WD 99/ 51707 PCT/ US99/ 04245 S2AU&2 i  OVERBASED MAGNESI UM DEPCSI T CONTRCL
ADDI TI VE FOR RESIDUAL FUEL O LS Field of the Invention This invention
relates to petrol eumfuels and deposit control or sedinent reducing

addi ti ves W@r I9S4Oh petrol eumfuels, as well as to the procesBCTHBY Shﬁg
such additives. The invention nore specifically relates to addi t B ZME
control deposits in residual fuel oils and gas turbine fuels containing

hi gh anounts of asphal beBrsASBGkUGOESIOMANEPAAIF CORTROD AMDITRE Prior Art
Petrol eum fuel s such as residual gorRESIDUALENEIGHESt ur bi ne fuel s contain
vanadi um contam nants. These contam nants caused corrosion in the engine or
tur bi ne bl ades, The art recognized that by adding relatively | arge anmounts

of magnesi um fritlQf MBEIERIoA M Woul d apparently conpl ex the vanadi um and
reduce corrosion. It was known to add magnesi um as magnesi um sul f ate

(epsomsalt), NMOARSIiMEARR AladsQo pekBRRA Fickhé Bdppdid Afirol FRLMASA WALQYJ de or
magnesi um carbonate to gas turbine fuels containing vanadiumto reduce the

corrosi on in idaRivestfor saénRublbdsIRSls, 200811 8316 the PFIREE &7 matingliue e harivd, iThe U. S.
Pat ent No. 3,994,699, granted Novenber 30 1966. to Scott. Another approach
was to add a mbddtisymére speaificuly kdidi® & aEpRERD B6hubDitbatitttn AGideM Bt @ilklahdgas amount s
of magnesi um oxi de. The suspensi on desirably contained 25 to 30% by wei ght
of- magnesi unurblig fuelsitbaipiag high hrhdi@is sprasredn requi red speci al i zed handl i ng
and i.njection eqU|pnent to nalntaln t he magnesi um oxi de in suspension. A
nore recent aR4AkgE ] i iblaght um corrosion is disclosed in U S
Patent No. 5.561.977, granted Cctober 8. 1996. to Harada et at. ("Harada").
Har ada di scl osed Phelepmritelsohtied resgiug fuelbisand gidinirbionfudlf camedirlangikinfles, e. g.
MJO. with initial My/V ratios of to 5, in a 1-

contaminants. These contaminants caused corrosion in the engine or turbine blades. The an

recognized that by adding relatively large amounts of magnesium. the magnesium would
apparently complex the vanadium and reduce corrosion. [t was known to add magnesium, as
magnesium sulfate (epsom salt), magnesium acetate, magnesium chloride. magnesium oxide or
magnesium carbonate to gas turbine fuels contatning vanadium to reduce the corrosion in the
turbine blades. One such process is disclosed in U.S. Patent No. 3,994,699. granted November
30 1966. to Scott.

Another approach was to add a sturry or paint-like suspension containing substantial
amounts of magnesium oxide. The suspension desirably contained 25 to 30% by weight of
magnesium. but this paint-like suspension required specialized handling and injection equipment to
maintain the magnesium oxide in suspension.

A more recent approach to reducing vanadium corrosion is disciosed in U.S. Patent No.
5.561.977, granted October 8. 1996. 10 Harada et al. (*Harada™). Harada disclosed the controlled

step-wise addition of metal oxides. e.g., MgO. with initial Mg/V ratios of 210 5, ina
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Substitute Sheet (Rule 26) WD 99/51707 PCT/ US99/ 04245 predeterm ned cycl e
of turbinav@pesiaeions. 2 iRUW It was al so known in the fuelpca[z)u%@/og?
magnesi um al koxi de- carbonate conplex in conbination with an ol 'so ubl e
sul fonate and a car boxyl ate and/ or phenate dispersing agent as a iﬁema 2005

additive for rgducrll%g ge Jrent in vanadi um containing fuels, such’

di scl osed i f' Efgml {eh No ¥ 5%‘8 479, granted Novenber 1, 1977, to

Rednore et al. (" Redé]o had a ma[?nesi um
RN

content of about!t 19 uet*!"e?&%%)ase%ﬁ*a_%,nes'%fﬂ-éﬂgf*?e R G o e i gh
t The f di dt
e b g 0 o S B PSR
t di f. di scl d S. .Pat ted
Docerber 12 B TS R e eSS panhdlurge iR S shPiag s st ol "n " ©
b | f te.det
br oot er syéfttﬁwﬁ@oﬁ%?f gyl foﬁﬁ?ﬁpqﬁéys’o%@m"%réa%‘?ﬁ %sﬁﬁrﬁqe&{}f By Sceti ¢
d, t {1
i sci osed 1 Regiers oL LR iy G aiiReH 2 S in RS Fee BB kg ne o
magnesi um but d é@hnlﬁ legsﬁful detergents for lubrication or engine oils.
W th contr ol 19€¥28YF "8 'alYEI'EY process paranmet ers the Eliades process

produced an over rod ct,. havin no nore..than, about 14% by
Pelght of ‘nagned R AFT HdhG Rld $h HBFSH Tasatrerson b ety et ne

El i ades i ncreased magnesi um content product had practical viscosities, and
achi eved a‘@EBﬂP%fnce as a fuel oil additive. Heretofore |t was recogni zed

that treating a t o, .about | % by..wei ght shl.t w aromati c
hydr ocar bon i qﬁJ ﬁé'?'ﬁ t° aﬁh‘&féklf)g?e‘ mr?é&hmgg &G#S%%fc 08 5‘8?1‘68‘8 linited
e L AT, L TETE B AL B

for preparing overbased magnesium sulfonate detergents using a promoter system comprised of a

lower carboxylic acid, particularly acetic acid, water, and optionally a lower alkanol. The

overbased products disclosed in Eliades generally contained only about 9% to10% by weight of

magnesium but were successful detergents for lubrication or engine oils. With controlled or

tailored process parameters, the Eliades process produced an overbased product having upwards

to no more than about 14% by weight of magnesium with a viscosity below about 200 cSt at

100° C. The Eliades increased magnesium content product had practical viscosities. and achieved

acceptance as a fuel oil additive.

Heretofore it was recognized that treating a low (up to about | % by weight) asphaltene,
low aromatic hydrocarbon liquid with an overbased magnesium sulfonate reduced limited

asphaltene fouling. This treatment is disclosed in U.S. Patent No. 4,931,164, granted June 3,
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WD 99/ 51707 PCT/ US99/ 04245 12 AUG 2005 1990 to Dickakian. Mre recently it
was founqydbat-h4el oils, such as residual fuel oils, which contained both
hi gh asphaltenes (at |east nore than 1 % and general |y atPqTEes¥/082460 4 % b
wei ght) and highly overbased nmagnesi um sul fonates woul d, under adld 6 Zmé
storage conditions, particularly with water present, produced deposits or
sedi ment com%iwPirgakst h nmagnesi um and asphal tenes. This nmagnesi um/

asphal tene deposit or sedinment plugged the fuel filters. That is, the
addition of i nd%@fawwllm@%mhamgﬂloésv aut perssiduabiueliods, whish dongimed dpth osi on
problem would in conbination wth high anobunts of asphal tenes, cause

ext ensi ve dbigysiphalignesgas dhasranore thathide fapégenerplly apéesst  fireh’efon eveightandrhighive

predi canent of produci ng hi gher magnesi um content additives to reduce
vanadi um cooresmsadamagnesumrsoerartes wqult haddr advgise storageronditionh @rtictiaryhwithsypeal t enes
are present, nonethel ess al so reduce high magnesium/ asphal t ene sedi nent
whi ch pl uggeresehi, produced deppsts pesgdimeht cohteining bish megneSitre afd sephalgants. tThiss desired a
hi gh magnesium (i.e., in excess of 14% by weight) additive for a residual
fuel oil. wnagnasivredesphaitene deposotor sedimeniptgget thhiugiHiltmagRlmsisithe dddaiophél t ene
sedinent with consequential filter plugging, and yet such hi gh nagnesi um
addi ti ve wointrdasrbmegrhsiingydilhaddsessipg die vingdiim gorepsion probles, pewd inedinhigation

speci ali zed handling, while also being cost effective. Summary of the

| nvent i on Twitlshignanegunis ohaspkaltgnes,copese exiengive dAepgsiecsisedimenbnt ent over based

magnesi um conposition, particularly as a deposit control additive for fuels
or fuel oils cofdbafunlargvadeisoficed with bepredieament of progicng higbertreagngsaut @ntent
particul arly asphaltenes. The additive reduces such deposits and the
consequent i aditip¢sug rsidvrg verfadium| qopteminanyisargsiey énthe Wrbirenwhilg gthpre highogrbeltendss a f uel
oil, such as a residual fuel oil or gas turbine fuel, which contains high
amount s of afepesnt nepethelesd phye rrdugshish mapprgiumd aspiplisas setieet virbelugemi filers26)

upstream of the turbine.
The fuel art thus desired a high magnesium (i.e., in excess of 14% by weight) additive for
a residual fuelvo-i-l.whiclh reduced, if not eliminated, high magnesium / asphaltene sediment with
consequential filter plugging, and yet such high magnesium additive would nonetheless have
_practicn;xl_ viscosities precluding specialized handling, while also being cost effective.
Smaﬂ@zsmm
This invention is a novel high magnesium content overbased magnesium composition.
particularly as a deposit control additive for fuels or fuel oils containing deposit or sediment
forming contaminants, particularly asphaltenes. The additive reduces such deposits and the
consequential plugging of filters. The invention in another aspect is a fuel oil, such as a residual

