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Process for Preparation of Sulphonates

R The present invention relates to a method for the preparation of basic or neutral
sulphonates and in particular to a method for the preparation of basic or neutral
' 5 sulphonates which are essentiaily chioride free. '

Basic or neutral sulphonates may be used as additives for lubricating oils such as
passenger car, diesel and marine engine lubricants. Basic sulphonate additives
are generally known as either low base number sulphonates or high base number
10 sulphonates. Neutral and iow base number sulphonates function primarily as
surfactants, detergents and rust inhibitors. High base number sulphonates
primarily function to neutralise acids produced in the oil during use. These
suiphonates also help to inhibit corrosion and reduce sedimentation during use.

15 Neutral and low base number sulphonates for use as oil additives are usually |
prepared by the neutralisation of a sulphonic acid with a basic salt such as a basic
caicium salt e.g. calcium oxide or hydroxide in a suitable diluent oil. The
sulphonate product may be a mixture of a number of species; when calcium
hydroxide is used these species may inciude the following:

20

' (i) Hydrated hydroxy calcium sulphonate

0
(HO-CaO :s: -R)xH,0
O '
25 (i) A basic calcium sulphonate
| HO—CaO-Ts:’—B .
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5 wherein R is an organic moiety and x denotes at least one molecule of water of
hydration.

in addition dispersed calcium hydroxide may be present.

10 When preparing iow base number sulphonates the basic salt is added in
stoichiometric excess to that required for complete neutralisation of the suiphonic
acid so that the resulting product is basic.

EP-A-135920 describes the preparation of alkaline-earth metal saits of alkaryl

15  sulphonic acids containing from 1.5 to less than 3 wt.% water without requiring
azeotropic distillation using a polar soivent and by limiting the water in the reaction
mixture. Preferably the sulphonic.acid is "proportioned” into the reaction mixture
(i.e. added at a rate to give the required rate of salt formation). The small amount
of water may be introduced as a sulphonate solution. Basic materials such as

20 amines are added at completion of the reaction to make the product basic.

High base number sulphonates are generally prepared by a process of
neutralisation and carbonation. The sulphonic acid is first neutralised with excess

| basic metal oxide or hydroxide in a suitable diluent. Some of the excess basic

25 metal oxide or hydroxide is then converted to metal carbonate via carbonation.

Typically the reaction is carried out in the presence of a hydrocarbon and/or polar
solvents such as toluene or methanol; the soivent is subsequently removed. The
resulting product is a colloidal dispersion, in a diluent oil, of sub-micron particles of
CaCOg3 and CaOHz which are sterically stabilised by the calcium sulphonate

30 species produced by the reaction. :

Whether neutral or overbased, it is desirable that the suiphonates for use in
engine lubricants should be low in sediment and/or rapidly filterable, clear rather

than hazy, not unduly viscous, and stable on storage, particularly against
35 sedimentation.
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Sulphonates have been prepared from natural suiphonic acids which in turn have
been prepared by the sulphonation of a suitable oil fraction with sulphuric acid.
. Excess sulphuric acid in the reaction mixture is neutralised with sodium hydroxide
' and the sodium suiphonates formed are converted to calcium sulphonates by
. 5 treatment with calcium chloride. The final products contain residual chioride from
the calcium chiloride treatment.

Sulphonates have also been prepared from synthetic sulphonic acids which have
in tum been prepared for example by the sulphonation of C12-Cgp aikyl

10 substituted benzene and/or C42-Cgp alky! substituted xylene compounds. These
sulphonic acids can be used to produce sulphonates which do not have residual
chioride present. It has been found, however, that some synthetic sulphonic acids
cannot be satisfactorily neutralised with calcium hydroxide or lime to produce
calcium sulphonates; the attempted neutralisation results in the production of

15  gelatinous products which are solid at room temperature. Methods have been
proposed to overcome this problem associated with synthetic sulphonic acids.
One such method is described in GB 1 575 957 wherein a large stoichiometric
excess, over that required for neutralisation of the sulphonic acid, of caicium
hydroxide is added to a portion of the sulphonic acid in a diluent to produce a

20 reaction mixture; there is a subsequent addition of the remainder of the sulphonic
acid to the mixture, this addition being less than that which would be required to
fully react with the remaining calcium hydroxide in the mixture. In addition a
solution containing a source of chioride ion is added to the mixture after the
calcium hydroxide or lime addition; the chloride ion is believed to act as promoter

.25  for the product formation and is beneficial in enabling the product of fluid, filterable

products from certain sulphonic acids such as synthetic sulphonic acids. The
addition of chloride promoter prevents the formation of gelatinous products.
However the final product contains chioride.

30 The presence of chioride in caicium sulphonates and other metal sulphonates is a
4 problem from a waste disposal and environmental point of view. Waste disposal
of compositions based on chloride containing sulphonates is therefore a problem;
it would be advantageous to be able to produce chioride free metal sulphonates

without a loss of the beneficial properties produced by the use of chioride in their
35 manufacture. —
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The present invention provides a process for the production of neutral or basic
sulphonates comprising the addition of a sulphonic acid to dispersion of a basic
hydroxide or oxide in a water/diluent mixture to form a reaction mixture, wherein
the sulphonic acid addition is made in at least two distinct stages and such that
the reaction mixture remains basic throughout the addition of the acid and at least

until the point of completion of the neutralisation reaction as determined by ASTM
D2896-88 discussed hereinatter.

it is preferred that the basic hydroxide or oxide is also added in two or more
distinct stages, the first stage preceding the first addition of sulphonic acid, with
subsequent stages preferably before the second and subsequent additions of
sulphonic acid. Preferably the first addition of basic hydroxide or oxide comprises
at least 50% by weight of the total basic hydroxide or oxide and most preferably
comprises at least 65% by weight. The basic hydroxide or oxide is preferably a
Group 1A or Group [IA oxide or hydroxide though mixtures of such hydroxides
and/or oxides may be used, calcium hydroxide or oxide is most preferred.

When the process is used for the preparation of low base number sulphonates it
is preferred that as a neutralisation reaction aid a source of formate anion such as
formic acid is added to the dispersion of basic hydroxide or oxide. This addition
may be at the same time, or preferably before, the first addition of suiphonic acid.
The formic acid is preferably added as an 80-90% by weight solution in water and
is added in the amount of 25-35% by weight of formic acid based on total basic
oxide or hydroxide used. ltis preferred that the formic acid is relatively pure
having a low acetic acid content, i.e. preferably less than 0.5 wt% acetic acid. ltis
not clearly understood how formic acid aids the neutralisation reaction; however,
in addition to the aqueous dispersion of basic hydroxide or oxide a basic formate
salt is formed, e.g. caicium formate when calcium hydroxide is used as the' basic
hydroxide. Alternatively the formic acid may be replaced by the addition of
calcium formate. To introduce the same amount of formate anion, if calcium

formate is used the molar amount used would be half of that used with formic
acid. '

The basic or neutral suiphonates produced by the process of the invention have
relatively low viscosity, are essentially chloride free, have low haze values, low
sediment levels and improved stability and filterability. By relatively iow viscosity
is meant a kinematic viscosity at 100°C of 65 ¢St or less and is preferably 50 cSt

[err]
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or less and most preferably in the range 30-65 cSt. By the term essentially
chloride free is meant that the chioride content is 100 ppm or less and preferably
50 ppm or less.

The terms neutral, basic, low base number and high base number as used to
define sulphonates should be understood in relation to ASTM D2896-88
"Standard Test Method for Base Number of Petroleum Products by Potentiometric
Perchloric Acid Titration™. This test method is concerned with the determination of
basic constituents in petroleum products by potentiometric titration with perchloric
acid in glacial acetic acid. Thus the term neutral in relation to a sulphonate is
deemed to mean that no basic constituents would be detected by titrating the
sulphonate by this method and the term basic in relation to a sulphonate is
deemed to mean that basic constituents would be detected by titrating the
sulphonate by this method. The result of this test method is quoted as a base
number which is the base equivalence in mg KOH g-1. Thus the term low base
number refers to numerical values of base number which are 50 mg KOH g-1 or
less and the term high base number refers to numerical values of base number
which are greater than 50 mg KOH g-1 and may be as high as 400 mg KOH g-1.

The process of this invention has its primary utility in producing neutral or iow
base number sulphonates. When formic acid or calcium formate is used in the
process for preparing low base number sulphonates in conjunction with a basic
hydroxide or oxide, e.g. caicium hydroxide the resulting products will have a total
base number which is partly due to the presence of unreacted basic hydroxide or
oxide and partly due to the presence of formate, e.g. caicium formate. Itis
envisaged that in some circumstances that there would be no residual unreacted
basic hydroxide or oxide present and that the total base number wouid only be
due to the presence of the relevant formate, e.g. caicium formate. it is preferred
that the contribution to the total base number made by the relevant formate (which
may be calculated from the amount of formate) is greater than that made by the
unreacted basic hydroxide or oxide. It is preferred that the total base number of

. the product is not greater than 50 mg KOH g-! and most preferably in the range of

2510 40 mg KOH g-1.

The sulphonic acid may be any oil-soluble suiphonic acid and may be a natural or
a synthetic sulphonic acid e.g. a mahogany or petroleum alkyl sulphonic acid; an
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acids may be used in diluted form as a solution or dispersion in a diluent oil such
5 as mineral oil, petroleum cil, or any suitable inert oleaginous material. The alkaryt
. sulphonic acid may be an alkyi benzene suiphonic acid or alkyl xylene sulphonic
acid and most preferably is a C12-Cgo alkyl benzene sulphonic acid or a C12-Cgp
alkyl xylene sulphonic acid and most preferably is a C12-Cz24 alkyl benzene
sulphonic acid or a C42-C24 alkyl xyiene sulphonic acid. When a mixed sulphonic
10  acid is used it is preferred that it is a mixture of an alkyl benzene sulphonic acid
and an alky! xylene sulphonic acid. The most suitable sulphonic acids have a
molecular weight of between 250 and 700 e.g. between 400-500. An example of
suitable sciphonic acid mixture is a mixture of nominally C24 alkyl benzene
sulphonic acid and nominaily C12 alkyl o-xylene suiphonic acid.

SHEE

-

15

The sulphonic acid is added to a water/diluent mixture in which is dispersed a
basic hydroxide or oxide. The diluent may be any non-volatile, inert, oleaginous
material, preferably a substantially neutral mineral or petroleum oil. It is preferred
that the water/diluent mixture comprises between 1 and 50% by weight of water

20 and more preférably between 15 and 35% by weight of water. The water reduces
the viscosity of the initial water/diluent mixture. It may also aid in the promotion of
the neutralisation reaction and assist in the dispersion of the added basic
hydroxide and any basic salts formed during the neutralisation reaction. A low
water content tends to increase the sediment content of the final product, reduce

25 filtration rate and lower product basicity, whereas a high water content prolongs
any subsequent stripping of the product and allows hydrolysis to occur with the
production of flocculent material which inhibits filtration.

During the process exothermic reactions may occur. The reaction mixture

30 temperature may be allowed to rise as a result of this, or cooling may be utilised
to reduce or prevent the temperature rise. It is preferred that during the
neutralisation reaction that the temperature is maintained belsw 100°C and most
preferably below 80°C so that there is little or no loss of water from the mixture.

