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A subject of the preséent invention is
superalkalinized alkylaryl sulphonates of alkaline earth
metals obtained from linear alkylaryl sulphonic acids, and
useful as detergent-dispersant additives for lubricating
oils, processes for their preparation and an intermediate
alkylation product.

It is already known in the prior art to prepare
slightly or  highly superalkalinized’ sulphonates from
sulphonic acids obtained by the sulphonation of different
alkylaryl hydrocarbons and of an excess of alkaline earth
base. : |

The alkylaryl hydrocarbons subjected to the
sulphonation reaction result from alkylation by the Friedel-
Crafts reaction of different aryl hydrocarbons, in particular
aromatic, by two different types of olefin:

branched olefins resulting from the oligo—
polymerization of propylene into Ci5 to C49 hydrocarbons, in
particular the tetra polymer of dimerized propylene and a Cp4
olefin,

. and linear olefins that result from the oligo-
polymerization of ethylene into Cy4 to Cyp hydrocarbons.

Thus the European Patent No.1.318 of the Exxon
company, published in 1981, describes superalkalinized mono—
alkyl-orthoxylene sulphonates and mono—alkyl—toluene
sulphonates reshlting from the alkylation of the
corresponding aromatic hydrocarbons by a mixtu:e'of branched
olefins comprising a maximum proportion of 30% of linear
olefin. _

-Moreover, the French Patent No.2,564,830 of the
Orogil company, the former name of the Applicant, and whose
corresponding Application was published in 1985, and which
corresponds to Patent US-A-4,764,295, describes alkylaryl
sulphonates of alkaline earth metals resulting from
alkylation by a linear olefin.

In both cases, the alkylation reaction takes place
in the presence of a Friedel-Crafts catalyst with a high
excess of moles of the aryl hydrocarbon in relation to those



10

15

20

25

30

35

of the olefin, in oxrder to obtain, after recycling said
excess, the corresponding mono-alkylaryl hydrocarbon.

However, the Applicant has found that, by using a
linear mono-olefin having a molar proportion of alpha-olefin
of at least 80%, it obtained, during the alkylation reaction
with benzene, an alkylaryl hydrocarbon in which the molar
proportion of the phenol group in positions 1 and 2 of the
starting linear olefin chain was at least’ 25%.

Now, this high proportion of olefin having a phenyl
group in positions 1 and 2 is reflected by a sulphonate
which, when prepared by the process described in the
aforementioned French Patent 2,564,830, shows hygroscopic
properties, such that it forms a superficial “skin”, making
this product unacceptable as an additive for lubricating oil.

The formation of this superficial skin was generally
accompanied by a very slow filtration rate, a slight
incorporation of calcium, a deterioration in anti-rust
performance, and the undesirable occurrence of a turbid
appearance, indeed of a sedimentation, when the sulphonate

. prepa_red in this way was added in a proportion of 10% by

weight to a standard 1lubricating o©il and stored for
examination. |

Through identification by chromatography, the
Applicant has studied the different isomers, aryl-fixed in
positions 1, 2 or those following on a linear mono-olefinic
chain, their respective influence on the properﬁies of the
corresponding alkylaryl sulphonates of alkaline earth metal
obtained from these different isomers.

And the Applicant discovered that it could overcome
the aforementioned drawbacks, in so far as the molar
proportion of aryl hydrocarbon, other than benzene, fixed to
the carbon atoms situated in positions 1 or 2 of the starting
linear mono-olefin, was comprised between 0 and 13%, and
preferably between 5 and 11% and in particular between 7 and
10%.

Without wishing to be bound by any scientific
explanation, it is assumed that the more the aryl hydrocarbon
is fixed to a carbon atom located opposite the ends of the
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hydrocarbon chain of the 1linear mono-olefin, the more
pronounced is the hydrophobic character of the corresponding
alkylaryl hydrocarbon, and hence the good properties of the
additive in a lubricating oil.

Therefore a subject of the present invention is a
superalkalinized alkylaryl sulphonate of alkaline earth
metal, in which the aryl radical is other than phenyl and the
alkyl chain, which contains between 14 and 40 carbon atoms,
is a linear chain, in which the aryl—sulphonate radical of
alkaline earth metal is fixed, in a molar proportion of 0 to
13%, preferably between 5 and 11%, and more particularly
between 7 and 10%, in positions 1 and 2 of the linear alkyl
chain.

In fact, these alkylaryl sulphonates, in particular
those in which the aryl radical is a substituted phenyl
radical, preferably a tolyl, =xylyl radical, in particular
ortho-xylyl, ethyl-phenyl or cumenyl, exhibit a set of
properties, including solubility in lubricating oil,
filtration rate, incorporation of alkaline earth metal in the
medium, anti~rust properties and an absence or a delay in the
formation of a skin, which makes them in particular
attractive as detergent—dispersion additives in this type of
oil.

The content of 13% is the threshold above which it
is no longer possible to obtain simultaneously a suitable
improvement in the aforementioned five properties;

The content of 11% is the wupper limit of the
additive prepared on an industrial scale, and for which an
attempt is made to obtain an alkylaryl sulphonate exhibiting
all of these five properties.

The content of 10% is the desired value during the
industrial production of this additive.

A subject of the present invention is also processes
for the preparation of such an alkylaryl sulphonate.

A first process according to the invention comprises
the alkylation, according to the Friedel-Crafts reaction, of
an aryl hydrocarbon other than benzene, by a linear mono-
olefin, the sulphonation of the alkylaryl hydrocarbon
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obtained, and the reaction of the resulting sulphonic acid
with an excess of alkaline earth base, in which the linear
mono-olefin contains a molar proportion of between 0 and 13%,
preferably between 5 and 11%, and more particularly between 7
and 10% of alpha olefin.

