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DETERGENT COMPOSITIONS CONTAINING MODIFIED ALKYLARYL
SULFONATE SURFACTANTS

FIELD OF THE INVENTION

The invention relates cleaning compositions containing arylalkanes sulfonate
compositions produced by selective production of arylalkanes and arylalkanes sulfonates

produced therefrom.
BACKGROUND OF THE INVENTION

More than thirty years ago, many household laundry detergents were made of
branched alkylbenzene sulfonates (BABS). BABS are manufactured from a type of
alkylbenzenes called branched alkylbenzenes (BAB). Alkylbenzenes (phenyl-alkanes)
refers to a general category of compounds having an aliphatic alkyl group bound to a
phenyl group and having the general formula of (mj-alkyl))i-n-phenyl-alkane. The
aliphatic alkyl group consists of an aliphatic alkyl chain, which is referred to by “alkane”
in the (my-alkyl;);-n-phenyl-alkane formula. Of the chains of the aliphatic alkyl group, the
aliphatic alkyl chain is the longest straight chain that has a carbon bound to the phenyl
group. The aliphatic alkyl group may also consist of one or more alkyl group branches,
each of which is attached to the aliphatic alkyl chain and is designated by a corresponding
“(mi-alkyl});” in the (mj-alkyl;)i-n-phenyl-alkane formula. If it is possible to select two or
more chains of equal lengths as the aliphatic alkyl chain, the choice goes to the chain
carrying the greatest number of alkyl group branches. The subscript counter “i” thus has a
value of from 1 to the number of alkyl group branches, and for each value of i, the
corresponding alkyl group branch is attached to carbon number m; of the aliphatic alkyl
chain. The phenyl group is attached to the aliphatic alkyl group, specifically to carbon
number n of the aliphatic alkyl chain. The aliphatic alkylation chain is numbered from

one end to the other, the direction being chosen so as to give the lowest number possible

to the position of the phenyl group.

The standard process used by the petrochemical industry for producing BAB

consists of oligomerizing light olefins, particularly propylene, to branched olefins having



10

15

20

25

30

WO 01/05755 PCT/US00/19647

10 to 14 carbon atoms and then alkylating benzene with the branched olefins in the
presence of a catalyst such as HF. Although the product BAB comprises a large number
of alkyl-phenyl-alkanes having the general formula (mi-alkyl)i-n-phenyl-alkane, for the
purpose of illustrating three important characteristics of BAB it is sufficient to point out
only two examples of BAB: m-alkyl-m-alkyl-n-phenyl-alkanes where m # n, and m-

alkyl-m-phenyl-alkanes where m 2 2.

The most prominent characteristic of BAB is that, for a large proportion of BAB,
there is attached to the aliphatic alkyl chain of BAB generally at least one alkyl group
branch, and more commonly three or more alkyl group branches. BAB thus has a
relatively large number of primary carbon atoms per aliphatic alkyl group, since the
number of primary carbon atoms per aliphatic alkyl group in BAB equals the number of
alkyl group branches per aliphatic alkyl group plus either one if n = 1, or two ifn > 2,
provided that the alkyl group branches themselves are unbranched. If any alkyl group
branch itself is branched, then the aliphatic alkyl group in BAB has even more primary
carbon atoms. Thus the aliphatic alkyl group in BAB usually has three, four, or more
primary carbon atoms. As for the alkyl group branches of the aliphatic alkylation group in
BAB, each alkyl group branch is usually a methyl group branch, although ethyl, propyl, or
higher alkyl group branches are possible.

Another characteristic of BAB is that the phenyl group in BAB can be attached to
any non-primary carbon atom of the aliphatic alkyl chain. This is typical of BAB that is
produced from the standard BAB process used by the petrochemical industry. Except for
1-phenyl-alkanes whose formation is known to be disfavored due to the relative instability
of the primary carbenium ion and neglecting the relatively minor effect of the branches of
the branched paraffins, the oligomerization step produces a carbon-carbon double bond
that is randomly distributed along the length of the aliphatic alkyl chain, and the
alkylation step nearly randomly attaches the phenyl group to a carbon along the aliphatic
alkyl chain. Thus, for example, for a phenyl-alkane which has an aliphatic alkyl chain
having 10 carbon atoms and which was produced by the standard BAB process, the
phenyl-alkane product would be expected to be an approximately random distribution of

2-, 3-, 4-, and 5-phenyl-alkanes, and the selectivity of the process to a phenyl-alkane like
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2-phenyl alkane would be 25 if the distribution was perfectly random, but is typically
between about 10 and about 40.

A third characteristic of BAB is the relatively high probability that one of the
carbons of the aliphatic alkyl group is a quaternary carbon. In BAB, the quaternary
carbon may be, as illustrated by the first BAB example, a carbon in the aliphatic alkyl
group other than the carbon that is bonded by a carbon-carbon bond to a carbon in the
phenyl group. However, as is illustrated by the BAB second example, the quaternary
carbon may also be the carbon that is bonded by a carbon-carbon bond to a carbon in the
phenyl group. When a carbon atom on the alkyl side chain not only is attached to two
other carbons on the alkyl side chain and to a carbon atom of an alkyl group branch but
also is attached to a carbon atom of the phenyl group, the resulting alkyl-phenyl-alkane is
referred to as a “quaternary alkyl-phenyl-alkane” or simply a “quat.” Thus, quats
comprise alkyl-phenyl-alkanes having the general formula m-alkyl-m-phenyl-alkane. If
the quaternary carbon is the second carbon atom numbered from an end of the alkyl side
chain, the resulting 2-alkyl-2-phenyl-alkane is referred to as an “end quat.” If the
quaternary carbon is any other carbon atom of the alkyl side chain, as in the second BAB
example, then the resulting alkyl-phenyl-alkane is referred to as an “internal quat.” In
known processes for producing BAB, a relatively high proportion, typically greater than
10 mol-%, of the BAB is internal quats.

About thirty years ago it became apparent that household laundry detergents made
of BABS were gradually polluting rivers and lakes. Investigation into the problem led to
the recognition that BABS were slow to biodegrade. Solution of the problem led to the
manufacture of detergents made of linear alkylbenzene sulfonates (LABS), which were
found to biodegrade more rapidly than BABS. Today, detergents made of LABS are
manufactured worldwide. LABS are manufactured from another type of alkylbenzenes
called linear alkylbenzenes (LAB). The standard process used by the petrochemical
industry for producing LAB consists of dehydrogenating linear paraffins to linear olefins
and then alkylating benzene with the linear olefins in the presence of a catalyst such as HF
or a solid catalyst. LAB are phenyl-alkanes comprising a linear aliphatic alkyl group and

a phenyl group and have the general formula n-phenyl-alkane. LAB has no alkyl group



10

15

20

25

WO 01/05755 PCT/US00/19647

branches, and consequently the linear aliphatic alkyl group normally has two primary
carbon atoms (i.e., n 2 2). Another characteristic of LAB that is produced by the standard
LAB process is that the phenyl group in LAB is usually attached to any secondary carbon
atom of the linear aliphatic alkyl group. In LAB produced using HF catalyst the phenyl
group is slightly more likely to attach to a secondary carbon near the center as opposed to
near the end of the linear aliphatic alkyl group, while in LAB produced by the Detal™

process approximately 25-35 mol-% of n-phenyl-alkanes are 2-phenyl-alkanes.

Over the last few years, other research has identified certain modified
alkylbenzene sulfonates, which are referred to herein as MABS, which are different in
composition from all alkylbenzene sulfonates used currently in commerce, including
BABS and LABS, and from all alkylbenzene sulfonates produced by prior alkylbenzene
processes, including those which alkylate aromatics using catalysts such as HF, aluminum
chloride, silica-alumina, fluorided silica-alumina, zeolites, and fluorided zeolites. MABS
also differ from these other alkylbenzene sulfonates by having improved laundry cleaning
performance, hard surface cleaning performance, and excellent efficiency in hard and/or

cold water, while also having biodegradability comparable to that of LABS.

MABS can be produced by sulfonating a third type of alkylbenzenes called
modified alkylbenzenes (MAB), and the desired characteristics of MAB are determined
by the desired solubility, surfactancy, and biodegradability properties of MABS. MAB is
a phenyl-alkane comprising a lightly branched aliphatic alkyl group and a phenyl group
and has the general formula (m;-alkyl;)i-n-phenyl-alkane. MAB usually has only one alkyl
group branch, and the alkyl group branch is a methyl group, which is preferred, an ethyl
groﬁp, or an n-propyl group, so that, where there is only one alkyl group branch and n = 1,
the aliphatic alkyl group in MAB has three primary carbons. However, the aliphatic alkyl
group in MAB may have two primary carbon atoms if there is only one alkyl group
branch and n = 1, or, if there are two alkyl group branches and n # 1, four primary
carbons. Thus, the first characteristic of MAB is that the number of primary carbons in
the aliphatic alkyl group in MAB is intermediate between that in BAB and that in LAB.
Another characteristics of MAB is that it contains a high proportion of 2-phenyl-alkanes,
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namely that from about 40 to about 100% of phenyl groups are attached selectively to the

second carbon atom as numbered from an end of the alkyl side chain.

A final characteristic of the MAB alkylate is that the MAB has a relatively low
proportion of internal quats. Some internal quats such as 5-methyl-5-phenyl-undecane
produce MABS that has shown slower biodegradation, but end quats such as 2-methyl-2-
phenyl-undecane produce MABS that show biodegradation similar to that of LABS. For
example, biodegradation experiments show that in a porous pot activated sludge
treatment, the ultimate biodegradation was greater for sodium 2-methyl-2-undecyl [c'
benzenesulfonate than for sodium 5-methyl-5-undecyl [C'] benzenesulfonate. See the
article entitled “Biodegradation of Coproducts of Commercial Linear Alkylbenzene
Sulfonate,” by A. M. Nielsen et al., in Environmental Science and Technology, Vol. 31,
No. 12, 3397-3404 (1997). A relatively low proportion, typically less than 10 mol-%, of
MAB is internal quats.

Because of the advantages of MABS over other alkylbenzene sulfonates, catalysts
and processes are sought that selectively produce MAB. As suggested by the foregoing,
two of the chief criteria for an alkylation process for the production of MAB are
selectivity to 2-phenyl-alkanes and selectivity away from internal quaternary phenyl-
alkanes. Prior art alkylation processes for the production of LAB using catalysts such as
aluminum chloride or HF are incapable of producing MAB having the desired 2-phenyl-
alkane selectivity and internal quat selectivity. In these prior art processes, when lightly
branched olefins (i.e., olefins that have essentially the same light branching as that of the
aliphatic alkyl group of MAB) react with benzene, quaternary phenyl-alkanes selectively
form. One reaction mechanism that accounts for such selective quaternary phenyl-alkane
formation is that the delinearized olefins convert, to various extents, into primary,
secondary, and tertiary carbenium ion intermediates. Qf these three carbenium ions,
tertiary carbenium ions are the most stable, and because of their stability, are the most

likely to form and react with benzene, thus forming a quaternary phenyl-alkane.

One process that has been proposed for producing MAB comprises a three-step
process. First, a feedstock comprising paraffins is passed to an isomerization zone to

isomerize the paraffins and to produce an isomerized product stream comprising lightly
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branched paraffins (i.e., paraffins that have essentially the same light branching as that of
the aliphatic alkyl group of MAB). Next, the isomerized product stream passes to a
dehydrogenation zone where the lightly branched paraffins are dehydrogenated to produce
a dehydrogenated product stream comprising lightly branched monoolefins (e,
monoolefins that have essentially the same light branching as that of the lightly branched
paraffins, and, consequently, that of the aliphatic alkyl group of MAB). Finally, the
dehydrogenated product stream passes to an alkylation zone where the lightly branched

monoolefins in the dehydrogenated product stream react with benzene to form MAB.

One of the problems with this proposed process is that conventional
dehydrogenation reaction zones typically convert only about 10 wt-% of the entering
paraffins to olefins, so that usually about 90 wt-% of the product stream from the
dehydrogenation zone comprises paraffins, including both linear and nonlinear paraffins.
Because the product stream from the dehydrogenation zone enters the alkylation zone,
these paraffins all enter the alkylation zone as well. Although it would be desirable to
remove the paraffins prior to entering the alkylation zone, the difficulty of separating
these paraffins from the monoolefins all of the same carbon number precludes such an
arrangement. In the alkylation zone, typically more than 90 wt-% of the entering
monoolefins are converted to phenyl-alkanes while the entering paraffins are essentially
inert or unreactive. Thus, the alkylation effluent contains not only the desired product
MAB but also these paraffins. Accordingly, processes for the production of MAB are

sought that efficiently recover and utilize paraffins in the alkylation effluent.

SUMMARY OF THE INVENTION

In one aspect, this invention is directed to detergent compositions comprising the
modified alkylbenzene sulfonates (MABS), produced by the process comprising the steps
of paraffin isomerization, paraffin deh’ydrogenation, alkylation of an aryl compound,
sulfonating the alkylated aryl compound and optionally neutralizing the resulting alkyl
aryl sulfonic acid, in which paraffins in the alkylation effluent are recycled to the
isomerization step and/or the dehydrogenation step. The paraffins that are recycled may
be linear or nonlinear paraffins, including lightly branched paraffins. Because the

recycled paraffins can be converted into lightly branched olefins, this invention efficiently
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recovers paraffins in the alkylation effluent and uses them to produce valuable arylalkane
products. This invention thus increases the yield of valuable products for a given amount
of paraffinic feedstock charged to the process while avoiding the difficulty of separating
the paraffins from the monoolefins after the paraffin dehydrogenation step and prior to the
alkylation step.

This invention has several aspects. One aspect of this invention is to produce
arylalkane sulfonate detergent compositions containing same, in particular comprising
modified alkylbenzenes sulfonates (MABS) produced by paraffin isomerization followed
by paraffin dehydrogenation to olefins then by alkylation of aromatics by olefins, then by
sulfonating and optionally followed by neutralizing. An additional aspect of this
invention is to increase the yield of arylalkane in such a process and thereby to decrease
the amount of paraffin feedstock, which is required for the process. Yet another aspect is
to remove unreacted paraffins from the arylalkane product without the need for a difficult
and/or costly separation of paraffins from olefins after the dehydrogenation step and prior
to the alkylation step.

In a broad embodiment, this invention is a detergent composition comprising a
modified alkylbenzene sulfonate surfactant composition, wherein the modified
alkylbenzene sulfonate surfactant composition is produced by a process for the production
of arylalkane sulfonates in which a feed stream containing Cg to Cyg paraffins passes to an
isomerization zone, which operates at isomerization conditions that are sufficient to
isomerize the entering paraffins. An isomerized product stream comprising paraffins is
recovered from the isomerization zone. At least a portion of the isomerized product
stream passes to a dehydrogenation zone. The dehydrogenation zone operates at
dehydrogenation conditions sufficient to dehydrogenate the entering paraffins, and a
dehydrogenated product stream comprising monoolefins and paraffins is recovered from
the dehydrogenation zone. The monoolefins have from about 8 to about 28 carbon atoms
and the carbon atoms of the monoolefins comprise 3 or 4 primary carbon atoms and no
quaternary carbon atoms. At least a portion of the dehydrogenated product stream and an
aryl compound passes to an alkylation zone. The alkylation zone operates at alkylation

conditions to alkylate the aryl compound with the entering monoolefins in the presence of
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an alkylation catalyst to form arylalkanes. The arylalkanes have one aryl portion and one
Cs to Cyg aliphatic alkyl portion. Of the carbon atoms of the aliphatic alkyl portion, 2, 3,
or 4 carbon atoms are primary carbon atoms. None of the carbon atoms of the aliphatic
alkyl portion is a quaternary carbon atom except for any quaternary carbon atom bonded
by a carbon-carbon bond with a carbon atom of the aryl portion. The alkylation step has a
selectivity to 2-phenyl-alkanes of from 40 to 100 and a selectivity to internal quaternary
phenyl-alkanes of less than 10. An alkylate product stream comprising the aryl-alkanes
and a recycle stream comprising paraffins are recovered from the alkylation zone. At
least a portion of the recycle stream is recycled to the isomerization zone or the
dehydrogenation zone. The alkylate product stream is then sulfonated to form the

sulfonic acid, and optionally neutralized to produce the salt form.

This process meets the increasingly stringent requirements of 2-phenyl-alkanes
selectivity and internal quaternary phenyl-alkane selectivity for the production of
modified alkylbenzenes (MAB). MAB, in turn, is sulfonated to produce modified
alkylbenzene sulfonates (MABS), which have improved cleaning effectiveness in hard
and/or cold water while also having biodegradability comparable to that of linear

alkylbenzene sulfonates.

It is believed that the MAB and MABS produced by the process of this invention
are not necessarily the products that would be produced by the prior art processes that do
not recycle paraffins. Without being bound by any particular theory, it is believed that in
the dehydrogenation zone the extent of conversion of branched paraffins can be greater
than that of normal (linear) paraffins, and/or that the extent of conversion of heavier
paraffins can be greater than that of lighter paraffins. In these cases, the concentration of
linear paraffins and/or lighter paraffins in the recycle paraffin stream could increase.
This, in turn, could increase the concentration and ultimately the conversion of linear
and/or lighter paraffins in the dehydrogenation zone until the rate of removal from the
process of linear and/or lighter paraffins via dehydrogenation and subsequent alkylation
equals the rate of introduction into the dehydrogenation zone of those paraffins from the
paraffin isomerization zone. Accordingly, for a given extent of olefin conversion in the

alkylation zone, the aliphatic alkyl chain of the MAB product, and on sulfonation the



10

15

20

25

30

WO 01/05755 PCT/US00/19647

MABS composition, can be less branched and/or shorter than that of the prior art
processes. Thus for a given combination of feedstocks, the compositions of the present
invention could include particular MABS (made from particular MAB’s) compositions
having aliphatic alkyl chain with specially tailored extents of branching that are not

necessarily the same as those of the prior art processes.

These and other aspects, features and advantages will become apparent to those of
ordinary skill in the art from a reading of the following detailed description and the
appended claims.

In the description of the invention various embodiments and/or individual features
are disclosed. As will be apparent for the skilled practitioner all combinations of such
embodiments and features are possible and can result in preferred executions of the
invention.

All percentages, ratios and proportions herein are by weight, unless otherwise
specified. All temperatures are in degrees Celsius (°C) unless otherwise specified. All

documents cited are in relevant part, incorporated herein by reference.

Additional embodiments are described in the following description of this

invention.
INFORMATION DISCLOSURE

LAB processes are described in the book edited by Robert A. Meyers entitled
Handbook of Petroleum Refining Processes, (McGraw-Hill, New York, Second Edition,

1997) at pages 1.53 to 1.66, the teachings of which are incorporated herein by reference.
Paraffin dehydrogenation processes are described in the Meyers book at pages 5.11 to

5.19, the teachings of which are incorporated herein by reference.

PCT International Publication Nos. WO 99/05082, WO 99/05084, 99/05241, and
WO 99/05243, all four of which were pﬁblished on February 4, 1999, and which are
incorporated herein by reference, disclose alkylation processes for uniquely lightly
branched or delinearized alkylbenzenes. PCT International Publication No.
W099/07656, published on February 18, 1999, which is incorporated herein by reference,

discloses processes for such alkylbenzenes using adsorptive separation.

U.S. Patent No. 5,276,231 (Kocal et al.) describes a process for the production of

linear alkylaromatics with selective removal of aromatic by-products of the paraffin
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dehydrogenation zone of the process. In U.S. Patent No. 5,276,231, paraffins from the
paraffin column of the alkylation zone are recycled to the reactor of the dehydrogenation
zone, with or without selective hydrogenation of any monoolefins in the paraffin recycle
stream. U.S. Patent No. 5,276,231 also teaches the selective hydrogenation of diolefinic
by-products from the dehydrogenation zone. The teachings of U.S. Patent No. 5,276,231,

are incorporated herein by reference.

Isomerization of paraffins using crystalline, microporous aluminophosphate
compositions is described in U.S. Patent No. 4,310,440. The use of crystalline
microporous silicoaluminophosphates to isomerize paraffins is described in U.S. Patent
No. 4,440,871. Paraffins can also be isomerized using crystalline molecular sieves having
three-dimensional microporous framework structures of MgOa, AlO,, PO,, and SiO,
tetrahedral units, as described in U.S. Patent No. 4,758,419. U.S. Patent No. 4,793,984
describes isomerization of paraffins using crystalline molecular sieves having three-
dimensional microporous framework structures of E1O;, AlO,, PO, and SiO, tetrahedral
units, where El includes but is not limited to arsenic, beryllium, boron, chromium, cobalt,
gallium germanium, iron, lithium, magnesium, manganese, titanium, vanadium, and zinc.
European Patent Application EP-640,576 describes isomerizing a gasoline boiling range
feedstock comprising linear paraffins using a MeAPO and/or MeAPSO medium-pore
molecular sieve and at least one Group VIII metal component, wherein Me is at least Mg,

Mn, Co, or Zn.

U.S. Patent No. 5,246,566 (Miller) and the article in Microporous Materials 2

(1994) 439-449, describe lube dewaxing by wax isomerization using molecular sieves.

U.S. Patent Nos. 4,943,424; 5,087,347, 5,158,665; and 5,208,005 teach using a
crystalline silicoaluminophosphate, SM-3, to dewax hydrocarbonaceous feeds. U.S.
Patent Nos. 5,158,665 and 5,208,005 also teach using SM-3 to isomerize a waxy
feedstock.

DETAILED DESCRIPTION OF THE INVENTION

Two feedstocks consumed in the subject process are a paraffinic compound and an

aryl compound. The paraffinic feedstock preferably comprises nonbranched (linear) or
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normal paraffins having a total number of carbon atoms per paraffin molecule of generally
from about 8 to about 28, preferably from 8 to 15, and more preferably from 10 to 15
carbon atoms. Two carbon atoms per nonbranched paraffin molecule are primary carbon
atoms and the remaining carbon atoms are secondary carbon atoms. A secondary carbon
atom is a carbon atom which, although possibly bonded also to other atoms besides

carbon, is bonded to only two carbon atoms.