fuel oil or gas turbine fuel, which contains high amounts of deposit or sediment producing
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WO 99/ 51707 PCT/ US99/ 04245 12 AUG 2005 contam nants such as asphaltenes, in
conbi nat i ewo w41kt he over based nagnesi um deposit control a?@ir}i Vﬁ/ whi ch
resultant fuel oil has reduced, or is substantially free of, r‘?ﬁsﬁ 8&5@& 05
asphaltene deposits. The invention in still another aspect is the 30
for producing such overbased nagnesium deposit control additives. The

over based nmeEgHABINGHT WYY IRMBIIGES. fRfEMBingHoafith thg Y REs G machsstuE depaty PREA | v,

has a nagnesi um content of at |east about 14% by weight, and preferably 14%
to 18% or noeditisy Whigh regpitant fiug] @il jpsseduprdsords whtasinly dearfhpagreden Aawhalsoker
carboxylic acid overbased co-pronoter reaction product. The hi gh magnesi um
cont ent pr odigRasity- sThg inygtion dutil apephes pypest t5iREProsessl fof PRedudingrsueh Rvprbagi| s, “such as
residual fuel oils and gas turbine fuels, which contain high anounts of
deposit f ortAeRR§iuEUlsPesicABAt &dditye ti cul arly i ncl udi ng asphal tenes and wat er .
This additive when added to Fuel oils containing 3 to 4 %or nore by weight
of asphal t enes r Brfverbased magpsiura pdditiva ot [ presepratyABIONUPRTF SPecifitplllyt kdha deposits
or sedinment. The fuel oil particularly a gas turbine fuel, as previously

di scussed, cEaRANACOYSHAGIGHIRBIY b8P BhweighisThpreEshly dfteiat’s oBogdy | . The
additive when added in anounts of 2.5:1 to 3:1 of My:V, reduces, if not

el i ni nat es, WShhadasonanayraMs absdide anddey ¢ G¥PhlicaRid o prlasprheprrSmogs /

asphal t ene caused sedi nent. The process for producing the overbased

nmagnesi um adaFtoaPEduGtn Thy Righimagapsin conepifmdue & Pm“i‘i’ﬁgy edfeeryr péhitive farctiel.

phenol or carboxylic acid or salt thereof, a magnesium oxide and a

co- pr onot er °torsk PSEHEPahUFRHE RdLar BEAFIfrels wWiiphroaialg highemewtnefderasitydri de. as
well as water, a |ower alcohol and a solvent, and contacting the m xture
with an aci HIr@ing§NmiaHSs BIcHaHYy inc gk pabaltenss anggyater; pThipaddisixe paen added to
tenperature of the mxture to overbase the reaction mxture. The succinic
anhydri de néi! Bils CHUHRIAS Y D OF BOre QU MFIgRY 06 ASPRAYEREs edBD HAPT Jiinattie vol ati | e
conponents are renoved fromthe overbased m xture to formthe highly

over based nBGHESIDA7REYIERG draosits or.sedimey { e fped olppmsilarlyp B3 turBipe fuel, as

previously discussed, contains vanadium corrosion causing contaminants as well. The additive
when added in amounts of 2.5:1 to 3:1 of Mg:V, reduces, if not eliminates, both the vanadium
caused corrosion and the magnesium / asphaltene caused sediment.

The process for producing the overbased magnesium additive, in broad terms,
comprises mixing a sulfonic acid. phenol or carboxylic acid or salt thereof, a magnesium oxide and
a co-promoter comprising a lower carboxylic acid and a succinic anhydride. as well as water. a
lower alcohol and a solvent. and contacting the mixture with an acidic gas such as carbon dioxide
at 50°F up to the reflux temperature of the mixture to overbase the reaction mixture. The
succinic anhydride may be added prior to, during or post carbonation. The volatile components

are removed from the overbased mixture to form the highly overbased magnesium additive.
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WO 99/ 51707 PCT/ US99/04245@ 6 2 /,176 2005 Description of the Preferred
Enbodi menws 995e7ot er ns " succi ni ¢ anhydride and | ower car boxyé{,ﬁsﬁﬁ,i“g‘s

over based co-pronoter reaction product” as used herei nbefore an ,

herei nafter nmeans that on anal ysis residues of both the | ower carﬁcﬁqﬂ“ﬁcm

acid and SLB:eCi niic %E%rﬁegﬂ @r%%ﬁf OHnd to be present in the overbased

magnesi um : n one enbodinent is the conbination of a
cont ent | addi | vEMLOTY TET NG RGNy S50 SPBTL AATEet CNPRORSLEAF PO

" enti on prBHtL © PHENRIREPre/a b ar R BR SN ot oS b R as 10
Vanadi um CORERM AR PO =R SLAUIA Do SHdh P B FRPaNEnt & Of

magnesi um g‘ﬁnadi umof at |east about 2.5 : 1 to about 3 : | or nore,
reduces, ifHB¥"elimninates, the vanadi um caused corrosion and asphal t ene

Gosi rably has. al Ty SEBGNS P oPPaRTLE 6PETHR CHBIET <TDOVBEbebpuar ds 16 500
% 2 o R R B i s, 5, 20, ™
practical inr %I ation .t 0 handl i n ct.he d idtei v lOanq: i n fuel . oil storage and
Fr anspor t . THRESS0SP BT SERGE ARGy Ve A O BE PO O S
ULl N, GRBRULA' 5oy PSR € 2 LSS SLEBly TI B v 1
R e i Jee Ok A
izg?or tantl Xdajitxsvc,p &,f%g %x%?ecrin pl%mg‘unrt]so (.yf %agn%glig:{l:bv%rsuldp gfce)xf lc:z;st5ab§lliltbf5t :i 1t tlélta outSE] EFt (Rule
or more, reduces, if not eliminates, the vanadium caused corrosion and asphaltene contaminant
caused deposit or sediment.
The overbased magnesium additive desirably has a viscosity of from no more than about
100 cSt upwards to 500 cSt at 100°C, and preferably about 40 cSt to 200 cSt at 100° C, and
most preferably no more than about 150 ¢St at 100°C. This viscosity is most practical in relation
to handling the additive and in fuel oil storage and transport.
The overbased magnesium additive may be in the form of a sulfonate, carboxylate or
phenate, or mixtures thereof. The additive is highly overbased and generally has a TBN of at
least about 400, and preferably at least 500 to 600 or more. The overbased magnesium sulfonate

is the preferred form of the additive.

The overbased magnesium detergent importantly is produced by a novel overbasing co-
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WO 99/51707 PCT/US99/0 4 AU6 2005 pronoter, nanely the conbination of a G
to C, carbaxydsierraci d, preferably acetic acid, and a SUCCI d@g%drl de,
preferably an al kenyl succinic anhydride and nost prefer abI y %? B
succi ni ¢ anhydride (DDSA) and polyi sobutenyl succinic anhydride (Pl Aﬁu 1’%@5
i nvention in another odi n. i s. the overbased um conposi ti on per

se cont ai ni AgT'He” e&knzg My S’ﬂ‘?fé aéO‘gC&fRa"V ﬁﬁé‘&‘pﬁﬁgg S‘?%?f&‘r“iad #9230 onot er
reaction product. The inven

n still another enbodi rocess
o e o CHES? e et R Ay Sk utsinis BRSE raf HES P dogecget
conprisin A) mXxin fonic acid henol rboxylic acid or
saIrT thergmgsuz%n‘ﬁﬂﬁ‘ﬁ‘gréqalﬁﬁbéﬁlﬂne@Ol(@"bdie"y' ; ‘Ca?ﬁ‘ay‘{i‘dﬁgalﬁg m)tgr conprising a

| oner carboxylic_acid and a succini¢ anhydride, water, a |ower alcohol and a
sol vent, (B) COEP%\’GY‘?"H@“ inRROtr ePARdmSRY 8 eé’Hergéﬁeﬂf"ég’@%{%‘“f‘e“@s“‘°Wic at 50 F
up to the reflux tenperature of the, mxture to overbase the m xture. and
(C renovi ngc"(}‘é’lné‘@l‘l}eéo‘ﬁ%ﬁﬁmi‘éh‘f &1 3ng HCFIRiS WQF‘B%%UmﬁF’d'EPﬁE‘i“ RlUElor m t he
additive. The ca n di.oxide is preferably added st epwi se manner wth
simlar i nt ermt gtrff“’"‘&ﬂ‘&ﬂ ‘E‘P‘(’J‘h%‘“’H‘F‘ W@d‘g‘ﬁ‘&‘d‘? %P’E“&ﬁ#‘i’{/@%‘%“ hrﬁ*bmw&%‘m c
anhydri de ref e%qs%(}% added prior. to or dur| car. ti on. but may
al so be add nt ‘ﬁ%ﬁﬁ "}g“fsﬁl"b Uvp EuPriging r{ﬁ‘t"i"éﬁs“ (i H’é’ enol or a

post - car bonat i on addétl on is |east preferr OVI ding an effective
Do br oot o CHERHF S D13RD e S BRI SHER RoViel) B astare By Ehbor y or

mechani sm s bel ed, that the descri bed ediment is
Tovcad by 1 e rebpal Foi 0 r Hiaarare wal F‘%ﬁaﬂa‘gﬂﬁzg%é L BECt et el
oil. Wile the exact nechanjsmof this tation is.not entire

under st 0od, °°’é{?féﬂ‘%/§‘8§‘ RIARCH m%%ecg}%ﬁ@ Fulhne RalEmbRitet St ot on)

of the netals res abIe B
bel ow) sedi MEHES bﬁfe %%'H”E%‘hf‘ﬂ(ﬁ? ﬁf"&ﬁ“%‘gﬁggf%’?ﬂoncé'grﬁogﬁg%gver *dSubstitute
Sheet (Rule przo@xct to form the additive. The carbon dioxide is preferably added in a stepwise manner with

similar intermittent additions of the succinic anhydride. The succinic anhydride may preferably be
added prior to or during carbonation. but may also be added in whole or in part post-carbonation,
but the post-carbonation addition is least preferred in providing an effective co-promoter reaction
product.