35 During the process a period of stabilisation may be beneficial after the first and/or
the succeeding additions of sulphonic acid, to allow the neutralisation to be
completed before any further additions or process stages. During a stabilisation
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Dd?ing the process a period of heat soaking may be beneficial after ali the

10  sulphonic acid and basic hydroxide or oxide has been added. This period allows
basic saits formed during the reaction, or as a consequence of the addition of
excess basic hydroxide or oxide, to be stabilised. During the heat soaking period
the temperature of the reaction mixture is preferably increased, for exampie up to
110°C. The temperature increase is preferably linear with time and at such arate

15  thatthere is no premature water distillation from the reaction mixture. It is most
preferred that the temperature is increased from 80°C up to 110°C over a period
of at least 3 hours. |

-
- On completion of the reaction 'substantially all of the water present in the reaction
20 - mixture may be removed by stripping. The stripping may be carried out with a
| nitrogen purge to reduce the partial pressure of water vapour with increased
temperature of the reaction mixture (preferably to a temperature of 150 to 160°C),
with gradual application of a vacuum or with a combination of all three.

25  During the process sediment may be formed which may be removed via filtration.
it is preferred that sediment formation is as low as possible so that the amount of
solids required to be removed is kept to a minimum and so that any filtration
required can be carried out with ease and as fast as possible. The process
produces products which have low sediment levels of the order of 0.5% by volume

30 or less, preferably 0.4% or less, and high filtration rates of the order of
400 Kgh-im2 or greater. 1t is also found that the products have low haze values
(which may be measured by available equipment such as a Hack haze
turbidimeter) typically of the order of 6.0 NTU or less but preferably 3.0 NTU or
less. During filtration a filter aid may be used, preferably a fine porosity filter aid,

35 e.g. diatomaceous earth. Filtration may be carried out at an elevated temperature

e.g. at between 1'5(_)-160°C and under an applied pressure such as 1 to 10 bar,
e.g. 8 bar.
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If desired further additions of diluent oil may be made in order to obtain a desired
product viscosity, content of basic sulphonate or total base number. Preferably
these additions are made after filtration.

PCT/EP93/02112

5§ Additives such as antifoam agents may be added during the process or after
filtration.

The process of the invention is illustrated by way of example only with reference
to the drawing which shows a schematic flow char illustrating the process steps

10 for the preparation of a chioride free basic calcium sulphonate, and is further
illustrated with reference to the following Examples, in which Comparative
Examples 1 to 4 do not fall within the invention.

Comparative Exampie 1
15 -
A mixed sulphonic acid containing C24 alkyl benzene sulphonic acid and C12 alky!
xylene suiphonic acid in a proportion of 2:1 (737.5 g) was dispersed in a
water/diluent mixture comprising diluent mineral oil (321.7 g) and water (167.5 g)
of at a temperature of approximately 25°C. This dispersion was then heated to a
20 temperature of 50°C and 16 g of formic acid, as an 80% by volume solution in
water, was added. Calcium hydroxide of greater than 95% purity (69.0 g) was
added when the temperature was at 75°C and the temperature rose 25°C. The
reaction mixture was then held at a temperature of 100°C for 3 hours. On
compietion of this heat soaking stage the temperature was raised over a period of
25 3 hours to 160°C to strip out the water, followed by vacuum stripping for 30
minutes at 160°C. On completion of the stripping. A diatomaceous filter aid 2.5%
by mass of the reaction mixture, was added and the sulphonate filtered. The
product properties are listed in Table 1.

30 In this example the neutralisation is undertaken in an acidic environment which
produces a product with high sediment levels and slow filtration rate. v

Comparative Example 2

35 A mixed sulphonic acid containing C24 alkyl benzene sulphonic acid and C12 alkyl
xylene sulphonic acid (737.5 g) was dispersed in diluent oil (382 g) with heating to
60-65°C. Calcium chloride as a 27% by weight solution in water (27.4 g) was
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« 5 The reaction mixture was stabilised at 80-85°C for 1 hour after which the reaction

mixture was heat soaked by raising the temperature from 85 to 100°C linearly

over a period of 3 hours and then from 100-110°C in 1 hour. The heat soaked

reaction mixture was then stripped of water by heating from 110°C to 160°C over

a period of 2 hours with the application of an 850 mbar vacuum at 140°C for 30

10 minutes. A diatomaceous filter aid was added at 2.0% by weight of the total
reaction mixture and the reaction mixture filtered. After filtration diluent oit (70.0 g)

was added plus a silicone antifoam (0.1 g). The product properties are listed in
Table 1.

15  This example illustrates how the use of halide promoter produces high
sedimentation during the manufacturing process and a product with high haze
value. In addition the final product contains a significant level of halide.

Comparative Example 3

20 : _
A mixed sulphonic acid containing C24 alkyl benzene sulphonic acid and Cy2 alkyl
xylene suiphonic acid {(743.0 g) was dispersed in a water/diluent mixture
comprising diluent oil (278.3 g) and water (151.5 g). This dispersion was heated
to a temperature of 60°C whereupon formic acid solution (16.0 g) was added and

25 the resultant reaction mixture stabilised at a temperature of approximately 60°C.
Calcium oxide (51.0 g) was added and the reaction temperature rose by 30°C.
The reaction mixture was stabilised at this temperature (80°C) for 1 hour after
which time the temperature was raised to 100°C over a period of 5 hours to heat
soak the reaction mixture. The heat soaked reaction mixture was then stripped of

30 water by heating from 100°C to 160°C over a period of 2 hours with application of
vacuum stripping for the last half an hour. A diatomaceous filter aid 2.5% by
weight was added to the stripped reaction mixture and the reaction mixture was
fitered. The product properties are listed in Table 1.

35  This example illustrates that the addition of caicium oxide to the acid with no

staged addition produces a product with high sediment and relatively high
viscosity.
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perature. A mixed su phomc acid containing C24 alkyl benzene suiphonic acid
and C12 alkyl xylene sulphonic acid (743.0 g) was added with a resultant
temperature increase of 30°C. The reaction mixture was stabilised at ~80°C for 1
hour after which the reaction mixture was heat soaked by raising the temperature
10  to 100°C over a period of 5 hours. The heat soaked reaction mixture was then
stripped of water by heating to 160°C over a period of two hours with vacuum
stripping for the final thirty minutes. A diatomaceous filter aid 2.5% by mass was
added to the stripped reaction mixture and the mixture was filtered. The product
properties are listed in Table 1.

15
This experiment illustrates that the addition of all the sulphonic acid to calcium

hydroxide in one stage produces a product of relatively poor stability and a high
haze value.

20 Examples 5-9
The general method for Examples 5-9 was as follows:

Calcium hydroxide (lime) of greater than 95% purity (34.3 g) was dispersed in a

25 water/diluent mixture comprising diluent mineral oil (273 g) and water {125 g) and
the resuitant dispersion heated to a temperature of 20-25°C. Formic acid soiution
containing 80-90% formic acid in water (in an amount of either 18.8 g or 16.0 g)
was added and the temperature of the resulting reaction mixture allowed to'rise to
30-35°C. To this mixture was added a mixed sulphonic acid containing Co4

30 alkylbenzene sulphonic acid and C12 alkyl xylene sulphonic acid in a proportion of
2:1 (375.15 g) with the resultant reaction causing a temperature rise to 40-50°C.
The reaction mixture was held at a temperature of 40-50°C for 30 mins. After this
period of stabilisation a further 34.3 g of calcium hydroxide was added to the
reaction mixture followed by a further addition of the mixed sulphonic acid

35 (371.5 g); the resultant exothermic reaction raised the temperature to 70-80°C.
The reaction mixture was stabilised at this temperature for 30 mins. The mixture
was then heat soaked by raising the temperature from 80 to 1 10°C linearly overa
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period of 3 hours. On completion of heat soaking the water present in the
reaction mixture was stripped by heating from 110-160°C linearly over a period of
. 2 hours with vacuum stripping for 30 mins at 160°C and 650 mbar. A
~ diatomaceous filter aid was added at 2.5% by mass and the product filtered. The
5 chioride contents of all these examples was less than 50 ppm. The product
. properties are tabulated in Table 1 and additional experimental variables are
tabulated in Tabie 2.

These results indicate that the process of the present invention produces basic
10  sulphonates which have low sedimentation, low haze values, good stability, low
viscosity and high filtration rates.

Example 10

15  Diluent mineral oil (255.9 g) and water (110.3 g) were mixed in a reaction vessel
hydrated lime of greater than 95% purity (41.3 g) was added to the water/diluent
mixture and the temperature adjusted to 25-35°C. Formic acid solution (17.9 g)
containing 80-80% formic acid in water was added to the reaction vessel, the
resulting temperature rise limited, by cooling, to approximately 37°C.

20 .

A mixed sulphonic acid containing C24 alkyl benzene sulphonic acid and C12 alkyl
xylene sulphonic acid in a proportion of 2:1 (314.2 g) was added to the reaction
vessel and the resulting temperature rise controlied by cooling to limit the
temperature to 60-70°C. The reaction mixture was stabilised at this temperature

25 for1 hour. Hydrated lime (17.7 g) was then added to the reaction mixture with

 stirring followed by a further addition of mixed sulphonic acid (314.2 g) and the
resulting temperature rise controlied by cooling to limit the temperature to 80°C.
The reaction mixture was stabilised at this temperature for 1 hour. The reaction
mixture was then heated from 80-110°C linearly over a period of 4 hours. The

30 reaction mixture was then heated to 160°C linearly over a period of 2 hours in
order to strip water from the mixture utilising an N2 purge. At 150°C the pressure
was reduced to 400 mbar absolute over a period of 20-25 mintites and then the
reaction mixture was maintained at 160°C for a further 30 minutes or until the
water content was <0.3% by mass. A diatomaceous filter aid 2.5% by mass was

35 added to the stripped reaction product which was then filtered. A further 51.53 g
of diluent oil was added to the fittered product to produce the final product. The
product properties are tabulated in Table 1.



—preRsietiror) of neutral

4 "The present invention provides a process A
or basi s sul phonates conprising the addition of 1y st gAERi ¢ agid to a

di scresion of a basic hydroxide or oxide in ' m xture to form
a react i WO /0449 e. \Werein the sul phonic acid addi cti on i BCTERI3/02112

| east two distinct stages and such that the reaction m xture remains basis
t hroughout the addiction of the acid at1d east until the poi nt of conpletion
of the neutralisation reaction as determ ned by ASTM D2396-88 di scussed

her ei naf t efpng chioride content of the final product was less than 50 ppm.

Example 11

5 Calcium hydroxide of greater than 95% purity (27.75 g) was dispersed in a
water/diluent mixture comprising diluent oil (312.70 g) and water (173.50 g) and
the resultant dispersion was heated to a temperature of 50°C. Calcium formate
{21.80 g) was added to the dispersion in the form of an aqueous solution. To this
dispersion was added a mixed sulphonic acid containing Cz4 alkyl benzene

10 sulphonic acid and C12 alkyl xylene sulphonic acid in the proportion of 2:1
(368.85 g) with the resultant reaction causing a temperature rise of 16°C. The
reaction mixture was heid at this temperature for 30 minutes. After this period of
stabilisation the temperature of the reaction mixture was raised to 75°C and
further additions of calcium hydroxide (27.75 g) followed by mixed sulphonic

15  (368.75 g) were made. The temperature of the reaction mixture rose by a further
16°C to approximately 91°C due to the heat of reaction. The reaction mixture was
stabilised at this temperature for a period of 30 minutes. The mixture was then
heat soaked by raising the temperature to 100°C for a period of 3 hours. .On
completion of heat soaking the water present in the reaction mixture was stripped

20 by heating the mixture to 160°C for a period of 2 hours. A diatomaceous filter aid
was added at 2.5% by mass and the product filtered.

The chioride content of the product was less than 50 ppm. The product pibpenies
are tabulated in Table 1.

