26 March 2007 1 PROCESS FOR MAKI NG GROUP || METAL 2 OVERBASED SULFURI ZED
- ALKYLPHENOLS 3 FI ELD OF THE | NVENTION 4 Thi s invention '%ﬂd d&lcztoggl to a

novel process for making Group Il metal 5 overbased sul furize
~al kyl phenol s, which process uses ethyl ene carbonate as 6 both a source of
carbon di oxi de and et hyl ene glycol. In particular, under the 7 reaction

condi tions using ethyl ene carbonate, carbonation tine is reduced to 8 one

quarteryor less than ti e Goup Il netal 9
over basl,\d sul furized aIFfF bhﬁe{;%r: S%@%%Oﬁ hlelth%@gnt i nvention is
~also 1P directed to :DVERBJ!@ID SUISFERIZED AldIVELPHENOLSOSI tion conprising
"Goup Il 11 netal overbased sul furized al kyl phenols, wherein the Goup Il
metal 12 overbased sul furized al kyl phenols have a color of 3.5 or |ower, as
measuregl 13 using ASTM Test NeLDDOSOASE INWENTIONased hydrol ytic stability
as neasured 14 by a nodified ASTM Test No. 2619, wherein the TBN of the

Goup Il nmetal 15 overbased sul furized al kyl phenol s decreases | ess than 10
- percenty a‘]’ﬁlsjiﬁvéﬁﬁf@fs&mébté@ﬁﬁahbﬁéi &oé@é§ﬁiﬁﬁnal€ﬁg@mhb¢l mégition of 2.0 -
percent water and after days at C. present 1nvention is al so

direct &u tovarb@sadesyb‘uumdwgikwh@nﬁlﬁl wh&wpbemuge%etfmlm carberatetas ed

of ot nBOBt S SRt b gl ot i Gl gt [Ras nBlC Lo

reacti gns. reAktiBAGRAEING ushgléthyldNdiddTbéhate 2carbenatien ditriedis reducideteel  and
spark ignition internal conbustlon engines Is 23 typically acconpani ed by
t he fordhmt PoRayarter galgss than Hoertadabt mébe PE0E att4oqaals Greumhimetabdher e to

t he noy ng n order
to pr even OiBRaEd SEM R AIBEE SR eor R IS presenf yEflER R s0 T 01 °5r
chem cid adickdted ¢s ah@tergme—mswevﬁmladdutﬁerconwm edmprising Groug Tl
lubricating oils. These additives are referred to as detergents

and 29 di okl oyerkased %tﬂfémgamawmmaaévfmem. the Groupdbmetdlposi t for ni ng
mat er i@l S odorB s Gl d alkylphenols have a color of 3.5 or lower, as measured

13  using ASTM Test No. D 6045, and increased hydrotytic stability as measured
14 by a modified ASTM Test No. 2619, wherein the TBN of the Group 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 combustioniengines 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

-




o nunber _of ujval ents of 20 the alkaline earth netal noiety

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

operation. 2 Detergents have the ability to renove preexﬁg&hﬁ%_ gosits
fromthe engine 3 during engine operation and to neutralize acids in
~railroad, marine and 4 autonotive engines. 5 Anong the many additives
whi ch have been devel oped for this purpose, 6 Goup Il nmetal overbased
- sul furi zed al kyl phenol conpositions have been 7 found to be highly

ef fective detergent/di spersants for use in lubricating oils. 8 _
Furt her nbr esuspssieddndbe pil e asrte refasd deposit ormitionaturiwycermine opémtion.
have the ability

i nhibitoys i Lof their alkalinity reserye,.

to neut ?Zal i [zjgtegglg%s?}/ a‘%o‘"%é%ﬂ@%f‘% '@E"%‘f?dpwlpgcﬂ?pﬁﬁﬁﬂﬁP%meﬁﬂﬂ'ﬂ%ci dic

- product 3 f odumirstpehgipessi@iratton ddd RPSS@IAIRR. adids in 1B, Ynadhearper ated on

hi gh sul fur containing_fuels, and tend 12 to accunulate 1n the |ubricating

oi I . Thé suRYtgmativeransinesc onposi ti ons has 13 antioxidant activity. 14 The

ability of Goup Il netal overbased sul furized al kyl phenol conpositions to

15 neutralize such acidic (i)'roducts can be directly neasured by determ ning
i

the 169 otAMopgdhe mameadditime whith hiayvedwepodsveleped fdr diis puliidide, r ef | ect a
reater g 17 ' { Ltions to neutralize acids generated
| guri ng gngi%@%?gh%%%‘r%qr%%&%@@iggﬁ:aﬁ@%edﬁgamﬁoé‘ﬁj'ﬁ?gﬁ3"33’3 b&QEgri be those

sul f uri Zed felkdlto be higly effottiveditalgentiaidpensaIns ¢6r e mwﬁbéﬁhg diltéai 0 Ol;rbt he
(0] e nunper

of -equi ¥al - cpmorpthgse Additivas ata excellest gxidatien and gorrosien ishitiitors usual |y

greatergth 1 - B L..greater..In cantrast, the
equi val gnt aé{rﬁgf Pg o¥ aﬁﬁ%ﬁfeper?é@'gh %%%%I@?%l%?lﬁf%nﬁﬂéﬂﬁe% Bty in
"neut rd0" abkdlustion emdtdxidationl prediéter IStk #didi!RO@IAS fordfdiing-endiflds. t he
"overbased" material t ;i)i ally contains greater than 20%in excess of
the al Eil i QREEAHOY, Pﬁétf@iﬂ afﬁfr\@%@hw@rﬁt%@n h ediflrraontgningduelsaand tersl

materi ap. | b edr I r t.al sul furized 27
2l kyl pranol® RegMIe FEBRIDRARBRRC TSl B! ddintBofons"at  er “han

~does P3 t hotioxddarbpaivityng "neutral " al kaline earth netal sulfurized
al kyl phenol -2 26 March 2007 1 The preparation of Goup Il netal overbased

~sul furized al kyl phenate
: 14 The ability of Group !l 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. Higheru 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  as4.5or greater. In contrast, the equivalent ratio of alkaliné 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 éulfun'zed
27  alkylphenol has a greater capability for neutralizing acidic matter than does.
28 the corresponding "neutral” alkaline earth metal sulfurized alkylphenol.




2 conpositions is well known in the art. A number of patents have discussed

3 processes in which overbasing is acconplished by the d'B%ﬁ&cﬂQngion of 4
—ethyl ene glycol and carbon di oxide. 5 For exanple, U S. Pat , 178, 368
di scl oses the basic process for naking 6 netal overbased al kyl phenat es
usi ng an al kyl phenol, a sulfonate, a high 7 nol ecul ar wei ght al cohol,

| ubricating oil, sulfur, hydrated line (or calcium8 oxide), ethylene

gl ycol and carbon dioxi de. The metal overbased sul furized 9 al kyl phenat es
prepar ed by Th@ipseparatien of Gsoup §raciaboverbaned solfurizes alkgpbenalgr ed to t he

or apar a4 orc e PP BRPTs sl Knetin i e e AniRe SR EhE AR T apBed, 1 ng

with al gyl p;bmnessewnemch ovbebasingyis aconiplishdd by the mré&w(mmn 6t rai ght and
branche 14 U. S, Pat. No. 3,801,507 discloses

n, al k
sulfurlg1 V'&F‘ed!’&ﬂ? HW%“QI%@%ave a 15 ratio of sulfur to calcium
between 1 and 2 which prOV|des for better 16 di spersancy and i nproved
anti oxi dant__acti vi ty Pat . No. 4,251,379 discloses a process for

i ncr eas '|5ng Foreexpanples Un?etf?;ﬁt Nog3 & 3ifsdiscloaes the basic precasstfonmaking o more

