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10               where the cation (C[err]H[err])+ represents a
involving  compounds  containing  tertiary              carbonium ion
derived from the long chain             carbon atoms for the olefinic
alkylating 65              olefin charged to the alkylation reaction and
agent; consequently, a greater proportion of           15 the compound
C[err]H[err] represents the cor-         the latter olefins are consumed in
the forma-              responding paraffin formed by virtue of the
tion of the desired alkylate. Furthermore,              hydrogen exchange
reaction occurring in the           it has been found that the presence of
the              alkylation reaction catalyzed by means of the
diluent in the benzene alkylation process 70
produces a greater yield of alkylate, with less          20  acid catalyst.
The carbonium ion [err]                benzene and sulfuric acid
consumption, than                                             an alkylation
reaction in which the diluent              thus formed as a result of the
hydrogen               is absent.              exchange which occurs during
the alkylation             Olefinic hydrocarbons containing from 9 75
reaction may then alkylate a benzene nucleus,         to 18 carbon atoms
per molecule for use as          25  may add to an olefinic hydrocarbon and
form           alkylating agent in the present process may              a
polymer, or it may undergo other side re-           be derived from any
suitable source, includ-              actions to form undesirable
by-products of            ing the dehydrogenation of paraffinic hydro-
the reaction. Whatever type of reaction the           carbons, dehydration
of alcohols, and cataly- 80              latter carbonium ion enters into,
an undesir-         tic polymerization of lower molecular weight
30  able consumption of either the benzene or the         olefins, such as
the various fractions of propy-              olefinic alkylation agent
charged to the re-          lene polymerization products. The propylene
action occurs and ultimately reduces the              polymers containing
from 9 to 18 carbon              yield of desired alkylate by reducing the
atoms per molecule are especially suitable for 85              amount of
benzene and alkylating agent                the production of alkylates
utilizable as inter-          35  available for the formation of alkylate.
mediates in the ultimate production of alky-                Since benzene
particularly resists alkyla-          laryl sulfonate detergents. The
olefinic alky-             tion to a greater extent than toluene or other
lating agent may consist of one or more indi-             substituted
aromatic compounds, the use of            vidual olefinic hydrocarbons of
homologous 90             an inert diluent free of tertiary carbon atoms
or analogous structure and may consist of          40  is especially
important to effect an increase         primary, secondary or tertiary
olefins and the             in the yield  of mono-alkylate  product.
olefinic bond may occur between any pair of 



Toluene and other nuclearly-substituted               carbon atoms in the
molecular chain.             aromatic compounds, in fact, alkylate with
The material utilized as inert diluent in 95             such ease that the
effect of other side re-           the present alkylation process is
characterized          45   actions during the alkylation is hardly notice-
as a saturated organic compound which is             able and the
alkylation reaction does not             free of tertiary carbon atoms and
is selected             have to compete with such side reactions.
from the saturated hydrocarbons and their             Consequently, no
substantial advantage is             halogen-substituted analogues. It is
thus 100             realized in utilizing the present diluent for
intended to specifically exclude from  the         50   such alkylation
reactions. In the case of             organic diluent any substantial
proportion of             benzene, however, the side reactions proceed
such compounds as the isoparaffins and iso-             at a faster rate
than the desired alkylation re-      naphthenes and their derivatives
containing             action and a considerable proportion of the
one or more tertiary carbon atoms in their 105             olefin-acting
alkylating agent may be con-            molecular structures. The inert
diluent to be         55   sumed prior to the formation of the desired
used in the present process, moreover, boils             alkylate. It
follows, therefore, that in an           at a temperature below 100[err]C.