In addition to nonbranched paraffins, other acyclic compounds may be charged to
the subject process. These other acyclic compounds may be charged to the subject
process either in the paraffinic feedstock containing nonbranched paraffins, or via one or
more other streams that are charged to the subject process. One such acyclic compound is
a lightly branched paraffin, which as used herein, refers to a paraffin having a total
number of carbon atoms of from about 8 to about 28, of which three or four of the carbon
atoms are primary carbon atoms and none of the remaining carbon atoms are quaternary
carbon atoms. A primary carbon atom is a carbon atom which, although perhaps bonded
also to other atoms besides carbon, is bonded to only one carbon atom. A quaternary
carbon atom is a carbon atom that is bonded to four other carbon atoms. Preferably, the
lightly branched paraffin has a total number of from 8 to 15 carbon atoms, and more
preferably from 10 to 15 carbon atoms. The lightly branched paraffin generally comprises
an aliphatic alkane having the general formula of (pi-alkyl;)i-alkane. The lightly branched
paraffin consists of an aliphatic alkyl chain, which is referred to by “alkane” in the (pi-
alkyl;)i-alkane formula, and is the longest straight chain of the lightly branched paraffin.
The lightly branched paraffin also consists of one or more alkyl group branches, each of
which is attached to the aliphatic alkyl chain and is designated by a corresponding
“(prralkyl;)” in the (pi-alkyl;)i-alkane formula. If it is possible to select two or more
chains of equal lengths as the aliphatic alkyl chain, the choice goes to the chain carrying

(1344

the greatest number of alkyl group branches. The subscript counter “i” thus has a value of
from 1 to the number of alkyl group branches, and for each value of i, the corresponding
alkyl group branch is attached to carbon number p; of the aliphatic alkyl chain. The
aliphatic alkyl chain is numbered from one end to the other, the direction being chosen so

as to give the lowest numbers possible to the carbon atoms having alkyl group branches.
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The alkyl group branch or branches of the lightly branched paraffin are generally
selected from methyl, ethyl, and propyl groups, with shorter and normal branches being
preferred. Preferably, the lightly branched paraffin has only one alkyl group branch, but
two alkyl group branches are also possible. Lightly branched paraffins having either two
alkyl group branches or four primary carbon atoms comprise generally less than 40 mol-
%, and preferably less than about 25 mol-%, of the total lightly branched paraffins.
Lightly branched paraffins having either one alkyl group branch or three primary carbon
atoms comprise preferably more than 70 mol-% of the total lightly branched paraffins.

Any alkyl group branch can be bonded to any carbon on the aliphatic alkyl chain.

Other acyclic compounds that may be charged to the subject process are paraffins
that are more highly branched than the lightly branched paraffins. However, on
dehydrogenation such highly branched paraffins tend to form highly branched
monoolefins which on alkylation tend to form BAB. For example, paraffin molecules
consisting of at least one quaternary carbon atom tend on dehydrogenation followed by
alkylation to form phenyl-alkanes that have in the aliphatic alkyl portion a quaternary
carbon atom that is not bonded by a carbon-carbon bond with a carbon atom of the aryl
portion. Therefore, the quantity of these highly branched paraffins charged to the process
is preferably minimized. Paraffin molecules consisting of at least one quaternary carbon
atom generally comprise less than 10 mol-%, preferably less than 5 mol-%, more
preferably less than 2 mol-%, and most preferably less than 1 mol-% of the paraffinic

feedstock or of the sum of all the paraffins that are charged to the subject process.

The paraffinic feedstock is normally a mixture of linear and lightly branched
paraffins having different carbon numbers. The production of the paraffinic feedstock is
not an essential element of this invention, and any suitable method for producing the
paraffinic feedstock may be used. A preferred method for the production of the
paraffinic feedstock is the separation of nonbranched (linear) hydrocarbons or lightly
branched hydrocarbons from a kerosene boiling range petroleum fraction. Several known
processes that accomplish such a separation are known. One process, the UOP Molex™
process, is an established, commercially proven method for the liquid-phase adsorption

separation of normal paraffins from isoparaffins and cycloparaffins using the UOP Sorbex
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separation technology. See Chapters 10.3 and 10.7 in the book entitled Handbook of
Petroleum Refining Process, Second Edition, edited by Robert A. Meyers, published by

McGraw-Hill, New York, 1997. Another suitable, established, and proven process is the
UOP Kerosene Isosiv™™ Process, which employs vapor-phase adsorption for separating
normal paraffins from nonnormal paraffins using molecular sieves in an adsorber vessel.
See Chapter 10.6 in the above-mentioned Meyers book. Another vapor-phase adsorption
process, which uses ammonia as the desorbent, is described in the paper entitled “Exxon
Chemical’s Normal Paraffins Technologies,” written by R. A. Britton, which was
prepared for presentation at the AIChE Annual 1991 National Meeting, Design of
Adsorption Systems Session, Los Angeles, California, November 21, 1991, and in the
article written by W. J. Asher et al. and starting at page 134 of Hydrocarbon Processing,

Vol. 48, No. 1 (January 1969). Chapter 11 of the book entitled Principles of Adsorption
and Adsorption Processes, by Douglas M. Ruthven, published by John Wiley and Sons,

New York, 1984, describes other adsorption separation processes. The feed streams to
these above-mentioned separation processes, which comprise branched paraffins that are
more highly branched than the lightly branched paraffins, can be obtained by extraction or
by suitable oligomerization processes. However, the above-mentioned adsorption
separation processes are not necessarily equivalent in terms of acceptable concentrations

of impurities such as sulfur in their respective feed streams.

The composition of a mixture of linear, lightly branched, and branched paraffins,
such as that of the paraffinic feedstock or of the feed stream to the above-mentioned
adsorption separation processes, can be determined by analytical methods that are well-
known to a person of ordinary skill in the art of gas chromatography and need not be
described here in detail. The article written by H. Schulz, et al. and published starting at
page 315 of the Chromatographia 1, 1968, which is incorporated herein by reference,
describes a temperature-programmed gas chromatograph apparatus and method that is
suitable for identifying components in complex mixtures of paraffins. A person of
ordinary skill in the art can separate and identify the components in a mixture of paraffins

using essentially the apparatus and method described in the article by Schulz et al.
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The aryl feedstock comprises an aryl compound, which is benzene when the
process is detergent alkylation. In a more general case, the aryl compound of the aryl
feedstock may be alkylated or otherwise substituted derivatives or of a higher molecular
weight than benzene, including toluene, ethylbenzene, xylene, phenol, naphthalene, etc.,
but the productAof such an alkylation may not be as suitable a detergent precursor as

alkylated benzenes.

For purposes of discussion, the subject process may be divided into an
isomerization section, a dehydrogenation section, and an alkylation section. Inthe
isomerization section, the paraffinic feedstock is passed to a skeletal isomerization zone,
which decreases the linearity and adjusts the number of primary carbon atoms of the
paraffin molecules in the paraffinic feedstock. By “skeletal isomerization” of a paraffin
molecule, it is meant isomerization that increases the number of primary carbon atoms of
the parafﬁn molecule. The skeletal isomerization of the paraffin molecule preferably
comprises increasing by 2, or more preferably by 1, the number of methyl group branches
of the aliphatic alkyl chain. Because the total number of carbon atoms of the paraffin
molecule remains the same, each additional methyl group branch causes a corresponding

reduction by one of the number of carbon atoms in the aliphatic alkyl chain.

The isomerization section will preferably be configured substantially in the
manner shown in the drawing. In this arrangement, a feedstream containing paraffins
combines with recycled hydrogen. This forms an isomeﬁzation reactant stream which is}
heated and passed through a bed of a suitable catalyst maintained at the proper
isomerization conditions of temperature, pressure, etc. The effluent of this catalyst bed,
or isomerization reactor effluent stream, is cooled, partially condensed, and passed to a
vapor-liquid, or product, separator. The condensed material withdrawn from the product
separator may be passed to a stripping separation zone which includes a stripping column
that removes all compounds which are more volatile than the lightest aliphatic
hydrocarbon which is desired to charge to the dehydrogenation section of the process.
Alternatively, the condensed material may be passed without stripping and with its more

volatile aliphatic hydrocarbons to the dehydrogenation section of the process, and in this

case a stripping separation zone is provided for the dehydrogenated product stream in
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order to remove all compounds which are more volatile than the lightest aliphatic
hydrocarbon which it is desired to charge to the alkylation section of the process. This
latter alternative will be described in greater detail hereinafter. In either case, the
paraffin-containing net stream that passes from the isomerization section to the
dehydrogenation section of the process is referred to herein as the isomerized product

stream.

Skeletal isomerization of the paraffinic feedstock can be accomplished in any
manner known in the art or by using any suitable catalyst known in the art. Suitable
catalysts comprise a metal of Group VII (IUPAC 8-10) of the Periodic Table and a
support material. Suitable Group VII metals include platinum and palladium, each of
which may be used alone or in combination. The support material may be amorphous or
crystalline. Suitable support materials include amorphous alumina, amorphous silica-
alumina, ferrierite, ALPO-31, SAPO-11, SAPO-31, SAPO-37, SAPO-41, SM-3, and
MgAPSO-31, each of which may be used alone or in combination. ALPO-31 is described
in U.S. Patent No. 4,310,440 (Wilson et al.). SAPO-11, SAPO-31, SAPO-37, and SAPO-
41 are described in U.S. Patent No. 4,440,871 (Lok et al.). SM-3 is described in U.S.
Patent Nos. 4,943,424 (Miller); 5,087,347 (Miller); 5,158,665 (Miller); and 5,208,005
(Miller). MgAPSO is a MeAPSO, which is an acronym for a metal
aluminumsilicophosphate molecular sieve, where the metal Me is magnesium (Mg).
MeAPSOs are described in U.S. Patent No. 4,793,984 (Lok et al.), and MgAPSOs are
described in U.S. Patent No. 4,758,419 (Lok et al). MgAPSO-31 is a preferred
MgAPSO, where 31 means a MgAPSO having structure type 31. The isomerization
catalyst may also comprise a modifier selected from the group consisting of lanthanum,
cerium, praseodymium, neodymium, samarium, gadolinium, terbium , and mixtures
thereof, as described in U.S. Patent Nos. 5,716,897 (Galperin et al.) and 5,851,949
(Galperin et al.). It is believed that other suitable support materials include ZSM-22,
ZSM-23, and ZSM-35, which are described for use in dewaxing in U.S. Patent No.
5,246,566 (Miller) and in the article entitled “New molecular sieve process for lube
dewaxing by wax isomerization,” written by S. J. Miller, in Microporous Materials 2

(1994) 439-449. The teachings of U.S. Patent Nos. 4,310,440; 4,440,871; 4,793,984,
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4,758,419; 4,943.424; 5,087,347, 5,158,665; 5,208,005; 5,246,566, 5,716,897, and

5,851,949 are incorporated herein by reference thereto.

Operating conditions for skeletal isomerization of the paraffinic feedstock include
vapor phase, liquid phase, and a combination of vapor and liquid phases. The
hydrocarbons that contact the skeletal isomerization catalyst may be in the vapor phase
but are preferably in the liquid phase. The hydrocarbons contact a solid catalyst in the
presence of hydrogen. Although all of the hydrogen may be soluble in the liquid
hydrocarbons, hydrogen in excess of that soluble may also be present. The configuration
of the isomerization reaction zone may comprise a trickle-bed reactor, in which the
paraffinic feedstock is allowed to trickle as a liquid through a fixed bed of solid catalyst in
the presence of hydrogen vapor. The isomerization conditions include a temperature of
generally from about 50 to about 400°F (122 to 752°C). The isomerization pressure is
generally in the range of from atmospheric pressure to about 2000 psi(g) (13790 kPa(g)),
but usually the pressure in the isomerization zone is maintained as low as practicable, to
minimize capital and operating costs. The molar ratio of hydrogen per hydrocarbon is

generally greater than 0.01:1, but is usually not more than 10:1.

The isomerized product stream comprises paraffins having a total number of
carbon atoms per paraffin molecule of generally from about 8 to about 28, preferably from
8 to 15, and more preferably from 10 to 15 carbon atoms. The isomerized product stream
generally contains a higher concentration of lightly branched paraffins, based on the total
paraffins in the isomerized product stream, than the concentration of lightly branched
paraffins in the paraffinic feedstock, based on the total paraffins in the paraffinic
feedstock. The lightly branched paraffins having either two alkyl group branches or four
primary carbon atoms comprise preferably less than 40 mol-%, and more preferably less
than about 30 mol-%, of the total lightly branched paraffins in the isomerized product
stream or in that portion of the isomerized product stream that passes to the
dehydrogenation zone of the process. The lightly branched paraffins having either one
alkyl group branch or three primary carbon atoms comprise preferably more than 70 mol-
% of the total lightly branched paraffins in the isomerized product stream or in the portion

of the isomerized product stream charged to the dehydrogenation zone. The lightly
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branched paraffins having 3 or 4 primary carbon atoms and no quaternary carbon atoms
comprise preferably more than 25 mol-%, and more preferably more than 60 mol-%, of
the isomerized product stream or in that portion of the isomerized product stream that
passes to the dehydrogenation zone. Lightly branched paraffins having only one alkyl
group branch and where the sole alkyl group branch is a methyl group are referred to
herein as monomethyl-alkanes and are a preferred component of the isomerized product
stream. Any alkyl group branch can be bonded to any carbon on the aliphatic alkyl chain.
When present in the isomerized product stream with the lightly branched paraffins, the
linear paraffin content may be as high as, or no more than, about 75 mol-% of the total
paraffins but is generally less than about 40 mol-%, of the total paraffins in the isomerized
product stream or in that portion of the isomerized product stream that is charged to the
dehydrogenation zone. Paraffin molecules consisting of at least one quaternary carbon
atom generally comprise less than 10 mol-%, preferably less than 5 mol-%, more
preferably less than 2 mol-%, and most preferably less than 1 mol-%, of the isomerized
product stream or of that portion of the isomerized product stream that passes to the

dehydrogenation zone.

The dehydrogenation section may be configured substantially in the manner shown
in the drawing. Briefly, a stream containing paraffins combines with recycled hydrogen to
form a dehydrogenation reactant stream that is heated and contacted with a
dehydrogenatioﬁ catalyst in a fixed bed maintained at dehydrogenation conditions.
The effluent of the fixed catalyst bed, which is referred to herein as the dehydrogenation
reactor effluent stream, is cooled, partially condensed, and passed to a vapor-liquid
separator. The vapor-liquid separator produces a hydrogen-rich vapor phase and a
hydrocarbon-rich liquid phase. The condensed liquid phase recovered from the separator
passes to a stripping column, which removes all compounds whicﬁ are more volatile than
the lightest hydrocarbon which is desired to be passed to the alkylation section. The
olefin-containing net stream that passes from the dehydrogenation section to the
alkylation section of the process is referred to herein as the dehydrogenated product

stream.
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This invention is not limited to any one particular flow scheme for the
dehydrogenation section, since dehydrogenation flow schemes other than that shown in
the drawing are also within the scope of this invention as set forth in the claims. For
example, the dehydrogenation catalyst may be in a moving catalyst bed or a fluidized bed.
The dehydrogenation zone may comprise one or more catalyst-containing reaction zones
with heat exchangers there between to ensure that the desired reaction temperature is
maintained at the entrance to each reaction zone. One or more hot hydrogen-rich gas
streams may be introduced between a first and a second reaction zone to increase the
temperature of a stream ‘passing from the first to the second reaction zone, as disclosed in
U.S. Patent Nos. 5,491,275 (Vora et al.) and 5,689,029 (Vora et al.), both of whose
teachings are incorporated herein by reference thereto. Each reaction zone may be
operated in a continuous-type or batch-type manner. for continuous or batch system. Each
reaction zone may contain one or more catalyst beds. Hydrocarbons may contact any
catalyst bed in an upward-, downward-, or radial-flow fashion. In a particularly compact
and efficient arrangement, the contacting of the catalyst with hydrocarbons and heat
exchanging may be accomplished in a heat exchanging reactor. One example of such a
reactor is an isothermal reactor design using interleaved layers of plate heat exchange
elements, which is described in U.S. Patent No. 5,405,586 (Koves) which is incorporated
herein by reference thereto. Another example of a reactor arrangement is disclosed mn
U.S. Patent No. 5,525,311 (Girod et al.), where a reactant stream indirectly contacts a heat
exchange stream and where an arrangement of corrugated heat exchange plates is used to
control temperature conditions by varying the number and/or the arrangement of the
corrugations along the plates. The teachings of U.S. Patent No. 5,525,311 are

incorporated herein by reference thereto.

Dehydrogenation catalysts are well known in the prior art as exemplified by U.S.
Patent Nos. 3,274,287; 3,315,007, 3,315,008; 3,745,112; 4,430,517; 4,716,143,
4,762,960; 4,786,625; and 4,827,072. It is believed that the choice of a particular
dehydrogenation catalyst is not critical to the success of this invention. However, a
preferred catalyst is a layered composition comprising an inner core and an outer layer

bonded to the inner core, where the outer layer comprises a refractory inorganic oxide
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having uniformly dispersed thereon at least one platinum group (Group VII (IUPAC 8-
10)) metal and at least one promoter metal, and where at least one modifier metal is
dispersed on the catalyst composition. Preferably, the outer layer is bonded to the inner
core to the extent that the attrition loss is less than 10 wt-% based on the weight of the

outer layer.

The preferred catalyst composition comprises an inner core composed of a
material which has substantially lower adsorptive capacity for catalytic metal precursors,
relative to the outer layer. Some of the inner core materials are also not substantially
penetrated by liquids, e.g., metals. Examples of the inner core material include, but are
not limited to, refractory inorganic oxides, silicon carbide, and metals. Examples of
refractory inorganic oxides include without limitation alpha alumina, theta alumina,
cordierite, zirconia, titania, and mixtures thereof. Preferred inorganic oxides are alpha

alumina and cordierite.

These materials which form the inner core can be formed into a variety of shapes
such as pellets, extrudates, spheres, or irregularly shaped particles, although not all
materials can be formed into each shape. Preparation of the inner core can be done by
means known in the art such as oil dropping, pressure molding, metal forming,
pelletizing, granulation, extrusion, rolling methods, and marumerizing. A spherical inner
core is preferred. The inner core whether spherical or not has an effective diameter of
about 0.05 mm (0.0020 in) to about 5 mm (0.2 in) and preferably from about 0.8 mm
(0.031 in) to about 3 mm (0.12 in). For a non-spherical inner core, effective diameter 18
defined as the diameter the shaped article would have if it were molded into a sphere.
Once the inner core is prepared, it is calcined at a temperature of from about 400°C (752°
F) to about 1800°C (3272°F). When the inner core comprises cordierite, it is calcined at a

temperature of from about 1000°C (1832°F) to about 1800°C (3272°F).

The inner core is coated with a layer of a refractory inorganic oxide which is
different from the inorganic oxide which may be used as the inner core and will be
referred to herein as the outer refractory inorganic oxide. This outer refractory inorganic

oxide is one which has good porosity, has a surface area of at least 20 m%/g, and |
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preferably at least 50 m?*/g, has an apparent bulk density of from about 0.2 g/ml to about
1.0 g/ml, and is chosen from the group consisting of gamma alumina, delta alumina, eta
alumina, and theta alumina. Preferred outer refractory inorganic oxides are gamma

alumina and eta alumina.

A preferred way of preparing a gamma alumina is by the well-known oil drop
method which is described in U.S. Patent No. 2,620,314 which is incorporated herein by
reference. The oil drop method comprises forming an aluminum hydrosol by any of the
techniques taught in the art and preferably by reacting aluminum metal with hydrochloric
acid; combining the hydrosol with a suitable gelling agent, e.g., hexamethylenetetraamine;
and dropping the resultant mixture into an oil bath maintained at elevated temperatures
(about 93°C (199°F)). The droplets of the mixture remain in the oil bath until they set
and form hydrogel spheres. The spheres are then continuously withdrawn from the oil
bath and typically subjected to specific aging and drying treatments in oil and ammoniacal
solutions to further improve their physical characteristics. The resulting aged and gelled
spheres are then washed and dried at a relatively low temperature of about 80°C (176°F)
to 260°C (500°F) and then calcined at a temperature of about 455°C (851°F) to 705°C
(1301°F) for a period of about 1 to about 20 hours. This treatment effects conversion of

the hydrogel to the corresponding crystalline gamma alumina.

The layer is applied by forming a slurry of the outer refractory oxide and then
coating the inner core with the slurry by means well known in the art. Slurmies of
inorganic oxides can be prepared by means well known in the art which usually involve
the use of a peptizing agent. For example, any of the transitional aluminas can be mixed
with water and an acid such as nitric, hydrochloric, or sulfuric to give a slurry.
Alternatively, an aluminum sol can be made by, for example, dissolving aluminum metal

in hydrochloric acid and then mixing the aluminum sol with the alumina powder.

It is also preferred that the slurry contain an organic bonding agent which aids in
the adhesion of the layer material to the inner core. Examples of this organic bonding
agent include but are not limited to polyvinyl alcohol (PVA), hydroxy propyl cellulose,

methyl cellulose and carboxy methyl cellulose. The amount of organic bonding agent
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which is added to the slurry will vary considerably from about 0.1 wt-% to about 3 wt-%
of the slurry. How strongly the outer layer is bonded to the inner core can be measured by
the amount of layer material lost during an attrition test, i.e., attrition loss. Loss of the
second refractory oxide by attrition is measured by agitating the catalyst, collecting the
fines and calculating an attrition loss. It has been found that by using an organic bonding
agent as described above, the attrition loss is less than about 10 wt-% of the outer layer.
Finally, the thickness of the outer layer varies from about 40 microns (0.00158 in) to
about 400 microns (0.0158 in), preferably from about 40 microns (0.00158 in) to about
300 microns (0.00181 in) and more preferably from about 45 microns (0.00177 in) to

about 200 microns(0.00787 in). As used herein, the term "micron" means 10 meter.

Depending on the particle size of the outer refractory inorganic oxide, it may be
necessary to mill the slurry in order to reduce the particle size and simultaneously give a
narrower particle size distribution. This can be done by means known in the art such as
ball milling for times of about 30 minutes to about 5 hours and preferably from about 1.5
to about 3 hours. It has been found that using a slurry with a narrow particle size

distribution improves the bonding of the outer layer to the inner core.

The slurry may also contain an inorganic bonding agent selected from an alumina
bonding agent, a silica bonding agent, or mixtures thereof. Examples of silica bonding
agents include silica sol and silica gel, while examples of alumina bonding agents include
alumina sol, boehmite, and aluminum nitrate. The inorganic bonding agents are
converted to alumina or silica in the finished composition. The amount of inorganic
bonding agent varies from about 2 to about 15 wt-% as the oxide, and based on the weight

of the slurry.

Coating of the inner core with the slurry can be accomplished by means such as
rolling, dipping, spraying, etc. One preferred technique involves using a fixed fluidized
bed of inner core particles and spraying the slurry into the bed to coat the particles evenly.
The thickness of the layer can vary considerably, but usually is from about 40 microns
(0.00158 in) to about 400 microns (0.0158 in), preferably from about 40 microns (0.00158
in) to about 300 microns (0.0118 in) and most preferably from about 50 microns (0.00197
in) to about 200 microns (0.00787 in). It should be pointed out that the optimum layer
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thickness depends on the use for the catalyst and the choice of the outer refractory oxide.
Once the inner core is coated with the layer of outer refractory inorganic oxide, the
resultant layered support is dried at a temperature of about 100°C (212°F) to about 320°C
(608°F) for a time of about 1 to about 24 hours and then calcined at a temperature of
about 400°C (752°F) to about 900°C (1652°F) for a time of about 0.5 to about 10 hours
to effectively bond the outer layer to the inner core and provide a layered catalyst support.