than 25@ C of, a_sulfurization

cat al yst I n tté{ gvglg)%%?glgg(ryaé?%n%[tl%$a#8§§% l@@ﬁﬁ%@@da gﬂﬁ?ﬁ?t}ezaitgﬂ kyl phenat es
to obta#n. moledular we:g’hlt diimhoﬁ,gluhnotamwyom rsuﬁ@r ﬁ?dtal@dlhm%f‘(@r'éﬁl&tﬂﬁ eater than
300. 22_U. S. a henol s haV|ng a

t 5,320, 762 dj scl t f
23 subs?anthéfr ) e@'\%&egg{ycq ﬁaidrpaahszﬁ ﬂ?(gffﬂsfsﬂg%giﬂ%a'g?‘{eéwﬁpﬁd furizedphenol

ring inga I rized
cal kyl phenataaéssdl\S!?fgﬂih@S ggé%at(%&s)ggttﬁlsg)\?v&%%c@ regt’eer tﬁgﬁlﬁﬂéf\@eﬁ&:’) 26 March
2007 10U. sonipsred Mothe ﬁeﬂtital a8plearthtés. 716, 914 di scI ose the preparation and

use of 2 netal overbased sul furized al kyl phenates nodified by
inCorporation of a 3 nono-carboxylic acid or a di- or polycarboxylic acid

in | ubticatl. /8 Ritl No. 2/350,8b7ddisclosssthd prephmtivheofMbwFoaRii nﬂa@él' de catal yst
to increase the TBN in the metal 5 overbased sul furized a Y Phenate
pr oduc overbased alkylphenates by starting with alkylphenols wherein the alkyl group

13 is a 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 alkyiphenates 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 dlscioses the use of alkylphenols having a
23  substantially straight chain alkyl substituent attached to the phenol ring in a
24 mnddle position to obtain metal overbased sulfunzed alky!phenates which

- 25 possess low v:scoslty at hlgh TBNs




6 European Patent No. 259974 discloses a process for the preparation of 7

Goup Il overbased sul furized al kyl phenols characterized a50Q§96§81 Ng a 8
- TBN of 300 or greater and having viscosities |less than 1000 cSt at 100C. In

9 particular. This patent teaches that the hydrolytic stability of the

overbased 10 sulfurized al kyl phenols is inproved by the use of a
sul furization catalyst, such 11 as 2-nercaptobenzot hi ozol e and derivatives

t her eof . 12U|§”F9 eﬁn Patent No. 989178 di scl oses a process for the

‘prepar ath onYo¥ aﬁ 8. %@iﬂﬁé@@%‘é-iéﬁi%é disglose thetpreppration anduse pbie havi ng
hi gh ' jo b 1t . ¢Pat. No.

e e e B L Rt L AT

t he ovebaghngosagmylic tibie qragdaoapblycarfoxyiit atiddn @ilristidlg olig. Kd uri zed
I's believed that the 18

fya of ya1 5 Dratieed 5 bR tetipp il bl setabid 0 ekeasp e HoN iaihsanetaang
met hyl 519 GlefloRld sulfiriZ¥d A8kdnbnatd pRidUct, Metal overbased sul furized

al kyl phenol conpositions are” 21 prepared by treating al kyl phenol in a
suitable diluent (e.g., a lubricating oil) 22 with an anount of an

| kal i ] | ' | | : f that
necossary. Lo e B T e AR focd K the Profermfn TS0 Cing
e el oclatg syl | s
sul furi IS : w G, I OXI Vi u
156 ot AP0S40 of resipy e Badina Mappaen oS AR 00D AL19036. i oh 2007
L Such @& ogariduldfetRis PARPRRRAeS thdtthé FRBNIBABBREAL NG Reliilel! fOr 2

preparing additive conﬁom tions which ar 0 prepare a fully
3 f or ni at sulfyrized alkylpheroelp isimproved by thélise bba sutfarizaticmcatalyst, sath

conbusjk j on engine. . Typi cal | t he, addj.ti ve conposition is prepared as a
conceni at gégﬁ%%}%%t%b%%@ “%‘%%&5@ qetf'vﬂ{’\f)%?ﬁler ere it is used to prepare
fully forrmulated |ubricant . 6 conpositions by conbining requisite anounts
of several _additive 7 nmpQsiiions,, including a Goup Il netal overbased
oul  ur 12 ecEbr A Eaisnt RE" 834 HsEiRriones agracessder dibreparaton of an

13 overbased alkaline earth metal phenate sulfide having a high base number

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 [l metal overbased sulfurized alkylphenol compositiohs are
21  prepared by treating alkylphenol in a suitable diluent (e.g., a lubricating oif)
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.




9 I'n order to reduce shipping costs, the Goup Il nmetal overbased

sulfurized 10 al kyl phenol is pref erabl y prepared to contg f,a% dobtt!e
di luent as possible. 11 Addi ti onal | y, in order to achieve the maxi mum

“anmount of acid neutralization 12 possible, the Goup Il netal overbased
sul furized al kyl phenol is preferably 13 prepared to contain as high a TBN
as possible. 14 Thus, while Goup Il netal overbased sulfurized

al kyl phenol s produced in the 15 prior art are reported to possess TBNs of

up to abbutSush Gspupdimeetal averbased sulfurizeg dlsyipkendlarresefol far et al

b T f th
Cheny 558 MBS YRR LS Bkt bk Sade PR AT S5 12", o
t he comiosiformuoigted kdsisanst corssgitdn suivatie asidse iheRdhienal copftsudtion 19

‘typically i ncreasg‘ with an increase in_the TBN. In view of the above, it
is 20 géner@igifeqdypically.dhe addifive campasifiontsRresared as@ evnrantrale ead

pr opar a onoaretvaRedEaBor PERY 0% R BB RIY bml RecdfepRAE ™ 0!
or e?ct i 0B (r)]fchpmlt‘atn;d Ixtx{] cmmbryld'rg)veqmm)lteaa‘rdomdits of l%évabkad:lqghe@ol t?e: or _In_nh .

cal ciu enat e en co a i
reactio IOt ﬁﬂ'ﬁ%‘? %Q aé{&#&ﬂfﬁﬁé@ gbﬁéd S\Mﬁyﬂz?iéﬁ(&@e@@her ation of
wat er. ghe &ﬁ,l-,ﬁd%rpf{@gqja%e%(gw y reacts with sulfur in a 27 reaction

that cross-1inks the alkyl phenol aromatic rings. At this point, the 28
reaction is ready for carbonation. 29 -5 26 March 2007 | The conventlonal

car bonagi o, %&&%%gaégs@@ipg%@tﬂﬁ?er@@gu%%t&l S\ﬁbaﬁ% xs.ﬁ@um; the

preparati on of overbas rized eno ange in the
present Opr atiedphénol umefmfablgqnemﬂedctb dontaie as little dill,@n@asqbdseibﬂeﬂ ene glycol

car bonilgI oce s Wt Ier and faster eth ne 5 carbonate
proces bfa'Ft% g lo aghigvethgdmaxigwm @6‘06#'%@ ﬂﬂ%'lt"éﬁz‘ﬁ'%ant ities

of carkon ‘i!io%ibf’ee R &Y p gﬁ‘étﬁ aYﬁ/rsakea Qg@gg% Sﬂl@‘#q@égs prefefapipt | M zation

of processing properties over
13 prepared fo contain as high a TBN as possible.

14 Thus, while Group It 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 Il metal overbased

21 sulfurized alkylphenols.