and therefore             alkylation reaction utilizing benzene and an
also considerably below the initial boiling      olefin as charging stocks,
and in the absence         point of the alkylate. Consequently the 110
isoparaffins, isonaphthenes or other saturated        organic mixture which
separates as so-called 60   organic compounds containing  tertiary
hydrocarbon phase from  the used catalyst             carbon atoms, the
desired alkylation reaction         phase of the alkylation reaction
mixture can             does not have to compete with side reactions
be readily fractionated to recover the diluent
separately from the aromatic hydrocarbon      120             alkylate
without formation of azeotropes.             by simple decantation. The
recovered hydro-     Suitable diluents having these characteristics
carbon phase is washed with water or caustic     include, for example,
n-butane, n-pentane, n-         before separating the diluent, alkylate,
and     hexane, n-heptane, and mixtures thereof. The          unused
benzene therefrom, and it is in this  5  diluent is selected for use in the
present pro-       stage of the process that the presence of the 70
cess in relation to the particular olefin used        diluent in the
product is highly advantageous     as alkylating agent so that the diluent
boils         in eliminating the problem of emulsification     at a lower
temperature than the olefin.          between the hydrocarbon  and  aqueous
The catalyst utilized herein to effect the          phases, a problem
associated with the alkyla- 10  condensation of the benzene with the olefin
tion in which no diluent is utilized. The inert 75     is sulfuric acid of
at least 90% concentrations       diluent is preferably separated from  the
(i.e. not over 10% water), and preferably of          hydrocarbon phase,
for example, by distilla-     from 95 to 98.5% sulfuric acid. A.particu-
tion of the washed hydrocarbon phase and  larly preferred catalyst is
sulfuric acid con-        thereafter is recycled to the alkylation zone,
15  taining at least 95% and preferably 98.5%             since the inert
diluent thus separated is sub- 80     sulfuric acid and particularly a used
iso-            stantially completely  free from  reactive 



paraffin alkylation catalyst. Such used sul-          components.     furic
acid iso-paraffin alkylation catalysts          EXAMPLE     may contain up
to about 15% by weight of            Four alkylation operations were
effected 20  organic material and up to about 7.5%  by             under
otherwise identical continuous flow 85     weight of water. The organic,
material in             conditions, but under differing conditions     such
catalysts usually comprises alkyl sulfates       with respect to the
presence or absence of an     which reduce olefin consumption in the
organic diluent in the alkylation reaction     present process and in other
respects promote         mixture to determine the relative effects of
the alkylation reaction by virtue of their        the diluent and its
composition on the yield 90     emulsifying action on the hydrocarbon and
and quality of alkylate product. In each of     acid phases. Such used
isoparaffin alkyla-            the four operations a dodecylene in the form
tion catalyst is preferably fortified with a re-      of a propylene
tetramer fraction boiling from     agent capable of reacting with the water
in           170 to 225C  was used as olefin charge, a 30  the spent acid
to form sulfuric acid, such as         temperature of O[err]C. was
maintained during 95    concentrated sulfuric acid, oleum, or sulfur
the alkylation reaction and the hydrocarbon    trioxide to reduce its water
content to from          reactants were likewise mixed at this tempera-
5 to 2.5 % by weight. A  portion of the   ture,        the benzene to
olefin molar ratio (moles    partially spent acid phase of the present pro-
of benzene per mole of dodecylene) was 35  cess, separated from the
hydrocarbon alkyla-          maintained at 10:1 in the reaction mixture,
100    tion products by decantation therefrom, may           the reactants
were mixed and allowed to con-    be recycled in combination with fresh
alkyla-         tact the acid catalyst for a space time of    tion
catalyst.                                   approximately 40 minutes in
each case, the       The condensation of the olefin with ben-
hydrocarbon to acid catalyst volume ratio 40  zene may be effected in the
presence of the           was maintained throughout the reaction at 105
indicated sulfuric acid alkylation catalyst           3:1, and the fresh
acid catalyst was 98.5%    and in admixture with the inert diluent at
sulfuric acid charged into the alkylation re-    temperatures between - 10
and l00[err]C., pre-       action mixture at a make-up rate of 1.25 kilo-
ferably from 0 to 50[err]C., and at pressures        grams per kilogram of
olefin charged to the 45  sufficient to maintain the reactants and
reaction. In operation A, an acid-treated 110     catalyst in substantially
liquid phase during         light naphtha fraction containing 47%  n-
the course of the reaction. For the purpose           hexane, 3%
cyclohexane, 12% methylcyclo-     of producing the monoalkyl alkylate
product,          pentane and 38%  C[err]- C[err] isoparaffins was     it
is generally preferred to charge an excess         used as diluent in an
amount representing 50  of the benzene reactant into the alkylation
43% by weight of the benzene charged to the 115     zone, based upon the
quantity of olefin          alkylation reaction mixture. In operation B,
required to form the monoalkylate, generally          conducted at
otherwise identical reaction     from l:1 to about 10:1 molecular
proportions          conditions as the operation A, normal hep-     of
benzene to olefin. The inert diluent is            tane in an amount
equivalent to 43%  by 55  desirably charged to the alkylation reaction
weight of the benzene charged was utilized  120     in admixture with one
of the reactants in an          as diluent. In operation C, no diluent
what-     amount of from 5% to 100% by weight of the            soever was
utilized in the alkylation reaction     benzene charged to the reaction.
The mixture          conducted at otherwise identical reaction     is
preferably thoroughly stirred during the           conditions as operations
A and B. Methyl- 60  reaction, usually for a period of from about
cyclopentane was utilized as diluent in the 125     0.2 to about 2 hours.
