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prepaxation of overbased nagnesium sulphonates

The present invention relates to a process for the

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

heet Has Been Replaced

Hllll\\ MO



_~_____---l-!:::ﬂ::"“ZT________

-G e

.~-w*"a er based- magfiesi'iim sul phonat es ‘bescrlptlon The
mertion relates to a process for the producti on of overbased

pr e SEEEa
m51£Jr198|ur71sulphonates and to over-
-2 - THIS SHEET HAS BEEN
REPLACED

the corresponding calcium compounds, and processss
proposed for preparing overbased magnesium sulphonates
have involved varicus gpecial 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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: *=gneSPuﬁfsquhonates prepared by the process. The overbased
f‘igne3|un1sulphonatas prepared by the process are particularly useful as
additives for oil-based conpositions, especially lubricating oils, and the
invention also relates to oil-based c®npoSitions c nﬁ@g@hggryhe$eami

over based netal sul phonates. Over based magnesi um sul perongees ar ef wel |
known, as is their use as additives in oil-based conposttTons, Tor

crampie, | i, Weoersoath Lycla MG abkal gtallihorgan.s ond

acid neutrallzers ereby r sTon an en ‘used in

engi nes, exigdiizh SpHdEriddeiof e SVEEBasss APtghién! ehalasea Often

used for the sane purpose are overbased caIC|un1squhonates Many

processes hgoatiovouy AT QirRave UstH8e8 s RAGcBrfvighonat es of cal cium
and magnesi um the pre-

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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si-gener al ¥ invol ving the carbonation, in the presence of an
or diluent, of a mxture of an oil_-soluble sul phonate

= an oil -sol ubl e sul phonic acid and an, excess| ofiisesHEBIMANSEEDS | t he
desired netal above that required to react with ' > .kt is
known t hat overbased magnesi um.sul phonates are in I cult
to prepare than the correspondi ng cal ci um conpounds, and processes proposed
for preparing oggg?gﬁgqcnggid'nggﬂgpéaﬂ[gygaug&bﬁtnuninvo!ved vari ous '
speci al neasur &, 10 exanpl e, the use of particular reaction conditions
and/ or the i ncgpRON3BOGA,0Wndth elaiwe tnalivsamet subsactien sysbtemhe

m xture to be carbonated such additional sub- stances including, for
exanpl e, wat er coakadhdhg, waterpr antheto g \ketona, andmne onrgove the
previ ously proposed processes also, or alternatively, require the use of
nmagnesi um i n arpettionepyorotersy seleatied Hrux e Jroup t¢ensisting of

carboxylic aclds or salts thereof, amines and C4 to Cg

ans

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 Czg 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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@riions or steps in the preparation of _overba Regnes it BifNphonat es
¥°U.S. Specification No. 3 629 109, which &iscl '
carbonation process, U S. Specification No. 4 129 clainms the
use of specified tenperature conditions, of the additio of additional

wat er and al cohol [ ' a ' § Ni Ng
"I'ight" (active) rr?g%eisr? ui?é‘%‘i‘?%é?oﬁ‘%?@gg%?’??%% maltdrdaTe e DL D |
clainms the use of iddee e dePEl AL NESA 2BApREIRAONSOBR R agar bon di oxi de

when car bonat i #8 m Xxture contalning "activated" nmagnesi um oxi de, U. S.

Speci fication ai\@nri@agr]b}%%azmm £462E"bec 10ARANia6ide WA b ifiree

carbonation r ich refers to the preparation of overbased
additives as "2 ggdiment. The product obtained at the end of

carbonatfon in processes for preparing overbasead
pagnesium sulphonates will contain some unwanted material
(normally hard sediment and/or gelatinous material formed
during the overbasing process). Prom an economic
astandpoint, 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 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

I
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conpl ex mly unpredi ctable art”, British Specification No. 2 135 330
A, whi chgctai ns a continuous countercurrent process, and British
Specification No. 2 036 781 A, which clainms the use of speciffed
carbonation tenperatures and proportions-of carbon "#ﬁi' e PasGAlEROpat i ng
a mxture which includes a CJerr] to (Jerr] alcohol jofa ﬁggﬁi;;o g err]
ket one. Exanpl es of prior specifications directled—p+rartty—to—the use
of additional substances in the m xture tq be carbon- ated are U S.

Speci fication Nmlumesf 1i3%s némctich ambrttire.us@wheh eompasiingn ni xture
contai ning water, an al kanol, and a conbi nati on of specified first and
second pronntem§°n9§§iQﬂﬂx9¢iﬁﬁﬂimﬁnﬁbin3dgltezaet BYESAS) ail¥s i8he use of
a pronoters system conprising a hydroxy-containing conmpound and a salt of
boric acid and iSpentaiHatthat khechrdgE . bai eatsulatedoPRaFPAPALERLS ni ng

from2 to a carbon atorns, U.S. Specificatiqn No, 3 85% 774, which claim
t he use of systems, preferably 'stripped® systems iree 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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ar on m xture containing water, a | oweral kana/ and napht heni ¢ aci ds,
Bri ®sh Specifications Nos. 2 037 801 A and 2 037 310 A which claimthe
use#o0f reaction mxtures containing a CJesry to C[err‘,"ﬁﬁ&,ggwgqﬁmaw
Cerr] to (Jerr] carboxylic acid respectively. BritishréﬁeﬁgﬂAéﬁj(N1 .2

175 598 A. which clains the use of a reaction system
al cohol. a first pronoter conprising a succinic anhydride or a derivative

t hereof and a éégﬂﬂgﬁﬁﬁﬁtkﬁﬂhigharfﬂQﬁAm@mhtheﬁebsa%?dtéﬂdeﬁdwﬁgeph§olubIe
carboxylic acid E rop%gn Speci fication No.13808A. which clains the use of a
reaction syst effE Oy 8hefethan do procesess  FPrBYSRUCIAHY one or

B sy
spect 11 catlon Mon Tl Ae, MURAuld L £ EATREORRC S5y SRRERPECC 00,

387, wherein thgvels 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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rﬁcﬁ ‘'m xture in the clainmed process conprises water, alcohol, a first
pFonmoter conprising a Cferr] to (Jerr] sucgiQi ¢ anhydr i-de—ei—geri-vati-ve

t hereof and a co-pronoter sel ected from naphthenic aci?'%ﬂﬁsﬁﬁﬁbFéPB§5¥uble
carboxylic acid Anong prior specifications disclosiing t HEPLAEEDS
particul ar sources of magnesiumare U.S. Specification No. 3 1 50 089,

whi ch requi r espfRaned™ Hran®! he 2fowéat! vaTugngaoted. 16 3% .SpFuritheat, At No.
4 225 446, in which the clained processes start from a magnesi um sul phonate
havi ng a Tot ali Baskedy him | theXEestpPésabpuspdd@fitasicfpeci fication No. 3
865 737, which requires the use of magnesi um oxi de having a buk density
correspondi ng Nan. a4 Bl Zi X3S that nehect aPO8cvailupsl vaparsed 1000w r] C (t hat
is, "light" or "reactive" magnesi um oxide), and U.S. Specfications Nos. 4
129 589 and 4 spEcifixatigrrare basedoon, thet reartipncpiztare befarge of

active magnesi um oxi des.
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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cort ant that overbased materials to be used as additives tor
Fised conpositions such as lubricating oils and fuels be clear |iquids
amd be free of sediment. The product obtaithed at the[ g @re¢alAofaN ¢n in
processes for preparing overbased magnesi um sul phonal es W@Lh A ain ?one
unwanted material (normally hard sedinent and/or gel'atd or med

during the overbasi r ocess From an econom ¢ st andppi nt '
desirable to g @ %fpsre@ﬁmtt ﬁé%impﬁn%mﬂ %’?rﬁﬂr\} B?eferabl y

by Nitration, | esl g hat the anount of sedinent to be
renoved be a|?§gg§&k§%§3§ssgﬁﬁ %i m%ﬂqrunm material is present this

wll tend to inhi bh: o, g0r ?%%gffikél%,g’f%&y plé)é:g -{)?,e Ee&iﬁéfi?gbe gre

purification by niftration i desira at t
effected as r3aadleds POEhePBSS, &« 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
are only a selection, there remaing a need for a process
suitable for preparing such substances, particularly
overbagsed 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 felatively 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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PR<! ar ge anmounts of sediment are present, the sedi ment nust nornally
PEvoved by centrifuging rather than by filtration, aﬁ% Iﬁ%'

an®ant s of sedi ment nmay have a tendency to bl ock filterls % SN
carried out on a large scale, this tefdddcy being part.ou.a.

S

ked i

t he system contai ns gel ati nous material forned during the over- basing

process.

(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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pet On of sediment in the reaction mxture imredi ately after
ation (that is, before centrlfuglng or f||tratLQnJulJ4ﬂnnu;—f—T
e nt) is usually known as the "post carbonation-sedirHSEHEETGIAS" Bty
ahd is normally expressed as volume % PC32ased on the voRERRAGD t he

reaction m xture. \Wen conparing proportions of sedinment in different
systens. it is inportant that the % PCS be cal cul ated on conparabl e

f f ! ' :
ot e 28R bl SRR LLBELERT o BN, KPURLE By BBsAlA
reaction mxtugg 88" thue imdy) ﬂ¥¥ﬁ¥;fﬁaéhﬁ%éeéﬁibﬁgnbata&@hcerare not

required in the final overbased product sone” processes these volatile
material s are galphomated wtdn-élidﬁbI@ImVﬂ' nfithbe 6gdsiBBtanaed the %
PCS reported is thus based on the volume of a reaction system which stil
contai ns the vgblectedmtron dil-dulutile GWIpnohitcactiisuanlli oflkolable
possible to arrive, for

sulphonates may, 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 a 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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§¥s on pur poses, at a value for the %PCS in a national systen1free

is?”e volatile materi al s. It is normally desi raht ed
Werials to be used as additives f or -0i1l3 Based conpogi I%ﬁgi% §X§%EP€
el atively high basicity. since this results in the f ecoReH-6—use—of

he nmetal. The basicity is usually expressed in terns of t he Tot al Base

Nunber ( TBN),, of tge roduct, the TBN bei ng the nunber of n1lllgrans of
pot assi um hyBPES Qﬂiﬁﬂqgﬂmﬁﬁnﬁﬁ&ﬁm.Qxéﬁoohavﬂeap¥%h%Eivﬁb¥n Vtrating

gitregsftroggnsgkxfg (igiﬁégiﬁ tlons |t |s refe g%?ég’ﬁ? TBN be
novever, 11 oROENETy Bfte?%%ﬂ‘*ﬁf i %xaﬁ% FéP aﬁ*ﬁﬂ?g@éﬁfé& gﬁatTBtNhe
o ppomanlthe i R, PO AR
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 hersein, the citric acid nunber 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 ml of a citric acid solution containing
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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gitively low sedinent |levels are to be obtained. The use of hi
s of pronoters is in general undesirable on, }nggggmﬂBAS@E@‘onic
#ounds and/ or because the pronoter inparlslyngesir:o r opEenCeR to_a
ilnternmedi ate or final product. Thus, for eXxanple, ilr—st ases a high
l:evel of pronoter may | ead to a post-carbonation product of high viscosity
which can only be filtered relatively slowy. Many of the processes
described in the prigheaBer 8inkhe PoSRY HdtPdOEoRY tichaued ngaghesi um
sul phonates involve the renoval of substantial quantities of sedinent,
predoni nant|y usuefatedaregsesifupasticuilageaictiidsl 45 deScriped in ftheati on
No. 4 192 758, for exanple, indicates that "nmuch of the oxide ends up as
undi spersed sol Joumhadhoifs Adalytdichl Chenmiigtnyr, Volt. i26.sR¢-ed /i Pages
Specification No. 4 617 135 t'hat the process described therein kes it
possible to prodddeto 735 (1934) - 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.

9 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 ccmparéd with the mass of the original sample

to give the percentage purity. ' L
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si um sul phonates having "extrenely | ow post carbonation

ut it is apparent that, although the levels of sedinent may be

d with those obtained in prew fsly proposed-THLrIGES Bey| are
latively high. Thus, the specification indi c@é‘?ﬁ%‘zggé‘*@f#cs

; ed by the present reaction is generally less tRan-5—0% '

g reaction mxture", and the | owest value quoted is 2% Further, it is

cl bar fromthe ExanpPEshygrocgeboni salventNused $a7thescepke o} PCS

val ues reported, ip the,specifjcation are based on the reacti m Xt yre

befgrﬁ heaﬁing”#ﬁggf?iﬁsvﬁlﬁf Y?“SngtW0é§hs&Bﬁ E?lﬂﬁPEiF ﬁﬁgﬁaﬁg? %ﬁ@
tha. T % { t '

materiai s w11 SKEERFERATpRERSHARL U Rca® ToaRs pRTERS2ANCBUTREIR Candy o

the % PCS of 33@ QEQhctn bR E%ﬁgﬁ#g§éa?gﬁ§gﬁ%'E Ci%bgptﬂa-mﬁx@%%el%iuihor

exanpl e, approaches 10 when ca € basi's a system
during carbonation. The solvent is advantageously

7By —Vv-Ortf of

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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yn vol atile additives, and a % PCS of 2 approaches 5 when cal cul at ed
§ane basis. Brltlsh Speci fication No. 2175 598 A

i |y concerned with overbased nagnesiﬁnlsul g AshBEENe | hi ghl y
pat er-tol erant, and which do not rely on the pres 4 Qrpgg@n)sul onat e
Eor mat i on wat er-tol erance additives to enabl e the e Cunm ns

fest, refers in passing to the nmaintenance of "m ni mum post carbonati on
bedi nent” but the Thactot¥lPaBounpoofedattar? LhkroBuaspl ¢ntp, the remi ning
Exanpl es quoting % PCS val ues of 5.4 (when n- octenyl succinic anhydride

was used as prdKturs) ﬁocguéingtaavpéaKSOHMGmﬂthefQEFaFPibeﬂaFﬁg Ss
I mredi ately preceding the Exanples that the quoted ééggsaéglues be the
val ues bef or e@3FRREH Eg"?t?ﬁ'eﬁénﬁé'ﬂﬁédt é@cﬂd&@ s it

ossible to obtain products which contain si nlflcant | exel s of
gedinent aftegasptiggpﬁg .5 mole, advantage usly at E%ae@el ﬁgﬁe, 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

9 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
discussed in.mora detail helow.

As examples of sultable water-soluble alcohols for

use in accordance with the invention theré:may be
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,j?tn be purified by rapid filtration. In U S. Specification
737. sedinents are neasured by the B.S. & Wtest and are reported

_yAVppt/ 100 g. product, and it is stated %hat ma ki?ﬁ%gﬁnm¢mrﬁh S. &
val ue of up to 10 % can be used comerGi & l'y sing &g ACER W val ue
carg be inproved by centrifugation and filtration. T W

ue quoted is 0.6 % but this is for a product with an acetlc base nunber

only 320. As pghtiioNed 1Mt a IITHRRITE S QIS TE, b | DTkdiol@] eahd! S

wi th higher TBNs woul d be expected to result in S|gn|f|cantly hi gher | evel s

of sedi nent nixthhres GF Avb 438 méee IF sfech-dbalibiuiiis, winskedwothde
af orenenti oned US-A-4 617 135, US-A-3 865 737. and FR- A-2580 291, descri bes

the use of nmagnemiximumnimimhex lofa dampbon tomsdsl yewdEly dtutnesths,
reconmends t he )
Examples of suitable alkanols are methanol, aethanol,
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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= P ve or light MpOin the process to prepare an overbased
sul gBTat e. Despite the numerous previous proposals for preparlng
ovefbased nagnesi um sul phonates, of which the proc- 9 N the
spegifications discussed above are only & 1@l ecti on. fﬁ§$ ib h§§§%ghn
forfa process suitable for preparing such substances,
over based magnesi um sul phonates having a relatively high TBN. I n which
relatively | ow | evel s of post carbonation sedi nent can be obtajned
(preferably w tifgkude thaecass whens fhe cater oarnqyfmlmhog /are

I I f f th '
el at ey rapld LAl G O SIS SO LSS L PO IR 1S

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
9 same sediment levels using a reduced amocunt 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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:ﬂﬁppllcants have surpr|5|ngly found that the use, as the source

g um  of magnesi um oxide of relatively |QMLLeae%ﬂy#f =
on syst em whi ch conpri ses, anong Ster. conﬁdﬁﬁﬁP‘s‘Lr jé #“5hd| a
EFsol ubl e al cohol, In combination with The intrloduct RER J¥n4—j

th& water and at |east parl of the alcohol, into the m xture durlng

caﬁbonation,

and in sone

makes it possible to obtain overbased
of hi gh TBN whifyomad®e tat2eobly ppecéxBbSyvabues, 70yQically | ess than 2 %

magnesi um sul phonat es

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

————

e ———
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®than 1 % based on a reaction systemfree fromvolatile

, and which can be filtered relatively rapidly typically at a
at | east 150, preferably at |east_ , - and eqdPagk aukyT alks Issast | 250,
gYil err]/hour when working on a large scale, thesd resukgsaosbng
t ai ned wi thout the use of unacceptably | arge proporttons—of—pronot ers.
The products may al so have relatively |low viscosities. The fact that very
| ow anounts of cmspositionydependiabActhi tpeoiiaotpostition md riant i on
I s advant ageous from the ecol ogi cal viewpoi nt when working on a | arge
scal e, as therepropésed applicativfneri Altbackhdve srankdase lubricRtdng
present invention provides a process for the production of an overbased
magnesi um sul phohks cprdf ehabbyn coptasnsCcanLbokax iSngpagsni®xodr &heonpri si ng:

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 then in the oil at -

the desired level of concentration. Such blending can
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f§530|l- oi ubl e sul phonate and/or an oil-sol uble sul phoni c acid;
= ragnesi um oxi de in excess of that, if any, requirefifR dipaetncorgietel y
pth (a); (c) a hydrocarbon solvent; (d) watler; RepLA@D a
at er - sol ubl e al cohol ; and (f) a pronger- -

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

e
—
e et
e
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¥CSi um oxi de used to prepare the mixture having a citric acid nunber
'ei nafter defined) of greater than 200 seconds and a —af ea
fesured by the BET single point method_oh,less thanf ﬁgmgﬂHﬂM@ﬁB%#%lthe
firticle size of at |east 92 vol une % of ?he magnest um oxigteAGER n
(geaterthan 2 [err]m and part of the water, and pre at | east
® the water-soluble al cohol, being introduced into the m xture during
chrbonation, thealoballimgupoint wange il Hetwebic bout @A hendri 50 UF e,

i hcl uding any introduced before carbonation but excluding water generated
by chenical réaberéns? BEEN30aC)| andyor Whosd ¢ imal eid ioig tpelakciss
specified in &b). The invention also provides the use of a nmgnesi um oxi de
having a citrip tHhe FaRGeLOL 680r tac F00 '™ (akbyrdli&|t® A% @) strbution as

speci fi ed above to %ive reduced sedinent in a process for
OVerbased magnesium sulphonates prepared in

part

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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%5 ati on of an overbased nagnesi um sul phonat e. The sul phonat e

s

STl phoni ¢ acid used in the process of this invention may be natural or
$/ht hetic, the synthetic al kylaryl sul pho_ng4es_ and Byyphaid= B gseNei ng
¥ ef erred. The overbased magnesi um sul phonat'es wi t hj whi clgbbA@ep nventiion i s
goncerned conprise an oil solution of the magnesi unrsutphomate whith act s

a surfactant to disperse collidal magnesium derivatives, for exanple,
magnesi um car bonat e, Mowe dspadilf fra Ivyl] ONASEralt 1iBri8atihgpoilabasehat the
sui phoni ¢ acid or sul phonate be oil-soluble. A m xture of substances

sel ected from citocks whics ubehdre used dsaprndeostrabigbtl miserphonat es may,
of course, be used. The proportion of dispersed colloidal nmagnesi um
derivatives SLmiuhniﬂﬁﬁﬁnsiaikcﬂwtﬁtmtﬁllmtéded&ﬂﬂ#ﬁd fiyamoparaffinic,

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

e
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=1.h& over based nagne5|un1sulphonates determ nes the basicity of the
=rs. The magnesi um oxi de used as a starting materjal is used in an
Junt sufficient to give the desired TBN in the prmﬂﬂﬂSHB&hﬁﬁﬁé@@busly,
§c nagne- siumoxide is used in a totaf 8Bamtity cprresBBACAGED to 1lto 45
¢ eferably 1 to 25, equival ents of magnesi um for each equival ent of

sfl phoni c acid: where nagne3|unloX|de I s added to a system al ready

<l phoni ¢ aci REASE T4 RHSRY me¥ A&%ﬁ%@m%ﬁ%@%e@%%%ﬁ i

the above fIgHBﬁP gibnﬂfakae ERdRe ﬁgtéFﬁiﬁgg be added to

the reaction SYyS uring caropona I on cat ove,

| mpor t ant fea&Hﬁngéo&he paaaeapegn gy s¢srawmaéira@9e68|un1OX|de of
relatively Iom1react|V|ty al's cate above many of the previously

proposed proceanepitersyhbikidatyenbaned HIRGIeS Weiction 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 overbased 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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ES speC|fy t he use of relatlvely reactlve forms of nagne5|um
ommonly known as "light", "active" "caustic burned" nagne3|um

o These fornms of nagne5|un1OX|de ha&g a r el at invedy—-ow—-d UDHJ.L% iand
§ atively high surface area. in contrast “®o™ heavy’ BHS SHEBRHASBEEN lor s

magnesi um oxi de. which are relatively dense and ¢f_rel B#H-0&FY | ow
ir face area and tend to be relatively inert chemcally The nagnesium

oxi des used in accHepresantdtlvd edieldés 0be aE@i eBYy vhsdbediepan "l ight”

al t hough not all heavy magnesi um oxi des are suitable for use in accor dance

with the invenjdditiers si® ipudiyisalshtybmes, tdepobymers Lot cethiekenai &ndl e

for use in accordance with the invention have a citric acid nunber (as
herei naft er dejpopylend, Folymethdary Xxtes ¢ coetiacryl ate ucopeymers,

measured by the BET single point
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.

