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fl:'CPAJ:Ation of oyerb,osed magn~sium. sulpbona:saut 

The present inventidn relates to a process tor the 

production of overbased =aqnesium sulphonates and to 

overbased magnesium sulpbonates prepared by the process. 

The overbaaed ~aqnesium sulphcnates prepared by the 

process are particularly useful as additives for oil­

based compositions, espeoially lubricating oils, and the 

invention also relates to oil-based compositions 

containinq these overbased metal sulphonates. 

Overbaaed magnesium sulphonates are well known, as 

is their use aa additives in oil-based compositions, for 

example, lubricants, qreases and fuels. They function as 

deterqenta and acid neutralizers, thereby reducing wear 

and corroeion and, when used in engines, extendinq 

enqine life. Other overbased metal sulphonates often 

used for the same purpose are overbased calcium 

sulpbonatea. 

Many processes have J:>een proposed tor producinq 

ovarbasac.t aulphonates of oalcium and ma9neaiU11, t~e 

preferred prooessea 9enerally involv!nq the carbonation, 

in the presence of an orqanic solvent or diluent, of a 

mixture of an oil-soluble sulphonate and/or an oil• 

soluble sulphon1c acid and an exoesa ot a compound of the 

desired metal abOve that required to react with any acid 

present. It is known that ovarbased maqnesium 

sulphona-tes are in general more difficult ·to prepare than 
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the corresponding calcium compounds, and processes 

proposed for preparinq overbasad ma9nesium sulphonates 

have involved various special measures, for example, the 

use of particular reaotion conditions and/or the 

incorporation cf one or more addltio"al sUbstances into 

the mixt~re to be carbonated, such additional substances 

including, for example, water, alcohols, and promoters of 

various types. Many of the previously proposed processes 

also, or alternatively, require the use of magnesium in a 

relatively reactive form, for example, in the form of a 

magnesium compound havinq a certain minimum deqree of 

reactivity. 

Examples of prior specif !cations discloainq the use 

of particular reaction conditions or steps in the 

preparation of overbased magnesium sulphonates are u.s. 
Specification No. 3 629 109, which ~iscloses a Multi­

sta9a carbonation process, D.S. specification 

No. 4 129 589, which claims the use of specified 

temperature conditions, or the addition of additional 

water and alcohol durin9 carbonation, when carbon~.tinq a 

mixture containin9 "liqht" (active) magnesium oxide, u.s. 
Speciticatton No. 4 148 740, which claims the use of 

specified ·temperatures and proportions of carbon dioxide 

when carbonatinq a mixture containinq "activated" 

ma9nesium oxide, u.s. Specification Ho. 4 192 758, wnich 
clailDll carbonatinq at the "critical carbonation rate", 

and which refers to the preparation of overbased 
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additives as "a complex and hiqhly unpredictable art", 

British specitication No. 2 135 3JO A, which claims a 

continuous countercurrent process, and British 

specification No. 2 036 ?Bl A, which claims the use of 

specified·earbonation temperatures and proportions of 

carbon dioxide for carbonating a mixture which includes a 

C1 to c5 alcohol or a C3 to c6 ketone. 

Examples of prior specifications directed primarily 

to the use of additional substances in the mixture to be 

carbonated are u.s. Specification Ne. 4 617 135, which 

claims the use of a reaction mixture containinq water, an 

alkanol, and a ccmbineticn of specified first and second 

promoters, U.S. Specification No. 3 928 216, which claims 

the use of a promoters system comprisinq a hydroxy­

containinq compound and a salt ot boric acid and an 

aliphatic hydrocarbyl diamine or polyamine oontaininq 

from 2 to 8 carbon atoms, o.s. specification 

No. 3 853 774, which claims tba use of a reaction 

mixture containinq water, a lower alkanol and naphthenic 

acids, British specifications Nos. 2 03? 801 A an~ 

2 03T 310 A, which claim the use o~ reaction mixtures 

containin9 a c4 to c6 diketone and a c8 to c10 carboxylic 

acid respectively, British Specification No. 2 175 598 A, 

which claims the use of a reaction system containing 

water, alcohol, a first promoter comprising a succinic 

anhydriae or_a derivative thereot and a co-promoter 

selected from naphthenic acid and a water-soluble 

11m1m1iiilr 
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carboxylic acid, European Speoification 

No. 13808A, which claims the use of a reaction system 

aontaininq water, a c3 to CG ketone, and one or more 

reaotion promoters selected froa the qroup consisting of 

carboxylic acids or salts thereof, amines an~ C4 to c6 

diketones, European Specification Na. 323 088 A, wherein 

the claimed process uses a reaction mixture comprising an 

ashless dispersant, and u.s. Specification No. 4 647 ~87, 

wherein the reaction =ixture in the claimed process 

comprises water, alcohol, a first promoter comprising a 

c6 to c20 sucoinic annydride or derivative thereof and a 

co-promoter selected from naphthenic acid and a water­

soluble carl)Oxylic acid. 

Amonq prior specifications disclosing the use of 

particular sources ot magnesium are u.s. Specification 

No. l 150 089, which requires magnesium metal as startinq 

material, U.S. specification No. 4 225 446, in which the 

claimed processes start from a maqnesium sulphonate 

havinq a Total Base Nu.'1.ber in excess ct about 200, u.s. 
Specitication No. 3 865 737, which requires the use of .. 
magnesium oxide havin9 a bulk dens~ty correspondinq to a 

calaininq temperature of below about 1ooo·c (that is, 

"light" or "reactive" magnesium oxide), and u.s. 
Speoitications Nos. 4 129 589 and 4 148 740, referred to 

above, both of which claim the use of active magnesium 

oxides. 

---



...... _,··.· .· _;· 

- s - THlS SHEET HAS BEEN 
REPLACED J 

It is important that overbased materials to be used 

as additives tor oil~based compositions such as 

lubricating o~ls and fuels be clear liquids and be free 

of sediment. The product obtained at the end of 

carbonation in processes for preparinq overbased 

magnesium sulp~onates will contain some unwanted material 

(norlDally hard sediment and/or gelatinous material formed 

durinq the ove~basinq process). From an economic 

standpoint, it is desirable to be able to remove the 

sediment quickly and simply, preferably by filtration, 

and it is also desirable that the amount of sediment to 

be removed be also low as possible. It qelatinous 

material is present, this-will tend to inhibit or prevent 

filtration by blocking tbe filter. Where puriticaticn by 

filtration is possible, it is desirable that this be 

effected as rapidly as possible. If larqe amounts of 

sediment are present, the sediment must normally be 

removed by centrifuqinq rather than by tiltraticn, and 

even small amounts of sediment may have a tendency to 

block filters if tbe process is carried out on a large 

scale; this tendenay·bein9 particularly marked if the 

systea contains gelatinous material formed durinq the 

overbasin; process. 

The proportion of sediment in the reaction mixture 

immediately after carbonation (that is, before 

eentrifuqinq-or filtration to remove sediment) is usually 

known as the "post carbonation sediment", or "PCS", and 

is normally expressed as voluae % ~s based on the 
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When comparing 

proportions of sediment in different systelDS, it is 

important that the t PCS be calculated on comparable 

systems, prefe:rably "stripped" systems free from any 

volatile materials, for example, water, methanol, and 

solvents, which are included in the reaction mixture for 

the purposes of the reaction but which are not required 

in the final overbased product. In some processes these 

volatile ~aterials are not removed until after relnoval of 

the sedi~ent, 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 volatile 

materials. 

It is normally desirable that overbased materials to 

be used as additives for oil-based compositions have a 

relatively hiqh 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):~f the 

product, the TBN being the number· of milli9rams of 

potassium hydroxide equivalent to l qram of the product 

when titrating with a stronq acid. For some 

applications, it is preferred that the TBR be at least 

350, preferably at least 400, mg KOH/g, as measured by 

ASTM 02896. Processes for the production of overbased 

materials of high TBN, however, frequently rasult in 
--------------
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si9nificantly higher sediment levels at the end of the 

carbonation step than do processes tor producing 

overbased •aterials ot lower TBN, or require the use of 

hi9h levels ot p~onoters if relatively low sediment 

levels are to be o~tained. The use of hiqh .levels of 

promoters is in general undesirable on, tor example, 

economic q~ounds and/or because the promoter imparts 

undesired properties to an intermediate or tinal product. 

Thus, for example, in some cases a hiqh level of proftoter 

may lead to a post-carbonation product ot high viscosity 

which oan only be filtered relatively slowly. 

