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prepaxation of overbased nagnesium sulphonates

- The present invention relates to a process for the
production of overbased magnesium sulphonates and to
overbased magnesium sulphonates prepared by the process.
The overbased nagnesium sulphonates prepared by the
process are particularly useful as additives for oil-
bagad compositiong, especially lubricating oils, and the
invention also relates to oil-baged compositions
containing these overbased metal sulphonates.

Overbased magnesium sulphonates are wel) known, as
is their use as additives in cil-based compositions, for
exanple, lubricants, greases and fuela. They function as
detergents and acid neutralizers, thereby reducing wear
and corrosion and, when used in engines, extending
engina life. Other overbased metal sulphonates often
used for the same purpose are overbased calcium
sulphonates.

Many processas have been proposed for producing
ovarbased sulphonates of calcium and magnesiun, tpe
praferrad procesges generally involving the carbonation,
in the presence of an organic solvent or diluent, of a
nixture of an oil-soluble sulphonate and/or an oil=-
soluble sulphonic acid and an excess of a compound of the
desired metal above that required to react with any acid

present. It is known that overbased magnesium

sulphonates are in general nore difficult to prepare than
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the corresponding calcium compounds, and processss
proposed for preparing overbased magnesium sulphonates
have involved various special measures, for example, the
use of particular reaction conditions and/or the
1hcorporation of one or more additional substances into
the mixturs to be carbonated, such additional substances
including, for example, water, alcoholg, and promoters of
variocus types. Many of the previously proposed processes
also, or alternatively, reguire the use of magnesium in a
relatively reactive form; for example, in the form of a
magnesium conmpound having a certain minimum degree of
reactivity.

Exanples of prior specifications disclosging the use
of particular reaction conditions or steps in the
preparation of overbased magnesium sulphonates are U.S.
Specification No. 3 62% 109, which Aiscloses a multi-
stage carbonation process, U.S. Specification
No. 4 129 589, which claims the use of specified
tenperature conditions, or the addition of additional
water and alcohol during carbonation, when carbonating a
mixture containing "light" (active) magnesium oxide, U.S.
Specitication No. 4 148 740, which claims the use of
specified temperatures and proportions of carbon dioxide
when carbonating a mixture containing "activatead" |
magnesium oxide, U.S. Specification No. 4 192 758, which
claims carbonating at the "critical carbonation rate®,

and which refers to the preparation of overbased
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additives as "a complex and highly unpredictable art®,
British Specification No. 2 135 330 A, which clains a
continuous countercurrent process, and British
Specification No. 2 036 781 A, which claims the use of
specified carbonation temperatures and proportions of
carbon dioxide for carbonating a mixture which includes a
C; to Cg alcohol or a C43 to Cg ketona.

Examples of prior specifications directed primarily
to the use of additional substances in the mixture to be
carbonated are U.S. Specification No. 4 617 135, which
claimg the use of a reaction mixture containing water, an
alkanol, and a combination of specified first and second
promoters, U.S. Specification No., 3 928 216, which clainms
the use of a promoters system comprising a hydroxy-
containing compound and a salt of boric acid and an
aliphatic hydrocarbyl diamine or polyamine containing
from 2 to 8 carbon atoms, U.S. Specification
No. 3 853 774, which claims the use of a reaction
nixture containing water, a lower alkanol and naphthenic
acids, British Specifications Nos. 2 037 801 A and
2 037 310 A, which claim the use of reaction mixéures
containing a C4 to Cg diketone mnd a Cg to C;o carboxylic
acid respectively, British Specification No. 2 175 598 A,
which claims the use Of a reaction system containing
water, alcohol, a tirst promoter comprising a succinic
anhydride or a derivative thereof and a co-promoter .

selected from naphthenic acid and a watei-soluble
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carboxylic acid, European Specification
No. 13808A, which claims the use of a reaction system

containing water, a C3 to Cg ketone, and one or more
reaction promoters selected from the group consisting of
carboxylic aclds or salts thereof, amines and C4 to Cg
diketones, European Specification No. 323 088 A, wherein
the claimed process uses a reactioq nixture comprising an
ashless dispersant, and U;s. Specification No. 4 647 387,
wherein the reaction wmixture in the clained process
comprises watar, alcohol, a first promoter comprisging a
Cg to Cyp succinic annydride or derivative thereof and a
co-promoter selected from naphthenic acid and a water-
soluble carboxylic acid.

Among prior specifications disclosing the use of
particular sources of magnesium are U.S. Specification
No. 3 150 089, which reguires magnesium metal as starting
material, U.S8, Specification No. 4 225 446, in which the
claimed processes start from a magnesium sulphonate
having a Total Base Nunber in excess of about 200, U.S.
Specification Ne. 3 865 737, which requires the use of
nagnesium oxide having a bulk density correspondiﬁg to a
caleining temperature of bhelow about 1000°C (that is,
®"l1ight" or “reactive" magnesium oxide), and U.S.
Specifications Nos. 4 129 589 and 4 148 74G, referred to
above, both of which claim the use cf act;ve magnesium

oxides.
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It is important that overbased materia;s to be used
as additives for cil-based compositions such as
jubricating o;ls and fuels be clesar liguids and be free
of sediment. The product obtained at the end of
carbonation in processes for preparing overbased
pagnesium sulphonates will contain some unwanted material
(normally hard sediment and/or gelatihous material formed
during the overbaging process). From an economic
astandpoint, it is desirable to be able to remove the
sediment quickly and simply, preferably by filtration,
and it is alsc desirable that the amount of sediment to
be removad be also low as possible. If gelatinous
material is present, this will tend to inhibit or prevent
filtration by blocking the filter. Where purification by
filtration is possibie, it is desirable that this be
effected as rapidly as possible. If large amounts of
sedinent ara present, the sediment must normally be
renmoved by centrifuging rather than by filtration, and
even small amounts of sediment may have a tendency to
block filters i{£ the process is carried ocut on a large
scale; this tendency being particularly marked if the
system contains gelatinous material formed during the
overbasing process.

The propertion of sediment in the reacticn mixture
immediately after carbonation (that is, before
centrifuging-of filtration to remove sediment) is usually
known as the “post carbonation sediment", or "PCS", and

is normally expressed as volume $ PCS based on the
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volume of the reaction mixture. When comparing
proportions of sediment in different systems, it is
important that the ¥ PCs be calculated on ccmparable
systems, preferably "stripped" systems free from any
volatile materials, for example, water, methanol, and
solvents, which are included in the reaction mixture for
the purpeses of the reaction but which are not required
in the final overbased product. In some processes these
volatile materials are not removed until after removal of
the sediment, and the % PCS reported is thus based on the
volume of a reaction system which still contains the
volatile materials, but by appropriate calculation it is
possible to arrive, for comparison purposes, at a value
for the & PCS in a notional system free from the volatlle
materials.

It is normally desirable that overbased materials to
be used as additives for oil-based compositions have a
relatively nigh basicity, since this results in the most
economic use of the metal. The basicity is usually
expressed in terms of the Total Base Number (TBN):of the
product, the TBN being the number of milligrams of
potassium hydroxide equivalent to 1 gram of the product
when titrating with a strong acid. For some
applications, it is preferred that the TBN be at least
350, preferably at least 400, mg KOH/g, as measured by
ASTM D2896. Processes for the production of overbased

materials of high TBN, however, fregquently result in
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significantly higher sediment levels at the end of the

- carbonation step than do processes for producing
cverbased materials of lower TBN, or require the use of
high levels of promoters if relatively low sediment
levels are to be obtained. The use of high .levels of
promoters is in general undesirable on, for example,
economic grounds and/or because the promoter lmparts
undesired properties to an intermediate or final product.
Thus, for axample, in some cases a high level of promoter
nay lead to a post-carbonation product of high viscosity
which can only be filtersd relatively slowly.

