1 PROCESS FOR MAKI NG GROUP 11 METAL OVERBASED SULFURI ZED ALKYLPHENCLS 3

FI ELD OF THE | NVENTION 4 This invention is directed to a novel process for
making Goup Il nmetal 5 overbased sul furized al kyi phenol s, which process
uses et hyl ene carbonate as 6 both a source of carbon di oxi de and et hyl ene
glycol. In particular, under the 7 reaction conditions using ethylene

car bonate, carbonation fj LSal, rror less than tine
t aught i1n the prior artﬁhﬁﬁa§§ @%Lﬁﬂﬂﬂﬁeéwgm d sul furized

al kyl phenol conposi ti cOYERERSEDESELFURIZEN ARKYLPHEROLSO directed to a
detergent-di spersant additive conposition conprising Goup Il 11 netal

over based sul furized al kyl phenols, wherein the Goup 11 netal 12 overbased

sul furi ged al kyi phenol s have ggEqu)(@Fq'HE’S;m/ENﬂ@pqer, as neasured 13 using
ASTM Test No. D 6045, and incieaSéd Aydrolytiirc stability as measured 14 by

a nodified ASTM Test No. 2619, wherein the TBN of the Goup Il netal 15
over basgd |§‘rﬂ\}e4ﬁ€n% lﬂbfé@t'éﬁ'l@'asn&%q ﬁ?akirﬂf@rélﬁ) Rens@nt, and 16

preferably less than 8 percent, af ter e a d|t|on of 2.0 percent water and
after 57 eowialhyased sﬂﬁ@uzeﬁkﬁkﬁp!wwls whmbrwomss gsed sthydineaarbohate as

process .usi 18 ethyl ene carbonate or alkyl-substituted ethyl ene carbonate
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BACKGROUND OF THE | NVENTI ON e operation of diesel and spark ignition
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addi tives have been devel gped i ncorporation into 27 lubricating oils.
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13 using ASTM Test No. D 6045, and increased hydrolytic stability as measured
14 by a modified ASTM Test No. 2619, wherein the TBN of the ,Gi'oup Il metal

15  overbased sulfurized alkylphenols decreases less than 10 percent, and

16  preferably less than 8 percent, after the addition of 2.0 percent water and after
17 6 days at 80°C. The present invention is also directed to a process using
18 ethylene carbonate or alkyl-substituted ethylene carbonate and water for
19 delivering in situ equimolar quantities of ethylene glycol and carbon dioxide for

20 use as reactants in chemical reactions.

21 BACKGROUND OF THE INVENTION

22 The operation of diesel and spark ignition internal combustion.engines is
23  typically accompanied by the formation of sludge, lacquer and resinous

. 24  deposits which adhere to the moving engine parts and thereby reduce engine -
25 efﬁciehcy. In order to prevent or reduce the formation of these deposits, a
26  wide variety of chemical additives have been developed for incorporation into
27 lubricating oils. These additives are commonly referred to as detergents and

28 dispersants. Dispersants have the ability to keep deposit forming materials

-



1'suspended in the oil so as to retard deposit formation during engine

- operation. 2 Detergents have the ability to renove preexisting deposits

. fromthe engine during engine operation and to neutralize acids in
railroad, marine and autonotive engines. 5 Anong the many additives which
have been devel oped for this purpose, 6 Goup 11 netal overbased

sul furized al kyl phenoi conpositions have been 7 found to be highly

ef fectivé deuspegrded i thpailksnas td mtanbsdepositl fobmatien dudngiehgine dperation.

Furt herngre,these. additjves, .are. excellent .oxidation d rrosjion
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products formduring engine 11 operation, particularly when operated on
hi gh sul4ur aémelive eagingsd s, and tend 12 to accunulate in the lubricating
oil. The sulfur in these conpositions has 13 antioxidant activity. 14 The

ability of Goup Il netal overbased sul furized al kyl phenol conpositions to
15 neut ral i Aeneng theamany @dgitives srhicl have beeh developeddasthieputposeet er ni ni ng

the 16 got [ . ition. Hi.gher TBNs reflect a
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nunber of efurthgrente tese additives areercerientaxidationrand cagosion inbibitaes nunber
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"neutral " al kaline earth tal sulfurized al kyl phenol = 24 is 1. Thus, the
"over bajgad" OHﬁfaéWaPaFW|%§I "a}erbeﬁ?’éﬁt% ogMigh §‘|"P‘{rlfé%ﬁ‘t@0m fyels, apddenéss of

the alkgin f inhilt r ' o ; + .26
mat eri al . Fgor gﬁqlﬂuggéa?otrq,g Iﬁ%@e%tgg;béldbﬁ]a‘%glgrﬁ@ﬂg%ﬁﬁomngﬁgrbﬁr'?%ri zed 27
al kyl phthoi ahtiexidantactivily. capability for neutralizing acidic matter than
does 28 the corresponding "neutral"” alkaline earth netal sulfurized
al kyl phenol . -2

14 The ability of Group Il metal overbased sulfurized alkylphenol compositions to

15 neutralize such acidic products can be directly measured by determining the

16  total base number (TBN) of the composition. Highe:; TBNs reflect a greater

17 capacity for these compositions to neutralize acids generated during engine

18  operation. The term “overbased” is used to describe those sulfurized alkaline

19 earth metal alkylphenates in which the ratio of the number of equivalents of
20 the alkaline earth metal moiety to the number of equivalents of the phenol

21 moiety is greater than one, and is usually greater than 1.2 and may be as high
22 as 4.5 or greater. In contrast, the equivalent ratio of alkaline earth metal

23  moiety to phenol moiety in "neutral” alkaline earth metal sulfurized alkylphenol

24 is 1. Thus, the "overbased" material typically contains greater than 20% in
.25 excess of the alkaline earth metal present in the corresponding "neutral”

26 material. For this reason, "overbased" alkaline earth metal sulfurized

27  alkylphenol has a greater capability for neutralizing acidic matter than does
28  the corresponding "neutral” alkaline earth metal sulfurized alkylphenol.



| *The preparation of Goup Il netal overbased sul furized al kyl phenate 2
conpoesitions is well known in the art. A nunber of patents have di scussed

. 3 processes in which overbasing is acconplished by the direct addition of 4
et hyl ene glycol and carbon dioxide. 5 For exanple, U S. Pat. No. 3,178, 368
di scl oses the basic process for nmaking 6 netal overbased al kyl phenates
usi ng an al kyl phenol, a sulfonate, a high 7 nol ecul ar wei ght al cohol,

| ubri cat iing The preparation oh@Gdoun Hdnéthheve{rbas@caksalh‘urme& dikylpghgnatet hyl ene

gl ycol Ed car bon .di oxi de. The net oyer based sul furized 9, al kyl phenates

pr epar ed by GAMROSIioNRSIVelLiown inihe art. AnwroeRipatents Wﬁﬂ?@tﬁsﬁg t he
neutral gl kmrﬁbéékﬁﬁﬁ whidh Hvel%asﬁiliizls d&oggﬂé@gd ﬁg?héj Hﬁéét‘%?cﬁﬁ

preparation of |owfoam ng met al over enat es y s{ arting
wi t h al k¢l predhgeseghmobiand aeban dipkidgroup 13 is a mixture of straight and
branched chain al kyl groups. 14 U S. Pat. No. 3,801,507 discloses

sul furized netal al kyl phenates that have a 15 ratio of sulfur to cal cium
bet ween % arﬁprzemmme, dr®\Rateblof 8y178c38%distlosds ﬂmabasaoqayo@&uﬂ; formprakiresl

t d 1y t . 17 , S, Pat. I f
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t han 2507 1%&19&1!3?%lgﬁﬂ%lcdho?4lﬂbﬁé’étlr@ &P's%ﬁﬁ:s né,ﬂgateaﬁ (R ggm.w' zation

catalyst _in the 20 preparation of netal overDBa yl phenat es
to obtai 8. mﬂﬁ)ce@yem giamlm;ldacarbmndla:«dmeTbemetemvemasa'chu@umder t han

23 subst Int cAPMettes Brebtad s Askjpeeitonis abfedbelabbe aalie phonol

ring i n1@ Z;émpaidﬂeomnéum dikyipiéraites.met al  over based sul furized
al kyl phenates which 25 possess low viscosity at high TBNs. -3 1 U S. Pat.

Nos. 5,714,443 and 5,716,914 disclose the preparation and use of 2 met al
over baset su.fSIPaeNoal K%@Wéﬁs@ﬁ)sé@mé B%ba%{hdrﬂ@ﬂbmfﬁ a9 ntdtaf

nono- car boxylic acid or a di - or pol ycar |cat| ng oi | s.

i ¢ aci
Al so 4 #scioystpsed alkdphenatgs by a&@rthag with al}dlnlpban@zsmerem thecalled grotre TBN
in the ygtalg 5 mixture of straight and branched chain alkyl groups.

14 U.S. Pat. No. 3,801,507 discloses sulfurized metal alkylphenates that have a
15 ratio of sulfur to calcium between 1 and 2 which provides for better
16  dispersancy and improved antioxidant activity.

17 U.S. Pat. No. 4,251,379 discloses a process for increasing the TBN of metal
18 overbased sulfurized alkylphenates to more than 250.

19 U.S. Pat. No. 4,744,921 discloses the use of a sulfurization catalyst in the
20  preparation of metal overbased sulfurized alkylphenates to obtain products
21 having a lower crude sediment and TBN greater than 300.

22 U.S. Pat. No. 5,320,762 discloses the use of alkylphenols having a

23  substantially straight chain alkyl substituent attached to-the phenol ring in a
24  middle position to obtain metal overbased Sulfurized alkylphenates which
25 posséss low viscosity at high TBNs.



5"overbased sul furized al kyl phenate product. 6 European Patent No. 259974
di scl oses a process. for the preparation of 7 G oup 11 overbased sul furized
. al kyi phenol s characterized as possessing a 8 TBN of 300 or greater and
havi ng viscosities | ess than 1000 ¢St at 100C. In 9 particular. This
patent teaches that the hydrolytic stability of the overbased 10

sul furized al kyi phenols is inproved by the use of a sulfurization catalyst,

such 11Tas WSpPatdiesentbdhs and &7 914 discess thespreparation. al’KQuﬁuof)pean

over basel ararl auetbabed Shlviell AkRRen depriuRRIBT R Aot numer

14 and gsod phorb-ehsbo Iustaabldrlé Ai- oiﬁo%‘c&bdi?ﬁc abld-induHtatiRgdild] yas@ses the

“replacenment of the ethylene glycol )@?(i in the overbasing step in
@

the prepér adissiossd Iﬁéhﬁusemuaﬁag@& halide eafiaf ingrease thehbRklie hevmetal
di met hyl 5carhepsied étﬂfurliﬁ@%iﬂg@‘fﬁgaw@fodh%? 18 hydrol ysis products of

di net hyl "carbonate are I'oXI de and nethyl 19 al cohol. 20
Typically, Goup Il netal overbased sul furl zed al kyl phenol conpositions are

21 d ' i | . (.

bt 1 caty ng FarpyedB balhe R Roep R thsciohed & hdckRs o toarFRbaieioh ofy i oxi de.
oxi de anfl/ oiGraupdkovkabased Qﬁlfmm%kgﬂﬁhér’&ﬂé charRsetred é@p@%ﬁsfsﬁig ge the
phenol agld the 24 resulting product tional I [ n t he

presenced of %ﬂ@?gbﬁf’ lFJJE Ig%aq reRd gvingMiscositiesdess than 100 6%’6@?&0 6.t Een |
Sulrurt 2o SPTURRD T bkt taded thilfint HydfIgHE siabiity PEHEORrpde "2 °C

sul furi t@d ahliwﬂxzp&dedhylphene{sus eﬁpﬂovbdrbythmpacrflaﬁgJIﬁmieﬂoN@awmpalm ons

which a further to epare a, ful 3 forrmulated | ubricant
colrrp05| “eo : F‘?ﬁ&i&?@?"@g@o%}eﬂq ‘?\?ré‘f%'aﬁ SdRFEASti on 4 engine. Typically,

~the addltlve conposition is prepared as a concentrate and 5 is then shipped
toapo ere it epare fully fornul ated | ubri cant
corrp03| gh ?’Fﬁ’\l@‘eor@é&gé rﬁErQS’PS‘s'% dhgiPrepefiatipp ©f an
conposi {3 Onévei‘ﬂé‘ébﬂ‘ﬁlﬁkﬂm% &Aritetd pﬁ%ﬁé’ie UGS REGHg S higH bRt huthtsy! Phenol
14  and good hydrolytic stability.

15 U.S. Pat. No. 4,465,603 discloses the replacement of the ethylene glycol

16 employed in the overbasing step in the preparation of metal overbased

17 sulfurized alkylphenates with dimethyl carbonate. it is believed that the

18  hydrolysis products of dimethyl carbonate are likely carbon dioxide and methyl
19  alcohol.

20 Typically, Group Il metal overbased sulfurized alkylphenol compositions are
21 prepared by treating alkylphenol in a suitable diluent (e.g., a lubricating oil)
22 with an amount of an alkaline earth metal hydroxide, oxide and/or alkoxide in
23  excess of that necessary to neutralize the phenol and then sulfurizing the

24  resulting product, optionally in the presence of a sulfurizing catalyst. The

25  sulfurized product is then treated with carbon dioxide to provide the Group Il
26  metal overbased sulfurized alkylphenol composition.



conposition, to a base stock. 9 In order to reduce shipping costs, the
Goup Il metal overbased sulfurized 10 al kyl phenol is preferably prepared
. to contain as little diluent as possible. 11 Additionally, in order to
achi eve the maxi num anount of acid neutralization 12 possible, the Goup
Il metal overbased sul furized al kyl phenol is preferably 13 prepared to
. contain as high a TBN as possible. 14 Thus, while Goup |l netal overbased
sul furizéd eSLIQH @ hasspoll mqialanjmmsedﬁsulheized&lkylfbtwnms areausefubfoorted to
C|al (}oup
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than abogt 3F9fnuiafs NBFCartRhsitor Qﬁ@blém ugeqwanaﬁémaﬂq;oﬁ%ds%n18 ensure
that the conp05|t|on possesses acceptabl e viscosity because viscosity 19

typi cal | § i rengings etynically, the additieasempasiting iprepared asa/v:cmcemtrateaande i t

over based 31 et FIPPELIS PRyl isRERds LgSo bbreact ui oMo WEifionhc i onal

pr epar at on g@mpsitidresdeartibiniig r dlSlté%rﬁéLhﬁbI@heéﬁér%I hagitive With the

reaction_of lime (calcium hydroxi and the 24 alugy phenol to form
cal ci um pherFMPagitians W@ft&m @ﬁr@uwl mgtal gvothased suifurized phylatiescl Thi s

reactiongt ypiy OXI mately 135C, with the 26 generation of
wat er. The ca@dﬁ'&ﬁgg?EQEU| 'y reacts with sulfur in a 27 reaction

that cross-links the al kyl phenol aromatic rings. At this point, the 28

reactionis L.an, - I.qnal . carbopation
process useéﬁ?ﬁ&%tﬁ? Clj'g%’gﬂa gﬂhg%ts B‘%?"e%@'@ﬂ%%@%?@&’agﬁ@SH&%B%‘?C& I on of
overbas¢g sulityiphieret ispieserablgbsarelite doptain Jsdittnditudt dslpposaiigent process
is the replacenent of the carbon 4 dioxide/ethyl ene gl ycol carbonation

!

process i t Mdditignally &p osder toaghigvedtheymaxmuns amausé ehasidgiedalization ny| ene
car bonag > possbidind crons ﬁ%ﬂ&g Es@@%ﬁﬁur@e‘ﬂf@ﬂﬁbﬁéﬁ& iQbr&@ifgy di oxide

and eth
prepared to contain as hlgh a TBN as possible.

14  Thus, while Group |l metal overbased sulfurized alkylphenols produced in the

15  prior art are reported to possess TBNs of up to about 350 or more, in practice,

16 commercial Group Il metal overbased sulfurized alkylphenols typically have a

17  TBN of less than about 300, and more typically less than about 275, so as to

18  ensure that the composition possesses acceptable viscosity because viscosity
-19  typically increases with an increase in the TBN. In view of the above, it is

20 generally desirable to increase the TBN of the Group [l metal overbased

21  sulfurized alkylphenols.

22  The chemistry in the conventional preparation of overbased sulfurized

23 alkylphenols begins with the reaction of lime {calcium hydroxide) and the
24 a!kylphenol to form calcium phenate with the aid of ethylene glycol as a
25 promoter. This reaction typically begins at approximately 135°C, with the
26  generation of water. The calcium phenate quickly reacts with sulfur in a
27  reaction that cross-links the alkylphenol aromatic rings. At this point, the
28  reaction is ready for carbonation.

29



8 -Optim zation of processing properties for highly overbased sul furized 9

al kyl phenols is highly enpirical, owing to the high degree of overbasing

~which 10 causes the overbased sul furized phenol conpositions to be |ess
stable and, 11 accordingly, nore susceptible to degradation. Carbonation

of sulfurized 12 al kyl phenols by the prior art process is the nost tine

consum ng processing 13 step for production of overbased sul furized

al kyl phefol sTheTenreveindiobalocaubenatioh grasessiasescarbondioxdde andusthylbre added

fully | ow t the_.right 15t t .. For example, if carbon
g?:‘))e(i ge ¥sa2ﬂ’éﬁ%(58q %83”?%?{%8{"'9?’ Qvﬂg’?ﬁg ﬁg(ﬂi@ue(rgfalkﬂghagélsgg}h%k%| y escape
through ghe dh@ﬁ@b(?ﬁtﬁ@pfe‘%@nﬁbfﬁ&é@@ﬁﬁe%g?é&@@gnéértﬂébé'gﬁh a case,

insufficient carbon dioxide wll ultimt I'vered to the 18 reactor
resul ting i sionidg/etnilene givaoimarbonationperesessaivith a silipler andifasterateylehe 19

20"t 0t nd r SEREAIERE Pflths, FRTIRRE ceilforiiE S8R BRatR SPuits BIRE MOdr ¢ her 21
conpl i cagi omuamiities b €arbbn idisxidaahatigiene ggcbﬁhid\fgiﬁwb%sé. di spersed in

the 22 reaction mxture. This can occur if the react or does not have
sufficiefit 23 agitation relative to the rate of gas introduction.

| nad : L ! r-.carho L.ony which can

Foaul 1o potirizaith BPProsestiig ropddes Ifon e HRRIILLEE, T v, 26" 27

Over based Zlalliyd%hamﬁhwlﬁghlpfwm 'ﬁca:agmmb_ Rptoi the _Hl]gh de@r@?pif@(reﬁﬁé&?@&:éﬁlﬂ I's

28 hi ghl ependept on reacti on conditions. e reactions involved are

subt :g 159 SAUSED E‘p%quéew Sﬁlﬁﬂ'&@é‘tmﬁ" P%'F‘P@ﬁ'&ﬁﬂﬁi&ball%&ﬁ_ﬁtablea?‘f.? -
it @ ooy fi b N er | yl pheno

inder govs oxraRrtingly morPsGiRpERR BdrafRie |CaBEaRN b el V)

i nt er netiZ at efkylplerolsThy thespriarf areplodesa ds ther inostfirae iconsbmirepploeeesingn

her “pr Bl omERBr Prodionial CYthimed SHUBoL aRUBTenPE LS FobReiel y
because £ he ol T B e oG Bl oS 36 righC) ° na
car bon # ox IQI%D@’@&&IIIIBS kor @qanzgienf carboaglibride ischarged agdnmpidly, a portion
| - 16 of the gas can simply escape through the reactor to the atmosphere or vent.
17 In such a case, insufficient carbon dioxide will ultimately be delivered to the
18  reactor resulting in high crude sediment. Fundamentally, this is an issue of
- 19 mixing and reaction rate, because the gaseous carbon dioxide must be added
20  to the reactor at temperatures far above the boiling point. A further
21 complication may arise if the carbon dioxide is inadequately dispersed in the
22  reaction mixture. This can occur if the reactor does not have sufficient
23  agitation relative to the rate of gas introduction. Inadequate agitation can
24 result in “ocal over-carbonation” which can result in poor product performance
25  such as hydrolytic stability.
26
27  Overbased sulfurized alkylphenol carbonation is a complex process and is
28  highly dependent on reaction conditions. The reactions involved are subtle
29 and not perfectly understood. For example, glycol plays a critical role in this
30  process and the overbased suifurized alkyiphenol undergoes oxidation with
31 subsequent condensation of the reaction intermediates.