Many of the processes described in the prior art for 

the preparation of overbased ~aqnesium sulphonates 

involve t.~e removal of substantial quantities of 

sediment, predomihantly unreacted magnesium startinq 

materials. u.s. Specification No. 4 192 758, for 

example, indicates that "much of the oxid~ ends up as 

undispersed solid which is di~ticult to tilter•. It is 

stated in U.S. Specification No. 4 617 135 that the 

proceaa described therein makes it possible to pr~~uce 

ove~baaed magnesium sulphonates baving nextremely low 

post carbonation sediment", but it is apparent that, 

although the levels of sediment may be low compared with 

those obtained in previously proposed processes, they are 

still relatively high. Thus, the specification indicates 

that the "' PCS produced by the present reaction is 

generally less than s.o, by volume of the· reaction 
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mixture", and the lowest value quoted is 2t. Further, it 

is clear from the Examples of specification 

No. 4 617 135 that the % PCS values reported in the 

specif 1cat1on are based on the reaction mixture before 

heating t.o strip volatile additives such as water, 

methanol and naphtha. The ' PCS values calculated on 

systems free from volatile materials will be hiqher than 

the values quoted in the specification. Thus, the t PCS 

of J,S quoted in Example l ot specification 

No. 4 617 135, for example, approaches 10 when 

calculated on the basis of a system free from volatile 

additives, and a ' PCS of 2 approaches 5 when calculated 

on the same basis. 

British Specification No. 2 175 598 A, which is 

primarily concerned with overbased magnesium sulphonates 

which are biqhly water-tolerant, and which do not rely on 

the presence of post-sulpbonate f orllUltion water-tolerance 

additives to enable them to pass the cummins Testf refers 

in pasainq to the maintenance of "minimum post 

carbonation sediment" ~ut the lowest ' PCS reported is 2 
.. 

(in.EXample 1), the remaining EXamples quotinq t PCS 

values of 5.4 (when n-octenyl succinic anhydride was used 

as promoter) to B.s. (It appears from the details of the 

process immediately preceding the Examples that the 

quoted t PCS values may be the values before stripping.) 

There is no teachinq of a method which makes it possible 

to obtain products which contain si9nif icantly lower 
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levels of sediment after stripping and which can be 

purified by rapid filtration. 

In u.s. Specification No. 3 865 737, sediments are 

measured by the a.s. & w. test and are reported as 

ml.ppt./100 9. product, and it is stated tha~ materials 

havin9 a a.s. ' w. value of up to 10 ' can be used 

commercially since the s.s. & w. value can be improved by 

centrifu9ation and filtration. The lowest a.s. & w. 
value quoted is o.6 t, but this is for a product with an 

acetic base number of only 320. As indicated above, 

processes for the production ot materials with hiqher 

TBHs would be expected to result in siqnificantly higher 

levels of sediment. 

Despite the numerous previous proposals for 

preparing overl'lased magnesium sulphonatea, of which the 

processes disclosed in the speciticationa discussed above 

are only a selection, there remains a need for a precess 

suitable tor preparing sucn substances, particalarly 

overbased ma9nesium sulpnonates bavinq a relatively high 

~BH, in which relatively low levels of post carbonation .. 
sediment can be obtained (preferably without tba need to 

use hiCJh levels of promoter), and relatively rapid 

filtration of the sediment•containing reaction product is 

possible. 

The applicants have surprisingly found that the use, 

aa the source of maqnesium, of magnesium oxide of 

relatively low reactivity, in a reaction 'system which 
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00mprises, amonq 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 durinq carbonation, makes it possible to 

obtain ovarbased maqnesium sulphonates of h~gh TBN which 

have extremely low i PCS values, typically less than 

2 t, and in some cases less than l %, based on a reaction 

system free fro~ 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, kg/~2/haur when workinq on a larqe scale, 

these results beinq obtained without the use of 

unacceptably larqe proportions ot promoters. The 

products may also have relatively low viscosities. The 

fact that very low amounts at sediment may be obtained in 

accordance with the invention is advantageous from the 

ecoloqical viewpoint when workinq an a larqe 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 ~hich 

comprises carbonatin9 a mixture comprising: 

(a) an oil-soluble sulphonate and/or an oil-soluble 

sulphonic acid1 

(b) magnesium oxide in excess of that, if any, required 

to reaat completely with (a)1 

(c) a hydrocarbon solvent: 

(d) water; 

.. Ii l'l . . • ... :! 
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the magnesium oxide used to prepare the mixture having a 

citric acid nwaber (as hereinafter defined) of greater 

than 200 aeconds and a surface area measured· by the BET 

single point method of less than 12 112/g, and the 

particle size of at least 92 volume t ot the magnesium 

oxide beinq greater than 2 J.UD, and part of the water, and 

preferably at least part of the water-soluble alcohol, 

being introduced into the mixture during carbonation, the 

total amount of water introduced into the mixture, 

includinq any introduced before carbonation but excluding 

water generated by chemical reactions, beinq at least o.s 

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

invention also.prbVides the use ot a magnesium oxide 

having a citric acid number, surface area and particle 

size distribution as specified above to 9ive reduced 

sediment in a process for the preparation of an overbased 

magnesium sulpbonate. 

The sulphonate or sulphonic acid used in the: ·process 

ot this invention may be natural or synthetic, the 

synthetic alkylaryl sulphonates and sulphonic acids being 

preferred. 'rha overbased ~agnesium·sulphonates with 
# 

which this invention is concerned comprise an oil 

solution ot the maqnesium sulphonate which acts as a 

surfactant to disperse colloidal maqnesiµm derivatives, 
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for example, maqnesium carbonate, oxide and/or hydroxide. 

It is thus important that the sulphonic acid or 

sulpbonate be oil-soluble. A mixture of substances 

selected from oil-soluble sulphonic acids and oil-soluble 

sulphonates may, of course, be used. 

The proportion of dispersed colloidal maqnesium 

derivatives such as magnesium carbonate, oxide and/or 

hydroxide, in the overbased ~aqnesium sulphonates 

determines the basicity of the products. The maqnesium 

oxide used as a startinq material is used in an amount 

sufficient to give the desired TBN in the product. 

Advantaqeously, the magnesiwa oxide is used in a total 

quantity ccrrespondinq to 1 to 45, preferably l to 25, 

equivalents cf maqnesium for each equivalent of sulphonic 

acid: where magnesium oxide ls added to a system already 

containin9 a maqnesium sulphonate, the equivalents of 

magnesium and sulphonic acid correspondinq to the 

maqnesium sulphonate are included in the above figures. 

Part of the maqneaiwa oxide may, if desired, be added to 

the reaction system durinq carbonation. 

As indicated above, an impor~ant feature of the 

present invention is the use of ma9nesima oxide of 

relatively low reactivity. As also indicated above, many 

of the previously proposed processes tor makinq overbased 

magnesium sulphonatea specify the use ot relatively 

reactive forms of magnesium oxide, commonly known as 

"light•, "active", or "caustic burned" magnesium oxides. 

-------- -----
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These forms of magnesium oxide have a relatively low 

density and relatively hiqh surface area, in contrast to 

"heavy• or "deadburned" forms of maqnesiwa oxide, which 

are relatively· dense and of relatively low surface area 

and tend to be relatively inert chemically. ,The 

maqnesium oxides used in accordance with the invention 

are "heavy" rather than •liqht", althou9b not all hea~-y 

magnesiWll oxides are suitable tor use in accordance with 

the invention. 

As indicated above, the magnesium oxides suitable 

tor use in accordance with the invention have a citric 

acid number (as hereinafter defined) of greater than 200 

seconds and a surtace area measured by the BE'l' sinqle 

point method of leas than 12 m2/9, the partiole size of 

at least 92 volume t of the nagnesiun oxide beinq 

qreater than 2 pm, 

As defined herein, the oitrio acid number is the 

time in seconds required to neutralise, at 22'c, a 

stirred mixture at 1.7 g of the magnesium oxide, ioo ml 

water, and 100 ml of a oitric aeid solution containing .. 
26 g citric acid monohydrate and 0.1 g phenolphthalein 

in 1 litre of aqueous solution. Neutralisation is 

indicated by the •ixture turninq pink. The citric acid 

number of the maqnesium oxide used in accordance with the 

invention is advanta9eously at most 100 seconds, and is 

advantageously in the ranqe -of from 200 to 600 seconds, 

preferably 400 to 500 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, paqes 

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 maqnesium oxide for 

use in accordance with the invention is advantaqeously 

less than ioma/g, and is preferably 1n tbe range of fron 

2 to 10 m2/q • 

The particle size of at least 92 volume t of the 

magnesium oxide used in accordance with .the invention is 

greater than 2 µm. Advantageously, at least 94 volume t 

of the maqnesium oxide has a particle size of qreater 

than 2 µm. 