Without wishing to be bound by any theory or mechanism it is believed that the afore-
described deposits or sediment is caused by the interaction of magnesium. water and asnhaltenes
in the fuel oil. While the exact mechanism of this sedimentation is not entirely understood,
analyses (by [.C.A.P. Multi-Element Scan, aqua regia digestion) of the metals present in lab (see
Table A below) and field (see Table B below) sediments reveal and confirm high magnesium

contents:
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WD 99/ 51707 PCT/ US99/ 04245 12 AU Table A Metal

Dom Al um num 6 Copper <1

lron 18 wb9/327 Chromium 1 Lead <1 Cadmium <1l Nickel PET/US9pR4235

Magnesi um 5106 Boron 10 S%(ilzumgm

Silicon 181 Potassium5 Table B Metal pun

Phosphorous 5 Calcium 62 Barium <|

777

Meual

Aluminum
Copper

Iron

Tin
Chromium
Lead
Cadmium
Nickel

Zinc
Phosphorous
Calcium
Bartum
Magnesium
Boron
Sodium
Silicon
Potassium

Metal
Aluminum
Copper

Iron
Chromium
Lead
Cadmium
Nickel

Zinc
Phosphorous
Calcium
Barium
Magnesium
Boron
Sodium
Silicon
Potassium

Table A

Al um num 70 Copper

ppm

5106

<l
181
5

ppm
70
31
777
13
41
74
25
64
<1

1027

35

47105

41

255

134
11

These analyses demonstrate that magnesium is a major component of the filter plugging
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Chromum 13 Lead 41 Cadmum 74 N ckel 25 Zinc 64 Phosphorous <1

Cal ci um 1097998307 um 35 Magnesium 47105 Boron 41 Sodi umpahyseSighisgon 134
Potassium | 1 These anal yses denbnstrate that nagnesiumis a majqzwﬂg)%@nt
of the filter plugglng -7 Substitute Sheet (Rule 26) WO 99/5170

PCT/ US99/ 045405rﬁe LS egﬁr%%%my J;t}%ssﬁléngﬁgeo%%em tHe RIHES fifedr cteﬁmg causi ng

downtjinme an or filter clfeaning, "but also renpbves cost

magnesi um n . used
urbi me. bl adi g AuBOTRA ol e NARORH LR B HEm ghE o E‘m?%%ﬁ%d

amount s of fuel oil. " H| gh asphal tenes" as used here| n
i s under stog%?&hﬁ’eﬁgﬁﬁg% nté)ggt % and usual | y 3to 4 %by weight, or nore,

as may be prese he stx&mgxﬁllsCL%lbel elﬁl/g:{ to%éto {i‘j’%‘i’h ha ME% 0’(%3%1%"5?385?’?“‘[]&13 ]Th|osA)

wei ght, as may be present 1n

B;gthhas phal LENG3 AL S LPARSS s YMebol bSndh ?xﬁea’sﬁ% Qla WEHES o 5005 1 eved to

weight, or more, as may be present in residual fuel oils and turbine fuels, and up to 8 % by weight,
as may be present in boiler fuels, such as No. 6 fuel oil.

Thts high asphaltenes and high magnesium in the presence of water is believed to be the
sediment causation which is effectively reduced or eliminated by the additives of the present
invention. The reactants and reaction conditions for producing the deposit control additives are

further described as follows:

Lower Carboxvlic Acid (Co-Promoter)

Thé lower carboxylic compound or acid is represented by formula (I):
XCOooY 0
~wherein X is H,— CH.OH- CH,CI - CH,Br ~ CH,COCH,, R or RNH,

and Y is H, R or M, where R is an alkyI radical of from | to 4 carbon atoms. the sum of
all the carbon atoms in the R radicals not exceeding 3. and M, is an alkali or alkaline earth metal
atom wherein n is an integer of | or 2.

Preferred lower carboxylic compounds of this invention are essentially oil-insoluble
compounds, such as acetic acid. propionic acid, butanoic acid, glycine, chloroacetic acid,

bromoacetic acid, glycolic acid, ethyl acetoacetate, sodium acetate, calcium acetate and

-8-
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sedi nent causation which is effectively reduced or elimnated by the

addi tives \pf @%\@mpr esent invention. The reactants and reaction conditions
for producing the deposit control additives are further d&STMSBYe2ES

foll ows: Lower Carboxylic Acid (Co-Pronoter) The | ower carboxyli c}gm%as
or acid is represented by formula (1): XCOOY (1) wherein Xis H - CH_

CHLCl - CH, Bmagnegrnaerts: Thesedpmmiai) coppunds ray pe used igdivigpallyoeingombipaionn ™ a| ky!|
radical of fromlto 4 carbon atons, the sumof all the carbon atons in the
R radi cal s n¥ith esccsesiess thepmqupyof this psaqoier 1aages frgm 0 e ae 7 pruivalsnts per et al
atomwherein n is an integer of I or 2. Preferred |ower carboxylic conpounds
of this inveffu'alsntgt 8“'@%‘5@?\%‘1“%'!"93% phanplopsarfioryic apign{ i RAY; the yaewngangse et i ¢
acid. propionic acid. butanoic acid, glycine, chloroacetic acid,

br onpacet i ¢ BePd,7 gl ¥ cBiyaentic ftdas bsemhippndip mpy Histancst Bat ilkqyes Lagrielersafde cal ci um
acetate and -8 Substitute Sheet (Rule 26) WD 99/51707 PCT/ US99/ 04245 $2 AUG
~y~y+ 20DS PrAGAESHF e ks rsachon mwesbesasieRANAYIFCPYs RO AHGERIRAProfst indtainsdd
individually or in conbination with one another where the amount of this
pronot er r ange¥issosigrfthegnigiyrerpakes tayisqlarion afiheprofurt and g infrafuctien fcidic Bassol ubl e
sul phoni ¢ aci d, phenol or carboxylic¢c acid. Preferably, the anpunt ranges
fromo0.7 to ‘Po3heaiffEAuERg be laper man of theRrprers@liffietlt n nost i nstances that if
over 5 equivalents of the lprom)ter are used, the reaction m xture becones
very viscou = 50 ct is obtained, the viscosity of the

m xture nmakes the isolation of the product and the introduction of acidic
gas into the m XEEF @BydridgPrematess ateidistlogsd inU- P ateptdNgy 68618, arpmtqdiMaseh |

Succi ni ¢ Anhydr i deMgl,Co- Pronmot er) Succinic anhydride pronpters are di scl osed
in US Pat %59%9 5r6Eﬁ@g%cm&ra&mdéaesw}%ﬁalkyl and alkeny! succinic anhydrides, as well

as succinic anydride derivatives. Preferred embodiments are the alkenyl succinic anhydrides
including dodecenyl succinic anhydride (DDSA), tetradecenyl succinic anhydride, n-octenyl
succinic anhydride, nonenyl succinic anhvdride, polyisobutenyl succinic anhydride (PIBSA), and
the like. Suitable succinic anhydride derivatives include the acids, esters, half-esters, double-
esters and other hydrolyzable derivatives. While succinic anhydrides having organic radicals of up
to about C,, may be useful, it is preferred that the organic radical of the succinic anhydride or its
derivative be C,-C,,, and most preferably C,-C,,. The most preferred alkenyl succinic anhydrides
are DDSA and PIBS.A.

* 1t has been found that the total amount of succinic anhydride or succinic anhydride
derivative req‘uired as a promoter er copromoter in the carbonating mixture is 0.5 to 5.0% by
weight, and preferably 1.5 to 3.0% by weight.

Water
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3, 1987 to Muir. Useful succinic anhydrides include al kyl and al kenyl
succi ni ¢ Wit 10des, as well as succinic anydri de deri vatipegausoboelher red
enbodi ments are the al kenyl succinic anhydrides including dodece

succi nic anhydride (DDSA), tetradecenyl succinic anhydride, n-oct MIAUB il

succi ni ¢ anhydr iTdeotaN ARGIAYI Watte Sdded © tirhiyidiciotler, chqdankipel re2 st wityshoBdIG&i Ni C
anhydride (PIBSA), and the |ike. Suitable succinic anhydride derivatives

i ncl ude t heexa&dd6 equslets per ehaldienesitoatrssluble OtifHoRic atid ] ghesol aFddrbokyile facid
hydr ol yzabl e derivatives. Wil e succinic anhydrides having organic radicals

of up to abetbhsifg actary Theopiisiddmouhtof wateftb 6 G9ell @letchihed HyQheQh@aniof r adi cal
of the succinic anhydride or its derivative be C -C, , oand nost preferably

CB- C1B. Themsfgssiunpbadeaisédasld ale Ry fatis teiFéddYeCaust HIM@Ed R8Nt o witebias Mnd Pl BS. .
It has been found that the total amount of succinic anhydride or succinic

anhydri de geducMatiny 8higRehkeabi@iaS a pronoter or copronoter in the
carbonating mxture is 0.5 to 5.0% by weight, and preferably 1.5 to 3. 0% by

wei ght . VWAt geohoP- Substitute Sheet (Rule 26) WO 99/51707 PCT/ US99/ 04245 n 2
AUG 2005 The 1ota, anount of water added to the m xture over the entire

reaction tinme sipddicdhilOtse@GRE Prodls BElLde WP Rlighaikedlka6ld] MakEtanok, Al - sol ubl e
sul phoni ¢ aci d, phenol or carboxylic acid overbasing reactant. The opti nmum

anount of Vgik®fes therebE whelle himites RaBbAREMIbed R eI Ex@inpled BRARQTIOHSR OXi de
used and the nmetal ratio desired because a |arger anount of water results in

a product jRdde A@thandliethaml, isHpiopanol, alptdpanoAbGaitdand peiindl] TRIWEErdd2RdndIN this

process include | ower aliphatic al kanols. al koxy al kanols, and m xtures
t her eof , whemehdnbEbetdibdFkhe 0w €T 420 Basa b OBHovADRSM BRtreRdGaREuR. ERXxAfRY &S of the

al cohol s include :nethanol, ethanol, isopropanol, n-propanol, butanol and
pent anol . Tihalfkeileibe thcab€mb@dxy ethanol and ethoxy ethanol.