A second process has been developed by the Applicant
to obtain superalkalinized alkylaryl sulphonates of alkaline
earth metal according to the invention with a mono-alpha
olefin.

It consists, in a conventional process comprising
the alkylation, by the Friedel-Crafts reaction, of an aryl

‘hydrocarbon other than benzene, by a linear mono-alpha

olefin, the sulphonation of the alkylaryl hydrocarbon
obtained and the reaction of the resulting sulphonic acid
with an excess of alkaline earth base, in splitting the
alkylation reaction into a first stage in which the molar
ratio between the aryl hydrocarbon and the linear mono-alpha
olefin is a maximum of 1.5 and preferably 1, and in a second
stage, in which said ratio is at least 2 and preferably 5.

In both the first and the second processes, the
catalyst used for the Friedel-Crafts reaction is preferably
chosen from hydrofluoric acid, aluminium chloride, boron
fluoride, a sulphonic ion exchange resin, and an acid-
activated clay. -

The conditions of this alkylation reaction are a
function of the type of Freidal-Crafts catalyst used.

In the case of hydrofluoric acid, the temperature is

preferably comprised between 20 and 70°C and the pressure is
comprised between atmospheric pressure and 10.105Pa.

In the case of aluminium chloride or boron fluoride,
these conditions are those described in the . literature
regarding this reaction.

Finally, in the case of a solid Freidal-Crafts catalyst,
such as a sulphonic ion exchange resin or an acid-activated
clay, the temperature of the alkylation reaction is comprised

between 40 and 250°C and the pressure is comprised between

atmospheric pressure and 15.10° Pa.
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Although the Applicant does not wish to be bound by
any particular explanation, it would appear that the
maintenance, at the start of the alkylation reaction, of a
molar ratio of aryl hydrocarbon to linear mono—alpha olefin
of a maximum of 1.5 and preferably 1, in the presence of a
Friedel-Crafts catalyst, causes a migration of the double
bond of the linear olefin from the terminal alpha position to
a more central position of the olefin, whkre the aryl radical
is fixed.

It is assumed that the alpha-olefin reacts with the
Friedel-Crafts catalyst to form an intermediate carbonium
ion, which is isomerized, said isomerization occurring more
easily if the relative proportion of alpha-olefin is higher.

The alkylation of this carbonium ion occurs by an
aromatic electrophilic substitution reaction where a hydrogen
atom of the aromatic ring is substituted by a carbon atom of
the olefinic chain. _

This isomerization reaction is unexpected because,
hitherto, the highly exothermic alkylation reaction always
occurred with a high molar excess of aryl hydrocarbon, both
for benzene or one of its derivatives substituted by alkyl
radicals, in relation to the starting olefin, and for a
linear alpha olefin or a branched olefin.

It must nevertheless be observed that this first
isomerization stage must be followed, in the process
according to the invention, by a second stage in which the
molar proportion of the aryl hydrocarbon is 2 and preferably
5 times greater than that of the starting linear olefin.

In addition a subject of the present invention is
the use of the new superalkalinized alkylaryl sulphonates of
alkaline earth metal as detergent-dispersant additives for
lubricating oils and lubricating oils containing them, in a
proportion of between 0.1 and 15% by weight.

Also a subject of the present invention is the
alkylaryl hydrocarbons comprising an aryl substituent, other
than phenyl, on a linear alkyl chain containing between 14
and 40 carbon atoms, and in which the molar proportion of
aryl substituent on the carbon atoms in positions 1 and 2 of
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the linear alkyl chain is compri'sed between 0 and 13%,
preferably 5 and 11%, and more particularly between 7 and
10%.

Also a subject of the present invention is processes
for the preparation of this alkylaryl hydrocarbon, either by
direct reaction of the selected aryl hydrocarbon, according
to the Friedel-Crafts reaction, with a linear mono-olefin, of
which the molar proportion is comprised’ between 0 and 13%,
preferably 5 and 11%, and more particularly between 7 and 10%
of alpha olefin, or by a reaction of the selected aryl
hydrocarbon, according to the Friedel-Crafts reaction, with a
linear mono-alpha olefin in two stages, that is to say a
first stage in which the molar ratio of the aryl hydrocarbon
other than benzene to the mono-alpha olefin is a maximum of
1.5 and preferably of 1, and a second stage in which said
ratio is at least 2 and preferably 5.

Finally a subject of the present invention is the
use of said alkylaryl hydrocarbons for the preparation of
detergent—-dispersant additives for lubricating oils.

Within the scope of the present description, the
term linear mono-alpha olefin denotes an olefin or a mixture
of straight-chain olefins, which can be obtained by the
oligo—polymerization of ethylene, and which contain between
14 and 40, preferably between 16 and 30, and more
particularly between 20 and 24 carbon atoms, and in which the
molar proportion of mono-alpha olefin is at least 80%.

Specific examples of suitable linear mono-alpha
olefins are constituted by the Cyg and Cy1g olefins, by cuts
of Ci4 to Cig, C14 to Cig, Cig to Ci1g or Cygp to Cz4 olefins, or
by combinations of several of them.

The Ci4 to C4p linear mono-alpha olefins, which can
be obtained by the direct oligo—polymerization of ethylene,
have an infrared absorption spectrum that exhibits an
absorption peak at 908 cm"1, characteristic of the presence
of the ethylene double bond at the end of the chain, on the
carbon atoms occupying positions 1 and 2 of the olefin:

-also distinguished therein are two other absorption peaks at

wavelengths of 991 and 1641 cm .