Many of the processes described in the prior art for
the preparation of overbased magnesium sulphonates
involve the removal of substantial gquantities of
sedinent, predominantly unreacted magnesium starting
‘materials., U.S. Specification No. 4 192 758, for
example, indicates that "much of the oxide ends up aé
undispersed solid which 1s difficult to filter". It is
stated in U.S. Specification No., 4 617 135 that the
process described therein makes it possible to produce
overbased magnesium sulphonates having "extremely low
post carbonation sediment", but it is apparent that,
although the levels of sediment may be low conpared with
those obtained in previouesly proposed processss, they are
still relatively high. Thus, the specification indicates
that the "$ PCS produced by the present reaction is

generally less than 5.0% by volume of the reaction
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mixture®, and the lowest value guoted is 2%. Further, it
is clear from the Examples of Specification

No. 4 617 135 that the % PCS values reported in the
specification are based on the reaction mixture before
heating to strip volatile additives such as water,
nethanol and naphtha. The ¥ PCS values calculated on
systemns frea from volatile materials will be higher than
the values quoted in the specification. Thus, the % PCS
of 3.8 gquoted in Example 1 of Specification | |
No. 4 617 135, for example, approaches 10 when
calculatad on the basis of a system free from volatile
additives, and a § PCS of 2 approaches 5 when calculated
on the sane basis.

British Specification No. 2 175 598 A, which is
primarily concerned with overbased magnesium sulphonates
which are highly water-tolerant, and which do not rely on
the presence of post-sulphonate formation water-tolerance
additives to enable them to pass the Cummins Test, refers
in passing to the maintenance of "minimum post
carbonation sédiment“ but the lowest § PCS reported is 2
(in Example 1), the remaining Examples quoting % ﬁés
vajues of 5.4 (when n-octenyl suceinic anhydride was used
as promoter) to 8.8. (It appears from the details of ths
process immediately preceding the Examples that the
guoted & PCS values may be the values before stripping.)
There is no teaching of a method which makes it possible

to obtain products which contain signifidgntly lower
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levels of sediment after stripping and which can be
purified by rapid filtracion.

In U.8, Specification No. 3 865 737, sedinments are
measured by the B.S. & W. test and are reported as
ml.ppt./100 g. product, and it is stated that materials
having & B.8. & W. value of up to 10 % can be used
commercially since the B.S., & W. value can be improved by
centrifugation and filtration. The lowest B.S. & W.
valug quoted is 0.6 &, but this is for a product with an
acstic base number of only 320. As indicated above,
processes for the production of materials with higher
TBNs would be expected to result in significantly higher
levels of sedinment.

Despite the numerous previous proposals for
preparing overbased magnesium sulphonates, of which the
processes disclosed in the specifications discussed above
ars only a selection, there remains a need for a process
suitable for preparing such substances, particularly
ovarbased magnesium sulphonates having a relatively high
TBN, in which relatively low levels of post carbonation
gediment can bhe obtained (preferably without the need to
use high levels of promoter), apd relatively rapid
filtration of the sediment-containing reaction product is
possible.

The applicants have surprisingly found that the use,
as the source of magnesium, of magnesium oxide of

relatively low reactivity, in a reaction system which
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comprises, among other components, water and a water-
soluble alcohol, in combination with the introduction of
part of the water and at least part of the alcohol, into
the mixture during carbonatiocn, makes it possible to
obtain overbased magnesium sulphonates of high TBN which
have extremely low % PCS values, typically less than

2 %, and in some cases less than 1 %, based on a reaction
system free frox volatile materials, and which can be
filtered relatively rapidly, typically at a rate of at
least 150, preferably at least 200, and especially at
least 250, Xg/me/hour when working on a large scalae,
these results being cbtained without the use of
unacceptably large proportions of promoters. The
products may also have relatively low viscositieg. The
fact that very low amounts of sediment may be obtained in
accordance with the invention is advantageous from the
ecological viewpoint when working on a large scale, as
there is less waste material to be disposed of.

The present invention provides a process for the
production of an overbased magnesium sulphonate wyich
comprises carbonating a mixture comprising:

(a) an oil-soluble_sulphonate and/or an oil-soluble
sulphonic acid;
(b) magnesium oxide in excess of that, if any, regquired

to react completely with (a);

(c) a hydrocarbon'solvent:

(Q) water;
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(e) a water-soluble alcchol; and

(f} a promocter,

the magnesjium oxide used to prepare the mixture having a
citric acid number (as hereinafter defined) of greater
than zoo.seconds and a surface area measured by the BET
gingle point method of less than 12 m2/g, and the
particle size of at least 92 volume § of the magnesiun
oxide being greater than 2 um, and part of the water, and
preferably at least part of the water-soluble alcochol,
being introduced into the mixture during carbonation, the
total amount of water introduced into the mixture,
including any introduced befofe carbonation but excluding
water generated by chemical reactions, being at least 0.5
mole per mole of the excess specified in (b). The
invention alsc provides the use of a magnesium oxide
having a citric acid number, surface area and particle
size distribution as specified above to give reduced
sediment in a process for the preparation of an overbased
magnesium sulphonate.

The sulphonate or sulphonic acid used in the:process
of this invention may be natural or synthetic, the
synthetic alkylaryl sulphonates and sulphonic acids being
preferred. The overbased magnesium sulphonates with
which this invention is concerned comprise an oil
solutien of the magnesium sulphonate which acts as a

surfactant to disperse colloidal magnesium derivatives,

—————_——————
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for exanple, magnesium carbonate, oxide and/or hydroxide.
It is thus important that the sulphonic acid or
sulphonate be oil-scluble. A mixture of substances
gselected from oil=-soluble sulphonic acids and oil-soluble
sulphonates nay of course, be used.

The proportion of dispersed colloidal magnesium
derivatives such as magnesium carbonate, oxide and/or
hydroxide, in the coverbased magnesium sulphonates
determines the basicity of the products. The magnesiunm
oxide used as 8 starting material is used in an amount
suffiéient to give the desired TBN in the product.
Advantageously, the magnesium oxide is used in a total
quantity corresponding to 1 to 45, preferably 1 to 25,
equivalents of magnesium for each equivalent of sulphonic
acid: where magnesium oxide is added to a system already
containing a magnesium sulphonate, the equivalents of
nagnesium and sulphonic acid corresponding to the
magnesium sulphonate are included in the above figures.
Part of the magnesium oxide may, 1f desired, be added to
the reaction system during carbonation. .

As indicated above, an important feature of éhe
present invention is the use of magnesium oxide of
relatively low reactivity. As also indicated above, many
of the previously proposed processes for making overbased
nagnesium sulphonates specify the use of relatively
reactive forms of magnesium oxide, commonly Xknown as

nlight", %active®, or "caustic burned® mégnesium oxides.
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These forms of magnesium oxide have a relatively low
density and relatively high surface area, in contrast to
"heavy” or “"deadburned!" forms of magnesium oxides, which
are relatively danse and of relatively low surface area
and tend to be relatively inert chemically.  The
nagnesium oxides used in accordance with the invention
are "heavy" rather than “light", although not all heavy
magnesiun oxides are suitable for use in accordance with
the invention.

As indicated above, the magnesium oxides suitable
for use in accordance with the invention have a citric
acid number (as hereinafter defined) of greater than 200
seconds and a surface area measured by the BET single
point method of less than 12 m?/g, the particle size of
at least 92 volume % of the magnesium oxide being
greatey than 2 ua,

As defined herein, the citric acid number is the
tine in seconds required'to neutralise, at 22°C, a
stirred mixture of 1.7 g of the magnesium oxide, 100 mi
water, and 100 ul of a citric acid sclution conta;ping
26 g citric acid monohydrate and 0.1 g phenoclphthalein
in 1 litre of aqueous solution., Neutralisation is
indicated by the nixture turning pink. The citric acia
number of the magnesium oxide used in accordance with the
invention is advantagecusly at most 700 seconds, and is
advantageously in tﬁe ranga of from 200 to 600 seconds,

preferably 400 to $00 seconds.
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The BET single point method for measuring the
surface areas of particulate solids is described in the
Journal of Analytical Chemistry, Vol. 26, No. 4, pages
734 to 735 (1954) - M. J. Katz, An Explicit Function for
Specific Surface Area. The surface area, measured by
this method, of preferred forms of magnesium oxide for
use in accordance with the invention is advantageously
less than 10m2/g, and is preferably in the range of from
2 to 10 m?/g.