Of course, the drying and calcining steps can be combined into one step.

When the inner core is composed of a refractory inorganic oxide (inner refractory
oxide), it is necessary that the outer refractory inorganic oxide be different from the inner
refractory oxide. Additionally, it is required that the inner refractory inorganic oxide have
a substantially lower adsorptive capacity for catalytic metal precursors relative to the outer

refractory inorganic oxide.

Having obtained the layered catalyst support, catalytic metals can be dispersed on
the layered support by means known in the art. Thus, a platinum group metal, a promoter
metal, and a modifier metal can be dispersed on the outer layer. The platinum group
metals include platinum, palladium, rhodium, iridium, ruthenium, and osmium. Promoter
metals are selected from the group consisting of tin, germanium, rhenium, gallium,
bismuth, lead, indium, cerium, zinc, and mixtures thereof, while modifier metals are
selected from the group consisting of alkali metals, alkaline earth metals and mixtures

thereof.

These catalytic metal components can be deposited on the layered support in any
suitable manner known in the art. One method involves impregnating the layered support
with a solution (preferably aqueous) of a decomposable compound of the metal or metals.
By decomposable is meant that upon heating the metal compound is converted to the
metal or metal oxide with the release of byproducts. Illustrative of the decomposable
compounds of the platinum group metals are chloroplatinic acid, ammonium
chloroplatinate, bromoplatinic acid, dinitrodiamino platinum, sodium tetranitroplatinate,
rhodium trichoride, hexa-amminerhodium chloride, rhodium carbonylchloride, sodium

hexanitrorhodate, chloropalladic acid, palladium chloride, palladium nitrate,
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diamminepalladium hydroxide, tetraamminepalladium chloride, hexachloroiridate (IV)
acid, hexachloroiridate (IIl) acid, ammonium hexachloroiridate (II[), ammonium
aquohexachloroiridate (IV), ruthenium tetrachloride, hexachlororuthenate, hexa-
ammineruthenium chloride, osmium trichloride, and ammonium osmium chloride.
Tllustrative of the decomposable promoter metal compounds are the halide salts of the
promoter metals. A preferred promoter is tin and preferred decomposable compounds are

stannous chloride or stannic chloride.

The alkali and alkaline earth metals which can be used as modifier metals in the
practice of this invention include lithium, sodium, potassium, cesium, rubidium,
beryllium, magnesium, calcium, strontium, and barium. Preferred modifier metals are
lithium, potassium, sodium, and cesium with lithium and potassium being especially
preferred. Illustrative of the decomposable compounds of the alkali and alkaline earth
metals are the halide, nitrate, carbonate or hydroxide compounds, e.g., potassium

hydroxide, lithium nitrate.

All three types of metals can be impregnated using one common solution or they
can be sequentially impregnated in any order, but not necessarily with equivalent results.
A preferred impregnation procedure involves the use of a steam-jacketed rotary dryer.
The support is immersed in the impregnating solution containing the desired metal
compound contained in the dryer and the support is tumbled therein by the rotating
motion of the dryer. Evaporation of the solution in contact with the tumbling support is
expedited by applying steam to the dryer jacket. The resultant‘ composite is allowed to dry
under ambient temperature conditions, or dried at a temperature of about 80°C (176°F) to
about 110°C (230°F), followed by calcination at a temperature of about 200°C (392°F) to
about 700°C (1292°F) for a time of about 1 to about 4 hours, thereby converting the metal
compound to the metal or metal oxide. It should be pointed out that for the platinum
group metal compound, it is preferred to carry out the calcination at a temperature of

about 400°C (752°F) to about 700°C (1292°F).

In one method of preparation, the promoter metal is first deposited onto the

layered support and calcined as described above and then the modifier metal and platinum
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group metal are simultaneously dispersed onto the layered support by using an aqueous
solution which contains a compound of ‘the modifier metal and a compound of the
platinum group metal. The support is impregnated with the solution as described above
and then calcined at a temperature of about 400°C (752°F) to about 700°C (1292°F) for a

time of about 1 to about 4 hours.

An alternative method of preparation involves adding one or more of the metal
components to the outer refractory oxide prior to applying it as a layer onto the inner core.
For example, a decomposable salt of the promoter metal, €.g., tin (IV) chloride, can be
added to a slurry composed of gamma alumina and aluminum sol. Further, either the
modifier metal or the platinum group metal or both can be added to the slurry. Thus, in
one method, all three catalytic metals are deposited onto the outer refractory oxide prior to
depositing the second refractory oxide as a layer onto the inner core. Again, the three
types of catalytic metals can be deposited onto the outer refractory oxide powder in any

order although not necessarily with equivalent results.

Another preferred method of preparation involves first impregnating the promoter
metal onto the outer refractory inorganic oxide and calcining as described above. Next, a
slurry is prepared (as described above) using the outer refractory inorganic oxide
containing the promoter metal and applied to the inner core by means described above.
Finally, the modifier metal and platinum group metal are simultaneously impregnated
onto the layered composition which contains the promoter metal and calcined as

described above to give the desired layered catalyst.

One particular method of preparation involves first preparing the outer refractory
inorganic oxide using the oil drop method (as described above), except that the promoter
metal is incorporated into the resulting mixture of hydrosol and the gelling agent prior to
its being dropped into the oil bath. Thus, in this method, the aged and gelled spheres
recovered from the oil bath contain the promoter metal. After washing, drying, and
calcining (as described above), a slurry is prepared (as described above) using crushed
spheres containing the promoter metal, and the slurry is applied to the inner core by
means described above. The modifier metal and the platinum group metal are

simultaneously impregnated onto the layered composition which contains the promoter
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metal and calcined (as described above) to give the desired layered catalyst. Another
particular method of preparation involves preparing a slurry using the outer refractory
inorganic oxide and then adding the promoter metal to the slurry. The slurry is then
applied to the inner core by means described above. Finally, the modifier metal and the
platinum group metal are simultaneously impregnated onto the layered composition and

calcined to give the desired layered catalyst (as described above).

It is believed that other layered catalyst compositions and other methods of
preparing such catalysts may also be suitable for preparing dehydrogenation catalysts that
are useful in this invention. See, for example, U.S. Patent No. 4,077,912 (Dolhyj et al.),
U.S. Patent No. 4,255,253 (Herrington et al.), and PCT International Publication Number
WO 98/14274 (Murrell, et al.). Despite the seeming irrelevance of these three
publications to catalytic dehydrogenation, it is believed that the teachings in these

publications provide insight on layered dehydrogenation catalyst compositions.

As a final step in the preparation of the layered catalyst composition, the catalyst
composition is reduced under hydrogen or other reducing atmosphere in order to ensure
that the platinum group metal component is in the metallic state (zero valent). Reduction
is carried out at a temperature of generally from about 100°C (212°F) to about 650°C
(1202°F), preferably from about 300°C (572°F) to about 550°C (1022°F), for a time of
about 0.5 to about 10 hours in a reducing environment, preferably dry hydrogen. The
state of the promoter and modifier metals can be metallic (zero valent), metal oxide, or

metal oxychloride.

The layered catalyst composition can also contain a halogen component which can
be fluorine, chlorine, bromine, iodine, or mixtures thereof with chlorine and bromine
preferred. This halogen component is present in an amount of 0.03 to about 0.3 wt-%
with respect to the weight of the entire catalyst composition. The halogen component can
be applied by means well known in the art and can be done at any point during the
preparation of the catalyst composition although not necessarily with equivalent results. It
is preferred to add the halogen component after all the catalytic components have been

added either before or after treatment with hydrogen.
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Although in the preferred embodiments all three metals are uniformly distributed
throughout the outer layer of outer refractory oxide and substantially present only in the
outer layer, it is also within the bounds of this invention that the modifier metal can be
present both in the outer layer and the inner core. This is owing to the fact that the

modifier metal can migrate to the inner core, when the core is other than a metallic core.

Although the concentration of each metal component can vary substantially, it is
desirable that the platinum group metal be present in a concentration of about 0.01 to
about 5 weight percent on an elemental basis of the entire weight of the catalyst and
preferably from about 0.05 to about 1.0 wt-%. The promoter metal is present in an
amount from about 0.05 to about 5 wt-% of the entire catalyst while the modifier metal is
present in an amount from about 0.1 to about 5 wt-% and preferably from about 2 to about
4 wt-% of the entire catalyst. Finally, the atomic ratio of the platinum group metal to
modifier metal varies from about 0.05 to about 5. In particular when the modifier metal is
tin, the atomic ratio is from about 0.1:1 to about 5:1 and preferably from about 0.5:1 to
about 3:1. When the modifier metal is germanium the ratio is from about 0.25:1 to about
5:1 and when the promoter metal is rhenium, the ratio is from about 0.05:1 to about

2.75:1.

The dehydrogenation conditions are selected to minimize cracking and polyolefin
by-products. It is expected that typical dehydrogenation conditions will not result in any
appreciable isomerization of the hydrocarbons in the dehydrogenation reactor. When
contacting the catalyst, the hydrocarbon may be in the liquid phase or in a mixed vapor-
liquid phase, but preferably it is in the vapor phase. Dehydrogenation conditions include
a temperature of generally from about 400°C (752°F) to about 900°C (1652°F) and
preferably from about 400°C (752°F) to about 525°C (977°F), a pressure of generally
from about 1 kPa(g) (0.15 psi(g)) to about 1013 kPa(g) (147 psi(g)), and a LHSV of from
about 0.1 to about 100 hr'. As used herein, the abbreviation “LHSV” means liquid
hourly space velocity, which is defined as the volumetric flow rate of liquid per hour
divided by the catalyst volume, where the liquid volume and the catalyst volume are in the
same volumetric units. Generally for normal paraffins, the lower the molecular weight

the higher the temperature required for comparable conversion. The pressure in the
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dehydrogenation zone is maintained as low as practicable, usually less than 345 kPa(g)
(50 psi(g)), consistent with equipment limitations, to maximize chemical equilibrium

advantages.

The isomerized product stream may be admixed with a diluent material before,
while, or after being flowed to the dehydrogenation zone. The diluent material may be
hydrogen, steam, methane, ethane, carbon dioxide, nitrogen, argon, and the like, or a
mixture thereof. Hydrogen is the preferred diluent. Ordinarily, when hydrogen is utilized
as the diluent it is utilized in amounts sufficient to ensure a hydrogen to hydrocarbon mole
ratio of about 0.1:1 to about 40:1, with best results being obtained when the mole ratio
range is about 1:1 to about 10:1. The diluent hydrogen stream passed to the
dehydrogenation zone will typically be recycled hydrogen separated from the effluent

from the dehydrogenation zone in the hydrogen separation zone.

Water or a material which decomposes at dehydrogenation conditions to form
water such as an alcohol, aldehyde, ether, or ketone, for example, may be added to the
dehydrogenation zone, either continuously or intermittently, in an amount to provide,
calculated on the basis of equivalent water, about 1 to about 20,000 weight ppm of the
hydrocarbon feed stream. About 1 to about 10,000 weight ppm of water addition gives

best results when dehydrogenating paraffins having from 2 to 30 or more carbon atoms.

The monoolefin-containing dehydrogenated product stream from the paraffin
dehydrogenation process is typically a mixture of unreacted paraffins, linear (unbranched)
olefins, and branched monoolefins including lightly branched monoolefins. Typically,
from about 25 to about 75 vol-% of the olefins in the monoolefin-containing stream from

the paraffin dehydrogenation process are linear (unbranched) olefins.

The dehydrogenated product stream may comprise a highly branched monoolefin
or a linear (unbranched) olefin, but, especially for the production of MAB, the monoolefin
is preferably a lightly branched monoolefin. A lightly branched monoolefin, as used
herein, refers to a monoolefin having a total number of carbon atoms of from about 8 to
about 28, of which three or four of the carbon atoms are primary carbon atoms and none

of the remaining carbon atoms are quaternary carbon atoms. A primary carbon atom is a
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carbon atom which, although perhaps bonded also to other atoms besides carbon, is
bonded to only one carbon atom. A quaternary carbon atom is a carbon atom that is
bonded to four other carbon atoms. Preferably, the lightly branched monoolefin has a
total number of from 8 to 15 carbon atoms, and more preferably from 10 to 15 carbon

atoms.

The lightly branched monoolefin generally comprises an aliphatic alkene having
the general formula of (pi-alkyl;)i-q-alkene. The lightly branched monoolefin consists of
an aliphatic alkenyl chain, which is referred to by “alkene” in the (p;-alkyli)i-q-alkene
formula, and is the longest straight chain containing the carbon-carbon double bond of the
lightly branched monoolefin. The lightly branched monoolefin also consists of one or
more alkyl group branches, each of which is attached to the aliphatic alkenyl chain and is
designated by a corresponding “(pi-alkyl);” in the (pi-alkyl)i-q-alkene formula. If it is
possible to select two or more chains of equal lengths as the aliphatic alkenyl chain, the
choice goes to the chain carrying the greatest number of alkyl group branches. The
subscript counter “i” thus has a value of from 1 to the number of alkyl group branches,
and for each value of i, the corresponding alkyl group branch is attached to carbon
number p; of the aliphatic alkenyl chain. The double bond is between carbon number q
and carbon number (q + 1) of the aliphatic alkenyl chain. The aliphatic alkenyl chain is
numbered from one end to the other, the direction being chosen so as to give the lowest

number possible to the carbon atoms bearing the double bond.

The lightly branched monoolefin may be an alpha monoolefin or a vinylidene
monoolefin, but is preferably an internal monoolefin. As used herein, the term “alpha
olefins” refers to olefins having the chemical formula, R-CH=CH,. The term “internal
olefins,” as used herein, includes di-substituted internal olefins having the chemical
formula R-CH=CH-R; tri-substituted internal olefins having the chemical formula R-
C(R)=CH-R; and tetra-substituted olefins having the chemical formula R-C(R)=C(R)-R.
The di-substituted internal olefins include beta internal olefins having the chemical
formula R-CH=CH-CHj;. As used herein, the term “vinylidene olefins” refers to olefins
having the chemical formula R-C(R)=CH,. In each of the preceding chemical formulas in

this paragraph, R is an alkyl group that may be identical to or different from other alkyl
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group(s), if any, in each formula. Insofar as permitted by the definition of the term
“internal olefin”, when the lightly branched monoolefin is an internal monoolefin, any
two carbon atoms of the aliphatic alkenyl chain may bear the double bond. Suitable
lightly branched monoolefins include octenes, nonenes, decenes, undecenes, dodecenes,
tridecenes, tetradecenes, pentadecenes, hexadecenes, heptadecenes, octadecenes,
nonadecenes, eicosenes, heneicosenes, docosenes, tricosenes, tetracosenes, pentacosenes,

hexacosenes, heptacosenes, and octacosenes.

For lightly branched monoolefins other than vinylidene olefins, the alkyl group
branch or branches of the lightly branched monoolefin are generally selected from methyl,
ethyl, and propyl groups, with shorter and normal branches being preferred. By contrast,
for lightly branched monoolefins that are vinylidene olefins, the alkyl group branch
attached to carbon no 1 of the aliphatic alkenyl chain may be selected not only from
methyl, ethyl, and propyl groups but also from alkyl groups up to and including tetradecyl
(C14) groups, while any other alkyl branch(es) of the vinyildene olefin is (are) generally
selected from methyl, ethyl, and propyl groups with shorter and normal branches being
prefered. For all lightly branched monoolefins, preferably, the lightly branched
monoolefin has only one alkyl group branch, but two alkyl group branches are also
possible. Lightly branched monoolefins having either two alkyl group branches or four
primary carbon atoms comprise generally less than 40 mol-%, and preferably less than
about 30 mol-%, of the total lighfly branched monoolefins, with the remainder of the
lightly branched monoolefins having one alkyl group branch. Lightly branched
monoolefins having either one alkyl group branch or three primary carbon atoms
comprise preferably more than 70 mol-% of the total lightly branched monoolefins.
Lightly branch monoolefins having only one alkyl group branch and where the sole alkyl
group branch is a methyl group are referred to herein as monomethyl-alkenes and are a
preferred component of the dehydrogenated product stream. Except for the alkyl group
branch attached to carbon number 2 of the aliphatic alkenyl chain in a vinylidene olefin,

any alkyl group branch can be bonded to any carbon on the aliphatic alkenyl chain.

Although vinylidene monoolefins may be present in the dehydrogenated product

stream, they‘are normally a minor component and have a concentration of usually less
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than 0.5 mol-%, and more commonly less than 0.1 mol-%, of the olefins in the
dehydrogenated product stream. Therefore, in the description that follows hereinafter, all
references to the lightly branched monoolefins in general and to the dehydrogenated

product stream will assume that no vinylidene monoolefins are present.

The composition of a mixture of lightly branched monoolefins can be determined
by analytical methods that are well-known to a person of ordinary skill in the art of gas
chromatography and need not be described here in detail. A person of ordinary skill in the
art can modify the apparatus and method in the previously mentioned article by Schulz et
al. to equip the injector with a hydrogenator insert tube in order to hydrogenate the lightly
branched monoolefins to lightly branched paraffins in the injector. The lightly branched
paraffins are then separated and identified using essentially the apparatus and method

described in the article by Schulz et al.

In addition to the lightly branched monoolefin, other acyclic compounds may be
charged to the alkylation section via the dehydrogenated product stream. One of the
advantages of this invention is that the stream containing the lightly branched
monoolefins can be passed directly to the alkylation reaction section despite the fact that
that stream also contains paraffins having the same number of carbon atoms as the lightly
branched monoolefins. Thus, this invention avoids the need to separate the paraffins from
the monoolefins prior to passing to the alkylation section. Other acyclic compounds
include nonbranched (linear) olefins and monoolefins. Nonbranched (linear) olefins
which may be charged have a total number of carbon atoms per paraffin molecule of
generally from about 8 to about 28, preferably from 8 to 15, and more preferably from 10
to 14 carbon atoms. Two carbon atoms per nonbranched olefin molecule are primary
carbon atoms and the remaining carbon atoms are secondary carbon atoms. The
nonbranched olefin may be an alpha monoolefin but is preferably an internal monoolefin.
To the extent allowed by the definition of the term “internal olefin”, when the
nonbranched monoolefin is an internal monoolefin, any two carbon atoms of the aliphatic
alkenyl chain may bear the double bond. When present in the dehydrogenated product
stream with the lightly branched monoolefins, the linear olefin content may be as high as,

or no more than, about 75 mol-% of the total monoolefins in the dehydrogenated product
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stream, but is generally less than about 40 mol-% of the total monoolefins in the

dehydrogenated product stream.

Because of the possible presence in the dehydrogenated product stream of linear
monoolefins, in addition to the lightly branched monoolefins, the bulk dehydrogenated
product stream may contain, on average, fewer than 3, or between 3 and 4, primary carbon
atoms per monoolefin molecule in the dehydrogenated product stream. Depending on the
relative proportions of linear and lightly branched monoolefins, the dehydrogenated
product stream, or the sum of all the monoolefins that pass to the alkylation zone, may

have from 2.25 to 4 primary carbon atoms per monoolefin molecule.

Linear and/or nonlinear paraffins which pass to the alkylation section, via the
dehydrogenated product stream, have a total number of carbon atoms per paraffin
molecule of generally from about 8 to about 28, preferably from 8 to 15, and more
preferably from 10 to 14 carbon atoms. The nonlinear parafffns in the dehydrogenated
product stream may include lightly branched paraffins and may also include paraffins
having at least one quaternary carbon atom. Such linear and nonlinear paraffins are
expected to act as a diluent in the alkylation step and not to materially interfere with the
alkylation step. However, the presence of such diluents in the alkylation reactor generally
results in higher volumetric flow rates of process streams, and, in order to accommodate
these higher flow rates, larger equipment in the alkylation reaction circuit (i.e., larger
alkylation reactor and more alkylation catalyst), and larger product recovery facilities may

be required.

Monoolefins that are more highly branched than the lightly branched monoolefins
may also be present in the dehydrogenated product stream, but because on alkylation such
highly branched monoolefins tend to form BAB, preferably their concentration in the
dehydrogenated product stream is minimized. For example, the dehydrogenated product
stream may contain monoolefin molecules consisting of at least one quaternary carbon
atom, which tend on alkylation to form phenyl-alkanes that have in the aliphatic alkyl
portion a quaternary carbon atom that is not bonded by a carbon-carbon bond with a
carbon atom of the aryl portion. Therefore, monoolefin molecules consisting of at least

one quaternary carbon atom generally comprise less than 10 mol-%, preferably less than 5
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mol-%, more preferably less than 2 mol-%, and most preferably less than 1 mol-% of the
dehydrogenated product stream or of the sum of all the monoolefins that pass to the

alkylation zone.

The lightly branched monoolefins are reacted with an aryl compound, which is
benzene when the process is detergent alkylation. In a more general case, the lightly
branched monoolefins could be reacted with other aryl compounds, such as alkylated or
otherwise substituted derivatives of benzene including toluene and ethylbenzene, but the
product of such an alkylation may not be as suitable a detergent precursor as alkylated
benzenes. Although the stoichiometry of the alkylation reaction requires only 1 molar
proportion of aryl compound per mole of total monoolefins, the use of a 1:1 mole
proportion results in excessive olefin polymerization and polyalkylation. That is, the
reaction product under such conditions would consist not only of the desired
monoalkylbenzenes, but also of large amounts of the dialkylbenzenes, trialkylbenzenes,
possibly higher polyalkylated benzenes, olefin dimers, trimers, etc., and unreacted
benzene. On the other hand, it is desired to have the aryl compound:monoolefin molar
ratio as close to 1:1 as possible to maximize utilization of the aryl compound and to
minimize the recycle of unreacted aryl compound. The actual molar proportion of aryl
compound to total monoolefin will therefore have an important effect on both conversion
and, perhaps more importantly, selectivity of the alkylation reaction. In order to carry out
alkylation with the conversion and selectivity required using the catalysts of this
invention’s process, the total aryl compound: monoolefin molar ratio may be generally

from about 2.5:1. up to about 50:1 and normally from about 8:1 to about 35:1.

The aryl compound and the lightly branched monoolefin are reacted under
alkylation conditions in the presence of a solid alkylation catalyst. These alkylation
conditions include a temperature in the range between about 176°F (80°C) and about
392°F (200°C), most usually at a temperature not exceeding 347°F (175°C). Since the
alkylation is conducted in at least partial liquid phase, and preferably in either an all-
liquid phase or at supercritical conditions, pressures for this embodiment must be
sufficient to maintain reactants in the liquid phase. The reqﬁisite pressure necessarily

depends upon the olefin, the aryl compound, and temperature, but normally is in the range
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of 200-1000 psi(g) (1379-6895 kPa(g)), and most usually 300-500 psi(g) (2069-3448
kPa(g)).