The magnesium oxide used in accordance with the 

invention preferably has a purity, as measured by EDTA 

titration, of at least 95 t. In the EDTA titration 

method, a sample of the ~agnesium oxide is dissolved in 

dilute hydrochloric acid. and the solution is buttered in 

a pH c~ about 10 and then titrated with a solution of the 

disodium salt of ethylene diamine tetra-acetic acid. The 

disodium salt forms a complex with the maqnesium ions in 

the solution, so that the concentration ot maqnesium ions 

can be calculated from the amount of the disodium salt 

used. The ma•s ot ~aqneaium, expressed as maqnesium 

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.is a solvent in which the sulphonic acid and the 

overbasad sulphonate are at least partially soluble, and 

is used in an amount sufficient to keep the mixture fluid 

durin9 carbonation. The sol vent is advanta.q;eotisly 

volatile, preferably with a boiling point at atmospheric 

pressure of below iso'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 hydrooarbons, 

tor example, benzene, toluene or xylene, the preferred 

solvent beinq toluene. The fact that aromatic and 

aliphatic solvents can be used is an advantaqe over some 

previously proposed processes, which are rest~icted to 

one or the other. Typica1ly, the solvent is used in an 

amount of about 5 parts by mass per part by mass of the 

magnesium oxide. 

As well as the hydrocarbon solvent, the carbonation 

mixture may comprise a non-volatile diluent oil, for 

example, a mineral oil, although the use of such an oil 

is. not. essential. In the process of the invention a non­

volatile diluent oil is preferably only used if such an 

oil is present in the sulphonic acid startinq material, 

althou9h the addition of diluent oil after the completion 

of carbonation may in some cases be advantageous for 

facilitatinq handling ot the product. 
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The total amount of water introduced into the 

mixture, inoludlnq any introduced before oarbonation but 

exo1uain9 water qenerated in a.1ldl by che•ical reactions, 

is at least o.s mole, advantageously at least 1 mole, per 

~ole of the excess magnesium oxide (that is,. the 

magnesiun oxide available to form colloidally dispersed 

basically-reactinq products). Advantaqaously, the total 

a•ount ot water introduced does not exceed 5 moles, and 

preferably does not exceed 2.5 moles, per mole of 

overbasing maqne.sium oxide. 

Part of the water is introduced into the carbonation 

mixture during carl:>onation, part being present in the 

mixture before commencement of carbonation. 

Advantageously, 10 to 90 mass %, and preferably 30 to 60 

mass t, of the total a.mount of introduoed water, is 

present in the mixture betore commencement of 

carbonatio~, and 90 to 10 mass t, preferably 70 to 40 

mass t, of the total amount of water is added during 

carbonation. The most appropriate ratio of the 

proportion of water present before commencement of .. 
carbonati~n to the proportion adde~ durinq carbonation 

will va~y from syste• to system, and can be determined by 

routine experiment. The. manner in which the water is 

introduced into the mixture durinq carbonation is 

discussed in more detail below. 

As examples of suitable water-solUble alcohols tor 

use in accordance with the invention there·. may be 

' 
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mentioned lower aliphatic alkanols, alkoxy alkanols, and 

mixtures of two or more of such compounds, wherein the 

maxi~um number of carbon atoms is usually at most s. 
Examples of suitable alkanols are methanol, ethanol, 

isoprcpanol, n-propanol, butancl and pentanol. Methanol 

is preferred. An example ot a suitable alkoxy alkanol is 

methoxy ethanol,. 

As indicated aDcve, at least part of· the alcohol is 

introduced into the carbonation aixture during 

carbonation. Advantageously, at least 10 mass t, and 

preferably 40 ta 70 :mass t, of the total amount of 

alcohol introduced (this "total amount." excluding any 

alcohol used when neutralising a sulphonic acid, if 

present), is introduced during carbonation. 'l'ha most 

appropriate ratio of the proportion of alcohol pres,ent 

before col!l.11lencement of carbonation to the proportion 

added during carbonation will vary trom syste~ to system, 

and can be determined by routine experiment, as can the 

most appropriate relative proportions of water and 

alcohol. For guidance, the mass ratio 0£ water to .. 
alcohol will typically be in the range of from 10 to 0.1 

to 1, espeoially 7 tc 1.s to 1. 

The water introduced into the reaction mixture 

durinq carbonation, and/or the alcohol introduced during 

carbonation, is/are advantageously introduced 

substantially continuously, preferably at a substantially 

constant rate. The term "substantially continuously" 

--·---------
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includes tne case where the water and/or alcohol is/are 

introduced in a plurality ot small portions, with short 

time intervals between the eddition of individual 

portions, ~ut not the case where the water and/or alcohol 

is are introduced in one or more relatively lar9e 

batches. Where both water and alcohol are introduced 

into the mixture durinq carbonation, these are 

advantaqeously introduced aver tbe same period of time, 

and may conveniently be introduced together • 

Advantageously, the water and alcohol introduced during 

carbonation are introduced over at least the tirst 2ot of 

th& carbonation per!cd, advantaqeously over at least the 

first so %, preferably over at least the first 75 t, and 

especially over at least the first 90 t, of the said 

period. It desired, the water and alcohol may be 

introduced over different periods of time, but this is 

not normally preferred. 

Any promoter or promoter syseem may be used in the 

process of the invention, for example, any of the 

promote~s mentioned in the specifications referre~ to 

herein as being suitable for use-in preparinq overbaaed 

magnesium sulphonates. Examples of suitable promoters 

are ammonia, ammonium compounds, amines, (for example; 

ethylene diamine), ketonea, naphthenic acids and 

aarboxylia acids or anhydrides, includinq mixtures of 

oil-soluble and water-soluble organic acids as described 

in u.s. Specification No. 4 617 135. suitable carboxylic 

1111mmr 
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acids/anhydrides include the c8 to c12 carbo>cylic acids 

referred to in British Specification No. 2 037 310 A (for 

example, n-octanoic acid, n-decanoic aoid, and neo­

decanoic acid)", and s\:bati tuted, for example, alkenyl­

substi tuted, succinic acids, which are prete,ably 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 usin9 the same amount of promoter, or the 

same sediment levels usin9 a reduced amount of promoter. 

To ensure maximum conversion of maqnesium oxide to 

colloidal products, carbonation is normally continued 

until there is no further significant uptake of carbon 

dioxide. The temperature at whieh carbonation is 

effected depends on the promoter system used. The 

minimum temperature that may be used is that at which the 

carbonation mixture remain• 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 

m~~· volatile components ia lost ~ram th~ mixture. 

carbonation is preferably carried out with the apparatus 

set for total reflux. The temperature ot the reactants 

is normally adjusted to a chosen value before carbonation 

is commenced, and is then allowed to vary durinq 

carbonation as 1;h• reaction proceeds. Generally 

carbonation is efteoted at a temperature in the ranqe of 
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from 20 to 2oo·c, preferably 40 to 1o·c. 

When there is no further significant uptake of 

carbon dioxide, the carbonation mixture is stripped to 

remove volatile materials such as water, the alcohol, and 

volatile- solvent(a), and any solids remaining in the 

mixture are removed, preferably 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, tha invention surprisingly •akes it 

possible to obtain overbased magnesium sulphonates havinq 

high TBNa, having an extremely low proportion of post 

carbonation sediment, and capable of purification by 

filtration. 

overbased maqnesium sulphcnates obtained by the 

process of the invention are useful as additives for oil­

based compositions, far example, lubricants, qreases and 

fuels, and the invention thus also provides such 

compositions containing the overbased magnesium ... 
sulphonates. When used in e~qine lubricants, the 

overbasad magnesiu~ sulphonates neutralise acids formed 

by the operation of the en9ine and help to disperse 

solids in the oil to reduce the formation ot harlltful 

deposits. They also enhance the antirust properties of 

the lubricants. The amount of overbased magnesium 
I 

sulphonate that should be included in the oil-based 

-----------· 
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ooapcsition depends on the type of composition and its 

proposed application. Automotive crankcase lubricatinq 

oils preferably contain o.01t to 5 mass t ot the 

overbased magnesium sulphcnate, on an active inqredient 

basis, b&sad on the mass ot the oil. 