= corrosion 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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gt [eesothan=t2-n{err|7Tgy." the paricle size-of-at |east 92 vol ume %
@R Tagnesi um oxi de being greater than 2 [err]m As defined herein,
#Cltric acid nunber is the tine in seconds required to neutralise, at

.{gérr]c, a stirred nixture of 1.7g of the magnesi unexige-—to0T—vater,
d 100 M of acitric acid solution contatmhg=26 g TS &qp C'%&T@Eﬁc{;ﬁydrate
$1d 0. 1 g phenol phthalein in 1 litre of aqueous sol utign.= [ F-altsatli on

8 i ndicated by the mixture turning pink. The citric acid nunber of the

gnes| um oxi de usedolaatsBhidnhinltbls!,"Br Mrtlb:dAantsl L RRRI LN Y 2!
tendency of mineral oils to detariorate 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

S
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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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= 1 onds, and is advantageously in the range of

- 200 to 600 seconds, preferably The BET si ngI e p0| nt nmet hod for

asuring the surface areas of particul ate29okids i s desett uc
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accor dance “‘t@ob&%uh@%ﬁwﬂdyhdéséﬂéﬁﬁ‘gucn, 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
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
temperature of about 70°C to about 200°C. Tenmperatures
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
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[err]m Advantageously, at |east 94 Vol une % of gthe nagfﬂsi“nwnxi e

a particle size of greater than 2 [err]m The néﬁﬁé%&@ﬁ#@ﬁﬂﬁ@Nured
ifn accordance with the invention preferablysgas a puri tiy, asRE iPed by

DTA titration, of at least 95 % In the EDIA titration nethod, a sanple
at the magnesium oxide is dissolved in dilute hydrochloric acid, and the
solution is buffered.in a pH of about 10 and then titrated with a solution
of the di sodl um*e4BR%PLthe soppedtt animethet £ tnak tWREERACEN he di sodi um

salt forns a conplex t.h the magnesiumions in the solution, so that the
concentration oF°ﬂﬁﬁ%¥5 i ons can be calcul ated fromthe amount of the

s conpar ed wi -t he FTASELo Madlihegm-And FHFL CPRTTL HENHR  Whhh gere

P e B 57 Y ot hss LRt RR SRR 0P 488 LAY 81 °
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

y 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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g=phonate are at |east partially soluble, and is used in an anmount
=sufficient to keep the m xture fluid during carbonation. _The et
advant ageously vol atile, preferably with a boiling pdipisaHEET HOSFHE
pressure of below 150[err]C, so that it 8&n=be renpjed af RERLAOEE
conpl eti on of carbonation. Exanples of suitable hydrocarbon sol vents are
al i phatic hydro- carbons, for exanple, hexane or heptane, and aromatic

hydr ocar bons, r I e...tolueng or Xx , r
" sol vent bei ngatggl'u%wélﬁgg %@tﬁﬁerﬁﬁa‘ﬁ@%ﬁ#'ﬁﬁpﬁ%?ie%hgoféggggggan be
used is an ad aRee s0 | O SRPES geh are
restricted tobg%e or st%?&ﬁﬁlgﬁﬁea%%’nﬁgpﬁ\%% S uggﬁcﬁlgn anount
of about 5 paphya¥id@ass per part by mass of the magnesium oxide. As
wel | as the hydroOcarbon solvent, the carbonation m xture nay conprise a
non-vol atile dilueth geher®l, ¥AWdle dispersants {nclude oil soluble

o

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

*F' formed by condensing about 1 molar proportion of a long

2 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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= 0i |, although the use of such an oil is not essential. In the
#s of the invention a non-volatile diluent oi is preferably only

f such an oil is present in the sulphgnic ac| drés SEEHTNGASTRERN ijal

Pt hough the addition of diluent oil after the coppl et IRERL&CEEar borjati on
Ry in sone cases be advantageous for facilitating handling of Thé product.
e total anount of water introduced into the m xture, including any
troduced bef ghasatariated estoruiofevdnyd gl comiromena-at®al C¢rgsitu by
chemi cal reactions, is at least 0.5 nole, advantageously at |east 1 nole,
per mol e of t hansatirateda FOnc~GaTbaxil {¢ hasid I thCaeemSiambRi de
available to formcolloidaily dispersed basically-reacting prod- . ucts).
Advant ageous| y carbexydis aghdumitdy amtunsaturatad gl tregenneonsateing

nol es, and preferably does not exceed 2.5 noles, per nole of overbasing
magnesi um oxi deononer 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 Cyq
unsaturated nitrogen - containing monomer thareon 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.

t

\

t Exanples of dispersants and viscosity index improver
E dispersants which may be used in accordance with the

{
i

invention may be found in Eurocpean Patent Specification

r e m——b AL e

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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Y the water it introduced into the carbonation m xture during
E¥Onation, part being present in the mixture before comencenent of
' bonat i on. Advantageously, 10 to 90 mass._%) and pr el Sit®BPEBOHAD RBON MASS
¥ of the total anount of introduced .water, ?S‘prese1t i n REPEAGEIXT ur e

bf ore cormencenent of carbonation, and 90 to 10 nmass % preferably to
49D mass % of the total anmount of water is added during carbonation. The
st appropri at @#@Qmmfoilknrm@ppﬁﬁggh?i wggg pLesent before
commencenent of carbonation to the proportfon a 8 Gring carbonation will
vary fromsystemto SPReME e atovs-dei el Sha@Jald1 £ OVEENeaRX PEEVIRE! 4
The manner in ngg t he vxater Is introduced into the m xture during
carbonation is & Y Y @fisatd; behed. for exdEpEyana! §§n?le5Ui tabl e
wat er - sol ubl e alc%ﬂggs for use in accordance with the 1nvention {here may
be nenti oned additive may act ag a digpersant-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:

s v
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' n- propanol ,

' sui tabl e alkoxy al kanol is nethoxy ethanol.
| east part of the al cohol
tcar bonat i on.

- T - —
e e -

4

is preferfed. ABPIAGH| e of
As indicated above, at

but anol and pentanol . Met han

‘mass % of the total anount of al cohol introduced (this "total ampunt"

excl udi ng any al cohol used when neutral i si ngBaoad) phoni c{BEpBerredpresent),

I's introduced during carbon- ation. The nost appropriate ratio of the
proportion of RetergentafRust butibitepsnences@btéof car bBm8irén to the
proportion added durlng carbonation will vary fromsystem to system and
can be deter ni PR $3 Mokt koaner i nent , 0.01~6 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 0.01-1.5
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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;.-allphatlc al kanol s, al koxy al kanols, and m xtures of two or nore of
“ conpounds, wherein the maxi mum nunber of carbon gtons is usually
rost 5. Exanpl es of suitable al kanols are t hanol , ethanmﬂ%ﬂﬂ@bﬁ&@@@h?

a

I's introduced into the carbonation m xture during

Adigittaneousl y, at |east 10 ?aﬁg_g;ggnﬂzpreﬂnﬁﬁb&¥n4ﬂ;£o 70
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i into the reaction m xture during carbonat4 @s -and/

‘!E? can the nost appropriaté'FéTétive proportions of water and al cohol - For

R

— V=

*gui dance, the nass ratio of water to alcohol will typically be in the range

- of from10 to 0.1 to 1, especially 7 to 1.5 to 1. T.%@@ &E gepkroduced
r %leRéfﬁ gg!

LG I ntyoduced
during carbona- tion, istare advantageously i ntrodueeg—stbstanttatty

© continuously, preferably at a substantially constant rate. The term

- "Substantially continuously" includes the case where the k..and/ or
al cohol is/ are’i“ﬂﬁ‘rﬁﬂlb'eﬁ i ThUS 1| Qney 9% yPRFesARATDRT isﬁﬁ%&#ﬁ short time

wher e the vt oP CHRIEERE crbaed, n aevaraRaRe  ATEn Bl AReskhE ITTU.
o 9o Dot ches. AR 0H oA 5 A0 E8 Sho SoblbhEd o8 padbrgttces Xt ure
period of tine ey BoREAMNY YEivents 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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e i ntroduced together. Advantageously, the water and al cohol introduced
uring carbonation are introduced over at least the first 20% of the
carbonation peri od, advantageously over at _|least thetfissnBr fips peeX grably

| east the first 75 % and especialP? over at |l eastrurhacEbrst 90 %

of the said period. If desired, the water and al cohol—maybe& iniroduced
\over di ferent periods

IRy

s ot T

The following Examples illustrate the invention.
The magnesiuxn 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 2um
(secs)  (m¥/q) size () % %
A 445 5.4 10.7 0.7 99.6
B 329 6.7 2.3 5.2 98.9
e 225 9.7 3.8 3.8 98.0
D 600 2.8 4.9 2.8 98.1
E 43 45.5 1:.5 1.5 98.0
F 44 38.0 8.3 8.3 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 9.3 955
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
Example 1

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

mass ¥ solution of an alkyl benzene sulphonic acid

e e
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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

is Sheet Has Been Replaced
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- tine, but this Is not normally preferred. Any pronoter or pronoter
ystem may be used in the process of the invention, for exanple, any of the
pronot er s mentioned in the specificatlogg ref erred{ Goydak@huaspiE Ng
uitable for use in preparing overbased nagnesi um suj - prenat@es. Exanpl es
of suitable pronoters are anmoni a, anmmoni um conpoundS—antres, —(Tor

xanpl e, ethyl ene di- am ne), ketones, naphthenic acids and carboxylic
acids or anhydWaBdEbanged foiong avirgriies ¢ idistdliaitdomnd wat er - sol ubl e
organi c acids as described in U S. Specification No. 4 617 _135._ .Suitable
carboxyl i c acFOBEAARFALions | Aftedeca total of 138 g of carbon dioxide

had been injected, the rate of injection wae increased to

39 g/hour. This rate was maintained until a total 6f 178
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.
wl while maintaining the temperature of the mixture at
60°C, 260 g of diluent oil, also at 60°C, were added, and

i

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, methanol and toluene. After
releasing the vacuum, a 50 ml sample wag removed from the f
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

e ncernt

stripped mixture in the reactor, and the nixture so

s’

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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T | to Cerr] carboxylic acids referred to in British Specification
: 037 310 A (for exanple. n-octanoic acid, n- detanot “;?@hggﬁaﬁﬁr
Wpomocanoi ¢ acid), and substituted, for exggpLe, al ke yﬁ

sticci nic acids, which are preferably used. in the f 'ﬂﬁﬁf et
anhydrldes (for exanpl e, octenyl succinic anhydride). The use of a process
I n accordance with the invention may nmeke it possible toobtain | ower

sedi nment Ievelsoﬁshﬁgkpﬁdqbane anount of pronoter. or the sanme sedi nent
| evel s using a reduced anount of pronoter. To ensure nmaxi mum
conversi on of magnesi um oxide to colloidal products, carbonation is

normal |y continued hril there 1S o further sronrfrpe { Juptake of carbon
di oxi de. The t exspeedt ‘ nRarative Examplaes Al

ends on the
pr onot er syst em used The

whi ch t hecarbonat i ofo ?F?F@%?&%??ﬁe& u{n é@a%ple ! b’?aéj Sp&é&é& at at

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
+ Example or MO Sediment Sediment Filtration TBN
Comp. EX. Erd of COp Ed of strip rate mny XoH/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
ir& 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
% ocap. 7 L 8.2 + 20 % gel - abandoned
Comp, 8 M 3.0 + 5 $ gel - abandoned
Cemp. 9 N 0.3 + 60 % gal - gelled during stripping
is Sheet Has Been Replaced
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‘5$kdih2n?032§tngéggun1|$ the deconposition tenperat aggggEb?%quQ@gnant
nposition temperature, or the llowest' Lgnpenature|at
vhi ch an unacceptabl e anount of one or umye ol ati | eLcorporents—s1USt
jromthe mxture. Carbonation is preferably carried out with the apparatus
$et for total reflux. The tenperature of the reactants is normally

dj usted to a chosgn val ue before carbonation is connegced angHECEEfn

I 1 oved to vary dut?®greswbtmainotebietht shewcEhdh/pF BEERE. nerarty

b ti [ f ected at t t [ t f 20 t
arronatLon e lASC AL S STEOT M AT LS (LaRERE! LhATE20, 0
[ i fi t b di ide,,.th b [ ' ' A d
o1 onL 11 Can, UPNAEs O 5 SLA0T hPILESe 4R RPRRSY) BBested ok eingpe
solvent(s). apdnNi SR bPads B a8G0ordahds WithUERe?iAVERERLA]. the

use of magnesium oxides outside the scope of . the

faty

0. DO

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
i? 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

r 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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pref.erably by filtration. The m xture nmay be stripped before or after the
solids are renoved. Further carbon dioxide nmay if desjired be passed

t hrough the reaction m xture during stripping, the cdrhs SHEBRHAS BEENI hg
primarily to flush out volatile materiatstl A indicgated akEmacEbhe
i nvention surprisingly makes it possible to obtain overbased magnesi um
sul phonat es havi ng hi gh TBNs, having an extrenely | ow proportion of post
carbonati on segi and, capabl e o upi fi ' o Tt |

Over based nagﬁgggﬁﬂégﬁlﬁﬁﬁﬂﬁtgg gﬁ?é#ﬁgﬂ%syh%%EE%?gggggéﬁ ﬁ%ﬁfﬁﬁwention

are useful as ng'sﬁéﬁg ;gé?gkgéggé?ﬁdeaqqpositions, for exanple,

| ubricants, greas e 1 nvention thus al so provides such
conpositions cont %ﬁgngraggsgggraggegimng%i Wrabplesnataral dlwaereised in
engi ne lubricants, the odverbaSed magnesi um sul -

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 Example

12), with the introduction of all the methanol during

!1. 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 all of 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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ph tes neutralismacids forned by the operation of the engine and. help to
di sgerse solids in the oil to, reduce the formtion o]—hawanl deposits

They al so enhance the antirust properties of the | ubr i clafHE. SHERS HayRoRRRN bf
over based magnesi um sul phonate that shoul d be included_in_t REPI#JEDbased|
conposition depends on the type of conposition and its proposed
application. Autonotive crankcase |ubrieatdizng oils preferably contain 0.01%
to 5 mass % of the overbased nagnesium sui phonate, on an active ingredient
basi s, based on the mass of the oil. - The overbased magnesi um

sul phonat es prepared in accordance with the invention are oil-sol uble or

(in common with certa%g ofy the other additives referred to below) are

di ssolvable in oil w the aid of a suitable solvent, or are stably
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essarily indicate that the materials are soluble, disselvable niscible, or
!?apable of being suspended in oil in all pro- porti orsT™HtSHEEE & sfemnn
however, that the materials are, for instance, sol ublle_or BE&BICED
di spersible in oil to an extent suffici-entd to exert their intended effect
in the environment in which the oil is enployed. Mreover, the additional

I ncor- poration of other additives may al so permt incorporation of higher

| evel s of ticylar additive, if desired. - Additixes, achuding. th
over based magnesi (HAke phbAcdenopstPALen FHakcEBEARRBECNEY, oRE ISR, & "

' tion, ' ted int b Ll ' . Thus,
hey can be TS SPFELERY WEoR 1At ohengh BRERcPE; SAS, meERnRITana Y. (00
in th il at ' | of ' S '

'1{' room temp a6 Y 6F EREvantte [RRRCTERbHABecSRR KB AT B CCLI

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 temperature controller. 13 g
of methanol were then added. There was an immediate
exotherm, as a result of which the temperature of the
mixture rogse to 25°'C. 154 ¢ (3.82 moles) of magnesiunm
g oxide A were then added. There was a rapid exotherm as
E the sulphonic acid was neutralised, and the temperature
i 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
mixture 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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‘cherbased nagne5|un1sulphonates produced in accordance with the present

I nvention may be useful in fuel oils or lubricating ml Ly
~liquid fuel oils are generally derived from petrol eum 58858887 HABBEEX anpl e,
normally liquid petroleumdistillate fuelsddalt houghithey REYACER| ude |t hose
{ produced synthetically by the Fischer-Tropsch and related processes, the
\proceSS|ng or organic waste material or the processing of coal, lignite or

‘shale rock. Such fueI conp05|t|ons have varyln
viscosities. cloud a¥drpoarcaohbonat %%co?ﬁ?nﬁa ?hghggaé ggg as is well

L R i oo G 4 6 pa s

known as di esel exanpl e, gasoline, heating

her oi n_as. fael SovisdTind RiGk Y Saorekbad o8 ApSat T07CYRAY KRRRESIL D,

skilled in the ggd;iRsal! tia! F@hEC of BuB PaBUCandy tioThaGnes i tincokide
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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3. available fromthe American Society for Testing Materials. 1916
'Street, Phil adel phia, Pennsylvania 19103. M ddle distillate fuel
include distillates boiling from about 420 to 7253[err]F (about 49 to
rr]C) (e.g., 375 to 725 F (191 to 385[err]Q)), irriTPUSIiSHEEkﬁ}’-\.Q%%Eﬁ,

di esel fuels, hone heating fuel oil, let fuels, etc., {and muEpLApEeferably
whose 20

8 g of filtér aid was then 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
1’ 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 charges 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 methanol and water added during
carbonation were 61.9 and 82.5 g respectivelys

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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g6"and 90 % distillation points differ by |less than 212F (100[err] C),
‘or whose 90 %to.final boiling point range is bet ween about 20 and
- (about 11 [err]C and 28[err]C) and/or whose f T Botdt B0s peEmt| is in
t §e range of 600 to 700[err]F (about 3%64¥0-=371|C)" Iﬂ@lAcﬁyerbased
gnesi um sul phonat es prepared in accordance w t hY4he—+nventTomnm are
particularly useful i'n l[ubricating oi | conpositions which enploy a base

oil in which the n1 ures i ssol ved or disperse mhich
the overbased rrag tg&Pﬁioﬁé‘Fe?W b‘S‘ﬂ}E’ﬁF rﬂﬁfﬁ ?%é% sw Bol e
for use as cr S Qi ls for rK- ignited and

conpr essi on- |3§F?g e?n e?h %?d%bﬁéFQ5PQﬁé; " for exanple, autonobile
and truck engines, Eﬁ&'ﬁﬁtﬁaﬁol/water mixture was added during the

£irst 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 sediment 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

* neodecanoic 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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rail road di esel engines. They may al so be used, for exanple, in base oils
suitable for use as aviation lubricants or as | ubricants for tw cycle
engi nes. Synthetic base oils include al kyl esters ' '
aci ds, polyglycols and al cohol s;

pol y-[errdg @ efins, [metuskEny HAS BEEN
pol ybut enes; al kyl benzenes; organic esters of phosphoric &EPHACE

polysilicone oils. Nat ural base oils include m nera
which may vary widely as to their crude source,

lubricating oils

for exanple, as to whether
they are paraffinéc, jnapht henic, mxed, or paraffinic-ngphthgpic, s wel |
as to the nethodffised in their “roduction, for exanPl em di st || atd on B
range, straight rpg dqr €racked, chydrefined? solRent Ext Gact ets and @ he 1§ ke.
More speci fical | yNngt ural W ubriati ng oil base stocRs Ehi ch®an i3 us@
may be straight nerfal lubricating oil or ]
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g e,

Xtillates derived fromparaffinic, naphthenic, asphaltic, or m xed base
crude oils. Aternatively, if desired, various blended pit-s—fay—-be

enpl oyed as well as residual oils, particybawly those froﬁVWﬁ?ﬁﬁT&ﬁﬂﬁﬁaﬁ
constituents have been renoved. The oils may be refined-ly aﬁgﬁéﬁmpable
met hod, for exanple, using acid, alkall. and/or clay or other agents such,
for exanple, as alumniumchloride, or they nmay be extracted giLs pr oduced,

for exanple, by solRPd@® dW shewesnthat tthe addition et RABFPE RBenol
ke A st I Syt s
Toferr] nfer BRRESR. pAtiBsARRAY  oani € Us iy afentLy toabddel T ) 22
1] i S s 2 el

)

Example 19
Exanple 9 was repeated with the following changes:
28 g of an ethylenadiamine carbamate solution,
comprising 35.5 mass % water, 35.5 mass & methanoi,
9 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
ﬁ commencenent 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 neutralisatiog step
and that in the promoter solution) was 105.3 gj

the total amount of water in the system (including

E——

\ the watar in the promoter solution) was 130.2 g;
the methanol/water mixture was added during the

fiést 90 minutes of the carbonation period.