10

15

20

25

30

35

-7 —

By contrast, the isomerized Ci4 to Cygp linear mono-
olefins, that is to say in which the molar proportion of
alpha olefin is comprised between 0 and 13%, preferably
between 5 and 11%, and more particularly between 7 and 10%,
have an infrared absorption spectrum that exhibits no peak in
the regions of 908, 991 and 1641 cm-1, but which reveals the
appearance of an absorption peak at 966 cm—1, characteristic
of a trans internal ethylene double bond.’

These isomerized mono—-olefins can be obtained by

heating, under atmospheric pressure at a temperature of the

order of 120°C for a period of 144 hours, of a cut of Cyp to
Ca4 mono—-olefins obtained by the polymerization of ethylene,
on a iron pentacarbonyl based catalyst, for example as
described in the Patent US-A-5,320,762.

Figures 1 and 2 which are attached illustrate this
difference, by showing the infrared spectra of a cut of Cyp
to C40 linear mono-alpha olefins, obtained directly by the
polymerization of ethylene, in Figure 1, and after the
isomerization of this «cut, by passage on an iron
pentacarbonyl catalyst, to reduce its molar content of alpha
olefin to less than 10%, in Figure 2.

The aryl hydrocarbons with which these linear
olefins are reacted can be aromatic hydrocarbons substituted
by at least one Cy to Cg alkyl radical and in particular
benzene hydrocarbons substituted by one or two C3 to Cyp
alkyl radicals. It is much more preferable to use alkyl
derivatives of benzene, such as toluene, xylenes and in
particular ortho—-xylene, ethyl benzene and cumene, becausé
they favour the monoalkylation by the linear mono-olefin
according to the Friedel-Crafts reaction, due to the presence
of the substituents already present on the aromatic ring.

The Friedel-Crafts catalysts used in the alkylation
reaction in one or two stages according to the invention are
standard catalysts and may include in particular hydrofluoric
acid, boron fluoride BF3, aluminium chloride AlClj3, a
sulphonic ion exchange resin, or an acid-activated clay.
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The two-stage alkylation reaction according to the
present invention can be implemented continuously in two
successive reactors in the presence of the catalyst.

In the first reactor, the molar proportion of aryl
hydrocarbon in relation to the linear olefin is a maximum of
1.5 and preferably 1.2, and more preferably 1, to slow down
the alkylation reaction and to favour the isomerization of
the initial linear mono-alpha olefin by the migration of its
double bond towards the middle of the hydrocarbon chain of
the olefin.

In the second reactor, the molar proportion of aryl
hydrocarbon in relation to the linear mono-alpha olefin is
increased to a minimum of 2:1, and preferably of 5:1 or more,
to complete the alkylation reaction.

And at the end of the successive passage in the two
reactors, the Friedel-Crafts catalyst is collected by phase
separation, and the excess aryl hydrocarbon is recovered, as
in the previous processes.

The same result can also be obtained by carrying out
separately the isomerization of the starting linear alpha
olefin, and then by adding the aryl hydrocarbon to carry out
the catalytic alkylation reaction, with a Friedel-Crafts
catalyst. _

The alkylation product obtained at the end of the
alkylation reaction of either process according to the
present invention is a new intermediate producti, which is
characterized in particular by its low molar proportion,
comprised between 0 and 13%, of aryl isomer fixed on the
carbon atoms in positions 1 or 2 of the starting linear mono-
olefinic chain. .

The analysis of the alkylation products, which are a
subject of the present invention, requires not only infrared
spectrography, but also gas chromatography.

The 1latter technique, carried out on a semi-
capillary column, can be used to separate and to calculate
the proportion of each of the isomers.

The chromatograms obtained by this technique reveal
the absence of 1-aryl isomer; the peak corresponding to the
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longest retention time is that of the 2-aryl isomer; the peak
with the longest retention time less one is that of the
3-aryl isomer, the peak with the longest retention time less
two is that of the 4-aryl isomer, and the following peak,
considering the length of the column used (15 metres), is the
most pronounced because it combines most of all the other
isomers in which the aryl group is fixed to carbon atoms in
position 4, 5 and those following of the‘'linear alkyl chain.

Figure 3 shows the infrared spectrum of an alkylaryl
hydrocarbon of the invention, and Figure 4 shows a series of
diagrams, illustrating the integration of the gas
chromatogram peaks of the same. hydrocarbons, in the form of
molar proportions in per cent as a function of retention
times in minutes. :

The preferred alkylation products are those
resulting from the alkylation of alkyl derivatives of
benzene, such as toluene, xylenes, and in particular ortho—
xylene, ethyl benzene and cumene.

The following sulphonation stage of the process
according to the invention is carried out by techniques known
per se, for example by reaction of the product of the
alkylation stage, with concentrated sulphuric acid, with an
oleum or with sulphuric anhydride dissolved in sulphurous
anhydride. This sulphonation reaction can also be carried
out by putting in contact the reagents (alkylate and
sulphuric anhydride) in the form of a film in co—current or
counter—-current flow. After sulphonation, the sulphonic
acid can be purified by standard techniques, such as washing
with water or thermal treatment, under agitation with
bubbling through of nitrogen.

Finally the last stage of the reaction of sulphonic
acid with an excess of alkaline earth base can be carried out
by the addition of an oxide or hydroxide of alkaline earth
metal, such as magnesium, calcium or barium, and in
particular lime.

This neutralization reaction is implemented in a
dilution oil, with an alcohol having a boiling point above
80°C and preferably with a carboxylic acid containing 1 to
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4 carbon atoms, in the presence of water, as described in
particular in aforementioned French Patent Application No.
2,564,830.