22 The chemistry in the conventional preparatiori of overbased sulfurized

23 alkylphenols begins with the reaction of lime (calcium hydioxide) and the
24 alkylphenol to form calcium phenate with the aid of ethylene glycdl asa

25 promoter. This reaction typically begins at approximately 135°C, with the
26 generation of water. The calcium phenate quickly reacts with sulfur in_e

27 - reaction that cros.s-links'the alkylphenol aromatic rings. At thie point, the’
28 reacti_on -is ready for carbonation. ' o

29 '




- result

9 al kyl phenols is highly enmpirical, owing to the high degree of overbasing
whi ch 10 causes the overbased sul furized phenol conposi bgosch gode | 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 phenols. This is because 14 gaseous carbon di oxi de nust be added
carefuIL{ and slowy at the right 15 tenperature. For exanple, if carbon
di oxi-de s tharcgaventional saibenation praness ases carhuin dingdgandcethylenapl y escape

G nout 1@ ondbEE TP ind SrepafuBiiiRRafited sufBited aldinbBral T Y 18 ¢ eact or
‘resul ti @y ichdngghindhe geessdiprsdiss iStdaphidemdént.of tild Sarb®nan i ssue of 19

m xi ng and r_eactiog rate, because the gaseous carbon di oxi de nust be added
20 to t e rdiq¥idsiethylepe ghcobearbanalien pisess witha sipnlerandtaster ethylepet her 21

conplicaii ' ' r Ma)d] | S.. | ' rsed in -
Che 25 et DotalBess. EASIE CRBoRE e & 1 3BURES BB A0
~ suffici ént Qmardiies af carbonadiatide andethylene glyeobthraagh hydrohgisct i on.
I nadequz}t e agitation can 24 result in "local over-carbonation” which can

I'n poor product performance 25 such as hydrolytic stability. 26 27

Over basgd Supfirizafigh of phideREmAHropaHBEGH AigAly et R fihrbegCess and s

28 hi ghly dependent on reacti I'tions he reactions 1nvol ved are
subt | e 929 alkdphmenolp & highlylgmpirical; swirapito thehighdegree, of givedsdsing ahicha
critic role in,this .30 process and-the overpase ul furized al kyl phenol
_underggé_s FAigse F%%OW'Pﬁse‘giu@UE?thﬂwve‘awaeﬁ aps$ g}]t%%*eqs#‘gaplg bon

i nt er medli ateRBordifglg omiyRs ﬁlh;sc%%ﬂﬁle t dEifadRRrOTCALBKLEAT of AIRARAKE N the

carbonati on procesS of t _present 27 nvention is advantageous because it
el i mi nd2es aldphgnabpbythe prionarkpragesads theaddst tirne consunairigoprodessingle,

Thi o1 1S pe oo lR ekadfisehiar Phbwee s Aiclobinae T § BRpREne 5l yco
and cafdon geseuiisleaonufisxidd niust beVdded dpsully ani %ldvhgg@ fPAght 6 di oxide
produced to be conpletely dispersed i-n. the reaction dium
15 temperature. For example, if carbon dioxide is charged too rapidly, 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 “local 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 subtie
29 and not perfectly understood. For example, glycol plays a critical role in this
30 | process and the overbased sulfurized alkylphenol undergoes oxidation with

31' subsequent condensation of the reaction intermediates.

-6-




7 1t is believed that the present rapid carbonation process for overbasing
8 sul furized al kyl phenols using ethylene carbonate insteagspf..&f sygene
glycol 9 and carbon di oxide can al so be used for the preparation of h|ghly
“overbased 10 alkyl aromatic salicylic acid, sulfurized.alkyl aromatic
‘salicylic acid, and alkyl 11 aromatic sulfonic acid and m xtures thereof

with advantages simlar to those 12 observed for the preparation of
ositions. 14 SUMWARY OF THE

b f d,alkyl ph 1
e o 1ERG e R BUEnG GoBRDRlsHn taS GRRSYIAORuIERS of PR or
prepari g Gaosatidd is ddfvamel ou%‘ﬁ%&:@%@ﬂ eTli’Hlﬁé'lregztﬁéi g?tgﬂg%{r%ﬁgﬁlﬁ% e present

invention is also 17 directed to a detergent-disp
conposi 3 onadditign bk cahoadioride. adet@ataly dispevsing its add sotrbotly zlwl‘gmg the

al kyl phgnol r t al sed sul furiz

al kzl Bhgnolgthw\gﬂg @y&él g’ﬁls%%?%gu%q Pya @Sﬂfe@ﬂ caghpngfe E’STM Test No.
D 6045. 5Theethiie I I 0 have

i ncreased ﬁag? oln?ltg! %cog?gglﬁamfgigﬁigga(?gp?m Q%&%h%&ﬂ nge,&éﬁ%rﬁest No.
2619, wRer eﬁ/ ipxige praggesk totheecampletely dispersed mziheaeemﬁmmsedmm furized

al kyl phenol s decreases | ess than 10 percent, and 24 preferably |ess than 8
percent, after the addition of 2.0 percent water and after 25 6 days at

80C. Thé pﬂb@é?ﬂ'ie}«/ﬂﬂ}@mtltb@pr@ﬂﬁﬁpldcamwonmrm@afoeweMSm 26 et hyl ene

car bonage t ene c rbonate a r

del i ver?ng%irfaé%ﬁja%g@?]gﬁhbg L%§f1 "35036 ’é‘t‘tﬁJP%tﬁ@Q@ff e%gy rbon

di oxi de9forand&&ru@¢dmndee@a‘ﬁ a:sbSbel e Bt ré?%?&idépaﬁm?h@ g 2007 1
vi d ess to

In partlcul in a first aspect, there is r prepari ng

G oup %@wm@%@'@iwb@ aeid\ sulfurized aky{ﬂrtpﬂnatlo lsallcg.thmamds iand: a!@[ 4
f f d | Kyl ph wh '
the " Egéfk%‘f&é%*éﬁ%“@ﬁ%écfﬁ‘% iR ek teathaF B SR GriBoss £ encior

oi | - sotabl ebsén@beformmpa@ts@nw@vé&bama%}ulfgnzé@awﬂ SeHduri zed
al kyl p an al kanol 7 cont ai ni ng about to about 15 carbon atons, a

renol
- Goup 1§ nﬁ?&!pogwpaﬁ

14 SUMMARY OF THE INVENTION

15  The present invention is directed toward a process for preparing Group i
16 metal overbased sulfurized alkylphenols. The present invention is also
17 directedto a detergent-dispersant additive composition compfising Group [i
18 metal overbased sulfurized alkylphenols, wherein the Group Il metal
19 overbased sulfurized alkylphenols have a color of 3.5 or lower, as measured
20 by ASTM Test No. D 6045. The Group Ii 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 |l 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 pnobess using
26  ethylene carbonate or alkyl-substituted ethylene carbonate and water for
27 . dellvenng in situ equimolar quantities of ethylene glycol and carbon dioxide for

28 - useas reactants in chemical reactlons




8 hydroxi'de or Cl-C6 al koxide, a C2-Cl10 al kyl ene glycol and with an

al kylene 9 carbonate selected from ethyl ene carbonate ohgarfyanee@l kyl or
di -al kyl 10 substituted ethyl ene carbonate, said al kyl ene carbonate having

the followwng 11 structure: O O -012 R2 13 wherein R and R2 are

- independently hydrogen or al kyl containing one to 14 three carbon atons;
and wherein the contacting is carried out for a tine and 15 at a
tenperature sufficient to formin situ carbon di oxi de and al kyl ene gl ycol,
16 or r o ' 0 C IS Il earth
met al a1176@ edr 'aslgggms% #Sgrglggee% g{e%fgpﬁg%@g%lémﬁgﬁ){%?’g#%@ %'%ggr bonat e
st ruct @& e lhbhwial overtefsed slulfyrizattalbyipRencladoprising: 19 hydr ogen and t he ot her
i s hydr,ogen or nethyl. In other words, the al kylene 20 carbonate is

pref er é}oly et hyl ene carbonate or propyl ene carbonate. More 21 preferably,
R and 42 ghfidePs Redot@naaiiiretdidorhBinidd 8 sl & SikgPhBABALRe e thé?.

et hyl ene carbonate. 23 The sul furized al kyl phenol in"the reaction mxture
of t he 9pr cdlsyltgreup coptaimmg sufficiand nuephercd cahormaton® tuendlér oibsalublul f uri zed

| kyl - 2 1.Th £ i xt f ot t
o orend maBirasiinad QYBHEN B8R ovirmEEa S Hrel alyiinens A akSeder baced
nat ur aly orcditdihimgt aout oI cibeNbfoms, ACIrdup Athé@Nakige, Or N xtures

thereof. 4 The alkyl ene carbonate nay be added to the reaction m xture over

a ti me8perhysioxde o Catfenidlkaxifle naCesCrdlkiene glyzo! anduitban akyeseabl y t he
| kyl ' ] i xt : [ i od.
of “Abods TErDSHAb Seletsly BARPaniRRETE GRS Mobbriky Bt eialal | Thes

al kyl ¢0e cabbtintécdethyladdedbbrateheaid dllodehé eArivntie haviayehe followify per i od of
about 30 m nutes to about 60 mnutes. 9 The process is typically conducted

at abdlt BHyeluwe:
e
Ry

13 wherein R+ and R; are independently hydroegen or alkyl containing one fo

12

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 ora reacting equivalent, to form a product comprising a Group Il earth metal
17 overbased sulfurized alkylphenol. .