6-di oxi de produced to be conpletely dispersed in the reaction nedium 7 It
Is believed that the present rapid carbonation process for overbasing 8

sul furized al kyl phenol s usi ng et hyl ene carbonate instead of ethyl ene glycol
"9 and carbon dioxide can al so be used for the preparation of highly
overbased 10 alkyl aromatic salicylic acid, sulfurized alkyl aromatic
salicylic acid, and alkyl 11 aromatic sulfonic acid and m xtures thereof

wi th advant ghesusy of étﬁY!eh@ cafssifate h?tr@mbaﬁakiarpprddiegs ng ﬁ@g?ésbﬁﬂ of

over based sul furized al kyl phenol 13 conpositions. MVARY OF THE

| NVENTI Gl 18veRdiop e advantpgoeus beeause itiplininaies theweroblems pbtiming ther

"nventi oo i £odtioh of pefhofEl Bty BRRTAPY Y otSIE L o P ey e oo
conposi t4 onethyigaie glyogl. Thigis bécaub? thetwdralysis bstt/ieng tarbonate to

al kyl phenol s erein the Goup Il netal 19 overbased sulfurized
* al kyl phedol §th£th8 Q'IYEBII%F—’ earbghaligyide ggeyrs in Sitkadyeh egpultsdn gie sgrbonTest  No.

D 6045. dhe )5}1@ \V: : Iz I s al so have
i ncr ease%_ h)c/i@;o y?eo}:dugts ggﬁg Ib%(%hﬁ?é%@/aéﬁ‘; %egéﬁgh@%eﬁé%éirp?g@ STM Test No.
2619, wherein the TBN of the Goup Il netal 23 overbased sulfurized

al kyl phepol g i@8e/ieasPhot 8RS pldaaht AiPeaBBRbioR BbAbREFLSERLY esS than &

percent, after the addition percen r-an 6 days at
80C. - TheB pr salfurizedmalkylphemnols s:sigsethgliene dagiboriate dngtead of ethtémygRolet hyl ene
car bonati or gl Kyl -'s ,bsH?t ut e% et hyl ene carbonate and water for 27

del i verithg PRASE 'bé@% | GAN 358 e Ysesfopthepreperationphiuahly averkaseson

di oxid or 7 Seil ) 2L LRSS e ol nticular,
the  pr onbes i aieRaR s gR: 205 bR BIGR arb RARE S i 9, AL IRA

over bastd sardnaticediaikgtidrembinitueshemes with atvibotagesgsimilaeticthiose m xt ure

by conbj.ping, a sulfurized al kyl phenol wherein the | kyl group contains a
sﬁf ficient ﬁﬁﬁ%fé(?dé?" gr%BHaré’i{'Bﬁxp?PSeréﬁ’Sgrsuﬁ}W’z%Pﬁ‘ﬂfﬁﬁ%“(?;he resul ting
G oup 143 neg@mpeviibhgsed sul furized al kyl phenol, an al kanol

14 SUMMARY OF THE INVENTION

15 The present invention is directed toward a process for preparing Group ||

16 metal overbased sulfurized alkylphenols. The present invention is also

17  directed to a detergent-dispersant additive composition compﬁsing Group |l
18  metal overbased sulfurized alkylphenols, wherein the Group |l metal

19 overbased sulfurized alkylphenols have a color of 3.5 or lower, as measured
20 by ASTM Test No. D 6045. The Group |l metal overbased sulfurized

21 alkylphenols also have increased hydrolytic stability as measured by a

22  modified ASTM Test No. 2619, wherein the TBN of the Group Il metal

23  overbased sulfurized alkylphenols decreases less than 10 percent, and

24 preferably less than 8 percent, after the addition of 2.0 percent water and‘ after
25 6 days at 80°C. The present invention is also directed to a process using

26  ethylene carbonate or alkyl-substituted ethylene carbonate and water for

27  delivering in situ equimolar quantities of ethylene glycol and carbon dioxide for

28 use as reactants in chemicat reactions.



7-containing about 6 to about 15 carbon atons, a Goup Il netal oxide, 8

hydr oxi de or Cl-C6 al koxide, a C2-Cl10 al kyl ene gl ycol and with an al kyl ene

~ 9 carbonate selected from ethyl ene carbonate or a nono-al kyl or di-alkyl 10
substituted ethylene carbonate, said .alkylene carbonate having the

followng 11 structure: 0 12 13 wherein R1 and R2 are independently

hydr ogen or al kyl containing one to 14 three carbon atons; and wherein the

contacti g iia pasticulad theuprocess af tHenpressrt int&nitdn fortprepaning Greus Ufheld ent to

formin gitu carbon di al kyl ene C 16 or a reacting

equi val e t,qW$%Qﬁqq FS@&@@“@HH%F%%?WBPgs%éoup |l earth netal 17

overbaseg sul furized al kyl phenol. 18 In the al kyl ene carbonate structure

above, preferably one of RL and R2 is .19 hydrogen and the other is
hydr ogen4or fommingla reaction im’xtumbyszpmbiningla<9u|lmrized21)k3d|aln¢rm1aﬂmrem the

B b P8 Y A S BRRE Solieh] ELRES1FAlHRBRb s i Thive L BoghE 'V
et hyl enegcarthe ped dting Srdlije | shétaloveddsad lsmlfml’mpé{kséphbhsz GRadkargl M xture

of the present process nmay 24 be replaced with metal sulfurized
al kyi phefiat €ontginmgahosh6tte ehout 1 caebast atoms, g Geam |l m@ab@&deur t her

ryar ocar Byl WYATPART b Kt Sl b % By BRRIESd B RYeRE "y 1 Gne

carbonat® i safsisiede seldchal fremcdthglensicabormate\wia mohbrkOridedikgf 5 about 5
m nutes to about 120 m nutes, preferably the al kyl ene carbonate is 6 added

to the f@actubatinised elhylepesarhonataesaiddligdens caﬁmn@tqbawmaaheio!mvmout 7
90 m nujes, (gudgrare preferably the al kyl ene carbonate is added to the 8
reactlon nlxture over a time period of about 30 m nutes to about 60

m nutes. 9 The process of ghe present invention is typically conducted at
about 150C to 10 about 215 rably conducted at from about 160C to
about 200C, and 11 nore prefe ably conqycted at fromabout 170C to about
1900

O
12 Rz

13  wherein Rq and R; are independently hydrogen or alkyl containing one to

14  three carbon atoms; and wherein the contacting is carried out for a time and
15  at a temperature sufficient to form in situ carbon dioxide and alkylene glycol,
16 or a reacting equivalent, to form a product comprising a Group [l earth metal
17  overbased sulfurized alkylphenol.

18 In the alkylene carbonate structure above, preferably one of R, and Ry is
19 _ hydrogen and the other is hydrogen or methyl. In other words, the alkylene
20 carbonate is preferably ethylene carbonate or propylehe carbonate. More

21 preferably, Ry and R; are both hydrogen; that is, the alkylene carbonate is
22  ethylene carbonate.

23  The sulfurized alkylphenol in the reaction mixture of the present process may
24  be replaced with a Group Il metal sulfurized alkylphenate.



12 The al kyl group of the nono-al kyl or di-alkyl substituted ethyl ene
carbonate 13 useful for carrying out the process of the present invention
is preferably a 14 nono-substituted nethyl group, i.e., the al kylene

" carbonate is propylene 15 carbonate. Mst preferably, the al kyl ene
carbonate is ethylene carbonate. 16 The al kyl group of the al kyi phenol and
the al kyl phenate enployed in the 17 process of the instant invention

cont ai nsta el reation mivtOReof 19k ;fragaﬂrpraé@é@furth%r E:anlpﬁ@ééﬂantdilesdmlﬂlép 11
met al overbased sul furized al kyl phenol oil -sol ub n -19 general, alkyl

groups of alkgeupdl matal oyethased nﬁtur@bpésmtbe%@hv&ﬂr@p@myl sulftmﬁaald 20 the

Goup llqne r I ed al kyl phenol oil-soluble. 21
Furt hern%retsalfor?é&g 8':'?Ierre tHr#)ooél ment, the al kyl group of the al kyl phenol

22 and the al kyI phenate is attached predom nantly at the para position of

contai nifg (e e PFRR s audp R AARI iRl S oS o

about 955 vveagbtzt 2minetesantabolit 12@ niinbteks, pie}fsfﬂabnemel alRyléné karknate igohenat e.
More prefer any, the 26 al kyl phenol and t he_al ké phenat e contai ning the

para att@chrgded & theeagtipp mixiyira oyeha mesperiashe @bﬁut Bominutes tnebowt wei ght
f |
percent ?Eerghﬂiéaé aﬂbﬁﬁb%ﬁraﬁ he(zgnfllwlﬁléa&aﬁ)k)nﬁ{éheno ed?ig tﬁ% h one 5

preferred e I nent sal d al e al kyl

phenat e 8 onreactonfmixtni2oveo alboe pt-)hed péabem30)mniﬂesmaabbut 80 rdinglals: chain 6
al kyl groups of from 15 to 35 carbon atons and from75 to O nol e percent of
7 the al kyl groups are branched-chain, such as pol ypropenyl, of from9 to 8

18 car ba atrheqaromseofahefme@mﬁynvém@n% kyﬂiczﬂllymmmdgbte‘im&htﬁidmm?@m@' and
t he Ikyapg %’e co ains from35 to 100 ml&gqercent predom nantly 10

strai gh ﬁ’b%b%ﬁoﬁ‘i"dﬁ?@@tf@“’s%b@&r CdoshouiRA0TE oMb to 11
0 I ?‘{W bgh
pol”‘;p‘rao‘gg;;ﬁfﬁre%ekfﬁ’qlflcﬁﬁgugéa%gﬁggﬁ at ons eqo%r@ydgpganot hgf preferred

enbodlnent the al kyl 13 group of sald aIkyIphenoI and the al kyl phenate

cont a rm%ag h 878 mddlo BAF BFbi- MRS NRAL Lrffid A SboRpl N &l k!

, groups fro
usefui for carrying out the process of the present invention is preferably a

14 mono-substituted methyl group, i.e., the alkylene carbonate is propylene
15  carbonate. Most preferably, the alkylene carbonate is ethylene carbonate.

16  The alkyl group of the alkyiphenol and the alkyl phenate employed in the

17  process of the instant invention contains a sufficient number of carbon atoms
18  to render the Group li metal overbased sulfurized alkylphenol oil-soluble. In
19 general, alkyl groups of about 8 carbon atoms or more are sufficient to render
20 the Group il metal overbased sulfurized alkylphenol oil-soluble.

21  Furthermore, in a preferred embodiment, the alkyl group of the alkylphenol
22  and the alkyl phenate is attached predominantly at the para position of the
23 phenolring. Preferably, the atkylphenol and the alkyl phenate containing the
24 para attachment of the alkyl group is from about 75 to about 95 weight

25  percent of the total alkylphenol and the alkyl phenate. More preferably, the
26  alkylphenol and the alkyl phenate containing the para aftachment of the alkyl



15 atonms and from60 to 30 nol e percent of the al kyl groups are
“branched-chain, 16 such as polypropenyl, of from9 to 18 carbon atons.
Most preferably, the 17 al kyl group of said al kyl phenol and the al kyl

" ‘phenat e contains approxi mately 18 50 nole percent predoninantly

strai ght-chain al kyl groups of from1l5 to 19 35 carbon atons and

approxi mately 50 nole percent of the al kyl groups are 20 branched-chai n,
such as pol growyperfiom abbut 80 to abbot 9B weightwereantof the fotalatkyiphepoledral r ed
oil-soluble Go |1 nmetal overbased natural or synthetic 23 hydrocar byl
sulfoniczacﬂ'&ﬁalggwmt%, or mixture thereof useful for the process 24 of
the presgnt invention are single-ring alkyl aromatic hydrocarbyl sulfonic
25 acid, sulfonate, or mxture thereof, nore preferred are al kyl benzene or

26 al kyl4 ol treane paéfeoedennbodinentuhe @it growgr oinsaid atkyiphanel aod thaatkyhl kyl

27.th icori be § 6 . b
ot o, 1 ot hefts EotRhs from P 15 o diplel S A B g A ar o
at ons angl Mapdyl gupsaiferordhG thravestben btotfs bAd IR 538 Caokoperiepfsf 30 31

In the process of the present invention, the Goup Il netal oxide,

hydr oxi dé othe 8lkykgrogps arg branthedschain.ssicbds palypropenyls 66 F0BbAR sti ng of

ol koxi ded andS e domS BT phForitiybp 2 SRS TS aRY e
hydr oxi dg ouligipkénateloontalfs from 35 B9 00Tmsle parit pradorbimantly2. My(OH) 2. Most
preferably, the Goup Il nmetal 4 oxide droxide or CT-C6 al koxide is

cal ci unithydpbrightchain fkyigraupsohkes {Og ; caom ateps gnd fromfR e neans
72" CLl 1 5O PR BloR b AR AR Bl S ol BSNEHAL L
m Xt ur e$2 t hef frofn 9 t® 18arbg afoens binyyettanetierquefdniednenbodinsentatheialkyl 10 11
N he P e e b S Bkyinhenl Snd the ST Shtsatd contine from 40 f6 Po Thdge: 2nd
~ 14  percent predominantly straight-chain alkyl groups of from 15 to 35 carbon

15 atoms and from 60 to 30 mole percent of the alkyl groups are branched-chain,

16  such as polypropenyl, of from 9 to 18 carbon atoms. Most preferably, the

17  alkyl group of said alkylphenol and the alkyt phenate contains approximately

18 50 mole percent predominantly straight-chain alkyl groups of from 15 to

19 35 carbon atoms and approximately 50 mole percent of the alkyl groﬁps are

20 branched-chain, such as polypropenyl, of from 9 to 18 carbon atoms.

21

22  The preferred oil-soluble Group Il metal overbased natural or synthetic

23  hydrocarbyl sulfonic acid, sulfonate, or mixture thereof useful for the process

24  of the present invention are single-ring alkyl aromatic hydrocarbyl sulfonic

25 acid, sulfonaﬁe, or mixture thereof, more preferred are alkylbenzene or

26 alkyltoluene ‘sulfdnic acids, sulfonates or mixtures thereof. The alkyl group on

27 the aromatic ring can be from about 6 to about 60 carbon atoms. Preferably,

28 the alkyl group is from about 10 to about 40 carbon atoms and most

29 preferably from about 20 to about 28 carbon atoms.

30

31 Inthe process of the present invention, the Group Il metat oxide, hydroxide or

32 (C4-Cg alkoxide is selected from the group consisting of calcium, barium,

-10-



12 typically fromabout 8 to about 13 carbon atons. Preferably, the al kanol
Is 13 isodecyl alcohol. 14 15 An optional step of the process of the

. present invention conprises heating the 16 reaction m xture under reduced
pressure to renove a portion of the unreacted 17 C2-Cl0. al kyl ene gl ycol
and carbon dioxide. This step is preferably conducted 18 at a tenperature
sufficient to effect renoval of a portion of the water in the 19 reaction
syst em wit t haoagreRiumiandsstrontivenoxidaeghyirguidei ardhCaatkoxids, and mixtuggseat er 20

' 9 foeith | k I i nj 6. 1 .at d
the 21 to. direct ) BRIy, ja8 Clolifime B bihoxide o7 Ssﬁéi??f&a&%%frzggnc
? gogt)oaz gglt%bﬁ]gg .2 rI'I'he CZ(%T rﬁ?glﬁsezﬁgh glsp@glfmg?ﬁ?ﬁ? %E(Se@enriﬁ%'ré E)cess S

pref er abfty &iflg, iydroxids of Gobls allpideis ogicium hydraxideenbodi nent of t he
present process for preparing Goup Il netal 28 overbased sul furized
al kyl phenol s conprises the steps of: 29 30 (a) formng a reaction m xture

by conbi i ndsausad hereiry, ¢ite térivyiGroapdl meks gicans Zhldile, Bhkim, gr oup cont ai ns
a sufficjzent nunber of carbon atons to render 32 oil-soluble the resulting
G oup -1 | { metBARINGRABadRG SERNYUR; Faafesally, thedawup I metaljis selagted f{gﬁg|

cont ai ni g t zarb ; e,

hydr oxi dg o?ﬁ%ﬁocl% a %&EP e?fjcg}l a’ %@g@fg@kt%n?r@%dy@) U?etsgthgfaﬁf( b)
contacti@9g $dogl prefecablyrtheiGroupdi mietdl iscalelunyl ene carbonate selected 5 from
et hyl eng,carbonate or a nono-al kyl or di-al kyl substituted ethylene 6

car bonam, sai d al kyl ene carbonate having the foll ow ng structure:
11

In the present process, the alkanol contains at least 6 carbon atoms, and

12 typically from about 8 to about 13 carbon atoms. Preferably, the alkanol is

13  isodecyl alcohol.