Among the alcohols with boiling points above 80 °C,
the preferable choice is the linear or branched aliphatic
mono—alcohols containing 4 to 10 carbon atoms, such as
isobutanol, 2 ethyl hexanol and Cg to Cig oxo alcohols.

Among the carboxylic acids that'can be employed are
preferably formic acid, acetic acid and their mixtures.

Among the dilution o0ils that are suitable for the
neutralization stage are paraffinic oils such as Neutral 100
0oil, as well as naphthenic or mixed oils.

For the implementation conditions, such as the
proportions of reagents and the conditions of temperature and
pressure, reference is explicitly made to those described in
the prior art and in particular in the French Patent
Application No. 2,564.830 of the Applicant.

After elimination of the water and alcohol, the
product is filtered to remove solid matter and the alkylaryl
sulphonate of alkaline earth metal obtained is collected.

The alkylaryl sulphonates according to the invention
can be weakly or highly superalkalinized, that is to say
their base number (BN), according to Standard ASTM-D-2896,
can range from 10 to 500 and they can be of use in particular
as detergent-dispersant additives for lubricating oils.

However, the alkylaryl sulphonates accoraing to the
invention are particularly useful when their base number is
low and corresponds to a BN range comprised between 10 and
40. _

This is the reason why the present invention will be
illustrated by examples in which, during the reaction of the
sulphonic acid with an alkaline earth base, it is an aim to
obtain an alkylaryl sulphonate having a BN of the order of
20.

If an' alkylation product of benzene is wused, the
Applicant has found that the formation of a skin could be
avoided, and that it was necessary to add calcium chloride
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during the sulphonhation reaction to decrease the viscosity of
the reaction medium.

If, however, the alkylation product has Dbeen
obtained by the alkylation of an aryl hydrocarbon already
substituted by at least one alkyl group, such as toluene,
ethyl benzene, orthoxylene and cumene, it is no longer
necessary to add calcium or ammonium chloride, and the
formation of a skin can be avoided durind the outdoor storage
of the sulphonate, in so far as the content of aryl isomers
fixed in positions 1 and 2 is comprised between 0 and 13% in
moles. ' _

Said detergent-dispersant additives can be added to
the lubricating oils in quantities of up to 15% by weight
according to the type of lubricating 0il.

The lubricating oils to which the sulphonates of the
present invention can be added may be lubricating oils with a
naphthenic, paraffinic or mixed base, they can consist of
mineral oils or originate from coal distillation products or
be constituted by synthetic oils, such as polymers of
alkylenes or esters of mineral acids or of carboxylic acids.

The present invention will now be described with the
help of the following examples, which are only intended to
illustrate the particular implementations of different
aspects of the invention and in which Example 1 represents
the implementation preferred at present.

Example 1

(a) Alkylation
In a first 1.15 litre reactor, agitated and heated

by double jacket to 64°C, an  HF catalyst was loaded
continuously at a rate of 33 cm®/min, a Czp to Cz4 normal
linear mono-alpha olefin the infrared spectrum of which is
reproduced in Figure 1 at a rate of 37.5 cm®/min, and toluene
at a rate of 12.86 cm®/min.

These operating conditions correspond to an -HF
catalyst/alpha olefin ratio of 1.2 in moles, and a residence
time of 13.8 min.

In a second 1.15 litre reactor, agitated and heated
by double jacket .to 60°C, the product from the first reactor,
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the same HF catalyst at rate of 19.87 cm®/min and toluene at
a rate of 51.64 cm®/min, were then introduced.

These operating conditions correspond to an HF
catalyst/alpha olefin ratio of 1.41 by volume and a total
toluene/alpha olefin ratio of 6 in moles.

An unheated settler is used to recover the organic
phase and to recycle a portion of the HF catalyst to the
first reactor. :

The pressure in both reactors and in the settler was
maintained at 5%10° Pa.

The excess toluene is then distilled by passage
through a preheater at 120°C, and introduction into the
bottom of a column at 280°C.

During this second alkylation phase, the process was
continuous, with the product passing from the first reactor
to the second, and then to the settler, and finally to the
preheater and to the column to remove the toluene.

The alkylate obtained exhibits an infrared spectrum

" shown in Figure 3.

Its gas chromatogram, shown in Figure 4, was
obtained on a Carlo Erba Series Vega 6000 instrument,
equipped with a 15 metre long semi-capillary column, with an
SPB-5 Supelco stationary phase with flame ionization
detector, with the heater and column temperatures varying
from 70 to 320°C with a programming of 20°/min and a final
plateau of 10 min.

(b) Sulphonation

The sulphuric .anhydride used for the sulphonation of
the alkylate is obtained by the oxidation of SO in a furnace

at 450°C with vanadium oxide as a catalyst.

The sulphonation reaction takes place in a tube
maintained at 65°C by falling film, the sulphuric anhydride
being diluted with nitrogen and the alkylate/SO; molar ratio
being maintained at 1.05.

The residual sulphuric acid was then eliminated by
thermal treatment after dilution with 10% of 100 N oil,
bubbling through nitrogen at the rate of 10 1/h/kg of product
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and agitation at 85°C, until a lower residual H3S04 content
was obtained (maximum 0.5%).

(c) Superalkalinization

In this stage, relative molar proportions of Ca(OH):
and sulphonic acid are reacted so as to obtain a proportion
of 35% of lime non-neutralized by the sulphonic acid in the
final product. It is this 35% proportion of non-neutralized

‘lime which will allow the final sulphonate to be obtained

with a BN of the order of 20 according to the Standard ASTM-
D—-2896.