In order to initiate absorption of the acidic gas in the reaction mixture. it is not necessary
to have an alcohol present in the initial mixture. It is believed, however, that the primary function
of the alcohol is to promote the stability of the colloidal dispersion of magnesium salts in the oil.
To this end there may be none or a small amount of alcohol in the initial reaction mixture and
during the contacting with the acidic gas, further amounts of alcohol are added either separatety
or in combination with the addition of water. It has been found that lower metal ratios result if
the total amount of alcohol to be added exceeds 35 equivalents per equivalent of sulphonic acid.
The preferred amount to be used ranges from 4 to 20 equivalents per equivalent of sulphonic acid.
Sulphonic Acid (Sulphonate

The sulphonic acids to be used in this process are those which are widely known by those

skilled in the art as oil-soluble sulphonic acids. Such compounds may be denived from natural
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i s met hanol because of the | ow cost and ease of renoval fromthe reaction

m xture. E¥gppies of the al koxy al kanol s include nmethoxy ethanol and et hoxy
ethanol. In order to initiate absorption of the acidic gaSWQPW%%mﬁféction
m xture. it is not necessary to have an al cohol present in the ini ﬂaADB 2008
m xture. It is believed, however, that the primary function of the al cohol

i s to prondterdidin Bicabislor Vatioad syhiieicsinl grepatta lsul pioifes Smpsuned. Typigdlegistiobisal ts
inthe oil. To this end there nay be none or a snall anount of alcohol in
the initial supRfmlciacids Which aLbaRed influtet Alade@lpRaNit 20iak, lafdghatd dulphbdieacasj di ¢ gas,
further anmounts of al cohol are added either separately or in conbination
Wi th the addikdyosulpghbnivadi@y aralk§l siipisonia@eids, et siiphonkcioRs sudR bsthahb@iny 0S 1 esul t
if the total amount of al cohol to be added exceeds 35 equival ents per

equi val ent  GfipisdalcRbianpetroRGh Sulphoid 8cif p@afiinved sapiddidtacitl GelifledssRBhthenges from 4
.to 20 equival ents per equival ent of sul phonic acid. Sul phonic Acid

( Sul phonat e)ulfkRicatid PfdnikglaRE selshhbiic 1, dsesihdr B pésttif Sul pHomie 8&58s vHidh dydse whi ch
are widely known by those skilled in the art as oil-sol uble sul phonic

aci ds. Such csaimpByTasingBYIpheic dd irssttknf sfpRirslalmifrattions: 1Qs Buksbid, st eet
(Rul e 26) WD 99/51707 PCT/ US99/ 04245 12AUX005 petroleum fractions or

vari ous syntfaehixaadsloy thesefanie dciddthfy e nedded prepimpg bindlSrbasty plagratiui | - sol ubl e
sul phoni ¢ aci ds which may be used include: al kane sul phonic acids, aromatic
sul phoni c aecuigtwnate.al karyl sul phoni ¢ acids, aral kyl sul phonic aci ds,

pet rol eum sul phoni ¢ aci ds such as mahogany sul phonic acid, petroleum

sul phoni c aci d, ipa¢nafa tha reaaion sfidhphresehin@atich is petad@uetymiriap it hefogic agdl phoni c
aci d, polyal kyl ated sul phhoni c acid, and other types of sul phonic acids

whi ch nmay bgene@by alinvadalky bénétie R forid lapi UwitlCmiaerhichiltah € adphtaadiluedts (26 id lvebIM
fractions. It is understood, of course, that m xtures of the sul phonic

aci ds may beecigh@dthe narpsreparmiRgrein over based nmagnesi um sul phonate. In
general the reaction of the present invention is carried out by mxing the

sul f oni ¢ aciCarboxvlic Acid (Carboxvlate)

Carboxylic acid or an acid anhvdride. acid chloride or ester thereof, is one wherein said

acid has the following formula (II):
R* - CHCOOCH (In
ll{S

wherein R* is a C,q to C,, alkyl or alkenyvi group and R® is hydrogen, a C, to C, alkyl group ora -
CH.COOH group. or a di- or polycarboxylic acid containing from 36 to 100 carbon atcs or an
acid anhydride, acid chloride or ester thereof. Preferably R* is an unbranched alkyl or alkenyl
group. Preferred acids of formula (II) are those wherein R’ is hydrogen and R*is a C,, to C,,,

more preferably a C,; to C,, unbranched alkyl group. Examples of suitable saturated carboxylic

acids of formula (II) include capric, lauric, myristic, palmitic, stearic, isostearic, archidic, behenic

-11-

Substitute Sheet (Rule 26)



generally a linear alkyl benzene sulfonic acid, with mneral oil and naphtha
di luents @2bow:78¢0% by wei ght of the car bonati on m xt ur e).p C%%%yzl Lc Acid
(Car boxvl ate) Carboxylic acid or an acid anhydride. acid chloride of ester

t hereof, is one wherel n said acid has the followi ng formula (I It aslzﬁm;f

CHCOOCH(II) al r kenyl grou n S
hydr ogen, aﬁdﬁ Cff’c aé'ldi’k (Ehﬂrskﬁ'tfglcéf”b%x"?c %Xeﬂ‘g ﬂ’cwlfr“é "‘“‘6’? fa

pol ycarboxyllg aC| contaL cpgog mh to 00 C% on toms é

anhydri de, ﬁﬂméhi’é‘%?ea“é"""uyc PP PBOYP aﬁ?’é? t ib‘f‘ﬁ)‘ RY spia ﬁ‘"t‘m’ﬁ? nched

al kyl or al ke rou erred aci ds of f.or.nul ret wher ei n
R 1 hydro@é‘ﬁy%fﬁggﬁfc" eGP * e By B utee oy el
unbranched al k oup. | es of, suitable sat rated carboxylic aci ds of
formila (11 )un?aﬁw?f&aé <§~aBLEF@fTBPf§wv be e pmhetily grmay be degivelbiqrp natura

i sostearic, archi ﬁﬁhe"iﬁi -11- Substitute Sheet L?ul e 26) WO 99/ 51707
PCT/ US99/ 04 PHgugs. ‘Eﬁé‘ nePIPR GFRYEERYE 60%?8F‘d§“5°“6t% e CHK e #lBoxy | i ¢
acids include alk salicylic acids res may al so be enpl oyed,
for exanpl e °35F°ép98¥? 68" f”&ﬁ NErAETHg 20 ’Ieé’ f“a"rdltg °’§u§‘fi%¥‘éedrﬁ“§f ydaeidof  acids

are those conmerci al gor ades taini

saturat ed afiMUEHTAY "[eéalp%?dgéns‘eéﬁﬁfg“rﬁ‘ g)géoof aCB@"(ﬁ“oJFg’iC‘I ug‘l"gy ebOth
cotton.  ar ot T EEBaEu e ot AR o BhFTTEE: aé%%jé‘f?m 5 TEBRRy arh
S 2 W S0 R Gt Rl o o1
acid chlori BréPengfa}é“ér)(‘%/a&d Oﬁg‘)ﬂ"*’i‘ékl \VeEaGf Xcr“ge acid, preferably t%e aci d
gphgg; ngylb |lsP rngg‘eerred, however, to use a car boxyl ic acid or a mxture

The phenols and alkyl phenols useful in the present invention are those well known in the
art and well disclosed in Wollenberg et al., U.S. Patent No. 5,530,664, granted July 19, 1994
(“Wollenberg™); Chan, U.S. Patent No. 4,664,824, granted May 12, 1987; and Campbell, U.S.
Patent No. 5,318,710, granted June 7, 1994. The invention also contemplates sulfonated
alkylated phenols such as those disclosed in Wollenberg.