The particle size of at least 92 volume % of the
nagnesium oxide used in accordance with the invention is
greater than 2 um. Advantageously, at least 94 volume %
of the magnesiun oxide has a particle size of greater
than 2 um.

The magnesium oxide used in accordance with the
invention preferably has a purity, as measured by EDTA
titration, of at least 95 %. In the EDTA titration
method, a sample of the magnesium oxide is dissolved in
dilute hydrochloric acid, and the sgolution is buffered in
a pH of about 10 and then titrated with a solution of the
disodium salt of ethylene diamine tetra~acetic acid. The
disocdium salt forms a compléx with the magnesium ions in
the solution, so that the concentration of magnesium ions
can be calculated from the amount of the disodium salt
used. The nass of rpagnesium, expressed as magnesiunm

oxide, is compared with the mass of the original sample

to give the percentage purity. ' _
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The hydrocarbon solvent used in the carbonation
mixture ls a solvent in which the sulphonic acid and the
overbased sulphonate are at least partially soluble, and
is used in an amount sufficlent to keep the mixture fluid
during carbonation. The solvent is advantageously
volatile, preferably with a boiling point at atmospheric
pressure of below 150°C, so that it can be removed after
the completion of carbonation. Examples of suitable
hydrocarbon solvents are aliphatic hydrocarbons, for
example, hexane or heptane, and aromatic hydrocarbons,
for exanmple, benzene, toluene or xylene, the preferred
solvent being toluene. The fact that aromatic and
aliphatic solvents can pe used is an advantage over some
previously proposed processes, which are restricted to
one or the other. Typically, the solvent is used in an
anount of about 5 parts by mass per part by mass of the
magnesium oxide.

As well as the hydrocarbon solvent, the carbonation
nixture may comprise a non-volatile diluent oil, for
example, a uineral oil, although the use of such an oil
is not essential. 1In the procesg_ot the inventién a non-
volatile diluent oil is preferably only used if such an
oil is present in the sulphonic acid starting material,
although the addition of diluent oil after the completion
of carbonation may in some cases be advantageous for

facilitating handiing of the product. .
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The total amount of water introduced into the
mixture, including any introduced before carbonation but
excluding water generated in situ by chemical reactions,
is at least 0.5 mole, advantageously at least 1 mole, per
mole of the excese wagnesium oxide {that is, the
nagnesium oxide available to form colloldally dispersed
basically-reacting products). Advantageously, the total
amount of water introduced does not exceed 5 moles, and
preferably does not excea2C 2.5 moles, per mole of
overbasing magnesium oxide.

Part of the water is introduced into the carbonation
nixture during carbonation, part being present in the
mixture before commencement of carbonation.
Advantageously, 10 to 90 mass %, and preferably 30 to 60
nass ¥, of the total amount of introduced water, is
prasent in the mixture before commencement of
carbonation, and 90 to 10 mass %, preferably 70 to 40
nass §, of the total amount of water is added during
caébonation. The nost appropriate ratio of the
proportion of water present before commencement of
carbonation to the proportion added during carhoﬁation
will vary from systam to system, and can be determined by
routine experiment. The manner in which the water is |
introduced into the mixture during carbonation is

discusased in.mora detail below.
As examples of sultable water-soluble alcohols for

use in accordance with the invention theré:may be
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mentioned lower aliphatic alkanols, alkoxy alkanols, and
mixtures of two or more of such compounds, wherein the
maximum number of carbon atoms is usually at mocst 5.
Examples of suitable alkanols are methanol, athanol,
isopropanol, n-propanol, butanol and pentanocl. Methanol
is preferred. An example of a suitable alkoxy alkanol is
methoxy ethanol.

As indicated abcve, at least part of the alcohol is
introduced inte the carbonation mixture during
carbonation. Advantageouély, at least 10 mass &, and
preferably 40 to 70 mass §, of the total amount of
alcohol introduced (this "total amount" excluding any
alcohel used when neutralising a sulphonic acid, if
present), is introcduced during carbonation. The most
appropriate ratio of the proportion of alcchol present
before conmmencement of carbonation to the proportion
added during carbonation will vary from system to system,
and can be determined by routine experiment, as can the
nost appropriate relative proportions of water and
alcohol. For guidance, the mass ratio of water to
alcohol will typically be in the range of from 1o'to 0.1
to 1, especially 7 to 1.5 to 1.

The water introduced into thé reaction mixture
during carbonation, and/or the alcchol intrcduced AQuring
carbonation, is/ars advantageously introduced

substantially continucusly, preferably at a subatantially

constant rate. The term "substantially éontinuously"

—
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includes the case where the water and/or alcohol ig/ere
introduced in a plurality of small portions, with short
time intervals between the addition of individual
porticns, but not the case whers the water and/or alcohol
is are introduced in one or more relatively large
batches. Where both water and alcohol are intrcduced
into the mixture during carbonation, these are
advantageously introduced over the same period of time,
and may conveniently be introduced together.
Advantageouely, the water and alcohol introduced during
carbonation are intrcoduced over at least the first 20% of
the carbonation pericd, advantageously over at least the
first 50 %, preferably over at least the first 75 &, and
especially over at least the first 90 %, of the saiaq
period. If desired, the water and alcohol may be
introduced over different periods of time, but this is
not normally preferred.,

Any promoter or promoter system may be used in the
process of the invention, for example, any of the
promoters mencioned—in the specificaticons referreg to
herein as being suitable for use -in preparing overbased
nmagnesium sulphonates. Examples of suitable promotars
are amponia, ammenium compounds, anines, (for exanmple,
ethylene diamine), ketones, naphthenid acids and
carboxylic acids or anhydrides, including mixtures of

oil-soluble and water-soluble organic qcids as described

in U.8. Specification No. 4 617 135. Suitable carboxylic
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acidQ}anhydrides include the Cg to C;; carboxylic acids
referred to in British Specification No. 2 037 310 A (for
example, n-octanocic acid, n-decancic acid, and neo~
decanoic acid), and substituted, for example, alkenyl-
substituted, succinic acids, which are preferably used
in the form of their anhydrides (for example, octenyl
succinic anhydride). The use of a process in accordance
with the invention may make it possible to obtain lower
sediment levels using the same amount of promoter, or the
same sediment levels using a reduced amount of promoter.
To ensure maximum conversion of magnesium oxide to
colloidal) products, carbonation is normally continued
until there is no further significant uptake of carbon
dioxide. Tha temperature at which carbonation is
effected depends on the promoter system used. The
ninimum temperature that may be used is that at which the
carbonation mixture remains fluid, and the maximum is the
decomposition temperature of the component with the
lowest decomposition temperature, or the lowest
temperature at which an unacceptable amount of one or
more volatile components is lost from the mixture;
Carbonation is preferably carried out with the apparatus
set for total reflux. The temperature of the reactants
is normally adjusted to a chosen value before carbonation
is commenced, and is then allowed to vary during

carbonation as the reaction proceeds. Generally .

carbonation is effected ét a temperature‘ih the range of
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from 20 to 200°C, preferably 40 to 70°C.

When there is no further significant uptake of
carbon dicxide, the carbonation nixture is stripped to
remove volatile materiale such as water, the alcohol, and
volatile solvent(a), and any solids remaining in the
mixture are removed, prefarably by filtration. The
mixture may be stripped before or after the solids are
removed. Further carbon dioxide may if desired be passed
through the reaction mixture during stripping, the carbon
dioxide acting primarily to flush out volatile materials.
As indicated above, the invention surprisingly makes it
possible to obtain overbased nmagnesium sulphonates having
high TBNs, having an extremely lcow proportion of post
carbonation sediment, and capable of purification by
£iltration.