In order to achieve this, a quantity of Ca(OH); is
added which does not correspond to a stoichiometric
neutralization of the quantity of sulphonic acid reacted,
namely 0.5 mole of Ca(OH)2 per mole of this sulphonic acid,
but an excess of Ca(OH); is added relative to this
stoichiometric quantity, that is to say a proportion of 0.77
mole of Ca(OH); per mole of sulphonic acid, in order to
obtain a BN of about 20.

These superalkalinization conditions, which will be
followed in all Examples 1 to 22 of the present Patent
Application are implemented in the present Example 1 in the
following manner.

A pre-mixture is loaded into a 4 litre four-neck
flask which can be agitated, heated and equipped with a
system allowing the elimination by distillation of the water
and ethylhexanol, said premixture cdntaining: .

-~ 578 g of 100 Neutral oil,

-~ 65.7 g (0.89 mole) of dead lime Ca(OH)2> and

— a solution at 10% by weight in dodecylbenzene of SI 200
antifoaming agent marketed by Rhdne-Poulenc.

The medium is heated to 60°C over 15 minutes with
stirring at 400 revs/min; 609.7 g (1.15 moles) of sulphonic
acid obtained in the previous stage, pre-heated to 60°C, is

added.
After this addition, the temperature is raised over

10 minutes to 93°C. A plateau of 15 minutes took place at

this temperature; then the medium is cooled down to 85°C by
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the addition of cool 2-ethylhexanol (100.7 g). The reaction
medium is maintained at this temperature for 15 minutes, a
time during which 23 g of water, then 4.5 g formic acid and
4.5 g of acetic acid are added.

The reaction medium is heated to 100°C over 15

minutes and is maintained at this temperature for 1 hour and

30 minutes.

Then reaction medium is taken to 120°C over 1 hour
and maintained at this new temperature for 1 hour.

This first part of the reaction having been carried
out at atmospheric pressure, -the reaction medium is

progressively placed under vacuum while heating at 195°C. It

is then maintained for one hour under the following final

conditions: 195°C and 4 x 10° Pa (30 mm Hg).

The percentage of crude sediment is 0.4%.

The analyses and the filtration rate are shown in
the table (page 1/4).

' Examples 2 to 22

In the fbllowing examples, the alkylation reaction
was implemented by alkylation of different aromatic
hydrocarbons with a linear mono-olefin, identified
respectively in the first and second lines of the table
below.

The alkylation conditions appear in the following
lines of the table, which show the type of cai:alyst, the
number of identical 1.15 1litre reactors into which the
reaction mixture passes in succession, and the relative
proportions of catalyst in relation to the olefin (by volume
or by weight) and of aromatic hydrocarbon in relation to the
olefin (in moles) for each of the reactors.

The alkylaryl hydrocarbon obtained or alkylate is
then analyzed, indicating the percentage of olefins (by
weight) which has not reacted, the molar proportion of
isomers in which the aryl radical is fixed in positions 1 and
2 of the starting olefin with respect to all the isomers, and
their viscosity at 40 and 100°C.
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The table then shows the results of analyses of the
sulphonic acid obtained by the falling film technique, the
sulphuric anhydride and alkylate being introduced in co-
current at the top of a tube, the corresponding sulphuric
acid being collected at the bottom of the tube, and the
residual sulphonic acid being eliminated by thermal
treatment.

The table terminates with the ;results of analyses
carried out on calcium alkylaryl sulphonates, prepared by the
process described in Example 1 above and it shows the
contents of total calcium (CaT) and soluble calcium (CaS) (as
percentages by weight), and the base number (BN) measured
according to Standard ASTM-D 2.896.

The appearance is evaluated by mixing 10 g of
calcium alkylaryl sulphonate in 90 g of 600 N oil and by
attributing to time t = 0 and to the expiration of a period
of one month of storage a figure ranging from 1 to 6, where 1
indicates a clear solution, 2 the presence of a slight
turbidity and 3 the presence of turbidity, 4 the appearance
of a deposit, 5 the presence of a deposit, and 6 the presence
of a large deposit.

The viscosity is measured at 100°C after dilution of
the product in 100 N oil until the solution obtained has a
total calcium content of 2.35%.

The next line of the table shows the gross weight
percentage of the sediments measured'by method ASTM-D 2273 in
which 25 cm® of the product is diluted in a flask with petrol
up to 100 cm®, after which the reading of the percentage of
sediments is made after centrifugation of the flask.

The filtration rate is then given in kg/h/m?.

And the last 1line of the table indicates the
formation or absence of skin with a sample of 30 cm® of
sulphonate, placed in a 100 cm® beaker, on the expiration of
a period of one month, with indication of the number of days
in cases in which the skin has appeared.

The anti-rust tests, which are not shown in the
table, were carried out in each of the samples with sea-
water, using a method very similar to method ASTM-D 665, and
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helped to confirm visually the good anti-rust properties of
the alkylaryl sulphonates according to the invention.

Examples 1 and 2 of the invention should be compared
with Example 3, which is not of the invention.

Example 4 is the only example that implemented the
invention with a mixture of Czp to Cz4 linear mono-olefin
which is not a linear mono-alpha olefin but an isomer or a
mixture of isomers having a maximum moldr content of 13% of
terminal ethylene double bond; the olefin of this example was
obtained by isomerization of a linear mono-alpha olefin on an

iron pentacarbonyl Fe(CO)s catalyst at 130°C and its infrared
spectrum, shown in Figure 2, was used to confirm the
disappearance of the absorption band at 908 cmf‘,
characteristic of terminal carbon-carbon double bond at the
end of the chain. '

In Example 4 and comparative Example 5, the
alkylation reaction has been carried out with a single
reactor on a Friedel-Crafts catalyst of the montmorillonite
clay type activated with acid and marketed under the
trademark Fulcat 22B.