The phenols are incorporated in the reaction mixture in amounts as afore-described and as
are well known to those skilled in the art.
Acidic Gas (Carbon Dioxide)

As is appreciated by those skilled in the art. various types of acidic gases may be used in
over-basing magnesium sulphonates, carboxylates and phenates. The preferred acidic gases are

carbon dioxide, sulphur dioxide. nitrogen dioxide, and hydrogen sulphide. These gases are
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preferred carboxylic acid of formula (11) is stearic acid. Phenol (Phenate)
The phenobﬁ)ﬁﬂg7 kyl phenols useful in the present invention are those well
known in the and well disclosed in Wl | enberg et al., POr@syRaLent No.
5,330,664, granted July 19, 1994 ("Wl lenberg"); Chan, U S. Patent §\p.AUG 2005
4,664,824, granted May 12, 1987; and Canpbell, U S. Patent No. 5,318,710,

granted Junguppled k28kh thEh@cidAviatile@nit &l beig HEY &R ale 8&ecidlghii 3hRdbecathky! at ed
phenol s such as those disclosed in Wl Il enberg. The phenols are incorporated

in the reaclmighte nfikdd Bd intoREER With the 3Smpbh@isSf B8 8GEoR Bfixt@8 hnd@Ss otdhGisdvel | known
to those skilled in the art. Acidic Gas (Carbon Di oxide) As is appreciated

by those skjd@ddh&leihhe art, various types of acidic gases may be used in
- over - basi ng magnesi um sul phonat es, carboxyl ates and phenates. The preferred

acidic gasemagﬂe@ium@(ﬁc}gon di oxi de, sul phur dioxi de, nitrogen dioxide, and
hydr ogen sul phide. ese gases are -12- Substitute Sheet (Rule 26) WO

99/ 51707 PCT/ US9gé %ggﬁnékne%uﬁr} oxfle uBd20a prbf@xpelaleﬁgocfirnén@)b'gnebﬁrg&ssr iSRE iikkﬁ' Br M xture

as it is being mxed so that the selected gas or gases becone intimately

m xed and i RCORMARCEucirabhelillt o£AMANARLS R undeD Be AR GHQMAGKEYIE, and as
ot herw se described herein. Magnesium Oxi de The type of magnesi um oxi de

used in a pfafifld fsh RERRVaNBRICKhickil S1uRl PHSS Mahy®anliNBIHIORN N 3, active form
Such nmagnesi um oxi des have been sold under the trade nmarks: MAGNESI TE,

avai | abl e f PN Né) IMNIMGQNQ&.eﬁopﬁbi%bleHUﬂtMiM@%dn@hcm%rObl'@,@ﬁcaM, CHI GAN
No. 3, MCH GAN No. 15, M CH GAN No. 340, available from M chi gan Chem cal

Corp., Chi cagRis; DO i-DDEW OUViatde FEXIDb& ChdmicaA¢a], Madine, Nicpigaow Cheni cal
Co., Mdlane, M chi gan;
ELASTOMAG 170, and ELASTOMAG 20, available from Morton Chemical Co., Chicago,
[llinois; MAGLITE Y, available from Whitacker, Clark and Daniels, South Plainfield, New York:
LYCAL 93/711, and LYCAL 96/575, available from Pigment and Chemicals, Toronto, Canada;
and MAGOX PREMIUM. The presently preferred magnesium oxides are MAG PLUS Grade 30-
325, manufactured by National Magnesia Chemical, a division of National Refractories &
Minerals Corporation; MAGOX 98 HR, manufactured by Premier Services Corporation,
Middleburg Heights, OH (MAGOX is a registered trademark of Premier Services); and MAG
CHEM 40. manufactured by Martin Marietta, Hunt Valley, Maryland (MAG CHEM is a
registered trademark of Martin Marietta).
The amount of magnesium oxide used is dependent upon the metal ratio desired in the
final product. The metal ratio is the ratio of the number of equivalents of magnesium in the

overbased compound to the equivalents of acid in the overbased compound. Therefore, to obtain

a metal ratio of, for example. 30, there must be at least thirty equivalents of magnesium oxide per

-~
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ELASTOVAG 170, and ELASTOVAG 20, available from Morton Chem cal Co.,

Chi cago, wddoisiis; MAGLITE Y, available from Witacker, Cark and Dani el s,
South Plainfield, New York: LYCAL 93/711, and LYCAL 96/5753C TR 04 e from
Pi gment and Cheni cal s, Toronto, Canada; and MAGOX PREM UM The pf§ ?5

preferred m |u 0X i.des. are NMAG PL ade 30-. 32 facture by
Nat i onal %’é i m m[ i"““"“F’S?C\‘}f’“s"‘“"n eofcf\[ Hartgrﬁtalpg % ?gc ocrnlot‘%-sS e eR/I neral s
E/]O{jgloreg{jlr gn%t ua%{)xess %_P %mnggnas'cég{v fb enc%s ZII% e(r:eése r}llzltg%ees?ung@roxrc{?:obré?gndon
Mar i etg fJ—Iunt Val | ey,
et

S nd. MAG
vyl o) ¢ VAR e S ey ARORR S @e e S R e el g hesit,

anount of ma i um oxi i S dependent. upan the netal ratio desired in
the final ﬁ‘g‘ggﬁél"‘m“‘fﬁg [E&%Vﬁﬁ ”F%W%m? aﬁmfl‘lﬁtafg of the nunber of

equi val ent s of magnesiumin the overbased conmpound to the equival ents of
acid in thePd®¥ based compound. Therefore, to obtain a nmetal ratio of, for

I 30, th b t Tt t | ent f d
per 13" Subst | (TSRS YR PL SR W btTu B P e B RLG 20

| t 1t t wh
fhe 1 eact o%"s""é’é’f’ﬁ'@dhl%eﬂ{s “fh ey ST 39%Ptgﬁ|0é‘%&aﬁmgt°r%ﬁ%cﬁa$ Ehgps o e
ffici i f de b d by th
metal ratioheibdEeE aoi 1039 1?5@1 iRt Ot SIS o P e s arm

th th t t f th b | t. th t

VSVIever al ed;Sf ?‘g?eégf{"%t"%ﬁ’é%fﬂ% y\'}%{"ﬁ{%ﬁ Wg;ﬁg ﬁgé]éj‘\%ﬁs %’L’g‘?gg ﬁ’e %O%n%%éezsed in
t hi latile dil t het
b i bat i ngcite P%é{]fgnﬁ’°§gf‘ﬁ%ﬁlﬁ>ﬂ?’ﬁ‘éfli’f’ 7rS o o RS GREY 54 o 100
SUS at f OOF or ert to the

reaction ar %%ﬁ“@rf]ég%f‘glfl dmﬁ)’}‘droétheéfyﬁ%s ESW“{’ ﬁg’l!)uef“f f'\%lug%%mﬁfaéd ¥ Qﬁrﬁf‘ng from 150 to
300F. These

cycloaliphatic and aromatic hydrocarbons. and corresponding halogenated hydrocarbons, such as
chlorobenzene, and other conventional organic diluents generally employed in the overbasing
procedures in this particular art of manufacture. The amount of diluents used is sufficient to
lower the viscosity of the reaction mixture to facilitate mixing thereof during the introduction and
contacting of the acidic gases with the mixture.

The initial reaction mixture should have at least traces and preferably up to 2 equivalents
of‘ water per equivalent of sulfonic acid. The mixture may have up to 15 equivalents of water
where the preferred range in the initial mixture is from 2 to 8 equivalents of water per equivalent
of sul’fo-nic acid.

Although the mechanism of the reaction is not fully understood, it is theorized that the

presence of water in the reaction mixture initiates absorption of the acidic gas by the reaction
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can be aliphatic. aromatic or a m xture of both types of solvents. For

exanpl e, mapddmrg;s a particularly useful diluent. O her t%ﬁis of suitable
di luents include Stoddard solvents, cycloaliphatic and ar 539/°4ﬂ52 AUS 2008
hydr ocar bons, and corresponding hal ogenat ed hydr ocarbons, such as

chl orobenzeng, , ang; ol ek, nva%%re%g calbIRPUE e WO RARREL AL dYGRE oved 1

t he overbasing procedur os arti c ar art of nanu e anount
o xtur Ze?ésftziﬁ"gﬂ%ﬁs el O ordr BB Lo bl RERR Do o B RERCL 00 i g
of the acidic ?ease \Qflc h the mxt?(mnso;rhe ini tlté’nlof m)xture shoul d

have at | eadt ety lz‘a“é‘eoéc an%icmly é’?‘a ma”fm 8&% vé}Ta‘taer d‘e 6t vf}arf"é(P"eper
equi val ent of S e mxture. to 15 e al ents of
Cater™ one e B8 T LI Al A RIS
equi val ents of wa ei ent

uf f i.d. h t.h
nechani sm of afeﬁ’é & 3“??"6}}?%'?53[6%2%”?'&?‘7@ ﬁbﬁ “oon %g'd'tc &% I{" %"éa’%‘fﬁat t he

presence of reaction mxture |n|t tlon of the acidic
gas by the 1B g6t ‘“CSE°fzfe%*‘d‘b%’i‘e“EQ‘F Bt "(eﬁuraé %ﬁa‘% glmof ekt ur
There is, ve§ah1 erm taFT‘l rat PJ ee@'grtvlv&nufl%r L watcr {éxnr sya OI’ mat i on of
hydr oxi des 8? 1gh nes um ox ve e FIFEFEH P ef Ffésd”t Y#i nimi ze the
reaction of 0 e carryin itions of
smal | anoun {\éva%xfu hazxfxess in the c : %Ecloornﬁr gr(ﬁngl c}gycxena{”é/watg cﬁuéesthlggg VfSﬁ%ﬂtyt he

aci di c gas 1s con;gnmlxgﬁemtdgltvpeg repctl on mxture so as to ensure that
water is aval Iabie in e Sys 0 prom)te t he absorptlon of the acidic

gas. The amount f ;eﬁgagfthmaﬁﬁqhe% e DE ek QiR BEL ALK RIS A e O]

the metal ratio in anourt ise BIGHBY net al

ratio; ho""e}ﬁ%‘ﬁesu}éﬂ lE l g?lu?ﬂgmt()%ergis %%%ESIUXT&E"?EL%I Iﬁ:elt!§nltl lxr\x/%otf ?he gr esul tant

hazi ness in the produ t her I Cl ency er “causes

hi gher Vi SCORk by milulle htkebéc%sm@mmmm ang, ork&v?cndggfe% g8l Bany The

| ength of tine € acidic gas I's con Facted Wit reaction m xture

depends UPORE the magnesium oxide originally introduced into the system has been reacted to form an

overbased magnesium product. To determine when the absorption of the gas is complete, the
flow rate of the acidic gas being introduced is compared to the flow rate of the gas leaving the
system. When the flow rate of leaving gas almost equals the flow rate of the introduced gas, then
the absorption is substantially complete.