While the alkylation conditions are sufficient to alkylate the aryl compound with
the lightly branched monoolefin, it is believed that under alkylation conditions only
minimal skeletal isomerization of the lightly branched monoolefin occurs. As used
herein, skeletal isomerization of an olefin under alkylation conditions means
isomerization that occurs during alkylation and which changes the number of carbon
atoms in the aliphatic alkenyl chain of the olefin, in the aliphatic alkyl chain of the
phenyl-alkane product, or in any reaction intermediate that is formed or derived from the
lightly branched monoolefin prior to the withdrawal of the phenyl-alkane product from
the alkylation conditions. By minimal skeletal isomerization it is meant that generally
less than 15 mol-%, and preferably less than 10 mol-%, of the olefin, the aliphatic alkyl
chain, and any reaction intermediate undergoes skeletal isomerization. It is further
believed that under alkylation conditions minimal skeletal isomerization occurs for any
other olefins in the olefinic feedstock. Thus, alkylation preferably occurs in the
substantial absence of skeletal isomerization of the lightly branched monoolefin, and the
extent of light branching of the lightly branched monoolefin is identical to the extent of
light branching in the aliphatic alkyl chain in the phenyl-alkane product molecule.
Accordingly, the number of primary carbon atoms in the lightly branched monoolefin is
preferably the same as the number of primary carbon atoms per phenyl-alkane molecule.
Insofar as an additional methyl group branch does form on the aliphatic alkyl chain of the
phenyl-alkane product, the number of primary carbon atoms in the phenyl-alkane product
may be slightly higher the number of primary carbon atoms in the lightly branched
monoolefin. Finally, although the formation of 1-phenyl-alkane product is not significant
at alkylation conditions, insofar as a 1-phenyl-alkane molecule is formed by alkylating an
aryl compound with a lightly branched monoolefin having a primary carbon atom on each
end of the aliphatic alkenyl chain, the number of primary carbon atoms in the phenyl-
alkane product will be slightly less than the number of primary carbon atoms in the lightly

branched monoolefin.
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The alkylation of the aryl compound with the lightly branched monoolefins
produces (m;-alkyl;);-n-phenyl-alkanes, where the aliphatic alkyl group has two, three, or
four primary carbon atoms per phenyl-alkane molecule. Preferably, the aliphatic alkyl
group has three primary carbon atoms per phenyl-alkane molecule, and more preferably
one of the three primary carbon atoms is in a methyl group at one end of the aliphatic
alkyl chain, the second primary carbon atom is in a methyl group at the other end of the
chain, and the third primary carbon atom is in a single methyl group branch attached to
the chain. However, it is not necessziry that all of the (mj-alkyl;);-n-phenyl-alkanes
produced by the present invention have the same number of primary carbon atoms per
phenyl-alkane molecule. Generally from about 0 mol-% to about 75 mol-%, and
preferably from about 0 mol-% to about 40 mol-%, of the (mj-alkyl;)-n-phenyl-alkanes
produced may have 2 primary carbon atoms per phenyl-alkane molecule. Generally, as
many as possible, and typically from about 25 mol-% to about 100 mol-%, of the (m;-
alkyl);-n-phenyl-alkanes produced may have 3 primary carbon atoms per phenyl-alkane
molecule. Generally from about 0 mol-% to about 40 mol-% of the (m;-alkyl;);-n-phenyl-
alkanes produced may have 4 primary carbon atoms. Thus, (m-methyl)-n-phenyl-alkanes
having only one methyl group branch are preferred and are referred to herein as
monomethyl-phenyl-alkanes. It is expected that the number of primary, secondary, and
tertiary carbon atoms per product arylalkane molecule can be determined by high
resolution multipulse NMR spectrum editing and distortionless enhancement by
polarization transfer (DEPT), which is described in the brochure entitled “High
Resolution Multipulse NMR Spectrum Editing and DEPT,” which is distributed by
Bruker Instruments, Inc., Manning Park, Billerica, Massachusetts, USA, and which is

incorporated herein by reference.

The alkylation of the aryl compound with the lightly branched monoolefins has a
selectivity of 2-phenyl-alkanes of generally from about 40 to about 100 and preferably
from about 60 to about 100, and an internal quaternary phenyl-alkane selectivity of
generally less than 10 and preferably less than 5. Quaternary phenyl-alkanes can form by
alkylating the aryl compound with a lightly branched monoolefin having at least one

tertiary carbon atom. A tertiary carbon atom is a carbon atom which, while also possibly
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bonded to other atoms besides carbon, is bonded to only three carbon atoms. If, on
alkylation, a tertiary carbon atom of the monoolefin forms a carbon-carbon bond with one
of the carbon atoms of the aryl compound, that tertiary carbon atom becomes a quaternary
carbon atom of the aliphatic alkyl chain. Depending on the location of the quaternary
carbon atom with respect to the ends of the aliphatic alkyl chain, the resulting quaternary

phenyl-alkane may be either an internal or an end quat.

Alkylation of the aryl compound by the lightly branched monoolefins may be
conducted either as a batch method or in a continuous manner, although the latter is
greatly preferred and therefore will be described in some detail. The composites of this
invention used as catalyst may be used as a packed bed or a fluidized bed. The olefinic
feedstock to the reaction zone may be passed either upflow or downflow, or even
horizontally as in a radial bed reactor. The admixture of benzene and the olefinic
feedstock containing the lightly branched monoolefins is introduced at a total aryl
compound:monoolefin molar ratio of between 5:1 and 50:1, although usually the molar
ratio is in the range between about 8:1 and 35:1. In one desirable variant, olefin may be
fed into several discrete points within the reaction zone, and at each zone the aryl
compound:monoolefin molar ratio may be greater than 50:1. However, the total
benzene:olefin ratio used in the foregoing variant of this invention still will be within the
stated range. The total feed mixture, that is, aryl compound plus oleﬁﬁic feedstock
containing lightly branched monoolefins, is passed through the packed bed at a liquid
hourly space velocity (LHSV) between about 0.3 and about 6 hr! depending upon
alkylation temperature, how long the catalyst has been used, and so on. Lower values of
LHSV within this range are preferred. The temperature in the reaction zone will be
maintained at between about 80°C and about 200°C (176 to 392°F), and pressures
generally will vary between about 200 and about 1000 psi(g) (1379 to 6895 kPa(g)) to
ensure a liquid phase or supercritical conditions. After passage of the aryl compound and
the olefinic feedstock through the reaction zone, the effluent is collected and separated
into unreacted aryl compound, which is recycled to the feed end of the reaction zone,
paraffin, which is recycled to the dehydrogenation unit, and phenyl-alkanes. The phenyl-

alkanes are usually further separated into the monoalkylbenzenes, used in subsequent
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sulfonation to prepare alkylbenzene sulfonates, and the oligomers plus polyalkylbenzenes.
Since the reaction usually goes to at least about 98% conversion based on the monoolefin,

little unreacted monoolefin is recycled with paraffin.

Any suitable alkylation catalyst may be used in the present invention, provided
that the requirements for conversion, selectivity, and activity are met. Preferred alkylation
catalysts comprise zeolites having a zeolite structure type selected from the group
consisting of BEA, MOR, MTW, and NES. Such zeolites include mordenite, ZSM-4,
ZSM-12, ZSM-20, offretite, gmelinite, beta, NU-87, and gottardiite. These zeolite
structure types, the term “zeolite structure type,” and the term “isotypic framework

structure” are used herein as they are defined and used in the Atlas of Zeolite Structure

Types, by W. M. Meier, et al., published on behalf of the Structure Commission of the
International Zeolite Association by Elsevier, Boston, Massachusetts, USA, Fourth
Revised Edition, 1996. Alkylations using NU-87 and NU-85, which is an intergrowth of
zeolites EU-1 and NU-87, are described in U.S. Patent Nos. 5,041,402 and 5,446,234,

respectively. Gottardiite, which has an isotypic framework structure of the NES zeolite

structure type, is described in the articles by A. Alberti et al., in Eur. J. Mineral,, 8, 69-75
(1996), and by E. Galli et al., in Eur. J. Mineral., 8, 687-693 (1996). Most preferably, the

alkylation catalyst comprises mordenite.

Useful zeolites for the alkylation catalyst in the present invention generally have at
least 10 percent of the cationic sites thereof occupied by ions other than alkali or alkaline-
earth metals. Such other ions include, but are not limited to hydrogen, ammonium, rare
earth; zinc, copper, and aluminum. Ofthis group, particular preference is accorded
ammonium, hydrogen, rare earth, or combinations thereof. In a preferred embodiment,
the zeolites are converted to the predominantly hydrogen form, generally by replacement
of the alkali metal or other ion originally present with hydrogen ion precursors, €.g.,
ammonium ions, which upon calcination yield the hydrogen form. This exchange is
conveniently carried out by contact of the zeolite with an ammonium salt solution, e.g.,
ammonium chloride, utilizing well known ion exchange techniques. In certain
embodiments, the extent of replacement is such as to produce a zeolite material in which

at least 50 percent of the cationic sites are occupied by hydrogen ions.
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The zeolites may be subjected to various chemical treatments, including alumina
extraction (dealumination) and combination with one or more metal components, such as
the metals of Groups IIIB (TUPAC 3), IVB (IUPAC 4), VIB (IUPAC 6), VIIB (IUPAC 7),
VIII (IUPAC 8-10), and IIB (IUPAC 12). It is also contemplated that the zeolites may, in
some instances, desirably be subjected to thermal treatment, including steaming or
cal¢ination in air, hydrogen, or an inert gas, e.g. nitrogen or helium. A suitable steaming
treatment comprises contacting the zeolite with an atmosphere containing from about 5 to
about 100% steam at a temperature of from about 250°C (482°F) to 1000°C (1832°F).
Steaming may last for a period of between about 0.25 and about 100 hours and may be

conducted at pressures ranging from sub-atmospheric to several hundred atmospheres.

It may be useful to incorporate the zeolites that are useful in this invention in
another material, e.g., a matrix material or binder that is resistant to the temperature and
other conditions used in the process. Suitable matrix materials include synthetic
substances, naturally occurring substances, and inorganic materials such as clay, silica,
and/or metal oxides. Matrix materials can be in the form of gels including mixtures of
silica and metal oxides. Gels including mixtures of silica and metal oxides may be either
naturally occurring or in the form of gels or gelatinous precipitates. Naturally occurring
clays which can be composited with the zeolite used in this invention include those of the
montmorillonite and kaolin families, which families include the sub-bentonites and the
kaolins commonly known as Dixie, McNamee-Georgia, and Florida clays or others in
which the main mineral constituent is halloysite, kaolinite, dickite, nacrite, or anauxite.
Such clays can be used as a matrix material in their raw states as originally mined, or can
be subjected to calcination, acid treatment or chemical modification prior to their use as
matrix materials. In addition to the foregoing materials, the zeolite used in this invention
may be compounded with a porous matrix material, such as alumina, silica-alumina,
silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titania, and aluminum
phosphate as well as ternary combinations, such as silica-alumina-thoria, silica-alumina-
zirconia, silica-alumina-magnesia, and silica-magnesia-zirconia. The matrix material may
be in the form of a cogel. The relative proportions of and matrix material may vary

widely, with the zeolite content ranging generally from between about 1 and about 99%
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by weight, usually in the range of about 5 to about 80% by weight, and preferably in the
range of about 30 to about 80% by weight, of the combined weight of zeolite and matrix

material.

The zeolites that are useful in the alkylation catalyst generally have a framework
silica:alumina molar ratio of from about 5:1 to about 100:1. When the zeolite of the
alkylation catalyst is mordenite, the mordenite has a framework silica:alumina molar ratio
generally of from about 12:1 to about 90:1, and preferably of from about 12:1 to about
25:1. As used herein, the term “framework silica:alumina molar ratio” means the molar
ratio of silica per alumina, that is the molar ratio of SiO, per Al,Oj, in the zeolite

framework.

When zeolites have been prepared in the presence of organic cations they may not
be sufficiently catalytically active for alkylation. Without being bound to any particular
theory, it is believed that the insufficient catalytic activity is the result of the organic
cations from the forming solution occupying the intracrystalline free space. Such
catalysts may be activated, for example, by heating in an inert atmosphere at 540°C
(1004°F) for one hour, ion exchanging with ammonium salts, and calcining at 540°C
(1004°F) in air. The presence of organic cations in the forming solution may be essential
to forming particular zeolites. Some natural zeolites may sometimes be converted to
zeolites of the desired type by various activation procedures and other treatments such as
ion exchange, steaming, alumina extraction, and calcination. When synthesized in the
alkali metal form, the zeolite is conveniently converted to the hydrogen form, generally by
intermediate formation of the ammonium form as a result of ammonium ion exchange and
calcination of the ammonium form to yield the hydrogen form. Although the hydrogen
form of the zeolite catalyzes the reaction successfully, the zeolite may also be partly in the

alkali metal form.

The selective alkylation zone produces a selective alkylation zone effluent that

enters separation facilities for the recovery of products and recyclable feed compounds.

" The selective alkylation zone effluent stream passes into a benzene column which

produces an overhead stream containing benzene and a bottoms stream containing the

alkylate product. This bottoms stream passes into a paraffin column which produces an
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overhead liquid stream containing unreacted paraffins and a bottoms stream containing
the product alkylate and any higher molecular weight side product hydrocarbons formed
in the selective alkylation zone. This paraffin column bottoms stream may pass to a rerun
column which produces an overhead alkylate product stream containing the detergent
alkylate and a rerun column bottoms stream containing polymerized olefins and
polyalkylated benzenes (heavy alkylate). Alternatively, if the heavy alkylate content of
the paraffin column bottoms stream is sufficiently low, a rerun column is not necessary
and the paraffin column bottoms stream may be recovered as the net detergent alkylate

stream from the process.

In accord with this invention, at least a portion of the overhead liquid stream of the
paraffin column is recycled to the isomerization zone, the dehydrogenation zone, or both
zones. Preferably, the portion of the overhead liquid stream of the paraffin column that is
recycled to the isomerization zone or the dehydrogenation zone is an aliquot portion of the
overhead liquid stream. An aliquot portion of the overhead liquid stream is a fraction of the
overhead liquid stream that has essentially the same composition as the overhead liquid
stream. The paraffin column overhead stream comprises paraffins having a total number
of carbon atoms per paraffin molecule of generally from about 8 to about 28, preferably
from 8 to 15, and more preferably from 10 to 15 carbon atoms. Preferably, at least a
portion of the paraffin column overhead liquid stream is recycled to only the
dehydrogenation zone. Generally, from about 50 to about 100 wt-% of the overhead
liquid stream of the paraffin column is recycled to the isomerization zone and/or the
dehydrogenation zone, and preferably all of the overhead liquid stream of the paraffin

column is recycled to only the dehydrogenation zone.

Even though recycling the paraffin column overhead liquid stream to only the
dehydrogenation zone is the preferred embodiment of this invention, it is useful to briefly
describe the embodiment of this invention in which some of the paraffin column overhead
liquid stream recycles to the isomerization zone. Regardless of whether recycling is to the
isomerization zone or the dehydrogenation zone, the overhead stream of the paraffin column
may contain both nonbranched (linear) paraffins and lightly branched paraffins, even if only

nonbranched paraffins are charged to the process. This is because the skeletal isomerization



10

15

20

25

30

WO 01/05755 PCT/US00/19647
40

zone typically converts from about 60 wt-% to about 80 wt-% of the entering nonbranched
paraffins to lightly branched paraffins, the dehydrogenation zone typically converts from
about 10 wt-% to about 15 wt-% of the entering paraffins to olefins, and the fraction of
olefins in the dehydrogenated product stream that are lightly branched olefins is
approximately the same as the fraction of paraffins in the isomerized product stream that are
lightly branched paraffins. Thus, since the conversion of olefins in the alkylation zone is
generally greater than 90 wt-% of the entering olefins, and more typically greater than 98 wt-
%, and since the conversion of paraffins in the alkylation zone is essentially nil, the
alkylation zone effluent will contain lightly branched paraffins. To illustrate this in
operation, it is helpful to consider the initial operation of the subject process where only
linear paraffins are charged to the isomerization zone. If the isomerization zone operates at
a conversion of, say, x wt-%, of the entering nonbranched paraffins to lightly branched
pﬁrafﬁns, then lightly branched paraffins will begin to appear in the overhead stream of the
paraffin column. As these lightly branched paraffins are recycled to the isomerization zone,
the mixture of paraffins charged to the isomerization zone will gradually shift from a
mixture of only nonbranched paraffins to a mixture of nonbranched and lightly branched
paraffins. Accordingly, the isomerization zone may then be operated at conditions so that
the nonlinear paraffin conversion is less than x wt-%. Over time, the degree of
isomerization conversion can be further adjusted until a steady state is established at which
the rate of conversion of nonbranched paraffins to lightly branched paraffins in moles per
unit time in the isomerization zone is approximately equal to the net rate at which MAB
arylalkanes are recovered from the process. However, in a preferred embodiment of this
invention where the paraffin column overhead liquid stream recycles only to the
dehydrogenation zone, it is not necessary to adjust the degree of isomerization in the manner
described in the preceding paragraph, since then the lightly branched paraffins are not

recycling to the isomerization zone.

The paraffin column overhead liquid stream may contain monoolefins since olefin
conversion in alkylation is not 100%. However, the concentration of monoolefins in the
paraffin column overhead liquid stream is generally less than 0.3 wt-%. Monoolefins in

the paraffin column overhead liquid stream may be recycled to the isomerization zone
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and/or the dehydrogenation zone. The paraffin column overhead liquid stream may also
contain paraffins having at least one quaternary carbon atom, but preferably the

concentration of such paraffins is minimized.

Several variants of the subject process are possible. One variant includes the
selective hydrogenation of diolefins that may be present in the dehydrogenated product
stream, since diolefins may be formed during the catalytic dehydrogenation of paraffins.
Selective diolefin hydrogenation converts the diolefins to monoolefins, which are the
desired product of the dehydrogenation section, and produces a selective diolefin
hydrogenation product stream. The selective diolefin hydrogenation product stream has a

lower concentration of diolefins than the dehydrogenated product stream.

Another variant of the subject process includes selective removal of aromatic by-
products that may be present in the dehydrogenated product stream. Aromatic by-
products may be formed during the catalytic dehydrogenation of paraffins, and these by-
products may cause a number of deleterious effects, such as deactivation of the catalyst in
the alkylation section, decreasing the selectivity to the desired arylalkanes, and
accumulation to unacceptable concentration in the process. Suitable aromatics removal
zones include sorptive separation zones containing a sorbent such as a molecular sieve
and in particular 13X zeolite (sodium zeolite X), and liquid-liquid extraction zones.
Selective removal of these aromatic by-products may be accomplished in one or more
locations of the subject process. The aromatic by-products may be selectively removed
from, for example, the isomerized product stream, the dehydrogenated product steam, or
the overhead liquid stream of the paraffin column that is recycled to the isomerization
zone or the dehydrogenation zone. Where the subject process includes a selective diolefin
hydrogenation zone the aromatic byproducts may be selectively removed from the
selective diolefin hydrogenation product stream. The selective aromatics removal zone
produces a stream that has a decreased concentration of aromatic by-products than that of
the stream passed to the selective aromatics removal zone. Detailed information on
selective removal of aromatic by-products from an alkylaromatic process for the
production of linear alkylbenzenes is disclosed in U.S. Patent No. 5,276,231, the

teachings of which are incorporated herein by reference. It is believed that a person of
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ordinary skill in the art is capable of modifying the teachings of U.S. Patent No. 5,276,231
with respect to aromatic by-products removal, including choice of sorbent, operating
conditions, and location in the process, so as to successfully remove aromatic by-products

from a process for the production of MAB.

Although the selective removal of these aromatic by-products is preferably
accomplished on a continuous basis, selective removal may also be done intermittently or
on a batch-wise basis. Intermittent or batch-wise removal would be most useful when the
capacity of the removal zone to remove the aromatic by-products from the process
exceeds the rate at which aromatic by-products accumulate in the process. If, in addition,
some variation in the level or concentration of aromatic by-products within the process is
acceptable or tolerable, then the aromatic by-products selective removal zone could be
placed on-stream in one of the above mentioned locations for a specified period of time
until the concentration or level of aromatic by-products in the process is decreased to a
sufficient minimum concentration. Then the aromatic by-products selective removal zone
could be taken off-stream or bypassed until the concentration increases to the tolerable’
maximum concentration, at which time the removal zone could be placed on-stream

again.

In a preferred embodiment of the invention, this invention is a detergent
composition comprising an adjunct ingredient and a modified alkylbenzene sulfonate
surfactant composition, wherein the modified alkylbenzene sulfonate surfactant
composition is produced from a preferred MAB composition comprising arlyalkanes
having one aryl group and one aliphatic alkyl group, wherein the arylalkanes have:

1) an average weight of the aliphatic alkyl groups of the arylakanes of between the
weight of a Cy aliphatic alkyl group and a C;3 aliphatic alkyl group;

2) a content of arylalkanes having the phenyl group attached to the 2- and/or 3-
position of the aliphatic alkyl group of greater than 55 wt-% of the arylalkanes;
and

3) an average level of branching of the aliphatic alkyl groups of the arylalkanes of
from 0.25 to 1.4 alkyl group branches per arylalkane molecules when the sum of

the contents of 2-phenyl-alkanes and 3-phenyl-alkanes is more than 55 wt-% and
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less than equal to 85 wt-% of the arylalkanes, or an average level of branching of

the aliphatic alkyl groups of the arylalkanes of from 0.4 to 2.0 alkyl group

branches per arylalkane molecule when the sum of the concentrations of 2-phenyl-

alkanes and 3-phenyl-alkanes is greater than 85 wt-% of the arylalkanes; and
wherein the aliphatic alkyl groups of the arylalkanes comprise linear aliphatic groups,
mono-branched aliphatic alkyl groups, or di-branched aliphatic alkyl groups, and
wherein the alkyl group branches if any on the aliphatic alkyl chain of the aliphatic
alkyl groups comprise methyl group branches, ethyl group branches, or propyl group
branches, and wherein the alkyl group branches if any attach to any position on the
aliphatic alkyl chain of the of the aliphatic alkyl groups provided that arylalkanes
having at least one quaternary carbon atom comprise less than 20% of the arylalkanes;

In general, sulfonation of the modified alkylbenzenes to produce the modified
alkylbenzenes sulfonate can be accomplished using any of the well-known sulfonation
systems, including those described in the volume “Detergent Manufacture Including
Zeolite Builders and Other New Materials”, Ed. Sittig., Noyes Data Corp., 1979, as well
as in the Surfactant Science Series, Marcel Dekker, N.Y., 1996, Vol. 56, review of
alkylbenzenesulfonate manufacture. Common sulfonation systems include sulfuric acid,
chlorosulfonic acid, oleum, sulfur trioxide and the like. Sulfur trioxide/air is especially
preferred. Details of sulfonation using a suitable air/sulfur trioxide mixture are provided
in US 3,427,342, Chemithon. Sulfonation processes are further extensively described in
“Sulfonation Technology in the Detergent Industry”, W.H. de Groot, Kluwer Academic
Publishers, Boston, 1991.