The ovarbased ma9nesium sulphonates prepared in 

aoccrdanca with the invention are oil-soluble or (in 

eommon with certain of the other additives referred to 

below) are dissolvable in oil witb the aid of a suitable 

~olvene, or a~e stably dispersible •aterials. Oil­

soluble, dissolvable, or stably dispersible as that 

terminoloqy is used herein does not necessarily indicate 

that the materials are soluble, dissolvable, miscible, or 

capable of beinq suspended in oil in all proportions. It 

does mean, however, that the materials are, for instance, 

soluble or stably dispersible in oil to an extent 

sufficient to exert their intended effect in the 

environment in which the oil is employed. Moreover, the 

additional incorporation ot other additives may also 

permit incorporation ot hiqher levels of a particular .. 

additive, if desired. 

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 ~e added directly to the 

oil by dispersinq or by dissolvinq them in the oil at 

the desired level of concentration. such blending can 

~ 
tt , .. 
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occur at room temperature or an elevated temperature. 

overbased magnesium sulphonates produced in 

accordance with the present invention may be ueeful in 

fuel oils or lubricatinq oils. The normally liquid fuel 

oils are qenerally derived from petroleum sources, for 

eKample, normally liquid petroleum distillate fuels, 

althouqh they may include those produced synthetically by 

the Fischer-Tropsch and related processes, the processinq 

or orqanic waste material or the processing ot coal, 

liqnite or shale rock. such fuel compositions have 

varying boilinq ranges, viscosities, cloud and pour 

points, according to their end use as is well known to 

those skilled in the art. Amon; such fuels are those 

commonly known as diesel fuels, distillate fuels, for 

•xample, qasoline, heatinq oils residual fuels and bunker 

fuels, which are collectively referred to herein as fuel 

oils. The properties of such fuels are well known to 

those skilled in the art as illustrated, for example, by 

ASTM Specification D 396-73, available from the American 

Society for Testin9 Materials, 1916 Race Street, ·· 

Philadelphia, Pennsylvania 19103.· 

Middle distillate fuel oils include distillates 

boiling from about 120 to 125•p (about 49 to Jas•c) 

(e.9., 3?5 to ?2s•p (191 to 395•c)), including kerosene, 

diesel fuels, home heatinq fuel oil, jet fuels, etc., and 

most preferably whose 20 t and 90 t distillation points 

differ by less than 212·F (1oo•c), and/or whose 90 t to 

-----------·-
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final boilinq point range is between about 20 and so·F 

(al:>Out -7 and 1o·c1 and/or whose final bOilinq point is 

in the range of 600 to ?oo·r (about 316 to 371•c). 

overbaaed· maqnesium sulphonates prepared in 

accordance with the invention are particularly useful in 

lubricating oil compositions wnich employ a base oil in 

which the mixtures are dissolved or dispersed. Base oils 

with which the overbased magnesium sulphonates may be 

used include tbose suitable for use as crankcase 

lubricatin9 oils tor spark-iqnited and compression-

i9ni ted internal combustion enqines, fer example, 

automobile and truck engines, marine and railroad diesel 

engines. They may also be used, for example, in base 

oils suitable for use as aviation lubricants or as 

lubricants for two cycle engines. 

Synthetic base oils include alkyl esters of 

diearboxylic aoids, poly9lycols and alcobols, poly-a­

olefins, including polybuteness alkyl benzenes: orqanic 

esters of phosphoric acids; snd polysilicone oils. 

Natural base oils include mineral lubricatinq oils 
.• 

which may vary widely as to their ~rude source, for 

example, as to whether they are paraffinic, naphthenic, 

mixed, or paratfinic-naphthenic, as well as to the method 

used in their production, for example, distillation 

ranqe, straight run or cracked, bydrotined, solvent 

extracted and the like. 
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More specifically, natural lubricatin9 oil base 

stocks which can be used may be straiqht mineral 

lubricating oil or distillates derived troa paraffinic, 

naphthenic, asphaltic, or mixed base crude oils. 

Alternatively, if desired, various blended oils may be 

employed as well as residual oils, particularly those 

from which aaphaltic constituents have bean removed. ~he 

oils may be refined by any suitable method, for example, 

using acid, alkali, and/or clay or other agents such, for 

example, as aluminium chloride, or they may be extracted 

oils produced, for example, by solvent extraction with 

solvents, for example, phenol, sulphur dioxide, furfural, 

dichlorcdiethyl ether, nitrobenzene, or crotonaldehyde. 

The lubricatinq oil baa• stock conveniently has a 

viscosity of about 2.s to about 12 est (about 2.s x io-6 

to about 12 x 10-6 m2/s) and preferably al:>out 2.5 to 

about 9 est. (about 2.5 x io-~ to about 9 ~ 10-6 m2/a) at 

ioo•c. Mixtures of synthetic and natural base oils may 

be used if desired; 

The overbased maqnesium sulphonates prepared_in 

accordance witb the present inven~ion may be employed in 

a lubricatinq oil composition which comprises lubricating 

oil, typically in a major proportion, and the 

sulphonates, typically in a minor proportion, for 

example, in a proportion as indioatad abOve. Additional 

additives may be incorporated in the composition to 

enable it to meet particular requiraments. Exmaples of 

----- ----------
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additives which may be included in lUbricatinq oil 

compositions are other deterqents and metal rust 

inhibitors, viscosity index improvers, corrosion 

inhibitors, oxidation inhibitor&, friction modifiers, 

dispersant.a, an~1-foaain9 agents, anti-wear avants, pour 

point depress~ts, and i:ust inhibitors. 

Additional deterqen'tS and metal rust inhibitors 

include other metal salts, preferably overbasad matal 

salts, of sulphonic acids, particularly calcium and 

sodium salts, and metal salts, preferably overbased ~etal 

salts, of sulphurized alkyl phenols, alkyl salicylates, 

naphthenates and other oil-soluble mono- and di­

carboxylic aoids. 

Viscosity index improver& (or viscosity modifiers) 

impart hiqh and low t&llperature operability to a 

lubrioatin9 oil and permit it to remain shear stable at 

elevated temperatures and also eXhibit acceptable 

viscosity or fluidity at low temperatures. suitable 

compounds for use as viscosity modifiers are qenerally 

hi;h molecular weight hydrocarbon polymers, inclu~in9 

polyestez'a, and viscosity index i~prover dispersants, 

which function as dispersants as well as viscosity index 

improvers. Oil soluble viscosity modifyinq polymers 

generally have weight avera9e molecular wei9hts of from 

about 10,000 to 1,000,000, preferably 20,000 to 500,000, 

as determined by qel permeation ohrcmatoqraphy or liqht 

acatterinq methods. 
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Representative examples of suitable viscosity 

modifiers are polyisobutylene, copolymers of ethylene and 

propylene, polymethacrylates, methacrylate copolymers, 

copolymers of an unsaturated dicarbOxylic acid and a 

vinyl compound, interpolymers of styrene and· ac~·lic 

esters, and partially hydroqenated copolymers of styrene/ 

isoprene, styrene/butadiene, and isoprene/butadiene, as 

well as the partially hydroqenated homopolymers of 

butadiene and isoprene. 

corrosion inhibitors, also known as anti-corrosive 

aqents, reduce the degradation ct metallic parts 

contacted by the lubricating oil composition. 

Illustrative ot corrosion inhibitors are phoapho­

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 also preferably 

in the presenoa of carbon dioxide. Phosphoaulphurized 

hydrocarbons may be prepared by reactinq a suitable 

hydrocarbon, for example, a terpene or a heavy pe~roleum 

fraction of a c2 to c6 clef in polymer such, tor example, 

as polyisobutylene, with from 5 to 30 maas ' of a 

sulphide ct phosphorus for 1/2 to 15 hours, at a 

temperature in the range of about 65 to about 31s·c. 
Neutralization of the phosphosulphurizad hydrocarbon may 

be etfeoted in any suitable manner, for example, in the 

manner taught in u.s. Patent No. 1,969,324. 
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Oxidation inhibitors, or antioxidants, reduce tbe 

tendency of mineral oils to deteriorate in service, 

evidence of such deterioration beinq, for example, the 

production of varnish-like deposits on the metal 

surfaces-and of slud9e, and viscosity qrowth. suitable 

oxidation inhibitors include ZDDPs, aromatic amines, for 

example alkylated phenylamines and phenyl 

alphanapthylamine, hindered phenols, alkaline earth metal 

salts of sulphurized alkyl-phenols havinq preferably c5 

to C12 alkyl side chains, e.9., oaleiwn nonylphenyl 

sulphide; barium octylphenyl sulphideJ and 

phosphosulphurized or sulpburized hydrocarl:Jcns. 

other oxidation inhibitors or antioxidants which may 

be used in lubricatin9 oil compositions comprise oil­

solubla copper compounds. The copper may be blended into 

the oil as any suitable oil-soluble copper compound. Sy 

oil-soluble it is meant that the compound is oil-soluble 

under normal blendinq conditions in the oil or additive 

packaqe. The copper compound may be in the cuprous or 

cupric torm. The copper may, for example, be i" ~e fo:rm 

ot a copper dihydrocarbyl thio- o~ dithio-phosphate. 