Following the reaction,         operation D which was conducted at the
the' mixture is permitted to settle in order to       above reaction
conditions and utilizing 43% 



stratify the used catalyst phase from the             by weight of diluent
based on the benzene     hydrocarbon product in admixture with inert
charged. The following Table presents the 65  diluent, the separated phase
being recovered          results of the operations in tabulated form:   130
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TABLE       Operation:                                   A           B
C          D        Inert Diluent                            Naphtha
Methylcyclo-                                                 fraction
n-C[err]H[err]    None    pentane  5  Yields:        Dodecylbenzene,
275-325C, kgs/kg          olefin feed                              0.81
1.02      0.97     0.50        Percent of theoretical
55          70        66        23        Dodecane in hydrocarbon product
10       kgs/kg olefin                             0.15       0.03
0.03      0.46      Benzene Consumption:        Moles benzene/mole
dodecylbenzene      1.9       1.5        1.7      2.1      Acid
Consumption:        Kgs/kg of Alkylate                          1.6
1.2       1.3      2.62 15  Behavior of Alkylate in    Caustic Scrubbing
Emulsion formation                no        no        yes       no
Prior to distillation of the hydrocarbon            WHAT WE CLAIM IS:
layer of the alkylation reaction product it is        1. Process for
producing benzene alky- 20 necessary to wash this hydrocarbon layer
lates which comprises alkylating benzene 65    with an aqueous alkaline
solution in order          with an olefin containing from 9 to 18 carbon
to remove acid sulfate esters, entrained sul-       atoms per molecule in
substantially liquid    furic acid catalyst and other acidic materials
phase in the presence of a sulfuric acid alky-    to thereby avoid
discoloration and decom-           lation catalyst and in admixture with
from 25 position of the alkylate which would other-         5 to 100%, by
weight of the benzene charged, 70    wise occur if the alkylate were to be
distilled     of an inert diluent which is free from tertiary    without a
wash for removal of these acidic          carbon atoms, boils at a lower
temperature    substances. The alkylate prepared in the            than
said olefin, and is selected from the    presence of the paraffinic diluent
permitted        group consisting of the saturated hydrocar- 30 washing
with caustic solution readily and           bons and the saturated
halogen-substituted 75    without a tendency toward emulsification of
hydrocarbons boiling below  100[err]C., and    the hydrocarbon phase in the
aqueous                thereafter separating the resultant reaction 



caustic; no  problem  was therefore  en-            mass into a used
catalyst phase and a hydro-    countered in separating the washed alkylate
carbon phase comprising alkylate in admix- 35 from the aqueous phase, and
the mixture of          ture with said diluent.                 80
alkylate and diluent separated as a distinct          2. The  process of
claim  1 further    clear, hydrocarbon phase with no inter-
characterized in that the inert diluent con-    mediate emulsion between
the aqueous and            sists of at least one paraffinic hydrocarbon
hydrocarbon layers immediately after shak-          selected from the group
consisting of n-pen- 40 ing the caustic solution and hydrocarbon
tane, n-hexane and n-heptane.           85    mixture together. The
hydrocarbon layer          3. The process of claim 1 further    separated
from the acid phase in the opera-         characterized in that a major
proportion of    tion C, in which no diluent was present             said
olefin is dodecylene.    during the reaction, produced an emulsion
4. The process of any of the claims 1 to 45 which was difficult to separate
into hydro-         3 further characterized in that the sulfuric 90
carbon and aqueous phases when shaken               acid alkylation
catalyst comprises a used iso-     with dilute aqueous caustic solution and
then       paraffin alkylation acid catalyst containing     only by adding
a large quantity of salt to          not more than 7.5% by weight water.
precipitate the emulsion.                        5. The process of claim 4
further charac-                                                   terized
in that the alkylation catalyst com- 95 50   The above results indicate the
outstanding        prises a used isoparaffin sulfuric acid alkyla-
advantage of utilizing the inert diluent hav-       tion catalyst which has
been fortified with a    ing no tertiary carbon atoms in the molecular
reagent which yields sulfuric acid in contact    structure. Indeed, the
presence of a diluent        with water and is selected from the group
in which 50% of the hydrocarbons contain            consisting of
concentrated sulfuric acid con- 100 55 tertiary carbon atoms actually
reduces the          taining less than 5% water, sulfur trioxide    yield
of dodecylbenzene below  the yield            and sulfuric acid oleum.
obtained in the absence of diluent. Only a            6. The process of any
of the claims 1 to    diluent free from tertiary carbon atoms com-        5
further characterized in that the hydro-    bines the advantages of freedom
from emulsi-        carbon phase upon its separation from the re- 105 60
fication troubles with an actual improvement        action mass is freed
from acidic substances    in alkylate yield and a decrease in reactant
by washing with an aqueous alkaline solution    and catalyst consumption.