Any convenient workup steps may be used in the present process. Common
practice is to neutralize after sulfonation with any suitable alkali. Thus the neutralization
step can be conducted using alkali selected from sodium, potassium, ammonium,
magnesium and substituted ammonium alkalis and mixtures thereof. Potassium can assist
solubility, magnesium can promote soft water performance and substituted ammonium
can be helpful for formulating specialty variations of the instant surfactants. The invention
encompasses any of these derivative forms of the modified alkylbenzenesulfonate

surfactants as produced by the present process and their use in consumer product
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compositions.
Alternately the acid form of the present surfactants can be added directly to acidic

cleaning products, or can be mixed with cleaning ingredients and then neutralized.

A complete operation of the process can be more fully understood from a process
flow for a preferred embodiment. The drawing shows a preferred arrangement for an
integrated isomerization-dehydrogenation-alkylation scheme of this invention. The
following description of the drawing is not meant to preclude other arrangements for the
process flow of this invention and is not intended to limit this invention as set forth in the

claims.

Referring now to the drawing, a paraffin feed comprising an admixture of Ci0-Ci3
normal paraffins is charged to a line 12. The normal paraffins in line 12 are admixed with
a hydrogen-containing stréam from line 22 and the admixture passes through line 16. A
mixture of paraffins and hydrogen flowing through line 16 is first heated in the indirect
heat exchanger 18 and is then passed through a line 24 into a fired heater 20.
Alternatively, instead of admixing the hydrogen-containing stream in line 22 with the
normal paraffins upstream of both exchanger 18 and heater 20 as shown in the drawing,
the stream in line 22 may be admixed with the normal paraffins between the exchanger 18
and the heater 20 or between the heater 20 and the reactor 30. The resultant mixture of

hydrogen and liquid paraffins passes through line 26 into an isomerization reactor 30.

‘Inside the reactor 30, the paraffins are contacted in the presence of an isomerization

catalyst at conditions which effect the conversion of a significant amount of the normal
paraffins to lightly branched paraffins. There is thus produced an isomerization reactor
effluent stream carried by line 28 which comprises a mixture of hydrogen, normal
paraffins, and lightly branched paraffins. This isomerization reactor effluent stream 1s
first cooled by indirect heat exchanger in the heat exchanger 18 and after passing through
a line 32 is then further cooled in an indirect heat exchanger 34. This cooling is sufficient
to condense substantially all of the Cjo-plus hydrocarbons into a liquid phase stream and
to separate the liquid phase stream from the remaining vapor, which is rich in hydrogen.
This isomerization reactor effluent stream then passes through a line 36 and enters the

vapor-liquid separation vessel 38, wherein it is divided into a hydrogen-rich vapor phase
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stream removed through line 40 and an isomerized product stream removed through line
50. The vapor phase stream is divided into a net purge stream to remove C;-C; light
hydrocarbons through a line 42 and a hydrogen stream that is recycled by line 44. The
hydrogen stream in line 44 is combined with a hydrogen make-up stream that is charged
to line 46. The combination of the hydrogen stream in line 44 and the make-up stream in

line 46 produces the recycle stream in line 22.

The isomerized product stream removed from the bottom of the separation vessel
38 contains normal paraffins, lightly branched paraffins, and some dissolved hydrogen.
The isomerized product stream, which is the liquid phase portion of the effluent of the
separation vessel 38, is then passed through line 50 to combine with recycle paraffins in a
line 48. The combined stream of paraffins flows through a line 54 and is admixed with
recycled hydrogen from a line 82 to form a mixture of paraffins and hydrogen that flows
through a line 56. The mixture of paraffins and hydrogen flowing through the line 56 is
first heated in an indirect heat exchanger 58 and then passes through a line 62 to a fired |
heater 60. The two-phase mixture of hydrogen and liquid paraffins that is withdrawn
from the fired heater 60 passes through a line 64 into a dehydrogenation reactor 70.
Inside the dehydrogenation reactor 70, the paraffins contact a dehydrogenation catalyst at
conditions which effect the conversion of a significant amount of the paraffins to the
corresponding olefins. There is thus produced a dehydrogenation reactor effluent stream
carried by line 66 which comprises a mixture of hydrogen, paraffins, monoolefins
including lightly branched monoolefins, diolefins, Co-minus hydrocarbons, and aromatic
hydrocarbons. This dehydrogenation reactor effluent stream is first cooled by indirect
heat exchange in the heat exchanger 58, passes through a line 68, and is then further
cooled in an indirect heat exchanger 72. This cooling is sufficient to condense
substantially all of the Cjo-plus hydrocarbons into a liquid phase stream and separate the
liquid phase stream from the remaining hydrogen-rich vapor. This dehydrogenation
reactor effluent stream flows through a line 74 and enters the vapor-liquid separation
vessel 80. In the separation vessel 80, the dehydrogenation reactor effluent stream is
divided into a hydrogen-rich vapor phase stream removed through a line 76 and a

dehydrogenation product stream removed through a line 84. The vapor phase stream is
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divided into a net hydrogen product stream removed through a line 78 and the hydrogen-

containing stream that is recycled By the line 82.

The dehydrogenated product stream removed from the bottom of the separation
vessel 80 contains normal paraffins, lightly branched paraffins, normal monoolefins,
lightly branched monoolefins, Co-minus hydrocarbons, diolefins, aromatic by-products,
and some dissolved hydrogen. The dehydrogenated product stream, which is the liquid
phase effluent of the separator vessel 80, is then passed through a line 84 to a selective
hydrogenation reactor 86. Inside the selective hydrogenation reactor 86, the
dehydrogenated product stream is contacted in the presence of a selective
dehydrogenation catalyst at conditions which effect the conversion of a significant amount
of the diolefins to the corresponding monoolefins. This conversion by hydrogenation can

be effected using the dissolved hydrogen in the dehydrogenated product stream and/or

additional make-up hydrogen (not shown) charged to the selective hydrogenation reactor.

There is thus produced a selective hydrogenation reactor effluent stream carried by a line
88, which comprises a mixture of hydrogen, normal paraffins, lightly branched paraffins,
normal monoolefins, lightly branched monoolefins, Co-minus hydrocarbons, and aromatic
by-product hydrocarbons. This selective hydrogenation reactor effluent is then passed
through the line 88 to a stripping column 90. In this stripping column, the Co-minus
hydrocarbons produced in the dehydrogenation reactor as by-products and any remaining
dissolved hydrogen are separated from the Cio-plus hydrocarbons and concentrated into a

net overhead stream removed from the process through a line 94.

The remainder of the hydrocarbons entering the stripping column 90 are
concentrated into a stripping effluent stream carried by a line 96. The stripping effluent
stream is then passed into an aromatics removal zone 100. In this zone, the stripping
effluent stream is contacted with an adsorbent under conditions which promote the
removal of the aromatic by-products. The effluent from the aromatics removal zone 100
is transferred via a line 98. This stream comprises an admixture of the normal paraffins,
lightly branched paraffins, normal monoolefins, and lightly branched monoolefins, and
has a greatly reduced concentration of aromatic by-products compared to the stripping

effluent stream. This admixture is combined with benzene from a line 112 and passed via
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a line 102 into an alkylation reactor 104. In the alkylation reactor, benzene and the
monoolefins are contacted with an alkylation catalyst at alkylation-promoting conditions

to produce arylalkanes.

The alkylation reactor effluent stream is carried by a line 106 and passes into a
benzene fractionation column 110 by a line 106. This stream comprises an admixture of
benzene, normal paraffins, lightly branched paraffins, arylalkanes comprising one aryl
portion and one aliphatic alkyl portion having 1 or 2 primary carbon atoms, and
arylalkanes comprising one aliphatic alkyl portion and one aryl portion where the aliphatic
alkyl portion has 2, 3, or 4 primary carbon atoms and has no quaternary carbon atoms
except for any quaternary carbon atom bonded to the aryl portion. In other words, this
stream comprises an admixture of benzene, normal paraffins, lightly branched paraffins,
LAB, and MAB. This stream is separated in benzene fractionation column 110 into a
bottom stream and an overhead stream comprising hydrogen, trace amounts of light
hydrocarbons, and benzene. The overhead stream is carried by a line 107 and combines
with make-up benzene charged to a line 109. The combined stream flows through a line
108 to a separator drum 120 from which hydrogen and light gases are removed via a line
114 and condensed liquid is withdrawn by a line 116 to supply reflux to column 110 via a
line 118 and benzene for recycle by a line 112. A line 122 carries the remainder of the
alkylation effluent stream from column 110 to a paraffin column 124 from which a
bottom stream containing the arylalkanes and heavy alkylate by-products is taken by a line
126. The contents of line 126 are separated in a rerun column 130 into a bottom stream
132 comprising heavy alkylate and an overhead alkylate product stream 128 containing
the arylalkane compounds. The overhead stream from the paraffin column 124 is a
recycle stream that contains a mixture of paraffins that are recycled to the
dehydrogenation zone via the line 48. Although not shown in the drawing, some of the
overhead stream from the paraffin column 124 may be passed to the isomerization zoné

rather than to the dehydrogenation zone.

As alternatives to the process flow shown in the drawing, the overhead stream in
line 48 may be introduced into the dehydrogenation zone at other locations, such as into

line 62, line 64, or reactor 70. In the case where the location is the dehydrogenation
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reactor 70, the overhead stream may'be introduced at an intermediate point between the
inlet of line 64 and the outlet of line 66, so that the overhead stream might contéct only a
portion of the catalyst in the dehydrogenation reactor 70. Another way of contacting the
overhead stream with some but not all of the dehydrogenation catalyst is to divide the
dehydrogenation reactor 70 into two or more catalyst-containing subreactors connected in
a series flow arrangement by one or more lines, and to introduce the overhead stream into
a line between subreactors. Whether an intermediate introduction point in the
dehydrogenation reactor 70 is preferred depends on factors including the olefin content of
the overhead stream and the dehydrogenation reaction conditions including conversion.
Similarly, in the embodiment where the overhead stream in line 48 is introduced to the
isomerization zone, the point of introduction may be upstream of the inlet of line 26 to the
isomerization reactor 30 so that the overhead stream might contact all of the catalyst in
the isomerization reactor 30.  However, depending on the isomerization reaction
conversion, the degree of branching of the overhead stream in line 48, and other factors,
the point of introduction may be an intermediate point between the inlet of line 26 and the
outlet of line 28, thereby resulting in the overhead stream contacting only some of the
catalyst in the isomerization reactor 30. The isomerization reactor 30 may be divided into
two or more smaller reactors in series, so that the overhead stream may be introduced to
pass through some but not all of the isomerization reactors. By analyzing the composition
of the isomerized product, dehydrogenated product, and alkylate product streams, a
person of ordinary skill in the art is able to select the preferred point of introduction for

recycling the overhead stream into the process.

The sulfonation of the arylalkane compounds in the overhead alkylate product
stream 128 can be accomplished by contacting the arylalkalate compounds with any of the

well known sulfonation systems, including those hereinbefore described.

After sulfonation, the sulfonated product can be neutralized by contact with any
suitable alkali, such as sodium, potassium, ammonium, calcium, substituted ammonium
alkalis, and mixtures thereof. Suitable neutralizing agents include sodium hydroxide,

potassium hydroxide, ammonium hydroxide, sodium carbonate, sodium bicarbonate,
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potassium carbonate, magnesium hydroxide, magnesium carbonate, basic magnesium
carbonate (magnesium alba), calcium hydroxide, calcium carbonate, and mixtures thereof.

Formulation into Cleaning Products

The present invention also encompasses cleaning compositions comprising:
(i) from about 0.1% to about 50% by weight of modified alkylbenzenesulfonate
surfactant as prepared herein; and
(ii) from about 0.00001%, to about 99.9% by weight of an adjunct ingredient.

Adjunct ingredient can vary widely and accordingly can be used at widely ranging
levels. Some suitable adjunct ingredients include surfactants other than (i), soil release
polymers, polymeric dispersants, polysaccharides, abrasives, bactericides, tarnish
inhibitors, builders, detersive enzymes, dyes, perfumes, thickeners, antioxidants,
processing aids, suds boosters, polymeric suds boosters, buffers, antifungal or mildew
control agents, aqueous solvent system, insect repellants, anti-corrosive aids, chelants,
bleach, bleach catalysts, bleach activators, solvents, organic diamines, suds supressors,
hydrotropes, buffers, softeners, pH adjusting material, aqueous liquid carrier, and
mixtures thereof. For example, detersive enzymes such as proteases, amylases,
cellulases, lipases and the like as well as bleach catalysts including, cobalt amine
complexes, the macrocyclic types having manganese or similar transition metals all
useful in laundry and cleaning products can be used herein at very low, or less commonly,
higher levels.

Other cleaning product adjunct materials suitable herein include bleaches, especially
the oxygen bleach types including activated and catalyzed forms with such bleach
activators as nonanoyloxybenzenesulfonate and/or tetraacetylethylenediamine and/or any
of its derivatives or derivatives of phthaloylimidoperoxycaproic acid or other imido- or
amido-substituted bleach activators including the lactam types, or more generally any
mixture of hydrophilic and/or hydrophobic bleach activators (especially acyl derivatives
including those of the C6-C16 substituted oxybenzenesulfonates); preformed peracids
related to or based on any of the hereinbefore mentioned bleach activators, builders
including the insoluble types such as zeolites including zeolites A, P and the so-called

maximum aluminum P as well as the soluble types such as the phosphates and
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polyphosphates, any of the hydrous, water-soluble or water-insoluble silicates, 2,2’-
oxydisuccinates, tartrate succinates, glycolates, NTA and many other ethercarboxylates or
citrates, chelants including EDTA, S,S’-EDDS, DTPA and phosphonates, water-soluble
polymers, copolymers and terpolymers, soil release polymers, cosurfactants including any
of the known anionic, cationic, nonionic or zwitterionic types, optical brighteners,
processing aids such as crisping agents and/fillers, solvents, antiredeposition agents,
silicone/silica and other suds suppressors, hydrotropes, perfumes or pro-perfumes, dyes,
photobleaches, thickeners, simple salts and alkalis such as those based on sodium or
potassium including the hydroxides, carbonates, bicarbonates and sulfates and the like.
When combined with the modified alkylbenzenesulfonate surfactants of the instant
process, any of the anhydrous, hydrous, water-based or solvent-borne cleaning products
are readily accessible as granules, liquids, tablets, powders, flakes, gels, extrudates,
pouched or encapsulated forms or the like. Accordingly the present invention also
includes the various cleaning products made possible or formed by any of the processes
described. These may be used in discrete dosage forms, used by hand or by machine, or
may be continuously dosed into all suitable cleaning appliances or delivery devices.

The cleaning composition will preferably contain at least about 0.1%, more
preferably at least about 0.5%, even more preferably still, at least about 1% by weight of
said composition of the surfactant system. The cleaning composition will also preferably
contain no more than about 50%, more preferably no more than about 40%, even more
preferably, no more than about 30% by weight of said composition of the surfactant
system.

The cleaning composition will preferably contain at least about 0.00001%, more
preferably af least about 0.0001%, even more preferably, at least about 0.5%, even more
preferably, at least about 1% by weight of said composition of the an adjunct ingredient.
The cleaning composition will also preferably contain no more than about 99.9%, more
preferably no more than about 80%, even more preferably, no more than about 75%, even
more preferably, no more than about 60% by weight of said composition of the adjunct
ingredient. |

Cleaning Compositions in Detail
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References cited herein are incorporated by reference.  The surfactant
compositions prepared by the processes of the present invention can be used in a wide
range of consumer cleaning product compositions including powders, granules, gels,
pastes, tablets, pouches, bars, granules, liquids, liqui-gels, microemulsions, thixatropic
liquids, pastes, powders types delivered in dual-compartment containers, spray or foam
detergents and other homogeneous or multiphasic consumer cleaning product forms.
They can be used or applied by hand and/or can be applied in unitary or freely alterable
dosage, or by automatic dispensing means, or are useful in appliances such as washing-
machines or dishwashers or can be used in institutional cleaning contexts, including for
example, for personal cleansing in public facilities, for bottle washing, for surgical
instrument cleaning or for cleaning electronic components. They can have a wide range of
pH, for example from about 2 to about 12 or higher, and they can have a wide range of
alkalinity reserve which can include very high alkalinity reserves as in uses such as drain
unblocking in which tens of grams of NaOH equivalent can be present per 100 grams of
formulation, ranging through the 1-10 grams of NaOH equivalent and the mild or low-
alkalinity ranges of liquid hand cleaners, down to the acid side such as in acidic hard-
surface cleaners. Both high-foaming and low-foaming detergent types are encompassed.

Consumer product cleaning compositions are described in the “Surfactant Science
Series”, Marcel Dekker, New York, Volumes 1-67 and higher. Liquid compositions in
particular are described in detail in the Volume 67, “Liquid Detergents”, Ed. Kuo-Yann
Lai, 1997, ISBN 0-8247-9391-9 incorporated herein by reference. More classical
formulations, especially granular types, are described in “Detergent Manufacture
including Zeolite Builders and Other New Materials”, Ed. M. Sittig, Noyes Data
Corporation, 1979 incorporated by reference. See also Kirk Othmer’s Encyclopedia of
Chemical Technology.

Consumer product cleaning compositions herein nonlimitingly include:

Light Duty Liquid Detergents (LDL): these compositions include LDL

compositions having surfactancy improving magnesium ions (see for example WO
97/00930 A; GB 2,292,562 A; US 5,376,310; US 5,269,974; US 5,230,823; US
4,923,635; US 4,681,704; US 4,316,824; US 4,133,779) and/or organic diamines and/or



10

15

20

25

30

WO 01/05755 PCT/US00/19647
: 52

various foam stabilizers and/or foam boosters such as amine oxides (see for example US
4,133,779), polymeric suds stabilizers, and/or skin feel modifiers of surfactant, emollient
and/or enzymatic types including proteases; and/or antimicrobial agents; more
comprehensive patent listings are given in Surfactant Science Series, Vol. 67, pages 240-
248.

Heavy Duty Liquid Detergents (HDL): these compositions include both the so-
called “structured” or multi-phase (see for example US 4,452,717, US 4,526,709, US
4,530,780; US 4,618,446; US 4,793,943; US 4,659,497; US 4,871,467; US 4,891,147, US
5,006,273; US 5,021,195; US 5,147,576; US 5,160,655) and “non-structured” or isotropic

liquid types and can in general be aqueous or nonaqueous (see, for example EP 738,778
A; WO 97/00937 A; WO 97/00936 A; EP 752,466 A; DE 19623623 A; WO 96/10073 A;
WO 96/10072 A; US 4,647,393; US 4,648,983; US 4,655,954; US 4,661,280; EP
225,654; US 4,690,771; US 4,744,916; US 4,753,750; US 4,950,424; US 5,004,556; US
5,102,574; WO 94/23009; and can be with bleach (see for example US 4,470,919; US
5,250,212; EP 564,250; US 5,264,143; US 5,275,753; US 5,288,746; WO 94/11483; EP
598,170; EP 598,973; EP 619,368; US 5,431,848; US 5,445,756) and/or enzymes (see for
example US 3,944,470; US 4,111,855; US 4,261,868; US 4,287,082; US 4,305,837, US
4,404,115; US 4,462,922; US 4,529,5225; US 4,537,706; US 4,537,707; US 4,670,179;
US 4,842,758; US 4,900,475; US 4,908,150; US 5,082,585; US 5,156,773; WO
92/19709; EP 583,534; EP 583,535; EP 583,536; WO 94/04542; US 5,269,960; EP
633,311; US 5,422,030; US 5,431,842; US 5,442,100) or without bleach and/or enzymes.
Other patents relating to heavy-duty liquid detergents are tabulated or listed in Surfactant
Science Series, Vol. 67, pages 309-324.

Heavy Duty Granular Detergents (HDG): these compositions include both the so-

called “compact” or agglomerated or otherwise non-spray-dried, as well as the so-called
“fluffy” or spray-dried types. Included are both phosphated and nonphosphated types.
Such detergents can include the more common anionic-surfactant based types or can be
the so-called “high-nonionic surfactant” types in which commonly the nonionic surfactant
is held in or on an absorbent such as zeolites or other porous inorganic salts. Manufacture

of HDG’s is, for example, disclosed in EP 753,571 A; WO 96/38531 A; US 5,576,285;
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US 5,573,697; WO 96/34082 A; US 5,569,645; EP 739,977 A; US 5,565,422; EP
737,739 A; WO 96/27655 A; US 5,554,587, WO 96/25482 A; WO 96/23048 A; WO
96/22352 A; EP 709,449 A; WO 96/09370 A; US 5,496,487, US 5,489,392 and EP
694,608 A. |

“Softergents” (STW): these compositions include the various granular or liquid
(see for example EP 753,569 A; US 4,140,641; US 4,639,321; US 4,751,008; EP
315,126; US 4,844,821; US 4,844,824; US 4,873,001; US 4,911,852; US 5,017,296; EP

422,787) softening-through-the wash types of product and in general can have organic
(e.g., quaternary) or inorganic (e.g., clay) softeners.

Hard Surface Cleaners (HSC): these compositions include all-purpose cleaners

such as cream cleansers and liquid all-purpose cleaners; spray all-purpose cleaners
including glass and tile cleaners and bleach spray cleaners; and bathroom cleaners
including mildew-removing, bleach-containing, antimicrobial, acidic, neutral and basic
types. See, for example EP 743,280 A; EP 743,279 A. Acidic cleaners include those of
WO 96/34938 A.

Bar Soaps and/or Laundry Bars (BS&HW): these compositions include personal

cleansing bars as well as so-called laundry bars (see, for example WO 96/35772 A);
including both the syndet and soap-based types and types with softener (see US 5 ,500,137
or WO 96/01889 A); such compositions can include those made by common soap-making
techniques such as plodding and/or more unconventional techniques such as casting,
absorption of surfactant into a porous support, or the like. Other bar soaps (see for
example BR 9502668, WO 96/04361 A; WO 96/04360 A; US 5,540,852 ) are also
included. Other handwash detergents include those such as are described in GB 2,292,155
A and WO 96/01306 A.

Shampoos and Conditioners (S&C): (see, for example WO 96/37594 A; WO
96/17917 A; WO 96/17590 A; WO 96/17591 A). Such compositions in general include

both simple shampoos and the so-called “two-in-one” or “with conditioner” types.