S
e i bt =

On completion of carbonation a sample contained

0.6 vol, § sediment. After stripping, the sediment level

_/-"M
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ﬁ'?% over based magnesi um sul phonates prepared in accordance with the present
- .

vention nmay be enployed in a lubricating oil conpos Hh%mﬁ.#¥llb§UJ§'SeS
g WXy
Icated]

ubricating oil, typically in a major propgydion, and fhe syl
ically in a mnor proportion, for exanple, n a proporten—as—ihdi

above. Additional additives may be incorporated in the conposition to
enable it to neet particular requirenents. Exanples of additives _which may

be included i nWathrk-0 weki Ry oith&orppEiatbon aaseowher 480t kggadyarand
metal rust inhibitors,, viscosity index inprovers, corrosion inhibitors,

oxi dati on i nhi & iinkshed iprodunt fvas sbriighpeandneieasnvithoanThlY &fent s,
anti-wear agents,, pour_ point depressants, and rust inhibitors.

Addi ti onal det e‘rjderﬁ% %etal rust inhibitors include other netal salts,
preferably overbased netal salts, of sul-

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.
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ﬁnignic aci ds, particul arry" c¢aleirum and sodi um salts, and netal salts,
p

eferably overbased netal salts, of sul phurized alkyf phenols, alkyl
sal i cyl ates, naphthenates and other oil-soluble nono- a dHHSGHEQpMkag gq
aci ds. Viscosity index Inprovers (or-vgscesity nodifiersjesapept ﬁ
and | ow tenperature operability to a lubricating oil and perm
remai n shear stable at elevated tenperatures and al so exhibit acceptable
viscosity or fluidity at |ow tenperatures. Suitable conpounds for use as
viscosity nodifiers are generally high nol ecul ar wei ght hydrocarbon
pol ymer's, including polyesters, and viscosité igdex | nprover dispersants,
whi ch function as dispersants as well as Ity index inprovers. Q|

sol ubl e vi scosi t yi ng pol yners rally i ght 2
nmol ecul ar melghtg;;FE ron1aboutqgﬁmﬁgﬁ o 1, 000, Oﬁgpreferagqugﬁ,ooo to

500, 000, as det ’by gel perneation chromat ography

Promoter - 28 28 - 57
Solution (g)
Initial methanol (g) 13 13 15
Rater befors 30.1 120.3 110
carbonation (g)
Mathanol before 20.6 82.4 80

"': cartcnation (g)
Watar during 30.2 0 0
carbonation (g)
Mgthanol during . 61.8 L} 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

' (kg /m? /hoar) blocked

TEN: 431 - 435
(mg 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.

e e
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¥ Aght scattering nethSdéf““"”’Representative exanpl es of suitable
I scosity nodifiers are polyisobutylene, copolyners of ethylene and propyl -
ene, pol ynet hacryl ates, nethacryl ate copol yners, copolyners of an
unsat ur at ed di car bokysSheet HasBge: acgd i ny] com pound, inteepolyners of
styrene and acrylic HNE} u rtially hydrogenated COE$H¥N§E§NﬁASBEm¢
styrene/ soprene, sty e, and i soprene/ but adi gne, a8EWeidepas th
partially hydrogenated honopol yners of “bdfadi ene and | soprene.
Corrosion inhibitors, also known as anti-corrosive agents, reduce the
degradati on tallic parts contacted by the lubricating oil conposition.
[l1lTustrativ orrosion inhibitors are phosphosul phuri zed hydrocar bons

and the prod- ucts obtained by reaction of a phosphosul phuri zed hydrocar bon

with an al kaline earth netal oxide or hydroxide, pref-
l. A process for the production of an overbased

\v

magnesium sulphonate which comprises carbonating a mixture

comprising:
(a) an oil-soluble sulphonate and/cr an cil-soluble
sulphonic acid;

(b} magnesium oxide in excess of that, if any, required to
Q 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 method 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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er ny In the presence ofﬂgg_aliylated phenol, and al so preferably in the

presence of earbon—dioxide. Phosphosul - phurlzed hydr ocar bons may be
prepared by re gﬂggfiasgeunkabteé hydr ocar bon, for exanpl e, ~a-ierpene or a

heavy petro- a Clerr] to C[err] ol ef i n poTHIBSHEEBUHAS BEBK
exanpl e, as pol JMNM“B ith from5 to 30 mass % of |a_sul RE-4EEDS
phosphorus for ours at a tenpgrature in the range of about 65
to about 315[err]C. Neutralization of the hosphosulphurlzed hydr ocar bon
may be effected in any suitable manner, for exanple |n t he manner taught
in US. Patent No. 1,969, 324. Oxi dat i on |nh|E nt|OX|dants

reduce the tendeﬁ%y ofA rpuageds ais sledmae: &pi 618 n §%$5$ 88 dence of
such deterioration being, for exa t he, pro o) v I
deposits on TARNSRAWN oxdde,nas angPBFiglﬁﬁ 1ngﬁk§f {h‘ﬁhefygﬁﬂé de“Erom

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




for exanpl e _al kyl at-ed—phenyl am nes and phenyl| apsaeapHAg| BEENN
hi nder ed phenol's, al kal j.

havi ng pref- er afhigShost ey B err] alkyl side chai nsT—& g calclum
sul phi\%‘ H ({ yl phenyl sul phi de; and phosphosul -

nonyl phenyl

hametal salts of sul phuri zeremlACgD- phen

_54.—

alcohol, excluding any alcohol used when neutralising a
sulphonic acid, if present, is introduced inte 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




THIS SHEET HAS BEEN
REPLACED

The use of magnesium oxide of specified, low,

reactivity in a process for the production of overbaszed
magnesium sulphonates, together with the intrecduction of
water and an alcohol, into the reaction mixture during
carbonation, makes it possible to prepare high base
nunber products which have very low post carbonation

sediments and which can be purified by rapid filtration.

e
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phuri zed ‘or sul phurized hydr ocar bons. O her oxidati SO
S hACENAT DT

antlOX|dants—mh+ch_na¥_beﬂused in lubricating oil conpos

oi |l -solu conpounds elelater ) Yg2R pl endedf into the oiT "a
any suit mﬁiﬁ copper R S BY FOl ubl € |t0|1qu§aw¢7t at
t he conpou bl e und ' conditiigns in the oil o
additive pper conpound yrvay be in the cuprous—or—euptte-
form The copper for exanple, be in the formof a qopper dihydrocarb

|

thio- or dlthlbhosphate Alternatively, the copper may be added as T
copper salt of a synthetlc or natural carboxylic acid. Exanples of
; - ” )

suitabl e aci ds iy

slivie o) olsrices exarm

X

stearic or palmtic acid, but un-“ satufated aC|ds such, for exanple,

aci ds

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

Overbased magnesium sulphonates are well known, as
is their use as additives in oil-based compositions, for
example, lubricants, greases and fuels. They function as
detergents and acid neutralizers, thereby reducing wear
and corrosion and, when used in engines, extending
engine life. Other overbased metal sulphonates often
used for the same purpose are overbased calcium
sulphonates.

Many processes have been proposed for producing
overbased sulphonates of calcium and magnesium, the
preferred processes generally involving the carbonation,
in the presence of an organic solvent or diluent, of a
mixture of an cil-soluble sulphonate and/or an oil-
scluble 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 more difficult to prepare than

ne

| e,

as
oleic acid or branched carboxyllc aci ds such, for exanple, as napht henic

as



of nol ecul ar wei ghts of from about 200 to 500, or synthejt+e—carfuxy] N
aci ds, are preferred,because of—Lhe~+n§feveé——haﬂdling aﬁa§§%i %ﬁ?‘t
properties ﬁ;‘,ssthgkeH;s@géﬁlﬁebmdcoppe’FméaW*Eé XPAtEEN W so uspffiTare 1
oi | -sol ubl e ar- Har naL%’s*Lf‘)"P“Php eral forhulgl MAR 1997 |
Rlerr]R err] mal“gﬂ where zis 1l or 2 and Rl err] |ahd R}err] a e?,the
sane ordiffe radi cals Zontaining from 1}t 6+8—and
preferably 2 to 12. carbon atonB, and including radical s{such, for exanpl e,
as alkyt. alkenyl, aryl, aralkyl, al karyl and cycloaliphati¢ radi cals.

from S“% Sr#@p%%%l%%%%ﬁn%e”b R cpiing ﬁal%@ﬁ%? Seony QLS”&:h;’Tl
ﬁ‘ﬁéﬁt’%r RrBERREd 12T, "h”%m%%a%%% etiﬁﬁ’ﬁl“x%m%nyl -
rgéycglgny Sr&@VQhO gﬁ%@?ﬁvgﬁlgg%¥ﬁﬁﬁfﬁgé% ﬁ%r?§?§¥ n&%@%r ‘of carbon

use of particular reaction conditions and/or the

1T

b
7
r

iﬁcorporation of one or more additional substances into
the mixture to be carbonated, such additional substances
incliuding, 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 having a certain minimum degree of
reactivity.

Examples of prior specifications disclosing the use
of particular reaction conditions or steps in-the
preparation of overbased magnesium sulphonates are U.S.
Specification No. 3 629 109, which discloses a multi-
stage carbonation process, U.S. Specification
No. 4 129 589, which claims the use of specified
temperature conditions, or the addition of additional
water and alcohol during carbonation, when carbonating a
mixture containing "light" (active) magnesium oxide, U.S.
Specification No. 4 148 740, which claims the use of |
specified temperatures and proportions of carbon dioxide
when carbonating a mixture containing "activated"®
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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copper Caﬁii@fggigﬁecification No. 2 135 330 A, which claims a

continuous countercurrent process, and British
Specification No. 2 036 7é1 A, which claims the use of
specified carbonation temperatures and proportions of
carbon dioxide for carbonating a mixture which includes a
Cy to Cs alcohol or a C3 to Cg ketone.

Exanples 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
claims 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, vhich clainms
the use of a promoters system comprising a hydroxy-
containing compound and a salt of boric acid and an
aliphatié hydrocarbyl diamine or polyamine containing
from 2 to 8 carbon atoms, U.S. Specificatioh
No. 3 853 774, which claims the use of a reaction
mixture 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 mixtures
containing a C4 to Cg diketone and a Cg to C;o carboxylic
acid respectively, British Specification No. 2 175 598 3,
wWhich claims the use of a reaction system containing
water, alcohol, a first promoter comprising a succinic
anhydride or a derivative thereof and a co-promoter

selected from naphthenic acid and a water-soluble
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bei ng nost preferred, Especially preferred is polyisobutyllene succinic

anhydride or acid, These materials may desirably be dissol

ved_ in-a solyvent

for exanple, a mneral oil, and heated in the presence of a water solution
(or slurrydaﬁotjﬁﬁwadbemwgeantspeeh.f&caaibarrperature of about :
70[err] C to about 200[err]C. Tenperatures of 1 00C to 140[err]C are

normal |y aqiequedgosd) wiklclecleinssthy depeofi agreactivhesyskempr oduced,
not to allow the reaction mxture to remain at atenperature above about

140C for arortdiniief water, a C3 to Cg ketone, and one or more

reaction promoters selected from the group consisting of
carboxylic acids or salts thereof, amines and C4 to Cg
diketones, European Specification No. 323 088 A, wherein
the claimed process uses a reaction mixture comprising an
ashless dispersant, and U.S. Specification No. 4 647 387,
wherein the reaction mixture in the claimed process
comprises water, alcohol, a first promoter comprising a
Cg to Cyg succinic anhydride or derivative thereof and a
co~promcter selected from naphthenic acid and a water-
soluble carboxylic acid.

aAmong prior specifications disclosing the use of
particular sourcés of magnesium are U.S. Specification
No. 3 150 089, which requires magnesium metal as starting
material, U.S. Specification No. 4 225 446, in which the
claimed processes start from a magnesium sulphonate
having a Total Base Number in excess of about 200, U.S.
Specification No. 3 865 737, which requires the use of
magnesium oxide having a bulk density corresponding to a
calcining temperature of below about 1000°C (that is,
"light" or "reactive® magnesium oxide), and U.S.
Specifications Nos. 4 129 589 and 4 148 740, referred to

above, both of which claim the use of active magnesium

oxides.
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ridﬂhééetﬁd“o%.st Qﬂﬁi ‘fuels be clear liquids and be free
of sediment. The product obtained at the end of
carbonation in processes for preparing overbased
magnesium sulphonates will contain some unwanted material
(normally hard sediment and/or gelatinous material formed
during the overbasing 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. If gelatinous
material is present, this will tend to inhibit or prevent
filtration by blocking the filter. Where purification by
filtration is possible, it is desirable that this be
effected as rapidly as possible. If large amounts of
sediment are preéent, the sediment must normally be
removed by centrifuging rather than by filtration, and
even small amounts of sediment méy have a tendency to
block filters if the process is carried out on a large
scale, this tendency being particularly marked if the
systen contains geiatinous material formed during the
overbasing process.

The proportion of sediment in the reaction mixture
immediately after carbonation (that is, before .
centrifuging or 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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systems, preferably Y“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 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 tﬁe veclatile
materials.

It is normally desirable fhat overbased materials to
be used as additives for oil-based compositions have a
relatively high 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

raterials of high TBN, however, frequently result in
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high levels of promoters if relatively iow sediment
levels are to be obtained. The use of high .levels of
promoters is in general undesirable on, for exanmple,
economic grounds and/o; because the promoter imparts
undesired properties to an intermediate or final product.
Thus, for example, in some cases a high level of promotef
may lead to a post-cﬁrbonation product of high viscosity
which can only be filtered relatively slowly.

Many of the processes described in the prior art for
the preparation of overbased magnesium sulphonates
involve the removal of substantial quantities of
sediment, predominantly unreacted magnesium starting
materials. U.S. Specification No. 4 192 758, for
example, indicates that "much of the oxide ends up as
undispersed solid which is difficult to filter". It is
s;ated in U.S. sSpecification 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 compared with
thbse 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 5.0% by volume of the reaction
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mixture®, and the lowest value quoted 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,
methanol and naphtha. The % PCS values calculated on
systems free from volatile materials will be higher than
the values quoted in the specification. Thus, the % PCS
of 3.8 quoted in Example 1 of 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 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 sediment" but the lowest % PCS reported is 2
(in Example 1), the remaining Examples quoting % Pés
values of 5.4 (when n-octenyl succinic anhydride was used
as promoter) to 8.8. (It appears from the details of the
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 significantly 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 B.S. &-w..tést and are reported as
mnl.ppt./100 g. product, and it is stated that materials
having a2 B.S. & 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.
value quoted ié 0;6 %, but this is for a product with an
acetic 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 sediment.

Despite the numerous previous proposals for
preparing overbased magnesium sulphonates, of which the
processes disclosed in the specifications discussed above
are only a selection, there remains a need for a process
suitable for preparing such substances, particularly
overbased magnesium sulphonates having a relatively high
TBN, in which relatively low levels of post carboqation
sediment can be obtained (preferably without the need to
‘use high levels of promoter), and 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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the mixture during carhénation, makes it possible to
ocbtain 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 from 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/m?/hour when working on a large scale,
these results being obtained without the use of
unacceptably large proportions of promoters. .Tne
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 which
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, reguired

to react completely with (a);

(c) a hydrocarbon solvent:
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(f) a promoter,

the magnesium oxide usgd to prepare the mixture having 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 m2?/g, and the
particle size of at least 92 volume $ of the magnesium
oxide being greater than 2 um, and part of the water, and
preferably at least part of the water-soluble alcchol,
being introduced into the ﬁixture during carbonation, the
total amount of water introduced into the mixture,
including any introduced befoie carbonation but excluding
water generatéd by chemical reactipns, being at least 0.5
mole per mole of the excess specified in (b). The
invention also provides the use of a magnesium oxide
having a citric acid number, surface area and particle
size distribution as specified above to give reduced
sédiment 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 écncerned compriseman oil

solution of the magnesium sulphonate which acts as a

surfactant to disperse colloidal magnesium derivatives,
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It is thus important that the sulphonic acid or
sulphonate be oil-solublg. A mixture of substances
selected from oil-soluble sulphonic acids and oil-soluble
sulphonates may, of course, be used.

The proportion of disﬁersed colloidal magnesium
derivatives such as magnesium carbonate, oxide and/or
hydroxide, in the overbased magnesium sulphonates
determines the basicity of the products. The magnesium
oxide used as a starting material is used in an amount
sufficient 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 éf sulphonic
acid: where magnesium oxide is added to a system already
containing a magnesium sulphonate, the equivalents of
magnesium and sulphonic acid corresponding to the
magnesium sulphonate are included in the above figures.
Part of the magnesium oxide may, if desired, be added to
the reaction system during carbonation.

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

"light", Y"active!, or "caustic burned® magnesium 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 oxide, which
are relatively dense and of relatively low surface area
and tend to be relatively inert chemically. The
magnesium oxides used in accordance with the invention
are "heavy" rather than "light®, although not all heavy
magnesium 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 m2?/g, the particle size of
at least 92 volume % of the magnesium oxide being
greater than 2 um.

As defined herein, the citric acid number is the
time in seconds required to neutralise, at 22°C, a
stirred mixture of 1.7 g of the magnesium oxide, 100 ml
water, and 100 ml of a citric acid solution contaiging
26 g citric acid monohydrate and 0.1 g phenolphthalein
in 1 litre of aqueocus solution. Neutralisation is
indicated by the mixture turning pink. The citric acid
number of the magnesium oxide used in accordance with the
invention is advantégeously at most 700 seconds, and is

advantageously in the range of from 200 to 600 seconds,

preferably 400 to 500 seconds. mqﬁmbnmmhwd
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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 m2/g.