Generally, light magnesium oxide in a stoichiometric excess to react with the sulfonic acid
is added to the solution, followed by the addition of water (0.3 mol — 10 mol/mol MgO), alkanol
(0.1 mol - 4 mol/mol MgQ), DDSA and lower carboxylic acid (acetic acid) co-promoter (in
amounts as afore-discussed). The mixture is stirred vigorously and heated to 100° to 145°F, and

up to the reflux temperature of the mixture, whereupon CO, is bubbled slowly into the reaction
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the desired | evel of magnesiumin the overbased nmagnesi um product. The

contacti vgoed/sitrbre gas wth the m xture may be continued %11/{]5@;34{4grther

gas is absorbed to indicate that substantially all of the magnesium oxid

originally introduced into the system has been reacted to form an él
magnesi um pr od

t he ab f the. I t
The T row r % oriongafs g&f‘%% Ay e PR e B SO Re T ow &
t f th I th fI t f
ot cquare e SPIRRY (4P Be sEATRGT A ORI e T Benl e Y BT on 1 o
substantially magnesi um oxi.de in.a st | chionetric

te
excess to reactggx)lpaf’ﬁ ?ﬂﬁ’éecta[?ﬁf%mogc Sﬁéf‘%‘“ thear1mRwies PdothsT WEHRUAS Bihe £ ol | owed
by th ddi ti f t 0.3 - 10 | / nol 0,. alk | t - 4
AR vart T B A R R &%%nga%gf&@s g‘&f'@‘)q‘? B %Pisﬁ’eﬁme)r (in
t f d d). t t d heated t
T A A A

CO, is bubhl ed, sl g/l% into the [ eac r‘}ﬁﬁ -15-. Su bstlt e, Sheet Rul e 26
99/ 51707 P 575 BEmpIeR 3s ! 6‘6’6 ‘§a‘e€5P‘t§c?r°‘P§f‘f‘8 ‘7‘§"‘i§‘8 |"{°y‘°bont| nued

ur ES"E; ﬁma%"tﬁhmgé&ﬁﬁpsaﬁﬁ eé;?e?;fsi‘ére g °v:vw§§%59%’a i ﬁéhg‘éhiée
var  at one i TG 18 bt BB Faﬁﬂﬁhé‘ﬁ%%%esé‘{détwlg@ﬁ{eét' o a%ﬂ%‘%ﬁ.e&es
ol gt 1y et w s REBRer Yise G Ak et e avae  PASEOHR | owi ng.

Exanpl es. These Exanples are intended to illustrate various aspects of the
invention and are not intended to limt the scope of the invention in any
way. In all as af sal the.  term"TBN' (Total Base
Nunber) is usef}hEgﬁ@RTné%E&E'P%lg’éegd"@"h Pyl easured by the nethod of
ASTM D2896. Vi scosities were neasured by t he net hod of ASTM D445. The

Sedi ment Test enployed in the Exanples is as foll ows:

Sediment Test
REAGENTS AND MATERIALS

1. 1000 ml Erylenmever Flask Reservoir with a bottom outlet;

9

47 mm Inline Filter Holder;

. 200 Mesh (75 micron) Stainless Steel Filter Screen cut to fit the Inline Filter Hoider;

il

4, Magnetic Mixer and Heater with Thermocoupie Controtler;
5. Perstaltic Pump;

6. Assorted Tubing;

7. Analytical Balance (0.1 mg);

8. Top Loading Balance (.1 g);
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Sedi nent Test REAGENTS AND MATERIALS |I. 1000 m Eryl ennmeyer Fl ask Reservoir
with a bojlygsouyl et; 2. 47 mminline Filter Holder; 3. 200 Mesh (75

m cron) Stainl ess Steel Filter Screen cut to fit the InlinBCEUFPE424%0! der :
4. Magnetic M xer and Heater with Thernocouple Controller; 5. Pegi m:ﬁ@

Punp; 6. Assorted Tubi n alytical Balance (0.1 ng); 8. [
Balance (. t g);° M&“’%ﬁ’g&o l}[% = Sfagniic ‘ﬁ[?ﬁe 26) WD 99/ 51707 PCT/ US99/ 04245
9. Mcroscope (20-80 Zoom Magni fi cati on) 2 AUG 2573 10. Heptane. PROCEDURE
1. Wi gh 850 grahb ¥P@est Fuel O into the reservoir. Use the Top Loading
Bal ance. 2. Install a clean weighed 200 Mesh Filter Screen in the Inline
Filter Holder. Wigh the filter screen to 0.1 ng on the Anal ytical Bal ance.
3. Weigh enough additive into the reservoir to provide 60 ppm Magnhesi um

Wi gh on trﬁ'g%f:@H di ng Bal ance. 4 Connect t ubi ng bet ween the Inline

Filter Hol der and Peri stal tic Purgp or. recircul ation. Heat the reservoir
Fuel to 75C and ‘mye’é’t‘ ﬁ%@‘sﬂf’f\‘ﬂs‘ el Qaf ‘aﬁot‘hct'Ffé”?’értl’séfhélTPP EoadingBaleatsi r cul at i ng
at approxwrately 160 mn. 7. Recirculate 100 liters of fuel fromthe

reservoir. This wlmmliaa%@na&g?%aﬂﬂmeg} Eyltep@emgen iy gy pgine Filter Holder. Weigh the

filter screen to 0.1 mg on the Analytical Balance.

3. Weigh enough additive into the reservoir to provide 60 ppm Magnesium. Weigh on
thie Top Loading Balance.
4. Connect tubing between the Inline Filter Holder and Peristaltic Pump for recirculation.
5. Heat the reservoir Fuel to 75°C and mix at 1000 RPM.
6. Start the Peristaltic Pump recirculating at approximately 160 ml/min.
7. Recirculate 100 liters of fuel from the reservoir. This will take approximately 10.5
hours,
8. Turn off the recirculation and drain Fuel Oil from the lines and filter by draining back
to the reservoir.
9. Open the filter. Remove the screen and wash with heptane.

10. Examine the filter screen for weight and type of sediment. Use a microscope and
determine if sediment is debnis or gel.

11. Reinstall the filter screen.

12. Add 60 ppm Magnesium and 1 gram of Water.

13. Repeat step 4 to step | 1. Recirculate 75 liters of Fuel from the reservoir (approx 7.5
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8. Turn off the recirculation and drain Fuel Gl fron1the Iines and filter
by drai ni mp k7 to the reservoir. 9. Open the filter. ézsgreen
and wash with heptane. 10. Examine the filter screen for melgh ype o
sedinment. Use a microscope and determne if sedinent is debris gsh éﬁﬁﬁ
Rei nstal |l the fllgpr screen. 12. Add 60 ppm Magnesium and | gram 2 5 s
13. Repeat step 4 Po step 11. Recirculate 75 liters of Fuel fromthe
reservoir (appro ubstl te Sheet (Rule 26) WD 99/51707

PCT/ US99/ 04245 ﬁ%@?ngp gfﬂ““&?ﬁ”%ﬁoﬁﬁﬁl gnesiun1to I gran1of Vat er .

15. Repeat step 4 cir cul Fuel from

reservoir (appro¥: .e@m Slﬁﬁel Recry E)te ?%étefs(é’g%uel %m dﬁé‘ﬁfﬁr"f"f?ﬁ’@“’é unt and
type of sedi nent %8 ei each of the 3 recirculation stages (100 litre/ 75
litre/75 litre). the filter screen to 0.1 ng on the Analytica

Bal ance. CALCUL@J% " Recircul ation: Report weight of sedinment + type of
sedi nrent 2N Rec ﬁngl Report melght of sedinent + type of sedi nent

3RD R | at t f f . t I
edi ront vl ght U ew‘r’t"ém“o’@«'eﬁa%v%nofi S et veh e S epraiesteeefObass = up
to 25 ng sedi nent

litre/75 litre/75 litre). Weigh the filter screen to 0.1 mg on the Analytical Balance.
CALCULATION

1* Recirculation: Report weight of sediment + type of sediment

2NP Recirculation: Report weight of sediment + type of sediment

3RP Recirculation: Report weight of sediment + type of sediment

Total sediment weight = 3 recirculation sediment weight

SPECIFICATION

Pass = up to 25 mg sediment

Fail = Greater than 25 mg sediment and any gel

Note: If pressure builds up, stop the test and examine the filter screen. The test is deemed an

automatic failure.
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Fail = Greater than 25 ng sedi ment and any gel Note: If pressure builds up,
stop the R‘?‘% ﬁnd7 examne the filter screen. The test is deened an
automati c Yl YUrY. -18- Substitute Sheet (Rul e 26) WO 99/ 5-T0VS99/04245
PCT/ US99/ 04245 2 AG 2 Exanple |I The foll ow ng overbasi ng m xturm
prepared: Conponent Parts by wei ght our oil (sulfonic acid) 89. G@%
(fuel oil) 41.5 DDSA 3.5 (2% Sol veé@—"@lﬁgsol) 195 MgO 48 Methanol 6.1
Water 9.5 Acetigl &ék}d.l& 2, The over basi ng mxture was initially at 45 to
55 C. The mi xt ur B HOWngBEHRSINg FOHIE H2S RES°En step wi se additions of 300
mM/mn, 150 mM/mn and 90. M /mn over 4 hours, and refluxed. The overbased
mxture was filtered and 5 Di | uent fuel B¥isvdgieihe anpunt of 16.8
~grans was added. The overbased fma,gnesi um sul fonate _product had a TBN of
630, and a viscosity of rA¥oldyfonfadifoc with the 3Bscosity measured with
the sulfonate at a TBN of 560, A control sanple was prepared as aforesaid
" put without any DDSA. A CUWFRFPLSW of the use of tHLSoverbased products with
2% DDSA and wi t hout any SA in a fuel oil, denonstrated that whereas-the
over based product wit hout?™™3SA produced 3.3 (2%)

Solvent (losol) 195
MgO 48
Methanol 6.1
Water 9.5
Acetic acid 18.2.