Alternatively, the copper may l:>e ~dded as the copper salt 

of a synthetic or natural carboxylic acid. EXanples of 

suitable acids inolude c8 to c18 fatty acids, such, for 

example, as stearic or palmitic acid, but unsaturated 

acids such, ~or example, as oleic acid or branched 

carbcxylic acids such, for example, aa naphthenio acids 
-----
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of molecular weights of trom about 200 ~o 500, or 

synthetic carboxylic acids, are preferred, because of the 

improved handlinq and solUbility properties of the 

resultin; copper carboxylates. Also useful are oil­

soluble copper dith!ocarbamates of the general formula 

Roitd(NCSS)zCU, where z ia l or 2, and R0 and Rd are the 

same or different hydrocarbyl radicals containing from 1 

to 18, and preferably 2 to 12, carbon atoms, and 

includin9 radicals such, for example, as alkyl, alkenyl, 

aryl, aralkyl, alknryl and cycloaliphatic radicals. 

Particularly pref erred as Re and R(! qroups are alkyl 

groups of from 2 to 8 carbon atoms. Thus, tha radicals 

may, for example, be ethyl, n•propyl, i-propyl, n-butyl, 

i•butyl, §Jle,-butyl, amyl, n-hexyl, i-hexyl, n-heptyl, 

n-octyl, decyl, dodeoyl, octadecyl, 2-ethylhexyl, phenyl, 

butylphenyl, cyclohexyl, methylcyelopentyl. propenyl, or 

butenyl radicals. In order to obtain oil solubility, the 

total number of carbon atoms (i.e. the carbon ato•s in Re 

and ~) will qenerally be a:bout five or qreater. Copper 

sulphonates, phenates, and acatylacetonates may a~~o be 

use«. 

!)camples of useful copper compounds are copper cul 

and/or cuII salts derived from an alkenyl succinic acids 

or anhydride. The salts theuelvea may be basic, 

neutral or acidic. They.may be formed by reactinq (a) 

polyalkylene succinimides (having polymer qroupa of Mn ot 

100 to s,ooo) derived from polyalkylene-polyamines, which 

iliiiii~lii 



.. ------- --·-·- -----··--------·--··-··--····----··------··-·--·· --

- 29 -
THIS SHEET HAS BEEN 

REPLACED 

nave at least one free carboxylic acid group, wit~ (b) a 

reactive metal compound. suitable reactive metal 

compounds include those such, for example, as oupric or 

cuprous hydroxides, oxides, acetates, borates, ~nd 

carbonates er basic copper carbonate. 

Examples of these metal salts are CU salts derived 

from polyiaobutenyl succinic anhydride, and cu salts of 

polyisobutenyl succinic acid. Preferably, the copper is 

in its divalent form, cuII. The preferred substrates 

are polyalkenyl succinic acids in which tha alkenyl group 

has a molecular weiqht greater than about 700. The 
-alkenyl 9roup desirably has a Mn from about 900 to l,400, 

-and up to 2,500, with a Mn of about 950 beinq most 

preferred. Especially preferred is polyisobutylene 

succinic anhydride or acid. · These materials may 

desirably J:)e dissolved in a solvent, for example, a 

mineral oil, and heated in the presence of a water 

solution {or slurry) of the metal-baarinq material to a 

temperature of about 1o•c to about 2oo·c. Temperatures 

of 1oo·c to i4o•c are normally adequate. It aay ~~ 

neceaaary, dependinq upon the salt produced, not to allow 

th• reaction mixture to remain at a temperature above 

about i4o•c tor an extended period of time, e.q., longer 

than S hours, or decomposition of the salt may occur. 

The copper antioxidants (e.g., cu-polyisobutenyl 

succinate,·cu-oleate, or mixtures thereof) will qenerally 

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

-----------
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wei9ht of the copper, in the final lubricatinq 

composition. 

............. 

Friction modifiers and tuel economy aqenta which are 

compatible with the other inqredienta of the final oil 

may also De included. Exa~plea cf such materials are 

qlyceryl monoesters of higher fatty acids, for example, 

9lyceryl •ono-oleate, esters of long chain polycarboxylic 

acids with diols, for example, the butane diol ester of a 

dimerized unsaturated fatty acid, and oxazoline 

compounds. 

Dispersants maintain oil-insoluble substances, 

resulting from oxidation durinq use, in suspension in the 

fluid, thus prevantin9 slud;e flocculation and 

precipitation or deposition on metal parts. so-called 

ashless dispersanta are organic materials which form 

substantially no ash on combustion, in contrast to the 

metal-containin9 (and thus ash-forminq) detergents 

described above. Suitable dispersants include, for 

example, derivatives of long chain hydrocarbon -

substituted carboxylic acids in which the hydrocar,bon 

9roupa contain SO to 400 carbon ~toms, examples of such 

derivatives being derivatives ot biqh molecular weight 

hydrocarbyl-substituted succinic acid. such bydrocarbon­

substitutad carboxylic aoids may be reacted with, for 

example, a nitroqen-oontaininq compound, advantageously a 

polyalkylene polyamine, or with an ester. such nitrogen­

containin9 and ester dispersants are well known in the 

This Sheet Has Been Replaced 
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art. Particularly prefer~ed dispersants are the reaction 

products of polyalkylene amines with alkenyl succinic 

anhydrides. 

In qeneral, suitable dispersants include oil soluble 

salts, amides, imides, oxazolines and esters1 or mixtures 

thereof, of lonq chain hydrocarbon-substituted mono and 

dioarboxylic acids or their anhydrides1 long chain 

aliphatic hydrocarbons havinq a polyamine attached 

directly thereto1 and Mannich condensation producta 

formed by condensing about l molar proportion of a lon9 

chain substituted phenol with about l to 2.5 moles of 

formaldehyde and about o.s to 2 moles of a polyalkylene 

polyamine. In these dispersants long chain hydrocarbon 

qroups are suitably derived from polymers ~f a c2 to Cs 
monoo1ef1n, the polymers having a molecular weight of 

about 700 to about sooo. 
As indicated al:>ove, a viscosity index improver 

dispersant functions both as a viscosity index improver 

and as a dispersant. Examples ot viscosity index 

improver dispersant& suitable for use in accordan~~ with 

the invention include reaction products of amines, fo~ 

example polyamines, with a bydrocarbyl-substituted mono -

or dicarboxylic acid in which the hydroc~rbyl 

substituent comprises a chain of sufficient length to 

impart viscosity index improvinq properties to the 

compoW'lds. In qeneral, the viseosity in~ex improver 

dispersant may be, for example, a polymer of a C4 to C24 

I 

I 

l 
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unsaturated ester of vinyl alcohol or a c3 to C10 

unsaturated mono-carbaxyllc acid or a C4 to C10 di­

carbOxylic aoid with an unsaturated nitrogen-containinq 

monomer havinq 4 to 20 carbon atoms: a polY11er of a C2 to 

c20 olefin with an unsaturated c3 to C10 mono- o~ di­

cart>oxylio acid neutralised with an amine, bydroxyamine 

or an alcohol: or a polymer of ethylene with a C3 to C20 

olefin further reacted either by grafting a C4 to C20 

unsaturated nitroqen - containinQ monomer thereon or by 

9rafting an unsaturate~ acid onto the polymer backbone 

and then reacting carboKylic acid qroups ot the qratted 

acid with an amine, hydroxy amine or alcohol. 

Examples of dispersants and viscosity index improver 

dispersants which may be used in accordance with the 

invention may be found in European Patent specification 

No. 24146 B, the disclosure of which is incorporated 

herein by reference. 

Antivaar aqents include zinc dihydrocarbyl 

dithiophosphates (ZDDPs). 