14

1:5 An optional step of the pfocess of the present invention comprises heating the

16 reaction mixture under reduced pressure to remove a portion of the unreacted

17 .C»-Cyq alkylene glycol and carbon dioxide. This step is preferably conducted

18  at a temperature sufficient to effect removal of a portion of the water in the

19  reaction system without additionally removing signiﬁcaht amounts, i.e., greater

20  than about 15%, of either the alkanol containing 6 to 18 carbon atoms and the

21 Cs-Cygalkylene glycol. This step is typically conducted at from about 175°C to

22 about 220°C, and preferably conducted at fi"om about 200°C to about 215°C.
23

24 The C»-Cyp alkylene glycol! of the present process is preferably ethylene

25 glycol. |

26

27  An alternate embodiment of the present process for preparing Group Il metal

28 overbased sulfurized alkylphenols comprises the steps of:

29

30 (a) forming a reaction mixture by combining a sulfurized alkylphenof wherein

31 the alkyl group contains a sufficient number of carbon atoms to render
32 oil-soluble the resulting Group |f metal overbased sulfurized alkylphenal,
-11-



Rl OO 7 R2 8 wherein RL and R2 are independently hydrogen or al kyl
containing one to 9 three carbon atons; and wherein the contacting is
~carried out for atime 10 and at a tenperature sufficient to formin situ
carbon dioxide and 11 al kyl ene glycol, or a reacting equivalent, to forma
product conprising.a 12 Goup 11 earth netal overbased sul furized

~al kyi phenol. 13 In the al kyl ene carbonate structure above, preferably one
of RL and R2 is arﬂalkalydrcmlgminiagcahﬂluéﬁdolabnut &5 Icgdmrgmnm en@rd\m H In other

wor ds, the al kyl en 15 car [ t ongte or
propyl ené car borf4f 'oﬁa?eﬁy‘g % §1a(§@9k0 %Hgﬂzééﬁ&ﬁﬁw{‘?%’yﬂ en; that
i's, the gl kyl engygprbonate is 17 ethylene carbonate. 18 The sul furized

al kyl phenol in the reaction mxture of the present process may 19 be
replaced with a Group 11 netal sulfurized al kyi phenate. 20 The reaction -
m xture gf tbgaﬁfoﬁwm%raﬂf%%%u%rnﬁrﬁﬂre QAR §|R?Ieﬁ8 cﬁrboﬁétb%‘é’l&te@lzg oup

Il nmetal overbased natural or synthetic hydrocafrbyl sulfonic acid
sul fonat®, or mfmmeﬁylenfec@"bbnablqamm@ alkyharatia@lkyhsbbstifuted athyktded t o

t he reacki on m xt ver od_.of 5 mn te t 0 about 120
i nut o6, Bpr of or AEEOHA @ AR BENRB SRR fauaie HhiEtdoo  on

m xture over a tinme period of about 15 mnutes to about 4 90 m nutes, and
nore preferably the al kyl ene carbgpate is added to the 5 reaction m xture
over a time period of about 30 m nutes about 60 mnutes. 6 Step (b) is
typically conducted at about 150C to pbout\215C, preferably 7 conducted at
from about 160C to about 200C, and nofe pr ly 8 conducted at from
about 170C to about 190C. 9 The alk gdp of the nono-al kyl or di-alKkyl
substituyed ethyl ene carbonate 1B useful for carrying out the process of
‘the present invention is preferably a 11 nono-substituted methyl group,
I.e., the al kylene carbonate is propyl ene

8 wherein Rq and R; are independently hydrogen or alkyl containing one to
9 three carbon atoms; and wherein the contacting is carried out for a time
10 and at a temperature sufficient to form in situ carbon dioxide and '
11 alkylene glycol, or a reacting equivalent, to form a product comprising a
12 Group 1l earth metal overbased sulfurized alkylphenol.

13 In the alkylene carbonate structure above, preferably one of Ry and Rz is

14  hydrogen and the other is hydrogen or methyl. in other words, the alkylene

15 carbonate is preferably ethylene carbonate or propylene carbonate. More

16  preferably, Ry and R; are both hydrogen; that is, the alkylene carbonate is
17 ethylene carbonate.

18  The sulfurized alkylphenol in the reaction mixture of the present process may
19 be replaced with a Group |l metal sulfurized alkylphenate.

20  The reaction mixture of the present process further comprises an oil-soluble
21 Group Il metal overbased natural or synthetic hydrocarbyl sulfonic acid,
22  sulfonate, or mixtures thereof.

-12-



12 carbonate. Mst preferably, the al kyl ene carbonate is ethyl ene
carbonate. 13 The al kyl group of the al kyi phenol and the al kyl phenate

. enployed in the 14 process of the instant invention contains a sufficient
nunber of carbon atons 15 to render the Group 11 netal overbased

sul furized al kyl phenol oil-soluble. In 16 general, alkyl groups of about 8
carbon atong_or nore are sufficient to render 17 the Goup Il netal

over basell sdheakyere saibpngirisaddad todbpupactiommixture eyartenmepesiodiof a

preferr e ' I r f I | 20 and the al kyl

phenat ee?s gtg t8 gtmh%tretésggr%%ﬁgm ?‘3 "ﬁjﬂ BEe%ep{)eg&g%b’éé‘%mgﬂgﬂ? Cf"ﬁ%on ISphenol

ring. Prefenddéy to theercaickipn phigiueé oeedattinge péliod obhleha 15 samitas &b BBotithe 22
nt. of the alkyl group is fromabout 75 to about 95 weight , 23

h
82: 2eﬁ§ t‘gfc SRaningies, apdyerisHREtraplydhe rlloaens carbranata i addeddoghef er abl vy,
the 24 sl kylimeAchidiled dvBPadlnfy beARERFBAGCN Hified gtéltéﬁoﬂ%é ofthh@snTent of

the al kyl 25 group 1's from abou to a percent of the
total al kyi phenol and 26 the al kyl phenate. 27 28 In one preferred

enbodi nmegt SEéF%@)Li%Wf&%’I@D nﬂhcﬁe@l@teﬁi&f%h%%% f”ﬁ@%@ﬁ%hﬁ%ﬁ%@g phenat e

contains from?2 e percent predom nan fo-13 1
al kyl grbupsondudtedat front ab@f 160°Cco abiout20aTC, 4ndmoré préfefabiipl e percent of

2 the alkyl groups,a branched-ghai n, such_as pol ypropenyl, of from9 to
18 3 car onc‘g?‘g‘ffg?d 95)&8"}3&%9‘&&9 eﬁot‘%@”éﬁ@lc-gr oup of said al kyl phenol and
the 4 alkyl phenate contains from35 to 100 nol e percent predom nantly

strai ght-chi'hnag%kyl groups of from 15 to 35 carbon atons and from65 to 6
0 nol e prcéhe Y'ﬂFFéJPaPMEﬁ rgerenpdvhpedbalkisvbstittied ethylenscabonate

POl Y ORETY Ligtal ol il BioG g AU b ARSI 81207
cont ai nl f r ovondesubstidGedoiathylQrpep cien ther allylshe zatbonaté isp@ipyiesizal n al kyl
The Bl I cFOBals MBBLABRAbYA DI e proSabO e Jo e BIGFPONB. £ r om © t o
18 carbon atons. Most preferably, the

13 The alkyl group of the alkylphenol and the alkyl phenate employed in the

14 process of the instant invention contains a sufficient number of carbon atoms

15 to render the Group |l metal overbased sulfurized alkylphenol oil-soluble. In

16 general, alkyl groups of about 8 carbon atoms or more are sufficient to render

17 "the Group Il metal overbased sulfurized alkylphenol oil-soluble.

18

19 Furthermore, in a preferred embodiment, the alkyl group of the alkylphenol

20  and the alkyi phenate is attached predominantly at the para position of the

21 phenol ring. Preferably, the alkylphenol and the alkyl phenate containing the

22 para attachment of the alkyi group is from about 75 to about 95 weight

23 percent of the total alkylphenol and the alkyl phenate. More preferably, the

24 alkylphenol and the alkyl phenate containing the para attachment of the alkyl

25  group is from about 80 to about 95 weight percent of the total alkylphenol and

26 the alkyi phenate.

27

28 In one preferred embodiment, the alkyt group of said alkylpheno! and the alkyl

29  phenate contains from 25 to 100 mole percent predominantly straight-chain

-13-



12 al kyl group of said al kyl phenol and the al kyl phenate contains
approximately 13 50 nol e percent predom nantly straight-chain al kyl groups
of from15 to 14 35 carbon atons and approxi mately 50 nol e percent of the
“alkyl groups are 15 branched-chain, such as pol ypropenyl, of from9 to 18
carbon atons. 16 17 The preferred oil-soluble Goup Il netal overbased
natural or synthetic 18 hydrocarbyl sulfonic acid, sulfonate, or m xture

t her eof usefalkyl gmunslm‘fprmdésts 35L€arbbntdt@m|9ramieﬁn¢ml7rﬁ/m intdle Ppeeceritegl e-ri ng
al kyl ar na BF&Erocarb sul fonjc 20 acid, sulfonate, or mxture

t her eof , 4 Qoupg are brapghadyehaia sy aspolypranary, dﬁﬁ@f@ﬁltpcﬂrﬁ c acids,

| f t ring
can Egaf?imgﬁ[ﬁ?ﬁ GRS MIORS BREgrably (R Siky) SRR 2ot ARNE L)
group i s4fr afiyhpbenatedantaind fiom 35 tcdﬂﬁmolatpﬁmemmedosunéamypr eferably from

"ovent o, _ehaeshgm koS B trem 1o f 3% talok Blopi hd Bera PRAG! de 1 <
sel ect eds f r QMmbleeparteniofane s Pﬂ%gfsf aledrahbRed-eRAINY ﬁhcﬁ%sfﬁisgnﬁé sifgland

stronti um OXI de, hydroxi de or | koxi de and m xt ures r eof .

Preferably, f‘f@"t? &mﬂ&qarbm atonasci eyetrantiost prefasredoembedith&nly tiiealkyl 30

31 oxi e hORIRe R A pli e oIV b oot £f a6 S0 M
used her®@i npetdemt pesdormitanthp staightchhin mrg&oapé 6f i P50 B8lcadbdgnesi um

and strontium Preferabl the Goup 11 netal is selected from 3 the group
consi st ﬁﬂg 3*0@%98133 ﬁédﬁ@@i mele ib%!’lcﬁﬂh‘?f the @l grenes atebrasshed-chaib s t

o efor o1 ol CPHbraed s £ 14 o gkt BE ESSSBY, E0CSS, (e
about 182 caalkghgmupmf saitt alkgiphiehpl and theahlkginsteriate cBntain@@lapp#ox&hsmw :
13 50 mole percent predominantly straight-chain alkyl groups of from 15 to
14 35 carbon atoms and approximately 50 mole percent of the alkyl groups are
15 branched-chain, such as polypropenyl, of from @ to 18 carbon atoms.
16
17 The preferred oil-soluble Group Il metal overbased natural or synthetic
18  hydrocarbyl sulfonic acid, sulfonate, or mixture thereof useful for the process
19  of the present invention are single-ring alkyl aromatic hydrocarbyl sulfonic
20 acid, sulfonate, or mixture thereof, more preferred are alkylbenzene or
21 alkyitoluene sulfonic acids, sulfonates or mixtures thereof. The alkyl group on
22  the aromatic ring can be from ab\out 6 to about 60 carbon atoms. Preferably,
23  the alkyl group is from about 10 to about 40 carbon atoms and most
24  preferably from about 20 to about 28 carbon atoms. '
25 .
26  Inthe process of the present invention, the Group Il metal oxide, hydroxide or
27  C4+-Cg alkoxide is selected from the group cohsisting of calcium, barium,
28  magnesium and strontium oxide, hydroxide or C4-Cg alkoxide and mixtures
29 thereof. Preferably, the Group Il metal oxide, hydroxide or C4-Cg alkoxide is
30 Dolomite comprising Ca(OH)2.Mg(OH),. Most preferably, the Group Il metal
31 oxide, hydroxide or C-Cs alkoxide is calcium hydroxide.
32
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9-- 10 An optional step of the process of the present invention conprises

heating the 11 reaction m xture under reduced pressure to renove a portion

" of the unreacted 12 C2-C10 al kyl ene gl ycol and carbon di oxide. This step
is preferably conducted 13 at a tenperature sufficient to effect renova

of a portion of the water in the 14 reaction systemw thout additionally

renmoving significant ampunts, i.e., greater 15 than about 15% of either

t he al kahol sl herely, the tere Qr@uﬁdﬂrr@ttzai’r’rmm qaelum badpnc10 al kyl ene

I | . Jhi + 1 ' 17 bout
9200, = pRILFR. AP Hihtum PREKIRY, Ble LR RIS Redbe b 700" 1
C2- C10 a8 ky klengrayipyemisistingt dfecajuiwsie ntagpesives sharkimpy srice ribduyescthieyéstne 20

gl ycol .0%1 Q@Z Anof her al_'te nat e, enbodi ment of the process of the present
i nventi dh st rplerakly g @EJBSE"‘@F@' i9galchn o) forming a first reaction
m xture gy conbi ning an al kyl phenol wherein the 26 alkyl group contains a
sufficient nunber of carbon atons to render 27 oil-soluble the resulting
G oup |16 neimtheopreseatpwcsas. ftheiateanchceplaiteatdeast ® gadroatomslandl e G oup

sul fonare. " SIPRGRE SbpRLpdb B8 1S bragh ARG Citrerablin i sheolist 6 o
about 18g cajideetecal slodholt he tenperature of said first reaction. 31 m xture

bei ng at_| east about 40C, 32 -15 1 (b) contacting said first reaction
mxture fith a second reaction nixture 2 conprising-a Goup Il netal

o o on AR P L LS oty gl PR LoD G .
sul furithti esactiontrixtuakyiden esdicedpressumedo remidvierdlpogiopt dfdhe timdaoted
12 C2-Cyp alkylene glycol and carbon dioxide. This step is preferably conducted
13 at a temperature sufficient to effect removal of a portion of the water in the
14  reaction system without additionally removing significant arhounts, i.e., greater
156  than about 15%, of either the alkanol containing 6 to 18 carbon atoms and the
16  Cx-Cqpalkylene glycol. This step is typically conducted at from about 175°C to
17  about 220°C, and preferably conducted at from about 200°C to about 215°C.
18
19 The C,-Cyo alkylene glycol of the present process is preferably ethylene
20  dglycol.
21
22  Another alternate embodiment of the process of the present invention
23  comprises the steps of:
24 '
25 (a) forming a first reaction mixture by combining an alkylphenol wherein the

26 alkyl group contains a sufficient number of carbon atoms to render
27 oil-soluble the resulting Group Il metal overbased sulfurized alkylphenol,
28 an oil-soluble Group Il metal overbased natural or synthetic hydrocarbyl
2% sulfonic acid, sulfonate, or mixtures thereof, and an alkanol containing
30 about 6 to about 18 carbon atoms, the temperature of said first reaction
31 mixture being at least about 40°C;
32
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+ 6~ 7 (c) contacting said third reaction mxture with a C2-C10 al kyl ene
glycol to 8 forma fourth reaction mxture; and 9 10 (d) contacting said
_fourth reaction mxture with an al kyl ene carbonate 1 1 selected from ,
‘et hyl ene carbonate or a nono-al kyl - or di-alkyl substituted 12 ethylene
carbonate, wherein the al kyl ene carbonate has the followng 13 fornula: 14
0 15 nZ 16 17 wherein R1 and R2 are independently hydrogen or al kyl
cont ai ni‘hg @ie tontatBng saiskfirstirdactiontrirdire avith avlsecmidwrm:itidncrintmeti ng is
carried gut for and .a erature, suffi 'et formln situ
carbon df oxi de gﬁﬁ’pﬁ'ﬁmﬁ% rBH%"dP?%BPx' hgdrloécgi(gz[?r é"gf&lﬂnk to forma
product onpri skilurizatidh a@’efm ana |arﬁﬁéﬂh1y@?é@drb@ﬁ@ﬂ@éﬁ%i astéﬂrﬁpﬁrhﬁﬁé
al kyl phenol . 22 23 In step , after contacting th hird reaction

mxture 4ith a epdfana é!mew @enQ @f%@ulfuﬂlﬁlqﬂé?fﬂbeadkwwﬁtﬁd thorevatemi s
preferably rais r from 25 that of step (b) to between about
120C angéabout v@d{efaxp@g?@%%s 'ep (c), 26 the C2-Cl10 al kyl ene gl ycol
additiongis preferably conduct ed at from about 27 100C to about 190C, and

even rmrﬁ ref erapbly at b@m 125C to 165C. 28 -16 1 In step % t he
t enper atlir e(Q)s FENtRCHNG &aid irdkeastian mpdurs with 2t GaCan %'i‘M'?P@rQéYQ% GQonate is

added togthe fopyrhi, k&5aed I.é)&tlgh%?{erag%(ﬁé atinme period 3 of about 5

m nutes to about 120 m nutes, pre y over a tinme period of 4 about 15
m nutes 90 about 90 minutes, and nore preferably over a time period 5 of

about S‘PO m ?cﬂt ecs;cntﬁca)cfal né’ gzgidegu% r}gftﬂ?tlsdn mixture with an alkylene carbonate

11 selected from ethylene carbonate or a mono-alkyl or di-alkyl substituted
12 ethylene carbonate, wherein the alkylene carbonate has the following
13 formula:
14

R4 o

-

15 Rz ©
16
17 wherein Ry and R are independently hydrogen or alkyl containing one to
18 three carbon atoms; and wherein said contacting is carried out for a time
19 and at a temperature sufficient to form in situ carbon dioxide and
20 alkylene glycol, or a reacting equivalent, to form a product comprising a
21 Group Il earth metal overbased sulfurized alkylphenol.
22

23  Instep (c), after contacting the third reaction mixture with a C,-C1o alkylene
24 dlycol, the temperature of the system is preferably raised, if necessary, from
25  that of step (b) to between about 120°C and about 190°C. Also in step (c),
26  the C,-Cqgalkylene glycol addition is preferably conducted at from about

27 100°C to about 190°C, and even more preferably at from 125°C to 165°C.
28
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6 7 Step (d) is typically conducted at about 1.50C to about 215C,
preferably 8 conducted at from about 160C to about 200C, and nore

. preferably 9 conducted at from about 170C to about 190C. 10 In the al kyl ene
carbonate structure above, preferably one of Rl and R2 is 11 hydrogen and
the other is hydrogen or nmethyl.-in other words, the al kylene 12 carbonate

‘is preferably ethyl ene carbonate or propyl ene carbonate. Mre 13
preferablly, Imﬁt@wé)medemmﬂummmnedwow sbout21 5I0kgma the car bonate is

14 et hyl gne [ n t] | e). conprises heating the fourth
‘reacti )c/)nEm' ﬁ@l%ﬁ%?ggt{ogéa{’?%aé@eé @ﬁﬁglf&ﬁ@gﬁéﬁaé%oﬁr"én'g'é‘ﬁ?éwfa[)aﬁ%gg"ggport i on
of the ugreafabdufBniihlicdl ts)Hboue 120 MidlieOpreld@bResvsih inepdidd sitep (e) is
preferably conducted at a tenperature 18 suffici'ent to effect renoval of a

portion 4f @REULAP &Rinptesttaeabouh 8PinRinUtass aadhmareprefasably ayer eitinalpegiod
renovi nggsi ghlbLGA8H nﬁﬂ@ﬂé{%tté’fgbu%%n% Ler t han about 20 15% of either
0 a

t he al kanol contal ni ng carbon ohs and the C2-Cl10 21 al kyl ene
glycol. G&tep (e) is typically conducted at from about 175C to about 22

220C, ang preferably conducted at from ab 200C to_about 215C 23 24
This enbl d!o L (&13%{};@0%&0@5&:&1@@ ?h%b%é%btﬁ@ o ﬁ‘gQHt 2%& G retesablypt i onal 1y
25 conpr §segohByuseliat fdm Abolit166°8Ptol out %0 b@,@ﬁdn]o?égﬁéfeféalyahd (b), a

l
sul furization 26 catalyst, V\ﬂerelnt e urization catalyst is

pref erab®y sohgddetedet filomn abioyt H70° QD abowbiBOMChal i de, a netal halide or

2- mer capt obenzot hi ozole. More 28 preferably, the catalyst is a netal

hal i de, and even nore preferably calcium 29 chloride. 30 -17 | The al kyl
group ofGt hén Hikgkypleanaarbomite ysédctune ebevey preferablyforfehef Rpandi®, i2 i nventi on

containg,a suf,ficient, pumber of carbon atons to render the Goup 11 3
metal obbr biYEEaan ad inecaiher nehes obmetvg bplier Worderbealivlendy

gr 8383 111>2 ne;égfmm&e & SrRIQaBIAEAYRNE calBiriaté of pRdpyidrid EatbohStd. SMBRE the
13  preferably, Ry and Ry are both hydrogen; that is, the alkylene carbonate is

14  ethylene carbonate.