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

The magnesium oxide used in accordance with the
inventicon preferably has a purity, as measured by EDTA
titration, of at least 95 %. 1In the EDTA titration
method, a sample of the magnesium oxide is dissolved in
dilute hydrochloric acid, and the solution 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
disodium salt forms a complex with the magnesium ions in
the solution, so that the concentration of magnesium ions
can be calculated from the amount of the discdium salt
used. The mass of magnesium, expressed as magnesium

oxide, is compared with the mass of the original sample

to give the percentage purity. This Sheet Has Been Replaced
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remai nder REIH ebigeapgklvent in which the sulphonic acid and the

overbased sulphonate are at least partially soluble, and

is used in an amount sufficient 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 example, benzene, toluene or xylene, the preferred

solvent being toluene. The fact that aromatic and

aliphatic solvents can be used is an advantage over soie

previocusly proposed processes, which are restricted to

one or the other. Typically, 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

exanple, -a mineral oil, although the use of such an oil

is not essential. 1In the process of the invention 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 handling 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 excess magnesium oxide (that is, the
magnesium oxide available to form colloidally dispersed
basically-reacting products). Advantageously, the total
amount of water intro&uced does not exceed 5 moles, and
preferably does not exceed 2.5 moles, per mole of
overbasing magnesium oxide.

Part of the water is introduced into the carbonation
mixture during carbonation, part being present in the
mixture before commencement of carbonation. -
Advantageously, 10 to 90 mass %, and preferably 30 to 60
mass %, of the total amount of introduced water, is
present in the mixture before commencement of
carbonation, and 90 to 10 mass %, preferably 70 to 40
mass %, of the total amount of water is added during
caébonation. The most appropriate ratio of the
proportion of water present before commencement qf
carbonation to the proportion added during carbonation
will vary from system to system, and can be determined by
routine experiment. The mamnmer in which the water is
introduced into the mixture during carbonation is

discussed in more detail below.

As examples of suitable water-soluble alcochols for

use in accordance with the invention there may be This Sheet Has Been Replaced
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mentioned lower alipliatic alkanols, alkoxy alkanols, and
mixtures of two or more of such compounds, wherein t@e
maximum number of carbon atoms is usually at most S.
Examples of suitable alkanols are methanocl, ethanoil,
isopropancl, n-propanocl, butanol and pentanol. Methanol
is preferred. An example of a suitable alkoxy alkanol is
methoxy ethanol. |

As indicated above, at least part of the alcohol is
introduced into the carbonation mixture during
carbonation. Advantageously, at least 10 mass %, and
preferably 40 to 70 mass %, 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. The most
appropriate ratio of the proportion of alcohol present
before commencement of carbonation to the proportion
added during carbonation will vary from system to systen,
and can be determined by routine experiment, as can the.
most appropriate relative proportions of water and
alcchol. For guidance, the mass ratio of water to
alcohol will typically be in the range of from 10.to 6.1

to 1, especially 7 to 1.5 to 1.

The water introduced into the reaction mixture
during carbonation, and/or the alcohol introduced during
carbonation, is/are advantagéously introduced
substantially continuously, preferably at a substantially

constant rate. The term "substantially continucusly®
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includes the case where the water and/or alcohol is/are
introduced in a plurality of small portions, with short
time intervals between the addition of individual
portions, but not the-caée where the water and/or alcohol
is are introduced in one or more relatively .large
batches. Where both water and alcohol are introduced
into the mixture during carbonation, these are
advantageously introduced over the same period of time,
and may conveniently be introduced tocgether.
Advantageously, the water and alcohel introduced during
carbonation are introduced over at least the first 20% of
the carbonation period, advantageously over at leéast the
first 50 %, preferably over at least the first 75 %, and
especially over at least the first 90 %, of the said
period. If desired, the water and alcchol may be
introduced over differeﬁt 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 mentioned in the specifications referred to
herein as being suitable for use in preparing overbased
magnesium sulphonates. Examples of suitable promoters
are ammonia, ammonium compounds, amines, (for example,
ethylene diamine), ketones, naphthenic acids and
carboxylic acids or anhydrides, including mixtures of
oil-soluble and water-scluble organic acids as described

in U.S. Specification No. 4 617 135. Suitable carboxylic
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98.2 referred to in British Specification No. 2 037 310 A (for

example, n-octanoic acid, n-decanoic 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 sédiment 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. .The temperature at which carbonatioﬁ is
effected depends on the promoter system used. The
minimum 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 tempefature, or the lowest
temperature at which an unacceétable 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 at a temperature in the range of
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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(s), and any solids remaining in the
nixture are removed, preferably by filtration. The
mixture may be stripped before or after the solids are
removed. Further carbon dioxide may if desired be passéd
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 magnesium sulphonates having
high TBNs, having an extremely low proportion of post
carbonation sediment, and capable of purification by
filtration.

Overbased magnesium sulphonates obtained 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 provides such
compositions containing the overbased magnesium
sulphonates. When uéed in engine lubricants, the
overbased magnesium sulphonates neutralise acids formed
by the operation of the engine and help to disperse
solids in the oil to reduce the formation of harmful
deposits. They alsc enhance the antirust properties of
the lubricants. The amount of overbased magnesium

sulphonate that should be included in the oil-based
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overbased magnesium sulpﬁonate, on an active ingredient
basis, based on the mass of the oil.

The overbased magnesium sulphonates prepared in
accordance with the invention are oil-scluble or (in
common with certain of the other additives referred to
below) are dissolvable in oil with the aid o§ a suitable
solvent, or are stably dispersible materials. O0il-
soluble, dissolvable, or stably dispersible as that
terminology is used herein does not necessarily indicate
that the materials are soluble, dissolvable, miscible, or
capable of being suspended in oil in all propértions. 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 o0il is employed. Moreover, the
additional incorporation of other additives may also
permit incorporation of higher levels of a particq;ar
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 é%n be added directly to the
oil by dispersing or by dissolving them in the oil at

the desired level of concentration. Such blending can
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accordance with the present invention may be useful in
fuel oils or lﬁbricating oils. The normally ligquid fuel
0oils are generally derived from petroleum sources, for
example, normally liquid petroleun distillate fuels,
although they may include those produced synthetically by
the Fischer-Tropsch and related processes, the processing
or organic waste material or the processing of 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
commonly known as diesel fuels, distillate fuels, for
example, gasoline, heating oils residual fuels and bunker
fuels, which are collectively referred to herein as fuel
oils. The properties of such fuels are weil known to
those skilled in the art as illustrated, for example, by
ASTM Specification D 396-73, available from the American
Society for Testing Materials, 1916 Race Street,
Philadelphia, Pennsylvania 19103.

Middle distillate fuel oils include distillates
boiling from about 120 to 725°F (about 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., and
most preferably whose 20 % and 90 % distillation points

differ by less than 212°F (100°C), and/or whose 90 % to
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m xture so obtained was filtered through a pressure fllterpreheated to
160[ err] C apithalociviiny foin®fr i Usetwddrerabout a0 aapde§0aF. The
filtration rate was 492 kg/n{err]/hour. The filtered product was bright and

clear and HaboutTBY @ind!Q Tq) KAdmr whose final boiling 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 enginés, for example,
automobile and truck engines, marine and railroad diesel
engines. They may also be used, for example, in base
0ils suitable for use as aviation lubricants or as
lubricants for two cycle- engines.

Synthetic base oils include alkyl esters of
aicarboxylic acids, polyglycols and alcohols; poly-c-
olefins, including polybutenes; alkyl benzehes; organic
esters of phosphoric acids:; and polysilicone oils.

Natural base oils include mineral lubricating oils
which may vary widely as to their crude source, fér
example, as to whether théy are paraffinic, naphthenic,
mixed, or paraffinic-naphthenic, as well as to the method
used in their production, for example, distillation

range, straight run or cracked, hydrofined, solvent

extracted and the 1like.
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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,
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 asphaltic constituents have been removed. The
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, phenocl, sulphur dioxide, furfural,
dichlorodiethyl ether, nitrobenzene, or crotonaldehyde.

The lubricating oil base stock convenienfly has a
viscosity of about 2.5 to about 12 cSt (about 2.5 x 10~6
to about 12 x 1076 w2/s) and preferably about 2.5 to
about 9 cSt. (about 2.5 x 106 to about 9 x 10~% m2/s) at
100°C. Mixtures of synthetic and natural base oils may
be used if desired.

The overbased magnesium sulphonates prepared in
accordance with the present invention may be employed in
a2 lubricating 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 indicated above. Additional
additives may be incorporated in the composition to

enable it to meet particular requirements. Examples of




REPLACEMENT SHEET

EN
{ THIS SHEET HAS BEE!
REPLACED 0 1 MAR 197

- 25 =

additives which may be included in lubricating oil
conpositions are other detergents and metal rust
inhibitors, viscosity index improvers, corrosion
inhibitors, oxidation inhibitors, 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 metal
salts, of sulphonic acids, particularly calcium and
sodium salts, and metal salts, preferably overbased metal
salts, of sulphurized alkyl phenols, alkyl salicylates,
naphthenates and other oil-soluble mono- and di-
carboxylic acids. .

Viscosity index improvers (or viscosity modifiers)
impart high and low temperature operability to a
lubricating o0il 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 generally
high molecular weight hydrocarbon polymers, inclu@ing
polyesters, and viscosity index improver dispersants,
which function as dispersants as well as viscosity index
improvers. ©0il soluble viscosity modifying polymers
generally have weight average molecular weights of from
about 10,000 to 1,000,000, preferably 20,000 to 500,000,

as determined by gel permeation chromatography or light

scattering methods.
This Sheet Has Been Replaced
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Representative éxamples 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- acrylic
esters, and partially hydrogenated copolymers of styrene/
isoprene, styrene/butadiene, and isoprene/butadiene, as
well as the partially hydrogenated homopolymers of
butadiene and isoprene.

Corrosion inhibitors, also known as anti-corrosive
agents, reduce the degradation of metallic parts
contacted by the lubricating oil composition.
Illustrative of corrosion inhibitors are phospho-
sulphurized hydrocarbons and the products obt;ined by
reaction of a phosphosulphurized hydrocarbon with an
alkaline earth metal oxide or hydroxide, preferably in
the presence of an alkylatéd rhenol, and also preferably
in the presence of carbon dioxide. Phosphosulphurized
hydrocarbons may be prepared by reacting a suitable
hydrocarbon, for example, a terpene or a heavy petroleum
fraction of a C5 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 phosphosulphurized hydrocarbon may

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

manner tau i .S. . . )
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Oxidation inhibitors, or antioxidants, reduce the

tendency of mineral oils to deteriorate in service,
evidence of such deterioqation being, for example, the
production of varnish-like deposits on the metal
surfaces and of sludge, and viscosity growth. Suitable
oiidation inhibitors include 2ZDDPs, aromatic amines, for
exanple alkylated phenylamines and phenyl
alphanapthylamine, hindered phenols, alkaline earth metal
salts of sulphurized alkyl-phenols having preferably Cg
to Cy5 alkyl side chains, e.g., calcium nonylphenyl
sulphide; barium octylphenyl sulphide; and
phosphosulphuriéed or sulphurized hydrocarbons.

Other oxidation inhibitors or antioxidants which may
be used in lubricating oil compositions comprise oil~-
soluble copper ccmpounds. The copper may be blended into
the o0il as any suitable oil-soluble copper compound. By
oil-soluble it is meant that the compound is oil-soluble
under normal blending conditions in the oil or additive
package. The copper compound may be in the cuprous or
cupric form. The copper may, for example, be in the form
of a copper dihydrocarbyl thio- or dithio-phosphate.
Alternatively, the copper may be added as the copper salt
of a synthetic or natural carboxylic acid. Examples of
suitable acids include Cp to C3g fatty acids, such, for
example, 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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of molecular weights of from about 200 to 500, or
synthetic carboxylic acids, are preferred, because of the

improved handling and solubility properties of the

resulting copper carboxylates. Also useful are oil-

soluble copper dithiocarbamates of the general formula
ReRg(NCSS)Cu, where 2z is 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 atoms, and
including radicals such, for example, as alkyl, alkenyl,
aryl, aralkyl, alkaryl and cycloaliphatic radicals.
Particularly preferred as R, and R3 groups are alkyl
groups of from 2 to 8 carbon atoms. Thus, the radicals
may, for example, be ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, sec~butyl, amyl, n-hexyl, i¥hexyl, n-ﬁeptyl,
n-octyl, decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl,
butylphenyl, cyclohexyl, methylcyclopentyl, propenyl, or
butenyl radicals. In order to obtain oil solubility, the
total number of carbon atoms (i.e. the carbon atoms in R
and R3) will generally be about five or greater. Copper
sulphonates, phenates, and acetylacetonates may also be
used. |

Examples of useful copper compounds are copper cul
and/or cull salts 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 ﬁn of
700 to 5,000) derived from polyalkylene-polyanines, which
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compounds include those guch, for example, as cupric or

cuprous hydroxides, oxides, acetates, borates, and
carbonates or basic copper carbhonate.

Examéles of these metal salts are Cu salts derived
from polyisobutenyl succinic anhydride, and Cu salts of
polyisobutenyl succinic acid. Preferably, the copper is
in its divalent form, cull. The preferred substrates
are polyalkenyl succinic acids in which the alkenyl group
has a molecular weight greater than about 700. The
alkenyl group desirably has a ﬁh'from about 900 to 1,400,
and up t& 2,500, with a ﬁ; of about 950 being most
preferred. Especially preferred is polyisobuéylene
succinic anhydride or acid. These materials may
desirably be dissolvéﬁ in a solvent, for example, a
nineral cil, and heated in the presence of a water
solution (or slurry) of the metal-bearing material to a
temperature of about 70°C to about 200°C. Temperatures
of 100°C to 140°C are normally adequate. It may be
necessary, depending upon the salt produced, not.fo allow
the reaction mixture to remain at a temperature 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-polyisobutenyl
succinate, Cu-oleate, or mixtures thereof) will generally

be employed in an amount of from about 50 to 500 ppm by
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Friction modifiers and fuel economy agents which are
compatible with the other ingredients of the final oil
may also be inciluded. Examples of such materials are
glyceryl monoesters of higher fatty acids, for example,
glyceryl mono-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 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 incliude, for
example, derivatives of long chain hydrocarbon -
substituted carboxylic acids in which the hydrocarbon
groups contain 50 to 400 carbon atoms, examples of such
derivatives being derivatives of high molecular weight
hydrocarbyl—-substituted succinic acid. Such hydrocarbon-
substituted carboxylic acids may be reacted with, for
example, a nitrogen-containing compound, advantageously a
polyalkylene polyamine, or with an ester. Such nitrogen-

containing and ester dispersants are well known in the




with the introduction of all the nethanol and all the wg
carbonati on (Conparative Exanple 14). and with the intr

th th | THay SHeetlids Bedn ed\vat .
15? met hano Repleced\a eﬁﬂgﬁﬁ BB X §§§ﬁé
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conparative p¢
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art. Particularly preferred dispersants are the reaction

products of polyalkylene amines with alkenyl succinic
anhydrides.

In generai, suitéble dispersants include oil éoluble
salts, amides, imides, oxazolines and esters, or mixtures
thereof, of long chain hydrocarbon-substituted mono and
dicarboxylic acidé or their 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 hydfocarbon
groups are suitably derived from polymers of é Cy to Cj
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 accordance with
the invention include reaction products of amines, for
example polyamines, with a hydrocarbyl-substituted mono -
or dicarboxylic ac1d in which the hydrocarbyl
substituent comprises a chain of sufficient length to
impart viscosity index improving properties to the
compounds. In general, the viscosity index improver

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

bar ati ve Exa
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unsaturated ester of vinyl alcohol or a C3 to Cio

unsaturated mono-carboxylic acid or a C4 to Cjg di~-.

carboxylic acid with an.unsaturated nitrogen-containing
monomer having 4 to 20 carbon atoms; a polymer of a Cy to
Cpg olefin with an unsaturated C3 to Cjg mono- 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 Cyq
unsaturated nitrogen ~ containing monomer thereon or by
grafting an unsaturated acid onto the polymer backbone
and then reacting carboxylic acid groups of the grafted
acid with an amine, hydroxy amine or alcochol.

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

Antiwear agents include zinc dihydrocarbyl

dithiophosphates (ZDDPs).

Pour point depressants, otherwise known as lube oil
flow improvers, lower the temperature at which the fluid
will flow or can be poured. Such 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,



11 [err]

THIS SHEET HAS BEEN REPLACEMENT SHEET
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silicone o0il or polfdimethyl siloxane.

Some of the above-mentioned additives can provide a
multiplicity of effects; thus for examplé, a single
additive may act as a dispersant-oxidation inhibitor.
This approach is well known and need not be further

elaborated herein.
Compositions when containing the above-mentioned

additives are typically blended into the base oil in
amounts which are effective to provide their normal
function. Representative effective amounts of such

additives, if present, are illustrated ‘as follows:

This Sheet Has Been Replaced
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REPLACEMENT SHEET

This Sheet Has Been Replaced
LT 01 WAR 997
E iii ! . . ! 3 % l[ i : %
(Broad) - (Preferred)

Detergents/Rust inhibitors 0.01-6 0.01-4
Viscosity Modifier ' 0.01-6 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 0.01~1.5
Anti-Foaming Agent 0.001-3 0.001-0.15
Anti-wear Agents 6.01-6 0.01~4
Friction Modifier 0.01-5 0.01~1.5
Mineral or Synthetic Balance Balance

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 concentrate
being referred to herein as an additive package) whereby
several additives can be added simultaneously to the base
oil to form the lubricating oil composition. Dissolution
of the additive concentrate into the lubricating 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 final formulation when the additive

package is combined with a predetermined amount of base



720 g of toluene and 365 g (0.53 nDIes) of a 70 mass %

benzene sul phonic acid (m)leculag'ﬁS . dil ue
wi th through agitation and hea”e ¢ a reactjori as describedfin

0
Exanple 1 fitted with a refl uxX

cond8 ED Da qas di stri butfi op {MAR 1991 &
tenperature controller. 13 g of nethanol were then added. | There was an
I mredi ate exotherm as a result of whicsthe tenperatur theTmxture
rose to25[err]C. 154 g (3.82 noles) of nmagnesium oxi de |A were then added
There was a rapid exothermas the sul phonic acid was neutralised, and the
tenperature rose to 36[err]C. 14.5 g (0.069 noles) of octenyl succinic
anhydri de wiubricdatt.asThuspooae, otomore: dvieyrbased3 mpgesdiihanol and 40 g
of water. The tenperature of the m xture was brought to 55[err] C and
mai nt ai ned sulphaenatesecprepaAred dvnaccordgncs Wi t&am§5ﬁ9€ﬁs¢¢éectlon of °
carbon dioxide into the mxture at a rate of 39 g/hour and addjtion of a
invention can be added to small amounts of base oil or

other compatible solvents along with other desirable
additives to form additive packages containing active
in;redients 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
preferably fromlabout 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

base oil.