18  Inthe 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 propyiehe 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 nriay

24 be replaced with a Group Il metal sulfurized alkylphenate.




10 about 215C, preferably conducted at from about 160C to about 200C, and

11 nore preferably conducted at from about 170C to about 330G .d3pFhe al kyl
group of the nono-al kyl or di-al kyl substituted ethyl ene carbonate '
“useful for carrying out the process is preferably a 14 nono-substituted

met hyl group, i.e., the al kylene carbonate is propylene 15 carbonate. Most
preferably, the al kylene carbonate is ethylene carbonate. 16 The al kyl
group of the al kyl phenol and the al kyl phenate enployed in the 17 process

nmay conyai ffLC r . render the.Goup Il 18
net al overngeegéés?ﬁ{”?mqgéé&w;ﬁgﬁr%%e@g%Fgc%gﬁﬁ%@% C?'Hg%e gaRlral, al kyl
groups -8f adutulile Groap Honetat overbasedmateralroe sgnthbtic hetvochmyr eufdgic 20 t he

G oup |L net ased sul furjzed al kyl phenol oil-soluble. 21

al over
Furt her rea,lc“i”r?”ﬁg'ﬂ?gfgwl UresdReeEnt , "the al kyl group of the al kyl phenol

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

the 23 phenol  ri n%. Preferably, the alkyl phenol

cont ai n‘llnge@ﬁ@ikyh‘ r?é'FanéEec'&éhé%ﬁgd%ﬁ torthe regclign mitwepvesa fimemedbdot 75 to

about 95 wehght t | kyl phenat e.
5 ght5 AinuRey 6 Bbudf20t fifiufel! ﬂ%ﬁtﬁ?’e h%{@?ﬁneﬁ%%cﬁn%?e% yo p

More preferably, the 26 al kyl phenol "an phenat e ctont ai ni ng the
para at6aclaidad tothg teactibh yhixtur® oveba karecperR0af dbatadmirités mmshigut 80 to

bout i.ght t of the t | kyl phenol d 2 th | kyl phenate.
3204 1 o7 ongOPiouBss, 660 inisratareblythe Aiare Groonatrs cadaddo &Y% henor  and
the al kyl rGadiioataieire Yvephtind PQH&;@@f EBodt3 rgi%ﬁ‘e%f‘d Bﬁ{a‘-ﬁt & ﬁ'ﬁi@]f% gantly

1 on ons an

straight-chain 6 al kyl groups of from15 to 35 car a rom75 to
0 nol e percent of 7 the alkyl groups are branched-chain, such as

pol ypr apenthe pRiceks %gicgﬁ,aﬁoﬁﬁgeﬁr%cggp%fﬁg&tﬁ/m e preferably, the alkyl

- group of said al kyl phénol ate contains from35 to 100
nol e pe} ceaboylraddiE) peafetaplyl Coreducted bt frofmaaboueh BBt C 86 abbat 2609C, @imdl5 to 35

car bon‘nat ons and flfca%p 65 to. 1 g nmol e percent of the alkyl groups are
br anchled- cFRre Prefg %go‘ﬁ:jﬂ‘i}%‘i 8hitagn about 4787C to ghout 190°(8 carbon atons. In
yet anot her preferred enbodi nent, the al kyl

12 The alkyl group of the mono-alkyl or di-alkyl substituted ethylene carbonate

13 useful for carrying out the process 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 alky! group of the alkylphenol and the alkyl phenate employed in the

17 process may contain a sufficient number of carbon atoms to render the Group Il
18 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 [l 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 preddrninantly at the para position of the

23  phenolring. Preferably, the alkylphenol 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 alkyipheno! and the alkyl phenate. More preferably, the
. 26 - alkylphenol and the alkyl phenate containing the paré attachment of the alkyl




13 group of said al kyl phenol and the al kyl phenate contains from40 to 70
mol e 14 percent predom nantly straight-chain al kyl groupgngf:chbem 15 to 35
- carbon 15 atons and from 60 to 30 nole percent of the alkyl groups are
branched-chain, 16 such as pol ypropenyl, of from9 to 18 carbon atons.
Most preferably, the 17 al kyl group of said al kyl phenol and the al kyl
phenate contains approximately 18 50 nol e percent predom nantly

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

appr oxi fat el FBiSatRA 8ONb ‘ MG payghai n,

such as pol rplrjlgpenyl, of from@ot%@%é@égépr{%%%agtomtﬁégﬁtaggg&[@%ﬁgre (grred

oi |'- sol &bl eh&athypphénatet al over based natural or synthetic 23 hydrocar byl

sulfoni§ acid, sulfonate, or mxture thereof useful for the process 24
d

di scl os may be single-ring aromatic hydrocarbyl sulfonic acid, sulfonate,

or 25 mi xtiioeldiefepld erBEinRSRt] fle’ ARyl frGuRbE¥ABRIRANKC RS 29 tAk iyl ol uene
sul fonic acids, sulfonates or m xtures: thereof. The "al kyl group on” 27 the

aronmati & riphgnatercdainsdrara2duo W0 wolthpercespredopinantiostsaight-ehainabl y, 28

the al kyl gr i s . from hout 40 rh tons ,an 29
prefer a§| yg‘%‘uggg{oa@ u?f?%'qu’%ébﬁ?érggﬁ@g?rﬂgﬁngtcfg%% %d? W’?Rgfq%?%t ocess

di scl osgd, théalkd greRpk lareBishchbd-6itain SbhQd gslypropehyCof flokesitde 32 may be
sel'ected fromthe group consisting of calcium  barium -10 26 March 2007 1
magnesi fm dfrasbenatanm mr@@,refﬁy%plmha@lw goroef said eiydihensd antdther es 2

t her eof g Pr. . I [ ' Cl1l- C6 al koxi de
s 3 D%I O%ﬁ{)@ﬁ@%ﬂ%ﬁ%ﬂ%@?%ét@?%@é p%ﬁg;%?ég?érbgrﬁqr@? the Goup 11

met al' 18 oxtrdighthidnaikyl groupef fomal kxdsleaiboncatbaisundidnss tte. 5 6 As
used herein, the term"Gou metal " means cal cium barium 7 magnesi um

and st #9nt QuRplemaseentai|tye af)lw_iab@wpargprmd-clgaiaeqsw ag PplyerePeYthe group
coneLe: lngF?frﬁg?%fdoﬂg\:ﬁmﬂn{e@r&gﬂssnggt'gmnrp]e%?ef&eé%ﬁﬁoasﬂ%rﬂ%e aliy Most
13 group of said alkylphenol and the alkyl phenate contains from 40 to 70 mole
-~ 14 percent predominantly straight-chain alkyl groups of from 15 to 35 carbon
16  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 afkylphenol and the alkyl 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 grodps are
20 branched—chaih, such as polypropenyl, of from 9 fo 18 carbon atoms.
21 |
22  The preférred oil-soluble Group |1 fnetal overbased natural or synthetic
23  hydrocarbyl sulfonic écid, sulfonate, or mixture thereof useful for the process
24 disclosed may be single-ring aromatic hydrocarbyl sulfonic acid, sulfonate, or
25  mixture theregf, more preferred are alkylbenzene or
26 élkyttoluene sulfonic 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 éarbon atoms and most
29 preferably from about 20 to about 28 carbon atom:s. ' |
30 | |
31 in the process disclosed, the Group [l metal oxf'de, hydroxide or C4-Cs alkoxide -
32 may be selected from the group consisting of calcium, barium, = |