Example 12

The procedure of Example 11 was repeated with the exception that the water
content of the water/diluent mixture was reduced from 173.60 g to 128.0 g.
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It is oref erred that the basic hydrcxide or oxide is aiso added.in two or

nore distinct stages, the first stage precedi ng § hgisf sHEST TRASCBELN

sul phoni ¢ acid, wth subsequent stages preferably bef®eeLAGH) second and

subsequd¥0 94/04490i ons of , sul phoni c acid. Preferably The Tigesf, Wﬂqﬁn of

basi ¢ hydroxi de or oxide conprises at |east 50% by wei ght o F

basi ¢ hydroxi de or oxide and nost prefg@ably conprises at | east 65% by

wei ght. The basic hydroxi de or oxi de is preferably a Goup Aor Goup IIA
oxi des_and/ or oxi des may be

oxi de or roxid s at

may be usgﬁg;&‘i%ﬁi ﬂ@cﬂf "\9 @§| §h§¥‘ PR, Jhe preguct prppertiese
process i aratabilldted in Th'abhriapar ation of |ow base nunber sul phonates it is
Rreferred that as a neutralisation reaction aid a source of formate anion
such as fornic acid i s added to the di spersi on of basic hydroxi de or oxide.

Thi s addi Exampies;1bandt12iliusteatethaticaiciumrsulphanatexptoguits witk actéptabler st

dditi gn profetied'eah bedbtalned by using calcium formate in place of formic acid in the
process, coupled with variation of water content in the reaction mixture. The
process using a higher water level (Example 11) gave superior resuits.
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The formc acid is preferably added as an 80-9)%«1 Ots sRkWYion in
wat er and is added in the anmount of 25-35% by yei ght RY;\% ngmc atci d based
on total basic oxi de or hydroxide used. It iS—prefer+ed-that—the fornic
aci d i Swrosb4498! Y pure having a | ow acetic acid cont enpcTyE®3/62183 €r abl y
l ess than 0.5 wt % acetic acid. It is not clearly understood how formc
acid aids the neutralisation reaction;{fowever, in addition to the

aqueous di spersi on of ba5|c hydrOX|de or oxide a basic formate salt is
forned, e.g. &% )
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-hydrOX| de. Alterratzvl the formg aci d Ry be repl acted by the addition of
cal ci um f or mt e. Somi oduce ¢ he mane emyging of formmpte anion, if cal cium
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erm essantially

or ‘'l ess and nost preferably in the range 30-"?3‘@._,, )
Nt f‘?‘[“"__‘, - or less and

chloride free is neact that the chloride co

preferably 50 ppm or |ess. The ternms neut cw-base nunber and
hi ch caswOe4s03490 as used to define sui phonat es shoul d be UEFEPd ?ulzn
rel action to ASTM D2896-88 "Standard Test Methcd for Base Nunber 0

Petrci em Products by--Potentionetric Peri&hlcric Acid Titration". This test
met hod i s concerned Mw t hé “determ-nati on of basic consti tuents in

petrol eum @afddct s b ,ﬁmtl titration with perchloric acid in
gl acial acetic aC|d rM utral inrelation to a sul phonates is

deemed to mean that no basic fonstituents woul d be detected by titrating
; Blepﬁng[‘gﬂ?ts © Rihethod idrthé prodiiction UFbaSE BF Rattral suipHdiatdd EmpfisiAg the
addition of a sulphonic acid to a dispersion of a basic hydroxide or oxide in
5 a water/diluent mixture to form a reaction mixture, wherein the sulphonic
acid addition is made in at least two distinct stages and such that the
reaction mixture remains basic throughout the addition of the acid and at
least until the point of completion of the neutralisation reaction.

I 4

10 2 A method as claimed in Claim 1 wherein the basic hydroxide or oxide is
added in at least two distinct stages.

3. A method és claimed in Claim 2 wherein each addition of sulphonic acid is
preceded by an addition of basic hydroxide or oxide to the reaction mixture.
15
4, A method as claimed in Claim 2 wherein the second and any subsequent

addition of basic hydroxide or oxide and suiphonic acid is made at the
same time.

20 5.  Amethod as claimed in any of Claims 2 to 4 wherein the first addition of

basic hydroxide or oxide comprises at least 50% by weight of the total
basic hydroxide or oxide.

6. A method as claimed in Claim 5 wherein the first addition of basic
25 hydroxide or oxide comprises at least 70% by weight of the total basic
hydroxide or oxide.

7. A method as claimed in any of Claims 1-4 wherein there is a periodof
stabilisation after each addition of sulphonic acid.
30
8. A method as claimed in Claim 7 wherein the reaction mixture is at a
temperature of no more than 80°C during the period of stabilisation.

9. A method as claimed in any of the preéeding Claims wherein the reaction
35 . mixture is subjected to a period of heat soaking after all the additions have
been made to the reaction mixture. - T T T

| e —— T T T
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deened to nean that basic constituents would be Ed bystitrating the
sul phonate by this nethod. The result of this t =S@I§%I@%{Hl‘§b&mt ed as a
base nunber which is the base equival ence in ngoH gfer‘rf. Thus it he term

| ow baswgoyypeer ef ers to nunerical values of base nunber pthi/gboz8120 Ny
KOH g[err] or less and the term high base nunber refers to nunerical val ues
of base nunber which are greater than 37 ng KOH g[err] and may be as high

as 400 ng KOH g[err]. The process of this invention has its primary

Scid of cali ik ristid 8% Platmedin AR o oF s B8BEaRY GRBIMARm BiiG o ©
nunber sul phonagoid ot caicium formateis addek ta the rdaction myiMiuse. de or oxi de, e.g.

cal cium hydroxide the resulting products will have a total base nunber
Wwhich is partly due to the presence of unreacted basic hydroxide or oxi de

and part | yl'due A methed s slaimed in Claioy 1wberein the fosmis agid agditionorthe | s
envi saged that ddlcigMBrfkteCadbitich pretedésthe! fitSt Sidifion 6f Siphenic agiddual
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bas¥c hydroxide-or oxide present and that the total base nunber would only
be die to the presence of the relevant formate, e.g. cal Ci paforaBte—ltmm—
i's preferred that the contribution to the total base nunbey RERIACBYWENNEHEET
rel evant formate (which may be cal cul ated fromthe amount ¢f formate)y s
greater than that made by the unr eact ed basi c hydroxi de or Oji§f7*k%/§ﬁ%
preferred that the total base nunber of the product is notjgtie e! h
50 ng KOH g[err] and nost preferably in the range of 25 t o} 40-ng-KOH
glerr]. The sul phonic acid may be any oil-sol ubl e sul phofic acid and
may be a natural or a synthetic sul phonic acid e.g. a mahogany—ot
petrol eum al kyl sul phonic acid; an .

Process for Preparation of Sulphonates

The present invention relates to a method for the preparation of basic or neutral
sulphonates and in particular to a method for the preparation of basic or neutral
sulphonates which are essentially chloride free.

Basic or neutral sulphonates may be used as additives for lubricating oils such as
passenger car, diesel and marine engine lubricants. Basic sulphonate additives
are generally known as either low base number sulphonates or high base number
sulphonates. Neutral and low base number sulphonates function primarily as
surfactants, detergents and rust inhibitors. High base number sulphonates
primarily function to neutralise acids produced in the oil during use. These
sulphonates also help to inhibit corrosion and reduce sedimentation during use.

Neutral and low base number sulphonates for use as oil additives are usually
prepared by the neutralisation of a sulphonic acid with a basic salt such as a basic
calcium salt e.g. calcium oxide or hydroxide in a suitable diluent oil. The
sulphonate product may be a mixture of a number of species; when calcium
hydroxide is used these species may include the following:

(i) Hydrated hydroxy calcium sulphonate

0
il
(HO- Cao-ﬁ - R)xH,0
o ?
(i)  Abasic calciufn sulphonaie
i
HO—CaO-Isl—R
0.
(i) A calcium su!phonaté.
(R—ﬁ— 0),Ca



al kyl sul phoni c-acid: or an alkyl sulphonic acid. Prereracly it is a
synt hetic sul phonic acid. The sul phonic acid may be a single—sulphonic-acid-

or a mixture of different sulphonic acids. If cesired the $UREHOOEGERICISHEDT
m xture of sul phonic acids nmay be used in diluted formas a

di spersion in a diluent oil such , mlzu;IN(g\; ?9:%
(iv) A calcium sulphonate hydrate
9.
(R~lSI- 0),CaxH,0
o

wherein R is an organic moiety and x denotes at least one molecule of water of
hydration.

in addition dispersed calcium hydroxide may be present.

When preparing low base number sulphonates the basic salt is added in
stoichiometric excess to that required for complete neutralisation of the sulphonic
acid so that the resulting product is basic.

EP-A-135920 describes the preparation of alkaline-earth metal salts of alkaryl
sulphonic acids containing from 1.5 to less than 3 wt.% water without requiring
azeotropic distillation using a polar solvent and by limiting the water in the reaction
mixture. Preferably the sulphonic acid is "proportioned" into the reaction mixture
(i.e. added at a rate to give the required rate of salt formation). The small amount
of water may be introduced as a sulphonate solution. Basic materials such as
amines are added at completion of the reaction to make the product basic.

High base number sulphonates are generally prepared by a process of
neutralisation and carbonation. The sulphonic acid is first neutralised with excess
basic metal oxide or hydroxide in a suitable diluent. Some of the excess basic
metal oxide or hydroxide is then converted to metal carbonate via carbonation.
Typically the reaction is carried out in the presence of a hydrocarbon and/or polar
solvents such as toluene or methanol; the solvent is subsequently removed. The
resulting product is a colloidal dispersion, in a diluent oil, of sub-micron particles of
CaCOg and CaOHaz which are sterically stabmsed by the calcium sulphonate
Species produced by the reaction.

K . . t s L
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Whether neutral or overbased, it is desirable that the sulphonates for use in
engine lubricants should be low in sediment and/or rapidly filterable, clear rather

than hazy, not unduly viscous, and stable on storage, particularly against
Sedimentation.



as fineral oil, petroleumoil, or any suitable [err] cl eag| ncus materl aI
The al karyl sul phonic acid may be an al kyl benzene sul phoni ¢ mchp ,,f-p KW
xyl ene sul phonic acid and nost preferably is a (err]-Cerr Ky - Behz 8He"

sul phoni ¢

acid or a (Jerr]-Cferr] al kyl xylene sulchnic aciy hnd nost

preferably is a (Jerr]-(err] alkyl benzene sul phonic acid prla27 KOV 1994
Clerr]-derr] alkyl xylene sul phonic acikd. When a m xed sul phpnic acid is

used it is preferred that it is a mixture of an al kyl benzene sul phoni ¢

acid and an al kyl ﬁlene sul phoni ¢ acid. The nost suitabl e sulphonic acids

have a nol
exanpl e of
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ireatment with calcium chloride. The final products contain residual chioride from

. the calcium chioride treatment.

Sulphonates have also been prepared from synthetic sulphonic acids which have
in turn been prepared for example by the sulphonation of C12-Cgg alkyl
substituted benzene and/or C12-Cegg alky! substituted xylene compounds. These
sulphonic acids can be used to produce sulphonates which do not have residual
chioride present. It has been found, however, that some synthetic sulphonic acids
cannot be satisfactorily neutralised with calcium hydroxide or lime to produce
calcium sulphonates; the attempted neutralisation results in the production of
gelatinous products which are solid at room temperature. Methods have been
proposed to overcome this problem associated with synthetic sulphonic acids.
One such method is described in GB 1 575 957 wherein a large stoichiometric
excess, over that required for neutralisation of the sulphonic acid, of calcium
hydroxide is added to a portion of the sulphonic acid in a diluent to produce a
reaction mixture; there is a subsequent addition of the remainder of the suiphonic
acid to the mixture, this addition being less than that which would be required to
fully react with the remaining calcium hydroxide in the mixture. In addition a
solution containing a source of chloride ion is added to the mixture after the
calcium hydroxide or lime addition; the chloride ion is believed to act as promoter
for the product formation and is beneficial in enabling the product of fluid, filterable
products from certain sulphonic acids such as synthetic sulphonic acids. The
addition of chloride promoter prevents the formation of gelatinous products.
However the final product contains chloride.