Pour point depressants, otherwise known as lUbe oil 
,• 

flow improvers, lower the temper~ture at which the fluid 

will flow or can be poured. such additives ere well 

known. Typical of those additives· which improve the low 

temperature fluidity of the fluid are ca to c 18 dialkyl 

tumarate/vinyl acetate copolymers, polymethacrylates, and 

wax naphthalene. Foam control can be provided by an 

antifoamant of the polysiloxane type, tor example, 

• 
f 
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some of tb& above-mentioned additives can provide a 
multiplicity of effects; thus for example, a single 
additive may act as a dispersant-oxidation inhibitor. 
This approach is well known and need not be further 
elaborated herein. 

compositions when containinq the above-mentioned 
additives are typically blended ini:o the base oil in 
amounts which •re effective to provide their normal 
function. Representative effective amounts cf such 
additives, if present, are illustrated as follows: 

----------

i iiITTi~fir 

t 



.., 
t 

....• - .········ 

. "\_ .. ----

- 34 -

Additive Hoss % a.id* 

(Broad) 

Deterqents/Rust inhibitors 0.01-6 

Viscosity Modifier 0.01-6 

corrosion Inhibitor 0.01-5 

oxidation Inhibitor 0.01-5 

Dispersant 0.1-20 

Pour Point Depressant 0.01-s 

Anti-Foaminq Aqent 0.001-J 

Anti-wear Aqents 0.01-6 

Friction Modifier O.Ol-5 

Mineral or Synthetic Balance 
Base Oil 

-... -··--
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Hoss ' o.i.• 

{Preferred) 

Q.01•4 

0.01-4 

O.Ol .. l.5 

0.01-1.s 

O.l•8 

0.01 ... 1.s 

0.001-0.15 

0.01-4 

0.01-1 .. s 
Balance 

• Mass ' active inqredient based on the final oil. 

When a plurality ot additives are employed it Jnay be 

desirable, although not essential, to prepare additive 

concentrates comprising the additives (the concentrate 

beinq referred to herein as an additive packaqe} whereby 

several additives can be added simultan8Qusly to the base 

oil to form the lubricatinq oil composition. Dissolution 

of the additive concentrate into the lubricatinq oil may 

be facilitated, fer example, by mixinq accompanied with 

heating, but this is not essential. The concentrate or 

additive packa9e will typically be formulated to contain 

the additive(s) in proper amounts to provide the desired 

concentration in the final formulation when the additive 

packaqe is combineO with a predetermined amount of base --------
-\\ii\~i~i· 
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lubricant. Thus, one or ~ore overbesed magnesium 

sulphonates prepared in accordance with the present 

invention can be added to small amounts of base oil or 

ether compatible solvents alonq with ether desirable 

additives to form additive packages containinq active 

inqredients in an amount, based on the additive package, 

ot, fo~ example, from about 2.5 to about 90 mass t, and 

preferably from about 5 to about ?5 mass t, and most 

prefera~ly from about a to about 50 mass l by weiqht, 

additives in the appropriate proportions with the 

remainder bein9 base oil. 

The final formulations may employ typically about 10 

mass t of the additive-package with the remainder being 

basa ail. 
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The following Exampl•s illustrate the invention. 

The •a9nesius oxides used in the Examples and 

Comparative Examples had tbe characteristics indicated in 

Table I, the citric acid number, surface area and purity 

bein9 measured as hereinbefore described. 

Table t 

Citric SJ:rface Mean Vol. less Purity 
acid rrJ. area part:iole than 2µm 
(secs) (m2/g) size (pm) ' t 

A 445 5.4 10.7 0.7 99.6 

B 329 6.7 3.3 5.2 98.9 

c 225 9.7 3.S 3.8 98.0 

D 600 2.8 4.9 2.a 98.l 

E 43 45.5 11.5 1.5 95.0 

F 44 38.0 8.3 a.3 95.6 

G 23 60.4 12.9 1.8 96.2 

ff 105 19.9 3.7 5.2 97.6 

J 160 13.5 J.l 4.0 98.5 

K 21 181 a.o 9.3 95~5 

L .220 16.6 9.6 1.2 91.0 

M 323 8.l 12.1 9.5 98.2 

N 129 e.2 18.7 1.9 91.0 

Example 1 

soo q ot toluene and 360 q (0.31 moles) of a 69.l. 

mass % solution of an alkyl benzene sulphonic acid 

-------·-----
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(m.olecuiar weight 670) in diluent oil were mixed with 

thorouqh agitation end heated to 22·c in a raactor fitted 

with a ratlux condenser, a gas distribution tube and a 

teJDperature controller. 15 q (0.47 moles) of Methanol 

were then added. There was an im111ediate exotne:rm, as a 

result of which the temperature rose to 25•c. 150 q 

(3.72 moles) of magnesium oxide A were then added. There 

was a rapid exotherm as the sulphonic acid was 

neutralised, and the temperature rose to 34•c. 24 q 

(0.14 moles) of neodecanoio acid were added as promoter, 

followed by 24 9 (0.75 mole) of methanol and JB.2 (2.14 

mole) of water. The temperature was brouqht to sa•c and 

m&intained at that level while commenoinq, 

simultaneously, injection ot carbon dioxide into the 

mixture at a rate Of 30 9/hCUr and addition of a mixture 

of 36 q methanol and 71.5 g water. The methanol/Water 

mixture was. added continuously over a 150 minute period, 

at a substantially constant rat•· 

Durinq carbonation, the temperature of the 

carbonation mixture was allowed to follow its natural ,. 

course and slowly increased to about 7o•c and then fell 

again as tbe reaction subsided and the maqnesium oxide 

was consumed. When the temperature hed fallen to about 

6o•c, beat was applied 1 and the temperature was 

maintained at 6o·c until carbonation was a01tplete. After 

3 hours 20 minutes of carbonation, when 100 q ot carbon 

dioxide had been injected into the mixture, the apparatus 

-------- -----------·---
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was changed from a reflux to a distillation 

ccnf i9uration. After a total of 138 q ot carbon dioxide 

had been injected, the rate of injection was increased to 

39 q/hour. This rate was maintained until a total of 175 

q of carbon dioxide nad been passed into the .. reaction 

mixture. 

on completion of carbonation, a sample was removed 

from tho reaction mixture and centrifuqed. There was o.s 
vol. t sediment in the sample. 

While maintaining the temperature of the mixture at 

6o·c, 260 ; of diluent oil, also at 6o•c, were added, and 

the mixture so obtained was distilled at atmospheric 

pressure while introducinq a stream of nitro9en. When 

tha distillation temperature reached 165·c, a vacuum was 

applied, and maintained for a 2 hour period, to remove 

the last traces of water, methanol and toluene. After 

releasinq the vacuum, a 50 ml sample was removed tram the 

stripped mixture and diluted with 50 ml of toluene. 

This diluted sample was then centrifuged to show that 

o·.a vol ' or sediment (PCS) remained in the stripped .. 
mixtu~e .. 

24 9 ot Speedplus filter aid was added to the 

stripped mixture in the reactor, and the mixture so 

obtained was tiltered through a pressure filter preheated 

to 16o•c and containing 5 9 of speedplua filter aid a• a 

precoat. 'l'h~ filtration rate was 492 kq/m2/hour. The 

filtered produot was bright and clear and had a TBN of 
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408 mg KOH/9. 

sxamplea 2 tp 4 and Cgmporotiye Examplos 1 tp 9 

The process described in Example l was repeated 

usin9 different 9radas of magnesium oxide. ~ha results 

obtained are summarised in Table II, which also 9ivea the 

·results obtained in Example 1. 

Tabla II 

Example or sediment S&1inant Filtratiaa mN 
o::q,. Etc. ~of~ ~ ot strip rate llY,J l«li/9 

(vol. t) ('VOl. i) (lcq/K2 /12r) 

EX. l A 0.5 o.a 492 408 

EK. 2 B 0.4 l.Q 186 405 

EiC. l c 0.4 0.6 i23 405 

~. 4 0 1.2 1.a 174 402 

CClllp. l E 0.!5 + 30 'gel - abmbm 

Ccq>. 2 F 2.4 + 30 ' 981 - atancb'led 

caip. 3 G 3. 5 + o. 5 ' gel - qelled during strippirq 

~ •. 4 H gelled durin; cm:ix:natic:a 

CCmp. 5 J 2.4 4.5 blocked filter 

C!azt:>· 6 IC 3 .. 0 + 2 % qel -~ 

O'.Jlp. 7 L 0. 2 + 20 ' qel - abanJcn:d 

o:np .. 8 H 3.0 + 5 'gel - al::Bn:Ja'1IBd 

cc.p. 9 N o. 3 + 60 % 981 - qelled dur.inq strlppmq 
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The ~esults in Table 11 show that, whereas products 

having a hi9h TBN, a low level of sediment, and a 

relatively rapid f iltraticn ra~e were o~tained when using 

maqnesiua oxides in accordance with the invention, the 

use of u9neaiwa oxides outside the scope of·. the 

invention led to unsatisfactory results. For example, 

Comparative Examples 5 and 7 show that unsatisfactory 

results were obtained when usinq magnesium oxides having 

citric acid numbers and surf ace areas close to, but 

outside, the limits specific in accordance with the 

invention. Further, Comparative Example 8 shows that, 

even when the citric acid number and surface area are 

within the limits specified in accordance with the 

invention, unsatisfactory results are obtained if the 

magnesium oxide contains a proportion of particles of 

siza less than 2 µm above the limit specitied in 

accordance wi~h the invention. lt should be noted that a 

product containinq even a very small amount ot qel is 

normally unsatisfactory because of the tendency of 

qelled materials to block the tilter. 