10-




10 11 In the present process, the al kanol contains at |east 6 carbon
atons, and 12 typically fromabout 8 to about 13 carbon a}@ngeh Bi@f erably,
the al kanol is" 13 isodecyl alcohol. 14 15 An optional step of the process
di scl osed conprises heating the reaction mxture 16 under reduced pressure
to renove a portion of the unreacted 17 C2-Cl10. al kyl ene glycol and carbon
di oxide. This step is preferably conducted 18 at a tenperature sufficient
to effect renoval of a portion of the water in the 19 reaction system

wi t hout faddibgresilivancsioritingn Sxa, hisg @%d@ﬁpe?t%alkoﬁde aBlfl ¥Aikfiires 20 than
about 15% of ei ther the al kanol containin carbon atons and the

21 C2-Cc¥o dhrigafnErefiejaly .thqrrﬁr@uatlbwet@q da/ﬂrqxltte)nd(‘m{(éﬁalboxmemn about

about - 275c.0003iM sl CaS B BIaKnG PRNF bEFedhy. RECERM b BRRE |

pref er adl y cadldallm'dﬁ)xu%ogchtﬂalalktﬂﬁde Ecélﬁ:u@n Apg@RiIdieaspect, there is
provided a process for preparing Goup 11 netal 28 overbased sul furized

al kyl ph&nol's conprising the steps of: 29 30 (a) form ng a reaction mxture

by conbgni e group contains
aysuf fi gl e% @Seﬁj;iééﬂém %E%F%}gﬁ%@%ﬁgph?@e %cﬁrtﬁ bghpﬁbl e the resulting
G oup |7 mevagnesienbarsdstrantiur P:efdaraﬂ)lwﬂmf@nmip Il metal lé@ef&jté‘dlfraﬂﬂ7 1 an

| ~al kanol ai ni ng _aboyt 6 .to, about 15 carban at ons; Goup |1 net al
oxi do. fiy iz pRuHsoERbg ARl DemaGRgSATed e e, MEUa Petsct. |3 and 4

(b) congacthc prafefhHIE 3RE RBUBINEES al kyl ene carbonate selected 5
from ethyl ene ('::)Zr bona)fe or a Fr10no '%éiglr'ﬂ’?ﬂ -al kyl substituted ethylene 6
carbon¥e, said al kyl ene carbonate haV| ng 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
15 - An optional step of the process disclosed comprises heating the reéction mixture
16 under reduced pressure to remove a portion of the unreacted
17 .Cx-Cyo 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 s_igniﬁcaht amounts, i.e., greater
20  than about 15%, of either the alkanol containing 6 to 18 carbon atoms and the
21 Cx-Cyoalkylene glycol. This step is typically conducted at from about 175°C to
22 about 220°C, and preferably conducted at ffom about 200°C to about 215°C.
23
24 The C>-Cyg alkylene glyco! of the present process is preferably ethylene
25  glycol. | |
26 |
-27  In a second aspect, there is provided a process for preparing Group I! metal
g 28 overbased sulfurized alkylphenols comprising the steps of;
29 _
30 (a) foming_a reaction mixture by bombining a sulfurized alkylphenol wherein
31 . the- alkyl group contains a sufficient number of carbon atoms to render
32 - Qii__so[uble the resulting Group |l metal overbased suifurized alkylphenol,

-11-




R O >==0 O.7 RZ 8 wherein R, and R2 are independently hydrogen or al kyl
containing one to 9 three carbon atons; and wherein thezgmér@%.;%@;g i's
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 Il earth netal overbased sul furized

al kyl phenol. 13 In the al kyl ene carbonate structure above, preferably one
of RR and R2 is 14 hydrogen and the other is hydrogen or nethyl. In other
words, §he alk 3 i I, I |.ene te or
propyl e?\e car b)c?r@ ggnal\i/b%;)ga@@a%ﬁbgy (taréattgleﬁ)ﬁk?ggﬁ gtgﬁ{é, go‘i?{%ﬂ%%r ogen;. t hat
i's, the2al kyl emeetahoXidasty@roxide bf Gat Gy bkneideanhd meCeCqjlBkfleacsdolr i zed

al kyl phgnol in the reaction m xture of the present process may 19 be -
replaced with && oup Il netal sulfurized al kyl phenate. 20, The reaction

~mixture of the present process may further conprise an oil-soluble 21
sul fonic acid, 22

G oup | tal overhased. patural qr, synthetic hydrocar byl

sul f ond e,m&&r FPRIAGIRY SPHQVP@SW“ mpgups Wil analligne carbpriatesriectast car bonat e

can be madded t !,pé@t' ] r [ ' j 5

m nut esgto aboﬁtomigtoﬂm nu(%agg?ﬁgp}ée é”f‘%‘%?"? atI eltdartl ?P(g{\%&%gr tgﬁat %GS added

to t he & eact i onartionate, sail/alkylene icasbgreate ddivivly thedollowlibg stravtues: to about 4
90 minutes, and nore preferably the al kyl ene carbonate is added to the 5

. reaction mxture over a tinme period of about 30 m nutes to about. 60
‘minutes. 6 Step (b) is typical Bi~condugted at about 150C to about 215C,

preferably 7 conducted.at from-abou to about 200C, and nore

preferably 8 conducted at from aboyt 170 about 190C. 9 The al kyl group
et hyl ene carbonate

7 R; ©

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

9 three carbon étoms; 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 il earth metal overbased sulfurized alkylphenol.

13 In the alkylene carbonate structure above, preferably one of Ry and R; is
14 hydrogen and the other is hydrogen or methyl. In other words, the alkylene
15 carbonate is preferably ethyléne carbonate or propylene carbonate. More
16 preferably, R, and R; are both hydrogeri; that is, the alkyléne'carbonate is
17 ethylene carbonate. ' |

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

20 . The reaction mixture of the present process may further comprise an oil-soluble
21 Group Il metat overbased natural or synthetic hydrocarbyl sulfonic acid,

22 sulfopate, _of mixtures thereof.

-12-




10 useful for carrying out the process is preferably a nDno substituted

met hyl- 11 group, i.e., the alkylene carbonate is propyl e ?1?(‘@{2' Most
preferably, the 12 al kylene carbonate is ethylene car bo e al kyl

- group of the al kyl phenol and the al kyl phenate enployed in the 14 process
may contain a sufficient nunber of carbon atons to render the Goup Il 15
“metal overbased sul furized al kyl phenol oil-soluble. In 16 general, alkyl
groups of about 8 carbon atonms or nore are sufficient to render 17 the

Goup 11 neh@bikpues &?ﬁ@‘rﬂaté Bhef é&&éﬂ: t@kﬂ@’ﬂeﬁéﬁ@%xﬁﬂfd o@?hlﬁmeeqe}r{lég of &8 | phenol