Liquid Soaps (LS): these compositions include both the so-called “antibacterial”

and conventional types, as well as those with or without skin conditioners and include

types suitable for use in pump dispensers, and by other means such as wall-held devices
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used institutionally.

Special Purpose Cleaners (SPC): including home dry cleaning systems (see for
example WO 96/30583 A; WO 96/30472 A; WO 96/30471 A; US 5,547,476; WO
96/37652 A); bleach pretreatment products for laundry (see EP 751,210 A); fabric care

pretreatment products (see for example EP 752,469 A); liquid fine fabric detergent types,
especially the high-foaming variety; rinse-aids for dishwashing; liquid bleaches including
both chlorine type and oxygen bleach type, and disinfecting agents, mouthwashes, denture
cleanefs (see, for example WO 96/19563 A; WO 96/19562 A), car or carpet cleaners or
shampoos (see, for example EP 751,213 A; WO 96/15308 A), hair rinses, shower gels,
foam baths and personal care cleaners (see, for example WO 96/37595 A; WO 96/37592
A; WO 96/37591 A; WO 96/37589 A; WO 96/37588 A; GB 2,297,975 A; GB 2,297,762
A; GB 2,297,761 A; WO 96/17916 A; WO 96/12468 A) and metal cleaners; as well as
cleaning auxiliaries such as bleach additives and "stain-stick" or other pre-treat types
including special foam type cleaners (see, for example EP 753,560 A; EP 753,559 A; EP
753,558 A; EP 753,557 A; EP 753,556 A) and anti-sunfade treatments (see WO
96/03486 A; WO 96/03481 A; WO 96/03369 A) are also encompassed.

Detergents with enduring perfume (see for example US 5,500,154; WO 96/02490)
are increasingly popular.

A comprehensive list of suitable adjunct materials and methods can be found in
US Provisional Patent application No. 60/053,318 filed July 21, 1997 and assigned to
Procter & Gamble.

The following examples are presented to illustrate aspects of this invention and are
not intended as undue limitations in the generally broad scope of the invention as set forth

in the claims.

EXAMPLES

Examples 1 and 2 illustrate the use of preferred isomerization catalysts for this
invention. The following procedure was employed in both Examples 1 and 2.. A 20 cc
sample of isomerization catalyst is placed in a tubular reactor having an inside diameter of
1.27 cm (0.5 in). The isomerization catalyst is pre-reduced by contacting with 1.0 SCFH
(0.027 Nm?>/h) of hydrogen at 10 psi(g) (69 kPa(g)) while the catalyst temperature is held
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at 110°C (230°F) for 1 hour, increasing from 110°C (230°F) to 400°C (752°F) over 3
hours, and then holding at 400°C (752°F) for 2 hours. After this pre-reduction, the
isomerization catalyst is cooled to about 150°C (302°F).

Next, the catalyst is tested for isomerization using a feed mixture of Cio-Ci4 linear
paraffins. The feed mixture (“feed”) is passed over the isomerization catalyst at a LHSV
of 5 hr'!, at a molar ratio of hydrogen per hydrocarbon of 1.5:1, and at a pressure of 500
psi(g) (3447 kPa(g)). The catalyst temperature is adjusted to achieve a desired conversion
of the linear paraffins. The effluent of the tubular reactor is passed to a gas-liquid
separator, and a liquid phase (“product”) is collected from the separator. The product is
analyzed by gas chromatography as already described herein.

The individual components determined by gas chromatograph of the feed and the
product are grouped into five classifications for purposes of Exampleé 1 and 2: light
products having 9 or less carbon atoms (Co-); linear paraffins having 10 to 14 carbon
atoms (“linear”); monomethyl-branched paraffins having 10 to 14 carbon atoms in the
product (“mono”); dimethyl-branched paraffins and ethyl-branched paraffins having 10 to
14 carbon atoms in the product ( “di”’); and heavy products having 15 or more carbon
atoms (C;s+). Based on these five groupings, the following performance measures are
computable:

i. Conversion:
Conversion = 100 x [1 - (linears in product)/(linears in feed)].
ii. Monomethyl selectivity:
Monomethyl selectivity = 100 x [mono/(mono + di)].
iii. Lights yield:
Lights yield = 100 x [Co-/(Co- + (linears in product) + mono + di + Cys5+)].
iv. Heavies yield:

Heavies yield = 100 x [Cys+/(Co- + (linears in product) + mono + di + C;st)].

EXAMPLE 1
The catalyst for Example 1 is prepared by coextrusion of 0.39 wt-% Pt on a
support comprising an extrudate of 60 wt-% SAPO-11 and 40 wt-% alumina. During
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isomerization, the conversion is 73.4 mol-%, the monomethyl selectivity is 55.5 mol-%,

the lights yield is 7.9 mol-%, and the heavies yield is 0.01 mol-%.

EXAMPLE 2
The catalyst for Example 2 is prepared by impregnation of 0.26 wt-% Pt with 50
wt-% MgAPSO-31 and 50 wt-% alumina. During isomerization, the conversion is 73.3
mol-%, the monomethyl selectivity is 69.6 mol-%, the lights yield is 13.5 mol-%, and the

heavies yield is less than 0.01 mol-%.

Examples 1 and 2 show the good conversion and high selectivity to monomethyl
paraffins that can be achieved with isomerization catalysts comprising SAPO-11 and

MgAPSO-31.

Examples 3 through 7 illustrate the use of preferred dehydrogenation catalysts for

this invention.
EXAMPLE 3

Example 3 illustrates a preferred dehydrogenation catalyst for use in this invention, and a
method of preparing the catalyst. Alumina spheres are prepared by the well known oil
drop method which is described in U.S. Patent No. 2,620,314 which is incorporated by
reference. This process involves forming an aluminum hydrosol by dissolving aluminum
in hydrochloric acid. Hexamethylene tetraamine is added to the sol to gel the sol into
spheres when dispersed as droplets into an oil bath maintained at about 93°C (199°F). The
droplets remain in the oil bath until set and form hydrogel spheres. After the spheres are
removed from the hot oil, they are pressure aged at 135°C (275°F) and washed with dilute
ammonium hydroxide solution, dried at 110°C (230°F), and calcined at 650°C (1202°F)
for about 2 hours to give gamma alumina spheres. The calcined alumina is now crushed

into a fine powder having a particle size of less than 200 microns (0.00787 in).

Next, a slurry is prepared by mixing 258 g of an aluminum sol (20 wt-% ALO3)
and 6.5 g of a 50% aqueous solution of tin chloride and 464 g of deionized water and
agitated to uniformly distribute the tin component. To this mixture there are added 272 g

of the above prepared alumina powder, and the slurry is ball milled for 2 hours thereby
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reducing the maximum particle size to less than 40 microns (0.00158 in). This slurry
(1000 g) is sprayed onto 1 kg of alpha alumina cores having an average diameter of about
1.05 mm (0.0413 in) by using a granulating and coating apparatus for 17 minutes to give
an outer layer of about 74 microns (0.00291 in). At the end of the process, 463 g of slurry
are left which did not coat the cores. This layered spherical support is dried at 150°C
(302°F) for 2 hours and then calcined at 615°C (1139°F) for 4 hours in order to convert
the pseudoboehmite in the outer layer into gamma alumina and convert the tin chloride té

tin oxide.

The calcined layered support (1150 g) is impregnated with lithium using a rotary
impregnator by contacting the support with an aqueous solution (1:1 solution: support
volume ratio) containing lithium nitrate and 2 wt-% nitric acid based on support weight.
The impregnated catalyst is heated using the rotary impregnator until no solution

remained, dried, and then calcined at 540°C (1004°F) for 2 hours.

The tin and lithium containing composite is now impregnated with platinum by
contacting the above composite with an aqueous solution (1:1 solution: support volume
ratio) containing chloroplatinic acid and 1.2 wt-% hydrochloric acid (based on support
weight). The impregnated composite is heated using the rotary impregnator until no
solution remained, dried, calcined at 540°C (1004°F) for 2% hours, and reduced in
hydrogen at 500°C (932°F) for 2 hours. Elemental analysis showed that .this catalyst
contained 0.093 wt-% platinum, 0.063 wt-% tin and 0.23 wt-% lithium with respect to the
entire catalyst. The distribution of the platinum is determined by Electron Probe Micro
Analysis (EPMA) using a Scanning Electron Microscope which showed that the platinum

is evenly distributed throughout the outer layer only.

EXAMPLE 4

The catalyst of Example 3 is tested for dehydrogenation activity. Ina 1.27 cm (0.5
in) reactor, 10 cc of catalyst is placed and a hydrocarbon feed composed of 8.8 wt-% n-
Cio, 40.0 wt-% n-Cy1, 38.6 wt-% n-C,, 10.8 wt-% n-Cy3, 0.8 wt-% n-Cy4 and 1 vol-%
non-normals is flowed over the catalyst under a pressure of 138 kPa(g) (20 psi(g)), a

hydrogen hydrocarbon molar ratio of 6:1, and a LHSV of 20 hr'. Water at a
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concentration of 2000 ppm based on hydrocarbon weight is injected. The total normal
olefin concentration in the product (%TNO) is maintained at 15 wt-% by adjusting reactor

temperature.

The results of the testing are as follows. Selectivity for TNO at 120 hours on
stream, which is calculated by dividing %TNO by total conversion, is 94.6 wt-%. Non-
TNO selectivity, which is calculated as 100% - %TNO, is 5.4 wt-%.

The results show that the layered catalyst useful in this invention has both low
deactivation rate and high selectivity to normal olefins. Because the hydrocarbon feed in
this example comprised mostly normal paraffins, the high selectivity for TNO indicates
that relatively little skeletal isomerization of the hydrécarbon feed occurred during

dehydrogenation.

EXAMPLE 5
The procedure set forth in Example 3 is used to prepare a catalyst with the
modification that polyvinyl alcohol (PVA) at a concentration of 2 wt-% of the gamma
alumina is added to the slurry. This catalyst is identified as catalyst A.
EXAMPLE 6
The procedure in Example 3 is used to prepare a catalyst with a layer thickness of

90 microns (0.00354 in). This catalyst is identified as catalyst B.

EXAMPLE 7

Catalysts A and B are tested for loss of layer material by attrition using the

following test.

A sample of the catalyst is placed in a vial which in turn is placed in a blender mill
along with another vial containing the same amount of catalyst sample. The vials are
milled for ten (10) minutes. The vials are removed and then sieved to separate the powder

from the spheres. The powder is weighed and an attrition loss (wt-%) is calculated.

The results of the attrition test are summarized in Table 1.
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Table 1
Effect of Organic Binding Agent on Attrition

Catalyst Weight Percent Loss
Based on Total Amount Based On Layer
A (PVA) 1.0 4.3
B (No Additive) 3.7 17.9

The data in Table 1 show that using an organic binding agent greatly improves the

attrition loss of a layered catalyst.

Examples 8 and 9 illustrate the use of a preferred alkylation catalyst for this

invention.
EXAMPLE 8

Example 8 illustrates an alkylation catalyst for use in this invention, and is
formulated by a method consistent with that of an alkylation catalyst. The starting
material is the hydrogen form of a mordenite having a SiO2/A1203 of 18, hereinafter
referred to as the starting mordenite. 90 parts By weight of the starting mordenite are
mixed with 10 parts by weight of alumina powder. An acidified peptization solution is
added to the mixture. The admixture is then extruded by means known in the art. After
the extrusion process, the extrudate is dried and calcined. Following the drying and
calcining steps, the extrudate is washed in 3 wt-% HCI for 2 hours at 66°C (151°F) at a
solution to extrudate volume of about 6:1. After the wash step the extrudate is rinsed for

1 hour with water at a solution to extrudate volume ratio of about 5:1, and then dried.

EXAMPLE 9

Example 9 illustrates the use of the alkylation catalyst in Example 8.
An olefinic feedstock comprising a blend of monomethyl Cj, olefins and having

the composition shown in Table 2 is used.

Table 2: Composition of Olefinic Feedstock
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Olefin Component Content (wt-%)
Lights' 0.64
Linear olefins 30.11
6-methyl undecene 7.66
5-methyl undecene 15.33
4-methyl undecene 11.82
3-methyl undecene 12.95
2-methyl undecene 8.87
Other alkyl olefins 9.05
Heavies” 3.53
Total 99.96

! Lights include olefins having fewer than 12 carbon atoms.
2 Linear olefins include C; linear olefins.
3 Other alkyl olefins include dimethyl, trimethyl, and other C;, olefins

4 . . . .
Heavies include C;; olefin dimers and trimers.

The olefinic feedstock is mixed with benzene to produce a combined feedstock
consisting of 93.3 wt-% benzene and 6.7 wt-% olefinic feedstock, which corresponds to a
molar ratio of benzene per olefin of about 30:1. A cylindrical reactor, which has an inside
diameter of 0.875 in (22.2 mm), is loaded with 75 cc (53.0 g.) of the extrudate prepared in
Example 8.

The combined feedstock is passed to the reactor and contacted the extrudate at a
LHSV of 2.0 hr'!, a total pressure of 500 psi(g) (3447 kPa(g)), and a reactor inlet
temperature of 125°C (257°F). At these conditions, the reactor lined out over a period of

24 hours and then a liquid product is collected over the period of the next 6 hours.

The selective liquid product is analyzed by BC Nuclear Magnetic Resonance
(NMR) in order to determine the selectivity to 2-phenyl-alkanes and end quaternary
phenyl-alkanes. The effluent of the alkylation reactor is analyzed by 13C NMR in order to
determine the contents of 2-phenyl-alkane isomers, internal quaternary phenyl-alkane
isomers, and of other phenyl-alkane isomers. The nuclear magnetic resonance analytical
method typically consists of the following. A 0.5 g sample of phenyl-alkane mixture is
diluted to 1.5 g with anhydrous deuterated chloroform. A 0.3 milliliter aliquot of the
diluted phenyl-alkane mixture is mixed with 0.3 milliliter of 0.1 M chromium (III)

acetylacetonate in deuterated chloroform in a 5 mm NMR tube. A small amount of
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tetramethylsilane (TMS) is added to the mixture as a 0.0 ppm chemical shift reference.
The spectrum is run on a Bruker ACP-300 FT-NMR spectrometer, which is available
from Bruker Instruments, Inc., Billerica, Massachusetts, USA. The carbon spectrum is
run at a field strength of 7.05 Tesla or 75.469 MHz in a 5 mm QNP probe with a sweep
width of 22727 Hz (301.1 ppm) and about 65000 data points are collected.
The quantitative carbon spectrum is obtained using gated on-acquisition 'H decoupling
(inverse gated decoupling). The quantitative 3¢ spectrum is run with 7.99 microsecond
(90°) pulses, 1.442 second acquisition time, a 5 second delay between pulses, a decoupler
power, using composite pulse decoupling (CPD), of 18H with a pulse width of 105
microseconds (90°) and at least 2880 scans. The number of scans used depends upon
whether benzene is stripped from the liquid product prior to taking the above mentioned
0.5g sample. The data processing is done with the Bruker PC software WINNMR-1D,
Version 6.0, which is also available from Bruker Instruments, Inc. During data processing
a line broadening of 1Hz is applied to the data. Specific peaks are integrated in the region
between 152 ppm and 142 ppm. The 13C NMR peak identifications of the chemical shifts
of the benzylic carbons of the phenyl-alkane isomers is shown in Table 3. As used herein
the term “benzylic carbon” means the carbon in the ring of the phenyl group that is bound

to the aliphatic alkyl group.

Table 3: '3C NMR Peak Identifications

Chemical Shift of the
Benzylic Carbon (ppm) Phenyl-alkane Isomer Type of Quat'
149.6 2-methyl-2-phenyl End
148.3 4-methyl-2-phenyl NQ
148.3 m-methyl-m-phenyl, m>3 Internal
148.0 5-methyl-2-phenyl NQ
147.8 m-methyl-2-phenyl, m>5 NQ
147.8 5-methyl-2-phenyl NQ
147.8 2-phenyl (linear) NQ
147.8 3-methyl-3-phenyl Internal
147.6 4-methyl-2-phenyl NQ
147.2 3-methyl-2-phenyl NQ
146.6 3-methyl-2-phenyl NQ
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146.2 - 146.3 m-methyl-4-phenyl, m#4 NQ
145.9 - 146.2 m-methyl-3-phenyl, m>5 NQ
145.9 3-phenyl (linear) NQ

! NQ = Nongquat

The peak at 148.3 ppm is identified both with 4-methyl-2-phenyl and with the m-
methyl-m-phenyl-alkanes (m>3). However, when the m-methyl-m-phenyl-alkanes (m>3)
are present at more than about 2%, they are seen as a distinct peak at 0.03ppm upfield of
the 4-methyl-2-phenyl-alkanes. The peak at 147.8 ppm is considered herein to be
identified with the 2-phenyl-alkanes as shown in table 3, with possible interference from
3-methyl-3-phenyl-alkanes.

The end quaternary phenyl-alkane selectivity is computed by dividing the integral
of the peak at 149.6 ppm by the sum of the integrals of all of the peaks listed in Table 3,
and multiplying by 100. The 2-phenyl-alkane selectivity can be estimated if the amount
of internal quaternary phenyl-alkanes contributing to the peaks at 148.3 ppm and 147.8
ppm is less than 1% as determined by hereinafter described gas chromatography/mass
spectrometry analytical method. As a first approximation this condition is met when the
sum of the integrals of the 4-phenyl-alkane and 3-phenyl-alkane peaks at 146.2 - 146.3,
145.9 - 146.2 ppm (respectively) is small relative to the sum of the integrals of all the
peaks from 145.9 to 149.6 ppm and the end-quaternary phenyl alkane selectivity is less
than 10%. which are the 2-phenyl-alkane peaks without interference from internal
quaternary phenyl-alkanes. When this is the case, the 2-phenyl~alkane selectivity is
computed by dividing the sum of integrals of the peaks front 149.6 to 146.6 ppm by the
sum of the integrals of all of the peaks listed in Table 3, and multiplying by 100.

The selective liquid product is also analyzed by gas chromatography/mass
spectrometry in order to determine the selectivity to internal quaternary phenyl-alkanes.
The gas chromatography/mass spectrometry analytical method typically consists of the
following. The selective liquid product is analyzed by an HP 5890 Series II gas
chromatograph (GC) equipped with an HP 7673 autosampler and an HP 5972 mass
spectrometer (MS) detector. An HP Chemstation was used to control the data acquisition

and analysis. The HP 5890 Series I, HP 7673, HP 5972, and HP Chemstation, or suitable
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equivalent hardware and software, are available from Hewlett Packard Company, Palo
Alto, California, USA. The GC is equipped with a 30 meter x 0.25 mm DBI1HT(df = 0.1

um) column or equivalent, which can be obtained from J&W Scientific Incorporated, 91
Blue Ravine Road, Folsom, California, USA. Helium carrier gas at 15 psi(g) (103
kPa(g)) and 70°C (158°F) is used in constant pressure mode. The injector temperature is
275°C (527°F). The transfer line and MS source temperatures are held at 250°C (482°F).
An oven temperature program of 70°C (158°F) for 1 minute, then to 180°C (356°F) at
1°C per minute (1.8°F per minute), then to 275°C (527°F) at 10°C per minute (18°F per
minute), then hold at 275°C (527°F) for 5 minutes is used. The MS is tuned by the HP
Chemstation software with the software set to standard spectra autotune. The MS
detector is scanned from 50-550 Da with a threshold = 50.

The concentrations of internal quaternary phenyl-alkanes in the selective liquid
product are determined (i.e., the selective liquid product is quantitated) using the method
of standard addition. Background information on standard addition methods can be found
in Chapter 7 of the book entitled, Samples and Standards, by B. W. Woodget_et_al.,
published on behalf of ACOL, London by John Wiley and Sons, New York, in 1987.

First, a stock solution of internal quaternary phenyl-alkanes is prepared and
quantitated using the foliowing procedure. Benzene is alkylated with a monomethyl
alkene using a nonselective catalyst such as aluminum chloride. The nonselective liquid
product of this alkylation contains a blend of internal quaternary phenyl-alkanes and is
referred to as the stock solution of internal quaternary phenyl-alkanes. Using standard GC
methodology, the largest peaks corresponding to internal quaternary phenyl-alkanes in the
stock solution are identified, and the concentrations of the internal quaternary
phenyl-alkanes in the stock-solution are determined (i.e., the stock solution is quantitated)
using a flame ionization detector (FID). The retention times of the peaks for the internal
quaternary phenyl-alkanes decrease as the index m in the formula m-methyl-m--
phenyl-alkane increases and as the number of carbon atoms in the aliphatic alkyl group of
the internal quaternary phenyl-alkane decreases. The concentration of each internal
quaternary phenyl-alkane is computed by dividing the areas of the peak of that internal
quaternary phenyl-alkane by the sum of the areas of all of peaks.
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Next, a spiking solution of internal quaternary phenyl-alkanes is prepared in the
following manner. An aliquot portion of the stock solution is diluted with
dichloromethane (methylene chloride) to attain a nominal concentration of 100 wppm of
one particular internal quaternary phenyl-alkane of interest (e.g., 3-methy—3-phenyl
decane). The solution that results is referred to as the spiking solution of internal
quaternary phenyl-alkanes. The concentration of any other particular internal quaternary
phenyl-alkane in the spiking solution may be greater or less than 100 wppm, depending on
the concentration of that internal quaternary phenyl-alkane in the stock solution.

Third, a sample solution is prepared as follows. A weight of 0.05 g of an aliquot
portion of the selective liquid product is added to a 10 milliliter volumetric flask. Then
the contents of the flask are diluted with dichloromethane by adding dichloromethane up
to the 10 milliliter mark. The resulting contents of the flask are referred to as the sample
solution.

Fourth, a resultant solution is prepared in the following manner. A weight of 0.05
g of an aliquot portion of the selective liquid product is added to a 10 milliliter volumetric
flask. The spiking solution is then added to the flask up to the 10 milliliter mark to dilute
the contents. The resulting contents of the flask are referred to as the resultant solution.

Both the sample solution and the resultant solution are analyzed by GC/MS using
the above-described conditions. Table 4 lists the ions that were extracted from the full
MS scan, plotted, and integrated using the HP Chemstation software. The HP
Chemstation software is used to determine the individual extracted ion peak areas that
correspond to the internal quats listed in Table 4.