The presence of chloride in calcium sulphonates and other metal sulphonates is a
problem from a waste disposal and environmental point of view. Waste disposal
of compositions based on chloride containing sulphonates is therefore a problem;
it would be advantageous to be able to produce chloride free metal sulphonates
without a loss of the beneficial properties produced by the use of chloride in their
manufacture.
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mat érial, preferably a substantially neutral mneral or petrdl E'WA@EMEN“SHEET
i.s preferred that the water/diluent m xture conprises betweern an Yoy
wei ght of water and nore preferably between 15 and 35% by weijght of water.
The water reduces the viscosity of the initial water/diluent |mijxt&dei0y {1996
may also aid in the pronotion of the neutralisation reactionfarnd assist in
t he di spersion of the added basic hydgoxi de and any basic galts forned

J

during the neutralisation reaction. Alow water content tends.io.increase

the sedi nent content of the fjnal produc uc filtration rate and
e S0 oara eaSINYStian iovisbeLa BigRSedardhS Biduction s Seckiabor basic

subsequent uﬁ#r{dnﬁfémrﬂbnéthg this dditibn and suliphonic Ayiditoldispersibn obadssiov th t he
productlon

Pt ocess RGN o PdRin S ARHAIAT RS Rrtte rectianenitiye. wherRr atur o
may be al ljgavediphonici aoid additionés madedh at iheast two distialt stagesrndesuchithatsed
the reaction mixture remains basic throughout the addition of the acid and at least
until the point of completion of the neutralisation reaction as determined by ASTM
D2896-88 discussed hereinafter.

It is preferred that the basic hydroxide or oxide is also added in two or more
distinct stages, the first stage preceding the first addition of sulphonic acid, with
subsequent stages preferably before the second and subsequent additions of
sulphonic acid. Preferably the first addition of basic hydroxide or oxide comprises
at least 50% by weight of the total basic hydroxide or oxide and most preferably
comprises at least 65% by weight. The basic hydroxide or oxide is preferably a
Group |A or Group llA oxide or hydroxide though mixtures of such hydroxides
and/or oxides may be used, calcium hydroxide or oxide is most preferred.

When the process is used for the preparation of low base number sulphonates it
is preferred that as a neutralisation reaction aid a source of formate anion such as
formic acid is added to the dispersion of basic hydroxide or oxide. This addition
may be at the same time, or preferably before, the first addition of sulphonic acid.
The formic acid is preferably added as an 80-90% by weight solution in water and
is added in the amount of 25-35% by weight of formic acid based on total basic
oxide or hydroxide used. It is preferred that the formic acid is relatively pure
having a low acetic acid content, i.e. preferably less than 0.5 wt% acetic acid. Itis
not clearly understood how formic acid aids the neutralisation reaction; however,
in addition to the aqueous dispersion of basic hydroxide or oxide a basic formate
salt is formed, e.g. calcium formate when calcium hydroxide is used as the basic
hydroxide. Alternatively the formic acid may be replaced by the addition of

calcium formate. To introduce the same amount of formate anion, if calcium

formate is used the molar amount used would be half of that used with formic
acid.

The basic or neutral sulphonates produced by the process of the invention have
rl-2'|altively low viscosity, are essentially chloride free, have low haze values, low

Sediment levels and improved stability and filterability. By relatively low viscosity
'S meant a kinematic viscosity at 100°C of 65 cSt or less and is preferably 50 cSt



to fFeduce or prevent the tenperature rise. It is preferred thaRERIQEE UQZHIH‘?’LET
neutral isation reaction that the tenperature i s naintai ned bel -Jw-iea[erﬁ

”

and nost preferably bel ow 80[err]C so that there is littlejo
water fromthe m xture. During the process a period of stab Ilr‘)ggt"i‘ﬁn?g(r)%y
be beneficial after the first and/or t he succeedi ng additi pns..of

sul phonic acid, to allow the neutralisation to be conpl eted before any
further additions or process stages.  DuFing a stabilisation

or less and most preferably in the range 30-65 cSt. By the term essentially
chloride free is meant that the chloride content is 100 ppm or less and preferably
50 ppm or less.

The terms neutral, basic, low base number and high base number as used to
define sulphonates should be understood in relation to ASTM D2896-88
nStandard Test Method for Base Number of Petroleum Products by Potentiometric
Perchloric Acid Titration". This test method is concerned with the determination of
basic constituents in petroleum products by potentiometric titration with perchloric
acid in glacial acetic acid. Thus the term neutral in relation to a sulphonate is
deemed to mean that no basic constituents would be detected by titrating the
sulphonate by this method and the term basic in relation to a sulphonate is
deemed to mean that basic constituents would be detected by titrating the
sulphonate by this method. The result of this test method is quoted as a base
number which is the base equivalence in mg KOH g-1. Thus the term low base
number refers to numerical values of base number which are 50 mg KOH g-1 or
less and the term high base number refers to numerical values of base number
which are greater than 50 mg KOH g-1 and may be as high as 400 mg KOH gl

The process of this invention has its primary utility in producing neutral or low
base number sulphonates. When formic acid or calcium formate is used in the
process for preparing low base number sulphonates in conjunction with a basic
hydroxide or oxide, e.g. calcium hydroxide the resulting products will have a total
base number which is partly due to the presence of unreacted basic hydroxide or
oxide and partly due to the presence of formate, e.g. calcium formate. Itis
envisaged that in some circumstances that there would be no residual unreacted
basic hydroxide or oxide present and that the total base number would only be
due to the presence of the relevant formate, e.g. calcium formate. 1t is preferred
that the contribution to the total base number made by the relevant formate (which
may be calculated from the amount of formate) is greater than that made by the
unreacted basic hydroxide or oxide. It is preferred that the total base number of
the product is not greater than 50 mg KOH g-1 and most preferably in the range of
2510 40 mg KOH g-1.

The Sulphonic acid may be any oil-soluble sulphonic acid and may be a natural or
A Synthetic sulphonic acid e.g. a mahogany or petroleum alkyl sulphonic acid; an



7 period it may be beneficial to maintain the tenpreture at a

predeterm nec | evel. When there are two additicns of sul phonid

preferred that there are two stabiiisaticn periods, one after je
addition. It is preferred that the first stabilisation pericdl}i g af,. oV 1996
tenpreture of 40-80[err]C and nost preferably 80-70[err] C and jt Hat 4t |

second and subsequent stabilisation peri8d is at a tenperature

The period of stabilisaticn is preferably at | east 30 m nutes fand nost
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sulphonic acid. The sulphonic acid may be a single sulphonic acid or a mixture of
different sulphonic acids. If desired the sulphonic acid or mixture of sulphonic
acids may be used in diluted form as a solution or dispersion in a diluent oif such
as mineral oil, petroleum oil, or any suitable inert oleaginous material. The alkary!
sulphonic acid may be an alky! benzene sulphonic acid or alkyl xylene sulphonic
acid and most preferably is a C12-Caq alkyl benzene sulphonic acid or a C12-Cgg
alkyl xylene sulphonic acid and most preferably is a C12-Ca4 alkyl benzene
sulphonic acid or a C12-C24 alky! xylene sulphonic acid. When a mixed sulphonic
acid is used it is preferred that it is a mixture of an alkyl benzene sulphonic acid
and an alky! xylene sulphonic acid. The most suitable sulphonic acids have a
molecular weight of between 250 and 700 e.g. between 400-500. An example of
suitable sGlphonic acid mixture is a mixture of nominally Ca4 alkyl benzene

sulphonic acid and nominally C12 alkyl o-xylene sulphonic acid.

The sulphonic acid is added to a water/diluent mixture in which is dispersed a
basic hydroxide or oxide. The diluent may be any non-volatile, inert, oleaginous

material, preferably a substantially neutral mineral or petroleum oil. 1t is preferred
that the water/diluent mixture comprises between 1 and 50% by weight of water

and more preferably between 15 and 35% by weight of water. The water reduces
the viscosity of the initial water/diluent mixture. It may also aid in the promotion of

the neutralisation reaction and assist in the dispersion of the added basic
hydroxide and any basic salts formed during the neutralisation reaction. A low
water content tends to increase the sediment content of the final product, reduce
fitration rate and lower product basicity, whereas a high water content prolongs
any subsequent stripping of the product and allows hydrolysis to occur with the

production of flocculent material which inhibits filtration.

During the process exothermic reactions may occur. The reaction mixture
temperature may be allowed to rise as a result of this, or cooling may be utilised

to reduce or prevent the temperature rise. It is preferred that during the

Neutralisation reaction that the temperature is maintained below 100°C and most
preferably below 80°C so that there is little or no loss of water from the mixture.

;“”"9 the process a period of stabilisation may be beneficial after the first and/or
c: Succeeding additions of sulphonic acid, to allow the neutralisation to be
Mpleted before any further additions or process stages. During a stabilisation
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and that the second and subsequent stabilisation period is at a temperature of 70-

80°C. The period of stabilisation is preferably at least 30 minutes and most

preferably 1 hour, and is preferably sufficient to allow for complete neutralisation.

During the process a period of heat soaking may be beneficial after all the
sulphonic acid and basic hydroxide or oxide has been added. This period allows
basic salts formed during the reaction, or as a consequence of the addition of
excess basic hydroxide or oxide, to be stabilised. During the heat soaking period
the temperature of the reaction mixture is preferably increased, for example up to
110°C. The temperature increase is preferably linear with time and at such a rate
that there is no premature water distillation from the reaction mixture. It is most
preferred that the temperature is increased from 80°C up to 110°C over a period
of at least 3 hours.

On completion of the reaction substantially all of the water present in the reaction
mixture may be removed by stripping. The stripping may be carried out with a
nitrogen purge to reduce the partial pressure of water vapour with increased
temperature of the reaction mixture (preferably to a temperature of 150 to 160°C),
with gradual application of a vacuum or with a combination of all three.

During the process sediment may be formed which may be removed via filtration.
It is preferred that sediment formation is as low as possible so that the amount of
solids required to be removed is kept to a minimum and so that any filtration
required can be carried out with ease and as fast as possible. The process
produces products which have low sediment levels of the order of 0.5% by volume
or less, preferably 0.4% or less, and high filtration rates of the order of

400 Kgh-1m2 or greater. Itis also found that the products have low haze values
(which may be measured by available equipment such as a Hack haze
turbidimeter) typically of the order of 6.0 NTU or less but preferably 3.0 NTU or
less. During filtration a filter aid may be used, preferably a fine porosity filter aid,
e.g. diatomaceous earth. Filtration may be carried out at an elevated temperature
8.g. at between 150-160°C and under an applied pfessure such as 1to 10 bar,
&g.8 bar.
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The process of the invention is illustrated by way of example only with reference
to the drawing which shows a schematic flow chart illustrating the process steps
for the preparation of a chloride free basic calcium sulphonate, and is further
ilustrated with reference to the following Examples, in which Comparatlve
Examples 1 to 4 do not fall within the invention.

Comparative Example 1

A mixed sulphonic acid containing C24 alkyl benzene sulphonic acid and C12 alkyl
xylene sulphonic acid in a proportion of 2:1 (737.5 g) was dispersed in a
water/diluent mixture comprising diluent mineral oil (321.7 g) and water (167.5 g)
of at a temperature of approximately 25°C. This dispersion was then heated to a
temperature of 50°C and 16 g of formic acid, as an 80% by volume solution in
water, was added. Calcium hydroxide of greater than 95% purity (69.0 g) was
added when the temperature was at 75°C and the temperature rose 25°C. The
reaction mixture was then held at a temperature of 100°C for 3 hours. On
completion of this heat soaking stage the temperature was raised over a period of
3 hours to 180°C to strip out the water, followed by vacuum stripping for 30
minutes at 160°C. On completion of the stripping. A diatomaceous filter aid 2.5%
by mass of the reaction mixture, was added and the sulphonate filtered. The
product properties are listed in Table 1.