and the benzene alkylate is thereafter
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Percent of theoretical             55                    70        66
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layer of the alkylation reaction product it is         1. Process for
producing benzene alky-   20 necessary to wash this hydrocarbon layer
lates which comprises alkylating benzene 65       with an aqueous alkaline
solution in order           with an olefin containing from 9 to 18 carbon
to remove acid sulfate esters, entrained sul-        atoms per molecule in
substantially liquid       furic acid catalyst and other acidic materials
phase in the presence of a sulfuric acid alky-       to thereby avoid
discoloration and decom-            lation catalyst and in admixture with
from   25 position of the alkylate which would other-          5 to 100%,
by weight of the benzene charged, 70      wise occur if the alkylate were
to be distilled      of an inert diluent which is free from tertiary
without a wash for removal of these acidic           carbon atoms, boils at
a lower temperature      substances. The alkylate prepared in the
than said olefin, and is selected from the      presence of the paraffinic
diluent permitted         group consisting of the saturated hydrocar-   30
washing with caustic solution readily and            bons and the saturated
halogen-substituted 75      without a tendency toward emulsification of
hydrocarbons boiling below  100[err]C., and      the hydrocarbon  phase in
the aqueous               thereafter separating the resultant reaction
caustic; no  problem  was therefore  en-             mass into a used
catalyst phase and a hydro-      countered in separating the washed
alkylate          carbon phase comprising alkylate in admix-  35  from the
aqueous phase, and the mixture of           ture with said diluent.
80      alkylate and diluent separated as a distinct           2. The
process of claim 1 further      clear, hydrocarbon phase with no inter-
characterized in that the inert diluent con-      mediate emulsion between
the aqueous and             sists of at least one paraffinic hydrocarbon
hydrocarbon layers immediately after shak-           selected from the
group consisting of n-pen-  40  ing the caustic solution and hydrocarbon
tane, n-hexane and n-heptane.          85      mixture together. The
hydrocarbon layer                3. The process of claim 1 further
separated from the acid phase in the opera-          characterized in that
a major proportion of      tion C, in which no diluent was present
said olefin is dodecylene.      during the reaction, produced an emulsion
4. The process of any of the claims 1 to  45   which was difficult to
separate into hydro-          3 further characterized in that the sulfuric
90     carbon and aqueous phases when shaken                acid alkylation
catalyst comprises used iso-     with dilute aqueous caustic solution and
then        paraffin alkylation acid catalyst containing     only by adding
a large quantity of salt to           not more than 7.5% by weight water.
precipitate the emulsion.                        5. The process of claim 4
further charac-                                                    terized
in that the alkylation catalyst com- 95 50     The above results indicate
the outstanding         prises a used isoparaffin sulfuric acid alkyla-
advantage of utilizing the inert diluent hav-        tion catalyst which
has been fortified with a 



ing no tertiary carbon atoms in the molecular        reagent which yields
sulfuric acid in contact     structure. Indeed, the presence of a diluent
with water and is selected from the group     in which 50% of the
hydrocarbons contain             consisting of concentrated sulfuric acid
con- 100 55  tertiary carbon atoms actually reduces the           taining
less than 5%  water, sulfur trioxide     yield of dodecylbenzene below  the
yield             and sulfuric acid oleum.     obtained in the absence of
diluent. Only a             6. The process of any of the claims 1 to
diluent free from tertiary carbon atoms com-         5 further
characterized in that the hydro-     bines the advantages of freedom from
emulsi-         carbon phase upon its separation from the re-  105 60
fication troubles with an actual improvement         action mass is freed
from acidic substances    in alkylate yield and a decrease in reactant
by washing with an aqueous alkaline solution    and catalyst consumption.
and the benzene  alkylate is thereafter            separated from the
diluent.     7. The process of any of the claims 1 to 6   further
characterized in that diluent, unre-   acted benzene and a higher boiling
benzene 5 alkylate fraction are recovered from the                J.Y.&
G.W. JOHNSON,   hydrocarbon phase by fractionally distilling          47,
Lincoln's Inn Fields,   the same after its separation from the reaction
London, W.C.2,   mass, benzene and diluent thus recovered
Chartered Patent Agents.   are recirculated to the alkylation reaction, 1O
and said benzene alkylate fraction is with-    drawn from the process.
8. The process for producing benzene    alkylates substantially as
described.         Sheernees: Printed for Her Majesty's Stationery Office,
by Smiths, Printers and Duplicators.-1960.       Published at Patent
Office, 25 Southampton Buildings, London, W.C.2, from which copies
may be obtained.    