This Sheet Has Been Replaced
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m xture of 73.7 g methanol and 90 g water met hanoll/ wes ek e Qi
added continuously over a 604n%@guﬁmgpewﬁdﬂ$N nd at a ubst a

constant rate. Duri ng car bonaRkamCEDhe t eratur ¢
m xture was allowed to foll ow+tsTatural course and sljo
about 70[err]C and then fell again as the reaction subgi :
magnesi um oxi de was consuned. Wen the nmperature had}fallen to 60[err]C
heat was applied, and the tenperature was nai ntai ned athb0l cuoril
carbonati on was conpl ete. When 138 g of carbon di oxide has been |nject|on

Lo, the car bonai,an i thui R HUEnBPAS" 3148sNEaLE shdcdnbaneiam.cl | UX Lo o

distillation con on was continued until 175 g of carbon

di oxi de hadpjigeq,BasSedn BkPablcussaCLhOBNE! ExdnPles and
Comparative Examples had the characteristics indicated in

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

being measured as hereinbefore described. N
This Sheet Has Been Replaced

ante 1 [T
0 Citric Surface Mean Vol. less Purity
acid no. area " particle than 2mm
(secs)  (mP/g) size (m) % %
a 445 5.4 10.7 0.7 99.6
B 329 6.7 3.3 5.2 98.9
c 225 9.7 3.5 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 8.3 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
Example 1

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

mass % solution of an alkyl benzene sulphonic acid



On conpl etion of carbonation. a sanple was renoved fromit Ak
RS et

m Xt ur e and—eentrifuged—There WaSHB. BiEx lHARREAO] sedin

e |

e

Wi | e nainta&ﬂ%ﬁgﬂ%ggkggggg&ﬁture of Rbm.avepture pt 60[ grri] C, 260

g of
9d va

\*2

di luent oil, C, Were added, —amd—the nixturg s 10MAR
distilled at %qﬂﬂﬁﬂ 1 ﬂm ssure whil §7i gtroduci ng a stjrgam of nitrogen.
When the distill ature reached 165[err]C, a vfacuum was appl i ed

and mai ntained for a two hour period, to renove the |astl_traces of water

met hanol and tol uene. After releasing the vacuum a 50 ml sanple was

renoved fr qiolleeuiali RiRAGHE dA0 e B d@idivert Wil iverd mixed wbthene. The
diluted sanple was centrifuged to show that 1.0 vol. % of sedi nent (PCS)

remai ned i tholreughr apitdtiion wnd heated to 22°C in a reactor fitted

with a reflux condenser, a gas distribution tube and a
temperature contréller. -15 g (0.47 moles) of methanol
were then added. There was an immediate exotherm, as a
result of which the temperature rose to 25°C. 15? g
(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 g
(0.14 moles) of neodecanoic acid were added as promoter,
followed by 24 g (0.75 mole) of methanol and 38.2 (2.14
mole) of water. The temperature was_brought to 55°C and
maintained at that level while commencing,
sirnultaneously, injéétion of carbon dioxide into the
mixture at a rate of 30 g/hour and addition of a mixture
of 36 g methanol and 71.5 g water. The methanol/water
mixture was added continuously over a 150 minute period,
at a substantially constant 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



8 g of filter aid was then added to the stripped mxture i R—thReteactor..
and"the m xture so obtai ned was a pressuf eRTEALACEVENT SHEE

reheahleﬂxeetdﬂaslBeﬁﬂieplapqu and cont ai ; ot T l|ter aid ps{a-precoats

Filtratli apid, at als err]/ hopr he y faks| eq
pr oduct ﬂgum mﬁ"‘wd clear and had a TBN of 426 ng KOH g. éoﬁ#éka@? e
le 9 was repeated,3&iTh the introduclibn-of _all af tlhé

before t he commencenent of carbonati onf The sedi ment
e "

al % o
altu tviIrnc

nethanol and wat er
| evel was 6 vol. % before stripping and 10 vol. % after strrpprng;

stripped profuChhanged from a reflux to a distillation
configuration. After a total of 138 g of carbon dioxide

had been 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 carbonation, a sample was removed
from the reaction mixture 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
the 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
releasing the vacuum, a 50 ml sample was removed from the
stripped mixture and diluted with 50 ml of toluene.

- This diluted sample 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 mixture so
obtained was filtered through a pressure filter preheated
to 160°C and containing 5 g of Speedplus filter aid as a
precoat. The filtration rate was 492 kg/m2/hour, The

filtered product was bright and clear and had a TBN of



bl ocked the filter, show ng that._san_si%kes—jjlts are not obtained when
al | the mefhanol “and vater are i prHgdsHEd B BFRY car bonation 0

[ A—Exanpie 1
Exanpl e 9 waghisSipecaeBeenRegacédhe | ol | owiEReACHANges: BBRLAGEVENT SHEET
sul phonic acid Im THIﬂ"Il'ﬁmlescrl ed in Exanple 1 were uged:
- 39 - 0 1 MAR 1997

408 mg KOH/g.

Examples 2 to 4 and Comparative Examples 1 %o 9
The process described in Example 1 was repeated

using different grades of magnesium oxide. The results

obtained are summarised in Table II, which also gives the

results obtained in Example 1.

Zable II1

Example or MO Sediment Sedinent Filtration THN

. B ol 82 el Gy
Ex. 1 A 0.5 0.8 492 408
Ex. 2 B 0.4 1.0 186 405
EX. 3 c 0.4 0.6 223 405
Ex. 4 D 1.2 1.8 174 402
Comp. 1 E 0.5 + 30 % gel - abandoned

Camp. 2 F 2.4 + 30 % gel - abandoned

Comp. 3 G 3.5 + 0.5 § gel - gelled duriny stripping
Camp. 4 H gelled during carbonation :

Comp. 5 J 2.4 4.5 blocked filter
camp. 6 K 3.0 + 2 % gel - abandoned

Comp. 7 L 0.2 + 20 % gel - abandoned

com. 8 M 3.0 + 5 § gel - abandoned

Comp. 9 N 0.3 + 60 % gel - gelled during stripping




1§é;§_ of ' oxi de A were used, a mxture of 109 of formic ac
and 13 g of acetyl acetone was uged as pronoter, t he |chargesehirneidaan
( ex ciihis §hes © c*dsed in the ey SiadeT st BN bt ep) andm‘?&ggg? Hggo.te i
car bo 20.6 g and 27.5Rgmgagmﬁctfvply; tihe_amount s of
met ha added during carbonatiomwere! 61. 9 arjd {8203 MAR 199
respectively; the initial tenmpera f® Tor carbonatidn jwas 40[err]C. |a
the tenperature increased to about 65[err]C before fallijng to 60[ err]
where it was nmaintained for the renmai nder of the carbondtion—period:

267 g of diluent gl ugiP+SSEY rable II show that, whereas products

having a high TBN, a low level of sediment, and a
relatively rapid filtratign rate were obtained when using
magnesium oxides in accordance with the invention, the
use of magnesium 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 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,
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
size less than 2 um above the limit specified in
accordance with the invention. It 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.

Exapples S5 to 8 and Comparative Examples 10 to 1S5

The process described in Example 1 was repeated
using different ratios of methanol intrbduced before
carbonation: methancl introduced during carbonation and
water introduced before carbonation: water introduced

during carbonation (Examples 5 to 8). (In each case the



On conpl etion of carbonation, a sanple contained 1.0 vol. % sedi nent
Afterstripping. the sedi nent | e The fFT4, P e l

210 kg/ nferr]/hour. The produc ﬁé?ﬂ% 2 §ﬁ§ﬂ$&
KOH g. Conparative Exanple 17 vas repeat ed, with the
I ntroduction of all the nethanol and water before the canﬁeﬁb&hﬁ%&ﬁﬁ7 car
bonati on. The sedinent at the end of -calbenati on was 8 yol. % which was
unaccept ably hi gh.

methancl using to facilitate neutralisation of the
sulphonic acid is excluded.)-

The processes described in Examples 1 and 2 vere
repeated with the introduction of all the methanol into
the reaction mixture before carbonation (Comparative
Examples 10 and 11). Example 1 was also repeated with
the introduction of all the methanol and water into the
reaction mixture before carbonation (Comparative Example
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 Example 14), and with the introduction of
some of the methanol and alliof the water during
carbonation (Comparative Example 15).

The results obtained are given in Table III, which
also gives, for comparative purposes, details for

Examples 1 and 2.

is Sheet Has Been Replaced
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Table III demonstfates 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 carbonation.

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

70 mass % solution of an alkyl behzene 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 temperature controller. 13 g
of methanol were then added. There was an immediate
exotherm, as a result of which.the temperature of the
mixture rose to 25°C. 154 g (3.82 moles) of magnesium
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 (0.06% moles) of octenyl succinic
anhydride were added as promoter, followed by 29.3 g of
methancl and 40 g of water. The temperature of the
mixture was brought to $5°C and maintained at that level
vhile commencing, simultaneously, injection of carbon
dioxide into the mixture at a Fate of 39 g/hour and
addition of a mixture of 73.7 g methanol and 90 g water.
The methanol/water mixture was added continuously over a

60 minute period, and at a substantially constant rate.



360 g of a sul phonic acid solution as described in Exanple 1 were used;

24 g of neodecanoic acid were used as pronot er t he nmegpheanot
mﬁﬂ%ﬁ?@ﬁ“

charges before carbonation (excftehn Fﬂﬂysed int )
step) were 17.5 g and 27.5 g H@Eb%gif 't he met hafol and mater'

charges during carbonation were . especti ye y01 MARS97
met hanol /water m xture was added durimgt4he first 90 m nyt és
car bonati on. On conpl etion of carbonation, a sanple do

% sedi ment. After stripping, the sedinent |evel was 1.6
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 g 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. Tﬁera was 0.8
volume % of 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
the distillation temperature reached 165°C, a vacuum 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 from the
stripped mixture and dissolved in 50 ml of toluene. The
diluted sample was centrifuged to show that 1.0 vol. % of

sediment (PCS) remained in the strlpped mixture.

heet Has Been Replaced
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The filtration rate was 321 kg/njferrl/hour, The fi oquct.

was bright and clear with a TBN of TAG7SHREETKGH BEEN ConparatﬁﬂaﬁEREﬁﬁie 18
Exanple 11 was repeated, wth the|intregbca¢®n of kIl the dethanol and |

wat er

before the comencerment of car- bonation. The sedi fent my MARR97d
carbonation was 13. vol. % and the experinent was abandongd} Exanple 12~Fo
14 and Conparative Exanple 19 and 20 45 -

8 g of filter aid was then added to the stripped
mixture in the reactor, and the mixture so obtained was
filtered through a pressure filter preheated to 160°C and
containing 5 g of filter aid as a precoat. Filtration
was very rapid, at a rate of 918 kg/m?/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 6 vol. % before
stripping and 10 vol. % after stripping, and ghe 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 repeated with the following changes:

360 g'of a sulphonic acid solution as described in
Example 1 were used:;

151.3 g of magnesium oxide A were used;

a mixture of 10 g of formic acid and 13 g of

acetylacetone was used as promoter;

the charges of methanol (excluding methanol used in

the neutralisation step) and water before carbonation

were 20.6 g and 27.5 g respectively: Sheet Has Been Replaced

TR



Exanpl e 9 was repeated using variobs”@gmqg 1R gegQdecanoi c acid as
pronoter and, in sone cases, introducingg@lackfe netghanol a o
the reaction mxture before the con onat i onf. qﬂ%ﬁh@ﬁhﬁ%ﬂ SIGFET

di luent oil added during distillation was vari ed dependi ng jory t he anount ~0

decanoi c acid used. The results obtained are summari sed in Tablg«ﬂﬁgR‘W97
- 46 - )

the amounts of methanol and water added during
carbonation were 61.9 and 82.5 g respectively;

the initial temperature for carbonation was 40°c,
and the temperature increased to about 65°C before
falling to 60°C, where it was maintained for the
remainder of the carbonation period:

267 g of diluent oil were used.

On completion of carbonation, a sample contained
1.0 vol. ¥ sediment. after stripping, the sediment
level was 2.0 vol $. The filtration rate was

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

TBN of 403 mg KOH/g.

Comparative Example 17

Example 10 was repeated, with the introduction of
all the methanol and water before the commencement of
carbonation. The sediment at the end of carbonation was

8 vol. %, which was unacceptably higﬁ.

Example 11

Example 9 was repeated with the following changes:

360 g of a sulphonic acid solution as described in

Example 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:; oot Has Been Replaced

T
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the methanol and water charges during carbonation
were 62.5 and 82.5 g respectively;

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

on completion of carbonation, a sample contained
0.8 vol. & sediment. After stripping, the sediment level
was 1.6 vol. %. The filtration rate was 321 kg/m2/hour.

The finished product was bright and clear with a 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 sediment at the end of carbonation was

13 vol. %, and the experiment was abandoned.

Example 12 to 14 and Comparative Examples 19 and 20
Example 9 was repeated using various amounts of
neodecanoic acid as promoter and, in some cases,
introducing all the methanol and water into the reaction
nixture before the commencement of_carbonation. The
amount of diluent oil added during distillation was
varied depending on the amount of decanoic acid used.

The results obtained are summarised in Table IV:
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Table IV shows that the addition of part of the
methanol and water during carbonation made it possible to
obtain satisfactory results using greatly reduced

amounts of the promotef.

Example 15
Example 9 was repeated with the following changes:

28 g of an ethylenediamine carbamate solution,
comprising 35.5 mass % water, 35.5 mass % methanol,
16.8 mass $ ethylene diamine and 12.2 mass 3 carbon
dioxide, was used as ﬁromoter;

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

the temperature of the carbonation mixture at the
commencement of carbonation was 40°C:

the amounts of methanol and water added during
carbonation were 61.8 and 90.2 g 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 promoter solution) was 130.2 g

the methanol/water mixture was added during the
first 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/m2/hr.

The finished product was bright and clear with a TBN.of

431 mg KOH/g.

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.
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| Table V
wg/‘ Bample 15 c::mg1 EX. c::m;z:2 Ex.
m o 28 28 . 57
Initial methanol (g) 13 13 15
:.fma beé:e(q) 30.1 120.3 110
m;&efg? 20.6 82.4 80
Water m(g) : 90.2 0 0
m ‘:ﬁ;’? 61.8 ' 0 0
Total methanol (g)  105.3 105.3 115.2
Total water (g) 130.2 130.2 130.2
Sedimt;ft?:c L 0.6 5.0 1.0
m aﬁ‘ % 1.0 10 1.3
- e o
%Zt _— 431 - 435

Table V shows that the addition of part of the
m
_etlfxanol_ and water during carbonation made it possible to

obtain satisfactory results using a éreatly reduced

amount of promoter. -
Sheet Has Been Replaced
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CLAIMS:
1. A process for the production of an overbased

magnesium sulphonate which 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, required to

react completely with (a):

(c) a hydrocarbon solvent;
This Sheet Has Been Replaced

[T

{(e) a water-scluble alcohol; and
the magnesium oxide used to prepare the mixture having a

(£) a promoter,

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 m?/g, and the particle size of
at least 92 volume ‘% of the magnesium oxide being greater
than 2pm, 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 carbonation but excluding
water generated by chemical reactions, being at least
0.5 mole per mole of the excess specified in (b).

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

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

0B O B

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

- 53 =

magnesium oxide has a citric-acid number in the range of from
200 to 600 seconds. ‘ ‘

q, 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 method in the range of from 2 to
lq 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 pum.

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

7. A process as claimed in any of claims 1 to 6,
wherein the total amount of Qater introduced into the
mixture, including any introduced before carbonation but
excluding water generated bf‘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 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

NRRR O
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alcohol, excluding any alcohol used when neutralising a °
sulphonic acid, if present, -is introduced into the
carbonation during carbonatioﬁ.

10. A process as claimed in any of claims 1 to 9,
wherein the water and/or alcochol introduced into the mixture
during carbonation is 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 carbeonation are introduced together.

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

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 magnesium oxide having a citric acid
number, surface area, and particle size distribution as
specified in claim 1 to give reduced sediment in a process

for the production of an overbased magnesium suiphonate.

NP R
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PREPARATION OF OVERBASED MAGNESIUM SULPHONATES

ABSTRACT

The use of magnesium oxide of specified, low, reactivity in
a process for the production of overbased magnesium
sulphonates, together with the introduction of water and an
alcohol, into the reaction mixture during carbonation,
makes it possible to prepare high base number products
which have very low post carbonation sediments and which
can be purified by rapid filtration.
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ARSTRACT

The use of magnesium oxide of specified, low, reactivity in
a procegs for the production of overbased magnesium
sulphonates, together with the introduction of water ahd an
alcchol, into the reaction mixture during carbonation,
makes it possible to prepare high base number products
which have very low post carbonation sediments and which
can be purified by rapid filtrationm.
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: Exappl e 15. Exanple 9 was repeated with the follo n% ckggrlgg oy
.26g of an ethyl enedl am ne carbanmate sol ution, conprising 5__iﬁﬂ§§? ~dhﬂer,
"35.5 mass % net hanol, 16.9 nass % et hyl ene di amin and 122 mass 19
carbon di oxi de, was used as pronoter the charges jof! mgtthgnpliggy
(excl udi ng met hanol used in the neutrallsation step) q wat er before
carbonation were 20.6 g and 30.1 g respectively;i
' 1

Preparation of overbased magnesium sulphonates

Description

The prasent invantion relates to a procass for the production of avarbased magnesium sulphonates and to over-
based magnesium suiphonates greparad by tha procass. The cvarbased magnesium sulphonatas prepared by the
procass are particularly useful as additives for cil-based compoasiticns, espacially lubricating oils, and the invention
alsoc rafates lo oil-based compasitions containing thesa ovarbased metal suiphonates.

Qvarbased magnesium sulphonates are wall known, as is thair use as additives in cil-based compositicns, for
axamgla, luliricants, greases and {uels. They function as datargents and acid neutralizars, tharaby caducing wear and
corrosion and, when usad in engines, extending engine life. Othar cverbased matal sulphonatas often usad for the
same purpese are ovarbasaed calcium sulphonates.

Many grocessas have bean progessd for producing ovaerbased sufphonatas of calcium and magnasium, tha pra-
larred processes generally involving the carbenation, in the praserice of an arganic soivent or diluent, of a mixtura of
an oil-soluble suiphonatae and/or an ofl-sofuble suiphonic acid and an excass of a compound of the desirad matal abeve
that requirad to raact with any acid prasent. It is known that cverbased magnasium sulphcnates are in genesal mora
difficuit to prapara than the corrasponding calcium compounds, and procasses proposed forpreparing ovarbased mag-
nesium sulphanates have invoived varicus special measures, for example, the use of particular reaction conditions
and/or the incorparation of ona or maora additional substancas into the mixtura to be cartenated, such additional sub-
stancas including, for axample, watar, alcohols, and pramnoters of various types. Many of the previously proposed
pracassas also, or altamatively, raquire tha use of magnaesium it a relatively reactive tomn, for axampla, in tha farm of

: a magnasium compound having a cartain minimum dagrae of reactivity.

Examples of prior spacifications disclosing the use of particular reaction conditions or steps in the preparation of
overbased magnesium sulphonates are U.S. Specification No. 3 §29 108, which discloses a multistags carbenation
procass, U.S. Specification No. 4 129 538, which ciaims the usa of specifiad tamparatura conditions, or the adkitfon
of acditional water and alcohet during carbonatien, when carbonating a mixture containing “light® (active) magnesium
oxide, U.S. Specification No. 4 148 740, which claims the use of specified temperatures and proportions of carben
dioxide when carbonating a mixtura containing “activated* magnesium oxide, U.S. Specification No. 4 152 758, which
claims carbonating at the “critical carbonation rate®, and which refers 10 the preparation of cverbased adkiitivas as "a
complax and highly unpredictabla ast”, British Specification No. 2 135 330 A, which.ciaims a continuous countarcurrent
process, and British Speciflcation No. 2 038 781 A, which claims the use of specified-carbonation temperaturas and |
prapactions of carbion diaxida for carkenating a mixtura which includas a G to Cg alechcl or 2 Gy to Cg katona. ’

: Examples of prior specifications directad primarily 1o the use of additional substances in the mixture tq be carbon-
ated arg U.S. Specification No. 4 6§17 135, which claims the usa of a reaction mixture containing watas, an alkancl, *:
and a combination of spacified first and second promoaters, U.S. Specification No. 3 928 216, which claims the use of
a promoters systam comprising a hydroxy-containing compound and a salt of borlc acid and an aliphatic hydrocarbyl. ™
diamine or polyaming containing from 2 10 8 carbon atoms, U.S. Spaecification Na. 3 853 774, which claims the usa of .
a reaction mixture containing watar, a lower alkancl and naphthenic acids, British Specifications Nos. 2037 801 A and

2037 310 A, which ciaim the use of reaction mixtures containing a C, o Cg dikatone and a Cg 1o C, 4 carboxylic acid
raspectivaly, British Specification No. 2 175 588 A, which claims the use of a reaction system containing water, alcehol,

a first promoter comprising a succinic anhydride or a dacivative therec! and a co-promatar selectad from naphthenic
acid and a water-soluble carboxylic acid, Eurcpean Specification No. 13808A, which claims the use of a reaction systam
cantaining water, a C, 1o Cy ketone, andone ar mora reaction promatars selected from the group consisting of carbaxytic
acids or salts thareof, amines and C, to Cy dikatanes, Europaan Specification No. 323 088 A, wharain the claimed
process uses a reaction mixture comgrising an ashless dispersant, and U.S. Specification No. 4 647 387, wherein the
raaction mixture in the claimed process comprises wataer, alcahol, a first promater comprising a Cg to Cqq succinic
anhydride or darivative thereof and a co-promotaer selectad from naghthenic acid and a watar-sciuble carboxylic acid.