15 An optional step (e) comprises heating the fourth reaction mixture of step (d)

16 under reduced pressure to remove a portion of the unreacted C,-Cy¢ alkylene

17 glycol and carbon dioxide. Step (e) is preferably conducted at a temperature

18  suifficient to effect removal of a portion of the water in the reaction system

19  without additionally removing significant amounts, i.e., greater than about

20  15%, of either the alkanol containing 6 to 18 carbon atoms and the C>-C1g

21  alkylene glycol. Step (e} is typically conducted at from about 175°C to about
22 220°C, and preferably conducted at from about 200°C to about 215°C.

23

24  This embodiment of the process of the present invention further optionally

25 comprises in step (a) or in step (b), or in both steps (a) and (b), a suifurization

26 catalyst, wherein the sulfurization catalyst is preferably a hydrogen halide, an

27  ammonium halide, a metal halide or 2-mercaptobenzothiozole. More

28  preferably, the catalyst is a metal halide, and even more preferably calcium

29 chloride.

30
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5-over based sul furized al kyl phenol oil-soluble. 6 7 Furthernore, in a
preferred enbodi nent, the al kyl group of the al kyl phenol is 8 attached

. predom nantly at the para position of the phenol ring. Preferably, the 9
al kyl phenol containing the para attachnment of the al kyl group is from about
75 10 to about 95 weight percent of the total al kyl phenol. Mre

preferably, the 11 al kyl phenol containing the para attachnment of the alkyl
group i s 1f r orheadlsyk greup of the alkylshenolompleyghin E@rm@ﬁesa)pf thedinstand|

al kyl phegol .. - 14 : : | I 0 sai d
al kyl phegol Irc}on tg%n%dr@%lﬂg %o%@égéﬁﬁ%%%ﬁgg@ﬁ gtgﬁ]se%ﬁéeﬁﬁ{ ﬁienﬁ??% I

st r ai ght 3chahetahbkgibaged spluried alkyiphdfol BA-dolulidb. ¢mgbasrakt4IkE grodps 6pmM 75
to O nol e percent of, the alkﬁi groups are 17 branched-chain, such as

pol ypr op&ny|abogt 8iqaghoryatamns ar mare gre sulfsient ogieader theyBeaun Hmnstal ¢ he al kyl
group of 55ai(ﬂ/e%éﬁéd)ﬂtﬁpuﬁke8%ﬂéﬁ'ﬂ%oiBﬂ’-gblﬁﬁlet0 100 nmole 19 percent
ght-c

predom nantly strai ain yl "groups of from 15 to 35 carbon 20 atons
and fron665 to 0 nole percent of the al kyl groups are branched-chain, 21

such as pol ypropenyl , .of from9 to, 18 carbon atons. |n_yet of her .
preferreg g”gjr&%&%%(%ﬂta,prp red WPO§I 'tg'? ag'%?@r%f-l'nﬁf%ﬁe?lgﬂpé%wlaﬁ ns from
"40 to 7 ' tdogiiShloFl ' i I of
From 15 B0 S R B Pl T B P T P e e Py
groups aPe Wigiphenol chataining A% pahattachpng of tyeealiy/l grofipfis GonpaboutlS car bon

at ons. st .pref " e 26 .alkvl. ar,0 f said, al kyl phenol, contai ns

appr oxi nat elt§ %88%59 e[!%'ﬁtg)gﬁ%er}t% Iﬁ%‘? gg%]rﬁlﬁﬁgﬁ??qp S ﬁoi?dﬁ?{%éﬂe@?’nthﬁ kyl groups
~of from45 takyisherivl eontaiingtheipara AthchRn@ ot fd Slkyl fBupws foReasEemisPf the
al kyl groups are branched-chain, such 29 as pol ypropenyl, of from9 to 18

carbon A2omio about 83 weightheseesntof hetataladiphenaly oup 11 netal over based
nat ural 49r synthetic 32 hydrocarbyl sulfonic acid, sulfonate, or m xture
t her eof useful for the process -18 1 of the present invention are
si ngl e- 14 ng [alokg|prefenraal érmbbdictent athbalkys gidupnadfesaid alkylphenol contains

15 from 25 to 100 mole percent predominantly straight-chain alkyl groups of from
16 15 to 35 carbon atoms and from 75 to 0 mole percent of the alkyl groups are
17  branched-chain, such as polypropenyl, of from 9 to 18 carbon atoms. More
18  preferably, the alkyl group of said alkylphenol contains from 35 1o 100 mole
19  percent predominantly straight-chain alkyl groups of from 15 to 35 carbon

20 atoms and from 65 to O mole percent of the alkyl groups are branched-chain,
21 such as polypropenyl, of from 9 to 18 carbon atoms. In yet another preferred
22 embodiment, the alkyl group of said alkylphenol contains from 40 to 70 mole
23  percent predominantly straight-chain alkyt groups of from 15 to 35 carbon

24  atoms and from 60 to 30 mole percent of the alkyl groups are branched-chain,
25  such as polypropenyl, of from 9 to 18 carbon atoms. Most preferably, the

26  alkyl group of said alkylphenbl contains approximately 50 mole percent

27 predominantly straight-chain alkyl groups of from 15 to 35 carbon atoms and
28  approximately 50 mole percent of the alkyl groups are branched-chain, such
29  as polypropenyl, of from 9 to 18 carbon atoms.

30

31  The preferred oil-soluble Group Il metat overbased natural or synthetic

32 hydrocarbyl sulfonic acid, sulfonate, or mixture thereof useful for the process
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27acid, sulfonate, or m xture thereof, nore preferred are al kyl benzene or 3
al kyl tol uene sul fonic acids, sulfonates or m xtures thereof. The al kyl
_group on 4 the aromatic ring can be fromabout 6 to about 60 carbon atons.
Preferably, 5 the alkyl group is fromabout 10 to about 40 carbon atons
-and nost 6 preferably from about 20 to about 28 carbon atons. 7 8 The

al kyl group of the nono-al kyl or di-alkyl substituted ethylene carbonate 9
useful far ©ithgpragestinventionar sigglefing pikyhawsestic hydregaityhsulfonis ef er abl y

a 10 non -‘s%%tdi i eis

propyl eng daspgéﬁ%fegs} @E&?%frhg?eé?fagﬁr? 2 %@"% %{Ee@;@%{r g%a e is

et hyl ene3cardioitatiene siiffohis ddids, sutforatesalr rixtures theredf.i Thealkybgroup on
particul arly useful .fqor preparing highly 4 oyerbased sul furized

B kyl pheftol he atarbiats oo Bar Be:irorh.abotkeie abou &6 catan atoms.  Resier@blue 240,
and pref gralhy of Q8 frofPSbd @t APRMALAR% Yol 6 from about
260 to about 280@?70%%18 rI n tRe process of Otﬁge}bgrr]?st@ﬁtg @?v%ﬁ?t}on, the G oup
11 et al 6oxipgeferaiivfror deowr20 focaleiut @8 cdrkomialtamss sel ected fromthe group
consi sti ng of calcium barium 20 nagnesium and strontium oxi de, hydroxide
or Cl-C6" al koxide and m xtures 21 thereof. Preferably, the Goup Il netal

oxi de, hgdr Phedglkggréilp 6bthed ieexo Gyl Br dRaikPs stk e @IfVIERE BErbonate
Ca(OH) 2. Mg( OH) 2. st preferably, the Goup Il netal 3 oxi de, hydroxide

or Cl1- 069al kesgful éor cargingouintheyaeesgsdef the pregentsgvention ingreferably Be term

pret eratly. i BaT e el brolBL L e AR N P i o1 st ng of
cal ci um1 magafsinate. NMust prafeiblly, the bikyRsnd &erbeRkte is 28h1B5é cainatabl y, the
Goup Il _netal is calcium 29 30 In the present process, the al kanol

contai nd2at |east 6 carbon atoms, and 31 typically from about 8 to about

13 carbeg atgRyroEE&d 61 ABiNstaht HivBhIGH'R pdrficularly useful for preparing highly
14  overbased sulfurized alkylphenols possessing a Total Base Number of greater
15  than about 240, and preferably from about 250 to about 350, more preferably
16 from about 260 to about 290.

17

18  In the process of the present invention, the Group Il metal oxide, hydroxide or
19  C+Cg alkoxide is selected from the group consisting of calcium, barium,

20 magnesium and strontium oxide, hydroxide or C4-Cg alkoxide and mixtures
21 thereof. Preferably, the Group Il metal oxide, hydroxide or C4-Cg alkoxide is
22  Dolomite comprising Ca(OH)2.Mg(OH),. Most preferably, the Group il metal
23  oxide, hydroxide or C4-Cg alkoxide is calcium hydroxide. |

24 ‘

25  As used herein, the term “Group Il metal” means calcium, barium,

26  magnesium, and strontium. Preferably, the Group Il metal is selected from
27  the group consisting of calcium, magnesium, barium, and mixtures thereof.
28 Most preferably, the Group Il metal is calcium.

29 ,

30 Inthe present process, the alkanol contains at least 6 carbon atoms, and

31 typically from about 8 to about 13 carbon atoms. Preferably, the alkanol is
32 isodecyl alcohol.
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32 isodecyl alcohol. -19 1 The charge nole ratio of the sulfur to the

al kyl phenol added in step (b) is 2 about 1.0 to about 1.7, preferably about

1.2 to about 1.6, and nore preferably 3 about 1.3 to about 1.5. 4 5 The
'C2-C10 al kyl ene glycol of the present process is preferably ethylene 6

glycol. 7 8 The process of the present invention may be carried out in a

batch or a 9 continuous process. It is believed that small changes in

pr essur el wi Thetdhaege a®léd ratid of thefsatfur tonthehalkylphénol atdded ipstapeds iof t he

t ti 11, 1 t. i t.i ' di t to th
ovel arft uABRHEEPdG HpolE Ve pyBteY rp £ ooyt 11t FBcdnoGietersbly -
sul furi zed abki PBaBboRt 9dICt S nmade when 14 the carbonation step is

carried out using ethylene carbonate have superior 15 properties of |ow
color, 35 or |lower, as measured using ASTM Test 16 No. D 6045, and

hydr ol yt4 c h |t r ) £ | M Test No.
2619, as$ deﬁl51 %gﬁﬁ %E{%Weﬂﬁ@é@ﬁgﬁ’é @Eﬁ?@*gﬁpﬁ%#&fgﬁr@a&ﬁtgﬁgﬁg over based
sul furi z@d glykgl.phenol s decreases | ess than 10 percent, and 19 preferably
| ess than 8 percent, after the addition of 2.0 percent water and after 20

6 days at soc. 21 22 Hydrol ytic instability occurs when water is present,

but exclaisi ; S IS d S| lf. s al so
enown {15t onSPalEs e PResct iR ffiaf BB comied BOER Pbfonidrd 7 on ren,
gr eat er 9 hanodtitlousqrutess.i ih i2belioveddhatsmbl dhahgds in pressatel willthavend

I ncreas V[.SCOS]i ty. drolytig stability of 26 the Goup Il netal

. overbasﬁg shﬁ'ﬁﬁ%ﬁﬂngﬁ%ﬁﬁﬁ@ﬁﬁpg ProCess ‘é%@?@Fﬁe‘i%ﬂtWQ"ﬁ'ﬁﬁrtant property,
particuqarly in marine crankcase use where water 28 exposure is conmon.

Accordingly, there is a need to devel op high TBN .
- 12 The present invention is also directed to the novel and unexpected discovery

13 that the Group Il metal overbased sulfurized alkylphenol products made when
14  the carbonation step is carried out using ethylene carbonate have supérior

15  properties of low color, 3.5 or lower, as measured using ASTM Test

16  No. D 6045, and hydrolytic stability as measured by a modification of ASTM
17 Test No. 2619, as defined below, wherein the TBN of the Group i metal

18  overbased sulfurized alkylphenols decreases less than 10 percent, and

19  preferably less than 8 percent, after the addition of 2.0 percent water and after
20 6 days at80°C.

21

22  Hydrolytic instability occurs when water is present, but exclusion of water from
23  most systems is impossible. It is also known that overbased sulfurized

24 . alkylphenol compositions with high TBN, greater than 250, results in

25 increased hydrolytic instability and increased viscosity. Hydrolytic stability of
26  the Group |l metal overbased sulfurized alkylphenols is an extremely

27  important property, particularly in marine crankcase use where water

28  exposure is common. Accordingly, there is a need o develop high TBN

29  Group Il metal overbased sulfurized alkylphenol compositions that are

30  hydrolytically stable. ’
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29 Goup Il netal overbased sulfurized al kyl phenol conpositions that are
30 hydrolytically stable. -20 1 Low color is known to be a very desirable
_ Characteristic in commercial 2 lubricating oil additives, including
detergents and dispersants. It has been 3 discovered that the G oup |
met al overbased sul furized al kyl phenol 4 conpositions of the present

i nvention have |ow color in conparison with the 5 prior art preparations.
Fur t her nbr e LOWeCHial/is knowrutobraa veredesitalie charastgristic in comdestialur i ng t he

sul furizati f@ar r | furiz 7, al kyl phenol in

t he pr es%nt %@%@Qg Oﬁé%]ld ﬂgreg | @% g%ﬁéeﬁ?ﬁggngﬁ'?#%sﬂﬁgo rrf ﬁ%éeg?esent

i nventi of i slisgoveredf that thedGioupli pistabeverbased SElfurixedi dikylpRbhoter y of 9

equi nol ar quantities of al kyl ene_glycol and carbon dioxide to a reaction 10
4

mi xt ur e, wh&PRIAQSEIRNG of & plesenhinvedien have lowe solokin pe@parisen withdhed
| kyl 1 .sai d i Qi '
ot o1 PHoH AR PropaRnsAs FARNBRAOR) M R PUh HAAREEmOMLIMAGESY ot o

sel ect edd f r added ldyriag ¢he aulfunimationste fordhe paéparhtion of the stlfuaized

substitufed_ gt hyl ene. carbonate having the foll ow ructure: 0 15 16

wher ei n Qﬁw%f“&’f@ ﬁdgﬁﬁ?fﬁé?{f’??ﬁ% BBQWCSF"%QW%‘?FGEB‘H@ 45 %PkY- one to 17
three carbon atons; in the presence of water; and under reaction conditions
18 suffigie to hydrolyze the al kyl ene carbonate to al kyl ene_ gl ycol and
carbon 99 %Sﬂrﬁﬁ. n .'Q‘(g’é'ro@f'ﬁlaé‘-iﬂ ??eqtﬁ@twcnr oFsas; for Hie inqdtudelivesnef

car bonateg t i O | rried out at a
Fonper atr ¢ ol SadtesBrehle BediarkPan UNd o a ebigr ¢

DESCRI PIi0 ONmiRtumieEviRalV $4B$ réadtiopumidturesbquisesitheopresense of ebidtdlkyleféect  of
the addjjion, of, water..on the . 3. hydrolytic stahility, represented by the .
percent'i BNQWQPE?Wiﬁ,a‘d&aré%%f"%"gﬁﬁfﬁ%iarﬁ-s@,a'glﬁ’éo o‘iﬂ!’ge*"%ﬁgthe present
inventipmn, gBRvePRIgRRIsid Faction mixture:

13 an alkylene carbonate selected from ethylene carbonate or a mono-alkyl or
14  di-alkyl substituted ethylene carbonate having the following structure:

R; o
>:0
0]
Rz

16  wherein Ry and R; are independently hydrogen or alkyl containing one to

15

17  three carbon atoms; in the presence of water; and under reaction conditions
18  sufficient to hydrolyze the alkylene carbonate to alkylene glycol and carbon
19 dioxide.

20 Preferably, the hydrolysis of the alkylene carbonate to the alkylene glycol and

21 carbon dioxide is carried out at a temperature in the range of about 150°C to
22 about 215°C.

-21-



5 Exanpl es D-G The data used to prepare Figure 1 are also shown in Table
1l 6 in the Exanples section. 7 Figure 2 shows a conpari son of color
~measurenments for Test Exanple 12 8 and Conparative Exanples H L. DETAILED
DESCRI PTI ON OF THE | NVENTI ON 10 DEFI NI TIONS 11 -As used herein, the
follow ng terns have the follow ng neanings unless 12 expressly stated to
the contrary: 13 14 The term "al koxi de" neans a conpound whi ch can be
formed a$ the reacti on BRIGHT DESSRIGITION GFCBHEIDRAWINGS®active netal . 16
17 The term "al kyl ene glycol"” nmeans an aliphatic diol having two hydroxy .
groups 18 on adjacent carbon atons. 19 20 The term "al kyi phenol " neans a
phenol g2oufrigueei inshawsacomparisoaldf yihe 2ffesiudfthe taddition, ofavateeantth®ne of

whi ch h a, syfficient..nunber of rbon at ons 22 .inpart_oil solubility
to the phensviroic Sabigf FiderpnicdtuoBa myRoR TRy RRPed@iTEsh sulf onat e
having ope @xaﬁgﬂ@s125tﬁélbfmt§oﬂﬂh@més&§mw@nmﬁ_a% @&hgarmﬂéocar byl
substituents. 26 -22 1 The term "hydrolytic stability" neans the stability

of G oupd11 Exasies BdG2 The dataiused talpkgparedrigure 1 are Blsoshewenivel alfle Wht er  at
el evat ed. t erper 3. A Test No. 2619 was nodified for determ ning
7 B fros pelgon,

t he hydr%l y 4 the G oup Il overbased sulfurized
al kyl phenols. The followi ng protocol was 5 followed for all hydrolytic

stabili t.}( d%tlgeurrrg fs?ﬁol\n?sng :co%parison of color measurements for Test Example 12

8 and Comparative Examples H-L..

9 DETAILED DESCRIPTION OF THE INVENTION

10 DEFINITIONS

11 -As used herein, the following terms have the following meanings unless

12 expressly stated to the contrary:

13

14  The term "alkoxide” means a compound which can be formed as the reaction
15  product of an alcohol and a reactive metal.

16

17  The term “alkylene glycol” means an aliphatic dio! having two hydroxy groups
18 on adjaéent carbon atoms.

19

20  The term “alkylphenol” means a phenol group having one or more alkyl

21 substituents, at least one of which has a sufficient number of carbon atoms fo
22  impart oil solubility to the phenol.

23

24 The term “hydrocarbyl sulfonate” means a sulfonate having one or more

25 sulfonate groups having one or more hydrocarby! substituents.