The overbasing mixture was initially at 45 to 35°C. The mixture was carbonated with
CO, in step wise additions of 300 mi/min, 150 ml/min and 90 ml/min over 4 hours, and refluxed.
The overbased mixture was filtered and stuffed. Diluent fL;Cl oil in the amount of 16.8 grams was

‘added. The overbased magnesium sulfonate product had a TBN of 630, and a viscosity of 143
- “Cst at 100°C, with the viscosity measured with the sulfonate at a TBN of 560.

A control sample was prepared as aforesaid but without é.ny DDSA.

A comparison of the use of the overba.sed. products with 2% DDSA and without any
DDSA in a fuel oil, démonstrated that whereas-the overbased product without DDSA produced
encrustations and black sludge or sediment buiid up the overbased product with 2% DDSA co-

promoter showed only a small amount of encrustation with no black sludge or sediment build up.
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encrustations and bl ack sludge or sedinent build up the overbased product

w th 2% DR®Pesenaso7pr onot er showed only a small anmount of engigaidbohaswW th no
bl ack sludge or sedinent build tip. -19 Substitute Sheet (Rule 26) WD

99/ 51707 PCT/ US99/ 04245 92 AUG 200 Exanple 2 The foll ow ng ovelgamggm(?g

m xture was prepared: Conponent Parts ket ght Sour oil (sulfonic acid)
89.8 Diluent (fuel oil) 41.5 PIBSA 3.5 %%% Sol vent (Il osol) 195 MyO 48

Met hanol 6. i VAt®E (owing H¢eRabifg Atube W& plepartte Over basing mixture was
initially at 45 to 55C Tﬁe m xture was carbonated with CO in step w se

addi tions of 300 m/mn, 1%Qmpdlepsi n and 90 nl/m Welwedonpour s, and
refluxed. The overbased mxture was filtered ang%%f D | uent fuel oil
in the amount of 16.8 gramg,wag sufttieslia) The over basedgggagnesi um sul fonate
product had a TBN of 630, and a viscosity of 142 Cst at 100C, with the
product measured at a TBN gf,,6Q, fpcontrol sanpl e wag prepared as aforesaid
but without any PIBSA. A conparison u, the use of the overbased products
with 2% PIBSA and without pggs PIBSA in a fuel oil, demmpgirated that

wher eas the overbased product w thout PIBSA produced encrustations and

bl ack sl udge or sediment by 4ol 195
MgO 48
Methanoi 6.1
Water 9.5
Acetic acid 18.2.

The overbasing mixture was initially at 45 to 55°C. The mixture was carbonated with
CO, in step wise additions of 300 ml/min, 156 mI/min and 90 m{/min over 4 hours, and refluxed.
The overbased mixture was filtered and stuffed. Diluent fuel oil in the amount of 16.8 grams was
added. The overbased magnesium sulfonate product had a TBN of 630, and a viscosity of 142
Cst at 100°C, with the product measured at a TBN of 560.

A c;mtrc;l sample was prepared as aforesaid but without any PIBSA.

A comparison u: the use of the overbased products with 2% PIBSA and without any
PIBSA in a fuel oil, demonstrated that whereas the overbased product without PIBSA produced

encrustations and black sludge or sediment build up.
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_20_ Substitute Sheet (Rule 26) WD 99/51707 PCT/ US99/ 04245 02AUG Exanple 3
The followugggoverbasing m xture was prepared; Conponent Pans by wei ght

Napht ha 808 FU81 Q1 No. 2 27.0 Water 5.4 Methanol 3.5 pdugssnams40

(MO 26.8 Sulfonic Acid 51.5 (@25.5% Al; 24.4% QG |; 51.1% Vol . y%iu

f oregoi ng conponents were m xed and the tenperature adjusted to 30(9 AUG 2805
acetic acid co-pronoter was then addeghn@gte ¥ 0l | oOws. Acetic acid, 92% 8. 7.
Carbonation was started immediately after the acetic acid addition.

Car bonati on was THariblioMitechverdading thii& wadpregafed: M /mn for 30 minutes. at 86
mM/mn for 90 mnutes. at 43 nVmn for 120 m nutes. The carbonation
tenperature was nai nt ai nethngdondh? t 0 54C. Duri nepagabbeggi:i on the fol | ow ng

succi ni ¢ anhydride co-pronoter was added as follows: -21 Substitute Sheet
(Rul e 26) Naphtha 80.0

Fuel Oil No. 2 27.0

Water 5.4

Methanol 3.5

Mag Chem 40 (MgO) 26.8

Suifonic Acid 515

(@ 25.5% Al; 24.4% Oil; 51.1% Vol.)
The foregoing components were mixed and the temperature adjusted to 30°C. The acetic
acid co-promoter was then added as follows.
Acetic acid, 92% 8.7.
Carbonation was started immediately after the acetic acid addition.
Carbonation was continued as follows:
at 172 m/min for 30 minutes.
at 86 ml/min for 90 minutes.
at 43 ml/min for 120 minutes.
The carbonation temperature was maintained at 42 to 54°C.

During carbonation the following succinic anhydride co-promoter was added as follows:
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2 12 AUG 2t WD 99/51707 PCT/ US99/ 04245 (a) after 40 m nutes: V\ﬂte‘ﬁms 2005
DDSA 2. 0; woyesafgber 80 minutes: Water 6.3. After carbonat ipg? t he

over based product was cooled to below 35 C. The product was HER/94281 er ed
and stripped. A control was produced according to the foregoing but w thout
the addition of any DDSA or other succinic anhydride. The sanples with and
wi t hout DDSA were subject to the foebygdlmy®sdi ment Test and the results
reported in Table 3. 22  Substitute Sheet (Rule 26) WD 99/51707

PCT/ US99/ 04245 2 AUG 2105 Table 3 ResufVetsr Exanple 3 Codtirol Magnesi um
Ww%14.2 14.2 DDSA Ww. %2 zero Sp. G. @15C 1.246 1.24 WMagnesium

Sul fonate, wt % 13.7 13.0 TBN, ng KOH/RP¥%S70 550 TA V 841 640 Viscosity,

cSt @ 100C 41.6 90 Sedinment, Vol. %0.03 0.04
(b) after 80 minutes:

Water 6.3.
After carbonation, the overbased product was cooled to beiow 35°C. The product was
then filtered and stripped. A control was produced according to the foregoing but without the
addition of any DDSA or other succinic anhydride. The samples with and without DDSA were

subject to the foregoing Sediment Test and the results reported in Table 3.

Substitute Sheet (Rule 26)



Water, Vol. % 1.0 1.0 Flash Point. PMCC ' C 66 66 Sedi nent Test No sedi nent
Sedi ment Pexg/avoFails at 0.2% water 0.5% water The resul terRfsod) ‘Q%jse 3
denonstrate that the additive with the acetic acid - succinic anhydride
co-pronoter reaction product elininated sedi ment, whereas a conpartafl AUE 2005
sanple with only the acetic acid pronotge;failed the Sedi nent Test even
with a | esser anount of water. \Wile the Exanples are described for an
over based magnesi um sul fonate additive,gdlisis Wthin the contenplation of
this invention to provide overbased magnesium phenate and carboxyl ate,
particularly including salicylate, depggi}yepntrol additpy as well as
. mxtures thereof. -23- Substitute Sheet e 26) WD 99/ PCT/ US99/ 04245
02 G 7005 Wat ipgofilstinlTesbsi S: 1. A depogif controlled fugl,oil conprising;
(a) a fuel oil conprising a deposit producing contaminant; and (b) a
. deposit control gl iye,conprising;, an overbased nmagnesi L%ggocorrposi tion
conprising at |east about 14% by wei ght of nmagnesi um and Turther conprising

a succini ¢ anhydri,qg gn@debower carboxyliqagid overbased cgy pronoter
reaction pr oduct;b%rer’ei n there is reducecfgdeposit in the f’uel oil. 2. The

fuel oil of clai flnestSfibikd REosCONt am pant conprises asphgl tenes, and the
fuel oil conprises nore than | % by wei ght of asphaltenes. 3. The fuel oil
of claim1, wheregR hLpgoHAg: ©il furthegzconprises vanadisygn and said

TAV 641 640
Viscosity, cSt @ 100°C 41.6 90
Sediment, Vol. % 0.03 0.04
Water, Vol. % 1.0 1.0
Flash Point, PMCC °C 66 66
Sediment Test No sediment Sediment
Pass at Fails at 0.2% water

0.5% water

The results of Table 5 demonstrate that the additive with the acetic acid - succinic
anhydride co-promoter reaction product eliminated sediment, whereas a comparable sample with
only the acetic acid promoter failed the Sediment Test even with a lesser amount of water.