Overbased magnesium sulphonates cbtained by the
process of the invention are useful as additives for oil-
based compositions, for example, lubricants, greases and
fuels, and the invention thus also providaes such
compositions containing the overbased magnesium _
sulphonates. When used in engine lubricants, tné
overbasad magnesiun sulphonates ﬁeutralise acids formed
by the operation of the engine and help to disperse
golids in the oil to reduce the formation of harmful
deposits. They also erihance the antirust properties of
the lubricants. The amount of overbased magnesium

sulphonate that should be included in the oil-based

————
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composition depends on the type of coamposition and its
proposed application. Autcmotive crankcase lubricating
olls preferably contain 0.01% to 5 mass § of the
overbased magnesium sulphonate, on an active ingredient
pasis, based on the mass of the oil.

The overbased nagnesium sulphonates preparad in
accordance with the invention are oil-scluble or (in
common with certain of the other additives referred to
below) are diesclvable in oil with the aid of a suitable
solvent, or are stably dispersible materials. 0il-
soluble, digsolvable, or stably dispersible as that
terminology is used herein does not necessarily indicate
that the naterials are socluble, dissolvable, misciblé, or
capable of being suspended in oil in all proportions. It
does mean, however, that the materials are, for instance,
scluble or stably dispersible in oil to an extent
sufficient to exert their intended effect in the
environment in which the cil is employed. Moreover, the
additional incorporation of cther additives may also
permit incorporation of higher levels of a particular
additive, if desiraed. |

Additives, including the overbased magnesium
sulphonates prepared in accordance with the present
invention, can be incorporated into a base oil in any
convenient way. Thus, they can be added directly to the

oil by dispersing or by dissolving thamvin the oil at

the desired level of concentration. Such blending can
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occur at room temperature or an elevated temperature.

Overbased magnesium sulphonates produced in
accordance witp the present invention may be useful in
fuel oils or lubricating oils. The normally liquid fuel
oils are-qenerally derived from petroleum sources, for
example, normally liquid petroleum distillate fuels,
although they may include those produced synthetically by
the Pischer-Tropsch and related processes, the processing
or organic waste material or the processinq'ot coal,
lignite or shale rock. Such fuel compositions have
varying boiling ranges, viscosities, cloud and pour
points, according to their end use as is well known to
those skilled in the art. Among such fuels are those
comnmonly known as diesel fuels, disgtillate fuels, for
¢xample, gasoline, heating oils residual fuels and bunker
fuels, which are collectively referred to herein as fuel
oils. The properties of such fuels are well known to
thoge skilled in the art as illustrated, for example, by
ASTM Specification D 396~73, available from the American
Society for Testing Materials, 1916 Race streeﬁ,
Philadelphia, Pennsylvania 19103.°

Middle distillate fuel cils include distillates
boiling from about 12¢ to 725°F (ébout 49 to 385’C)
(e.g., 375 to 725°F (191 to 385°C})), including kerosene,
diesel fuels, home heating fuel oil, jet fuels, etc., ané

nost preferably whose 20 % and 30 § distillation points
differ by less than 212°F (100°C), and/or whose 90 $% to
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final boiling point range is between about 20 and 50°F
(about =7 and 10°C) and/or whose £inal boillng point is
in the range of 600 to 700°F (about 316 to 371°C).

Overbased magnesium sulphonates prepared in
accordance with the invention are particularly useful in
lubricating oil compositions which employ a base oil in
which the mixtures are dissolved or dispersed. Base oils
with which the overbased magnesium sulphonates may be
used include those suitable for use as crankcase
lubricating oils for spark-ignited and compression-
ignited internal combustion sngines, for aexample,
automcbile and truck engines, marine and railroad dissel
engines. They may also be used, for example, in base
cils suitable for use as aviation lubricants or as
lubricants for two cycle engines.

Synthetic base oils include alkyl esters of
dicarboxylic acids, polyglycols and alcohols: poly-a-
olefins, including polybutenes:; alkyl benzenes; organic
esters of phosphoric acids; and polysilicone oils.

Natural base oils include mineral lubricating oils
whicly may vary widely as to their crude source, for
sxample, as to whether they are paraffinic, naphtheniec,
mixed, or paraffinic-naphthenic, as well as to the method
used in their production, for example, distillatiocn
range, straight run or cracked, hydrofined, solvent

extracted and the like.
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More specifically, natural lubricating oil base
stocks which can be used may be straight mineral
lubricating oil or distillates derived from paraffinic,
naphthenioc, asbheltic, or mixed base crude oils.
Alternatively, if desired, various blended oils may be
employed as well as residual oils, particularly those
from which asphaltic constituents have been removed. The
oils may be refined by any suitable method, for axample,
using acid, alkali, and/or clay or other agents such, for
example, as aluninium chloride, or they may be extracted
oils produced, for exanple, by soclvent extraction with
solvents, for example, phenol, sulphur dioxide, furfural,
dichlorodiethyl ether, nitrobenzene, or crotonaldehyde.

The lubricating oil base stock conveniently has a
vigcosity of about 2.5 to about 12 cSt (about 2.8 x 106
to about 12 x 10"® nm?/s5) and preferably about 2.5 to
about 9 cSt. (about 2.5 % 10~% to about 9 x 1075 m2/s) at
100°C. Mixtures of synthetic and natural base olils may
be used if desired.

The overbased magnesium sulphonates preparedsin
accordance with the present invention may be employed in
a lubricating oil composition which comprises lubricating
oil, typically in a major proportion, and the
sulphonates, typically in a2 minor proportion, for
example, in a proportion as indicated above. Additional
additives may be incorporated in the composition to

enable it to meet particular requirementﬁ. Exanples of
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additives which may be included in lubricating oil
conpositions are other detergents and metal rust
inhibitors, viscosity index improvers, corrcsion
inhibitors, oxidation inhibiters, friction modifiers,
dispersants, anti-foaming agents, anti-wear agents, pour
point depressants, and rust inhibitors.

Additional detergents and metal rust inhibitors
include other metal salts, preferably overbased nstal
salts, of eulphonic acids, particularly_calcium and
sodium salts, and metal salts, preferably cverbased metal
salts, of sulphurized alkyl phenols, alkyl salicylates,
naphthenates and other oil-soluble mono- and di-
carboxylic acids.

Vigcosity index improvers (or viscosity modifiers)
impart high and low tamperature operability to a
lubricating 0i)l and permit it to remain shear stable a%
elevated temperatures and alsc exhibit acceptable
viscosity or fluidity at low temperatures. Suitable
compounds for use as viscosity modifiers are generally
high molecular weight hydrocarbon polymers, including
polyesters, and viscosity index improver dispersa#ts,
which function as dispersants as well as viscosity index
improvers. 0©0il soluble viscosity modifying polynmers
generally have waight average molecular weights of fron
about 10,000 to 1,000,000, preferably 20,000 to 500,000,
as determined by gel permeation chromatography or light .

scattering methods. . o
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Representative examples of suitable viscosity
nodiflers are polyischutylene, copolymers of ethylene and
propylene, polymethacrylates, methacrylate copolymers,
copolymers of an unsaturated dicarboxylic acid and a
vinyl compound, interpolymers of styrene and acrylic
esters, and partially hydrogenated copolymers of styrene/
isoprene, styrene/butadiene, and isoprene/butadiene, as
well as the partially hydrogenated homopolymers of
putadiene and isoprena.