Example• 12, tp e pnd comporotivt1 Examplas 10. to 1!5 

The process described in Example 1 was repeated 

usinq different ratios of methanol introduced before 

carbonation: methanol introduced during carbonation and 

water introduced before carbonation: water introduced 

durinq carbonation (Examples 5 to S). (In each case the 

--·-----
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methanol usinq to facilitate neutralisation of the 

sulphonic acid is excluded.) 

The processes described in Examples l and 2 were 

repeated with the introduction ot all the methanol into 

the reaction mixture before carhanation (Co~parative 

Examples 10 and 11). Example 1 was also repeated with 

the introduction of all the methanol and water into the 

reaction mixture before oarbonation {Comparative Example 

12), with the introduction ot all the methanol d~rinq 

carbonation and all t.~e water before carbonation 

(Comparative Example lJ), with the introduction ot all 

the methanol and all the water before carbonation 

(Comparative Example 14), and with tbe introduction or 

some of the methanol and all ot the water durinq 

carbonation (Comparative Example 15). 

The results obtained are qiven in Table III, which 

also qives, for co~parative purposes, details for 

Examples 1 and 2. 

-------
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'l'able II.I 

\ Emnple or Meat lizO sediment Sediment Filt:ratiai 'mN - g I Cbrp. Bc. durirg di1rirlg ~ of DD of strip mte ug KWJg ~ I\ ~t.lon (l) carbDlti<n {%) ~ ('101. t) (vol. \) ~/hr . -8 
-.-.. 

:::c:: 
- ~ \ EH:. 1. 60 65 0.5 0.8 492 408 

0 

iiiiiiiiiiii g \ ~ EiC. 2 60 65 0.4 1.0 186 405 
===.a \ --l I Ex. 5 50 50 1.0 1.0 460 412 H: 

. ~-·IMt!r. •!' 

EK. 6 20 20 1.6 2.a 250 402 
I 

me. 7 10 io 1 .. s 3.o 128 403 ~ 
I EK. 8 100 65 1.3 1.6 153 407 

coat?· 10 0 65 6.5 8.5 - abandoned 

ca.p. 11 0 65 8.0 9.0 - blcclcad filter 

Ollf>• 12 0 0 13 • 0 abandoned I -l 

23 cxmp. 13 ioo o 2.0 3.o - bl.cc:ked tilter I en 

~ "'­::;:: 

l 
1 tI1 carp. 14 100 100 1.8 J.6 - blocl<ed "filter ~ til 

)"' -l 
""-""'· 15 60 100 2.0 J.5 - blcr:'ked filter I g ~ --t"' 

0 VJ 
------------------~--"'----- - ~'d 
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Table III demonstrates that satisfactory results are 

only obtained when at least part of the methanol and 

part only of the water are introduced into the reaction 

medium during cart>onation. 

Example g 

720 q of toluene and 365 9 (0.53 moles) cf a 

70 mass % solution of an alkyl benzene sulphonia acid 

(molecular weiqht 480) in diluent oil were mixed with 

through aqitation and heated to 22•c in a reactor as 

described in Example 1 fitted with a retlux condenser, a 

gas distribution tube and a temperature controller. 13 q 

of methanol were then added. There was an iinmediate 

exotherm. as a result of which the temperature of the 

•ixture rose to 2s•c. 154 9 (3.82 moles) of magnesium 

oxide A were then added. There was a rapid exotherm as 

the sulpbonic acid was neutralised, and tha temperature 

rose to 36•c. 14.5 g (0.069 moles) of octenyl succinic 

anhydride ware added as promoter, followed by 29.3 g ot 

methanol and 40 q of water. The temperature of the .. 

mixture was brought to ss•c and maintained at that level 

while commencinq, simultaneously, injection ot carbon 

dioxide into the 2ixture at a rate of 39 q/hour and .. 
addition at a mixture of 73.7 q methanol and 90 g water. 

The methanol/water mixture was addad continuously· over a 

60 minute periOd, and at a substantially constant rate. 

--------····--
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Durinq carbonation, tne temperature of the 

carbonation mixture was allowed to follow its natural 

course and slowly increased to about 1o·c and then fell 

aqain as the reaction subsided and the maqnesium oxide 

was consumed. When the temperature had fallen to 60'C, 

heat was applied, and the temperature was maintained at 

so·c until carbOnation was co~plete. When 138 q of 

carbon dioxide has been injection into the carbonation 

mixture, the apparatus was cbanqed from a reflux to a 

distillation c:onfiqurat:ion. carbonation was continued 

until 175 q of carbon dioxide had been passed into the 

reaction mixture. 

On completion ot carbonation, a sample was removed 

from the reaction mixture and centrifuged. There was o.s 
volume t ot sediment in the sample. 

While maintaininq tha temperature of the mixture at 

Go•c, 260 g of diluent oil,. also at 6o·c, were added, and 

the mixture so obtained was distilled at atmospheric 

pressure while introducinq a stream or nitrogen. When 

the diatillati~n temperature reached l65•c, a vacu~ was 

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

the last traces of water, methanol and toluene. After 

releasing the vacuum, a 50 ml sample was removed trom the 

stripped mixture and dissolved in 50 ml of toluene. The 

diluted sample was cantrifu9ed to show that 1.0 vol. t of 

sediment (PCS) remained in the stripped mixture. 

iliii[iimr 
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8 9 of filter aid was thon added to the stripped 

mixture in the reactor, and the mixture so obtained was 

filtered throu9b a pressure filter preheated to l6o·c and 

containinq 5 q ot filter aid as a precoat. Filtration 

was verf rapid, at a rate of 918 kg/m2/hour.· The 

filtered product was briqht and clear and bad a TBN of 

426 tl\q KOH/9. 

S:Omgaratiye Sxample 16 

Example 9 was repeated, with the introduction of all 

of the methanol and ~ater before the ooamencement of 

carbonation. The sediment level was ti vol. % before 

strippinq and 10 vol. % attar atrippinq, and the stripped 

product blocked ~a tilter, showing that satisfactory 

results are not obtained when all the methanol and water 

are introduced before carbonation. 

ExAZGl• 1.Q 

Example 9 was repeated with the tollowinq chanqess 

360 q of a sulphonic aoid solution as described in 

Bxampla 1 were used' 

151..3 q c·f maqnesium oxide A were usedt 

a mixture of 10 9 of formic acid and 13 q of 

acetylacatona was used as promoter; 

the charges at methanol (excluding methanol used in 

tba neutralisation step) and water before carbonation 

were 20.6 g and 27.5 q respectively; 

1i~iili~f 
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the a~ounts of methanol and ~ater added durinq 

carbonation were 61.9 and a2.5 9 respectively# 

the initial temperature tor carbonation was 4o•c, 

and the temperature increased to about 65•c before 

fallinq to 6o•c, where it was maintained for.the 

remainder ot the carbonation period; 

267 q of diluent oil were u~ed. 

on completion of carbonation, a sample contained 

l.O vol. % sediment. Af~er stripping, the sediment 

level was 2.0 vol %. The filtration rate waa 

210 kq/m2/hour. The product was clear and bright with a 

TBN of 403 mg KOH/g. 

Conui1rative ExaJJ\l')le 17 

Example 10 was repeated, witn the introduction of 

all the methanol and water before the commencement ot 

carbonation. The sedi•ent at the end of carbonation was 

a vol. '' which was unacceptably high. 

ExaRQle U. 