In this example the neutralisation is undertaken in an acidic environment which
produces a product with high sediment levels and slow filtration rate.

Comparative Example 2
A mixed sulphonic acid containing Cz4 alkyl benzene sulphonic acid and C12 alkyl

Xylene sulphonic acid (737.5 g) was dispersed in diluent oil (382 g) with heating to
60-65°C. Calcium chloride as a 27% by weight solution in water (27.4 g) was
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added to the reaction mixture followed by of formic acid solution (12.6 g); the
resultant reaction mixture was stabilised at a temperature of 60-65°C. Calcium
hydroxide of greater than 95% purity (63.4 g) was added with water (88.0 g) and
the temperature rose to 80-85°C due to the exothermic neutralisation reaction.
The reaction mixture was stabilised at 80-85°C for 1 hour after which the reaction
mixture was heat soaked by raising the temperature from 85 to 100°C linearly
over a period of 3 hours and then from 100-110°C in 1 hour. The heat soaked
reaction mixture was then stripped of water by heating from 110°C to 160°C over
a period of 2 hours with the application of an 850 mbar vacuum at 140°C for 30
minutes. A diatomaceous filter aid was added at 2.0% by weight of the total
reaction mixture and the reaction mixture filtered. After filtration diluent oil (70.0 g)
was added plus a silicone antifoam (0.1 g). The product properties are listed in
Table 1.

This example illustrates how the use of halide promoter produces high
sedimentation during the manufacturing process and a product with high haze
value. In addition the final product contains a significant level of halide.

Comparative Example 3

A mixed sulphonic acid containing Co4 alkyl benzene sulphonic acid and C12 alky!
xylene sulphonic acid (743.0 g) was dispersed in a water/diluent mixture
comprising diluent oil (278.3 g) and water (151.5 g). This dispersion was heated
to a temperature of 60°C whereupon formic acid solution (16.0 g) was added and
the resultant reaction mixture stabilised at a temperature of approximately 60°C.
Calcium oxide (51.0 g) was added and the reaction temperature rose by 30°C.
The reaction mixture was stabilised at this temperature (80°C) for 1 hour after
which time the temperature was raised to 100°C over a period of 5 hours to heat
soak the reaction mixture. The heat soaked reaction mixture was then stripped of
water by heating from 100°C to 160°C over a period of 2 hours with application of
vacuum stripping for the last half an hour. A diatomaceous filter aid 2.5% by
weight was added to the stripped reaction mixture and the reaction mixture was
fiitered. The product properties are listed in Table 1.

This example illustrates that the addition of calcium oxide to the acid with no

Staged addition produces a product with high sediment and relatively high
Viscosity.
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comparative Example 4

Calcium hydroxide of greater than 95% purity (68.5 g) was dispersed in a
water/diluent mixture comprising diluent oil (273.0 g) and water (125.0 g)ata
temperature of 60°C. Formic acid solution (18.8 g), was added at the same
temperature. A mixed sulphonic acid containing Ca4 alkyl benzene sulphonic acid
and C12 alky! xylene sulphonic acid (743.0 g) was added with a resultant
temperature increase of 30°C. The reaction mixture was stabilised at ~80°C for 1
hour after which the reaction mixture was heat soaked by raising the temperature
to 100°C over a period of 5 hours. The heat soaked reaction mixture was then
stripped of water by heating to 160°C over a period of two hours with vacuum
stripping for the final thirty minutes. A diatomaceous filter aid 2.5% by mass was
added to the stripped reaction mixture and the mixture was filtered. The product
properties are listed in Table 1.

This experiment illustrates that the addition of all the sulphonic acid to calcium
hydroxide in one stage produces a product of relatively poor stability and a high
haze value.

Examples 5-9
The general method for Examples 5-9 was as follows:

Calcium hydroxide (Iimé) of greater than 95% purity (34.3 g) was dispersed in a
water/diluent mixture comprising diluent mineral oil (273 g) and water (125 g) and
the resultant dispersion heated to a temperature of 20-25°C. Formic acid solution
containing 80-80% formic acid in water (in an amount of either 18.8 g or 16.0 g)
was added and the temperature of the resulting reaction mixture allowed to rise to
30-35°C. To this mixture was added a mixed sulphonic acid containing C24
alkylbenzene sulphonic acid and C12 alkyl xylene sulphonic acid in a proportion of
2:1 (375.15 g) with the resultant reaction causing a temperature rise to 40-50°C.
The reaction mixture was held at a temperature of 40-50°C for 30 mins. After this
period of stabilisation a further 34.3 g of calcium hydroxide was added to the
reaction mixture followed by a further addition of the mixed sulphonic acid

(371.5 g); the resultant exothermic reaction raised the temperature to 70-80°C.
The reaction mixture was stabilised at this temperature for 30 mins. The mixture
was then heat soaked by raising the temperature from 80 to 110°C linearly over a
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reaction fixture vc\)f%s stripped by heating from 110-160°C linearly over a period of

2 hours with vacuum stripping for 30 mins at 160°C and 650 mbar. A

diatomaceous filter aid was added at 2.5% by mass and the product filtered. The
chloride contents of all these examples was less than 50 ppm. The product
properties are tabulated in Table 1 and additional experimental variables are

tabulated in Table 2.

These results indicate that the process of the present invention produces basic
sulphonates which have low sedimentation, low haze values, good stability, low

viscosity and high filtration rates.

Example 10

Diluent mineral oil (255.9 g) and water (110.3 g) were mixed in a reaction vessel
hydrated lime of greater than 95% purity (41.3 g) was added to the water/diluent
mixture and the temperature adjusted to 25-35°C. Formic acid solution (17.9 g)
containing 80-90% formic acid in water was added to the reaction vessel, the

resulting temperature rise limited, by cooling, to approximately 37°C.

A mixed sulphonic acid containing Co4 alkyl benzene sulphonic acid and C42 alkyl
xylene sulphonic acid in a proportion of 2:1 (314.2 g) was added to the reaction
vessel and the resulting temperature rise controlled by cooling to limit the
temperature to 60-70°C. The reaction mixture was stabilised at this temperature
for 1 hour. Hydrated lime (17.7 g) was then added to the reaction mixture with
stirring followed by a further addition of mixed sulphonic acid (314.2 g) and the
resulting temperature rise controlled by cooling to limit the temperature to 80°C.
The reaction mixture was stabilised at this temperature for 1 hour. The redction
mixture was then heated from 80-110°C linearly over a period of 4 hours. The
reaction mixture was then heated to 160°C linearly over a period of 2 hours in
order to strip water from the mixture utilising an N2 purge. At 150°C the pressure
was reduced to 400 mbar absolute over a period of 20-25 minutes and then the
reaction mixture was maintained at 160°C for a further 30 minutes or until the
water content was <0.3% by mass. A diatomaceous filter aid 2.5% by mass was
added to the stripped reaction product which was then filtered. A further 51.53 g
of diluent oil was added to the filtered product to produce the final product. The

product properties are tabulated in Table 1.
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Example 11

Calcium hydroxide of greater than 95% purity (27.75 g) was dispersed in a
water/diluent mixture comprising diluent oil (312.70 g) and water (173.50 g) and
the resultant dispersion was heated to a temperature of 50°C. Calcium formate
(21.80 g) was added to the dispersion in the form of an aqueous solution. To this
dispersion was added a mixed sulphonic acid containing C24 alky! benzene
sulphonic acid and C12 alkyl xylene sulphonic acid in the proportion of 2:1

(368.85 g) with the resultant reaction causing a temperature rise of 1

6°C. The

reaction mixture was held at this temperature for 30 minutes. After this period of
stabilisation the temperature of the reaction mixture was raised to 75°C and
further additions of calcium hydroxide (27.75 g) followed by mixed sulphonic

(368.75 g) were made. The temperature of the reaction mixture rose by a further
16°C to approximately 91°C due to the heat of reaction. The reaction mixture was
stabilised at this temperature for a period of 30 minutes. The mixture was then
heat soaked by raising the temperature to 100°C for a period of 3 hours. On
completion of heat soaking the water present in the reaction mixture was stripped
by heating the mixture to 160°C for a period of 2 hours. A diatomaceous filter aid
was added at 2.5% by mass and the product filtered.

The chloride content of the product was less than 50 ppm. The product properties
are tabulated in Table 1.

Example 12

The procedure of Example 11 was repeated with the exception that the water
content of the water/diluent mixture was reduced from 173.60 gto 129.0 g.
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The chloride content of the product was less than 50 ppm. The product properties
are tabulated in Table 1.

Examplés 11 and 12 illustrate that calcium sulphonate products with acceptable
properties can be obtained by using calcium formate in piace of formic acid in the
process, coupled with variation of water content in the reaction mixture. The
process using a higher water level (Example 11) gave superior results.
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A method for the production of basic or neutral sulphonates comprising the
addition of a sulphonic acid to a dispersion of a basic hydroxide or oxide in
a water/diluent mixture to form a reaction mixture, wherein the sulphonic
acid addition is made in at feast two distinct stages and such that the
reaction mixture remains basic throughout the addition of the acid and at
least until the point of completion of the neutralisation reaction.

A method as claimed in Claim 1 wherein the basic hydroxide or oxide is
added in at least two distinct stages.

A method as claimed in Claim 2 wherein each addition of sulphonic acid is
preceded by an addition of basic hydroxide or oxide to the reaction mixture.

A method as claimed in Claim 2 wherein the second and any subsequeﬁt
addition of basic hydroxide or oxide and sulphonic acid is made at the
same time.

A method as claimed in any of Claims 2 to 4 wherein the first addition of
basic hydroxide or oxide comprises at least 50% by weight of the total
basic hydroxide or oxide.

A method as claimed in Claim 5 wherein the first addition of basic
hydroxide or oxide comprises at least 70% by weight of the total basic
hydroxide or oxide.

A method as claimed in any of Claims 1-4 wherein there is a period of
stabilisation after each addition of sulphonic acid.

A method as claimed in Claim 7 wherein the reaction mixture is at a
temperature of no more than 80°C during the period of stabilisation.

A method as claimed in any of the preceding Claims wherein the reaction
mixture is subjected to a period of heat soaking afigiall the addltlons have
been made to the reaction mixture. R —
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10. A method as claimed in any one of the preceding Claims wherein formic
acid or calcium formate is added to the reaction mixture.

11. A method as claimed in Claim 10 wherein the formic acid addition or the
calcium formate addition precedes the first addition of sulphonic acid.

R
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the final thirty mnutes. A diatomaceousi8§ilter aid 2.5% by ss was added

to the stripped reaction mxture and the m xture was filtere The product

properties are listed in Table 1. ment illustrates that the
addition of all the sul phonic acid t(‘AEﬁ?E&E{n hydr oxi de i n one stage
produces a product of relatively poor stability and a high haze val ue.