Ccorrosion inhibitors, alsc known as anti-corrosive
agents, reduce the degradation of metallic parts
contacted by the lubricating cil compesition.
Illustrative of corrosion inhibitors are phoaspho-
sulphurized hydrocarbons and the products obtained by
reaction of a phosphosulphurized hydrocarbon with an
alkaline earth metal oxide or hydroxide, preferably in
the presence of an alkylated phenol, and alsc preferably
in the presence of carbon dioxide. Phosphosulphurized
hydrocarbons may be prepared by reacting a suitable
hydrocarbon, for example, a terpene or a heavy petroleunm
fraction of a C; to Cg olefin polymer such, for example,
as polyisobutylene, with from 5 to 30 mass % of a
sulphide of phosphorus for 1/2 to 15 hours, at a
temperature in the range of about 65 to about 315°C,
Neutralization of the phosphosu;phurizad hydrccarbon may

be effected in any suitable manner, for example, in the .
manner taught in U.S. Patent No. 1,969,324.
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Oridation inhibitors, or antioxidants, reduce the
tendency of mineral oils to deteriorate in service,
evidence of such deterioration being, for example, the
production of varnish-like deposits on the metal
surfaces and of sludge, and viscosity growth. Suitable
oxidation inhibitors include 2DDPs, aromatic amines, for
example alkylated phenvliamines and phenyl
alphanapthylamine, hindered phenols, alkaline earth metal
salts of sulphurized alkyl-phenols having preferably Cg
to €15 alkyl side chains, e.g., calcium nonylphenyl
sulphide; barium octylphenyl sulphide; and |
phosphosulphurized or sulphurized hydrocarbons.

Other oxidation inhibitors or antioxidants which may
be used in lubricating oil compositions comprise oil-
soluble copper compounds. The copper may be blended into
the oil as any suitable oil=-soluble copper compound. By
cil-goluble it is meant that the compound is oil-soluble
under normal blending conditions in the o0il or additive
packags. The copper compound may be in ths cuprous or
cupric form. The copper may, for example, be in the form
of a copper dihydrocarbyl thio~ or dithio-phosphate.
Altarnatively, the copprer may be added as the copper salt
of a synthetic or natural carboxylic acid. Examples of
suitable acids include Cg to C;g fatty acids, such, for
examnple, as stearic or palmitic acid, but unsaturated

acids such, for example, as oleic acid or branched

carboxylic acids such, for example, as naphthenic acids
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cf molecular weights of from about 200 to 500, or
synthetic carboxylic acids, are prefarred, bacause of the
improved handling and golubility properties of the
resulting copper carboxylates. Also useful are oil-
goluble copper dithiocarbamates ¢f the general formula
RoR@(NCSS),Cu, where z i8 1 or 2, and R and Ry are the
same or different hydrocarbyl radicals containing from 1
to 18, and preferably 2 to 12, carbon atons, and
including radicals such, for example, as alkyl, alkenyl,
aryl, aralkyl, alkaryl and cycloaliphatic radicals.
Particularly preferred as Re and Rq groups ars alkyl
groups of from 2 to 8 carbon atems. Thus, tha radicals
may, for example, be ethyl, n-prqpyl, i-propyl, n-butyl,
i-butyl, sec-butyl, anmyl, n-hexyl, i-hexyl, n-heptyl,
n-octyl, dscyl, dodecyl, octadecyl, 2=ethylhexyl, phenyl,
butylphenyl, cyclohexyl, methylcyclopsntyl, propenyl, or
butenyl radicals. In order to obtain oil solubility, the
total number of carbon atoms (i.e. the carbon atoms in Rg
and Ryg) will generally be about five or greater. Copper
sulphonateas, phenates,.and acatylacetonates may a%so be
used.

Examples of useful copper compounds are coppar Cul
and/or cull galts derived from an alkenyl succinic acids
or anhydride. The salts themselves may be basic,
neutral or acidic. They. may be formed by reacting (a)
polyalkylene succinimides (having polymer groups of in of
700 to 5,000) derived from polyalkylene-éolyamines, which
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have at least one free carboxylic acid group, with (b) e
reactive metal compound, Suitable reactive metal
compounds include thosse such, for example, as cupric or
cuprous hydroxides, oxides, acetates, borates, and
carbonates or basic copper carbonata.

Examples of these metal salts are Cu salts derived
from polylsobutenyl succinic anhydride, and Cu salts of
polyisobutenyl sucecinic acid. Preferably, the copper is
in its divalent form, cull, The preferred substrates
are polyalkenyl succinic acids in which the alkenyl group

y has a molecular weight greater than about 700. The
alkenyl group desirably has a M, from about 900 to 1,400,
and up to 2,500, with a §; of about 950 being most
preferred. Especially preferred is polyiscbutylene
succinic anhydride or acid. ' These materials may
desirably be dissolved in a solvent, for example, a
nineral o0il, and heated in the presence of a water
solution {or slurry) of the metal-bearing material to a
teuperature of about 70°C to about 200'C. Temparatures
of 100°C to 140°C are normally adequate. It may be
necessary, depending upon the sal; produced, not éo allow
the réaction mixture to remain at a temperaturs above
about 140°C for an extended period of time, e.g., longer
than 5 hours, or decomposition of the salt may occur.

The copper antioxidants (e.g., Cu-polyisocbutenyl
succinate, Cu-oleate, or mixtures thersof) will generally

be employed in an amount of from about 50 to 500 ppm by

heet Has Been Replaced

Hll\ll\ I



THIS SHEET HAS BEEN
REPLACED

- 30 -

weight of the copper, in the final lubricating
composition,

Friction modifiers and fuel economy agents which are
compatible with the other ingredients of the final oil
may also be included. Exawples ¢f such materials are
glyceryl monocesters of higher fatty acids, for example,
glyceryl mono-oleate, esters of long chain polycarbexylic
acids with diols, for axampie, the butane diol ester of a
Qimerized unsaturated.fatty acid, and oxazoline
compounds,

Dispersants maintain cil~inscluble substances,
resulting from oxidation during use, in suspension in the
fluid, thus preventing sludge flocculation and
precipitation or deposition on metal parts. So-called
ashless dispersants are organic materials which form
substantially no ash on combustion, in contrast to the
metal~-containing (and thus ash-forming) detergents
described above. Suitable dispersants include, for
example, derivatives of long chain hydrocarbon =
subgstituted carboxylic acids in which the hydrocarbon
groups contain 50 t§ 400 carbon atoms, sxamples of such
derivatives being derivatives atlhigh molecular weight
hydrocarbyl-substituted succinic acid. Such hydrocarbon-
gubstituted carboxylié acids may be reacted with, for
example, & nitrogen-containing compound, advantageously a
polyalkylene polyamine, or with an ester. Such nitrogen-

containing and ester dispersants are well known in the
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art. Particularly preferred dispersants are the reactiocn
products of polyalkylene anines with alkenyl succinic
anhydrides, '

In general, suitable dispersantz {nclude oil soluble
salts, amides, inmides, 6xazolines and esters, or mixtures
thereof, of long chain hydrocarbon-substituted mono and
dicarboxylic acids or thelr anhydrides:; long chain
aliphatic hydrocarbons having a polyamine attached
directly thereto: and Mannich condensation products
formed by condensing about 1 molar proportion of a long
chain substituted phenol with about 1 to 2.5 moles of
formaldehyde and about 0.5 to 2 moles of a polyalkylene
polyamine. In these dispersants long chain hydrocarbon
groups are suitably derived from polymers of a C; to Cs
monoolefin, the polymers having a molecular weight of
about 700 to about 5000,

As indicated above, a viscosity index improver
dispersant functions both as a viscosity index improver
and as a dispersant. Examples of viscosity index
improver dispersants suitable for use in accordangﬁ with
the invention include reaction products of amines, for
example polyamines, with a hydrocarbyl-substituted mono -
or dicarboxylic acid in which the hydrocarbyl
substituent comprises a chain of sufficient length to
inpart viscosity index improving properties te the
compounds. 1In general, the viscosity index improver

dispersant may be, for exanmple, a polymer of a C4 to Cay
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unsaturated ester of vinyl alechol or a €y tO Ci
unsaturated mono-carboxylic acid or a C4 to Cjg di-
carboxylic acid with an unsaturated nitrogen-containing
pmonomer having 4 to 20 carbon atoms; a polymer of a C; to
Cyg olefin with an unsaturated C, to Cjp wone- or di-
carboxylic acid neutralised with an amine, hydroxyamine
or an alcohol; or a polymer of ethylene with a C3 to Cyg
olefin further reacted either by grafting a C4 to Cyg
unsaturated nitrogen - containing monomer thereon or by
grafting an unsaturated acid onto the polymer backbone
and then raacting carboxylic acid groups of the grafted
acid with an amine, hydroxy amine or alcohol.

