bentonite, 

kaolin, colloidal silica, sodium silicate, titania, or a combination of any two or more 

of said binders. 

9. A composition ac~rding to claim 8, wherein said binder is bent_onite 

or colloidal silica. 

10. A composition according to claim l, wherein the amount of said zinc 

borate compound in said composition is iil the range of from about O.S weight 

percent of said composition (on a total composition weight basis) to about 30 
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weight percent of said compositi<m {on a tou,tl composition weight basis). 

11. A composition according to claim 10, wher~in the amount of said 

zinc borate compound in ~d composition is in the range of from about 1 weight 
·. : .· .. ; ·.· . 

percent of said compositj.on {on a total composition weight basis) to about 25 
·. : 

weig}it percent of sai<;l cpmposition {on a total composition weight basis). 
. . 

12. A co~position according ~o .~brim 1, wherein said zinc borate 

compound has the fqrn11i:Ia xZnO • yB203 or xZnO • yB203 • nH20 wherein x is 1 

to 6, y is 1 to 5, and n ~s :an integer ranging from 0to·14 .. 

13. A compo~ition according to claim 12, wherein said zinc borate 

compound is zinc borate, zinc hexaborate, zinc diborate dihydrate, zinc triborate 

monohydrate, zinc tetraborate pentahydrate, dizinc hexaborate heptahydrate, zinc 

decaborate {tetrazinc dodecaborate heptahydrate}, or a combination of two or more 

of said zinc borate compounds. 

14. A composition according to claim 13, wherein said zinc borate 

compound is zinc hexab()rate. 

15. · A composition according to claim 1, wherein said composition is a 

mixture comprising a ~lite, a binder, and a zinc borate compound. 

16. ·.A composition according to claim 15, wherein said mixture is a 

formed mixture, an extruded mixture, or granUlated mixture. 

17. A compos~tion according to claim 15, wherein said mixture has been 
.. . i 

either calcined or steamed. 

18. A compos;tion according to claim 17, wherein said mixture is a dried, 

extruded mixture, or· a <4led, granulated mixture. 
' 

19. A composition according to claim 1, wherein ·said zeolite has not 

been treated with an acid. 

20. A composition according to claim 1, wherein the amount of zinc in 

said zinc borate compound in said composition is in the range of from about 0.3 

weight percent of said. c()mposition {on a total composition weight basis) to about 

40 weight percent of said composition (on a total composition weight basis) and the 

concentration of boron in said zinc borate compound in. said composition is in the 

range of ~rom about 0.1 weight percent of said composition {on a total composition 

weight.basis) to about 20 weight percent of said composition {on a total 
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21. A prbces~ tor making a composition filiecirijing to any one of the 

preceding claims, which comprises: 

(a) mixing said zeolite, said binder, and said zinc borate compound 

to provide a mixture, 

(b) forming said mixture to provide a formed mixture, and 

( c) treating said formed mixture to provide said composition. 

22. A process according to claim 21, wherein said treating step (c) 

comprises either calcining said formed mixture to provide said composition, or 

steaming said formed mixture to provide said composition. 

23. A process according to claim 22, wherein said calcining comprises 

exposing said formed mixture to: 

an atmosphere of air, 

at a temperature in the range of from about l00°C to about 1500°C, 

at a pressure in the range of from about 7 ·pounds per square inch 

absolute (psia) to about 750 psia, and 

for a time period in the range of from about 1 hour to about 30 

hours. 

24. A process according to claim 23, wherein said steaming comprises 

exposing said formed mixture to: 

a steam atmosphere, having a concentration of steam exceeding about 

90 molar percent, 

at a temperature in the range of from about 100°C to about l 500°C, 

at a pressure in the range of from below atmospheric upwardly to 

about 3000 pounds per square inch absolute (psia), and 

for a time period in the range of from about 0.1 hour to about 30 

hours. 

25. A process according to claim 21, wherein said forming step (b) 

comprises subjecting said mixture to an extruding means to provide an extruded 

mixture. 

26. A process according to claim 25, wherein said extruding means is a 

screw extruder, an auger extruder, an auger-type extruder or a combination of any 
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two or more of said extruders. 

27. A proces~ according to claim 26, wherein said extruding means 

consists of a screw ~xttjlder. 

28. A prm~ess according to claim 21, wherein said forming step (b) 

comprises subjecting saf d mixture to a granulating means to provide a granulated 

mixture. 

29. A proces~ according to claim 28~ wherein said granulating means 
.. ' ; 

consists of wet granUla~on, dry granulation or a combination thereof. 

30. A process according to claim 29, wherein said granulating means 

consists of wet granl11.atjon. 

31. A process according to claim 21, wherein· said forming step (b) 

further comprises drying said formed mixture, wherein said drying comprises 

exposing said formed mixture to: 

32. 

an atniosphere of air or inert gas, 

at a temperature in the range of from about 20°C to about 200°C, 

at a press\ire of about 14.7 pounds per square inch absolute, and 

for a time period of from about· 0.5 hour to about 50 hours. 

A process. according to claim 21, wherein the amount of said zeolite 

in said mixture is in· the· range of from about 40 weigh~ percent of said mixture (on 

a total mixture weight basis) to about 99.5 weight percenfof said mixture (on a 

total mixture weighfbasisf 

33. A process aecording to claim 32, whereifl·the·amount of zeolite in 

said mixture is in the range of from about 50 weight percent of said mixture (on a 

total mixture weight ba,8is) to about 90 weight percent of said mixture (on a total 

mixture weight basis). 