26
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7Group 11 overbased sul furized al kyl phenols sanples were placed in 8
comercial finished marine oil to obtain a final TBN of 8 for the sanples.
.9 Water ranging from0%to 2. 0% was added to the sanples drop-wi se at a
“rate 10 of 0.5 gramper minute while agitating the sanples with a
peristaltic punp at a 11 rate of 500 rpm Agitation of the sanples at 500
rpmwas continued for an 12 additional 10 mnutes after the addition of the
wat er. THe sHwplesm hpdmeiytie stabilityd chaamsthe \statility @f Grofip Wadvasrbaset pl aced in

n oven gt 80C f.or 6 days. An .14 aliquot .of the top |ayer of the sanples
contai ni Ay (HUEred AlkePbEnokn e plbsedie ntavaer @I‘e?l‘éY‘?FPaée‘E'W?rﬁth@%si ng ASTM
Test No. 3D 209 Tk Nb/ 26%8 vids fmbajficaBt aékmaﬁﬂ@tt@ﬁ%ﬂpgﬁie stéﬁl@tg‘&i'es
al kyl -substituted al kyl ene 18 carbonate, such as propyl ene carbonate and
the |ike4 1dhefyompd averbases, sulfimized alkylpirands.k Zhe falosdng protetal was

al kyl phepol g _j | th 21 ratiLo of the nunber of equivalents of an _
al kal i negeaﬁ?ﬁwgﬁ%J'y?ﬁ%ﬂ%ﬁ%&”'&&emﬁ"@g@WaI ents of the al kyl phenol is
greater ghan 1. 23 24 The term "reacting equivalent" neans any nateri al

equi valent to ethylene 25 %Iygol and carbon dioxide, such as the carbonic
aci d hal f edsoup lE‘B‘-’efWS%ﬁU fsized-dlgiphencdls srewplegwate plesaddn a mat eri al

bl f | 741’0 | tion. 29
30" The t & mePRUHElcURBihE mah LI BERAPaTnd] TBRGR B IR sl bace o1
equi val e@it tWaterirhnging fiEM0%40H2.0% wae agidethto fths 8amiplos dropswisBifbaatd BN 32
nunber s, 1 ef 192(& nore al kaline prodycts, and therefore a greater alkalinity

-23 | r&8er 78 0-HEMBRF BiNuie Witier agTtaling e gamples web anerstatiic pustp ala D
2896 219r 34 SHIVY rpf. "AR&tIIN OGRE Wafnplds at 500 rpm was continued for an

12 additional 10 minutes after the addition of the water. The samples were
13 covered to prevent loss of water and placed in an oven at 80°C for 6 days. An
14 aliquot of the top layer of the samples containing the oil was carefully

15  removed to determine the TBN using ASTM Test No. D 2896.

16

17 Use of the term “ethylene carbonate” includes alkyl-substituted alkylene

18 carbonate, such as propylene carbonate and the like.

19

20  The term “overbased” means alkaline earth metal alkylphenols in which the
21 ratio of the number of equivalents of an alkaline earth ‘metal fo the number of
22  equivalents of the alkylphenol is greater than 1. -
23 |

24 The term “reacting equivalent” means any material equivalent to ethylene
25  glycol and carbon dioxide, such as the carbonic acid half ester.

26

27  The term “sulfurization agent” means a material capable of sulfurizing the
28  alkylphenols of the present invention. '

29

30 The term “Total Base Number” or “TBN” refers to the amount of base

31 equivalent to milligrams of KOH in one gram of sample. Thus, higher TBN
32 numbers reflect more alkaline products, and therefore a greatef alkalinity
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4~Unl.ess otherw se specified, all percentages are in weight percent and the
5 pressure is atnospheric pressure. 6 7 As noted above, this invention is
. directed to a novel process for the rapid 8 carbonation of sulfurized

‘al kyl phenat es using ethyl ene carbonate or al kylene- 9 substituted ethyl ene
carbonate. W have discovered ethylene carbonate in 10 the carbonation
step for the preparation of overbased sul furized al kyl phenates 11 can be
used as bot heserseuThe TBN ofialszample @ande detdrminbd byn&STMyTedt.NAJDI@B9612 t he
reaction,conditions usiL] et hyl.ene carbonate, carbonation tine is reduced
13 from% h&LABY ?re%@'ghﬁrﬁ’c d4&r, thus reducing the total preparation
time forg 14 meking overbased sul furized al kyl phenols to nearly one-half
the tinme 15 necessary in the prior art processes. 16 17 The present
process 4vetligassotharwisefspenifietlj all perceotagesfare imweight peécent mpdrthe ur e
control that _are crtitical .in the conventional carbonation process. 19 This,
new proc ssp[)‘?sbga'ﬂ%éssat@ys@(g'ﬁnﬁip&?%ei n a highly reactive formthat is 20
al so betger dispersed. 21 22 The presence of glycol is essential for good
overbasing. Aycol is not nerely 23 a solvent but rather plays an active
rol e i n phehatnoted aboweithisrinvenfion is directed tosa pevel psecass fof the kapid i n t he

present gro OV ' I G | ygol  for t

car bonat£|?onggﬁggglgxgﬁgag%ﬁo%gm ﬁ@ﬁ%&g&'n@ﬂ%héﬁg%&éﬁ@'@é@ oﬁénﬁ%’?ntaﬁe pri or
art processeabstiited@hilentaripgnate. §vé havwe bizaavéed dihpens sarb@ré irPn _
~conditions, especially 29 tenperature, nust be carefully nonitored to avoid

"starvi iy Hecadapatiom siap fostheypreparationphayertnsedeswiupred allelphepatesi | ar
hooe, o119 KaRbe RS bol d sorboRssFruoHiE SN obEbad RO NEETY .
et hyl en® gl ffeoteastion chaditions lugingoethdene catwona®d, carbonation time is reduced
13  from 6 hours to less than 1 hour, thus reducing the total preparation time for
14 making overbased sulfurized alkylphenols to nearly one-half the time
15 necessary in the prior art processes.
16
17  The present process overcomes many of the limitations of time and
18  temperature control that are critical in the conventional carbonation process.
19  This new process produces carbon dioxide in a highly reactive form that is
20 also better dispersed.
21
22  The presence of glycol is essential for good overbasing. Glycol is not merely
23  a solvent but rather plays an active role in phe;éte carbonation. The in sifu
24  production of glycol in the present process provides timely and sufficient
25  glycol for the carbonation process and overcomes the problems encountered
26 in the prior art processes.
.27
- 28  Inthe prior art carbonation process, reaction conditions, especially
29  temperature, must be carefully monitored to avoid “starving” thé reaction of
© 30 glycol. In the present process, no similar issue of glycol starvation is
31 observed. Without being bound by any theory, it is believed that this may be
32 true because carbon dioxide and ethylene glycol are chemically bound in the
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| formof a carbonic acid half ester of ethylene glycol, as wll be
described later. 2 Such an internediate, if present, neans that there is

. always adequate glycol 3 during carbonation. It has now been di scovered
that ethylene carbonate may 4 be added over 15 m nutes at about 186C with
virtually no | oss of carbon 5 di oxide and no adverse effect on crude
product sedinment, TBN or other critical 6 analytical results. 7 It has now
been fouhd fara cka karhamic acidheifasterefrethdend ghtob as wittdle/d@saribeddater.dur i ng

bonat. i1 h negliaible . f bop di oxjde .9 th
enctt ot AstbapnREPIHE. ERRIRRL AR B P R A b s olvegl
evol uti @ dyniing chlrabRO NHAsow been didtdivBrédthatbihylénd E&rbeALROMag! oxi de

11 evolution. In one experinment, we added et hyl ene carbonate over a

15- mi nute B asidedqyes dampinktesaat ahowt i 86 7Q withEvidualy B lassoof cagipénd addi ti on,

essentiglly : |0 V. ' r nonstrated, by the
| ow crugie pg@gyggén qg&%@gle%éan%ﬁ%p gf’%%&% bpmggﬁ'ﬁ\éﬁ?fﬁ oriqqﬁ?h%ntgg} bon

di oxi de @&scapalgticaihresultsess 15 Ca(OH)2 is incorporated in the product,

thus, resulting in higher sedinment. 16 Lack of significant carbon di oxide
evol ution was al so observed as nmeasured 17 by a dry test neter for

measuri Yy ghhas Tty Beeh fowaid hiat EhiyidiecdrbahateadRobe added eRirbARly
i ncorporation _ may involve a nmechani smwherein c¢arbon dioxide is not 19

present Ss EARIGHY suiing sapeenation; withenegligible esrape of gaseous carbopshioxideci d, 20

expl ain [ t aj t : i rce. 21 22
The pri ? aﬁ?ﬁl{:@rabrg%gﬁ%n”&o hgfgeﬁéo&d%oclﬁé r%‘ﬂé'rﬁr@ Q?%@ﬁﬁ&gﬁgﬁgﬁ wat er
for 230an eelutian during dd carboniticaéiay) thenk idvedrlivin cdiboxi diéxiden the prior
art 24 pr ocess]e for making overbased, sul furized al kyl phenols, the

car bondtle €0 ‘ééoq-n PR EXRYHNERL Wecaigadsthylens casbonale avergl \p-ainual ci um

Co U REISPL6Ytn ol Sioql TR 65y S, £ A4 S38Mn SSEITELCY, )
C2 3 d& cicarbonrdioride evelutian eccurzéd as demonstrated by the low crude product
14 sediment (0.8%). It is believed that if the carbon dioxide escapes, then less
15 Ca(OH); is incorporated in the product, thus, resulting in higher sediment.
16  Lack of significant carbon dioxide evolution was also observed as measured
17 by a dry test meter for measuring gas. The explanation for the high carbon
18  dioxide incorporation may involve a mechanism wherein carbon dioxide is not
19  present as such but rather an intermediate half ester of carbonic acid,
20  explained in greater detail below, acts as the carbonation source.
21
22  The prior art carbonation process produces one molar equivalent of water for
23  an equimolar reaction of Ca(OH), with carbon dioxide. in the prior art
24  processes for making overbased sulfurized alkylphenols, the carbonate is
25  incorporated in a complex form and not simply as calcium carbonate.
26  However, for simplicity, we can represent the formation of calcium carbonate
27 from Ca(OH); and carbon dioxide as:
28
29 Ca(OH); + CO, = Calcium Carbonate + Water
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~17By contrast, the present process requires one water nolecule to react
with the 2 ethylene carbonate to form carbon di oxi de and et hyl ene gl ycol

. (or the 3 carbonic acid half ester). The net effect is that the present
process both 4 produces and consumes an equal quantity of water, thus
elimnating the need 5 to renove water. 6 The water produced during
carbonation is generated at a tenperature well 7 above the boiling point of
wat er. Fbor By eontestdhe présent processt ieqoires ope vatar moléuble & rduet wdthethal | y

|l ected,to facilit t |, thus driving th ] 9 t
compl et i 9n. SRS PATPNARLE o Floxe Tib elitane SYEaEr Y quant i i es
of 10 gl gcolcaiddic ﬁéi%iﬁﬁiigésiéﬂ)l THeUtl dHbct Rathbeafe hreBefprdcisd Bofrovar d

gl ycol starvation. In“the prior art carbonation process enpl oying
et hyl ened gl presiucesArshedsymessar eguabeuaniily bbwattrothugeelingasting thiet meegh( OH) 2

to formgarh ter. 14 Wthout being bound by any theory, it is
5ends RGBT

believed th ene 15 carbonate is the source for carbon dioxide
and et hyl ene glycol, no net water is 16 produced during the formation of

the sul furi al kyl phenat,e, carbonate...This 17 y_.be expl ai ned hy

cquat i orb ( 1Caee) BT BRRY R deBOR ot s A 7R AP LR o 1 or m
car bonat “i abaes e BsiliRg pbint of &/atar. nEdr A1y Rhsen SthERaborRidctaehiArSitfre Of
wat er. Likew se, the hﬁdrol ysis of ethylene carbonate to form 20 glycol .

and car bdn &ustibgcareily selectatktofaciitate ywaterremevals thuatdsivingdbezeaelimwn i n

. ti 3 ' ' . t] ith, 22

iyl enc® caipShPIStER, HowsRar e HbEh e Pl oM brediia abthillsbdy. “25
Ca(OH) 20+ Giycal WiGRamdistiRfuttihg tite eeddtionrorcapathiineard blyddPslarvaliont CO 2
(2) ethylene glycol Iime + ethylene carbonate cal cium carbonate + ethyl ene

gl ycol ‘8) :
12 In the prior art carbonation process employing ethylene glycol and carbon

13  dioxide, carbon dioxide reacts with Ca(OH); to form carbonate and water.

14 Without being bound by any theory, it is believed that when ethylene

15  carbonate is the source for carbon dioxide and ethylene glycol, no net water is .
16  produced during the formation of fhe sulfurized alkylphenate carbonate. This
17 may be explained by equations (1) and (2) below. Thus, the consumption of
18  Ca(OH): to form carbonate is accompanied by the formation of one molar

19  equivalent of water. Likewise, the hydrolysis of ethylene carbonate to form
20  glycol and carbon dioxide consumes one molar equivalent of water. As

21 shown in equation (3), the overall reaction equation of Ca(OH), reacting with
22 ethylene carbonaté forms calcium carbonate without formation of water.

23

Ca(OH}; + CO 4 —— CaC0O; + H ;0 (48]
lime calcium carbonate

9] .
E >:0 + H,0 ——» Ho/\/OH + CO, )
0

ethylene carbonate : cthylene glycol

Y

lime + ethylene carbonate calcium carbonate + ethylene glycol  (3)

-26-



-26 1 Accordingly, the above reactions may explain why water is not forned
during 2 the present carbonation process. However, the above equations are
.a 3 sinplification since in the actual process the carbonate.is part of an
4 al kyl phenate structure rather than a sinple. salt of calcium It has now
been 5 found that the carbonation of the present process proceeds well
even at 6 tenperatures up to about 200C with little or no | oss of carbon

di oxi de. 17 FAgcondinglyr the akovsoreactions maYte)@ﬂaiyhréT)eNamrhmnatianpedmmg at a

remar kabLy fast rat for. tenper at i n e of about 162C to
about 20% té‘ﬁp eseé'lt\?/g qRstiion A %?S&atiéﬁwe‘t‘ﬂe r&’eﬂ‘%‘?vﬁge‘ﬂll’ﬁt fJ€fior to this

i nventi 08 WasmbliRiatibl SHRESMTRE iHRfudlbrdissithe Akt R patorgh! as
i ncorporation of oxidized glycol 11 internedi ates, w t hin the al kyl phenat e

struct uré wallndphenate sirypture Fethepthaar a sinenle salt of calsism. Ttha/@t?\? bueaput d ;
| elrent an
br oduces? nedrit sl idabeRalNh 8F helpieSRRPAREESs bR ¥R el Sie Fon under

varyi ng 8ondemperstuafs dettpaiout B09°enditielittigloeme lodSof edlpenatiexigddi tion rate.

16 17 t hqut bei ng bound by an the ry, is predicted that the reaction
of et hyl\l\éne%ui@eé'ap (FRrRongton f%@?ﬁ@@@@@ mpceedhat a semedkdabbat hs as

shown begowgadiGa rftérﬁ bratliRR i ?h ol 1825 §5%BYGt bodcerhisc! 1
& i e Dhgeldf otk 182 % $5B0% 20

carbonate ring 20 (acce erat al'ysi's orma ‘f "eSter of
car boni c@ac mas(rot. arﬂttipahehahr 'rh'rladlmhera(mmnhng priob $@ this iventionaeds thiath [inme to

formth caIC|ums ment further o form arbon

i ox1 de T SETRUMBHEN of pReicaiats iy beerpir eGP ioraumy o) Gdded

formati o Ofntbh8AiARA, @\htﬁir{ﬂe IR IBﬁQﬁé‘Q'sﬁfmc&ﬂ‘efﬁd{g& eateQinit il €€ car bon

di oxi de and et hyl ene gl ycol % t he et hyl ene carbonate addition

t enper al2r e cREANatiDB PsECESM 'BXQ;EGIS/ rapidataybonatigQeaction evntmﬁhyhene reduction

b P SRR Bl BB R e Bl e BBy "
react i ofy vedloxid®incorporation under varying conditions of temperature and ethyiene
15 carbonate addition rate.
16
17 Without being bound by any theory, it is predicted that the reaction of ethylene
18  carbonate with water may proceed by either of two paths as shown below.
19  The first step is the hydrotytic cleavage of the cyclic carbonate ring |
20 ({accelerated by base catalysis) to form a half ester of carbonic acid (4).
21 Intermediate (4) may subsequently react with lime to form the calcium salt (5)
22 or may fragment further to form carbon dioxide and ethylene glycol. For
23  temperatures below about 200°C, formation of intermediate (5) is probably
24  favored over free carbon dioxide and ethylene glycol. When the ethylene
25 carbonate addition temperature is increased in excess of about 200°C, there
26 is areduction in the phenate carbonate level, which we attribute to the
27  formation of free carbon dioxide and its subsequent partial lost through the
28  reaction vent.
29
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. 1*This mechanistic interpretation is logical in ternms of an expected rapid
2 neutralization of internediate (4) with Ca(OH)2 and is further supported
. by the 3 observation of rapid and conpl ete phenate carbonation which is
essentially 4 insensitive to the reaction conditions of tine and
tenperature. 0 H20 O carbonic acid half ester ,"OH + C2 OH (5) 6 Thus,
calciumsalt (5) is the chem cal species that nmay be responsible for 7
delivering iTiid picehbniztt hnerpetivn es Rkt B ef Snd@ectdd kiad sul furi zed
8 phenatge internediate. Internediate (5) may al so explain why ethyl ene
glycol 9 i fexyalization ofiniepnediate (AW éé@ﬁbzoandﬂs)eftldher sypportad by the
200" C. Txadif| : i e N [; | i

condi 1 oge. G SPAtion i rabidrll FhnIBIRGSEne ELMESREOT A I Frecfitally o1

et hyl ened gl yrs@Ensitivertotthe readioni comditioes witimdnated terdPera@igi ti ons of et hyl ene
gl ycol "starvation", sulfurized phenate reactions are 13 known to give | ow
carbon di oxi de incorporation and an increase in the crude 14 product

sedi ment. 15 € The percent age of carbon_¢i@H¥i de i ncorporation relative to
a value calc Iatﬁg::%f assuwormpiu&muitatgﬁ} hyd ysgé of ethyl ene
carbonate tolcarbon dioxide and 18 ethyllene gl ycol y be determ ned for
t he process of e present invention. -28 I"ahi&walue remains fairly
constant in a range of 92%to 96% This high 2 ef®iciency for carbonate
formation is likely a result of the efficiency of ethylene 3 carbonate
hydrol ysis rather than the efficiency ifARogicssid lglfssirde trapping, 4 which
al so explains why very rapid ethylene cafbonate\ addition rates do not 5
significantly alter the percentage of &arbon dioxide fornation.

[lime]

Thus, calcium salt (5) is the chemical species that may be responsible for
delivering incipient carbon dioxide and ethylene glycol to the sulfurized
phenate intermediate. Intermediate (5) may also explain why ethylene glycol

O o0 ~N o O;

is not readily lost from the reaction mixture even at about 200°C. Traditional
10  sulfurized phenate carbonation is limited by conditions of reaction temperature
11 owing to steam distillation of ethylene glycol from the reaction medium. Under
12 conditions of ethylene glycol “starvation”, sulfurized phenate reactions are

13 known to give low carbon dioxide incorporation and an increase in the crude
14  product sediment.