Exanples 5-9 Process for Preparation of Sulphonates

Sulphonates are prepared by the neutralisation of a sulphonic acid with a basic
hydroxide or oxide. The process requires the staged addition of sulphonic acid to
a reaction mixture comprising basic hydroxide or oxide dispersed in a
water/diluent mixture; the reaction mixture is basic throughout the additions of
acid and at least until the point of completion of the neutralisation reaction. The
basic hydroxide or oxide may also be added in stages. The sulphonate product
has low viscosity, low haze and good stability and is essentially chloride free as
halide promoters are not utilised in the manufacture of the product.
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resulting reaction mxture allowed to rise to 30-35[err]C.{ TOTHIS.

m xture was added a m xed sul phonic acid containing Cferr] al kyl benzene

sul phonic acid and Cgrr | kyl | ene_sul phaondh ¢, acid _iin_a proportron of
2:1 (375.15 g) with tﬁéokggﬁ f%hﬁﬁgéé?i‘&ﬁgéiéﬁj%ngn@éﬁﬁerature rise to
40-50[err] C The reaction mxture was held at a tenperature of

40-50[ er r }-C_far 30 . ns. ﬁ er this . period of. stabilisation a further
34.3 g of ]nglpgr%%gﬁ@aér@ﬁf‘ %F“&éss“’a%laée&“‘?‘g“{h‘é“ 2= R LPALL O Aeli
sulphonates and in particular to a methed icr the srecaraticn ¢f tasic cr neutrsl

ST

Basic or neutral sulphcnates may te used as accitives for iubricating ciis such as
passenger car, diesel and marine engine iuoricants. Basic sulchcnats accitives
are generally knewn as either low base numter sulchcnaigs cr high base number
sulphonates. Neutral and low base numcer suichcnates functicn primarily as
surfactants, detergents and rust inhibitcrs. High base number sulphonates
primarily function to neutralise acids produced in ihe cil during use. These
sulphanates also help to inhibit corrosicn ard recuce secimentaticn during use.

Neutral and low base number sulphonates {cr use s cil adcitives are usually
prepared by the neutralisation of a sulphonic acid with a basic salt such as a basic
calcium salt e.g. calcium oxide or hydroxice in a suitable diluent oil. The
sulphonate product may be a mixture cf a number of species; when calcium
hydroxide is used these species may incluce the following:

o

0 Hydrated hydroxy calcium sulphonate

o]
(HO- Cao-% - R)xH,0
O ’
(i) A basic calcium sulphonate
O
HO—CaO—%—R
O
(iiiy A calcium sulphonate
O
(R—is:— 0),Ca

o



reactd on

m xture followed by a further addition of the m xed sul phonic acid

(371.5 g); the resultant exotherm c reaction raised the terrperature to
70-80[err] C. The reaction m xture was stabilised at this genperature
30 nmins. The mixture was then heat soaked by raising the {&peASEMENT ﬁhﬁﬁT
80 to 1 110[err]C linearly over a N
11 2 5[ MAR 008
(iv) A calcium sulphonate hydrate
) 0
it
(R-S- 0);,CaxH,C
i
Q

wherein R is an crganic meiety and x denctes at least cne mclecule ¢i water ¢i
nycration.

In acdition dispersed calcium hydroxide may be presant.

When preparing low base number sulphcnates the basic salt is addec in

stcichiometric excess to that required for complete neutralisation cf the sulphonic
acid so that the resulting product is basic.

EP-A-135920 describes the preparation of alkaline-earth metal salts of alkaryl
sulphonic acids containing from 1.5 to less than 3 wt.% water without requiring
azeotropic distillation using a polar solvent and by limiting the water in the reacticn
mixture. Preferably the sulphonic acid is "propartioned” into the reaction mixture
(i.e. added at a rate to give the required rate of salt formation). The small amount
of water may be introduced as a sulphonate solution. Basic materials such as
amines are added at completion of the reaction to make the product basic.

High base number sulphonates are generally prepared by a process of
neutralisation and carbonation. The sulphonic acid is first neutralised with excess
basic metal oxide or hydroxide in a suitable diluent. Some of the excess basic
metal oxide.or hydroxide is then converted to metal carbonate via carbonation.
Typically the reaction is carried out in the presence of a hydrocarbon and/or polar
solvents such as toluene or methanol; the solvent is subsequently removed. The
resulting product is a colloidal dispersion, in a diluent oil, of sub-micron particles of

CaCOj and ﬁﬁ(OH)thich are sterically stabilised by the calcium sulphonate
species produced by the reaction.

Whether neutral or overbased, it is desirable that the sulphonates for use in
engine lubricants should be low in sediment and/or rapidly filterable, clear rather

than hazy, not unduly viscous, and stable on storage, particularly against
sedimentation.



period of 3 hours. On conpletion of heat soaking the water pr

Ll 11 o
reaction mxture was stripped by heating from 110-160[err] C |} RERLAGENENTr SHEET
period of 2 hours with vacuum stripping for 30 m ns at 160[ ery] E-ard—656

mbar. A diatonmaceous filter aid was added at 2.5% by nmass and } he go%m%
filtered. The chloride contents of all these exanples was |es han’ pm

The product properties are tabul ated i ) Table 1 and additional experrmentat

vari ables are tabulatéd in Table 2.

process of the present

These results indicate that the-

i nvention prodi ces basic sul phonates whichtave—tow

sedi ment aSiphcriey Hvatoem pregargiocimstaalizl stigntow acidscesict yr amd Haivgh

filtratio

[ates anp P e
D‘ev ] "rocarag)t(:v u.é aul%ﬂGPahCﬂ ¢t a suitacis cii fraclicn

felo racicn with suicrunc acic.
Excess sulphuric acid in the reacticn mixiurs is ~eutraiised with scdiurm nycrexice
and :he sccium sulphcnates formed are ccrvensc i© ceicium sulpnenates oy
treatment with calcium chicride. The final srocucts ceniain residual cnicrice frem

the caicium chicride treatment.

Sulphonates have alsc teen pragared from synthetic sUichcnic acics which have
in turn been prepared for example by the sulcncration cf C12-Cep alkyi
substituted benzene and/or C12-Cgq alky! substtuied xylene comgcunds. Tnese
sulphonic acids can te used to preduce suichenates which do not have resicual
chicride presant. It has been found, however, that scme synthetic suiphcnic acids
cannct be satisfactorily neufralised with calcium hydroxice criime to precuce
calcium sulphonates; the attempted neutralisation results in the preducticn of
gelatinous products which are solid at room temperature. Methods have deen
proposed to overcome this problem asscciated with synthetic sulphicnic acids.
One such method is described in GB 1 575 957 wherzin a large steichicmetric
excess, over that required for neutralisation of the sulphonic acid, cf calcium
hydroxide is added to a portion of the sulphonic acid in a diluent to precuce a
reaction mixture; there is a subsequent addition of the remainder ct the sulphonic
acid to the mixture, this addition being less than that which would be required to
fully react with the remaining calcium hydroxide in the mixture. In addition a
solution containing a source of chloride ion is added to the mixture after the
calcium hydroxide or lime addition; the chloride ion is believed to act as promoter
for the product formation and is beneficial in enabling the product of fluid, filterable
products from certain sulphonic acids such as synthetic sulphonic acids. The
addition of chloride promoter prevents the fcrmation of gelatinous preducts.
However the final product contains chloride.

The presence of chioride in calcium sulphonates and other metal sulphonates is a
problem from a waste disposal and environmental point of view. Waste disposal
of compositions based on chloride containing sulphcnates is therefore a problem;
it would be advantageous to be able to produce chloride free metal sulphonates

without a loss of the beneficial properties produced by the use of chiaride in their
manufacture.



Diluent mneral oil (255.9 g) and water (1 10.3 g) were mg
vessel hydrated linme of greater than 95% purity (41.3 g) W
wat er/ di luent mxture and the tenperature adjusted to 25-3b
acid solution (17.9 g) containing 80-90%formc acid in wa
the reaction vessel, the resulting tenperature rise limte
approxi mately 37[err] C. A m xed sui phonic acid contai ni ng
benzene sul phonic acid and Cerr] -al kyl

9
xyl ene sul phonic agid in a
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proportion of 2:1 (314.2 g) was added to the reaction vess

t

and t he

resulting tenperature rise controlled by cooling to limt the tenperature
t 0 60- 70[ erfrjeqiraFnt inveatitn wavides Buarecagascshalkriductcrn at nddvizs >t msmer at ure f or

1 hour  Hyds atedales MBmpkdind 1) adifod BeNsAEAGS LOcthe £:6aGLE QN M xiyre Wi th

hycrexicde or oxide in 2 water/ciluent mixiurs 'c icrm

3 r2acucn mikiure. wrearsin

e sulohenic acic acdition is made in at ieast twe ZiStinCl stages anc sueh hat
the reaciicn mixture remains 2asic throughceut the scciticn ¢f (g acic anc 22 ‘east
untl the peint of comeleticn cf the neutratisa rezciicn 2s determingd Ty ASTM

D23S8-88 discussad hersinafter.

It is praierred that the S al

Dasic hydrexide cr cxice is

sc acced in twe ¢r mera

distinct stages, the first stage preceding the iirst acciticn ¢f sulphcnic acic, with
subsequent stages preferably before the secend and sutseguent accitions cf

sulphonic acid. Preferably the first additicn of basic hydroxice or cxice

comprisas

at least 50% by weight cf the totai basic hydrexide cr oxice and mcst sraferacly

comprises at least 65% by weight. The basic hydrexi

A

ce croxice is graferatiy a

Group A or Group 1A oxide or hydroxide though mixtures of such nycroxices

and/or oxides may be may be uskd ;

; ‘calcium hyroxide ¢r cxide is mo

r-n

3w d

ret erred.

When the process is used for the preparaticn of low base number sulphenatas it
is preferred that as a neutralisation reacticn aid a scurce cf formate anicn such as
formic acid is added to the dispersion of basic hydroxide or oxide. This acditicn
may be at the same time, or preferably before, the first addition of sulphonic acid.
The formic acid is preferably added as an 80-90% by weight solution in water and
is added in the amount of 25-35% by weight of formic acid based on total basic
oxide or hydroxide used. It is preferred that the formic acid is relatively pure
having a low acetic acid content, i.e. preferably less than 0.5 wt% acetic acid. ltis
not clearly understocd how formic acid aids the neutralisation reaction; however,
in addition to the aqueous dispersion of basic hydrexide or oxide a basic fermate
salt is formed, e.g. calcium formate when calcium hydroxide is used as the basic
hydroxide. Alternatively the formic acid may be replaced by the addition of
calcium formate. To introduce the same amount of formate anion, if calcium
formate is used the molar amount used would be half ¢f that usad with formic

acid.

The basic or neutral sulphonates produced by the process of the inventicn have
relatively low viscosity, are essentially chloride free, have low haze vaices, low
sediment levels and improved stability and filterability. By relatively low viscosity
is meant a kinematic viscosity at 100°C of 65 cSt cr less and is preferably 50 ¢St




stirring followed by a further addition of m xed sul phonic acid (314.2 g)
and the resulting tenperature rise controlled by cooling
tenperature to 80[err]C. The reaction m xture was stablngéd\CéﬁEﬁ‘ |gﬁ§ﬁ
tenperature for 1 hour. The reaction m xture was.then Hedt€d Trom
80-11[err]C linearly over a period of 4 hours. The  readtijon? @i MaifrEoHas
then heated to 1 60[err]C linearly over a period of 2 hoursjin order to
strip water fromthe m xture utilising ?n N2 purge. At 1 |50T€rr]C the
pressure was reduced to 400 nbar absolute over a period of 20-25 m nutes

and then the reaction m xture was maintained at 1 60[err[C for a further
30 ninutes BF'egpent Maserretefablyin F6iEesh 3Wwss V. IV 2HESSS2 A at omaceous

filter aid 2*%5%@%@%@@@3%1 :addedrié®ctherstripped freant drorcrpizatinct whi ch
was t hen fll.t,ergg e By A.further 51.53 ¢ of diluent oil was added to the
filtered pr&‘;ﬁ?@t o produce the final product. The product properties are
tabul ated in Table 1.