Example 9 was repeated witn the following chanqes: 

360 q of a sulphonic acid solution as described in 

Exanple l were used; 

24 9 ot neodecanoic acid were used as promoter; 

the methanol and water charqes bef 9re carbonation 

(exoludinq methanol used in the neutralisation step) were 

17.5 g and 27.5 q respectively; 

-----
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the methanol and water charges during carbonation 

were 62.5 and a2.s g respectively, 

the methanol/water mixture was added during the 

tirst !JO minut'es ot carbonation. 

on completion of oarbona~icn, a sample contained 

o.s vol. % sediment. After strippinq, the sediment level 

was 1.6 vol. %. The filtration rate was 321 kq/m2/hour. 

The finished product was briqht and clear with a TBN of 

407 mg I<OH/q. 

comparative 1Xnmpla 1a 
Example 11 was repeated, with the introduction of 

all the methanol and water before the commencement of 

carbonation. The sediment at the end of oarhonation was 

13 vol. t, and the experiment was abandoned. 

Example 12 to 14 and Cgmparatiye Exara;les 19 and 20 

Bxampla 9 was repeated using varioua amounts of 

neodecanoio acid as promoter and, in some cases, 

introducin9 all the methanol and water into the reaction 

mixture before the commencement ot carbonation. 'l'he 

amount of diluent oil added durinq distillation was 

varied dependin9 on the amount of .decanoic acid used. 

The results obtained are sWIUllarised in Table IV: 

llfiii1ii ~or 
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Table IV 

Example/ Comp. EX. Exau1ple Example Example comp. Ex. 
comp. Ex. l.9 12 13 14 20 

Neodecanoic acid (g) 96 48 24 12 12 

water before 130 40 40 40 130 

-~ I car~nation (q) __ en 

-Cll 

\ 

!!!!!!!!!! if Methanol before 102.5 29 29 29 102.5 
~~ carbonation (q) tr1 iiiiiiiiil'.Il -I» -cn 

\ 

=tti Water during 0 90 90 90 0 =o -o carbonation (g) 1· 1

1 

-=i 
iiiiiiiii ~ 

I 
' . ' --o 

->o Methanol during 0 73.5 73.5 73.5 0 ~ --_.,, 
Q) --o carbonation (g) 0 

Q. 

Sediment after 0.6. 0.25 0.4 1.l 10 
carbonation (vol. '> 
Diluent oil (q) 200 260 260 276 Abandoned 

Se4iment after l.2 0.4 0.6 1.4 Abandoned r ;! 
stripping (vol. \) I en 

I (/"J 
:;;:i-
tTI ,.i.. 

Filtration rate 295 2360 - 484 Abandoned \ ~~ t:\1 - (!) 
(kg/a2/hour) >~ 

() :::r: 

TBN 405 414 415 412 Abandoned \§~ (mg KOH/g) rr:! 

~ 
Kinematic - 107.4 - 77.7 Abandoned 

·viscosity (est)* 

-
~ l est = io-6 m2/s 
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Table IV shows that the addition at part of the 

methanol and water durin9 carbonation made it possible to 

obtain satisfactory results usinq greatly reduced 

amounts of the promoter. 

sxample 15 

Example 9 was repeated with the followin9 changes: 

28 q ot an ethylenadiamine carbamate solution, 

comprisinq 35.5 mass % water, 35.s mass t methanol, 

16.B mass % ethylene diamine and 12.2 mass ' carbon 

dioxide, was used as prcmoter1 

the charqes of methanol (excluding methanol used in 

the neutralisation step) and water before carbonation 

were 20.6 q and 30.l g respectively; 

the tenperature of the carbonation mixture at the 

commencement of carbonation was 4o•c; 

the a•ounts of nethanol and water added durinq 

carbonation were 61.S and 90.2 9 respectively; 

the total amount of methanol in the system 

(including the methanol used in the neutralisation step 

and that in the promoter solution~ was 105,3 g; 

the total amount of water in the system (including 

the water in the proaoter solution) was 130.2 q1 

the methanol/water mixture was added during the 

first 90 minutes ot the carbonation period. 

On completion Of carbonation a sample contained 

o.G vol. t sediment. After strippinq, the sediment level 
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was 1.0 vol. %. The filtration rate ~as 450 kq/m2/hr. 

The finished product was bright and clear with a TBN of 

431 m9 KOH/q. 

Comparative Bxomple aJ 

Example 15 was repeated, with the introauction of 

all the methanol and water into the reaction mixture 

betore carbonation. The results obtained are qiven in 

Table v below. 

coJDRArAtiye Example 22 

Comparative Example 21 was repeated usinq 57 q of 

the promoter solution and with slight variations in the 

methanol and water charges. The results obtained are 

qiven in Table v. 
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'.J:Able \! 

~le/ ~le 15 catp. i:x. 
Q:ap. Ex. 21 

Pt'Cllllter . 28 28 
SOluticn (9) 

Initial DVJthanol ( 9) 13 13 

water before 30.1 120.3 
cartlOnatia'l ( g) 

~mtore 20.6 82.4 
carbcnatiat ( 9) 

We.tar durjn,J 90.2 0 
cmtc:Mtiai (9) 

Methanol during Eil.8 0 
cm:b:natia"l (CJ) 

'Ital methanol (g) 105.3 105.3 

'I\'Jtal water {9) 130.2 130.2 

Sedjment after 0.6 s.o 
carmiatim (vol. %) 

sediment after 1.0 10 
strlR>inl (wl.. t) 

Filtraticn rata 450 Filter 
CklJ/m2Jmr) bloc:1csd 

T!!N; 431 
(JllJ laf/9) 

THIS SHEET HAS BEEN 
REPLACED 

~·EK. 
22 

57 

15 

110 

80 

0 

0 

115.2 

130.2 

1.0 

1.3 

823 

435 

Table V shows that the addition of part of the 

methanol and water durinq carbonation made it possible to 

obtain satisfactory resules using a greatly reduced 

amount ot promoter. 

-------
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l. A process for the production of an overbased 

maqnesium sulphonate which comprises carbonating a mixture 

comprisinq: 

(a) an oil-soluble sulphonate and/or an oil-soluble 

sulphonio acid; 

(b) magnesium oxide in excess of that, if any, required to 

• react completE:ly with (a); 

I 

(c) a hydrocarbon ~olvent; 

(d) water; 

{e) a water-soluble alcohol; and 

(f) a promoter, 

the maqnssium 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 method of less than 12 m2/q, and the particle size of 

at least 92 volume \ of the maqnesium oxide beinq greater 

than 2µm, 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 introduced before carbo~ation but excluding 

water generated by chemical react~-ons, being at least 

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

2. A process as claimed in claim 1, wherein the 

ma9r.esium·oxide has a citric acid number of ·at most 700 

seconds. 

111111111111111111111111111111 
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3. A process as claimed in claim 2, wherein the 

magnesium oxide has a citric acid number in the ranqe of from 

200 to 600 seconds. 

4. A process as claimed in any of claims l to 3, 

wherein the ma9nesium oxide has a surface area measured by 

the BET single point meehod in the range of from 2 to 

10 m2/9. 

5. A process as claimed in any of claims l to 4, 

wherein at least 94 volume \ of the maqneaium oxide has a 

particle size of qreater than 2 µm. 

6. A process as claimed in any of claims 1 to 5, 

wherein the magnesium oxide baa a purity, as measured by EDTA 

tritration, of at least 95 \, 

7. A process a.s claimed in any of claims l to 6, 

Yherein the total amount of water introduced into the 

mixture, including any introduced before carbonation but 

excludinq water qenerated by chemical reactions, is at least 

l 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 introduced 

water is present in the mixture before commencement of 

carbonation. 

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

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

1111111111111\ lllll 1111111111\ 
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alcohol, exeludinq any alcohol used when neutralising a 

sulphonie acid, if present, is introduced intc the 

carbonation during carbonation. 

10. A process as claimed in any of claims ·1 to 9, 

wherein the water an~/or alcohol introduoed into the mixture 

during carbonation is introduced substantially continuously. 

11. A process as claimed in any of claims l to 10, 

wherein the water and alcohol introduced into th~ mixture 

during carbonation are introduced toqeeher. 

12. A process as claimed in any ot claims l to 11, 

wherein the· water and/or alcohol introduced during 

carbonation is introduced over at least the first 20 i ot 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 aclds. 

14. A process ae 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 magnesium oxide having a citric acid 

number, surface area, and particle eize distribution as 

specified in claim l to give reduced sediment in a process 

for the production of an overbased magnesium sulphonate. 

11111111 mill Hiil 111\1 ti 1111 
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