15

16 The percentage of carbon dioxide incorporation relative to a value calculated
17 assuming quantitative hydrolysis of ethylene carbonate to carbon dioxide and

18  ethylene glycol may be determined for the process of the present invention.
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6: 7 Asinplified nolecular structure for an overbased sul furized carbonate
8 al kyl phenate is shown below. For this structure, there would be three

. basic 9 sites per nole of al kyl phenol as shown. From reaction
‘stoichiometry and 10 product analytical data for various overbased

sul furized al kyl phenate 11 sanples, it has been found that, on average,
they contain 3.4 basic sites per 12 nole of al kyl phenol. Additional basic

sites, npt Thivzwalie@ réainsifaiplyidonethnt i 8\randa 6£d2 %ol a6% 2 Gthi€ Righonat e

al kyl phenat e,_ i nclude the glycol residues 14 (oxylates, glycolates, etc.)
that forén aRffidansyar carbopaisrformation isikely atesidt i the efficieney ohethylege 19 " 20
21 22 - 23 ./ ' [ . I 1 lca
_lca'2 Tﬁéfbrogt% ge 8¥&g’f¥3|%tria§tr‘lé}§ Sﬂﬁ%ﬁﬁg}@gﬁ%gﬁé@@%ﬁ%@r@ Rt ed over a
‘range of4 2%hichdalsoexplaimewhy Yyt rapld8thylend esrponaate dduditiat sites do not

e rel &1 AR NEOHBRS Eoias of CAEEIBBEIR (ORI o condi t 1 ans.  The
addi ti ongof ethyl ene
7 A simplified rﬁolecular structure for an overbased sulfurized carbonate
8 alkylphenate is shown below. For this strUcture, there would be three basic
g sites per mole of alkylphenol as shown. From reaction stoichiometry and
10 product analytical data for various overbased sulfurized alkylphenate
11 samples, it has been found that, on average, they contain 3.4 basic sites per
12 mole of alkylphenol. Additional basic sites, not shown in the simplified
13 overbased sulfurized carbonate alkylphenate, include the glycotl residues
14  (oxylates, glycolates, etc.) that form an integral part of the phenate structure.

15

::6 Ethylene Carbonate Carbonation
7
18

19 N oQ
Basic sites -
20 . D, O\FO
I |

21 OH OH

22 /Ca

D Ao
23 s
. 24 5 carbonic acid haif ester ‘
- 25 -
26 :
R R K R :

27

28  The rate of addition of ethylene carbonate has been tested over a range of

29  addition times (15 to 120 minutes) and temperature (162°C-200°C). The

30 incorporation of carbonate and crude product sediment are relatively immune
31 tothese differences in reaction conditions. The addition of ethylene |

32 carbonate is relatively exothermic and this can be seen when the ethylene

33 carbonate is added very rapidly (for exampie, in less than 20 minutes). Under

34  such conditions, that reaction temperature will rise rapidly from about 162°C
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32 carbonate is relatively exothermic and this can be seen when the

et hyl ene 33 carbonate is added very rapidly (for exanple, in |less than 20
~mnutes). Under 34 such conditions, that reaction tenperature will rise
‘rapidly fromabout 162C -29 1 (the start of ethylene carbonate addition).
At .approxi mately 186C, some 2 excess foam ng was observed. However, even
under these conditions, the 3 incorporation of carbonate is very high. On

t he ot herl hafths slaiﬂ‘tyfleﬂ‘iﬁeﬂe@al‘limia@é edditidh}. | Rtagrokiaimelyaf86°€s sbimeexcess- of
210C shogl d be av i ded 5 since an increase in reaction gas evolution and

some red ctl“r‘iﬁ‘eﬁﬁ qrglng% obgervgd, Howaver.cauesdHiles thpse eprditions) the t hese

EL?BOL?ZBSE?Q"%@PF‘“%@‘Zfs‘%ai‘?mﬁ@%‘%&?a*ﬁ@@ﬁ@a‘?‘%. e e o Vool

appear s #o hmrbersateiaiditicat &t teMpeoatpeds iniexeess oh2 TG sladauulddie a)mzd)éd t he acid

totheclciumsaltq{%%%?lo 11 The reduction . in the me for

pr epar at Pon HHCHIRINFESRRF LUPAGHP™ 88S g¥oly ?S?Iaﬁﬂéﬁ?&lee'ée Bnﬂ%th%leﬂﬁ\ﬂfl i ng
the-capagi tYprBQﬁctFHa‘PH&Tété%%bééﬁ‘e&é?ﬂﬁ%é% bf&é?zﬁﬁ' al kyl phenat es,
wi thout any loss in the quality of the rodu 14 i nfrared spectral

anal ysi s/ THempesatitas abous @bqlﬁl%QFCpﬂ'l@ph.reakWrmbf theecarbopicabidt halff t he

resent pgroc n h, base ¢ ent, low ,16 crude
b oduct Beardnis T EabBntpaiae aPf sifaie ohe, AR5GrS SobB art (i he
di scovery th@tmﬁettmv@wmméutfénzhh@ Bf BRaAYid taHRE4IE0m 4t {19s | ncr eased
hydrol ytic stability and | ow color. Both hydrolytic stabil'ity and 19 | ow

col or adB extrenel y desirable and i nportant characteristics for comrerci al

20 Group411 e The product of
t he 21Rgres16eh\étF|nve&?Wﬁeﬁﬁéﬁﬁgﬁéﬁwﬁgﬁiﬂ8?%8%%8%‘?': crlas measured ~ T °
by a 221podidikyptiereteofestiisih deablingtheRapatly faprodhcirrofthe \Wwerlsaygear ed to
the 23 Srlor art product even after 6 days at 80C after the addition of

it

wat er. dewersulfurz ﬁUfV'Dhﬁﬁat%%bP%a'BS/'OASWhPe%l!a“NbOf theguaducty al so
obser ved4l N ifPeredSpSchtPardly G S TRERAR iU did s@hpvd&ar §HBt tngoPos! Ll ons

of the present 6 |nvent|o as conpared to t y the prior art
processéb. product of the present process are also good, including high base content, low

16  crude product sediment and fast filtration rates.

17 Most surpriéing was the discovery that the product of the present invention

18  has increased hydrolytic stability and low color. Both hydrolytic stability and
19  low color are extremely desirable and important characteristics for commercial
20  Group Il overbased sulfurized alkyl phenol compositions. The product of the
21 present invention has increased hydrolytic stability, as measured by a

22  modification of ASTM Test No. D 2619, as defined above, compared to the
23  prior art product even after 6 days at 80°C after the addition of water. Lower
24  color, as measured by ASTM Test No. D 6045, is also observed in the

25  Group Il overbased sulfurized alkyl phenol compositions of the present

26 invention as compared to those prepared by the prior art processes.
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1:2 3 EXAMPLES Test Exanple | Preparation of an Overbased Sul furized

Al kyl phenols 4 Into a 4 liter, 5-neck resin kettle equipped wth a turbine
~ blade stirrer, the 5 follow ng conponents were conbined: 7 858.5 grans of
"Cl10- C15 al kyl phenol 94.4 grans of al kyl benzene sul fonate, wherein the

al kyl group on the 8 benzene is 80 percent straight-chain C20 C24 and 20
percent 9 branched-chain Cl10-Cl15 10 5.0 granms of defoaner,

pol ydi meq hysi | oxane, Dow Cor ni ng 20@xafip s chased from Dow Corning 12
486.9 grans of isodecyl alcohol 13714 The contents of the kettle were
stirred to 600 rpmand the tenperature was 15 ranped to 1490C over a
period op 1 hour. Wien the tenperatjigeeksqohef 16 40*Cto 50'C, the

foll owi ng additional conponents were adde 0 the kettle: 17 18 402.5
grams of3cal ci um hydrirepdeation3f.ah Qrenmesed ulfufived Akyiigwenblgr ans of 150
Neutral oil 21 22 When the tenperature of the reaction m xture reached
between 68"C to 700C, 23 a vacuum of about 740 mm Hg was applied to the
kettl e vt hlinthes 4titary bmgpcR4esindeiteseglipped@dthrapiurbing hlade Stiveen, daxt i on

m xture 2as f&%vﬁn&%o%%%ngngovrver%oco% I%tegs Next, 247.9 grams of

6 858.5 grams of C40-C1s alkylphenol
7 94.4 grams of alkylbenzene sulfonate, wherein the alkyl group on the
8 benzene is 80 percent straight-chain Cy5-Co4 and 20 percent
9 branched-chain C1¢-C15
10 5.0 grams of defoamer, polydimethysiloxane, Dow Corning 200®
11 purchased from Dow Corning
12 486.9 grams of isodecy! alcohol
13

14  The contents of the kettle were stirred to 600 rpm and the temperature was
15 ramped to 149°C over a period of 1 hour. When the temperature reached
16 40°C to 50°C, the following additional components were added to the kettle:

17

18 402.5 grams of calcium hydroxide
19 134.1 grams of sulfur

20 537.4 grams of 150 Neutral oil

21

22  When the temperature of the reaction mixture reached between 68°C to 70°C,
23  avacuum of about 740 mm Hg was applied to the kettle with the stirring
24  increased to 800 rpm.
25

- 26 The reaction mixture was held at 149°C for 30 minutes. Next, 247.9 grams of
27  ethylene glycol was added to the reaction mixture over a period of one hour.
28
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27 ethylene glycol was added to the reaction m xture over a period of one
hour. 28 -31 | After the addition of ethylene glycol, the tenperature was
i ncreased from 2 149C to 177C over the next hour. 3 4 270.9 grans of
“*ethyl ene carbonate was added to the reaction m xture over 5 2 hours. After
the addition of ethylene carbonate, the tenperature was 6 increased from -
177C to 210C over the next 30 mnutes and the vacuumwas 7 increased from

730 mm Hy thf@tﬁ@bb!an@wf efukéﬁre %ycéﬁtﬁ&te?ﬂpé‘i‘aﬂﬂ‘b%as ﬁlcTé%'seroeﬁ&hl on

m xture was then held at 210 for 30 mnutes 9 after which
t he vacudm \ﬂalé)"ﬁrtOIdé(ﬁ’ Giavier the l’l@gehougas 10 11 The product was col | ect ed
after flbtratlon The product had a TBN of 259 and 12 crude product

sediment“of 1.6% 13 14 The results of Test Exanples 2-6 and Conparative

Exanpl es4B @70 Cgidme epetiyRthe carboRate was hlites td tHeerddetioR mirkirs o0ér varyi ng
certain paranmeters and 16 reaction conditions when ethyl ene carbonate is

used i n Phe ZhPWsnAfiesihe addition of eihylena carbenain. dhe tempetatarewast reducti on
f ethyl |
51 o0 rfle” ifkrkaSed BOnEIPPE AP Glerthe H ARG A IRadiilLRRCTO &

the 23 armumreaéedsfrbm E3@ngh Hipto 3Gmm ¢ipoest the rizikt Woitg 20 mimutent , t hat
I's, 24-244.5 grans was added to the reaction mxture. The results in Table
Il show 25 that reduction in ethylene glycol is conpensated for by the

productign dhe2@aetity hiixtaregasthed hela 4tel 0100wl 86 irmmdig €630 siuieqr bonat e,
thus there was no 27 appreciable increase_in the crude product sedinent,
1.9% A FBnahier whichyjhe vacuum was broken with nitrogen gas.

10

11 The product was collected atfter filtration. The product had a TBN of 259 and

12  crude product sediment of 1.6%.

13

14  The results of Test Examples 2-6 and Comparative Examples B and C

15  depicted in Table Il iflustrate the effects of varying certain parameters and

16 reaction conditions when ethylene carbonate is used in the carbonation step.

17

18 Test Exarh_ple'Z

19 Effect of reduction of ethylene glycol on preparation
20 of overbased sulfurized alkylphenols

21

22  The procedure set forth above in Test Example 1 was followed, except the
23 amount of ethylene glycol was reduced by 50 weight percent, that is,
24  244.5 grams was added to the reaction mixture. The results in Table Il show
25  that reduction in ethylene glycol is compensated for by the production of

26 ethylene glycol from the hydrolysis of ethylene carbonate, thus there was no

~ 27 appreciable increase in the crude product sediment, 1.9%. A TBN of 255 was
28  obtained for the product.
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28 obtained for the product. 1 Test Exanple 3 2 Effect of a 10% reduction
and an increase in the addition rate of ethylene 3 carbonate on
_preparation of overbased sul furized al kyl phenates 4 5 The procedure set
““forth above in Test Exanple 1 was followed, except the 6 anount of

et hyl ene carbonate was reduced by 10%wth a concomtant 7 increase in the
rate of the addition of ethylene carbonate to the reaction 8 m xture. 220
grams of jethyl ene carbonate was addgdtpv@mpie Beri od of 1 hour 9 instead of
2 hours as in Exanple 1. The results in Tabre Il show that the rapid 10
addi ti on2of etHfidcéaba d@b tediuciion@ndaars incoedagindhe additioorrate ofiethyleseen by 11
| ow crudg product_sedinent. 0.8%.and hi gher, TBN of 265. = 12 13 Test
Exanpl e g 14 Effe%qrsB?atreeq{m@(ﬁ’a&mrh?fa%‘ﬁerﬁ@%ﬁ@%rgﬁgﬁﬁamgﬁnEbtP@par ation
15 of ovegrbased sul furized al kyl phenols 16 17 The procedure set forth

above in_Test Exanple 3 was followed, except the 18 anount of isodecyl
al cohol fas Thedpresadurerset forth abaye insbestdyxaraplechwasellawer excephie 0. 9

the. redubt i SRR Sierie GBRafs waP e R by a0% A rraiB ) "oes "ot
‘21 i ncr e@se indrease intheputeloftheswiditionof etbyleae celbonats tCap psadtione Exanpl e B

22 when the isodecyl _al cohol added in a ratio of 0.6 to the anount of
line. 2 Tﬁ@Wﬁd@Br%a@étof@ﬁ%ﬁm'pa&waie. was.aklediaver peperigkohbbboups 25

Test EX I f o [ {11 f |
car bonat & onn 530 oh2 Bk 85 i REaRpRe 1, TS HesafS Tl IR inf il iane g
29 The M0 ocedditonsdftetiiylend catimnaté apfearts tBimppive Garbenafioh bewedn byxcept

that 11 low crude product sediment, 0.8% and a higher TBN of 265.
12
13 Test Example 4
14 Effect of reduced amount of isodecyl alcohol on preparation
16 of overbased sulfurized alkylphenols
16

17 The procedure set forth above in Test Example 3 was followed, except the

18  amount of isodecyl alcohol was reduced. The ratio of isodecyl! alcohol to lime
19  was 0.9 instead of 1 as in Test Example 1. The results in Table Ii show that
20 the reduction of isodecyl alcohol to 0.9 of the amount of Ca(OH), does not

21 increase the crude product sediment as was seen in Comparative Example B
22  when the isodecyl alcohol was added in a ratio of 0.6 to the amount of lime.
23  The crude product sediment was 1.00% and the TBN was 260.

24

25 Test Example 5

26 Effect of increase in the addition rate of ethylene carbonate on
27 the preparation of overbased sulfurized alkylphenols

28 '

29 The procedure sef forth above in Test Example 3 was followed, except that
30  ethylene carbonate was added in half the time, 30 minutes instead of

31 60 minutes. The results in Table Ii show that the crude proszct sediment and
32 the TBN do not changé appreciably from that obtained in Example 3.
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30 et hyl ene carbonate was added in half the time, 30 mnutes instead of 31
60 m nutes. The results in Table Il show that the crude product sedi nent
and 32 the TBN do not change appreciably fromthat obtained in Exanple 3.
"’-33 1 2 3 Test Exanple 6 Effect of elimination of the hydrocarbyl sulfonate
on the preparation of overbased sulfurized al kyl phenols 4 5 The procedure
set forth above in Test Exanple 5 was foll owed, except that no 6
hydrocar pyl sul fonate was added toﬁégeEg(gﬁﬁégn m xture. The results in 7
Table Il show that the crude product sediment increased to 4.8% and the TBN
8 decreaded to 250. 9Eflestotslinipation of thechydseearby! suifanaéeen i ncrease in the
additiongrate of ethy. ] of overbased

sul furi z%d al kyl phenoﬂh%ﬁgﬁg}%ggﬁ}ef%gﬁﬂ)%a urstetngggéfgﬁ&ﬁ) g’vse in Test

Exanpl e 8 was foll oned, except that 14 ethylene carbonate was added in 15
m nut es. result in Table | | show 15 that the ethyl ene carbonate can
be added5ext P@rﬁé’P?e Wi st jorth abpye B\'-E%Férﬁxa"me&‘%%i@bwﬁ%ﬁéc@@u et fPe
escape of 1 car bonat e
s bl ow 21 28%&5@?3 e il Badd [ heRetio il SThe EHIERN" oo 26s.
| n addi t7 on Tabkell shbwrthat e mﬁde ipeodirat dedipnert indreassd 194185 aindtbbyTBMSt .

20 21 Cogparative %a?%be A 22 Preparation of overbased sulfurized

al kyI phefol 8e6&a5§9 9290 hy| ene gl ycol and carbon di oxi de

9 Test Example 7
10 Effect of a further increase in the addition rate of ethylene carbonate N
11 on the preparation of overbased sulfurized alkylphenols
12

13  The procedure set forth above in Test Example 3 was followed, except that
14 ethylene carbonate was added in 15 minutes. The results in Table 1l show
15 that the ethylene carbonate can be added extremely rapidly in the present
16  process. There is litlle escape of carbon dioxide as long as the addition of
17  ethylene carbonate is below 210°C. The crude product sediment was 0.8%
18 and the TBN was 263. In addiﬁon, the filtration of the crude product was

19 relatively fast.

20

21 Comparative Example A

22 Preparation of overbased sulfurized alkyiphenols using
23 ethylene glycol and carbon dioxide

24

25  Overbased sulfurized alkylphenols were prepared as in Test Example 1

26 above, except the addition of ethylene carbonate was replaced with additions
27  of carbon dioxide and ethylene glycol. The mole ratios of the components of
28  the reaction mixiure were kept the same as used in Test Example 1. The

29  results in Table Il show a crude product sediment of 1.2% and a TBN of 249.
30
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24 25 Overbased sul furized al kyl phenols were prepared as in Test Exanple 1
26 above, except the addition of ethylene carbonate was replaced with
~additions 27 of carbon dioxide and ethylene glycol. The nole ratios of the
‘conponents of 28 the reaction mixture were kept the sane as used in Test
Exanple 1. The 29 results in Table Il show a crude product sedinment of 1.2%
and a TBN of 249. 30 -34 1 Conparative Exanple B 2 Effect of isodecyl

al cohol on prepar at i on of overb@@mba‘sgﬂl\fej}gxgmme’sl?,al kyl phenol s when
carbonation is carried out using ethylene carbonate 4 5 The procedure set

forth abdve in Tdftectehisedecyt ajgehof QFIRSQE%FGUGBQ@@QNGE':}?@G culitaed of
|sodecyl al coh uté dded to
the r eac i on mBl)W mnb%wgﬁ%@gg togg?/gl’)]n Bg]gz%mbﬁl H%Wﬁ%ﬁ‘? @ﬁé@g%getgyl 8
al cohol #lays a role in the preparation of the overbased sul furized 9
e R E R T e
sedi mentg| %ﬁ&o’imt%?ﬁod\%fethércdﬁol Wa%%ﬁhlée@b%%?%,&tggf .fggec%.z;d@awﬁbson and

12 sul furization was al so | ower npar ati ve Exanpl e
C. 15 EfTectaddedémtIy&mtlgnymmﬂur@nTpeépwltﬂmdfrabie lleshavh et the isodecylzed 16

| kyl phegol s, wh b i i ed ! b 17
T8 The o8 oc aleel nBFs PR ndhe Refdtabeg Pt B aibae fahu i nad. oxcept
that 19get it r&k%@ézyd@ﬁﬁsumdyméamhﬁ@ themBdditty deeloAcAroonard

sul furization“step in preparation of the over based sul furized
al kyl phhat @@odume Reelugtien pfjisetecyl 2icalio) sty causel high erude prasluckact i on

car bonat | on e BRI Sy ShinTh pRIEREN R s f BOCH G arfttitdny 1 "

12  sulfurization. The TBN was also lower, 243.