Furthernore, in a preferred enbodi ment rou
20 and 4 hea'%ﬂ'q%ﬁl mtﬁﬁ@ﬁﬁd@éﬁhoyt 429 mmdeS,mfe@mhimmalmIMe cehrbopaheas posi tion of

t he p an he. a henat e
cont ai é ng&?ﬁéd{ "aerg%%'fmkyr%%‘{& ?N%Pf‘z’f‘%i}%a&%@a% 'E'"I”k%# a%?ﬁﬂ 75 to
about 95 v@0 glitut2s, amﬂ ot poéfeidlsly tigs alk d@é&h@;ﬁmb igRddbA% &yl phenate.
More preferably, the 24 alkylphenol and the alk henat e contai ning the
para att adfRE "m'mﬁ%oaelk@mmezae@cbgbab@tﬁodmm gooutSlaminute®s wei ght
percent of the total alkylphenol and 26 the al kyl phenate. 27 28 In one
preferred enbodi nent al kyl group of said al kyl phenol and the al kyl 29

phenat & coeRi(RY lqﬁygmaﬂgcgﬂ,dchgd b pbopkd 2@76 topatutth 2116561 preferablyi ght - chai n
-13 264Ma 35 b df 75
B il PGS ORISR SR e 1o

'to 0 rmle per cent
pol ypr 8pemphduocted atdror aboul 87°C & AbsutatgpTe. More preferably, the alkyl
group of said al kyl phenol and the 4 al kyl phenate contains from 35 to 100

nol e percent predom nantly 5 straight-chain al kyl groups of from15 to 35

car bongat ame @iRd droapiobhd mohotlkglde d?—%'ﬂﬁﬂ?@&bélftutbﬂeetﬁylbb{é cgﬁrgih%? are
“branched- chai n,” such as pol ypropenyl, from?9 18 carbon atons. In.
yet ahBt hétﬁeﬁyifw@arrwag@mbm preness Islpeeferdw a nﬂ)r@lzsumumfte(smedqyal kyl phenol

100, P A A A g, b 207

strail g
alkylene carbonate !S ethylene carbonate.

13 The aikyl group of the alkylphenol and the alkyl phenate employed: in the
14 process may contain a sufficient number of carbon atorﬁs to render the Group |l
15 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 alkylpheno! oil-soluble.
18
| 1.9 Furthermore in a preferred embodiment, the alkyl group of the alkylphenol
20  and the alkyl 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 alkyl 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 |s from about 80 to about 95 weight percent of the total alkylphenol and
26 the alkyl phenate.
27 .
: 28 - In one preferred embodiment, the alkyl group of said alkylphenol and the alkyl
29 | phenate cpntains from 25 to 100 mole percent prédominantly straight-chain |

13-




10 atonms and from60 to 30 nol e percent of the al kyl groups are

branched-chain, 11 such as polypropenyl, of from9 to 18, dﬁﬁﬁ% BZ
Most preferably, the 12 al kyl group of said al kyl phenol an e al
phenate contai ns approximately 13 50 nole percent predom nantly

strai ght-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

o) SOl K Gk ey 236 BEAHE SR 0 i e g 2

di scl os;lad ttrmalhﬁ grougs ere branchledychai, suehias golgsrepanly bf fohi 9w ¢8aci d,
sul f ong 0 or, m xtyre th reo;y nore preferred are al kyl benzene or 21
0

al kyl t ue‘ﬁ%f o01gtomse Meregye Hbﬁ%'&'&fOHPﬂf §ﬁé%alkw9héaﬁi a6nght§lea|b kyl
group on é’lﬁyﬁﬁ?ﬁarﬁt@%ht&@néﬁ&& 88 960 H r R p ?e&&lf%l&ﬁj aboufazlootr:]a'r bon

. atoms. Preferably, the al kyl group |s
- atoms and $i‘fﬁmh12d1qm@ﬂ@ﬂ goupsf ofdromaddub iz'ﬁ)carboatammzﬁldcmmcﬁﬁmons 25

, d Cl-Co6
2l koxt e QY PRGN DT U St et 19EE BroNsbRRoAAIae i) & PePEPERYE bar f urm

-magnesizum @ffebm 2Bost8 @é‘ﬂﬂoﬁfﬁtéﬁﬁsd% y@ygﬁ%bfﬁré?éa'% m @dnlf\%ﬁt 4Re & m xtures

t hereof. Preferably 29 the Goup’l|l netal "oxi dro e or -

al koxi &e |Q0Eﬁlclﬁl$ﬁldeall§blﬁbem@|af@ tr@mcl?d(pd]enatwmm frovb si0 iplﬂeﬂ moda&ﬁl )é’r O; |h§e
a um
5005 4 o TR e BB ming it Siteidhi Snei A orauind af HEnBT 53 351 CatboR] - eans

cal ci amn tmmrancﬂfr@mmmmmgeﬁderr%ftmlkﬂr@t)ab@lawbrér%e@t@%" met al
is selected from 3 the g roug consi sting of calcium nagnesium barium and
3]

m xtudds SHehastpolypropssyl, pf teay Qtn §8 rGitenys. | Mostpegferiabhc dhei um 5 6
N theoPr iR rélP6FSSd AilfptinoRBRY 158 AH PRedite' ©Aing afBrdAnafy™: and

13 50 mole percent predominantly straight-chain alkyl groups of from 15 to
14 335 carbon atoms and approximately 50 mole percent of the alkyl groups are
15 branched-chain,.such as polypropenyl, of from 9 to 18 carbon atoms.
16
17  The preferred oil-soluble Group !l metal overbased natural or synthetic
18  hydrocarbyl sulfonic acid, sulfonate, or mixture thereof useful for the process
19  disclosed can be single-ring alkyl aromatic hydrocarbyl sulfonic acid, suffonaté,
20  or mixture thereof, more preferred are alkylbenzene or
21 alkyltoluene sulfonic acids, sulfonates or mixtures thereof. The alkyl group on
22 the aromatic ring can be from about 6 to about 60 carbon atoms. Preferably,
23  the alkyl group is from about 10 to about 40 carbon atoms and most
R 24 preferably from about 20 to about 28 carbon atoms.
25 _
| 26 Inthe process‘disclosed, the Group I metal oxide, hydroxide or C4-Cg alkoxide
27  may be selected from the group consisting of calcium, barium, magnesium and
28  strontium oxide, hydroxide or C;-Cg alkoxide and mixtures thereof. Preferably,
| 29 the Group Il metal oxide, hydroxide or C4-Cs alkoxide is Dolomite comprising
_30 Ca(OH)s,. Mg(OH)z Most preferably, the Group Il metal oxide, hydroxide or Cs-
- 34 | Cs alkomde is ca!cuum hydroxide. '

32
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7 typically fromabout 8 to about 13 carbon atons. Preferably, the al kanol
is 8 isodecyl alcohol. 9 10 An optional step of the progess.fouRFi ses
heating the 11 reaction m xture under reduced pressure to renove a portion
of the unreacted 12 C2-Cl0 al kyl ene glycol and carbon dioxide. This step
Is preferably conducted 13 at a tenperature sufficient to effect renoval
of a portion of the water in the 14 reaction systemw thout additionally .
renovi ng significant anounts, i.e., greater 15 than about 15% of either

the al khnoAsesetdiertingtie tepmlGroap ometiiofeanaddidiém, bérikar Clo al kyl ene

gl ycol ... Thi s ste& is typically conducted at from abolt 1/5C to 17 about
220C, #nd PESNEsHA w@;ﬁmm Ereferahily.dbe (troapdtmetalds seteckabitom 18 19 The

C2- COQaal k I : S ess i s preferabl t hyl.ene 20
ghycor Y 258y cRgtetnl of BEIcRI AnBS BT g P BL TR Bo s e
presentd i nMest prefierably, therroap ignetatistglpianef : 24 25 (a) forming a first’
reacti m xture by conbi ning an al kyl phenol wherein the 26 al kyl group

contains a sufficient nunber of carbon atons to render 27 oil-sol uble.the

| ti . :
resul tighg IRy I@rééedﬂbtr@éeélé\,’ ‘ﬂié’éﬁ(ﬁﬁoﬁéﬂﬁtéfnbﬁfi%@ét@éﬂ?éﬁ;?Jéorﬁl%.%%(g gr byl . 29

oil -soluble Goup Il nmetal overbased natural or synt

sul fonic d¥pigallylipfoalaew 8 sy abault i erbohatems, Preferablyathesgikbnaldst ai ni ng