While the Examples are described for an overbased magnesium sulfonate additive, it is
within the contemplation of this invention to provide overbased magnesium phenate and

carboxylate, particularly including salicylate, deposit control additives, as well as mixtures thereof.
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additive being present in an My:V nolar ratio of at |east about 2.5 : 1. 4.
The fuel oMOBSIWaimt, said additive having a viscosity oﬁ>ca:m§4t,,0g,|2q5to 200
cSt at 100C. 1 5. The fuel oil of claim1. said | ower carboxylic %c
conprising a C, to C5 carboxylic acid. 6. The fuel oil of claimb5, 2aAU6 2005
car boxyl i c awiha icdamped ses acetic acid. -24- Substitute Sheet (Rule 26) WO
99/ 51707 PCT/ US99/ 04245 0 2 AUG 20D5 7. The fuel oil of claim1, said

succi ni ¢ anhydri de Aclepgpit cswslledfuehbikempkisisgicci ni ¢ anhydri de. 8. The fuel oil
of claim?7, said al kenyl succinic anhydride conprises DDSA. 9. The fuel oil
of claim 1, sai d(a)efieodsi tompnisiggangeposgiproguciaOéonamib@st g wei ght  nagnesi um  10.
The fuel oil of claim9, wherein the contam nant conprises asphaltenes, and
the fuel oil coPridgesit copire addigwe cbmBfisbng; wei ght of asphal t enes, and wherein
the fuel oil with the additive is substantially free of deposits. 11. The
fuel oil of claim 10,anwhebasédmdgbeiumxompesitivprcompsingtat keasastoualdbily Beigmot % by
wei ght of asphaltenes, and the fuel oil with the additive is substantially
free of magnesi um | asghalunané furtdepospristg akidccinidrhfdiidd amdilbwepkarbbgditracld sai d
over based magnesi um conposition conprising at | east one selected froma

sul fonat e, phenat e anderb@&tdoxydnadte reattdbn pAduayer based nmagnesi um conposi ti on
conprising, a succinic anhydride and a | ower carboxylic acid overbased

co- pronot er reacwha¢in preedireducedldepositirethofweirdilased rmagnesi um conposi ti on of
claim 13, said conposition having a TBN of at |east about 500 to 600. -25-

2. The fuel oil of claim 1, wherein the contaminant comprises asphaltenes, and the fuel oil

comprises more than [ % by weight of asphaltenes.

3. The fuel oil of claim 1, wherein the fuel oil further comprises vanadium, and said

additive being present in an Mg:V molar ratio of at least about 2.5 : 1.
4. The fuel oil of claim 1, said additive having a viscosity of about 40 to 200 cSt at 100°C.

" 5. The fuel oil of claim 1. said lower carboxylic acid comprising a C, to C, carboxylic

acid.

6. The fuel oil of claim 5, said carboxylic acid comprises acetic acid.
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Substitute Sheet (Rule 26) WD 99/51707 PCT/US99/04245 f 2AI UR 15. The

over based wagsespum conposition of claiml|3, said conp05|t|§gh§ 4é§|ng a
magnesi um content of at |east about 14% by weight. 16. The over 205
magnesi um conposi tion of claim 13, said | ower carboxylic acid ZSME %p

C, to G carboxyhi gaghdi oﬁnTa.mThs.dos\a&nl@@éﬁ@hnﬁ@%?pﬁ%éé%;@m&}%&ﬁ'COJ}m Qligg! @ m

13, said carboxylic aci nprising acetitc ac over base
magnesi um conposition of claim 13, said succinic anhydride conprising an
al kenvl succinic anhydride. 19. The overbased nmagnesi um conposition of claim

18, said al kenyl ¢ sm%en?lq,o A Qr%%qﬂskgﬁgmtglb aﬂ-ﬁ'dg)&%m % p EE over based

- magnesi um conposition o alm 1 succl mic an ydri de
conprising PIBSA. 21. The overbased nagnesi um conposition of claim13. said
conposi tion conprising at |east one selected froma sulfonate, phenate and

- carboxyl ate. - 26g eﬁxlél?éei !)li wcﬁiémgsg%dtclgwsﬁlog@mp%ﬁp ?9 xfl%%d)ﬁ V%IgnCGSSI ng for

maki ng an over bas magnesi um a conprisin g; (a) at
| east one se| E % g froma sulfonic acid, a phenol and a carboxylic acid, or
salt thereof, % magnesi um oxi de, and (c) a pronoter system conpri sing: -

10. The fuel oil of claim 9, wherein the contaminant comprises asphaltenes, and the fuel
oil comprises more than 1 % by weight of asphaltenes, and wherein the fuel oil with the additive is

substantially free of deposits.

11. The fuel oil of claim 10, wherein fuel oil comprises at least about 3 to 4 % by weight
of asphaltenes, and the fuel oil with the additive is substantially free of magnesium / asphaltene
deposits.

12. The fuel oil of claim 1, said overbased magnesium composition comprising at least

one selected from a sulfonate, phenate and carboxylate.

13. An overbased magnesium composition comprising, a succinic anhydride and a lower

carboxylic acid overbased co-promoter reaction product.

14. The overbased magnesium composition of claim 13, said composition having a TBN

of at least about 500 to 600.
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(i) ad to C5 carboxylic acid, (ii) a succinic anhydride, (iii) water,

(iv) a G tWOE¥sHIEZohol, and (v) a solvent; (B) contacting FB?AE$%&%Be of
step (A) with carbon dioxide, said contacting being at a tenperaturg aubo
the reflux tenperature of the m xture to overbase the m xture; and éy 2005

removi ng vol ati | € sCaRpPORAIILS oAU BmPYRIR3BE&L MM Xshid cEmBdsitdh g&%ﬁ%{l ght form

the additive; wherein said additive conprises about 14%to 18% of

magnesi um 23, The BEOkSES 1QL: 6L A1, Blweisial d addi tive conprising an
over based nagnggfunf ggﬁ?onatéé 24. T ew% ocess of claim22, said additive

having a viscosity of 40 to 200 cst at 100C. 25. The process of claim 22,
further conprising addi ng succinic anhydride after step (B) 26. The process

of claim 22, sai dl6| g %veﬁﬂ%c??ﬂ%hésﬁm%gjngosﬁigg_gf éla}ggg sgiﬁw&cﬂﬂxgﬂc ac%7' A

process for making a fue eposit contro Itive conprising:

adm xi ng; (Qon@risingaet .56! ? froma sulfonic acid, a phenol and a
carboxylic 5%@%“3? séPt’tﬁgrggggg'b) magnesi um oxi de; -27 02 AUG 2016 (c)

a first co-pronotor conprising:

17. The overbased magnesium composition of claim 13, said carboxylic acid comprising

acetic acid.

18. The overbased magnesium composition of claim 13. said succinic anhydride

comprising an alkenyl succinic anhydride.

19. The overbased magnesium composition of claim 18, said alkenyl succinic anhydride

comprising DDSA.

20. The overbased magnesium composition of claim 18, said alkenyl succinic anhydride

comprising PIBSA.

21. The overbased magnesium composition of claim 13, said composition comprising at

least one selected from a suifonate, phenate and carboxylate.
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(1) aC to C5 carboxylic acid; (ii) water; (iii) a C to C5 alcohol; and
(iv) a solvent; and (d) a second co-pronoter conprising: (i) aﬁQcM)Bl a0
anhydride; contacting one selected froma first conbination of (a), (b) and
(c) and second corrbl n of c) and,(d) wth .carbon dioxide
b o eer at APEOEIEE  kag 0 AR P B RS HL® SURBERER- conbi nat | on
to overbase the sel ected conbination m xture and further conprising
carbonating t{9ad@ixeged ni xture; wherein when the first conbination is
sel ected, further conprising adding succinic anhydride during said
carbonating to the (@yet kasede seletted froch 4 sul ftnicamidyi angtteholrandi axdavvoexyliand
renovi ng vol atil e conpeideod saltfthedof, he over based m xture to formthe deposit
control additive. 28. The process of claim 27, the succinic anhydride

conprises an al kenyf,) sieabdtim oxdd) s i de. 29. The process of claim28, the
al kenyl succini c anhydride conprl ses DDSA. 30. The process of claim 27,

said C, to C5 carboxyli r s.acetic acid. 31. The process of
. ; v@i g p?% t}n s?eg}i’ c!r)%x rlSlP

claim 27, wherein ‘on is selected, further
conpri sing addi ng suc ast in part after carbonating the
sel ected m xture. SLISF y pid ?:I a| m 27, wherein the additive has a
viscosity of no m)re - (idvateshout 40 to 200 cst at 100C. - 28

(iv) a C; to Csalcohol, and

(v) asolvent;
(B) contacting the mixture of step (A) with carbon dioxide, said contacting
being at a temperature up to the reflux temperature of the mixture to

overbase the mixture; and

(C) removing volatile components from the overbased mixture of step (B) to
form the additive;

wherein said additive comprises about 14% to 18% by weight of magnesium.

23.  The process of claim 22, said additive comprising an overbased magnesium
sulfonate.

24.  The process of claim 22, said additive having a viscosity of 40 to 200 cst at
100°C.

25.  The process of claim 22, further comprising adding succinic anhydride after
step (B).

26. The process of claim 22, said lower carboxylic acid comprising acetic acid.
27. A process for making a fuel oil deposit control additive comprising:

admixing;

(a) at least one selected from a sulfonic acid, a phenol and a carboxylic
acid or salt thereof;

(b) magnesium oxide;

27-
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(c) a first co-promotor comprising:
(i) a C, to Cs carboxylic acid;
(i)  water;
(iii)) a C; to Cs alcohol; and
(iv)  asolvent; and

(d) a second co-promoter comprising:
(i) a succinic anhydride;

contacting one selected from a first combination of (a), (b) and (c) and a
second combination of (a), (b), (c) and (d) with carbon dioxide at a
temperature up to the reflux temperature of the selected combination to
overbase the selected combination mixture and further comprising carbonating
the selected mixture;

wherein when the first combination is selected, further comprising
adding succinic anhydride during said carbonating to the overbased
selected first combination mixture; and

'removing volatile components from the overbased mixture to form the deposit

control additive.

28.  The process of claim 27, the succinic anhydride comprises an alkenyl succinic
anhydride.

29.  The process of claim 28, the alkeny! succinic anhydride comprises DDSA.
30.  The process of claim 27, said C; to Cs carboxylic acid comprises acetic acid.
31. The process of claim 27, wherein when the first combination is selected,

further comprising adding succinic anhydride at least in part after carbonating the
selected mixture.

32.  The process of claim 27, wherein the additive has a viscosity of no more than
about 40 to 200 cst at 100°C.
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