Exanples of dispersants and viscosity index improver
dispersants which may be used in accordance with the
invention may be found in Eurocpean Patent Specification
No. 24146 B, the disclosure of which is incorporated
herein by reference.

Antivear agents include zinc dihydrocarbyl
dithiophosphates (ZDDPs).

Pour point depressants, otherwise known as lube oil
flow improvers, lower the temperature at which the fiuid
will flow or can be poured. 8uch additives are well
known., Typical of those additives which improve the low
temperature fluidity of the fluid are Cg to C;g dialkyl
fumarate/vinyl acetate copolymers, polymethacrylates, and

wax naphthalene. Foam control can be provided by an

antifoamant of the polysiloxane type, for example,
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gilicone o0i) or polydimethyl siloxane.

Some of the above-mentioned additives can provide a
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multiplicity of effects; thus for example, a single

additive may act as a dispersant-oxidation inhibitor.

This apprcach is well known and need not be further

elaborated herein.

Compositions when containing the above-nentioned
additives are typically blended into the base oil in

amounts which are effective to provide their normal

function. Representative effsctive amounts of such

additives, if present, are illustrated as follows:
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Additive Mags & a.i.* Hass 3 a.l.¢

{Broad) (Preferred)
Datergenta/Rust inhibitors 0.01~6 0.01~4
Viscosity Modifier 0.02~6 0.01-4
corrosion Inhibitor 0.01-5 0.01~1.5
Oxidation Inhibitor 0.01-5 0.01=1,5
Dispersant 0.1-20 0.1-8
Pour Point Depressant 0.01-5 0.01-1.8
Anti-Foanming Agent 0.001=3 0.001-0,15
Anti-wear Agents 0.01~6 0.01-4
Friction Modifier 0.01-5 0.01-1.5

Mineral or Synthetic Balance 3alance
Base 0il .

*+ Mass % active ingredient based on the final oil,

When a plurality of additives are employed it may be
desirable, although not essential, to prepare additive
concentrates comprising the additives (the concantrate
being refefred to herein as an additive package) whereby
several additives can be added simultanecusly to the base
oil to form the lubricating oil composition. Dissolution
of the additive concentrate into the lubricatinq oil may
be facilitated, for example, by mixing accompanied with
heating, but this is not essential. The concentrate or
additive package will typically be formulated to contain
the additive(s) in proper amounts to provide the desired
concentration in the f£inal formulation when the adgitive

package is combined with a predetermined amount of base
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lubricant. Thus, one or more overbased magnesiunm
sulphonates prepared {n accordance with the present
invention can be added.to small amounts of base oil or
other compatible sclvents along with other desirable
additives to form additive packages containing active
ingredients in an amount, based on the additive package,
of, for example, from about 2.5 to about 90 mass %, and
preferably from about 5 to about 75 mass §, and most
praferably from about 8 to about 50 mass % by weight,
additives in the appropriate proportions with the
remainder being base oil.

The final formulations may employ typically about 10
mass ¥ of the additive-package with the remainder being

basa oil.
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The following Examples illustrate the invention.

The magnesium oxides used in the Examples and
Comparative Examples had the characteristics indicated in
Table I, the citric acid number, surface area and purity

being measured as hereinbefore described.

Table I
MO  Citwic  Soface  Mean Vol. less  Purity
acid no. area " particle than 2m
(secs)  (m¥/q) size () % %
a 445 5.4 10.7 6.7 99.6
B 329 6.7 3.3 5.2 98.9
c 225 9.7 3.5 3.8 98.0
D 600 2.8 4.9 2.8 98.1
E 43 45.5 11.5 1.5 95.0
F 44 38.0 8.3 8.2 95.6
G 23 60,4 12.9 1.8 98.2
H 105 ' 19.9 3.7 5.2 97.6
J 160 13.5 3.1 4.0 98.5
X 21 181 8.0 9.3 - 95.5
L 220 16.6 9.6 7.2 91.0
M 323 8.1 12.1 9.5 98.2
N 129 8.2 18.7 1.9 91,0
Examplae 1

800 g of toluene and 360 g {(0.37 moles) of a 69.1

mass ¥ solution of an alkyl benzene sulphonic acid
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(molecular weight 670) in diluent oil were mixed with
thorough agitation and heated to 22°C in a rsactor fitted
with a reflux condenser, a gas distribution tube and a
temperature controller, 15 g (0.47 woles) of wethﬁnol
ware theén added. There was an immediate exotherm, as a
result of which the temperature rose to 25°C. 150 ¢
(3.72 moles) of magnesium oxide A were then added. There
was a rapid exotherm as the sulphonic acid was
neutraligsed, and the temperature rose to 34°'C. 24 g

" {0.14 moles) of neodecanoic acid were added as promoter,
followed by 24 g (0.75 mole) of methancl and 38.2 (2.14
mole) of water. The temperature was brought to 55°C and
naintained at that level while commencing,
simultaneously, injection of carbon dioxide into the
mixture at m rate of 30 g/hour and addition of a mixture
of 36 g methanol and 71.5 g water. The methancl/water
nixture was added continuously over a 150 minute period,
at s substantially congtant rate.

During carbonation, the temperature of the
carbonation mixture was allowed to follow its natural
course and slowly increased to about 70°C and then fell
again as the reaction subsided and the magnesium oxide
was consumed. When the temperature had fallen to about
60°C, heat was applied, and the temperature was
maintained at 60°C until carbonation was complete. After

3 hours 20 minutes of carbonation, when 100 g of carbon
dioxide had been injected into the mixture, the apparatus
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was changed from a reflux to a distillation

configuration. After a total of 138 g of carbon dioxide
had bsen injected. the rate of injection was increased to
39 g/hour. This rate was maintained until a total of 175
g of carbon dioxide had been passed into the .reaction
mixture,

On completion of carbonaticn, a sample was removed
from the resaction nixture and centrifuged. There was 0.5
vol. ¥ sediment in the sample.

while maintaining the temperature of the mixture at
60°C, 260 g of diluent oil, also at 60°C, were added, and
the mixture so obtained was distilled at atmospheric
pressure while introducing a stream of nitrogen. When
tha distillation temperature reached 165°C, a vacuum was
applied, and maintained for a 2 hour period, to remove
the lagt traces of water, methanocl and toluene. Aftar
releasing the vacuum, a 50 ml sample wag removed from the
stripped mixture and diluted with 50 ml of toluene.
This diluted sanmple was then centrifuged to show that
0.8 vol ¥ of sediment (PCS) remained in the stripped
mixture. |

24 g of Speedplus filter aid was added to the
stripped mixture in the reactor, and the nixture so
obtained was filtered through a pressure filter preheated
to 160°C and containing 5 g of Speedplus f£ilter aid as a

precoat. The filtration rate was 492 kg/m2/hour. fThe
filte;ed product was bright and clear an& had a TBN of
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408 mg KOB/g.

Examples 2 Lo ¢ and Comparative Examples 1.to 2

The process described in Example 1 was repeatad
using different grades of magnesivm oxide. The results
obtained are summarised in Table II, which also gives the

results obtained in Example 1.