Table 4

Ratio of Mass to Charge of Ion for Peaks of Extracted Ions

Internal Quaternary Number of Carbon Atoms Ratio of Mass to Charge
Phenyl-Alkane in Aliphatic Group of the | (m/z) of Two Extracted Ions

Internal Quaternary Corresponding to Internal
Phenyl-Alkane Quaternary Phenyl-Alkane
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11 133 and 203
3-methyl-3-phenyl 12 133 and 217
13 133 and 231
11 147 and 189
4-methyl-4-phenyl 12 147 and 203
13 147 and 217
11 161 and 175
5-methyl-5-phenyl 12 161 and 189
13 161 and 203

The concentration of each internal quaternary phenyl-alkane in Table 4 is

computed using the following formula:
Aj

C =88 A

where

C = concentration of internal quaternary phenyl-alkane in sample solution, weight-%;
S = concentration of internal quaternary phenyl-alkane in spiking solution, weight-%;
A, = peak area of internal quaternary phenyl-alkane in sample solution, area units;

A, = peak area of internal quaternary phenyl-alkane in resultant solution, area units;

The concentrations C and S have the same units, provided that the areas A, and A,
have the same units. Then, the concentration of each internal quaternary phenyl-alkane in
the selective liquid product is computed from the concentration of that internal quaternary
phenyl-alkane in the sample solution by accounting for the dilution effect of the
dichloromethane in the sample solution. In this manner, the concentration in the selective
liquid product of each of the internal quaternary phenyl-alkanes in Table 4 is computed.
The total concentration of internal quaternary phenyl-alkanes in the selective liquid
product, Cigpa, is computed by summing the individual concentrations of each of the

internal quaternary phenyl-alkanes in Table 4.
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It should be pointed out that the selective liquid product may contain internal
quaternary phenyl-alkanes other than those listed in Table 4, such as
m-methyl-m-phenyl-alkanes where m > 5, depending on the number of carbon atoms in
the aliphatic alkyl groups of the phenyl-alkanes. It is believed that, with the C;, olefinic
feedstock and the conditions of this Example 9, the concentrations of such other internal
quaternary phenyl-alkanes are relatively low compared to those of the internal quaternary
phenyl-alkanes listed in Table 4. Therefore, for purposes of this Example 9, the total
concentration of internal quaternary phenyl-alkanes in the selective liquid product, Cigea,
is computed by summing only the individual concentrations of each of the internal
quaternary phenyl-alkanes in Table 4. However, if the olefinic feedstock had comprised
olefins having, say, up to 28 carbon atoms, then the total concentration of internal
quaternary phenyl-alkanes in the selective liquid product, Cigpa, would be computed by
summing individual concentrations of m-methyl-m-phenyl-alkanes, where m is from 3 to
13. In more general terms, if the olefinic feedstock contains olefins having x carbon
atoms, then the total concentration of internal quaternary phenyl-alkanes in the selective
liquid product, Cigpa, is computed by summing individual concentrations of
m-methyl-m-phenyl-alkanes where m is from 3 to x/2. A person of ordinal skill in the art
of gas chromatography/mass spectrometry can, without undue experimentation, identify at
least one peak with a ratio of mass to charge (m/z) of an extracted ion corresponding to
each internal quaternary phenyl-alkane, so that the concentration of all internal quaternary
phenyl-alkanes may be determined and then summed to arrive at Cigpa.

The selectivity to internal quaternary phenyl-alkanes in the selective liquid product

is computed using the following formula:

Ciqra
=100|———
Q |: CMAB:|

where
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Q = selectivity to internal quaternary phenyl-alkanes
Cigpa = concentration of internal quaternary phenyl-alkanes in selective, liquid product,
wt-%

Cwmap = concentration of modified alkylbenzenes in selective liquid product, wt-%

The concentration of modified alkylbenzenes, Cumas, in the selective liquid product
is determined in the following manner. First, the concentration of impurities in the
selective liquid product is determined by a gas chromatography method. As used in this
context of determining Cwas, the term "impurities” means components of the selective
liquid product that lie outside a specific retention time range that is used in the gas
chromatography method. "Impurities” generally includes benzene, some dialkylbenzenes,
olefins, paraffins, etc.

To determine the amount of impurities from the selective liquid product, the
following gas chromatography method is used. The scope of the invention as set forth in
the claims is not limited to determining the amount of impurities by use of only the
specific equipment, specific sample preparation, and specific GC parameters described
below. Equivalent equipment, equivalent sample preparation, and equivalent GC
parameters that are different but that produce equivalent results to those described below

may also be used to determine the amount of impurities in the selected liquid product.

Equipment:
e Hewlett Packard Gas Chromatograph HP 5890 Series II equipped with a split/splitless

injector and flame-ionization detector (FID).

e J&W Scientific capillary column DB-1HT, 30 meter length, 0.25 mm inside diameter,
0.1 micro-meter film thickness, catalog no. 1221131.

o Restck Red life Septa 11 mm, catalog no. 22306. (Available from Restek Corporation,
110 Benner Circle, Bellefonte, Pennsylvania, USA).

e Restek 4 mm Gooseneck inlet sleeve with a carboffit, catalog no. 20799-209.5.

e O-ring for inlet liner Hewlett Packard, catalog no. 5180-4182.

e T. Baker HPLC grade methylene chloride, catalog no. 9315-33, or equivalent.
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(Available from J. T. Baker Co., 222 Red School Lane, Phillipsburg, New Jersey,
USA).

e 2 ml gas chromatograph autosampler vials with crimp tops, or equivalent.

Sample Preparation

e Weigh 4-5 mg of sample into a 2 ml GC autosampler vial.

e Add 1 ml methylene chloride to the GC vial; seal with 11 mm crimp vial Teflon lined
closures (caps), HP part no. 5181-1210 (available from Hewlett Packard Company),
using crimper tool, HP part no. 8710-0979 (available from Hewlett Packard
Company); and mix well.

e The sample is now ready for injection into the GC.

GC Parameters

e Carrier gas: hydrogen.
e Column head pressure: 9 psi.
e Flows: column flow, 1 mil/min; split vent, about 3 mV/mini septum purge, 1 mil/min.
e Injection: HP 7673 Autosampler, 10 microliter syringe, 1 microliter injection.
e Injector temperature: 350°C (662°F)
e Detector temperature: 400°C(752°F)
e Oven temperature program: initial hold at 70°C (158°F) for 1 minute; heating rate of
1°C per minute (1 .8°F per minute); final hold at 180°C (356°F) for 10 minutes.

Two standards that have been freshly distilled to a purity of more than 98 mole-%
are required for this gas chromatography method. In general, each standard is a
2-phenyl-alkane. One of the 2-phenyl-alkane standards, which is referred to hereinafter as
the light standard, has at least one fewer carbon atom in its aliphatic alkyl group than that
of the olefin in the olefinic feedstock charged to the alkylation zone that has the fewest
number of carbon atoms. The other 2-phenyl-alkane standard, which is referred to
hereinafter as the heavy standard, has at least one more carbon atom in its aliphatic alkyl
group than that of the olefin in the olefinic feedstock charged to the alkylation zone that
has the most number of carbon atoms. For example, if the olefins in the olefinic
feedstock that is charged to the alkylation zone have from 10 to 14 carbon atoms, then the

suitable standards include 2-phenyl-octane as the light standard and 2-phenyl pentadecane
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as the heavy standard.

Each standard is subjected to the gas chromatography method using the conditions
specified above to determine retention time, and the two standard retention times in tum
define a retention time range. Then, an aliquot sample of the selective liquid product is
analyzed by the gas chromatography method using the above conditions. If more than
about 90% of the total GC area is within the retention time range, then the impurities in
the selective liquid product are deemed to be not more than about 10 wt -% of the
selective liquid product, and, for the sole purpose of computing the selectivity to internal
quaternary phenyl alkanes, Cmas 1s aséumed to be 100 wt-%.

On the other hand, if the percent of the total GC area within the retention time
range is not more than about 90%, then the impurities in the selective liquid product are
deemed to be more than about 10 wt -% of the selective liquid product. In this case, in
order to determine Cymag, impurities are removed from the selective liquid product, and
the following distillation method is used. However, the scope of the invention as set forth
in the claims is not limited to removing impurities from the selective liquid product using
only the specific equipment, specific sample preparation, and specific distillation
conditions described below. Equivalent equipment, equivalent procedures, and equivalent
to distillation conditions that are different but that produce equivalent results to those
described below may also be used to remove impurities in the selective liquid product.

The distillation method to remove impurities from the selective liquid product is
as follows. A 5-liter, 3-necked round bottom flask with 24/40 joints is equipped with a
magnetic stir bar. A few boiling chips are added to the flask. A 9-1/2 inch (24.1 cm) long
Vigreux condenser with a 24/40 joint is placed in the center neck of the flask. A water
cooled condenser is attached to the top of the Vigreux condenser which is fitted with a
calibrated thermometer. A vacuum receiving flask is attached to the end of the condenser.
A glass stopper is 20 placed in one side arm of the 5-liter flask and a calibrated
thermometer is placed in the other side arm. The flask and the Vigreux condenser are
wrapped with aluminum foil. To the 5-liter flask is added a weight of 2200 to 2300 g of
an aliquot portion of the selective liquid product which contains about 10 wt -% or more

of impurities, as determined by the above gas chromatography method. A vacuum line



10

15

20

25

30

WO 01/05755 2o PCT/US00/19647

leading from a vacuum pump is attached to the receiving flask. The selective liquid
product in the 5-liter flask is stirred, and vacuum is applied to the system. Once the
maximum vacuum is reached (at least 1 inch (25.4 mm) Hg by gauge or less), the
selective liquid product is heated by means of an electric heating mantle.

After the heating begins, the distillate is collected in two fractions. One fraction,
which is referred to hereinafter as fraction A, is collected from about 25°C (77°F) to about
the temperature of the boiling point of the light standard at the pressure at the top of the
Vigreux condenser, as measured by the calibrated thermometer at the top of the Vigreux
condenser. The other fraction, fraction B, is collected from about the temperature of the
boiling point of the light standard at the pressure at the top of the Vigreux condenser to
about the temperature of the boiling point of the heavy standard at the pressure at the top
of the Vigreux condenser, as mea§ured by the calibrated thermometer at the top of the
Vigreux condenser. Low-boiling fraction A and high-boiling pot residues are discarded.
Fraction B contains the modified alkylbenzenes of interest, and is weighed. A person of
ordinary skill in the art of distillation can scale this method as needed. Vapor pressures
for phenyl-alkanes at various temperatures can be determined from the article written by
Samuel B. Lippincott and Margaret M. Lyman, published in Industrial and Engineering
Chemistry, Vol. 38, in 1946, and starting at page 320. Using the Lippincott et al. article
and without undue experimentation, a person of ordinary skill in the art can determine
appropriate temperatures for collecting fractions A and B.

Next, an aliquot sample of fraction B is analyzed by the gas chromatography
method using the above conditions. If more than about 90% of the total GC area for
fraction B is within the retention time range, then the impurities in fraction B are deemed
to be not more than about 10 wt -% of the selective liquid product, and, for the sole
purpose of computing the selectivity to internal quaternary phenyl-alkanes, Cmas, 1
computed by dividing the weight of fraction B collected by the weight of the aliquot
portion of the selective liquid product charged to the 5-liter flask in the above distillation
method. On the other hand, if the percent of the total GC area for fraction B within the
retention time range is not more than about 90%, then the impurities in fraction B are

deemed to be more than about 10 wt -% of fraction B. In this case, impurities are
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removed from fraction B by again using the above distillation method. Accordingly, a
low-boiling fraction (which is referred to as fraction C), high-boiling pot residues are
discarded, a fraction (which is referred to herein as fraction D) containing the modified
alkylbenzenes of interest is recovered and weighed, and an aliquot sample of fraction D is
analyzed by the gas chromatography method. If more than about 90% of the total GC area
for fraction D is within the retention time range, then for the sole purpose of computing
the selectivity to internal quaternary phenyl-alkanes, Cmap is computed by dividing the
weight of fraction D by the weight of the aliquot portion of the selective liquid product
originally charged to the S-liter flask. Otherwise, the distillation and gas chromatography
methods are repeated for fraction D.

A person of ordinary skill in the art of distillation and gas chromatography will
appreciate that the above-described distillation and gas chromatography methods can be
repeated until a fraction containing the modified alkylbenzenes of interest and having less
than 10 wt -% impurities is collected, provided that sufficient quantity of material remains
after each distillation for further testing by these methods. Then, once CmaB 1S
determined, the selectivity to internal quaternary phenyl-alkanes, Q, is computed using the
above formula. |

The results of these analyses are shown in the Table 5.

Table 5: Liquid Product Analysis

2-Phenyl Alkane End Quaternary Phenyl- Internal Quaternary Phenyl-
Selectivity Alkane Selectivity Alkane Selectivity

81.2% 7.03% 1.9%

In the absence of shape selectivity, such as if an alkylation catalyst such as
aluminum chloride or HF were used, most of the 2-methyl undecene would be expected to
form 2-methyl-2-phenyl undecane (that is, an end quat). Likewise, most of the 6-methyl
undecene, 5-methyl undecene, 4-methyl undecene, and 3-methyl undecene would be
expected to form internal quats. The linear olefins would be expected to produce a

statistical distribution of 2-phenyl-dodecane, 3-phenyl-dodecane, 4-phenyl-dodecane,
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5-phenyl-dodecane, and 6-phenyl dodecane. Thus, if the lights, the heavies, and the other
alkyl olefins listed in Table 1 are excluded from the computations, the 2-phenyl-alkane
selectivity would be no greater than 17 and the internal quaternary phenyl-alkane
selectivity would approach 55. The Table shows that the 2-phenyl-alkane selectivity is
significantly higher than expected in the absence of shape selectivity and that the internal
quaternary alkylbenzene selectivity obtained using the mordenite catalyst is much less
than the internal quaternary alkylbenzene selectivity that would be expected in the

absence of shape selectivity.

Example 10
Sulfonating the product of Example 9
The modified alkylbenzene mixture of Example 9 is sulfonated with an equivalent of

chlorosulfonic acid using methylene chloride as solvent. The methylene chioride i1s

distilled away.

Example 11
Neutralizing the product of Example 10
The product of Example 10 is neutralized with sodium methoxide in methanol and the

methanol evaporated to give modified alkylbenzene sulfonate, sodium salt mixture.

Example 12

Modified alkylbenzenesulfonate

The procedure of Example 10 is repeated with the exception that the sulfonating uses
sulfur trioxide (without methylene chloride solvent) as sulfonating agent. Details of

sulfonation using a suitable air/sulfur trioxide mixture aré provided in US 3,427,342,

Chemithon. The product is then neutralized with sodium hydroxide

Example 13

Modified alkylbenzenesulfonate surfactant
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The procedure of Example 10 is repeated, except that the sulfonating agent is

oleum and the product is then neutralized with potassium hydroxide.

Composition Examples

Example 14
Cleaning Composition
10% by weight of the product of Example 11 is combined with 90% by weight of an

agglomerated compact laundry detergent granule.

In these composition examples, the following abbreviation is used for a modified
alkylbenzene sulfonate, sodium salt form or potassium salt form, prepared according to
any of the preceding process examples: MABS. The composition examples are
illustrative of the present invention, but are not meant to limit or otherwise define its
scope. All parts, percentages and ratios used are expressed as percent weight unless

otherwise noted.

The following abbreviations are used for the composition examples:

Amylase Amylolytic enzyme, 60KNU/g, NOVO, Termamyl®
60T

APA C8-C10 amido propyl dimethyl amine

Bicarbonate Sodium bicarbonate, anhydrous, 400pm - 1200um

Borax Na tetraborate decahydrate

Brightener 1 Disodium 4,4'-bis(2-sulphostyryl)biphenyl

Brightener 2 Disodium 4,4'-bis(4-anilino-6-morpholino-1.3.5-
triazin-2-yl)amino) stilbene-2:2'-disulfonate

C45AS C14-C15 linear alkyl sulfate, Na salt

CaCl2 Calcium chlonde

Carbonate NaCO3 anhydrous, 200pm - 900pm
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Cellulase Cellulolytic enzyme, 1000 CEVU/g, NOVO,
Carezyme®

Citrate Trisodium citrate dihydrate, 86.4%,425um - 850 pm

Citric Acid Citric Acid, Anhydrous

CMC Sodium carboxymethyl cellulose

CxyAS C1x-C1y alkyl sulfate, Na salt or other salt if specified

CxyEz Cix-1y branched primary alcohol ethoxylate
(average z moles of ethylene oxide)

CxyEzS C1x-C1y alkyl ethoxylate sulfate, Na salt (average z
moles of ethylene oxide; other salt if specified)

CxyFA C1x-C1y fatty acid

Diamine Alkyl diamine, e.g., 1,3 propanediamine, Dytek EP,
Dytek A, (Dupont)

Dimethicone 40(gum)/60(fluid) wt. blend of SE-76 dimethicone
gum (G.E Silicones Div.) / dimethicone fluid of
viscosity 350 cS.

DTPA Diethylene triamine pentaacetic acid

DTPMP Diethylene triamine penta (methylene

phosphonate), Monsanto (Dequest 2060)

Endolase Endoglucanase, activity 3000 CEVU/g, NOVO

EtOH Ethanol

Fatty Acid (C12/14) C12-C14 fatty acid

Fatty Acid (RPS) Rapeseed fatty acid

Fatty Acid (TPK) Topped palm kernel fatty acid

HEDP 1,1-hydroxyethane diphosphonic acid

Isofol 16 C16 (average) Guerbet alcohols (Condea)

LAS Linear Alkylbenzene Sulfonate (C11.8, Na or K salt)

Lipase Lipolytic enzyme , 100kLU/g, NOVO, Lipolase®

LMFAA C12-14 alkyl N-methyl glucamide

LMFAA C12-14 alkyl N-methyl glucamide
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MBAE,

MBAE,S;

MBASy

MEA
MES
MgCl12
MnCAT

NaDCC
NaOH
NaPS
NaSKS-6

NaTS
NOBS
LOBS
PAA
PAE
PAEC
PB1

PEG
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Copolymer 1:4 maleic/acrylic acid, Na salt, avg. mw.
70,000.

Mid-chain branched primary alkyl ethoxylate (average
total carbons = x; average EO = 8)

Mid-chain branched primary alkyl ethoxylate sulfate,
Na salt (average total carbons = z; average EO = x)
Mid-chain branched primary alkyl sulfate, Na salt
(average total carbons = x)

Monoethanolamine

Alkyl methyl ester sulfonate, Na salt

Magnesium chloride

Macrocyclic Manganese Bleach Catalyst

as in EP 544,440 A or, preferably, use
[Mn(Bcyclam)Cly] wherein Beyclam = 5,12-dimethyl-
1,5;8,12-tetraaza—bicyclo[6.6.2]hexadecane ora
comparable bridged tetra-aza macrocycle

Sodium dichloroisocyanurate

Sodium hydroxide

Paraffin sulfonate, Na salt

Crystalline layered silicate of formula $ -NapSipOs5

Sodium toluene sulfonate

Nonanoyloxybenzene sulfonate, sodium salt

C12 oxybenzenesulfonate, sodium salt

Polyacrylic Acid (mw = 4500)

Ethoxylated tetraethylene pentamine

Methyl quaternized ethoxylated dihexylene triamine
Anhydrous sodium perborate bleach of nominal

formula NaBO7.H70»
Polyethylene glycol (mw=4600)
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Percarbonate

PG
Photobleach

PIE

Protease

QAS

SAS

Silicate

Silicone antifoam

SRP 1

SRP 2
SRP 3
STPP
Sulfate
TAED
TFA
Zeolite A

Zeolite MAP

Example 15
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Sodium Percarbonate, nominal formula

2NayC03.3H207

* Propanediol

Sulfonated Zinc Phthalocyanine encapsulated in
dextrin soluble polymer
Ethoxylated polyethyleneimine
Proteolytic enzyme, 4KNPU/g, NOVO,

Savinase®
R).NH(CH3)x((C2H40)yH)z with Ry = Cg - C18
xtz=3,x=0t03,z=0to3,y=1to 135.
Secondary alkyl sulfate, Na salt
Sodium Silicate, amorphous (Si02:NapO; 2.0 ratio)
Polydimethylsiloxane foam controller + siloxane-
oxyalkylene copolymer as dispersing agent; ratio of
foam controller:dispersing agent = 10:1 to 100:1.
Sulfobenzoyl end capped esters with oxyethylene oxy
and terephthaloyl backbone
Sulfonated ethoxylated terephthalate polymer
Methyl capped ethoxylated terephthalate polymer
Sodium tripolyphosphate, anhydrous
Sodium sulfate, anhydrous
Tetraacetylethylenediamine
C16-18 alkyl N-methyl glucamide
Hydrated Sodium Aluminosilicate,
Naj2(A102Si07)12. 27H20; 0.1 - 10 pm
Zeolite (Maximum aluminum P) detergent grade

(Crosfield)
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The following laundry detergent compositions A to E are prepared in accordance

with the invention:
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A B C D E

MABS 22 16.5 11 1-5.5 10-25
Any Combination of: 0 1-5.5 11 16.5 0-5

C45 AS

C45E1S

LAS

C16 SAS

C14-17 NaPS

C14-18 MES

MBAS16.5

MBAEZ2S15.5
QAS 0-2 0-2 0-2 0-2 0-4
C23E6.5 or C45E7 1.5 1.5 1.5 1.5 0-4
Zeolite A 27.8 0 27.8 27.8 20-30
Zeolite MAP 0 27.8 0 0 0
PAA 2.3 2.3 23 23 0-5
Carbonate 273 27.3 27.3 27.3 20-30
Silicate 0.6 0.6 0.6 0.6 0-2
PB1 1.0 1.0 0-10 0-10 0-10
NOBS 0-1 0-1 0-1 0.1 0.5-3
LOBS 0 0 0-3 0 0
TAED 0 0 0 2 0
MnCAT 0 0 0 0 2ppm
Protease 0-0.5[0-05]0-05| 0-05 0-0.5
Cellulase 0-03}0-03 |0-03| 0-0.3 0-05
Amylase 0-05}0-05 |0-05]| 0-0.5 0-1
SRP 1 or SRP 2 0.4 0.4 0.4 0.4 0-1
Brightener 1 or 2 0.2 0.2 0.2 0.2 0-0.3
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PEG 1.6 1.6 1.6 1.6 0-2

Silicone Antifoam 0.42 0.42 0.42 0.42 0-0.5

Sulfate, Moisture & ---Balance---

Minors

Density (g/L) 663 663 663 663 600 - 700
EXAMPLE 16

The following liquid laundry detergent compositions F to J are prepared in accord

with the invention. Abbreviations are as used in the preceding Examples.