In these Examples 4 and 5, the élkylation reaction
is carried out in the following manner. '

In a 4 litre four—-neck flask which can be agitated,
heated and provided with a condensate separator surmounted by
a vertical cooling apparatus, the following are placed:

-~ 920 g of toluene (10 moles)

~ 584 g of Cyp_24 linear olefin (2 moles) (olefin
isomerized with iron.pentacarbonyl for Example 4 and non-~
isomerized alpha-olefin for Example 5) and

~ 58 g of Fulcat 22B (10% by weight relative to the
olefin).

The reaction medium is heated under reflux at 122°C

for 3 hours and 30 minutes at atmospheric pressure. The
catalyst is eliminated by filtration and distillation is
carried out to eliminate the excess toluene for 1 hour at

190°C under 12 x 10° Pa (90 mm Hg).
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The gas chromatograms of the alkylates of Examples 1
to 5, measured as described concerning Example 1, are shown
in Figure 4 with the test numbers corresponding to each of
these examples.

In the diagrams 'in Figure 4, the y-axis shows the
percentage of each tolyl-eicosane isomer, each of them
corresponding to a position of the tolyl-eicosane radical on
the alkyl chain, all these isomers being'}elated to 100%, and
on the x—axis the retention times in minutes.

It is known from the literature that the isomers
having the aryl group furthest from the end of the alkyl
chain have the shortest retention times, and for the same
number of carbons.

On each of the test results in Figure 4, the
2-tolyl-eicosane (Czo) isomer corresponds to the Ilongest
retention time of 9.9 min, the 3-tolyl-eicosane isomer to the
retention time of 9.69 min, the 4—tolyl—eicosane.isomer to
the retention time of 9.57 min, and all the 5-, 6-, 7-, 8-,
9~ and 10-tolyl-eicosane isomers are grouped at the
intermediate retention time between $.04 and 9.57 min with a
majority peak at 9.38 min. .

It may be observed that the progression of the
contents of the 3- and 4-tolyl-eicosane isomers follows that
of the 2-tolyl-eicosane isomer, and that only tests Nos.1, 2
and 4, corresponding to a molar content of less than 13%,
correspond to alkylaryl hydrocarbons of the present
invention.

The comparative Examples 6 and 8 can be compared
respectively with Examples 7 and 9 of the invention, and
illustrate the implementation of the invention with 013 and
C16 linear mono-—alpha olefins.

Comparative Example 8 was carried out with an
alkylation reaction on sulphonic ion exchange resin marketed
by the company R6hm and Haas under the name of
Amberlyst 36 Dry.

The alkylation conditions of this comparative
Example 8 are identical to those of Examples 4 and 5, with
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the double reservation of changes of catalyst and of olefin
mentioned in the table.

The following examples illustrate the wuse of
different aromatic hydrocarbons, namely ethyl benzene in
Examples 10 and 11, benzene in comparative Examples 12 and
13, ortho—xylene in Examples 14 and 15, a mixture of ortho,
meta and para xylenes in Examples 16 and 17, and cumene in
Examples 18 and 19. :

Comparatives Examples 20 and 21 show the use of a Cig
linear mono—alpha olefin and comparative Example 22 a Cip
linear mono-alpha olefin.

The results show the impossibility of obtaining a
superalkalinized calcium alkylaryl sulphonate having
acceptable properties if the aryl radical is benzene, because
it was never possible to prevent the formation of a skin with
the use of this aromatic hydrocarbon, even if an attempt was
made to alkylate it with a linear mono-olefin having a long
chain length and a high degree of isomerization. _

On the contrary, with toluene, alkylaryl sulphonates
are obtained having encouraging performance characteristics.

The same may be said of the other alkyl derivatives
of benzene, but problems connected with the difficulty of
reducing the value of sulphuric acid to a content lower than
0.5% during the thermal treatment appear with the different
xylenes. |

As to ethylbenzene and cumene, they heip to mask "
slightly the effect of the degree of isomerization of the
olefin due to the beneficial influence of the size of the
aromatic ring on the performance of the corresponding
superalkalinized calcium alkylaryl sulphonate.
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TEST N° 1 2 3 4 5 6
Alkylation Aromatic Toluene Toluene Toluene Toluene Toluenc Toluene
Linear olefin Cron Caon Caon Caon Croae Cie
. czed
Alkylation Catalyst HF HF HF Fulcat 228" | Fulcat 22B° HF
Reactor 1 Catalyst/ 0.88(Vol) | 0.88(Vol) | 0.88(Vol) -| 0.1(weight) | 0.1 (weight) | 0.88(Vol)
olefin
Aromatic/ 1.2 1,5 5 5 5 5
olefin (mol.) ‘
Reactor 2 Catalyst/ 1.41 1.41 1.41 - - 141
olefin (Vol.)
Total aromatic/ 6 6 6 - - 6
olefin (mol.) ’
Analyses of alkylate % unreacted olefins 0.1 0.2 0.2 1 1 0.18
{weight)
Positions 1 +2 0.104 0.126 0.207 0.129 0349 0.28
Z position (mol)
Viscosity 100°C 4.44 447 45 3.71 377 3.57
(cSt)
40°C 218 218 226 16.3 163 158
Analyses of % HSO;” (weight) 145 1335 14.00 ] 15.83 133 16.39
sulphonic acid after
thermal treatment
% H,SO, (weight) 0.21 0.2 0.14 0.42 0.4 - 007
Analyses % CaT (weight) 243 2.53 2.42 246 248 238
of sulfonate
% CaS (weight) 1.65 196 1.75 L.70 1.86 1.72
BN (D28%) 212 188 19.8 213 15.5 162
Appearance t=0 1 1 1 1 2 1
600N )
t=1mnth 1 1 5 1 6 2
Viscosity 100°C at 18.2 51.18 312 14.95 248 308
2.35 % Ca (10°m?s)
% Gross Sed. (weight) 0.4 0.35 0.75 0.4 17 14
Filtration rate (Kg//m?) fast slow slow medium very slow slow
1500 100 35 773 10 50
Skin formation in open NO NO YES NO YES YES
air after 15 days after 1 day | after 25 days