A process acoording to claim 21, wherein the amount of said binder 

in said mixture is in·the range of from about 5 weight percent of said mixture (on a 

total mixture weight basis) to about 40 weight percent of said mixture (on a total 

mixture weight basis). 

35. A process according to claim 34, wherein the amount of said binder 

in said mixture is in the range of from about 10 weight percent of said mixture (on 

a total mixture weight basis) to about 35 weight percent of said mixture (on a total 

11111111' 111111 1111111111 If 1111 
* C L M S * 

AMENDED SHEET (ARTICLE 19) 



._,. 
··~· .. 

.. ·· ...... :··,. : .. : 

W000/12450 PCT/US99/18472 
-.49 -

mixture weight basis). 
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36. A process· according to claim 21, whet~tfthe amount of said zinc 

borate compound in said _mixture is in the·range of from about 0.5 weight percent of 

said mixture (on a total mixture weight basis) to about 30 weight percent of said 

mixture (on a total mixture weight basis)._ 

37. A process according to claim 36, wherein the amount of said zinc 

borate compound in said mixture is in the range of from about 1 weight percent of 

said mixture (on a total mixture weight basis) to about 25 weight percent of said 

mixture (on a total mixture weight basis). 

38. A process for the conversion of hydrocarbons to a conversion product 

including aromatics, which comprises contacting, under conversion conditions, a 

hydrocarbon-containing fluid with a composition according to any one of 

claims 1-20. 

39. A process according to· claim 38, wherein said hydrocarbon-containing 

fluid is a gasoline from a catalytic oil cracking process, a pyrolysis 

gasoline from a therm.al hydrocarbon-cracking process, a naphtha, a gas oil, a 

reformate, a straight-run gasoline or a combination of any two or more of said 

hydrocarbon-containing fluids. 

40. A process according to claim 39, wherein said hydrocarbon-containing 

fluid is a gasoline-boiling range hydrocarbon-containing fluid suitable for 

use as at least a gasoline blend stock generally having a boiling range of about 30°C 

to about 210°C. 

41. A process according to claim 39, wherein said hydrocarbon-containing 

fluid is a thermally-cracked hydrocarbon-containing fluid. 

42. A process according to claim 41, wherein said hydrocarbon-containing 

fluid is coker naphtha. 

43. A process according to claim 38, wherein a hydrocarbon of said 

hydrocarbon-containing fluid contains in the range of from about 5 carbon atoms 

per molecule to about 16 carbon atoms per molecule. 

44. A process according to claim 3 8~ wherein said contacting comprises 

passing said· hydrocarbon-containing fluid through a conversion zone wherein is 

contained said composition. 
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45. A process according to claim 38, wherein said conversion conditions 

comprise: 
. . : : 

a temperature in the range of from about 400°C to about 800°C, 

a pressure in the range of from below atmospheric pressure upwardly 

to about 500 pounds per square inch absolute (psia), arid 
. . . . . . 

a contacting charge rate of said hydrocarpon.:.containing fluid such 

that the contacting wei~t hourly. space velocity is· in the· raµge of from exceeding 0 
· .. 

hour·1 upwardly to abm1t 1000 hour~1• 

46. A process according to claim 38, which further comprises pretreating, 

under pretreating conditions, said hydrocarbon-containing fluid before said 

hydrocarbon-containing fluid is subjected to said contacting~ under said conversion 

conditions, with said.·composition. 

47. A process according to claim 46, wherein said pretreating comprises 

passing said hydrocarbon-containing fluid through a pretreatment zone wherein is 

contained a nitrogen removal medium. 

48. A process according to claim 47, wherein said nitrogen removal 

medium is an ion-exchallge resin which is Amberlyst-15, Amberlyst XN-1005, 

Amberlyst XN-1008, Amberlyst XN-1010, Amberlyst XN-1011, Amberlite 200, 

Amberlite-IR-120, or a combination of any two or more of said ion-exchange resins. · 

49. A process according to claim 48, wherein said nitrogen removal 

medium is Amberlite-IR-120 ion-exchange resin or Amberlyst 15 ·ion-exchange 

resin. 

so. A process according to claim 46, wherein said pretreating conditions 

compnse: 

a temperature in the range of from about 0°C to about S50°C, 

a pressure in the range of from below atmospheric pressure upwardly 

to about 500 pounds per square inch absolute (psia), and 

a pretreating charge rate of said hydrocarbon~containing fluid such 

that the pretreating weight hourly space velocity is in the range of from exceeding 0 

hour·1 upwardly to about l 000 hour1
• 

51. A composition for use in converting hydrocarbons substantially as 

herein described. 
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S2. A composition for use in converting hydrocarbons substantially as 

herein described Wittf¥~f~ence to ~y of Catalysts ·c~'.>Jjl'E, · F and G of Example I, 

catalysts C and D of Example II, Catalysts C and E of Examples III and IV, 

Example V or Example VI. 

S3. 

described. 

A process for preparing a composition substantially as herein 

S4. A process for preparing a composition substantially as herein 

described with reference to any of Catalysts C, D, E, F and G of Example I, 

catalysts C and D of Example II, Catalysts C and E of Examples III and IV, 

Example V or Example VI. 

SS. A composition when produced by a process according to any one of 

claims 21-31 and S3 or 54 substantially as herein described. 

S6. A composition when produced by a process according to any one of 

claims 21-37 and S3 or S4 whenever used in a process for the conversion of 

hydrocarbons according to any one of claims 38-SO. 

S7. 

described. 

S8. 

A process for the conversion of hydrocarbons substantially as herein 

A process for the conversion of hydrocarbons substantially as herein 

described with reference to any of the examples. 
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