F G H I J

MABS 1-7 7-12 (12-17 | 17-22 | 1-35

Any combination of: 15-21 | 10-15| 5-10 0-5 0-25
C25 AExS*Na (x =1.8 - 2.5)
MBAE1.8S15.5
MBASI15.5
C25 AS (linear to high 2-

alkyl)

C14-17 NaPS
C12-16 SAS
C18 1,4 disulfate
LAS

C12-16 MES

LMFAA 0-35 1 0-35|0-35|0-35 0-8

C23E9 or C23E6.5 0-2 0-2 0-2 0-2 0-8

APA 0-05 [ 0-05 ] 0-05 | 0-0.5 0-2

Citric Acid 5 5 5 5 0-8
Fatty Acid (TPK or C12/14) 2 2 2 2 0-14

EtOH 4 4 4 4 0-8
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PG 6 6 6 6 0-10
MEA 1 1 1 1 0-3
NaOH 3 3 3 3 0-7
Na TS 23 2.3 23 2.3 0-4
Na formate 0.1 0.1 0.1 0.1 0-1
Borax 2.5 2.5 2.5 2.5 0-5
Protease 0.9 0.9 0.9 0.9 0-13
Lipase 0.06 0.06 0.06 0.06 0-03
Amylase 015 | 015 | 015 | 015 | 0-04
Cellulase 0.05 0.05 0.05 0.05 0-0.2
PAE 0-06 | 0-06 | 0-06 | 0-06 | 0-25
PIE 1.2 1.2 1.2 1.2 0-2.5
PAEC 0-04 | 0-04 | 0-04 | 0-04 0-2
SRP 2 0.2 0.2 0.2 0.2 0-0.5
Brightener 1 or 2 0.15 0.15 0.15 0.15 0-0.5
Silicone antifoam 0.12 0.12 0.12 0.12 0-0.3
Fumed Silica 0.0015 | 0.0015 | 0.0015 | 0.0015 | 0-0.003
Perfume 03 0.3 0.3 03 0-0.6
Dye 0.0013 | 0.0013 | 0.0013 [ 0.0013 | 0-0.003
Moisture/minors Balance | Balance | Balance | Balance | Balance
Product pH (10% in DI water) 7.7 7.7 7.7 7.7 6-9.5
EXAMPLE 17

The following laundry detergent compositions G to J suitable for hand-washing

soiled fabrics are prepared in accord with the invention:

K L M N
MABS 18 22 18 22
STPP 20 40 22 28
Carbonate 15 8 20 15
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Silicates 15 10 15 10
Protease 0 0 0.3 0.3
Perborate 0 0 0 10
Sodium Chloride 25 15 20 10
Brightener 0-03 0.2 0.2 0.2
Moisture & Minors ---Balance---

EXAMPLE 18

Non-limiting examples P-Q of a bleach-containing nonaqueous liquid laundry

detergent composition are prepared as follows:

P Q
Component Wt. % Range (% wt.)
Liquid Phase
MABS 15 1-35
LAS : 12 0-35
C24ES5 14 10-20
Solvent or Hexylene glycol - 27 20-30
Perfume 0.4 0-1
Solid Phase
Protease 0.4 0-1
Citrate 4 3-6
PBI1 3.5 2-7
NOBS 8 2-12
Carbonate 14 5-20
DTPA 1 0-1.5
Brightener 1 0.4 0-0.6
Silicon antifoam 0.1 0-0.3
Minors Balance Balance

The resulting anhydrous heavy duty liquid laundry detergent provides excellent

stain and soil removal performance when used in normal fabric laundering operations.
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EXAMPLE 19

The following examples R-V further illustrate the invention herein with respect to

shampoo formulations.

Component R S T U \%
Ammonium C24E2S 5 3 2 10 8
Ammonium C24AS 5 5 2 5 g
MABS 0.6 1 4 5 7
Cocamide MEA 0 0.68 0.68 0.8 0
PEG 14,000 mol. wt. 0.1 0.35 0.5 0.1 0
Cocoamidopropylbetaine 2.5 2.5 : 0 0 1.5
Cetyl alcohol 0.42 0.42 0.42 0.5 0.5
Stearyl alcohol 0.18 0.18 0.18 0.2 0.18
Ethylene glycol distearate 1.5 1.5 1.5 1.5 1.5
Dimethicone 1.75 1.75 1.75 1.75 2.0
Perfume 0.45 0.45 0.45 0.45 0.45
Water and minors balance | balance balance balance balance
Example 20
Various bar compositions can be made having the following composition:
\ X
MABS 0-10 21.5
Coco fatty alcohol sulfate 0-20 0
Soda Ash 14 15
Sulfuric acid 2.5 2.5
STP 11.6 12
Calcium carbonate 39 25
Zeolite | 1 0
Sodium Sulfate 0 3
Magnesium Sulfate 0 1.5
Silicate 0 3.3
Talc 0 10
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Coco fatty alcohol 1 1
PB1 2.25 5

Protease 0 0.08
coco monoethanolamide 1.2 2.0

Fluorescent agents 0.2 0.2

Substituted methyl cellulose 0.5 1.4
Perfume 0.35 0.35

DTPMP 0.9 0
Moisture; minors Balance Balance

EXAMPLE 21
The following are examples of hard surface cleaners:

Y Z AA BB CC

MABS 3.0 4.0 4.0 0.25 0.25

NaPS - 1.0 - - -

Coconut Fatty Acid 0.5 - - - -

Trimethyl - - - - 3.1
Ammonium C6AS

C24ES - - 2.5 - -

Carbonate 2.0 2.0 1.0 - -

Bicarbonate 2.0 - - - -
Citrate 8.0 1.0 - 0.5 -

Sodium Sulfite 0.2 - - - -

Fatty Acid (C12/14) - ; 0.4 ] _

Sodium Cumene 5.0 - 2.3 - -
Sulfonate

NTA - 2.0 - - -

Hydrogen Peroxide - - - - 3.0

Sulfuric Acid - - - - 6.0
Ammonia 1.0 - - 0.15 -
BPP 2.0 3.0 - - -
Isopropanol - - S 3.0 -
EGME - - - 0.75 -
Butyl Carbitol 9.5 2.0 - - -
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2-butyl octanol - - 0.3 - -
PEG DME - - 0.5 - -
PVP K60 - - 0.3 - -
perfume 2.0 0.5 - - 0.4
Water + Minors, etc. | Balance Balance Balance Balance Balance

EXAMPLE 22
The following are examples of liquid hand dishwashing detergent compositions
(LDL’s):
Ingredient DD EE FF GG

MABS 5 10 20 30
Mid-Branched C12-13 alkyl 1 1 1 1
ethoxylate (9 moles EO)
Sodium Cq7.13 alkyl ethoxy (1- 25 20 10 0
3) sulfate
C12-14 Glucose Amide 4 4 4 4
Coconut amine oxide 4 4 4 4
EOQ/PO Block Co-polymer - 0.5 0.5 0.5 0.5
Tetronic® 704
Ethanol 6 6 6 6
Hydrotrope 5 5 5 5
Magnesium*+ Salt 3.0 3.0 3.0 3.0
Water, thickeners and minors to 100% | to 100% to 100% to 100%
pH @ 10% (as made) 7.5 7.5 7.5 7.5

EXAMPLE 23

The following are examples of liquid hand dishwashing detergent compositions

(LDL’s):

HH

5]

KK

LL MM

NN
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pH 10% 8.5 9 9.0 9.0 8.5 8.0
MABS 10 5 5 15 10 5

Mid-branched alcohol 0 0 0 10 0 0

ethoxy (0.6) Sulfate

Mid-branched alcohol 0 25 0 0 0 25
ethoxy (1) Sulfate

Mid-branched alcohol 20 0 27 0 20 0

ethoxy (1.4) Sulfate

Mid-branched alcohol 0 0 0 10 0 0

ethoxy (2.2) Sulfate

Amine Oxide 5 S 5 3 5 5

Betaine 3 3 0 0 3 3

AE nonionic 2 2 2 2 2 2

Diamine 1 2 4 2 0 0

Magnesium Salt 0.25 0.25 0 0 0.25 0

Hydrotrope 0 0.4 0 0 0 0

Total (perfumes, dye, (to 100%)

water, ethanol, etc.)

PP QQ RR SS T Uu
pH 10% 9.3 8.5 11 10 9 9.2
Mid-branched 10 15 10 25 5 10
alcohol ethoxy (0.6)
Sulfate
Paraffin Sulfonate 10 0 0 0 0 0
LAS 0 0 0 0 7 10
MABS 5 15 12 2 7 10
Betaine 3 1 0 2 2 0
Amine Oxide 0 0 0 2 5 7
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Polyhydroxy fatty 3 0 1 2 0 0
acid amide (C12)

AE nonionic 0 0 20 1 0 2
Hydrotrope 0 0 0 0 0 5
Diamine 1 5 7 2 2 5
Magnesium Salt 1 0 0 3 0 0
Calcium Salt 0 0.5 0 0 0.1 0.1
Protease 0.1 0 0 0.05 0.06 0.1
Amylase 0 0.07 0 0.1 0 0.05
Lipase 0 0 0.02 0 0.05 0.05
DTPA 0 0.3 0 0 0.1 0.1
Citrate (Cit2K3) 0.65 0 0 0.3 0 0
Total (perfumes, (to 100%)
dye, water, ethanol,
etc.)
EXAMPLE 24
The following are examples of liquid hand dishwashing detergent compositions
(LDL’s):
\'AY wWwW XX YY ZZ
AE0.6S 6 10 13 15 20
Amine oxide 6.5 6.5 7.5 7.5 7.5
C10E8 3 3 4.5 4.5 4.5
MABS 20 16 13 11 6
Diamine 0.5 0.5 1.25 1 0
Magnesium salt 0.2 0.4 1.0 0 0.2
Suds boosting 0 0.2 0.5 0.2 0.5
polymer
Hydrotrope 1.5 1.5 1 1 1
Ethanol 8 8 8 8 8
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Sodium Chloride 0.5 0.5 0.2
pH 9 9 10
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WHAT TS CLAIMED IS:

1. A detergent composition comprising:

(i) from 0.1% to 50% by weight of composition of a modified alkylbenzene sulfonate

surfactant composition, characterized wherein said modified alkylbenzene

sulfonate is produced by a process comprising the steps of:

a)

b)

d)

passing a feed stream containing Cg-Cys paraffins to an isomerization
zone, operating the isomerization zone at isomerization conditions
sufficient to isomerize paraffins, and recovering from the isomerization
zone an isomerized product stream comprising paraffins;

passing at least a portion of said isomerized product stream to a
dehydrogenation zone, operating the dehydrogenation zone at
dehydrogenation conditions sufficient to dehydrogenate paraffins, and
recovering from the dehydrogenation zone a dehydrogenated product
stream comprising monoolefins and paraffins, wherein the monoolefins
have from 8 to 28 carbon atoms and wherein at least a portion of the
monoolefins in the dehydrogenated product stream comprise 3 or 4
primary carbon atoms and no quaternary carbon atoms;

passing an aryl compound and at least a portion of the dehydrogenated
product stream comprising monoolefins to an alkylation zone,
operating the alkylation zone at alkylation conditions sufficient to
alkylate the aryl compound with monoolefins in the presence of an
alkylation catalyst to form arylalkanes comprising molecules having
one aryl portion and one aliphatic alkyl portion containing from 8 to 28
carbon atoms; wherein at least a portion of the arylalkanes formed in
the alkylation zone have 2, 3, or 4 primary carbon atoms, and no
quaternary carbon atoms except for any quaternary carbon atom
bonded by a carbon-carbon bond with a carbon atom of the aryl
portion; and wherein the alkylation has a selectivity to 2-phenyl-
alkanes of from 40 to 100 and a selectivity to internal quaternary
phenyl-alkanes of less than 10;

recovering from the alkylation zone an alkylate product stream

comprising the aryl-alkanes and a recycle stream comprising paraffins;
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e) passing at least a portion of the recycle stream to the isomerization

f)

zone or the dehydrogenation zone;

sulfonating said alkylate product stream; and

g) optionally, neutralizing said sulfonated alkyl product stream;

wherein said modified alkylbenzene sulfonate has an average alkyl carbon chain

length of from 10 to 14; and
(ii) from 0.0001% to 99.9% of an adjunct ingredient.

2. A detergent composition comprising:

(i) from 0.1% to 50% by weight of composition of a modified alkylbenzene sulfonate

surfactant composition, characterized wherein said modified alkylbenzene

sulfonate is produced by a process comprising the steps of:

a)

b)

passing a feed stream containing paraffins to an isomerization zone,
operating the isomerization zone at isomerization conditions sufficient
to isomerize paraffins, and recovering from the isomerization zone an
isomerized product stream comprising paraffins;
passing at least a portion of said isomerized product stream to a
dehydrogenation zone, operating the dehydrogenation zone at
dehydrogenation conditions sufficient to dehydrogenate paraffins, and
recovering from the dehydrogenation zone a dehydrogenated product
stream comprising monoolefins and paraffins;
passing an aryl compound and at least a portion of the dehydrogenated
product stream comprising monoolefins to an alkylation zone,
operating the alkylation zone at alkylation conditions sufficient to
alkylate the aryl compound with monoolefins in the presence of an
alkylation catalyst to form arylalkanes comprising molecules having
one aryl group and one aliphatic alkyl group, wherein the arylalkanes
have:
1) an average weight of the aliphatic alkyl groups of the
arylakanes of between the weight of a Cyo aliphatic alkyl group
and a C;3 aliphatic alkyl group;
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2) a content of arylalkanes having the phenyl group attached to the
2- and/or 3-position of the aliphatic alkyl group of greater than
55 wt-% of the arylalkanes; and
3) an average level of branching of the aliphatic alkyl groups of
the arylalkanes of from 0.25 to 1.4 alkyl group branches per
arylalkane molecules when the sum of the contents of 2-phenyl-
alkanes and 3-phenyl-alkanes is more than 55 wt-% and less
than equal to 85 wt-% of the arylalkanes, or an average level of
branching of the aliphatic alkyl groups of the arylalkanes of
from 0.4 to 2.0 alkyl group branches per arylalkane molecule
when the sum of the concentrations of 2-phenyl-alkanes and 3-
phenyl-alkanes is greater than 85 wt-% of the arylalkanes; and
wherein the aliphatic alkyl groups of the arylalkanes comprise linear
aliphatic groups, mono-branched aliphatic alkyl groups, or di-branched
aliphatic alkyl groups, and wherein the alkyl group branches if any on
the aliphatic alkyl chain of the aliphatic alkyl groups comprise methyl
group branches, ethyl group branches, or propyl group branches, and
wherein the alkyl group branches if any attach to any position on the
aliphatic alkyl chain of the aliphatic alkyl groups provided that
arylalkanes having at least one quaternary carbon atom comprise less
than 20% of the arylalkanes;
d) recovering from the alkylation zone an alkylate product stream
comprising the aryl-alkanes and a recycle stream comprising paraffins;
¢) passing at least a portion of the recycle stream to the isomerization
zone or the dehydrogenation zone;
f) sulfonating said alkylate product stream; and
g) optionally, neutralizing said sulfonated alkyl product stream; and

(ii) from 0.0001% to 99.9% of an adjunct ingredient.

3. The detergent composition according to Claim 1 or 2 characterized wherein said

adjunct ingredient is selected from the group consisting of surfactants other than (i),
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soil release polymers, polymeric dispersants, polysaccharides, abrasives, bactericides,
tarnish inhibitors, builders, detersive enzymes, dyes, perfumes, thickeners,
antioxidants, processing aids, suds boosters, buffers, antifungal or mildew control
agents, insect repellants, anti-corrosive aids, chelants, bleach, bleach catalysts, bleach
activators, solvents, organic diamines, suds supressors, hydrotrope, buffers, softeners,

pH adjusting material, aqueous liquid carrier, and mixtures thereof.

A composition according to Claim 1 or 2 characterized wherein said composition is
selected from the group consisting of granules, tablets, liquids, liqui-gels, gels,

microemulsions, thixatropic liquids, bars, pastes, powders and mixtures thereof.

The composition of Claim 1 further characterized in that at least a portion of the
isomerized product stream, at least a portion of the dehydrogenated product stream,

and at least a portion of the recycle stream, comprises paraffins having from 8 to 28

carbon atoms.

The composition of Claim 5 further characterized in that at least a portion of the
paraffins in at least a portion of the isomerized product stream, at least a portion of the
dehydrogenated product stream, and at least a portion of the recycle stream, comprise

3 or 4 primary carbon atoms and no quaternary carbon atoms.

The composition of Claim 6 further characterized in that at least a portion of the
isomerized product stream has a concentration of greater than 25 mol-% paraffins

having 3 or 4 primary carbon atoms and no quaternary carbon atoms.

The composition of Claim 5 further characterized in that at least a portion of the
paraffins in at least a portion of the isomerized product stream, at least a portion of the
dehydrogenated product stream, and at least a portion of the recycle stream, comprise

secondary carbon atoms having 2 primary carbon atoms.
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The composition of Claim 8 further characterized in that at least a portion of the
isomerized product stream has a concentration of less than 75 mol-% paraffins

comprising secondary carbon atoms and 2 primary carbon atoms.

The composition of Claim 5 further characterized in that the isomerized product
stream having a concentration of less than 10 mol-% of paraffins, at least a portion of
the dehydrogenated product stream, and at least a portion of the recycle stream,

comprise at least one quaternary carbon atom.

The composition of Claim 1 further characterized in that the isomerization zone
contains an isomerization catalyst comprising a Group VIII (TUPAC 8-10) metal and a
support material selected from the group consisting of amorphous alumina,
amorphous silica-alumina, ferrierite, ALPO-31, SAPO-11, SAPO-31, SAPO-37,
SAPO-41, SM-3, and MgAPSO-31.

The composition of Claim 1 further characterized in that the isomerization zone
operates at isomerization conditions comprising a temperature of from 50 to 400°C

and a molar ratio of hydrogen per hydrocarbon of greater than 0.01:1.

The composition of Claim 1 further characterized in that the dehydrogenation zone
contains a dehydrogenation catalyst comprising at least one Group VIII (IUPAC 8-10)

metal, a promoter metal, a modifier metal, and a refractory inorganic oxide.

The composition of Claim 13 further characterized in that the dehydrogenation
catalyst comprises an inner core and an outer layer bonded to the inner core, the outer
layer comprising an outer refractory inorganic oxide having uniformly dispersed
thereon at least one Group VIII (IUPAC 8-10) metal and the promoter metal, and the
dehydrogenation catalyst further having dispersed thereon the modifier metal.
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The composition of Claim 14 further characterized in that the dehydrogenation
catalyst has the outer layer bonded to the inner core to the extent that the attrition loss

is less than 10 wt-% based on the weight of the outer layer.

The composition of Claim 1 further characterized in that the dehydrogenation zone
operates at dehydrogenation conditions comprising a temperature of from 400 to 525°

C and a pressure of less than 345 kPa(g).

The composition of Claims 1-16 further characterized in that the alkylation catalyst
comprises a zeolite having a zeolite structure type selected from the group consisting

of BEA, MOR, MTW, and NES, preferably MOR.

The composition of Claims 1-17 characterized wherein the aryl compound comprises

a compound selected from the group consisting of benzene, toluene, and ethylbenzene.

The composition of Claims 1-18 characterized wherein the monoolefins have from 10

to 15 carbon atoms.

The composition of Claim 1 characterized wherein the monoolefins comprise

monomethyl-alkenes.

The composition of Claim 1 characterized wherein the arylalkanes comprise

monomethyl-phenyl-alkanes.

The composition of Claim 1 further characterized in that the at least a portion of the

recycle stream has a concentration of monoolefins of less than 0.3 wt-%.

The composition of Claim 1 further characterized in that the dehydrogenated product
stream has a first concentration of diolefins, at least a portion of the dehydrogenated
product stream passes to a selective diolefin hydrogenation zone, a selective diolefin
hydrogenation product stream having a second concentration of diolefins that is less

than the first concentration of diolefins is recovered from the selective diolefin
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hydrogenation zone, and at least a portion of the selective diolefin hydrogenation

product stream passes to the alkylation zone.

The composition of Claim 23 further characterized in that the selective diolefin
hydrogenation product stream has a first concentration of aromatic by-products, at
least a portion of the selective diolefin hydrogenation product stream passes to an
aromatics removal zone, an aromatics removal product stream having a second
concentration of aromatic by-products that is less than the first concentration of
aromatic by-products is recovered from the aromatics removal zone, and at least a

portion of the aromatics removal product stream passes to the alkylation zone.

The composition of Claim 1 further characterized in that the dehydrogenated product
stream has a first concentration of aromatic by-products, at least a portion of the
dehydrogenated product stream passes to an aromatics removal zone, an aromatics
removal product stream having a second concentration of aromatic by-products that is
less than the first concentration of aromatic by-products is recovered from the
aromatics removal zone, and at least a portion of the aromatics removal product

stream passes to the alkylation zone.

The composition of Claim 1 characterized wherein at least a portion of the recycle

stream passes to the isomerization zone.

The composition of Claim 26 further characterized in that the isomerization zone
contains a first bed containing isomerization catalyst and a second bed containing
isomerization catalyst, the feed stream passes to the first bed operating at first bed
conditions to isomerize paraffins, a first bed effluent comprising paraffins is
withdrawn from the first bed, at least a portion of the first bed effluent and the at least
a portion of the recycle stream passes to the second bed operating at second bed
conditions to isomerize paraffins, and the isomerized product stream is recovered

from the second bed.
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The composition of Claim 1 characterized wherein at least a portion of the recycle

stream passes to the dehydrogenation zone.

The composition of Claim 28 further characterized in that the dehydrogenation zone
contains a first bed containing dehydrogenation catalyst and a second bed containing
dehydrogenation catalyst, at least a portion of the isomerized product stream passes to
the first bed operating at first bed conditions to dehydrogenate paraffins, a first bed
effluent comprising paraffins is withdrawn from the first bed, at least a portion of the
first bed effluent and at least a portion of the recycle stream passes to the second bed
operating at second bed conditions to dehydrogenate paraffins, and the

dehydrogenated product stream is recovered from the second bed.

The composition of Claim 1 characterized wherein at least a portion of the isomerized
product stream comprises paraffins having from 8 to 28 carbon atoms and the carbon
atoms of the paraffin molecules in the isomerized product stream comprise 3 or 4

primary carbon atoms and no quaternary carbon atoms.

The composition of Claims 1-30 further characterized in that at least a portion of the
alkylate product stream is contacted with a sulfonating agent at sulfonating conditions
sufficient to sulfonate arylalkanes and to produce a sulfonated product stream
comprising arylalkane sulfonic acids, and wherein the sulfonating agent is selected
from the group consisting of sulfuric acid, chlorosulfonic acid, oleum, and sulfur

trioxide.

The composition of Claim 31 further characterized in that at least a portion of the
sulfonated product stream is contacted with a neutralizing agent at neutralizing
conditions sufficient to neutralize arylalkane sulfonic acids and to produce a
neutralized product stream comprising arylalkane sulfonates, wherein the neutralizing
agent is selected from the group consisting of sodium hydroxide, potassium
hydroxide, ammonium hydroxide, sodium carbonate, sodium bicarbonate, potassium
carbonate, magnesium hydroxide, magnesium carbonate, basic magnesium carbonate

(magnesium alba), calcium hydroxide, calcium carbonate, and mixtures thereof.
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