* Acid-activated montmorillonite from LAPORTE
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TEST No. 7 8 9 10 11 12
Alkylation Aromatic Toluene Toluene Toluene Ethylbenzene | Ethylbenzene Benzene
c
Lincar olefin Cie Cus Cie Cao24 Croae Croan
Alkylation Catalyst HF Amberiyst’ 36 HF HF H.F HF
conditions Dry .
Reactor 1 Catalyst/ 0.88(Vol) | 0.1 (weight) | 0.88(Vol) | 0.88(Vol) | 0.88(Vol) | 0.88(Vol)
olefin
Aromatic/ 1.2 5 1.2 S 1.2 5
olefin (mol.)
Reactor 2 Catalyst/ 1.41 - 1.41 141 1.41 141
olefin (Vol.) '
Total aromatic/ 58 - 58 6 58 59
olefin (mol.)
Analyses of alkylate % unreacted olefins 033 092 0.29 1.79 201 0.56
(weight)
Positions 1 +2 0.064 © 035 0.072 0.187 0.083 - 0.15
Z position (mel)
Viscosity 100°C 32 29 29 438 4.53 438
(c8t)
40°C 14.5 11.3 12,7 22.1 21 - 184
Analyses of sulfonic % HSO;y" (weight) 16.59 17.33 172.5 14.1 14.11 18
acid after thermal
treatment
% H.SOy (weight) 038 03 0.05 0.4 0.52 0.23
Analyses of sulfonate % CaT (weight) 247 217 2.5 241 243 26
% CaS (weight) 1.7 1.7 o mn 1.66° 1.68 1.96
BN (D2896) 199 15.1 19.9 19 19.1 18
Appearance t=0 1 2 1 1 1 1
600 N '
t=1rnth 1 2 1 1 1 2
Viscosity 100°C at 204 25.6 215 27.5 19.25 451
2.35 % Ca (10°m?/s)
% Crude Sed. (weight) 1 8 0.5 12 4 1
Filtration rate (Kg/h/m®) 3500 30 2700 30 200 10
Formation of skininopen} g YEs | No YES NO YES
wr after 20 days after 3 days after 1 day

" Sulphonic ion exchange résin from ROHM & HAAS
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TABLE (page 3/4)
TEST N® 13 14 15 16 17 18
Alkylation Aromatic Benzene Onthoxylene | Orthoxylene O,m,p O,m,p Cumene
xylenes Xylenes
Linear olefin Cao Croa Caon Cron Caozs
L 2
Alkylation Catalyst HF HF HF HF HF HF
conditions
Reactor | Catalyst/ 0.88 0.88 0.88 0.88 0.88 0.88
olefin (Vol.)
Aromatic/ 1.2 5 1.2 5 12 5
_ olefin (mol.) :
Reactor 2 Catalyst/ 1.41 1.41 1.41 1.41 1.41 141
' olefin (Vol.)
Total aromatique/ 58 6 58 [ 5.8 6
olefin (mol.)
Analyses de I'alkylat % unreacted olefines 0.39 0.26 0.82 0.7 112 397
(weight)
Positions 1 +2 0.093 0,287 0,1 0,17 0,09 0,134
E position (mol)
Viscosity 100°C 4 5.59 55 5.08 5 4.82
(cSt)
40°C 17 30.41 . 315 2535 248 289
Analyses of % HSQ;" (weight) 15.4 13.48 13.24 13.5 133 1267
sulphonic acid after
thermal treatment
% H,SO0, (weight) 0.18 0.83 0.9 105 0.8 0,53
Analyses of sulfonate % CaT (weight) 264 2.56 2.57 25 248 2.13
% CaS (weight) 1.83 1.74 1.66 1.89 1.67 1.63
BN (D2896) 194 15.5 19 12.5 14.2 15.5
Appearance t=0 1 i 1 1 1 1
600 N
t=1mnth 1 1 1 2 1 1
Viscosity 100°C at 464 20.1 16.2 263 2.7 188
235 % Ca (10°m/s)
% Gross Sed. (weight) 0.6 0.4 14 10 6 1.6
Filtration rate (Kg//m?) 710 1420 1450 40 1000 30
Skin formation YES after 1 | YES after 10 NO YES after 10 NO NO
in open air day of frost days . days
separation separation
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TABLE (page 4/4)
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TEST N° 19 20 21 22
Alkylation Aromatic Cumene Benzenc Benzene Benzene
Linear olefin cn-u Cll Cn Cu
Alkylation Catalyst HF HF HF HF
conditions
Reactor 1 Catalyst/ 0.88 0.88 0.88 0.88
olefin (Vol.)
Aromatic/ 1.2 s 12 1.2
olefin (mol.)
Reactor 2 Catalyst/ 1.41 1.41 1.41 1.41
olefin (Vol.) '
Total aromatic/ 538 6 58 58
olefin {(mol.)
Analyses of alkylate % unreacted olefins 7.6 0.15 0.67 0.64
(weight)
Positions 1 +2 0.054 0.169 0.068 0.08
Z position (mol)
Viscosity | 100°C 4.59 3.14 29 2.5
(cS)
40°C 279 13.2 11.6 9.74
Analyses of % HSO, (weight) 11.83 15.88 141 17.64
sulphonic acid after
thermal treatment
% H>S0, (weight) 0.43 0.18 0.12 0.02
Analyses of sulfonate % CaT (weight) 2.54 333 319 2.57
9 CaS (weight) 1.7 182 188 1.95 -
BN (D2896) 225 225 22 243
Appearance t=0 1 25 2 2
600N
t= 1 nnth 1 6 3 3
Viscosity 100°C at 16.8 255 1300 > 2000
2.35 % Ca (10°m?/s)
% Gross Sed. (weight) 0.4 1 03 0.75
Filtration rate (Kg/h/m?) 33 impossible impossible impossible
Skin formation in openair | o YESafter | YESafler | YESafter
1 day of frost | 1 day of frost | 1 day of frost
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What is claimad is:

1. A superalkalinized alkylaryl sulfonate of alkaline earth metal, wherein the aryi
radical is other than phenol, wherein the alkyl chain is a linear chain that contains
between 14 and 40 carbon atoms, and whaerein said aryl-sulfonate radical of
alkaline earth metal is fixed, in a molar proportion comprised betwesn 0 and 13%
in pasitions 1 or 2 of the linear alkyl chain.

2. A superalkalinized alkylaryl sulfonate of alkaline earth metal according to Claim 1
wherein said aryl-sulfonate radical of alkaline earth metal is fixed, in a molar
proportion comprised between 5 and 11% in pasitions 1 or 2 of the linear alkyl
chain. ~

3. A superalkalinized alkylaryl sulfonate of alkaline earth metal according to Claim 2
wherein said aryl-sulfonate radical of alkaline earth metal is fixed, in a molar
proportion comprised between 7 and 10% in positions 1 or 2 of the linear alkyl
chain. '

4. A superalkalinized alkylaryl sulfonate of alkaline earth metal according to Claim 1,
2, or 3, wherein said aryl radical is selected from the group consisting of tolyl,
xylyl, o-xylyl, ethyl-phenyl, and cumenyl radicals.

5. A superalkalinized alkylaryl sulfonate of alkaline earth metal according to Claim 1,
2, 3, or 4, wherein said alkyl chain contains between 16 and 30 carbon atoms. _

6. A superalkalinized atkylaryl sulfonate of alkaline earth meta!l according to Claim 5
wherein said alkyl chain contains betwaen 20 and 24 carbon atoms.

7. An alkylaryl hydrocarbon comprising an aryl substituent other than pheny! on a
linear alkyl chain containing between 14 and 40 carbon atoms, wherein the molar
‘proportion of aryl substituent on positions 1 and 2 of the linear alkyl chain is
comprised between 0 and 13%.
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An alkylaryl hydrocarbon according to Claim 7 wherein the molar proportion of aryl
substituent on positions 1 and 2 of the linear alkyl chain is comprised betwaeen 5
and 11%.

An alkylaryl hydrocarbon according to Claim 8 wherein the molar proportion of aryl
substituent on positions 1 and 2 of the linear alkyl chain is comprisad between 7
and 10%.

An alkylaryl hydrocarbon according to Claim 7, 8, or 9, wherein said aryl
substituent is selected from the group consisting of tolyl, xylyl, o-xylyl,
ethyl-phenyl, and cumenyl.

An alkylaryl hydrocarbon according to Claim 7, 8, 8, or 10, wherein said alky!
chain contains between 16 and 30 carbon atoms.

An alkylaryl hydrocarbon according to Claim 11 wherein said alkyl chain contains
between 20 and 24 carbon atoms.

A process for the preparation of an alkylaryl hydrocarbon according to Claim 7

comprising the steps of:

(a) the isomerization of a linear mono-alpha olefin containing between 14 and 40
carbon atoms to produce a linear mono-olefin containing a molar proportion
of batween 0 and 13% of alpha olefin,

(b) the alkylation, by the Friedel-Crafts reaction, of an aryl hydrocarbon other
than benzene by said linear mono-olefin.

A process accordin{; io Claim-13 wherein said linear mono-olefin contains a molar
proportion of between 5 and 11% of alpha olefin,

A process according to Claim 14 wherein said linear mono-olefin contains a molar
proportian of baetween 7 and 10% of alpha olefin,

A process according to Claim 13, 14, or 15, further comprising the steps of:

(c) the sulfonation of the alkytaryl hydrocarbon obtained from step (b), and

(d) the reaction of the resulting sulfonic acid with an excess of alkaline earth
base.
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A process accarding ta Claim 16 wherein the catalyst used in the Friedel-Crafts
reaction is selected from the group consisting of hydrofluoric acid, aluminum
chioride, boron fluoride, a sulfonic ion exchange resin, and an acid-activated clay.

A procaess for the preparation of an alkylaryl hydrocarbon according to Claim 7
comprising the alkylation, by the Friedel-Crafts reaction, of an aryl hydrocarbon

- other than benzene by a linear mono-olefin containing'between 14 and 40 carbon
_atoms, and having a malar proportion of alpha olefin of at least 80%, wherein the

alkylation takes place in a first step in which the molar ratio between the aryl
hydrocarbon and the linear mono-alpha olefin is a maximum of 1.5, and in a

- second step in which said ratio is a minimum of 2.

A process according to Claim 18 wherein the alkylation takes place in a first step
in which the molar ratio between the aryl hydrocarbon and the linear mono-alpha
olefin is a maximum of 1, and in a second step in which said ratio is a minimum
of 5.

A pracess accarding to Claim 18 or 19 further comprising the steps of:

(a) the sulfonation of the alkylary! hydrocarbon obtained from the second step of
the alkylation, and '

(b) the reaction of the resulting sulfonic acid with an excess of alkaline earth
base.