30 abogt 6 eéﬁpgﬁ%hﬂs? carbon atons, the tenperature of said first reaction
31 m xture beirg at Téast about 40C, 32 -15 26 March 2007 1 (b) contacting
said fOrst reaction mxture with a second reaction mxture 2 conprising a
G oup Il nmetal  oxide, hydroxide or Cl-C6 al koxide; a 3 sulfurization agent

and an0i né¥ ontipwabetepsd thelprogess cemprisasdmpatingtte e

11 reaction mixture under reduced pressure to remove a portion of the unreacted
12 C5-Cyo alkylene glycol and carbon dioxide. This step is preferably conducted

13 at atemperature sufficient to effect removal of a portion of the water in the

14 reaction system without additionally removing significant arhounts, i.e., greater

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

16 Cx-Cyoalkylene 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 glycol.

21 '

22 In a third aspect, there is provided a process of the present invention

23  comprising the steps of:

24
25 (a) formihg a first reaction mixture by combining an alkylphenol wherein the

26 -~ alkyt group contains a sufficient number of carbon atoms to render
27 oil-soluble the resulting. Group |l metal overbased sulfurized alkylphenol,
_ 28 an oil-soluble Group Il metal overbased natural or synthetic hydrocarbyl,
29 | ' sulfonic acid, sulfonate, or mixtures théreof, and an alkanol containing
' ) 30 - about_ﬁ to about 18 carbon atoms, the temperature of said first rea¢ti0n
31 mixture being at least about 40°C; o |

32
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4 and for a tinme sufficient to effect sulfurization of the al kyl phenol to
forma 5 third reaction mxture; 6 7 (c) contacting saind Niichrgdoneacti on
m xture with a C2-Clo al kyl ene glycol to 8 forma fourth reaction m xture;
~and-9 10 (d) contacting said fourth reaction m xture with an al kyl ene .
carbonate 11 selected from ethyl ene carbonate or a nono-al kyl or di-al kyl

substituted 12 ethylene carbonate, wherein the al kyl ene carbonate has the
lLa: 14 >~ 16 17 wherein R, and R2 are

fol |l ow ng for 5 @) 8{%}1} .15 RZ, €
i ndepen e_nt(ljf‘j H Igig ‘i?_r'd et ypaciion @bxuregvigna segond seadtiosemediiBon at ons;
and whepei n Sa'ébrﬁlﬁ’r@iﬁ’g?h'%ubﬂlﬁﬁ-;rtél!(ﬁﬁhé’,%lygf'ﬁfi%é‘oi' IR, éigoggg;a t a

tenperature sufficient"to formin situ carbo { oxi'de”%an kyl ene
gl ycol , 3or a r espdfurizaficnagentianc an inerf bydroearboodiiloentatwiermpergtiae 21 G oup

contact fing. 1 ne 1 PRERES: SR §F HIBcSuRingaton e algpled Bird g cal -

t he tenper at ur ehipd rédmoﬁyﬁm;'s preferably raised, if necessary, from 25
that of step (b) to between about 120C and about 190C. Also in step (c),

26 the €2-Cl10 al kyl ene glycol addition is preferably conducted at from

- about 2% 1 : . e eferably,at from125C to 165C.
5816 s NEF ctﬁgﬂ%%‘g% fl‘?’ﬂtﬁéff’i%g‘&@‘?f?“?ﬁ@% E’ﬁ%@r@?@?@'&{fﬁ’"ﬁ&q}%} ai ned

bel ow aBout 21%Gnaadortie reidiphanixture; and '

9
10 (d) contacting said fourth reaction 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
Ry o
-
15 R; © |
- 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 ~ andata temperature sufficient to form in situ carbon diéxide and
20 ~ alkylene glycol, or a reacting equiVaIent,_ to form a product comprising a.
21 Group !l earth metal overbased sulfurized alkylphenol. |
22

23  In step (c), after contacting the third reaction mixture with a C>-Co alkylene
24 glycol, 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_ C2-C1p alkylene glycol addition ié preferabfy conducted at from about

27  100°C to about 190°C, and even more preferably at from 125°C to 165°C.
28 ' o - ' ' '
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2 carbonate may be added to the fourth reaction m xture over a tinme period
3 of about 5 mnutes to about 120 m nutes, preferably oveg nputh dsoPeri od of
4 about 15 mnutes to about 90 m nutes, and nore preferably over a tine
period 5 of about 30 mnutes to about 60 mnutes. 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,

pr ef ex ab Yin@tep (af, tisheRiperdiieican bd nditéingd BloR Mol 5% Bl eefiighooen Of
methyl .. In other words, the al kylene 12 carbonate is preferably ethylene
car bonat e GRNREHVRK Re addedierhe ourthieastion gixtureoversblige pRiotand R2 are bot h
hydrogen; ok Sy | 4 et hylene carbopate. 15 An
optiong~I -s(% ep %}é)% %%gﬁ{@&ﬁ%@t@é‘m‘g&'%ﬁfﬂp&%ﬁ%5'5"‘?1P§f’?|$8pof step (d)
16 undér raithutdd minesswutocab@utrdmiRites, RO bR PleféBBILIVESS ifR ediddl0

al kyl ene ‘gf? %I {§8| and carbon dj oxide. Step (e) is preferably conducted at
a t enpér at¥frabout 80 suipkites toabau 60miswtes-enoval of a portion of the water in
the regction system 19 wi thout additionally renoving significant anounts,
i.e., greater than about 20 15% of either the al kanol containing 6 to 18
car bon/at ditep 4dbisttyeically Gutducad at kpdetmS0ICyto elboubRes°C eprafsrablypi cal |y

From cBon eletR AT bOTEi 0L Shoutho S i eloreal brocess T

furthep opbhgngtetnat#onsapbni $£9°C b 8GR 16@¥cor in step (b), or in both
steps (a) and (b),. a sulfurization 26 catalyst, wherein the sulfurization

catalyst is preferably a hydrogen halide, an 27 ammni um halide, a netal
hal i degor ' rahl t t.alyst is a
| ol 00 IR EARABRSRGRIAH e S flofure Mbb G R ARG LRI o 1 AR F85S' V3T LS

nmetal halide, and even nore prefera crum

- Mar ch1200hydrogen and the other is hydrogen or methyl. In other words, the alkylene

12 carbonate is preferably ethylene carbonate or propylene carbonate. More
13  preferably, Ry and R; 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 C2-Cqp alkylene
17 glycol and carbon dioxide. Step (e) is preferably conducted at a temperature
18 sufficient 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 G,-Cyg

21 alkylene glycol. Step (e) is typically conducted at from about 175°C to about

22 220°C, and preferab!y conducted at from about 200°C to about 215°C.

23 |

24  This embodiment of the process further optionally

25  comprises in step (a) or in step (b), or in both steps (a) and (b), a sulfurization
26  catalyst, wherein the sulfurization catalyst is preferably a hydrogeh halide, an
27  ammonium halide, a metal halide or 2-mercaptobenzothiozole. 'More -
28 preferably, th_e_ catalyst is a metal halide, and even more preferably calcium

29 chloride. | | | |
30 .
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-1 The al kyl group of the al kyl phenol enployed in the process disclosed may
2 contain a sufficient nunber of carbon atons to render t qwg%ﬁﬁﬁﬁﬂ' met al
3 overbased sulfurized al kyl phenol oil-soluble. In general, alkyl groups of

- about 8 4 carbon atons or nore are sufficient to render the Goup Il neta

overbased 5 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 phénolTheaikyigniupgoftthe afigipheabl @nplBRad indthe phécadkkidcld@fed4Ray S f rom about
Mor e

75 10 t0 abo%ip 95 ﬁﬂi ht E_ﬁrcet of the total alkyl phenol.