Table II
+ ?:::?1 gmor e chz WWLP I-‘iltz:‘:a'::xm m;q?m/g
(vol. (vol. %)  (kg/Me/nr)
B, 1 A 0.5 0.8 492 408
Bt. 2 B 0.4 1.0 186 405
B¢, 3 c 0.4 0.6 223 405
ix& BX. 4 b 1.2 1.8 174 402
= Comp. 1 E 0.5 + 20 & gel - abandmed
Canp. 2 F 2.4 + 30 % gel - abandoned
’ Cornp, 3 G 3.5 + 0.5 § gel - gelled during stripping
Cowp. 4 H gelled during carbenation
: comg. S J 2.4 4.5 blocked filter
= Coop. 6 X 3.0 + 2 % gel - abandoned
¥i ocap. 7 L 8.2 + 20 % gel - abandoned
Corp, 8 M 3.0 + 5 $ gel - abandoned
Cemp. 9 N 0.3 + 60 % gal - gelled during stripping
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The results in Table II show that, whereas products
having a high T8N, a iow level of sediment, and a
relatively rapid filtration rate were obtained when using
ragnesium oxides in'accordance with the invention, the
use of magnesium oxides outside the scope of . the
invention led to unsatisfactory results. For example,
Conparative Examples 5 and 7 show that unsatisfactory
results were obtained when using magnesium oxides having
citric acid numbers and surface areas close to, but
outside, the limits specific in accordance with the
invention., Further, Comparative Example 8 shows that,
gven when the citric acid number and surface area are
within the limits specified in accordance with the
invention, unsatisfactory results are cobtained if the
magnesiunm oxide contains a proportion of particles of
size lesa than 2 um above the limit specified in
accordance with the inventien. 1t should be noted that a

product containing even a very small amount of gel is

normally unsatisfactory because of the tendency of
gelled materials to block the filter.

Examples & to 8 and Comparative Examples 10 £o 15
The process described in Example 1 was repeated
using different ratios of methancl introduced before
carbonation: methanol introduced during carbonation and
water introduced before carbonation: water introduced

during carbonation (Examples 5 to 8). (In each case the
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methanol using to facilitate neutralisation of the
sulphonic acid is excluded.)

The processes described in Examples 1 and 2 were
repeated with the introduction of all the methanol into
the reaction mixture before carbonation {Comparative
Examples 10 and 11). Exaample 1 was alsc repeated with
the introduction of all the methanol and water into the
reaction mixture before carbonation (Comparative Exanmple
12), with the introduction of all the methanol during
carbonation and all the water before carbonation
(Comparative Example 13), with the introduction of all
the methanol and all the water before carbonation
(Comparative Exanmple 14), and with the introduction of
some of the methanol and alliot the water during
carbonation (Comparative Example 15).

The results cbtained are given in Table IIX, which
also gives, for comparative purposes, details for

Examples 1 and 2.
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Table IIX
Banple or MeCH B0 Sedipent Sediment Filtration TBN
Oanp. Bx. curding during Bl of Enxd of strip rate .y KCH/Ag
carbopation (1) carbomation (%) €O, (wol. 3)  (wol. %)
BX. 1 60 65 0.5 0.8 492 408
BX. 2 60 65 0.4 1.0 186 405
EX, S 50 50 1.0 1.0 460 412
EX. 6 20 20 1.6 2.8 250 402
BX. 7 10 10 - .8 3.0 128 403
Ex. 8 100 65 1.3 1.6 153 407
. Comp. 10 o 65 6.5 8.5 -  abandaned
Cap. 11 0 65 8.0 9.0 -~  Dblocked filter
Coup. 12 o 0 13.0 abandaned
camp. 13 100 0 2.0 3.0 -  blocked filter
Camp. 14 100 100 1.8 3.6 -  blocked filter
Comp. 15 60 - 100 2.0 3.5 -  blocked filter
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Table III denmonstrates that gatisfactory results are
only obtained when at least part of the methanol and

part only of the water are introduced into the reaction

wediun during carbonation.

Example 9
720 g of toluene and 365 g (0.53 moles) of a

70 mass % solution of an élkyl benzene sulphonic acid
(molecular weight 480) in diluent oil were mixed with
through agitation and heated to 22°C in a reactor as
described in Example 1 fitted with a reflux condenser, a
gas distribution tube and a temperatura controller. 13 ¢
of methanol were then added. There was an immediate
exotherm, as a result of which the temperature of the
mixture roge to 25°'C. 154 ¢ (3.82 moles) of maghesium
oxide A were then added. There was a rapid exotherm as
the sulphonic acid was neutralised, and the temperature
rose to 36°C. 14.5 g (0.069 moles) of octenyl succinic
dnhydride were addecd as promoter, followed by 29.3 g of
methanol and 40 g of water., The temperature of the
nixture was brought to 55°C and maintained at that level
while commencing, simultanecusly, injection of carbon
dioxide into the nixtﬁre at a rate of 39 g/hour angd
addition of a mixture of 73.7 g methanol and S50 g water.
The methanol /water mixture was added continuously over &

60 ninute pericd, and at a substantially constant rate.
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During carbonation, the temperature of the

carbonation mixture was allowed to follow its natural
course and slowly increased to about 70°C and then fell
again as the reaction subsided and the magnesium oxide
was consumed. When the temperature had fallen to 60'C,
heat was applied, and the temperature was maintained at
60°C until carbonation was complete. When 138 ¢ of
carbon dioxide has been injection into the carbonation
mixture, the apparatus was changed from a reflux to a
distillation configuration. Carbonation was continued
until 175 g of carbon dioxide had been passed into the
reaction mixture,

On completion of carbonation, a sample was removed
from the reaction mixture and centrifuged. There was 0.8
volume % of gsediment in the sample.

While maintajining the temperature of the mixture at
60°C, 260 g of diluent oil, also at 60°'C, were added, and
the mixture so obtained was'distillad at atmospheric
pressure while introducing a stream of nitrogen. When

the distillation temperature resached 165°C, a vacuum was

~applied, and maintained for a two hour period, to remove

the last traces of water, methanocl and toluene. After
releasing the vacuum, a 50 ml sample was removed from the

gtripped mixture and dissolvad in 50 ml of toluene. The

diluted sample was centrifuged to show that 1.0 vol. & of

sediment (PCS) remained in the stripped mixture.
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8 g of filtér aid was thon added to the stripped

mixture in the reactor, and the mixture so obtained was
£iltered through a preséure tiltar preheated to 160°C and
contalning 5 g of filter aid és a precoat. Filtration
was very rapid, at a rate of 918 kg/mé/hour.- The
filtered product was bright and clear and had a TBN of
426 mg KOH/g.

Comparative Example 16

Example 9 was repeated, with the introduction of all
of the methanol and water before the commencement of
carbonation. The sediment level was & vol. ¥ before
stripping and 10 vol. % aftaer stripping, and the stripped
product blocked the filter, showing that satisfactory
results are not obtained when all the methanol and water

are introduced before carbonation.

Example 10
Example 9 was repesated with the following changes:

360 g of a sulphonic acid sclution as described in
Exanple 1 were used:;

151.3 ¢ of magnesium oxide A were used:

a mixture of 10 g of formic acid and 13 g of
acetylacetone was used as promoter;

the charggs of methanol (excluding methanol used in
the neutralisation step) and water before carbonation

wera 20.6 g and 27.5 g respectively:
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the amounts of metﬁanol and water added during
carbonation were 61.9 and 82.5 ¢ respectivelyy

the {nitial temperature for carbonatlon was 40'c,
and the tempefature increased to about 65°C before
falling to 60°C, where it was maintained for the
remainder of the carbonation pericd:

267 g of diluent oll were used.

On completion of carbonation, a sample contained
1.0 vol. ¥ sediment. After stripping, the sediment
lavel was 2.0 vol §. The filtration rate was
210 kg/mz/hcur. The product was clear and bright with a
TBN of 403 mg KOH/g.

Compazative Example 17
Exanple 10 was repeated, with the introduction of

all the methancl and water before the commencement of
carbonation. The sediment at the end of carbonation was

8 vol. &, which was unacceptably high.