Amgeng prior spacifications disclosing the usa of partidular scurcas of magnasium arg U.S. Spacification No. 3 150
089, which raquires magnasium metal as staiting matarial, U.S. Specification No. 4 225 448, in which the claimed’
procassas start from a magnasium sulphonate having a Total 8ase Numbar in axcess of about 200, U.S. Specification
No. 3 865 737, which raquires the use of magnasium cxide having a bulk density corrasgonding to a cakining tem-
perature of balow about 1000°C (that is, ‘light* or “reactiva® magnasium oxide), and U.S. Specifications Nos. 4 129
589 and 4 148 740, ralerrad 1o abova, both of which ciaim the use of active magnasium axides.

1 is important that overbased materials to ba used as addilives tor cil-based compositions such as lubricating oils
and fuals ha claar fiquids and be free of sediment, The praduct cbtained at the end of cartonation in processas for
praparing overbased magnasium sulphonates will contain some unwanted matarial (narmally hard sediment andior
gelatincus material formad during the cvarbasing procm) From an aconomic standpaint, it Is deairable to be able to
remova the sedimant quickiy and simply, prefarably by fiitration, and It ls also desirable that the amount of sediment
to be removad bae also low as possibla. If gelatinous material s prasant, this will tand to inhibit or prevent fiitration by
blocking the flitar. Where purification by fitration ls possibla, it is deslrabla that this be effected aa rapidly s posaible.

]
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The proportion of sedlment in the reaction mixture immadiately after carbonation (that is, before centrifuging or
filtration to remave sediment) is usually known as the "post carbonation sediment®, or *PCS*, and is normally exprassed
as volume % PCS based on the volume of tha reaction mixture. When comparing proportions of sadiment in different
systems, it is important that the % PCS be calculated on comparable systems, praferably “stripped” systems frae from
any volatile materials, for example, water, methanol, and sclvents, which ara included in the reaction mixture for the
purpases of the raaction but which ara not required in the final overbased product. In some procasses thesa volatile
materials are not remaved until aftar removal of the sadiment, and the % PCS reportad is thus based on the voluma
of a reaction systam which still contains the volatile materials, but by appropriate calculation it is possible to arrive, for
comparison purposes, at a vaiue for the % PCS in a notional systam free from the volatile materials.

Itis normally desirable that overbased materials to be used as additives for oil-based compasitions have a relatively
high basicity, since this results in the most economic use of the metal. The basicity is usually exprassed 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 prefarred that the TBN be at least
350, praterably at least 400, mg KOH/g, as measured by ASTM D2BSE. Processes for the production of overbased
materials of high TBN, howevar, frequantly result in significantly higher sediment Javels at the end of the carbonation
step than do processes for producing overbased materials of lower TBN, or requira tha use of high lavels of promoters
if relatively low sadiment levels are to be cbtained. The use of high levels of promoters is in general undesirable on,
for example, economic grounds and/or hecause the promoter imparts undesired proparties to an intermediate or final
product. Thus, for example, in some cases a high level of promoter may lead to a post-carbonation product of high
viscosity which can only be filtered relatively siowly.

Many of the processes described in the prior art for the preparation of overbased magnesium sulphonates involve
the ramoval of substantial quantities of sediment, predominantly unraactad magnesium starting materials, U.S. Spec-
ification No. 4 192 758, for example, indicates that *much of the oxide ands up as undisparsed solid which is difficutt
to filter. Itis stated in U.S. Specification No. 4 617 135 that the process described tharein makes it possibie to produce
overbased magnesium sulphonates having ‘extremely low post carbonation sediment®, but it is apparent that, aithough
the levels of sadiment may be low compared with those cbtained in previously proposed precasses, they are stifl
relatively high. Thus, the specification indicates that the *% PCS produced by the present reaction is generally less
than 5.0% by volumne of the reaction mixture”, and the lowest value quotad is 2%. Further, it is clear from the Examplas
of Specification No. 4 §17 135 that the % PCS values reported in the specification are based cn the reaction mixture
before heating to strip volatile additives such as water, methanol and naphtha. The % PCS valuss calculated on systems
frae trom volatile materials will be higher than the values quoted in the'specification. Thus, the % PCS of 3.8 quotad
in Example 1 of Specification No. 4 6§17 135, for example, approaches 10 when calculated on the basis of a systam
free from volatile additives, and a % PCS of 2 approaches § when calculated on the same basis.

British Specification No. 2 175 598 A, which is primarily concamed with overbased magnesium sulphonates which
ara highly water-{olarant, and which do not rely on the presanca of post-sulphonate formation water-tolerance additives
to enabie them to pass the Cummins Test, refers in passing to the maintenancs of minimum post carbonation sediment”
but the lowest % PCS reported is 2 (in Example 1), the remaining Examples quoting % PCS values of 5.4 (when n-
octeny! succinic anhydride was used as promoter) to 8.8. (it appears from tha details of the process immeadiately
praceding the Examples that the quoted % PCS values may be the values before stripping.) There is no teaching of a
methed which makes it possible to obtain products which contain significantly lower levels of sediment after stripping
and which can be purified by rapid fiitration.

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

Neithar GB-A-1 483 460 and EP-A-0 394 033, and also the aforamentioned US-A-4 617 135, US-A-3 865 737,
and FR-A-2580 291, describes the usa of magnesium oxide with a low citric acid number, but each recommends the .
usa of active or light MgO in the process to prepare an overbasad sulfonate.

Despita the numerous pravious proposals for preparing cverbased magnesium sulphonates, of which the proc-
esses disclosed in the specifications discussed above ara oniy a selection, thare remains a need lor a procaass suitable
for preparing such substances, particularly overbased magnesium sulphonates having a relativaly high TBN, In which
relativaly low levels of pcst carbonation sediment can be obtained (preferably without the need to use high lavels of
promoter), and relatively rapid filtration of the sediment-containing reaction product is possibie.
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are given in Table V below. Conparative Exanple 22
i

3 I,
The applicants have surprigingly found that the use , as the source of magnesium, of magneslum oxide of relatively

low reactivity, In a reaction system which
comprisas, among other components, water and a water-soluble alcchol, in combination with the introduction of part
of the water and at least part of the aicohol, into the mixture during carbonation, makes it possibie to obtain overbased
magnesium sulphonatas of high TBN which have extremely low % PCS valuas, typically lass than 2 %, and in some
casas lass than 1 %, based on a reaction systam frae from volatile matarials, and which can be filtared ratatively rapidly,
typically at a rate of at least 150, preferably at least 200, and aspacially at lsast 250, kg/m2/hour when working on a
large scale, these resuits being obtained without the use of unacceptably large proportions of promotars, The products
may also have ralatively low viscosities. Tha fact that very low amounts of sediment may be obtained in accordancs
with the invention is advantageous from the ecclogical viewpoint when working on a large scale, as thera is less waste

material to be disposed of.

, The present invention provides a procass for the production of an overbased magnasium sulphonate which com-

prises carbonating a mixture comprising:

(a) an oil-soluble sulphonats and/or an oil-soiuble sulghonic acid;

{b) magnesium oxide in excess of that, ¥ any, required to react completsiy with (a);
(c) a hydrocarbon solvent;

(d) water,

(e} a watar-soluble alcohel; and

(f) a promotaer,

the magnesium oxide used to prapare the mixture having a citric acid number (as herainafter defined) of greater than
200 seconds and a surface area measured by the BET singla point mathed of less than 12 m%/g, and the particle size
of at least 92 volume % of the magnesium oxide being greater than 2 um, and part of the water, and praferabiy at least
part of the water-soluble alcchal, being introduced into the mixturs during carbonation, the total amount of water intro-
duced into the mixture,

including any introduced before carbenation but excluding water generated by chemical reactions, being at least 0.5
mola per mole of the excess spacified in (b). The invantion also provides the use of a magnaesium axide having a citric
acid number, surface area and particie size distribution as specified above to give reduced saediment in a procass for
the praparation of an cverbased magnesium sulphonate.

The sulphonate or sulphonic acid used in the procass of this invention may be natural or synthetic, the synthetic
alkylaryl sulphenates and sulphonic acids being preferrad. The ovarbased magnesium sulphonates with which this
invention is concemed comprise an aii solution of the magnesium sulphonats which acls as a surfactant to disperse
colloidal magnesium derivatives, for example, magnesium carbonate, oxide and/or hydraxide. It Is thus important that
the suiphonic acid or sulphonata be cil-soluble. A mixture of substancas selected from oil-soluble sulphonic acids and
oil-soluble sulphonates may, of course, be usad.

The proportion of dispersad colloidal magnesium derivatives such as magnesium carbonate, oxide and/or hydrox-
ide, in the overbased magnesium sulphonates detarmines the basicity of the products. The magnesium oxide used as
a starting material is used in an amount sufficient to give the desired TBN in the product. Advantagaousiy, the magne-
sium oxida is used in a total quantity correspending to 1 to 45, preferably 1 to 25, equivalents of magnesium for sach
equivalent of sulphonic acid: whers magnesium axide is added to a system already containing a magnesium sulpho-
nate, the equivalents of magnesium and sulphonic acid corresponding to the magnesium sulphonate are included in
the above figures. Part of the magnesium oxide may, if desired, be added to the reaction systam during carbonation.

As indicated above, an important feature of the prasent invention is the use of magnesium oxide of reiatively low
reactivity. As aiso indicated above, many of the praviously propased processes for making overbased magnasium
sulphonates specify the use of relatively reactive forms of magnesium oxida, commontly known as "light*, *active®, or
*caustic burned® magnesium oxidas. Thaese forms of magnesium oxide have a relatively low density and relatively high
surface area, in contrast to *heavy* or *deadbumed® forms of magnesium oxide, which are relatively densa and of
ralatively low surface area and tend to ba ralatively inert chemically The magnesium oxides used in accordance with
the invention are *heavy* rather than “light*, althcugh not all heavy magnesium oxides are suitabla for use in accordance
with the invention.

As indicated above, the magnesium oxides suitable for use in accordancae with the invention have a citric acid
number (as hereinafter defined) of greater than 200 seconds and a surface area measurad by the BET single point
method of less than 12 m¥g, the particie size of at least 92 volume % of the magnesium oxide being greater than 2um.

As dafined harsin, the citric acld number is the tima in seconds required to neutralise, at 22°C, a stirred mixture
of 1.7 g of the magnesium oxide, 100 m| wataer, and 100 mi of a citric acid solution containing 26 g citric acid monchydrate
and 0.1 g phanolphthalein in 1 litre of aquaous solution. Neutrallsation is indicatad by the mixture tuming pink. The
citric acid numbaer of the magnaesium oxide usad In accordance with the invention is advantagecusly at most 700 asc-
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:Conpar ati ve Exanple 21 was repeated using 57 g of the Q{ir@ngt&ggm@ohu}lfo
with slight varitions in the methanol and water charges...The e et
obt ai ned are given in Table V. i ;

Table V Exanpl e/ Conp. Ex. ExanplieSEB 199Coqp
21  Conp. Ex 22 Pronoter Solution (g) | i 28
28 57 Initial nmetRanol  (Qg) I3

onds, a;lréia advantagecusly in the range of from 200 to 600 saconds, preferably : a

The BET single point mathod for measuring the surface areas of particulata solids is described in the Joumal of
Analytical Chemistry, Vol. 26, No. 4, pages 734 lo 735 (1954) - M. J. Katz, An Explicit Function for Specific Surface
Area. The surface area, measured by this methed, of preferred farms 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 lsast 92 volume % of the magnesium oxide used in accordanca with the invention is greater
than 2 um. Advantageously, at least 94 volums % of tha magnesium oxide has a particle size of greater than 2 um.

The magnasium oxide used in accordance with the invention preferably has a purity, as measured by EDTA titration,
of at least 95 %. In the EDTA titration methed, a sample of the magnesium oxide is dissolved in dilute hydrechloric
acid, and the solution is buffered in a pH of about 10 and then titrated with a solution of he discdium sait of ethylene
diamine tetra-acstic acid. The disodium sait forms a complex 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 mass of magnasium,
exprassed as magnaesium oxide, is compared with the mass of the original sampie to give the percentage purity.

The hydrocarbon solvent used in the carbonation mixture is a scivent in which the sulphonic 2cid and the overbased
sulphonate are at least partially soiuble, and is used in an amount sufficient to keep the mixtura fiuid during carbenation.
The solvent is advantageocusly volatile, preferably with a beiling point at atmosphaeric prassura of below 150°C, so that
it can be removed after tha completion of carbonation. Exampias of suitable hydrocarbon solvents are aliphatic hydro-
carbons, for example, hexane or heptane, and aromatic hydrocarbens, for exampls, benzene, toluene or xylene, the
preferred solvent being toluene. Tha fact that aromatic and aliphatic solvents can be used is an advantage over some
previously proposed processes, which ara restricted to one or the other. Typicaily, the solvent is used in an amount of
about 5 parts by mass per part by mass of the magnasium oxide.

As well as the hydrocarbon solvent, the carbonation mixture may comprise a non-volatite diluent oil, for example,
a mineral ail, although the use of such an oil is not essential. in the precass of the invention a non-volatile diluent ail
is preferably only used if such an ail is presant in the sulphenic acid starting material, although the additicn of diluent
il after the complstion of carbonation may in some cases be advantageous for facilitating handling of.the preduct.

The total amount of water introducsd into the mixturs, including any introduced befora carbonation but excluding
water generated in situ by chemical reactions, is at least 0.5 mole, advantageously at least 1 mole, per moie of the
axcess magnesium oxide (that is, the magnasium oxide available to form colloidally dispersed basically-reacting proci-

h and

ucts). Advantageously, the total amount of water introduced does not axceed S moles, and preferably does not exceed -

2.5 moles, par mole of overbasing magnesium oxide.

Part of the water is introduced into the carbonation mixture during carbonation, part being present in the mixtura
befors commencerment of carbonation. Advantagecusly, 10 to 50 mass %, and prafarably 30 to 60 mass %, of the total
amount of introduced water, is presant in the mixture befora commencament of carbonation, and 80 to 10 mass %,
prefarably 70 tc 40 mass %, of the total amount of water is added during carbonation. The most appropriate ratio of
the praporticn of watar present before commencement of carbonation to the proportion added during carbonation will
vary from system to systemn, and can be determined by routine experiment. The manner in which the water is intrcducad
into the mixture during carbonation is discussed in more detail below.

As examples of suitable water-soluble alcohols for use in accordance with the invention there may be mentioned
lawer aliphatic alkanols, alkoxy alkancls, and mixtures of twe or more of such compounds, wherein the maximum
number of carben atomns is usually at most 5. Examples of suitable alkanols are methanci, ethanc!, isopropanol, n-
propancl, butancl and pentanol. Methano! is preferred. An example of a suitable alkoxy alkanol is methoxy ethanol.

As indicated above, at least part of the alcohol is introduced into the carbonation mixture during carbonation.
Advantageously, at least 10 mass %, and prefarably 40 to 70 mass %, of the total amount of alcohol introduced (this
“total amount® exciuding any alcohel used when neutralising a sulphonic acid, if present), Is intreducsd during carben-
atien. The most appropriate ratio of the proportion of alcchol prasant before commencement of carbonation to the
propertion added during carbonation will vary from systerh to system, and can be detarmined by routina axperiment,
as can the most appropriate raiative proporticns of water and alcohol. For guidance, the mass ratio of water to alcohol
will typically be in the range of from 1010 0.1 to 1, especially 7to 1.5to 1.

The water introduced into the reaction mixtura during carbonation, and/or the alcohol introduced during carbona-
tion, is/are advantageously intrcduced substantially continuously, preferabiy at a substantially constant rate. The term
*substantially continuously* includes the case whera the water and/or aiccho! is/ars introduced in a plurality of smalf
portions, with short time intarvals batween the addition of individual porticns, but not the case whera the water and/or
aleohol is are introduced in ona or more relatively large balches. Whare both water and alcohol are introduced Into the
mixture during carbonation, these are advantageously introduced over the same paricd of time, and may conveniently
be introduced together.

Advantageously, the water and alcchol introduced during carbonation ara introduced over at laast the first 20% of tha
carbonation period, advantageously ovar at laast the first SO %, praferably aver at least the first 75 %, and sspecially
over at least the first 90 %, of tha said period. If desired, the water and alcohol may ba introduced over differant periods
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10 Anyprofoter or promoter system may be usad in the procass of the invention, far example, any of the promotars

mentioned in the specificaticns ralerrad to harein as being suitable for use in preparing overbased magnesium sul-
phonatas. Examples of suitable promoters are ammenia, ammonium compounds, amines, (for axample, ethylene di-
amina), kalones, naphthenic acids and carboxylic acids or anhydrides, including mixturas of oit-soluble and water-
soluble organic acids as described in U.S. Specification No. 4 617 135. Suitable carboxylic acids/anhydrides include
the Cy to C,5 carboxylic acids referred to in British Specification No. 2 037 310 A (for example, n-cctancic acid, n-
decanoic acid, and neodecanoic acid), and substituted, for example, alkenyl-substituted, succinic acids, which are
praferably used.in the form of their anhydrides (for example, octeny! succinic anhydride). The use of a process in
accordance with the invention may make it possible to obtain lower sadimant levels using the same amount of promoter,
or the same sediment laveis using a reduced amount of promoter.

To ensure maximum conversion of magnesium oxide to colloidal products, carbonation is nomnally continued until
there is no further significant uptaks of carben dioxide. The temperature at which carbonation is effacted depends on
the promoter system used. The minimum temperatura that may be used i that at which the-carbonation mixture remains
fluid, and the maximum is tha decomposition temperature of the compenent with the lowest dacomposition temperature,
or the lowest temperature at which an unacceptable amount of one or mera volatile companents is lost from the mixture.
Carbonation is praferably carried out with the apparatus set for total reflux. Tha temperature of the reactants is normaily
adjusted to a chosen value before carbonation is commencad, and is then allowed to vary during carbonation as the
reaction procseds. Genarally carbonation is effectad at a temperature in the range of from 20 to 200°C, preferably 40
to 70°C.

When there is no further significant uptake of carbon dioxide, the carbonation mixturs is stripped to remove volatile
materials such as watar, the alcohol, and volatile solvent(s), and any sollds remaining in the mixture are removed,
prafarably by filtration. The mixture may ba stripped befcra or after the solids are removed. Further carbon dioxida
may i desired be passed through the reaction mixtura during stripping, the carbon dioxide acting primarily to flush out
volatile materials. As indicated abovs, the invention surprisingly makes it possible o obtain overbased magnesium
sulphonates having high TBNs, having an extremely low proportion of post carbonation sadiment, and capable of
purificaticn by filtration.

Overbased magnesium sulphonates obtained by the process of the invention ars useful as additives for oil-based

- compositions, for example, lubricants, greases and fuals, and the invantion thus also provides such compositions

containing the overbased magnesium sulphonates. When used in engine lubricants, the overbased magnesium sul-
phonates neutralise acids formed by the cperation of the engine and help to disparse soiids in the oil to, reduce the
formation of harmful depasits. They also enhance the antirust properties of the iubricants. The amount of overbased
magnesium sulphonate that should be inciuded in tha cil-based composition depends on the type of composition and
its proposed appfication. Automotive crankcase lubricating oils praferably contain 0.01% to 5 mass % of the overbased
magnesium sulpheonate, on an active ingredient basis, based on the mass of the cil.

The overbased magnesium sulphonates prepared in accordance with the invention are oil-soluble or (in common
with certain of the other additives referred to below) are dissolvabla in oil with the aid of a suitable solvent, or are stably
dispersible materials. Oil-solubie, dissolvable, or stably dispersible as that terminclogy is used herain does not nec-
essarily indicate that the materials are soluble, dissolvable, miscible, or capable of being suspended in oil in all pre-
portions. it does mean, however, that the materials ars, for instance, soluble or stably dispersible in oil to an extent
sufficient to exert their intended effect in the envirenment in which the oll is employed. Moreover, the additional incor-
poration of other additives may aiso pemmit incorporation of higher levels of a particular additive, if desired.