£
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The terms neutral, basic, lcw tase number anc nign 2ase numler as s
define suiphcnates shcuid te undersiced in relaticn ic ASTM £2888-28
"Standard Test Methed for Base Number ¢f Petrcisum Frecucis o

-
e

v Fotentemetric
Perchlcoric Acid Titraticn”. This test methcec is carcarmed with e determinat

basic constituents in petrcleum procducts by potenticmetric titratien with zerchleric
acid in glacial acetic acic. Thus the term neutrai in reiaticn tc a sulgncnats |
deemed to mean that no tasic constituents weuld te cetected by titrating the
sulphcnate by this methed and the term basic in reiation ic a sulohcnaie is
deemed to mean that basic constituents weuld te detected oy litratirg he
sulphonate by this methed. The result of this test methcd is Guctec as 2 tase
number which is the base equivalence in mg KOH g-!. Thus the term 'cw base
number refers to numerical values of base number which ars 50 mg KOH g1 cr
less and the term high base number refers to numerical values of base numter
which are greater than 50 mg KOH g-! and may be as high as 400 mg KOH g1

The process of this invention has its primary utility in preducing neutral or low
base number sulphonates. When formic acid or calcium formate is usad in the
pracess for preparing low base number sulphonates in conjunction with a basic
hydroxide or oxide, e.g. calcium hydroxide the resulting products will have a total
base number which is partly due to the presence of unreacted basic hydroxide or
oxide and partly due to the presence of formate, e.g. calcium formate. Itis
envisaged that in some circumstances that there would be no residual unreacted
basic hydroxide or oxide present and that the total base number would only be
due to the presence of the relevant formate, e.g. calcium formate. ltis preferred
that the contribution to the total base number mace by the reievant formate (which
may be calculated from the amount of formate) is greater than that made by the
unreacted basic hydroxide or oxide. It is preferred that the total base number of

the product is not greater than 50 mg KOH g1 and most preferably in the range of
25 to 40 mg KOH g-1.

The sulphonic acid may be any oil-soluble sulphonic acid and may be a natural or
a synthetic sulphonic acid e.g. a mahogany or petroleum alky! sulphcnic acid; an



The chloride content of the final product was Iess than 50 ppm

8

alkyl sulphcnic acid; cr an zikaryl sulphenic acic. =
sulpheric acid. Thne suichenic acicd

i)

may o= .
different sulphonic acids. If cesired the suiencnic
acids may be used in ciiuted icrm as 2 sciuticn
as mineral cil, petroleum cil, or any suitatie in
sulchonic acid may te an alkyi tenzene su

acid and mast preferably is g C12-Cygp aliyi Cenzane sulchcnic acic ¢r

[P

alkyl xylene sulphcnic acid and most craferacivis 2 C

= TS Qe
sulphcnic acid cr a Cy2-Caq alkyl xylene sulciheric acic. When a mixed stlehcnic
acid is used it is preferred that it is a mixwure of

12-Cas aikyl zenzene

an aikyl tenzzne stighenic acic
and an alkyl xylene sulghenic acid. The mcst suitabie sulchenic acics have a
molecular weight of between 250 and 7C0 2.¢. betwean 4CC-5CC. An example cf
suitable sGiphonic acid mixture is a mixture ¢f neminally Cz4 alkyl benzene
sulphanic acid and nominally C42 alkyi o-xylene suiphaonic acic.

The sulphonic acid is added to a water/diluent mixture in which is dispersed a
basic hydroxide or oxide. The diluent may te any nan-vclatile, inert, oleaginous
material, preferably a substantially neutral mineral cr petroieum oil. 1tis preferred
that the water/diluent mixture comprises between 1 and 50% by weight of water
and more preferably between 15 and 35% by weight of water. The water reduces
the viscosity of the initial water/diluent mixture. It may also aid in the promotion of
the neutralisation reaction and assist in the dispersion of the added basic
hydroxide and any basic salts formed during the neutralisation reaction. A low
water content tends to increase the sediment content of the final product, reduce
filtration rate and lower product basicity, whereas a high water content prolongs

any subsequent stripping of the product and aliows hydrolysis to accur with the
production of flocculent material which inhibits filtration.

During the process exothermic reacticns may occur. The reaction mixture
temperature may be ailowed to rise as a result of this, or ccoling may be utilised
to reduce or prevent the temperature rise. Itis preferred that during the
neutralisation reaction that the temperature is maintained below 100°C and most
preferably below 80°C so that there is little or no loss of water from the mixture.

During the process a period of stabilisation may be beneficial after the first and/or
the succ_:eeding additions of sulphonic acid, to allow the neutralisation to be
completed betore any further additions or process stages. During a stabilisation



Exampl'e 1 1  Calcium hydroxide of greater than 95% purity QREAASERNESSHEET
dispersed in a water/diluent m xture conprising diluent oil] (3TZ770g) and
water (173.50 g) and the resultant dispersion was heated td t2OPRRAL KNGS
cf 50[err]C Calciumformate (21.20 g) was added to the digpgrsion in the
form of an aquecus solution. To this disoersion was added g niXéd sul phonic
acid containing CJerr] ai kyl benzene sul phonic acid and C[drr] al kyl xylene

Q) ~—

sul phonic acid in the proportion of 2:1 (368.85 g) with the resultant
reaction causing a tenperature rise of 71 6[err]C. The reaction m xt-ure was
held at this terrperature for 30 mnutes. After this period of stabilisation

the tenper @tebzé@ t@taytd érﬁé&i@bi Qnathosintee wvasarzRi-sed stwsdhienrdCeand furt her

addi tions of, cal el um fvdrox e, (A1, d%.0 Aol ovad: by aLxed. syl phoni c
stabiiisaticn gericcs, cne after each acic zcciticn. it s or2iemsC nat e frst
stabilisaticn gericc is at a temeeraturs ¢f 40-8C°C anc mcst sraizratiy 38-75°C
and that the seccend and subsequent statiiisaticn Zencc s at 2 1emesranss i VG-

8C°C. The pericd of stabilisaticn is praferacly atleast3C m

preferatly 1 hour, and is preferativ suificient i zilcw fer comeiets neutrzlisaticn.

During the process a pericd of heat scaking may te ceneficial aft

;L

sulphcnic acid and basic hydroxice ¢r cxice nas teen adcec. Thnis -;er:cc allews
basic salts formed during the reacticn, or as a censequerce cf the adciticn ¢t
excess basic hydroxice or oxide, to be stabilised. Curing the heat scaking cericd
the temperature of the reaction mixture is preferabiy incraased, icr exampie up to
110°C. The temperature increase is preferaciy linear with time and at such arate
that there is no premature water distillation from the raacticn mixtura. itis mest

preferred that the temperature is increased frem 8C°C uo 10 110°C cver a pericd
of at least 3 hours.

On completion of the reaction substantially all of the water present in the rgaction
mixture may be removed by stripping. The stripping may be carried cut with a
nitrogen purge to reduce the partial pressure of water vapour with increased
temperature of the reaction mixture (preferably to a temperature of 150 to 160°C),
with gradual application of a vacuum or with a combinaticn of all three. |

During the process sediment may be formed which may be removed via filtration.
It is preferred that sediment formation is as low as possible sc that the amcunt of
solids required to be removed is kept to a minimum and so that any filtration
required can be carried out with ease and as fast as possible. The process
produces products which have low sediment levels of the order of 0.5% by volume
or less, preferably 0.4% or less, and high filtration rates of the order of

400 Kgh-'m-2 or greater. ltis also found that the products have low haze values
(which may be measured by available equipment such as a Hack hazs
turbidimeter) typically of the order of 6.0 NTU or less but preferably 3.0 NTU or
less. During filtration a filter aid may be used, preferably a fine porosity filter aid,
e.g. diatomaceous earth. Filtration may be carried out at an elevated temperature

e.g. at between 150-160°C and under an applied pressure such as 1 to 10 bar,
e.g. 8 bar.



(368..75 g) were nade. The tenperature of the reaction mxture rose by a
further 16[err]C to approximately 91[err]due to the heat of )
reaction nmixture was stabilised at this tenperature for a p rRMAQE\ﬂBnT SHEET
m nutes. The mxture was then heat soaked by raising the te t-e—t0

100[err] C for a period of 3 hours. On conpl etion of heat soakiing, mvamg

present in the reaction m xture was strlé)ped " by heating the|mx%ture’to
160[err]Cfor a period of 2 hours. A di

omaceous filter aic wwaswadder
. 5% by mass and the product filtered. The chl ori de contient of the
product was | distesirediivriBer gspitienTelciipens gl c1EY BR GIRSRtIT e¥er iciiaitlaadietded i
Tabl e 1. Exadet @scbdity, coatent of basic sulpherae o ictal sase numeer. Praferatly

these additicns are made after fitraticn.

Accitives such as antifoam agents may =& 3ccec furing the grecess or aitar
filtraticn.

The gcrecess ci the inventicn is .Ih.s:""ec 2y way cf axamcle cnly with raferancs
Eo the Toilowing Examples, in which Comcarative Sxamples 1 To 4 do not
fzlt within the invention.

Comparative Example 1

A mixed sulphonic acid containing Caq alkyt benzene sulphenic acid and Cqp alkyl
xylene sulphonic acid in a properticn ¢f 2:1 (737.5 g) was discersed in a
watar/diluent mixture comprising ciluent mineral cil (321.7 g) and water (187.5 g)

at a temperature cf approximately 25 °C. Tnis dispersicn was thenheatad to a
temperature of 50°C and 16 g of formic acid, as an 80% by vciume solution in

water, was added. Calcium hydroxide cf greater than 95% purity (63.0 g) was
added when the temperature was at 75°C and the temperature rose 25°C. The
reaction mixture was then held at a temperatura of 100°C for 3 hours. On
completion of this heat soaking stage the temperature was raised over a pericd of

3 hours to 160°C to strip out the water, followed by vacuum stripping for 30

minutes at 160°C. On completion of the stripping, a diatcmaceous filter aid 2.5%

by mass of the reaction mixture, was added and the sulphonate fiitered. The
product properties are listed in Table 1.

In this éxample the neutralisation is undertaken in an acidic environment which
preduces a product with high sediment levels ard slow filtraticn rate.

Comparative Example 2

A mixed sulphonic acid containing Cz4 alkyl benzene sulphonic acid and C12 alky!
xylene sulphonic acid (737.5 g) was dispersed in ciluent oil (382 g) with heating to
60-65°C. Calcium chloride as a 27% by weight soluticn in water (27.4 g) was



The procedure of Exanple 11 was repeated with the exception tg_g. LA MR Bl
content of the water/diluent m xture was reduced from 173. 60 ?’E‘d‘{l@ﬁ@’ dHL{'
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acdac e the raaction mixture fcilewed 5y a formic zcid sclution 112.3 20 the
b mey o ady ~ 1} i ~d o ~ g A DA IO N aipmiy
resuilant reaclicn miequre was statilised at a lemgeratura i 88-33°C. Calcium
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nycroxice Gf greater ihan S8% cunty (83,4 g was 3ccec witn water ‘28.7 ¢ and

. e ;
merTic naLtaisalen rzecien.

cver & gencd of 3 heurs and then fram 18C-11C8°Cin 1 e
reacicn midurs was then sin

a pericd of 2 heurs with the appolicatien ¢f an

=~ e gty P Rl Tl -
ST mearvacuum at 148¢Cier 3¢

. m

minutes. A ciatcmacecus fiiter aic was added at 2.0% ty weight of the 'cial
regcticn mixture and the reacticn mixiure fiiterec. Afer fiitraticn dilvertcil {72.0 @)
was added plus a silicone antifcam (0.1 g). The grcduct erocerties ars fisted in
Tatle 1.

This example illustrates how the use ¢f a halide areom

sedimentation during the manufacturing prccess and a preduct with high ha
vajue. In addition the final product contains a significant level of halices.