Example 11
Example 9 was repeated with the following changes:
360 g of a sulphonic acid solution as described in
Exanple 1 were used;
24 g of neodecanoic acid were used as promoter;
the methanol and water charges before carbonation

(excluding methanol used in the neutralisation step) were

17.5 g and 27.5 g respectively!?

———————
J———
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the methanol and water charges during carbonation
were 62.5 and 82,5 g respectively?

the methancl/water mixture was added during the
first 90 minutes of carbonation.

On conpletion of carbonation, a sample contained
0.8 vol., % sediment. After stripping, the sediment level
was 1.6 vol, §. The filtration rate was 321 kg/m?/hour.
The finished product was bright and clear with & TBN of
407 mg KOH/g.

comparative Example 18
Example 11 was repeated, with the introduction of

all the methanol and water before the commencement of
carbonation. The sedinment at the end of carbonation was

13 vol. §, and the experiment was abandoned.

Example 12 fo 14 and Comparative Examples 19 and 20
Bxampls 9 was repeated using various amounts of
necdecanoic acid as promoter and, in some cases,
introducing all the methanol and water into the reaction
mixture before the commencement of carbonation. The
amount of diluent oil added during distiliation was
varied depending on the amount of decanoic acid used.

The results cbtained are summarised in Table IV:
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Table IV

Example/ Comp. EX. Exauple Example Example Comp. EX.
Comp. Ex. 19 12 13 14 20
Neodecancic acid (g) 96 48 24 12 12
Water before 130 40 40 40 130
carbonation (g)
Methanol before 102.5 29 29 29 102.5
carbonation (qg)
Water during 0 1Y 90 %0 o
carbonation (g)
Methanol during 0 73.5 73.5% 73.% 0
carbonation (g)
Sediment after . 0.6 0.25 0.4 1.3 10
carbonation (vol. %)
Diluent oil (qg) 200 260 260 276 Abandoned
Sediment after 1.2 0.4 0.6 1.4 Abandoned
stripping (vol. %)
Flltration rate 295 2360 - 484 Abandoned
(kg/w2/hour)
TBN 405 414 41% 412 Abandoned
(mg KOH/g)
Kinematic - 107.4 - 77.7 Abandoned

‘viscosity (cst)+

* 1 oSt = 1076 m2/s

: snu_.}

HS
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Table IV shows that the addition of part of the

methanol and watar during carbonation made it possible to

obtain satisfactory results using greatly reduced
amounts of the promoter.

Exanmple 13

Exanple 9 was repeated with the following changes:
28 g of an ethylenadiamine carbamate solution,

comprising 35.5 mass % water, 35.5 mass & methanoi,

16.8 mass % ethylene diamine and 12.2 mass % carbon
dioxide, was used as promoter:

the charges of methanol {excluding methanol used in
the neutralisation step) and water before carbonation
were 20.6 g and 30.1 g respectively;

the temperature of the carbonation mixture at the
commencement of carbonation was 40°C:
tha anounts of nethancl and water added during

carbonation were 61.8 and 90.2 g respectively:

the total amount of methanol in the systen

(including the methanol used in the neutralisation step
and that in the promoter solution) was 105.3 gj

the total amount of water in the system (including
the watayr in the promoter solution) was 130.2 g3

the methanol/water mixture was added during the
firat 90 minutes of the carbonation period.

On completion of carbonation a sample contained
0.6 vol, § sediment.

After stripping, the sediment level
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Was 1.0 vol. §. The filtration rate was 450 kg/m?/hr,
The finished product was bright and clear with a TBN of

431 ng KOH/q,

comparative Example 21

Example 15 was repeated, with the introduction of
all the methanol and water into the reaction mixture
before carbonation. The results obtained are given in

Table V below.

comparative Example 22

Comparative Example 21 was repeated using 57 g of
the promoter solution and with slight variations in the
methanol and water charges. The results obtained are

given in Table V.

e ——
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Eﬁmqﬂe/ .Emmqﬂs»ls cxp. EX. Conp,. EX.

.« EX, 21 22
Promotery - 28 28 Y §
Solution (g)
Initial methanol (g) 13 13 15
Water befors 30.1 120.3 110
carbvonation (9)
Methanol bafore 20.6 82.4 80
carbonation (g)
Watar during 30.2 0 0
carbonation (g)
Mgthanol during . 61.8 o} 0
caricnation (g)
Total methanol (g) 105.3 105.3 1158,2
Total water (g) 130.2 130.2 1130.2
Sediment after 0.6 8.0 1.0
carbonation (vol. %)
Sediment after 1.0 10 1.3
stripping (vol. %) .
Plltration rats 450 Filter- 823
(ka/m2 /hour) blocked
TEN: 431 - 435
(g KH/G)

Table V shows that the addition of part of the
methanol and water during carbonation made it possible to
obtain satisfactory results using a greatly raduced

amount of promoter. .
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CLAIMS:

1. A process for the production of an overbased
magnesium sulphonate which comprises carbonating a mixtuzre
comprising:

(a) an oil-soluble sulphonate and/cr an cil-soluble
sulphonic acid;
(b} magnesium oxide in excess of that, if any, required to

react completely with (a);

(c} a hydrocarbon solvent;

{d}) water;

{e) a water-soluble alcohol; and
(£) a promoter,

the magnesium oxide used to prepare the mixture having a

citric acid number (as hereinbefore defined) of greater than
200 seconds and a surface area measured by the BET single
point methed of less than 12 ma/g, and the particle size of

at least 92 volume % of the magnesium oxide being greater

than 2um, and part of the water and at least part of the
alcohol being introduced into the mixture during carbonation,
the total amount of water introduced into the mixture,
including any intrcduced before carbonation but excluding
water generated by chemical reactions; being at least

0.5 mole per mole of the excess specified in (b).

2, A procesé as claimed in claim 1, wherein the

magnesium-oxide has a citric acid number of -at mosat 700

seconhds. |
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3. A process as claimed in claim 2, wherein the
magnesium oxide has a citric acid number in the range of from
200 to 600 seconds.

8. A.process as claimed in any of claims 1 to 3,
wherein the magnesium oxide has a surface area measured by
the BET single point mecthod in the range of from 2 to
10 m2/g.

5. A process as claimed in any of claims 1 to 4,
wherein at least 94 volume % of the magnesium oxide has a
particle size of greater than 2 um.

8. A process as claimed in any of claims 1 to 5,
vherein the magnesium oxide has a purity, as measured by EDTA
tritration, of at least 95 &,

7. A process as claimed in any of claims ! to 6,
wherein the total amount of water introduced into the
mixture, including any introduced before carbonation but
excluding water generated by chemical reactions, is at least
1 mole per mole of the excess specified in (b) in claim 1,

8. A process as claimed in any of claims 1 to 7
wherein 10 to 90 mass % of the total amount of intrcduced
water is present in the mixture before commencement of
carbonation.

S. A process as claimed in any of claims 1 to 8,

wherein at least 10 mass % of the total amount of the

L L0
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alcohol, excluding any alcohol used when neutralising a
sulphonic acid, if present, is introduced intc the
carbonation during carbonation.

10. A process as claimed in any of claims 1 to 9,
wheyein the water and/or alcchol introduced into the mixture
during carbonation iz introduced substantially continuously.

11. A process as claimed in any of claims 1 to 10,
wherein the water and alcohol introduced into the mixture
during carbonation are introduced together.

12. A process as claimed in any of claims 1 to 11,
wherein the water and/or alcohel introduced during
carbonation is introduced over at least the first 20 & of the
carbonation period.

13. A process as claimed in any of claims 1 to 12,
wherein the promoter comprises at least one substance
selected from amines and organic acids.

14, A process as claimed in claim 13, wherein the
promoter comprises a carboxylic acid with 8 to 10 carbon
atoms or a substituted succinic acid or anhydride.

15. The use of a m;gnesium oxide having a citric acid
number, surface area, and ﬁarticle size distribution as

specified in claim 1 to give reduced sediment in a process

" for the production of an overbased magneaium sulphonate.'

T