Additives, including the overbased magnasium sulphonates preparad 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 ail by dispersing or
by dissolving them in the oil at the desired level of concentration. Such blending can occur at room temparatura or an
elevatad temparature.

Overbased magnesium sulphonatas produced in accordancs with the present invention may be useful in fuel oils
of lubricating oils. The normaily liquid fuel oils are generaily derived from petroleum sourcas, for example, normally
fiquid petroleum distillate fuals, aithough they may include those produced synthatically by the Fischer-Tropsch and
ralated processes, the procassing or organic waste material or the procassing of coal, lignite or shale rock. Such fuel
compasitions have varying boiling ranges, viscostties, cloud and pour points, according to thair and use as is well
known to those skilled in the art. Among such luels are those commenly known as dlessl fuals, distillate fuels, for
example, gasoline, heating oils residual fuals and bunker fuels, which ara collectively referred to harein as fusl oils.
The properties of such fuals are well known to those skilled in the art as illustrated, for axample, by ASTM Specification
109322-73. available from the Amarican Scciely for Testing Materials, 1916 Race Street, Philadeiphia, Pennsyivania

Middle distillate fuel oils include distillates boiling from abiout 120 to 725°F (about 49 to 385°C) {a.g., 375 to 725°F
(181 to 385°C)), including karosene, diesel fuels, home heating fuel oil, jet fusls, etc., and most prafarably whose 20
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% and 90 % distillation points differ by lesa than 212°F (100°C), and/or whose 90
batween about 20 and S0°F (about 11°C and 28°C) and/or whose final boiling peint is in the range of 800 o 700°F
(about 316 to 371°C).

Overbased magnesium sulphonates preparad in accordanca with tha invention are particularly useful in lubricating
oil compositions which employ a base oil in which the mixtures are dissoived or dispersed. Base oils with which the
overbased magnesium sulphonates may be used include those suitable for uss as crankcase lubricating oils for spark-
ignited and compression-ignited intamal combustion enginas, for example, automohile and truck engines, marine and
railroad dissel engines. They may also be used, for example, in base oils suitable for use as aviation lubricants or as
jubricants for two cycle engines.

Synthetic base oils include alkyl astars of dicarboxylic acids, polyglycols and alcohols; poly-c-Olefins, including
polybutenes; alkyl benzanes; organic esters of phosphoric acids; and polysilicone oils.

Natural base oils include mineral lubricating cils which may vary widely as to their crude source, for example, as
to whether they are paraffinic, naphthenic, mixed, or paraffinic-naphthenic, as well as to the method used in their
production, for example, distillation range, straight run or cracked, hydrofined, solvent axtracted and the like.

More specifically, natural lubricating ol base stocks which can be used may be straight mineral lubricating oil or
distillates derived from paraffinic, naphthenic, asphaltic, or mixed base crude oils. Altamatively, if desired, various
blended oils may be employed as well as rasidual oils, particuiarly those from which asphaltic constituents have been
removed. The oils may be refined by any suitable methcd, for example, using acid, alkall, and/or clay or other agents
such, for example, as aluminium chioride, or they may be extracted cils produced, for example, by soivent axtraction
with solvents, for example, phenol, sulphur dioxids, furfural, dichlorodiethyl ether, nitrobenzene, or crotonaidehyde.

The lubricating oil base stock conveniently has a viscosity of about 2.5 to about 12 ¢St (about 2.5 x 1078 to about
12 x 108 m?/s) and preferably about 2.5 to about 9 cSt. (about 2.5 x 106 to about 9 x 106 m?/s) at 100°C. Mixtures

- of synthetic and natural base oils may be used ¥ desired.

The overbasad magnesium sulphonates prepared in accordance with the present invention may be smployed in
a lubricating il composition which comprises lubricating ofl, typically in a major proportion, and the suiphenates, typ-
ically in a minor proportion, for example, in a proportion as indicatad above. Additional additivas may be incorporated
in the composition (o enabla it to meet particular requirements. Examples of additivas which may be included in lubri-
cating oil compasttions are other detergents and metal rust inhibitors, viscosity index improvers, corrasion inhibitors,
oxidation inhibitors, friction modifiers, dispersants, anti-foaming agents, anti-wear agents, pour point depressants, and
rust inhibitors. ' o

Additional detergents and metal rust inhibitors include other metal salts, prafarably overbased metal salts, of sul-
phonic acids, particularly calcium and sodium salits, and metal salts, preferably overbasad metal salts, of sulphurized
alkyl phenois, alky! salicylates, ﬁaphmenates and other oil=soluble mono- and dicarboxylic acids.

Viscosity index improvers (or viscosity modifiers) impart high and low temperature cperability to a lubricating oil
and permit it to remain shear stable at elevated temperaturss and aiso 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 dispersants, which function as dispersants as well as
viscosity index improvers. Oil soluble viscosity maodifying polymers generally have weight average molecular weights
of from about 10,000 to 1,000,000, praferably 20,000 to 500,000, as determined by gel parmeation chromatography
or light scattering methods.

Representative examples of suitable viscosity modifiers are polyiscbutylene, copolymers of ethylene and propyl-

» 8ne, polymethacrylates, methacrylate copolymers, copolymers of an unsaturated dicarboxyiic acid and a vinyl com-
pound, interpolymers of styrene and acrylic esters, and partially hydrogenated copolymers of styranedsoprenae, styrane/
butadiene, and isoprene/butadiena, as well as the partially hydrogenated homopolymaers of butadiene and isoprene.

Corrosion inhibitors, also known as anticorrosive agents, reduce the degradation of metallic parts contacted by
the lubricating oil compasition. lllustrative of corrasion intibitors are phosphosulphurized hydrocarbons and the prod-
ucts cbtained by reaction of a phosphosulphurized hydrocarbon with an alkaiine earth metal oxide or hydroxide, pref-
arably in the presence of an alkylated phenol, and aiso praferably in the presence of carbon dioxide. Phaosphosul-
phurized hydrocarbons may be preparad by reacting a suitable hydrocarbon, for axampla, a tarpene or a heavy petro-
leum fraction of a C, to Cg olefin polymer such, for axampie, as polyisobutylene, with from § to 30 mass % of a sulphide
of phosphorus for 1/2 to 15 hours, at a temparaturs in the range of about 65 to about 315°C. Neutralizatien of the
phosphesulphurized hydrocarbon may be effected in any suitabie manner, for exampls, in the mannar taught in U.S.
Patent No. 1,969,324,

Oxidation inhibitors, or antioxidants, raduce the tandency of mineral oils to detariorata in sarvice, avidence of such
datarioration being, tor exampie, the production of vamish-ike depasits on the metal surtaces and of sludge, and
viscosity growth. Suitable oxidation inhibitors Include ZDOPs, aromatic amines, for axampie alkylated phenylamines
and pheny! alphanapthylamine, hinderad phenols, alkaline earth metal saits of suiphurized alkyl-phenals having pref-
erably C to C,, alky! side chains, a.g., calcium nonylphenyi suiphide; barium octylphenyl sulphide; and phosghosul-




1. A process for the production of an overbased maghesiums st s_l,dr whi ch
conpri ses carbonating a m xture conpri si ng: Fi""f—(‘ﬁi)ﬂna‘n orFtlsdl ubl e
"sui phonat e and/ or an oil -sol ubl e sul phoni ¢ aci d: (b) magnesi ym oxi de
In excess of that if any, required to react conplete y1vw' tS'EP(ﬁW (c)
a hydrocar bon sol vent: (d) water, s
7
phurized or sulphurized hydrocarbons.

Other oxidation inhibitors or antioxidants which may be used in lubricating oil compositions’ comgprise oil-soluble
copper compounds. The copper may ba blended into the oil as any suitable oil-soiuble coppar compound. By cil-soluble
it is meant that the compound is oil-scluble under normal biending conditions in the oil or additive package. The copper
compound may ba in the cuprous or cupric form. The copper may, lor axampla, be in the form of a copper dihydrocarby!
thio- or dithio-phosphate. Altemnatively, the copper may be added as the copper salt of a synthetic or natural carboxylic
acid. Examples of suitable acids include Cy to C,4 fatty acids, such, for exampla, as stearic or palmitic acid, but un-
saturated acids such, lor axarnple, as olaic acid or branched cartoxylic acids such, far axampta, as naphthenic acids
of molecular weights of from about 200 to 500, or synthetic carboxylic acids, are preferred, because of the improved
handling and solubility properties of the resulting copper carboxylates. Also useful ara cil-scluble copper dithiccar-
bamates of the genaral formula R A(NCSS),Cu, whera Zis 1 or 2, and A, and R, are the same or different hydrocarbyl
radicals containing from 1 to 18, and preferably 2 to 12, carbon atoms, and including radicals such, for example, as
alkyl, alkenyl, aryl, aralkyl, alkaryl and cyclcaliphatic radicals. Pasticuiarly praferred as R, and Ry groups are aikyt
groups of from 2 ta 8 carbon atoms. Thus, the radicals may, for example, be athyl, n-propyl, i~propyl, n-buty!, i-butyl,

gec-butyl, amyl, n-hexyl, i-hexyl, n-heptyl, n-octyl, decyl, dodacyl, octadecyl, 2-sthylhexyl, phenyl, butyipheny!, cy-
clohexyl mathylcyclopentyl, propenyl, or butenyl radicals. In erdar to cbtain oil solubility, the total number of carbon
atoms (i.e. the carbon atoms in R, and R, will generally be about five or greater. Copper sulphanates, phenatas, and
acetylacelonates may also be used,

Examples of usaful copper compounds are copper Cul and/or Cull salts derived from an aikenyl succinic acids or
anhydride. The saits themselves may be basic, neutral or acidic. Thay may be formed by reacting (a) polyaikylene
succinimides (having polymer groups of M, of 700 to 5,000) derived from polyalkylens-golyamines, which have at least
one free carboxylic acid group, with (B) a reactive metal compound. Suitabie reactive metal compounds include those
such, for example, as cupric or cuprous hydroxides, oxides, acatatas, borates, and carbonates or basic copper car-
bonata.

Examples of these metal saits are Cu salts derived from polyiscbutany! succinic anhydride, and Cu salts of
polyisobuteny! succinic acid. Prafarably, the coppar is in its divalent form, Cull. Tha preferrad substrates are polyalkenyl
succinic acids in which the aikenyl group has a molecular weight greater than about 700. The alkeny! group desirably
has a M, from about 500 tc 1,400, and up to 2,500, with a M, of about 950 being most preferred. Especially prefarred
is polyiscbutylena succinic anhydride or acid. These matarials may desirably be dissoived in a solvant, for axampie,
a mineral oil, and heated in the presanca of a water solution (or slurry) of the metai-bearing material to a tamperature
of about 70°C to about 200°C. Temperaturas of 100°C to 140°C are normally adequate. It may be necessary,.depending

- upon the salt produced, not to allow the reaction mixture 10 remain at a temperature above about 140°C for an extended
period of time, e.g., longer than 5 hours, or decompeosition of the sait may cccur.

The copper antioxidants (a.g.. Cu-pelyisobutanyl succinate, Cu-olaate, or mixturas therecf) will generally be em-
ployed in an amount of from aliout 50 to°SC0 ppm by waight of tha copper, in the final lubricating compasition.

Friction medifiers and fuel sconomy agents which are compatibie with the cther ingredients of the final cil may
also be included. Examples of such materials are glycery! monoastars of higher fatty acids, for exampie, glyceryl mone-
oleate, esters of long chain polycarboxylic acids with diols, for axample, the butane diol estar of a dimerized unsaturated
fatty acid, and oxazoline compounds.

Dispersants maintain oil-inscluble substances, resulting from oxidation during use, in suspension in the fluid, thus
preventing siudge fiocculation and precipitation or depesition on metal parts. Se-called ashiess dispersants are organic
matedials which form substantially no ash on combustion, in contrast to the metal-containing (and thus ash-forming)
datargents described abovs. Suitabla dispersants inciuds, for axample, derivatives of long chain hydrocarben - sub-
stituted carboxylic acids in which the hydrocarbon groups contain S0 to 400 carben atoms, examples of such derivatives
being darivatives of high molecular weight hydrocarbyi-substitutad succinic acid. Such hydrocarbion-substituted car-
boxylic acids may be reacted with, for axample, a nitrogen-containing compound, advantageously a polyalkylens
polyamine, or with an aster. Such nitragen-containing and ester disparsants are wall known in the ast. Particularly
preterrad disparsants are tha reaction products of polyalkylena amines with alkenyl succinic anhydrides.

In general, suitable dispersants include oil soluble salts, amides, imides, oxazolines and esters, or mixtures thareof,
of long chain hydrocarbon-substituted mono and dicarhoxylic acids or their anhydrides; long chain aliphatic hydrocar-
bons having a polyamine attached diractly therato; 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 fammaldehyds and about 0.5 to 2
moles of a polyalkylene polyamine. In these disparsants long chain hydrocaribon groups are suitably darived from
polymers of a C, to C5 moncolafin, the polymers having a molecular weight of about 700 to about 5000.

As indicated above, a viscosity index improver dispersant functions both as a viscadily index improvar and as a
dispersant. Examplas of viscosity index improver disparsants suitable for use in accordance with the invention include
reaction products of amines, lor exampla palyamines, with a hydrocarbyl-substitutad mano - or dicarboxylic acid in
which the hydrocarby! substituent comprises a chain of sufficient length to impart viscosity index improving proparties
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to the compounds. In general, the viacasity index Improver disparsant may be, for sxampie, a palymer of a C, to Cas
unsaturated estar of vinyl alcohol or a G to Cyq unsaturated mono-carboxylic acid or a C, 1o C,q dicarboxylic acid with
an unsaturated nitrogen-containing menomar having 4 to 20 carbon atoms; a pelymer of a C3 10 Cqg clefin with an
unsaturatad C; 1o C,y mono- er dicarboxylic acid nautralised with an amine, hydroxyamine or an alcahal; or a polymar
of ethylene with a C, to Cy olafin further reacted either by grafting a C, to Cyy unsaturated nitrogen - containing
monomer tharacn or by grafting an unsaturated acid onto the golymer backbone and then reacting carboxyllc acid
groups of the grafted acid with an amine, hydroxy amine or akcohol.

Examplas of dispersants and viscosily Index improver dispersants which may be used in accordancs with the
inventicn may be found in Eurcpean Patent Specification No. 24146 B, the diaclosura of which Is incorporated harain
by roferance.

Antiwear agents include zinc dhydrocarbyl dithiophosphatas ZDOPs).

Pour point deprassants, ctherwise known as lube il flow improvers, lowar the temperatura at which the fluid will
flow or can ba poured. Such additives ars wail known. Typical of those additives which improva the low tamperature
fluidity of the fluid are Cq to Cyg dialkyl fumarate/viny! acetate copolymers, polymethacrylates, and wax naphthalane.
Foam control can be provided by an antifcamant of the polysiloxane type, for axample, silicona il or polydimethyi
silexans. )

Some of the above-menticned additives can provide a muitiplicity of effacts; thus for example, a single additive
may act as 3 dispersant-oxidation inhibitor. This approach is weli! known and need not be further slaborated herain.

Comgpeaitions when containing the above-mentioned additives are typically blended into the basa oil in amounts
which are effective to provide their normal function. Representative sffactive amounts of such addRives, if prasent, are
filustrated as foliows:

Additive Mass % a.l.* Mass % a.l*
(Broad) (Prefarrad)
Detargenta/Rust inhibitors 0.016 - 0.014
Viscosity Modifier 0.01-8 0.014
Carrosion Inhibitor 0.01-5 10.01-1.5
Oxidation Inhibitor 0.01-§ -7 Q.01-1.8
Dispersant 0.1-20 ' 0.18
Pour Point Daprassant 0.01-8 C.01-1.5
Anti-Foaming Agent . 00013 0.001-0.15
Anti-wear Agents T 0.016 . 0.01-4
Friction Modifier 0015- | . 0.01-1.5
Mineral or Synthetic Base Ofl Balanca Balance -

* Mass % active ingrectient based an the final ol

When a plurality of additives are employed it may be desirabla, although not essential, to prepare additive con-
centrates comprising the aciditives (the concantrate being referred to herain as an additive package} whersby several
addltives can be added simuitanecusly to the basa cil to ferm the iubricating oil composition. Dissolution of the additive
concentrate into the lubricating ofl may be facifitated, for example, by mixing accompanied with heating, but this is not
essential. The concentrate or additive package will typically be formutated to contain the additive(s) in proger amounts
10 provide the desired cancantration in the final formulation when the additive package is combined with a pradatar-
mined amount of base lubricant. Thus, one or mors overbased magnesium sulphonates prapared in accordanca with
the present invention can be added to small amounts of base oil or ather compatible solvents along with cther dasirable
additives to form additive packages containing active ingredients in an amount, based on the additive package, o, for
axampla, from about 2.5 to about 0 mass %, and praferably from about S to about 75 mass %, and mast praferably
from about 8 to abaut SO mass % by weight, additives in the appropriate propertions with the remainder baing basa il

The final formulations may employ typically about 10 mass % of tha additive-package with the remainder baing
base oil.

The following Examples iflustrate the invention. The magnasium oxides used in the Examples and Comparative
Examplag had the characteristics indicated in Tabia |, the citric acid number, surface area and purily being measured
as herainbafara dascribed,
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Table |
Tgo Citric acid no. (sacs) | Surface area (m2/g) Mean particle size Vol. less than 2um % | Purity %
(um)
A 445 54 10.7 0.7 99.86
8 329 6.7 3.3 5.2 98.9
(o] 225 9.7 .35 a8 98.0
v} 600 28 4.9 28 98.1
E 43 455 1.5 1.5 95.0
F 44 38.0 8.3 8.3 95.8
G 23 . 60.4 12.9 1.8 98.2
H 105 19.9 3.7 . 52 97.86
J 160 13.5 R 4.0 8.5
K 21 181 8.0 9.3 95.5
L 220 16.6 8.6 72 91.0
M 323 a1 12.1 95 98.2
N 129 a2 18.7 . 1.9 9t.0
Example 1

800 g of toluene and 360 g (0.37 moles) of a 69.1 mass % solution of an alkyl benzene sulphonie acid (molecular
weight 670) in diluent oil were mixed with thorough agitation and heated to 22°C in a reactor fitted with a raflux con-
denser, a gas distribution tube and a temperature controller. 15 g (0.47 moles) of methano! were then added. There
was an immediats exotherm, as a resuit of which the temperature rose to 25°C, 150 g (3.72 moles) of magnesium
oxide A were then added. There was a rapid exctherm as the sulphonic acid was neutralised, and the temparature
rosa to 34°C. 24 g (0.14 moles) of necdacancic acid wers added as promoter, followed by 24 g (0.75 moie) of methanoi
and 38,2 g (2,14 mole) of water. The temperature was brought to $5°C and maintained at that level while commencing,
simuitaneously, injection of carbon dioxide into the mixture at a rate of 30 g/our and addition of a mixturs of 36 g
methancl and 71.5 g water. The methanol/water mixture was added continucusly over a 150 minute periad, at a sub-
stantially constant rate. N s

DOuring carbonation, the temperatura of the carbonation mixtura was aflowad to follow its natural coursa and slowly
increased to about 70°C and then fall again as the reaction subsided and the magnesium oxide was consumed. When
the temperature had fallen to about 60°C, heat was appiled, and the temparature was maintained at 60°C until car-
bonation was complate. After 3 hours 20 minutes of carbonation, when 100 g of carban dioxide had been injected into
the mixture, the apparatus was changed from a reflux 1o a distillation configuration. After a total of 138 g of carbon
dioxide had been injected, the rate of injection was Increased to 39 g/hour. This rate was maintained until a total of
175 g of carben dioxide had been passed into the reaction mixture.

On completion of carbonation, a sample was removed from the reacticn mixture and centrifuged. There was 0.5
vol. % sediment in the sample.