Comparative Example 3

A mixed sulphonic acid containing Ca4 alky! benzene sulphonic acid and C12 alkyl
xylene sulphonic acid (743.0 g) was dispersed in a water/diluent mixturs
comprising diluent oil (278.3 g) and water (151.5 g). This dispers'ion was heated
ta a temperature of 60°C whereupon formic acid soluticn (16.0 g) was added and
the resultant reaction mixture stabilised at a temperature of approximately 6§0°C.
Calcium oxide (51.0 g) was added and the reacticn temperature rose by 30°C.
The reaction mixture was stabilised at this temperaturs (80°C) for 1 heur aiter
which time the temperature was raised to 100°C over a period of 5 hours to heat
soak the reaction mixture. The heat soaked reaction mixture was then stripped of
water by heating from 100°C to 160°C over a pericd of 2 hours with application of
vacuum stripping for the last half an hour. A diatomaceous filter aid 2.5% by
weight was added to the stripped reaction mixture and the reacticn mixture was
filtered. The product properties are listed in Table 1.

This example illustrates that the addition of calcium oxide to the acid with no

staged addition produces a product with high sediment and relatively hign
viscosity.



13 The chloride content of the product was |ess than 50 ppn--:l’-h@wp{»@dusﬁ
properties are tabulated in Table 1. Exanples 1 1 and 12 | IRRPSACEMMENT ISMEET
cal ci um sul phonat e products with acceptabl e properties can pe ebt-ai-ned-by

using calciumformate in place of formc acid in the process, caufplgga,ﬁﬁéqh
variation of water content in the reac{gon m xture. The progtess “usi' ng
hi gher water |evel (Exanple 1 1) gave superior results.

Comparative Example 4

Calcium nycrexide of greater than $5% purity (62.3 5} wes cisgersedin g
water/ciluent mixture comprising ciivent cil (27 {
temperature ¢f 80°C. Formic acid soluticn (18
temcerature. A mixed sulphenic acid centaining Cas
anc Cy2 alkyl xylene sulphonic acid (743.0 g) was acc
temperature increase of 30°C. The reacticn mixiurs was sietili
hour after which the reaction mixture was heat scaked 2y aising

tc 10C°C over a pericd of 5 heurs. The heat scakec reaction mixiure was then

tripped cf water by heating to 180°C cver & gericd cf twe nours with vacuum
stripging for the final thirty minutes. A diatcmacecus fiiter aid 2.5% bv mass was
added to the stripped reaction mixture and the mixture was fiitered. The greduct
properties are listed in Table 1.

This experiment illustrates that the addition of all the suichoric acid to caicium

hydroxide in one stage produces a product of ralatively pcar stability and a high
haze value.

Examples 5-9
The general method for Examples 5-9 was as follows:

Calcium hydroxide (lime) of greater than 95% purity (34.3 g) was dispersed in a
water/diluent mixture comprising diluent mineral cil (273 g) and water (125 g) and
the resultant dispersion heated to a temperature of 20-25°C. Formic acid solution
containing 80-90% formic acid in water (in an amount of either 18.8 g or 16.0 g)
was added and the temperature of the resuiting reacticn mixture allowed to rise to
30-35°C. To this mixture was added a mixed sulphonic acid containing Ca4
alkylbenzene sulphonic acid and C12 alkyl xylene sulphonic acid in a proportion of
2:1 (375.15 g) with the resultant reaction causing a temperature rise to 40-50°C.
The reaction mixture was held at a temperature of 40-50°C for 30 mins. After this
period of stabilisation a further 34.3 g of calcium hydroxide was added to the
reaction mixture followed by a further addition of the mixad sulphonic acid

(371.5 g); the resultant exothermic reaction raised the temperature to 70-80°C.
The reaction mixture was stabilised at this temperature for 30 mins. The mixture
was then heat soaked by raising the temperature from 80 to 110°C linearly over a
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pericc of 3 hours. On completicn of heat scaking the water present in the
reaction mixture was stripped dv heating from 113-18C°C linearly over z geried of
2 heurs with vacuum stripging for 3C mins at 18C°C and 858 mbar. A

diatcmaceous fiiter aid was added at 2.3% by mass a

nc the greduct fiitersd. The
chlcrice contents of all these axamples was less than 3¢ com. Tne precuct
properties are tabulated in Table 1 and acditicnai exgerimental variabies are

tabuiated in Table 2.

These results indicate that the process ¢f the present inventicn preduces basic

sulphenates which have low sedimentaticn, low naze values, geed siatiiity, lew
viscosity and high filtration rates.

Example 10

Diluent mineral oil (255.9 g) and water {110.3 g) were mixed in a reaction vessel
hydrated lime of greater than 95% purity (41.3 g) was added to the water/diluent
mixture and the temperature adjusted to 25-35°C. Fcrmic acid soluticn (17.S g)
containing 80-30% formic acid in water was added to the reaction vessei, the
resulting temperature rise limited, by cooling, to approximately 37°C.

A mixed sulphonic acid containing Ca4 alky! benzene sulphonic acid and Cq2 alkyl
xylene sulphonic acid in a proportion of 2:1 (314.2 g) was added to the reaction
vessel and the resulting temperature rise controlled by cooling to limit the
temperature to 60-70°C. The reaction mixture was stabilised at this temperature
for 1 hour. Hydrated lime (17.7 g) was then added to the reaction mixture with
stirring followed by a further addition of mixed sulphonic acid (314.2 g) and the
resulting temperature rise controlled by cooling to limit the temperature to 80°C.
The reaction mixture was stabilised at this temperature for 1 hour. The reaction
mixture was then heated from 80-110°C linearly over a period of 4 hours. The
reaction mixture was then heated to 160°C linearly over a period of 2 hours in
order to strip water from the mixture utilising an N2 purge. At 150°C the pressure
was reduced to 400 mbar absolute over a period of 20-25 minutes and then the
reaction mixture was maintained at 160°C for a further 30 minutes or until the
water content was <0.3% by mass. A diatomaceous filter aid 2.5% by mass was
added to the stripped reaction product which was then filtered. A further 51.53 g

of diluent oil was added to the filtered product to produce the final product. The
product properties are tabulated in Table 1.
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The chleride content of the final prccuct was less thar SC zem.

Example 11

Calcium hycdroxide cf greater than 5% gurity {

— -
i
D) b

water/ciluent mixture comprising ciluent cil (312.7C
the resultant dispersion was heated 1o a temperature ¢f 20°C. Calcium icrmate
(21.80 ¢) was added to the dispersicn in the fcrm cf an aquecus scluticn. Te this
dispersion was added a mixed sulphonic acid ceriaining Co4 aikyl cenzene
sulphaonic acid and C12 alkyl xylene sulphonic acid in the grepericn of 2:1

(368.85 g) with the resuitant reaction causing a temperature rise of 16°C. The
reacticn mixture was held at this temperature fcr 30 minutes. Aiter this period cf
stabilisation the temperature of the reaction mixture was raised to 75°C and
further additions of calcium hydroxide (27.75 g) icliowed by mixed sulphonic
(368.75 g) were made. The temperature of the reaction mixture rose by a further
16°C to approximately 91°C due to the heat of reaction. The reaction mixture was
stabilised at this temperature for a period of 30 minutes. The mixture was then
heat soaked by raising the temperature to 100°C for a pericd of 3 hours. On
completion of heat soaking the water present in the reaction mixture was stripped .

by heating the mixture to 160°C for a period of 2 hours. A diatomaceous filter aid
was added at 2.5% by mass and the product filtered.

The chloride content of the product was less than 50 ppm. The product properties
are tabulated in Table 1.

Example 12'

The procedure of Example 11 was repeated with the excepticn that the water
content of the water/diluent mixture was reduced from 173.60 g to 128.0 g.
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reaction m xture, wherein the sul phonic acid addition T hade’ it fHiatdo

| east two distinct stages and such that the reacti on mixtbre—+erans.
basic throughout the addiction of the acid and at | eastf until the

poi nt of conpletion of the neutralisation reaction. 2. A nethod—as
claimed in Gaim1l wherein the basic hygyoxide or oxide is added in
at |east two distinct stages. 3. A nethod as claimed in Claim2 wherein
each addition of sul phonic acid is

The chloride content of the preduct was less than 50 com. The preduct progerties

are tabulated in Table 1.

Examples 11 and 12 illustrate that calcium sulphcnate preducts with acceptable
properties can be obtained by using calcium {ermate in piace of formic acid in the
process, coupled with variation of water ceontent in the reaction mixture. Tre
prccess using a higher water level (Example 11) gave supericr rasuits.
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preceded by an addition of basic hydroxide or oxide to the_r eaction. ..




7. A nethod as claimed in any of Clainms 1-4 wherein there is a EﬁrLLmLLﬁwwa
stabilisation after each addition of sul phonic acid. ‘8.1 %Lﬁ?ﬁﬁeﬂ‘f%f{
claimed in Claim7 wherein the reaction mxture is at a B mmremmorem e

tenperature of no nore than 80[err] C during the period of
9. i

A nmethod as clainmed in any of the preceding Cains whgr n'Lhé%.
reaction m xture i s subjected a period of heat isopki, rlg,‘a,f.l..e
all the additions hagve been-—made to the reaction xt ure. _
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Claims:

A methed for the preduction of basic or neutral st

suiohcnates cemerising the

addition of a sulphonic acid to a dispersion cf a tasic nydroxide cr cxice in

a water/ciluent mixture to form a reaction mixiure, wherein the

stlehenic

acid additicn is made in at least twe distinct stages and such that the

reaction mixture remains basic throughcut the accition of the acid and at

LY

least until the point of completion of the neutralisaticn reaction..

2. A method as claimed in Claim 1 wherein the tasic hydroxide cr cxide is
added in at least two distinct stages.

3. A method as claimed in Claim 2 wherein each addition of sulphonic acid is
preceded by an addition of basic hydroxide or oxide to the reacticn mixture.

4. A method as claimed in Claim 2 wherein the second and any subsequent
addition of basic hydroxide or oxide and sulphenic acid is made at the
same time.

5. A method as claimed in any of Claims 2 to 4 wherein the first addition of
basic hydroxide or oxide comprises at least 50% by weight of the total
basic hydroxide or oxide.

6. A method as claimed in Claim 5 wherein the first addition of basic
hydroxide or oxide comprises at least 70% by weight of the total basic
hydroxide or oxide.

7. A method as claimed in any of Claims 1-4 wherein there is a period of
stabilisation after each addition of sulphonic acid.

8. A method as claimed in Claim 7 wherein the reaction mixture is at a
temperature of no more than 80°C during the period of stabilisation.

9.

A method as claimed in any of the preceding Claims wherein the reaction

mixture is subjected to a period of heat soaking after afl the additions have

been made to the reaction mixture.



11. A nethod as clainmed in daim1l0 wherein the formc acid addition or
t he

calciumformate addition precedes the first additon.of.. sul.phoni.Coem
aci d.
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16. A methcd as claimed in any cne cf the prececing Claims wherein formic
acid or calcium fcrmate is adced 1 the reacticn mixture.

11.

A methed as claimed in Claim 10 wherein the {ormic acid acditicn cr the
calcium formate addition precedes the first acciticn of suiphonic acid.
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Abstract

Process for Preparation of Sulphonates

Suilphonates are prepared by the neutralisation of a sulphonic acid with a basic
hydroxide or oxide. The process requires the staged addition of sulphonic acid to
a reaction mixture comprising basic hydroxide or oxice dispersed in a
water/diluent mixture; the reaction mixture is basic thrcughout the additions of
acid and at least until the point of completion of the neutralisation reaction. The
basic hydroxide or oxide may alsg be added in stages. The sulphaonate product
has low viscosity, low haze and good stability and is essentially chloride free as
halide promoters are not utilised in the manufacture of the product.