13

14 Comparative Example C

15 Effect of ethylene glycol on preparation of overbased sulfurized

16 -alkylphenois when carbonation is carried out using ethylene carbonate
17

18  The procedure set forth above in Test Example 1 was followed, except that
19 ethylene glycol was eliminated from the dehydration and sulfurization step in
20 the preparation of the overbased sulfurized alkylphenates. The only ethylene
21  glycol available in the reaction mixture was from the hydrolysis of ethylene
22  carbonate added in thé carbonation step. The results show that ethylene

23  glycol is required for the dehydration and sulfurization step prior to the

24  carbonation step. The crude product sediment was 24% and the TBN

25 obtained was 66.4.

26

27  The experimental conditions used in Test Examples 1-7 and the Comparative
28 Examples A-C are summarized below in Table I.

29
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23 glycol is required for the dehydration and sulfurization step prior to
the 24 carbonation step. The crude product sedi nent was 24% and the TBN
.25 obtained was 66.4. 26 27 The experinmental conditions used in Test
Exanpl es 1-7 and the Conparative 28 Exanples A-C are summari zed below in
‘Table I. 29 Table | Addition ExAnmount of Reaction Conponents of EC1L Charge
Mole Ratio relative to the Al kyl phenol Time in M nutes Alkylphenollsodecyl

Et hyl ene 1Cal ci um Et hyl ene Hydrocar byl Tablel

Al cohol Gycol Hydr oxi deCar bonat eSul fonate 11.0001. 0001. 3001. 7661. 0001. 000120

21.0001. 0 501. 7661. 000 . 1. 7660. 900 L, I3,
41. 0000. 74@% 6501. 7660. 9001A'8'8)gé€8%§é6§88‘18g®§82§§% 7660. 9001. 00(¢ G%f EIC
61. 0000. 9D90. 4231. 7660 .Glenge dMbuia (Rativ. rettivedodioe edgiptvssd. 9001. 00( 1$
Al. 0001. 0B41. 3101. 766C02* 0. 8931. 000NA B1. 0000. 5001. 3001. 7661. ooc%wﬁﬁggzo
Cl1. 0000. 9p9O—1-7661-—0P01--800680
Aikylphenol Isodecyl | Ethylene { Calcium Ethylene Hydrocarbyl
Alcohol Glycol Hydroxide Carbonate Suifonate
1 1.000 1.000 | 1.300 1.766 1.000 1.000 120
2 1.000 1.000 0.650 1.766 1.000 1.000 120
3 1.000 1.000 0.650 | . 1.766 0.900 1.000 60
4 1.000 0.745 0.650 1.766 0.900 1.000 60
5 1.000 0.909 0423 | 1.766 0.900 1.000 60
6 1.000 0.909 0.423 1.766 0.900 1.000 30
7 1.000 1.000 0.650 1.766 0.900 1.000 15
A 1.000 1.034 1.310 1.766 | CO»* 0.893 1.000 NA?
B 1.000 0.500 1.300 1.766 1.000 1.000 120
C 1.000 0.909 0.0 1.766 1.000 1.000 60
3
4 Ethylene carbonate.
5 ™ Carbon dioxide replaced the carbon dioxide obtained from the hydrolysis of
6 ethylene carbonate in the Test Examples.
7 2 No ethylene carbonate added.
8
-9  The results obtainedlin the above Test Examples 1-7 and the Comparative
10 Examples A-C are given below in Table {l.
11
12 Table #l
Ex Final Product Welght Percent of Final Product TBN
Weight in grams
' Sulfur | Calcium | CO, | Sediment
1 2253 4.1 9.5 5.5 1.6 259
2 2083 3.5 9.5 5.6 1.9 255
3 2023 3.5 9.9 5.3 0.8 265
4 2040 3.7 9.6 5.1 1.0 260
5 1996 3.5 9.7 5.3 1.0 263
6 - 2041 3.5 9.1 5.0 48 | 250
7 2024 3.5 9.7 5.3 0.8 263
A 1769 3.5 9.2 5.2 1.2 249
B 2291 3.6 9.0 4.9 42 243
C 1904 2.8 2.4 0.3 24 66
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3" 4 1 Ethylene carbonate. 5 * Carbon dioxi de replaced the carbon dioxide
obtained fromthe hydrolysis of 6 ethylene carbonate in the Test Exanples.
.7 2 No ethylene carbonate added. 8 9 The results obtained in the above
‘Test Exanples 1-7 and the Conparative 10 Exanples A-C are given below in
Table 11. 11 12 Table 11 ExFinal Product Wi ght Percent of Final
Product TBN Wei ght in grans Sul furCal ci unCO2 Sedi nent 122534. 19. 55. 51. 6259
220833. 59. 55. 61. 9255 320233. 59. 95. 30, 8265 420403. 79. 65. 11. 0260
519963. 59. 75. 31. 0263 620413. 59. BadiBf4i8 225bilfitGtddes9. 75. 30. 8263
A17693. 59. 25. 21. 2249 B22913. 69.704. ' . 82.40.32466 -36 1 2

Hydrol yt8c stability studies 3

4 The Group Il metal overbased sulfurized alkylphenol products of this invention
has increased hydrolytic stability compared to the Group 1l metal overbased
sulfurized alkylphenols prepared using the conventional carbonation process

employing ethylene glycol and carbon dioxide.

W 0 N D O

The hydrolytic stability of the Group li overbased sulfurized alkyt phenol

10  compositions of the present invention was determined using a modification of
11 ASTM Test No. D 2619. The modified test, as defined above, measures the
12 hydrdlytic stability of a product by measuring its TBN loss upon exposure to
13  moisture. Greater TBN loss reflects poorer hydrolytic stability.

14

15 Hydrolytic stability data were collected in experiments where water was added
16  to the overbased sulfurized alkylphenol samples and the retention of TBN was
17 measured. The data given in Table il below and in Figure 1 show that the

18  overbased sulfurized alkylphenols prepared by the process of the present

19  invention are more hydrolytically stable than those prepared using_ the

20  conventional carbonation process as demonstrated by the percent of TBN

21  retention.

22

23  Comparative Examples D-G were prepared using the procedure of

24 Comparative Example A above. Test Examples 8-11 were prepared using the
25 procedure of Test Example 1 above. Tests were conducted with and without
26 the addition of water. The results of the tests are given in Table Ill and in

27 Figure 1.

28
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4°-The Goup Il netal overbased sul furized al kyl phenol products of this

I nvention 5 has increased hydrolytic stability conpared to the Goup I

. metal overbased 6 sul furized al kyl phenol s prepared using the conventi onal
‘carbonation process 7 enploying ethylene glycol and carbon dioxide. 8 9
The hydrolytic stability of the Goup Il overbased sul furized al kyl phenol
10 conpositions of the present invention was determ ned using a

nodi ficatlion of 11 ASTM Test No. D 2@&bie Mhe nodified test, as defined
above, npasures the 12 hydrolytic stability of a product by neasuring its
TBN | oss[upon exposure to I3 nmoisture. Geater BN 0SS reflects poorer

hydrolytic stability. 14 15 Wﬂ%gﬂb%’%luw data were collected{in
[ € 0

experimepts where water was a the over based sul furized
al kyl phepol—sanples—and-the retention gf TBN was 17| neasured. The datla
given in|Table 111 bel ow 1 dighvof bamplée (18 2
sul furized dbiampleenol s ? %‘5 %Ehe prafteg &Days ahe Jre[g%lls Rtjgﬂl
i nventioh are nore hydrolytically sfjabl e than80MOse prepare ﬁ'ﬂ t he 20

I bonatijon pr S denonstr the[ perce BN 21
fg{]\e/ﬁ[]f :)?}na’) quzg %rnlnar :xfpn @i@@\fg/awnl s n (" \Ai‘ggn@ty:n:\r n"lpusi nr[i:b?_b__g
procedurg of 2F Corrpar at i veOQthﬂbe A dbove. 615 Ex Exanp| es 8-85166uwer e
prepar ed] usi ng g he 25 pr ocqqng%)f Test Exarg)jz@gj abov £, Te%t3s43/ver e N
conduct ef—with nd—wi—thotut 26—t llc addition UI wat-er—Fhe—+esults e
tests arp give®®in Table 11 2GWE% n 27 |Fi qur 1505 28 | D Tab2.181 |
HYDROLYT] C STAR} LI TY Bxanpl egfapoent of |Vater 68373 100

9 0.5 wt.% 6.6935 97.9
10 1.0 wt.% 6.6432 97.16
11 20wt% 6.4792 84.76
3
4 The results of the hydrolytic stability studies clearly show that the Group I
5 overbased sulfurized alkylphenols prepared by the process of the present
6 invention have consistently better TBN retention than that observed for the
7 Group Il overbased sulfurized alkylphenols of Comparative Examples D-G.
8
9 Color studies
10

11 Color studies were conducted to determine the degree of color of the Group II
12 overbased sulfurized alkylphenols prepared by the process of the present
13 invention as compared to that of the Group Il overbased sulfurized

14  alkylphenols prepared hsing ethylene glycol and carbon dioxide.

15 Test Examples 12-19 were prepared using the procedure of Test Example 1.
16 Compafative Examples H-L were commercial Group |l sulfurized alkylphenols
17  prepared from C40-C45 alkylphenol using ethylene glycol and carbon dioxide.

18  Color was determined using ASTM Test No. D 6045. The results obtained
19 using a Lovibond PFX995 Tintometer are given in Table IV and Figure 2.
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TBN of Sanple Percent TBN Added to Bl endafter 60Days atRRetention DO.0 wt. %
7.4846100 EO.5 wm . 9%0.411585.66 F1.0 wt. 9%.248283.48 G2.0 wt.%b. 150582. 18

. 80.0 wt.%.8373100 90.5 wt. 9.693597.9 101.0 wt. 9%.643297.16 112.0 wt.
6. 479294.76 3 4 The results of the hydrolytic stability studies clearly
show that the G oup Il 5 overbased sul furized al kyl phenol s prepared by the
process of the present 6 invention have consistently better TBN retention

than thatl obEes ket ehowltRat tﬁe@m | lnewetr\)é@s@@cssmfmrzeaeaikﬂbmmhenol s of
Conpar ative Exanmples DG 9 10 11 12 4 Col or studies Color

st udi es %erd"’@@%@ﬁcﬂf%ﬁrﬁé hyéhernw'ﬁ%s&weth@egvg&m Test bxaowle A8, Gavap 11

over based s e present
i nventi og agééc"’uo&)'gE{ei1 4 rl{ﬂlfgrﬁhﬁ oup 4?}{3'{)“ rllgég%g%gﬁﬁqﬁepzed

al kyl phedol $qifuaped aukylmenglset}myrhwatngé FgampissdHdar bon di oxi de. 15 Test
Exanpl es_12-19 were prepared using the procedure of Test Exanple 1. 16

Conpar at 5ve Exanples HL were commercial Goup Il sulfurized al kyl phenol s
The effect of sulfur concentration on the amount of color was also determined

7 using ASTM Test No. D 6045. The experimental results given in Table IV
8  below show that under the standard experimental conditions (see Test
- 9 Example 1 above), reduction in sulfur during the sulfurization step of the
10  present process does not reduce the color of the overbased sulfurized
11 alkylphenol products prepared by the process of the present invention, Test
12  Examples 13-19.

13
14 Table IV
15
Example | Sulfur | TBN COLOR
CMR* Sample 1 | Sample 2 | Sample 3 Average
12 1.36 259 2.5 2.5 2.5 2.5
13 1.29 259 3.4 3.5 3.5 3.5
14 . 1.25 258 3.0 3.0 3.0 3.0
15 1.21 265 3.3 3.3 3.3 3.3
16 1.18 262 3.0 3.0 3.0 3.0
- 17 1.10 269 3.4 3.5 3.5 3.5
18 0.99 267 3.0 3.2 3.2 3.2
19* 0.90 | 252 — — Hazy, not
bright
H 100 250 6.5 6.9 6.8 6.7
| 100 250 5.5 5.5 5.6 55
J 100 250 3.8 3.8 ' 3.8 3.8
K 100 250. 4.6 4.6 4.7 4.6
L 100 250 4.6 4.6 4.6 4.6
16

17 * CMR is charge mole ratio of sulfur to the alkylphenol.
18  ** Color of Test Example 19 couid not be determined.
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17 prepared from C10- C15 al kyl phenol using ethyl ene glycol and carbon

di oxi de. 18 Col or was determ ned using ASTM Test No. D 6045. The results

. obtained 19 using a Lovibond PFX995 Tintoneter are given in Table IV and
"Figure 2. -38 1 - The results show that the Group 11 netal overbased

sul furized al kyl phenol 2 products prepared by the process of this

I nvention, Test Exanple 12, have 3 less color than observed for the

comer ci 4l EﬂHAﬁIBtELAEﬂEDISyerbased 4 sul furized al kyl phenols, Conparative
Exanples.HL. 5 6 The effect of sulfur concentration on the anount of
col or wad al so determined 7 usi ng ASTM Test No. D 6045. The experi nental

results givgn i ,gq/@ﬁ t ﬁ%ﬁard experi nment al
conditi ons ?seeM@?égs fééﬁn@?'le gg;%{/"!el)lﬂéltal E%?%g%H%Hﬁg ur during the
sul furi zati on salylphfenolewhith qonegrises: pr ocess does not reduce the col or of
t he overbased sul furized 11 al kyl phenol products prepared by the process of
the present invention, Test 12 Exanples 13-19. 13 14 15 16 Table IV
Exanpl eSul f ur TBﬂbr@ﬁhgﬁ renBtictamitiard Bﬁtrphﬁirﬂﬁgmmﬂfuﬁéeelaﬂqﬂ)henol wherein

121. 362592.52.5 lk 131.292593. 43. 53.5 141. g@n §003 03.0

151. 2126%3. 33. 3 93% ¥ GoUP £OREIRS GHUHCIRR ’6’@9‘1’ goreg tgrengder

180. 99267'3. 03. 281 23uble the resulting Group Il metal overbased sulfurized alkylphenol,

8 an alkanol containing about 6 to about 15 carbon atoms, a Group il
9 metal oxide, hydroxide or C4-C; alkoxide, a Co-C1q alkylene glycol and
10 with an alkylene carbonate selected from ethylene carbonate or a
11 mono-alkyl or di-alkyl substituted ethylene carbonate, said alkylene
12 carbonate having the following structure:
Ri 0 .
>:o
13 Rs ©
14 wherein Rq and R are independently hydrogen or alky! containing one to
15 three carbon atoms; and wherein the contacting is carried out for a time
16 and at a temperature sufficient to form in situ carbon dioxide and
17 alkylene glycol, or a reacting equivalent, to form a product comprising a
18 Group |l earth metal overbased sulfurized alkylphenol.

19 2. A process for preparing Group |l metal overbased sulfurized

20 alkyiphenols which comprises the steps of:

21 (a) forming a reaction mixture by combining a sulfurized alkylphenol

22 wherein the alkyl group contains a sufficient number of carbon

23 atoms to render oil-soluble the resuiting Group |} metal overbased

24 sulfurized alkylphenol, an alkanol containing about 6 to about
-40-



19** 0.90252-------- Hazy, not bright H1002506. 56. 96. 86. 7 7
11002505. 55. 55. 65. 5 J1002503. 83. 83. 83. 8 K100250. 4. 64.64.74.6

- L1002504.64.64.64.6 17 * CVR is charge nole ratio of sulfur to the

“al kyl phenol. 18 ** Col or of Test Exanple 19 could not be determ ned. |
WHAT IS CLAIMED IS: 2 3 1. A process for preparing Goup 11 netal

over based sul furized 4 alkyl phenols which conprises: 5 formng a reaction
m xture Py conbi ni ngsaHHbh ufdrﬁ§da gréup ARl oxae! ﬁydroxfaetérecabléyl group
contains_a sufficient number of carbon atons to render 7 oil-soluble the
resul ting Group || mEoxIdespadiGed s glvianealicell R9dphenol , 8 an al kanol
contai ning about 6 to about 15 carbon atons, a Goup 11 9 netal oxide,
hydroxi de or Cl1-C6 al koxi de, a C2-Cl10 al kyl ene glycol and 10 with an

al kyl ene3car bondbk sentacting Sﬁldormaétlm|r@h@r%&ﬂtbcaraalgyl@nea>amomﬁiﬁo al kyl or
di - al kyl ysubstitute I nat e havi ng
t he fo%ll%vm ng strucgﬁggty({)ﬁggl %ﬁgl% ere?l?loﬁé %@L’g@‘y‘#gé’ggﬂ‘gg tly
hydrogensor al kyl ceabstitotetbethplenbaarionat] ssid ciithene etbohatehavi elﬁ@l n the
contacting is carried out for a time 16 and at a tenperature sufficient to
formin &itu carbon ‘HIW"QJ@"HWH"Q_Y al kyl ene glycol, or a reacting

equi valent, to forma product conprising a 18 Group Il earth netal
overbased sul furized al kyl phenol .R19 2. A process for preparing Goup Il
metal overbased sul furized 20 alkK hengl s which conprises the steps of.

0

. . Ry o

8 -wherein R; and R; are independently hydrogen or alkyl containing

g one to three carbon atoms; and wherein the contacting is carried
10 out for a time and at a temperature sufficient to form in situ carbon
11 dioxide and alkylene glycol, or a reacting equivalent, to form a
12 product comprising a Group ll earth metal overbased sulfurized
13 alkyiphenol.

14 3. A process for preparing Group Il metal overbased sulfurized

15 alkylphenols which comprises the steps of:
16 (a) forming a first reaction mixture by combining an alkylphenol
17 wherein the alkyl group contains a sufficient number of carbon
18 atoms to render oit-soluble the resulting Group Ii metal overbased
19 sulfurized alkylphenol, an oil-soluble Group 1l metal overbased
20 natural or synthetic hydrocarbyl sulfonic acid, sulfonate, or mixtures
21 thereof, and an alkano! containing about 6 to about 15 carbon
22 atoms, the temperature of said first reaction mixture being at least
23 about 40°C;
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.21 (a) formng a reaction m xture by conbining a sulfurized al kyl phenol 22
wherein the al kyl group contains a sufficient nunber of carbon 23 atons to
. render oil-soluble the resulting Goup |Ii netal overbased 24 sulfurized
"al kyl phenol, an al kanol containing about 6 to about -40 1 15 carbon atons,
a Goup Il nmetal oxide, hydroxide or Cl-C6 2 al koxide, and a C2-C10

al kyl ene glycol; and 3 (b) contacting said reaction mxture with an

al kyl eneqcar bongb® chrisdtivgtsd first resdtionl raixeure withoa abeosd réadlioAGnixtufe!  or
di -al kyl 5 substituted ethyl ene carbonate,  said alxilall ene carbonate havi ng
the 6 f8l1owing st GRRRASNRg RGroupH metal oxidehydwxiderar Grsrikeyide; a

i ndependgnt |y hydr oggji : (y?ﬁdgé' lF%gt 3 rbon at ons;
and vvherg’i n the cont aclz%lﬁ%%ﬂlr};é‘é%[ﬁr-l e J owrgéﬁbgﬂtdﬁlgéﬁg%t?at a

t enper atdre suffi ci dampeeathor and forsa timecafficient td bffecoxilfigizatidn af hd ene
glycol, @r a reactin uivalent, to forma 12 product conprising a G oup
Il earth®netal overé‘é@&%’lﬂ%%?qr%ﬂ?h'ﬁgfe 'R?I"HE@'H%I. 14 3. A process for
preparing Goup Il nmetal overbased sulfurized 15 al kyl phenols which
conpriseg the steps of: 16 (a),formng. a first reactigon m xture by

combi ni né an al K§I prromtactingsajgh tyirg; rﬁag“@ Agyre ﬂFB&?‘é@rﬁ'W'ﬁ@e Slysatta ci ent
nunber of carbon 18 Ah'rE AbdareohHy! € the resulting Goup I
netal overbased 19 fgﬁﬁf%rﬁf?lhzeé %ﬁ@l p el#lol', an oil-soluble Goup 11 netal
over based 20 natural or synthetic hydrocarbyl sulfonic acid, sulfonate, or

m xturesg 21 t hg%mcopi’é@ing][éazda@ !re‘é?ﬁéﬁi'r@%lﬂﬁé Y aqglgré?%éfgﬁn]a?e car bon

22 atons, the t erature iTst reactron m Xt ur east

- 9 selected from ethylene carbonate or a mono-alkyl or di-atkyl
10 substituted ethylene carbonate, said alkylene carbonate having the
11 following structure:

f R1 O

ot

12 R ©
13 wherein Rq and R; are independently hydrogen or alkyl containing
14 one to three carbon atoms; and wherein said contacting is carried
15 out for a time and at a temperature sufficient to form in situ carbon
16 dioxide and alkylene giycol, or a reacting equivalent, to form a
17 product comprising a Group 1l earth metal overbased suifurized
18 alkylphenol.