While maintaining the tempsrature of the mixture at 60°C, 260 g of diluent cil, also at 80°C, ware added, and the
mixtura so cbtained was distilled at atmosphaeric pressure while introducing a stream of nitrogen. When the distillation
temperature reached 165°C, a vacuum was appiied, and maintained for a 2 hour period, to remove the last traces of
water, mathanol and toluene. After raleasing the vacuum, a 50 ml sample was removad from the stripped mixture and
diluted with 50 mi of toluene. This diluted sample was tfien centrifuged to show that 0.8 vol % of sediment {PCS)
remained in the stripped mixture. :

24 g of Speedplus fiiter aid was added to the stripped mixtura in the reactor, and the mixture so cbtained was
fiitared through a pressure filter preheated to 160°C and containing S g of Speedplus filter aid as a precoat. The filtration
rate was 492 kg/m2hour. The filtered product was bright and clear and had a TBN of 408 mg KOH/g. )

Examples 2 to 4 and Comparative Examples 110 9

The process describad in Example 1 was repeated using diffarent grades of magnesium oxide. Tha rasults obtained
are summarised in Table If, which also gives the rasuits obtained in Example 1.



t he .magnesi um oxi de used to prepare the m xture having.a_citric acid onunber
(as hereinbefore defined) of greater t han 200 seciamaliandiiaseijage
area neasured by the BET single point nethod of |ess {han~12- ﬁ{@ﬁﬁ}%«{:. and
t he particle size of at |east 92 vol une % of t hi mne m. Qxi de
PTIERBRE: (o

being greater than 2[err]m and part of the water and
of the alcohol being introduced into the mxture duripng bopatiopn.Jthe

total anmount of water introduced gto the mxture, including any
i ntroduced before carbonation but excl Ud'l ng wat er gen e
reacti ons being at least 0 5 her mole of the excess specified
in (b). TExampla orComp. | MgO | Sediment End of Sadiment End of Filtration rate (kg/ | TBN mg KOH/g
. Ex. CO, (vol. %) strip (vol. %) Mz3mr)
‘ Ex. 1 A los 0.8 492" 408
Ex 2 B |04 1.0 186 405
Ex. 3 ¢ |04 0.6° 223 405
Ex 4 . D |12 1.8 174 402
Comp. 1 E | 0.5+ 30 % gel - abandoned
Comp. 2 F | 2.4 + 30% gel - abandoned
Comp. 3 G 3.5 + 0.5 % gel - gelled during stripping
Comp. 4 H gelled during carbonation '
Comp. § J |24 | 45 blocked filtar
Comp. § K | 3.0 +2 % gal - abandoned
Comp. 7 L | 0.2+ 20 % gel - abandoned
Comp. 8 M | 3.0+ 5 % gel - abandened
Comp. 8 N 1 0.3 +80 % gel - gellad during stripping

The resuits in Table il show that, whareas products having a high TBN, a low lavel of sadiment, and a relativaly
rapid fitration rate were obtained when using magnasium oxides in accordance with the invention, the use of magne-
sium oxides outsida the scope of the invention lad to unsatisfactory resuits. For example, Comparative Exampies 5
and 7 show that unsatisfactory results were cbtained when using magnesium cxides having citric acid numbers and

. surface araas closa to, but outside, the lmits spec:ﬁc in accordanca with the invention. Further, Comparative Exampla
8 shows that, even when the citric acid number and surface area are within the fimits specified in accordance with the
invention, unsatisfactory resuits are cbtained if the magnesium oxide contains a proportion of particlas of size lass

~ than 2 um above the fimit specified in accordancs with the Invention. 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 fiitec

Examples 5 to 8 and Comparative Examples 10 to 15

The process described in Example 1 was repeated using differait ratics of methanol! introduced before carbonation:
methanol introduced during carbonation and water introduced Sefcrs carbonation: water introduced during carbonation
(Examples § to 8). (In each case the methanoi using to facilitata neutrafisation of the sulphonic acid is excluded. )

The processes described in Examples 1 and 2 were repeatad with the intreduction of all the methanoi into the
reaction mixturs before carbenation (Comparative Examples 10 and 11). Example 1 was also repeatad with the intro-
duction of all the methancl and water into the reaction mixture befcre carbonation (Comparative Example 12), with the
introduction of ail the methanoi during carbonation and all the wataer befors carbonation.(Comparative Example 13),
with the introduction of all the mathanci and ail the water bafore carbonation (Comparative Example 14), and with the
introduction of soma of the mathanal and all of the water during carbonation (Comparative €xample 185).

The results cbtained are given in Table lil, which also gives, for comparative purpases, details for Examples 1 and 2.



2. A process as clained in claim1l. wherein the magnesi um oxi de has a

citric acid nunber of at npbst 700 seconds. 3. A process as clained in
claim 2. wherein the magnesi um oxide has a citric acid nunber in the range
of from 200 to 600 seconds. 4. A process as clainmed in any of clains
1to 3. wherein the magnesi-um oxi de has a surface area neasured by the
BET single point method in the range of from 2 to 10 nferr]/qg.
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Table Il demonstratas that satisfactory results are only obtained whan at least part of the methancl and part only
of the watar ara Introducad into the reaction madium during carbonation.
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S. A process as clained in any of claims 1 to 4 ePE’F'rﬁ«“éi ﬂe‘é&‘fl“‘gﬁ
vol ume % of the magnesi um oxi de has a particle size of jgfeater—than—2
[err]m 6 A process as clainmed in any of clains 1 to}5. -1-%/'51 the
magnesi um oxi de has a purity. as neasured by EDTA tritgati 011 gﬁl ejasjt

95 % 7. A process as clained in any olf2 clainms 1 to

Example 9

720 g of toluena and 365 g (0.53 moles) of a 70 mass % solution of an alkyl benzene suiphonic acid (molecular
waight 480) in diluent oif were mixed with through agitation and heatad to 22°C in a reactor as described in Example
1 fitted with a reflux condensar, a gas distribution tube and a tamparature contraller. 13 g of methancl ware then added.
Thare was an immediate axotheam, as a result of which the temparatura of the mixture rose to 25°C. 154 g (3.82 moles)
of magnesium oxide A wara then added. There was a rapid exotherm as the suiphonic acid was neutrailsed, and the
temparatura rose to 36°C. 14.5 g (0.069 moles) of actenyl succinic anhydride were added as promotar, followed by
28.3 g of mathanol and 40 g of water. The tamperature of the mixture was brought to 55°C and maintained at that level
while commencing, simultaneously, injection of carbon dicxide into the mixture at a rate of 39 g/hour and addition of a
mixture of 73.7 g methanci and 50 g water. The methanolwater mixture was addad continuously over a 80 minute
pericd, and at a substantially constant rate.

Ouring carbonation, the temperature of the carbonation mixture was aflowed to follow its natural course and slowly
increased to about 70°C and then fell again as the raaction subsided and the magnesium cxide was consumed. When
the temperature had failen to §0°C, heat was applied, and the temperatura was maintained at 80°C until carbonation
was complete. When 138 g of carbon dioxide has been injection into the carbonation mixture, the apparatus was
changed from a reflux to a distiflation configuration. Carbanation was continued until 175 g of carben dioxide had been
passed into the reaction mixturs.

On compiation of carbenation, a sample was removed from the reaction mixture and centrifuged. Thers was 0.8
volurna % of sediment in the sample.

While maintaining the temparature of the mixture at 80°C, 280 g of diluent qil, also at'60°C, were added, and the
mixture so obtained was distilled at atmospheric prassure while introducing a stream of nitrogen. When the distillation
tamperature reached 165°C, a vacuum was applied, and maintained for a two hour period, to remove the last traces
of water, methano! and toluene. After releasing the vacuum, a 50 mi sample was removad from the stripped mixture
and dissolved in 50 ml of toluene. The diluted sample was centrifuged to show that 1.0 vel. % of sediment (PCS)
remained in the stripped mixture.

8 g of filtar aid was then added to the stripped mixtura in the reactor, and the mixture so obtamed was filtered
through a prassure filter preheated to 160°C and containing 5 g of filter aid as a precoat. Filtration was very rapid, at
a rata of 918 kg/m2/hour. The filtered product was bright and clear and had a TBN of 426 mg KOM/g.

rative o 18

Example 9 was rapeated, with the introduction of all of the methancl and water before the commencement of
carbonation. The sediment level was 6 vol. % befcre stripping and 10 vol. % after stripping, and the stripped product
blocked the filter, showing that satisfactory results are not cbtained when all the methanol and water are intreducad
befora carbonation,

Exampls 10
Example § was repeated with the following changes:

380 g of a sulphenic acid solution as describad in Example 1 were used;

151.3 g of magnesium oxide A were used;

& mixture of 10 g of formic acid and 13 g of acetylacetone was used as promotar,

the charges of methano! (axciuding mathanol used in the neutralisation step) and water before carbonation were
20.6 g and 27.5 g respectively;

the amounts of methanoi and water added during cadonation were §1.9 and 82.5 g respactivaly;

the initial temperature for carbonation was 40°C, and the temperature increased to about 65°C betors falling to
80°C, wheara it was maintained for the ramainder of the carbonation period;

267 g of diluent oif were used.

On complation of carbonation, a sampla containad 1.0 vol. % sadiment. After stripping, the sediment leval was 2.0
vol %. The filtration rate was 210 kg/m2hour. The product was clear and bright with a TBN of 403 mg KOH/g.

Comparative Exampls 17

Exampie 10 was repeatad, with tha introduction of ail the methanc! and watar befare the commencamant of car-
bonation, The sediment at the and of carbonation was 8 vol, %, which was unacceptably high.



Wwherein the total anmount of water introduced into the m xture. including
any introduced before carbonation but excludingf“( : 1~
chemical reactions, is at least 1 nole per nole of the* xCeddr
(b) inclaiml1. 8. A process as clained in any of ci

11 SEPERSNt

to 90 mass % of the total amount of introduced water}ij

m xture before commencenent of carbonatkgn.' 9. A priocess as clainmed iin any
of claims 1 to 8. wherein at | east mass % of f{h ) f the
al cohol ,Ex88®e Udi ng any al cohol used when neutralising a

Example 9 was repeated with the loliowing changes:

360 g of a sulphonic acid solution as dascribed in Example 1 were used;
24 g of neodecanoic acid wera used as promotar,
the methanol and water charges before carbenation (excluding methanol used in the neutraiisation step) were

17.5 g and 27.5 g respectively; )
the methanol and water charges during carbonation were 62.5 and 82.5 g respectively,
the methanolwater mixture was added during the first 90 minutes of carbonation.

On completion of carbonation, a sample contained 0.8 vol. % sediment. After stripping, the sadiment level was 1 £
vol. %. The flitration rate was 321 kg/m3hour. The finished product was bright and clear with a 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 car-
bonation. The sediment at the and of carbonation was 13 vol. %, and the experiment was abandoned.

Example 12 to 14 and Comparative Examples 19 and 20

Example 9 was rapeated using various amounts of neodscanocic acid as promoter and, in some cases, introducing
all the methanol and water into the reaction mixturs before the commencement of carbonation. The amount of diluent
oil added during distillation was varied depending on the amount of decanoic acid used. The results cbtained are

summarised in Table IV:
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poasible to abtain

Tabie IV shows that the addition of part of the methanol and water during carbonation made it

satisfactory rasults using greatly raduced amounts of the promoter.



.12. A process as clained in any of clainms 1 to 11,
and/ or al cohol introduced during carbonation is |ntrodu§@ pg%?ﬁﬁa
the first 20 % of the pr g

any of clainms 1 to 12, wherein the pronoter conprises afﬁl east one

subst ance sel ect ed

Examols 15

wherein the water
ITe‘a-.yt
”’Jmeci '

13. A -.ds..C

carbonati on peri od.
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from am nes and organi c acids.} I
15

Exampla 9 was repeated with the laliowing changes:

28 g of an athylanediamine carbamata solutlan, comprising 35.5 mass % watar, 35.5 mass % mathancl, 16.8 mass
% athylane diamine and 12.2 mass % carbon dioxide, was used as promotar;

the charges of mathanci {sxcluding methancl used in the neutraﬂsamn stap) and water before carbonation wera
20.6 g and 30.1 g respectively;

the temperature of the carbonation mixturs at the commencement of carbonation was 40°C;

the amounts of methano! and water added during carbonation wera 61.8 and 90.2 g raspectively;

the total amount of mathanol in the system (inciuding the methancl usad in tha neutralisation step and that in the
promoter solution) was 105.3 g;

tha total amount of water in the systam (including the water in the promoter solution) was 130.2 g;

the methanci/water mixturs was added during the first 90 minutes of the carbonation pariod.

On complation of carbonation a sampia contained 0.8 vol. % sedimant. Aftar stripping, the sediment level was 1.0

vol. %. The filtration rate was 430 kg/m2/Myr. The finishad product was bright and clear with a TBN of 431 mg KOH/g.

C

arative le 21

Example 15 was rapeated, with the introduction of alf the methancl and water into the reaction mixture before

carbonation. The resuits cbtained ara given in Table V below.

Comparative Example 22 .

Comparativa Example 21 was rapeated using 57 g of the promoter sciution and wtthsﬁghtvariatbns inthe methanei

and water charges. Tha results cbtained are given in Table V.

Table V
Example/Comp. EX. Example 15 | Comp.Ex. 21 | Comp. Ex. 22

‘Promoter Sciution (g) 28 28 57
Initial methanal (g) o 13 13 1. .15
Water befors carbonation (g) 30.1 120.3 - 110
Methanol befora carbonation (g) 208 -g24| 807
Water during carbonation (g) . _ 80.2 e ¢ -
Methanal during carbonation (g) 61.8 0 0
Total methanoi {g) 108.3 105.3 115.2
Tetal water (g) 130.2 130.2 130.2
Sediment after carbonation (vel. %) 0.6 5.0 1.0
Sediment after stripping (vol %) 1.0 10 1.3
Filtration rate (kg/m%hour) 450 Filtar blocked 823
TBN {(mg KOH/g) 431 . 435

Table V shows that tha addition of part of the methancl and water during carbonation mada & possible to cbtain

satisfactory results using a greatly reducad amount of gromoter.
N

Claims

1.

A procass for the production of an overbased magnesium sulphonate which comprises carbonating a mixture
comprising:

{a) an cil-sclubla suiphonata and/or an cil-saluble suiphonic acid;

(b} magnesium oxide In excess of that, if any, required to raact compietaly with (a);
(¢} a hydrocarbon soivent;

{d) watar;



14. A process as clained in claim13. wherein the pronbter conprises a

carboxylic acid with 8 to 10 carbon atons or
15. The use of a nmagnesi um oxi de
surface area. and particle size distribution
in a process for thd

acid or anhydri de.

nunber,

claiml to give reduced sedi nent

overbased magnesi um sul phonat e.
Example 15

Example § was rapeated with the following changes:
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28 g of an athylanediamine carbamate sclution, comprising 35.5 mass % watsr, 35.5 mass % methanoi, 16.8 mass
% ethylenae diamine and 12.2 mass % carbon dicxida, was used as gromoter;
the charges of mathanol {excluding methancl usaed in the neutrallsatton slep) and water belfors carbonadon waere
20.8 g and 30.1 g raspectively;
the temperature of the carbonation mixture at the commencamant of carbonation was 40°C;

the amounts of mathanel and water added during carbonation were 81.8 and 50.2 g raspectively;
the total amount of mathanel inn the system (inciuding the methanol used in the neutralisation step and that in the
promoter solution) was 1053 g;
the total amount of watar in the systam (including the water in the promcter sclution) was 130.2 g;
the methancl/water mixture was added during the first 90 minutes of the carbonation period.

On completion of carbonaticn a aamplo' contained 0.6 vol. % saediment. Aftar stripping, the sediment level was 1.0
vol. %. The filtration rate was 450 kg/m2mr. The finished product was bright and clear with a TBN of 431 mg KOH/g.

c

tive

le 21

Exampla 15 was repeated, with the Introduction of all the methanol and watar into the reaction mixture before
carbonation. The rasuits cbtained are given in Table V baiow.

Comparative Example 22 -

Comparative Examgple 21 was repeated using 57 g of the promotar solution and with siight variations in the methanal

and water charges. The results cbtained are given in Table V.

.

Table V

Example/Comp. Ex. Example 1§ ] Comp. Ex. 21 | Comp. Ex. 22
Premocter Sciutlon {g) 28 2 57 -
Intial methanel (g) A3 13 . 18
Water befors carbonation (g) 30.1 120.3 -110
Mathanol bafore carbonation (g) 208 -g24| 80 ..
Water during carbonation {g) . _ 80.2 0 0
Mathanai during carbonation (g) 61.8 0 0
Tetal methandl (g) 105.3 105.3 115.2
Totai water (g) 130.2 120.2 120.2
Sedimert after carbonation (vol. %) 06 80 1.0
Sediment after stripping (vol. %) 1.0 10 1.3
Filtration rate {kg/m2/Mhour) 450 Filter blccked 823
TBN (mg KOH/g} 431 - 435

- CJ L)

Table V shows that tha addition of part of the methanc! and water during carbonation made it possible to obtain
satisfactory results using a greatly reduced amount of gromoter.
¥

Clalms

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

{a) an oil-soluble suiphonata and/or an cil-soluble sulphonie acid;
(b) magnasium oxide In axcass of that, # any, requirad to react complately with (a);
(c) a hydrocarbon soivent;
(d) watar;

AR ) R O
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(9) a water-soluble alcohidl; aid
(") a pramotar,

the rmagnesium oxide usad lo prapara the mixture having a citric acid number (as hareinbelare definad) of graatar
than 2CQ seconds and a surface araa measurad by the 8ET single point mathed of lass than 12 /g, and the
particle siza of at least 92 volume % of the magnasium oxide being greatsr than 2um, and part of the water and
atleast pan of the alcehol being intreducad inta the mixtura during carbonation, the total amount of wataer introducad
into the mixtura, including any introduced befara carbanation but excluding water genarated by chemical reactions,
being at least 0.5 male per mola of tha axcass specified in (b).

A process as claimed in claim 1, wherein the magnaesium oxide has a citric acid number of at most 7C0 seconds.

A process as claimed in claim 2, wherain the magnesium oxide has a citric acid number in the range of from 200
1o 6C0 saconds.

A procass as claimed in any of claims 1 1o 3,
wherein the magnaesium oxide has a surface area measurad by the BET single point mathed in the range of Irom

2 1o 10 m3/g.

A procass as claimed in any of claims 110 4,
wharain at least 34 voluma % of the magnasium oxide has a particle size of greater thant 2 um.

A pracess as claimed in any of claims 1t §,
wherein the magnesium oxide has a purity, as measured by EDTA tritration, of at least 95 %.

A procass as claimed in any of claims 110§,
wherain the total amount of water intraduced into the mixtura, including any introducad bafora carbonation but

axcluding water generatad by chemical reactions, is atleast 1 mole per mole of the excess specified in (b) in claim 1.

A precass as claimed in any of claims 1 to 7 wherain 10 to 80 mass % of the total amount of introducad water is
present in the mixtura befora commancsment of carbonation.

A procass as claimed in any of claims 1 (o0 8,
wharsin at least 10 mass % of the total amount of tha alcohdl, excluding any alechol used when neutralising a

sulphonic acid, if prasent, is introduced into the carbenation mixture during carbonation,

A procass as claimed in any of claims 110 8,
wherein the water and/or alcohoi intreduced into the mixture during carbenation is introduced substantially con-

tinuousiy.

A pracass as claimed in any of claims 10 10,
wherein the water and aicohol introduced into the mixture during carbanation are introducad together,

A procsss as claimed in any of claims 1to 11,
wharain the water and/or alcchol intreduced during carbonation is introduced ovar at least the first 20 % of the

carbonaticn pariod.

A pracess as claimed in any of claims 1 to 12, wharein the pramoter comprisas at least ane substanca salected
from amines and organic acids.

A procass as claimed in claim 13, wherein the promoter comprisas a carbaxylic acid with 8 to 10 carbon atoms of
a substituted succinic acid or anhydride.

The usa of a magnesium oxide having a citric acid number, surface area. and particle siza distribution as spacified
in claim 1 to give reducad sadiment in 2 process [or the preduction of an ovarbased magnasium sulphanate.

(T