19 4. The process of any one of claims 1-3 wherein the sulfurized alkylphenol
20 is a Group Il metal sulfurized alkylphenate.

21 5. The process of any one of claims 1 or 2 further comprising an oil-soluble
22 Group |l metal overbased naturat or synthetic hydrocarbyl sulfonic acid,
23 sulfonate, or mixtures thereof.



23 about 40C; -41 1 (b) contacting said first reaction mxture with a
second reaction mxture 2 conprising a Goup 11 netal oxide, hydroxide or
. C1-C6 al koxide; a 3 sulfurization agent and an inert hydrocarbon dil uent
‘at a 4 tenperature and for a tine sufficient to effect sulfurization of the
5 al kyl phenol to forma third-reaction mxture; 6 (c) contacting said third
reaction mxture wth C2-Cl0 al kyl ene glycol to 7 forma fourth reaction
m xt ure; 1and.8 (The protes of agy ARG claimshl -8 eduiréprthgialityidie vabbnate gl kyl ene
car bonat 9 selected fromethyl ene carbonate or a mono-al kyl or di-al kyl
10 subst £t ut ed &ddgddpdhe Fearsionaixtyg;qyesadime peried ohahavkd miviies tohe 11

fol | ow ng structyyei 1% ldindtegvherein Rl and R2 are independently hydrogen
or al kyl containing % one to three carbon atons; and wherein said
contacting is carried 15 out for a tinme and at a tenperature sufficient to

formin gity car P XL : |
equi val e%t , lJyt'o for rz(i)%' %@'Bfg@&@@@@%‘;rﬁﬂeﬁég@%@%gtbqr&%gsr%ﬁ@&%{o&% ©

over basefl sul f ureaetibn miktalekgvertzetimk. petdbf aboat P65 emiaatestb aboyt one of
clainms 1.3 wherejn the sulfurized al kyl phenol 20 is a Goup Il netal

sul furiz8d al ky%&ﬂé’ﬂ‘éﬁ%‘?- 21 5. The process of any one of clains | or 2
further conprising an oil-soluble 22 Goup 11 netal overbased natural or
synt het i nic acid,- .23 sul fonate, or m xtures thereof.

hyd byl | f
-42 16.The é*(r)ggﬂe %’Pcégﬁ/ofo)ﬁ@"ﬁﬁ wherieifs the: alkyiee sarbanate ig addechile ther bonat e
| s 2addeg to th?%é@cﬁﬂhﬁ&uu‘@Néfraetilﬂé‘?feﬁ%dtdf%oﬁ?éb%nﬂfeseig%u? mnutes to

3about 120 m nu
9 60 minutes.

10 9. The process of any one of claims 1-3 wherein the temperature is
11 maintained below about 215°C.

12 10. The process of claim 9 wherein the temperature is maintained between
13 160°C and 210°C.

14 11. The process of any one of claims 1-3 wherein the alkyl group of the
15 alkylene carbonate is a methyl group.

16 12. The process of any one of claims 1-3 wherein the alkylene carbonate is
17 ethylene carbonate.

18 13. The process of any one of claims 1-3 wherein the ratio of the alkylene
19 carbonate to the alkylphenol is 0.6 to 1.5 weight percent.

20 14. The process of claim 3 wherein the charge mole ratio of the sulfur to the
21 alkylphenol is about 1.0 to about 1.7.

22 15. The process of claim 14 wherein the charge mole ratio of the sulfur to
23 the alkylphenol is about 1.3 to about 1.5.



47. The process of claim6 wherein the al kyl ene carbonate is added to the
S5reaction m xture over a tine period of about 15 m nutes to about 690

. mnutes. 78. The process of claim7 wherein the al kyl ene carbonate is added
"to the 8reaction nmixture over a tine.period of about 30 minutes to about 60
m nutes. 109. The process of any one of clains 1-3 wherein the tenperature
I's 1lmai nt ai ned bel ow about 2150C- 1210. The process of claim9 wherein the
t enper atur e 16s ﬁherﬁracmloﬁEémeﬁmﬁé%éﬁpiﬁﬂw (@)1 8fer dohtactiniether pggss of any
one of clainms 1-3 whereln t he al k group of the 15al kyl ene carbonate is a
net hyl qJ#oup 1533ctipRdMpiyeath g zafﬁ;o%h:éemgbncel tRe tersparatire of thee

al kyl eneg car bon y o) r Q y one of
cl ai s ?3 vvher§ ﬁehﬁ ]rga;%{elab‘f?@%eﬁé‘éngl E%engg%%gggs%%t@&g%% Jb g?kyl phenol
is 0.6 t4 1.5 wdPOMT apdrabent 190034. The process of clai m 3 wher e| n the
charge nole ratio of the sulfur to the 2lal kyl phenol is about 1.0 to about
1.7. 2215. The process of claim 14 wherein the charge nole ratio of the

sul fur to 23VheThbk3rbpd¥sﬂm1dam alwhdreih. iB step &)abé CL-Cyp alldlerie gcolThe
process f claim ahwhere l@gﬁ ?B’ﬁé after contacting the third 2
reactio mxtur@d tioR is, cendusted af Froppakoy LA toghout 488 at ure of the 3
systemis ral sed, if necessary, fromthat of step (b) to between about 4 6

120C an gg 900 17. The process of claim3 wherein in step (c) the
C2-C10 o kyit&ne Pﬁf‘aq?eSSaefcﬁ'@anwe\f@ndn@t@u(cmther Corfrablitlensglgcalo about

190C. 7 418, TheaBifR%s oSha ke kbS5 & 165t ep () the C2-CLO alkylene
gl ycol ,

9 19. The process of claim 3 further comprising:

10 (e) heating the fourth reaction mixture of step {(d) under reduced
11 pressure to remove a portion of unreacted C,-C1¢ alkylene glycol
12 and carbon dioxide.

13 20. The process of claim 19 wherein step (e) is preferably conducted at from
14 about 175°C to about 210°C.

15 21. The process of claim 3 further comprising in step (a) or in step (b), orin

16 both steps (a) and (b), the presence of a sulfurization catalyst, wherein
17 the sulfurization catalyst is a hydrogen halide, an ammonium halide, a
18 metal halide or 2-mercaptobenzothiozole.

19 22. The process of claim 21 wherein the sulfurization catalyst is a metal
20 halide.

21 23. The process of claim 22 wherein the sulfurization catalyst is calcium
22 chloride.

23 24. The process of any one of claims 1-3 wherein the alkyl group of the
24 alkylphenot contains from about 25 to about 100 mole percent
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8raddition is conducted at from 125C to 165C. 9 19. The process of claim3
further conmprising: 10 (e) heating the fourth reaction m xture of step (d)
. under reduced 11 pressure to renove a portion of unreacted C2-Cl0 al kyl ene
"glycol 12 and carbon dioxide. 13 20. The process of claim 19 wherein step
(e) is preferably conducted at from 14 about 175C to about 210C. 15 21.
The process of claim3 further conprising in step (a) or in step (b), or in
16 both $teps (PredodirEntly stmm*m?mmkylﬁroapsubmaima%frloanab@mt&i y&i,
wherein _17 the sul f Il on, cat a IS a rogen hali an anmoni um
halide, 4 18 gé ag}éo'bf“ 02"?@?%2( 'é‘?\‘itc?/ %0'1‘9%299"9?% process
of clainy2l \Aherb%ﬁcﬁé@cﬁéshféne u edithiRinteho msab%u?f@tta'abo%%%a

23. The process of claim 22 e sul furization cataly s ca CI um
22 chl orftde. 23 a@amsThe process of any one of clainms 1-3 where| n the al kyl
group of the 24 alkyl phenol contains fromabout 25 to about 100 nol e

percent -44 1 predom nantly straight-chain alkyl groups containing from
about 155t 02852 éﬂbmpro&éssefdahn&tl@meraildthbraﬂnylw offthet alkgphehol0 nol e

t b hed- ch | k ing fromahout 9 .to about 18
Parbon & at oms cogiaes ippatu L Pt 1B ndl Hhrerdimretaminantyt’ oroup of
the al kyyphenol str@@ﬂ%%hﬂélkf(lrg}ﬂheg%Hﬁta%ﬁn%ﬁoﬁpﬁﬂéutl‘@td%&t%é‘ﬁrﬂbn

predom nantly 7 straight-chain al cont ai ni ng from about to
about 358carbon atmatamsfr@mcabbubﬁﬁé@@ DU ine@Bmﬂntbrmmf‘@dp@la;amlkyl

branche chain [ 0 ut 9 .to about 18 carbon
at ons. 26. T%é%%gg%tg "gﬁlé)ﬁpéé}% %?i rf(?? n@ﬁ’oup of the
al kyl phenol 11 cont ai ns f rom about 40 to about 70 nol e percent

g[)ggf m'3 8 2;%0 2Fh%t ;5r%'c ss of ¢ gfn? ZEIWWére%rtﬂg%?ky %?ctn?ﬁ 8% {91% gl&ﬁghgr?o u_t 15 to

11 contains from about 40 to about 70 mole percent predominantly

12 straight-chain alkyl groups containing from about 15 to about 35 carbon
13 atoms and from about 60 to about 30 mole percent branched-chain alkyl
14 groups containing from about 9 to about 18 carbon atoms.

15 27. The process of claim 26 wherein the alkyl group of the alkylphenol

16 contains approximately 50 mole percent predominantly straight-chain
17 alkyl groups containing from about 15 to about 35 carbon atoms and
18 approximately 50 mole percent branched-chain alky! groups containing
19 from about 9 to about 18 carbon atoms.

20  28. The process of any one of claims 1-3 wherein the alkyl group of the
21 atkylphenol is attached predominantly at the para position of the phenol
22 ring.

23 29. The process of claim 28 wherein the alkylphenol containing the para
24 attachment of the alkyl group is from about 70 to about 95 weight
25 percent of the total alkylphenol.



18 atons and from about 60 to about 30 nol e percent branched-chain al kyl
14- groups containing fromabout 9 to about 18 carbon atons. 15 27. The

~ process of claim26 wherein the al kyl group of the al kyl phenol 16 contains
"approximately 50 nole percent predominantly straight-chain 17 al kyl groups
containing fromabout 15 to about 35 carbon atons and 18 approxi mately 50
nol e percent branched-chain al kyl groups containing 19 from about 9 to
about 18t car3don Tdtleqnmce%)oﬂﬂamﬂ' 2o vmmeMeca‘lkﬁNyermieonfalmhgltm pars8 wherein

“the al ky group K henol attach dom pantly at the para
poSi ti on of the a%ﬁ@ﬁ %95&%%& g!@”@‘ﬁfsr §g§g UEPQl"Yﬁ‘ wherein the
al kyl phegol cont@akdd RSt YRSt Doyt ﬂeﬁétachment of the alkyl group is from
about 70 to aboE)t@rQS vvellgft ZSa?I[()yeécent of the total al kylphenol. 1 30. The
process of claim29 wherein the al kyl phenol containing the para 2

attachnent ofr. t Nairkkbodlbriy biio bf BAIARALS wharéin 1D AangPodiibliatuper cent

of the total alk eno € process Of any one o

wherein $he al kz&rtolahmrhﬂﬁimbtabatﬂns and ¢haa B0 Blkyterebglpcaltis ethydene t he

C2- C10 kyl ene ﬂﬁ%F is ethylene 6 glycol. 32. The process of claim 31l
wherein Phe al k& I s isodecyl alcohol. 8 33. The process of any one of
clains 3 or 5 wherein the hydrocarbyl group 9 of the oil-soluble Goup II

nmet al rb ed atural or ti.c 10 drocarb ul foni cid,

T fonat € P33 Tha tagessar G4 37 wiarom Rbrac! ¥ ispdery 1% 34, The
process of claim33 wherein the aI kyl group of the al kyI aromatic 13 group
contains_from about 6 carbon atons_to about 60 carbon atons. 14 35. The

process ®f &Pai hhePraResLPANheNPkIRIgS 88 wheran ﬁ?%m’d@ﬁ@m goupis group
cont ai-nsgfrom alapgte éﬁs&lﬁb@@ m‘.n%tg, &@Hésé@{nﬁ Iqﬁﬁ%' 16 36. The

process of claim erelrn t gr oup aromat I C
10 hydrocarbyl sulfonic amd sulfonate or mixtures thereof is an alkyl
11 aromatic group.

12 34. The process of claim 33 wherein the alkyl group of the alkyl aromatic

13 group contains from about 6 carbon atoms to about 60 carbon atoms.

14 35. The process of claim 34 wherein the alkyl group of the alkyl aromatic
15 group contains from about 10 carbon atoms to about 40 carbon atoms.

" 16 36. The process of claim 35 wherein the alkyl group of the alkyl aromatic
17 - group contains from about 20 carbon atoms to about 28 carbon atoms.

18 37. The process of any one of claims 1-3 wherein the Group Il metal oxide,

19 hydroxide or C4-Cg alkoxide is selected from the group consisting of
20 calcium, barium, and magnesium oxide, hydroxide or C4-Cg alkoxide and
21 mixtures thereof.

22 38. The process of claim 37 wherein the Group Il metal oxide, hydroxide or
23 C4-Cs alkoxide is calcium hydroxide.
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17 group contains from about 20 carbon atons to about 28 carbon atons. 18

- 37. The process of any one of clains 1-3 wherein the Goup Il netal oxide,

- 19 hydroxide or Cl-C6 al koxide is selected fromthe group consisting of 20
‘cal cium barium and nagnesi um oxi de, hydroxide or Cl-C6 al koxide and 21
m xtures thereof. 22 38. The process of claim37 wherein the Goup Il netal
oxi de, hydroxide or 23 Cl-C6 al koxide is cal ciumhydroxide. -46- 1 39. The
process df @%i Mi/priceseonclaime 3G whareln theeGriupdk mital dyjdis, dyiddexide or2 Cl- C6
al koxide_is Dol opite ¢o I.sin 2 - . roduct nade by the
process &f any dneCef nﬂerfﬁ @q@%ﬁé%”%mgoﬁﬁﬁg@w%e process of
claim19. 5 42. A product nade by the process of claim?2l. 6 43. A
detergent di spersant additjve conprising Goup Il netal overbased 7

sul furi zéd aﬂqulfbl?%%m@&iwf&@oﬁfpp%s%feﬁ*mgowafﬁ‘@tf% ifz¢d by the foll owing
properties: 9 (a) a color of 3.5 or |lower, as nmeasured using ASTM Test No.
D 6045; 10 and 11 (b) an increased hydrolytic stability as neasured by a
nodi fi ed4ASTM. ¥ pradiict idedgnthepiecesso HainTdR of the Group 11 netal
overbased 13 sulfurized al kyl phenols decreases | ess than 10 percent after
14 dilution of the material in finished marine oil to a TBN of 10 and the
15 addi t Pon 42 A prgsisict Badeat e pipeess okslaigr ddys at 80C. 16 44. The
detergent -di spersant additive of claim43 wherein the TBN of the 17 G oup
11 netal overbased sul furized al kyl phenol s decreases | ess than 18 8 percent
after diButidh df detesgenitdispersaniadditivesernoprising fgrouplll metal overbageds 19 and

the addi tion of 2.0 .percent water and after, 6 days ak 80 45. A process
for the n"si tu SHPrEed §ROlenRbR, Rl ey bend Bartekmingthe T o\ Bl “and
carbon dgoxi de tfglléwihgdedperfiesi Xt ure, wherein said reaction 22 mxture :
requires the presence of said al kyl ene glycol and said carbon

9 (a) a colorof 3.5 or lower, as measured using ASTM Test No. D 6045;
10 and
11 {b) an increased hydrolytic stability as measured by a modified ASTM
12 Test No. 2619 wherein the TBN of the Group Il metal overbased
13 sulfurized alkylphenols decreases less than 10 percent after
14 dilution of the material in finished marine oil to a TBN of 10 and the
15 addition of 2.0 percent water and after 6 days at 80°C.

16 44. The detergent-dispersant additive of claim 43 wherein the TBN of the

17 Group il metal overbased sulfurized alkylphenols decreases less than
18 8 percent after dilution of the material in finished marine oil to a TBN of 8
19 and the addition of 2.0 percent water and after 6 days at 80°C.

20 45. A process for the in situ delivery of equimolar quantities of alkylene

21 glycol and carbon dioxide to a reaction mixture, wherein said reaction
22 mixture requires the presence of said alkylene glycol and said carbon
23 dioxide as reactants, said process comprising delivering to said reaction
24 mixture:
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23 di oxide as reactants, said process conprising deliver ing to said
reaction 24 mxture: -47 | an al kyl ene carbonate sel ected from et hyl ene

. carbonate or a nono-al kyl 2 or di-alkyl substituted ethylene carbonate
‘having the following structure: RL\_O O3 RZ .4 wherein RL and R2 are

I ndependent|y hydrogen or al kyl containing one to 5 three carbon atons; in
the presence of water; and under reaction 6 conditions sufficient to
hydrolyzq the aléwhmmn@a;rah%}aéts steréceéd%uw@hyléngIcmszinaa@@rgembﬁ@amwxl de.
8 46. The process of "claim45 wherein the hydrolysis of the alkylene 9
carbonat & to al kardiratkyisybsiituigdetbdene @amqs;at@éavrggéae foliyving strueturey
tenperatures in the range of about 150C to about 215C. 11 47. The process
of claim45 wherein the al kyl group of the said al kylene 12 carbonate-is a
met hyl group. 13 48. The process Bt~c! ai_g 45 wherein the said al kyl ene

_ carbonate is ethylene 14 carbonate.

0
3 Ry ©
-4 wherein R¢ and Rz are independently hydrogen or alkyl containing one to
b three 'carbon atoms; in the presence of water; and under reaction
6 conditions sufficient to hydrolyze the alkylene carbonate to alkylene
T glycol and carbon dioxide.

46. The process of claim 45 wherein the hydrolysis of the alkylene
carbonate to alkylene glycol and carbon dioxide is carried out at
10 temperatures in the range of about 150°C to about 215°C.

11 47. The process of claim 45 wherein the alkyl group of the said alkylene

12 carbonate-is a methyl group.

13 48. The process of claim 45 wherein the said alkylene carbonate is ethylene

14 carbonate.
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