pr ef er apl y O 3 FU HC@tBH 6T OLHPER Aty torrengerrthe &rowe Wireetal of t he al ky!
group i3 frovarbakedsubdizeliZalkyiptatinbil- ' C

al kyl phgnol .13 14ul nlzone p?%f errg%gglﬁg%]dﬁhnéé%ﬁélf ﬁfg&laﬁzﬁ)ggfr%wgf sai d
al'ky| phénolCatoRalPms of snerere sufficient trorepderthp &round! metetiovdrhased y

strai ght - chaffiRdkaiky e silblubleom 16 15 to 35 carbon atons and from 75
to O note percent of the aIkyL‘groups are 17 branched-chain, such as

polyprogenyl, of from9 to 18 carbon atons. Mdire 18 preferably, the alkyl
group of said al kyl phenol contains from35 to 100 nole 19 percent '
pr edoni hanfugtheimareyin agirefaires epbodimanpthe alkiyt groulboftthe 3fkdphda i20 at onms
and fr 6 rLcen f the alkyl oups are. branched-chain, 21
stch < porypiist ABdorBRaRRE Boustd g5t oh i Bt find, derediablteme

preferred akgiphepoticomaining i Sars\dtta@hRidht 8f theaiikl ?545%5 g‘%ﬁglﬁ)}l alfRiGal ns from

40 to 70 nple 23 percent predom nantly straight-c groups. of from
15 to HE clg abputBd welght parrent pbihedotal alkytphenbk Mere praferbly Heeal kyl gr oups

‘ b hegls 1! . f from9 to 18 carhon atons.
Voot prar capen corfaintii o HRERBENY e R aE iscEhincationt 80
appr oxiznat el gbci 9folveighe pereht aifthertegP BlkppREhY!, St rai ght - chai n al kyl groups

of frgm 15 to 35 carbon atons and 28 approximately 50 nol e percent of the
al kyl 13’0ups are branched-chain, such 29 as pol ypropenyl, of from9 to 18

' ﬁ:{ B?g ﬁaggﬁg]nrﬁgﬁrgtf%iea- %ﬁ“ib?fd%@ﬁt". fith Qli({(l'gerLb' Bk gaig{a?k'ﬁpljulano cto%kaircl)é/ erbased
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 to 100 mole

19 percent predominantly straigthChain alkyl groups of from 15 to 35 carbon
20  atoms and from 65 to 0 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 alky! group of said alkylphenol contains from 40 to 70 mole
23  percent predominantly straight-chain alkyl groups of from 15 to 35 carbon
24 atoms and from 60 to 30 mole percent of the alkyl groups are branched-chain,
25 suchas polypropenyl, of from 9 to 18 carbon atoms. Most preferably, the
26 alkyl group of said alkylphenbl contains approximately 50 mole percent
‘_27 predominanﬂy straight—chaih alkyl groups df 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 afoms. -
30 o |
31 The preferred oil-soluble Group Il metal overbased natural or synthetic
32 -hyd_rocarbyl sq?fonic acid, sulfonate, or mi_xture thereof usefui for the process

18-




32 hydrocarbyl sulfonic acid, sulfonate, or mxture thereof useful for the
process -18 26 March 2007 1 disclosed may be single-ringahkybogsomatic
hydrocar byl sul fonic acid, sulfonate, or 2 mxture thereof, nore preferred.
are al kyl benzene or 3 al kyltol uene sul fonic acids, sulfonates or m xtures

t hereof. 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 at odfscloséd falhe shdidthing BRURrGHhatid ¥ iBRs A ski¥dniCacidlisufdlard. or
substityted ethyl ené carbonate useful for carrying out the process of
t he presenfMixtHiedhesesh mae prefersedaealkylbengenman- substi t uted met hyl group,

i.e., the alky éﬁfiﬁﬂf@é&%%/fsgﬁéﬂgéaé'rsg@ﬁgﬁgr%%&@é)@ﬁﬁg@%ﬁ{ggﬁ@?pﬁé@g: e od

‘the al kyl ene “‘carbonate 1s et
i s part4culthe byorstc tihg an berfeyamboegt 6itgRibouoB6 dasRtatbss UPiciiabRd
15 240,

| kyl ph I ' T I Base Nunber of greater than about
anypfegg(r)é@? 5@?5%%3&?’"28@&%&%@0%& Cﬁ‘fﬁpg e @ngdumgst r om about 16
260 10 @bopre@Mbly kbm 46odind BRI BrLbRSSHEUP || metal oxide,

hydr oxi de or Cl1- al koxi de may 9 se fromthe group consisting
of calcfum barium 20 magnesi um and strontium oxi de, hydroxi de or Cl-C6

oL oK1 8 2lel T o hoAS St B A bea S s kool 5 2
05, ook bR 1 gt e st AR ety £
means ¥hi cmano-sehstiiied resthid grewp.dre., thedalkyleoecadronake isf opplene t he Group
pari url! antP BeReqT odopl Py B% AkdeReierboiip i eucra ubohatnec ar 1o
cal ci D '

13  The process disclosed is particularly useful for preparing highly overbased

14 sulfurized alkylphenols possessing a Total Base Number of greater than about

15 240, and preferably from about 250 to about 350, more preferably from about

16 260 to about 290.

17

18  In the process, the Group | metal oxide, hydroxide or C,-Cg alkoxide may be

19 selected from the group consisting of calcium, barium, '

20  magnesium and strontium oxide, hydroxide or C4-C; alkoxide and mixtures

21 thereof. Preferably, the Group il metal oxide, hydroxide or C{-Ce alkoxide is

22 Dolomite comprising Ca(OH),.Mg(OH).. Most preferably, the Group il metal

23 oxide, hydroxide or C4-Cq alkoxide is calcium hydroxide. |

24

25  Asused herein, the term “Group Il metat” means calcium, barium,

26 magnesium, and strontium. Preferably, the Group Il metal is selected from

27  the group consisting of calciil'm, magnesium, barium, and mixtures thereof.

28 Most preferably, the Group Ii metal is calcium. |

29
30 Inthe pre'sent process, the alkanol may confain at least 6 carbon atoms, and -

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

32 isodecyi alcohol.
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29 30 In the present process, the al kanol may contain at |east 6 carbon
atonms, and 31 typically fromabout 8 to about 13 carbon gtn&y, 2Ghef erably,
t he al kanol is 32 isodecyl alcohol. 19 26 March 2007 1 The cﬁarge nol e
ratio of the sulfur to the al kyl phenol added in step (b) nmay be 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-Cl0 al kyl ene glycol of the present
process is preferably ethylene 6 glycol. 7 8 The process nmay be carried

out in & bapdhegd i | ' I
changes in press&gr’e Wi I'falnﬁg\f/)g‘%lﬂf? est(ﬁa?fag(&{phgrr‘o't dQSJiBFéé%?B@EQﬂ %%Bprocess _
of the Presiutihlinabout 1.7 1preferablyealprdsiePto ahoetnt.60and momb poefdiabigt ed to
t he noval em% Lscovery 13 that the Goup Il netal overbased
sul furi ?ed a d)#ﬁg%g(ﬁ%?&%r‘ggucts made when 14 the carbonation step is
carried4out using ethylene carbonate have superior 15 properties of |ow

. col or, 8.5 or |lower, as measured using ASTM Test 16 No. D 6045, and
hydr ol y?i c Efleag'?ﬁw?"%{ﬁeﬂ?eﬁi%ﬁléﬂﬂﬂﬁlpéeﬁﬁﬁl@pﬂi’Q%Sil@pr&feraAS'TM]y[BﬁeTest No.
d bel ow, wherein the TBN of the Goup Il netal 18 overbased

2619, defii
78 Pdgt)l’(g& phenol s decreases | ess than 10 percent, and 19 preferably

sul furized
| ess thén 8 percent, after the addition of 2.0 percent water and after 20
i's present,

6 days gt 80C. 21 22 I—%drol ytic instability occurs when water
but “exctusiThe REpcegstraay beearrieifoutis b tmatsh ena costinuonessbddse. It is al so

ar eat er- ¢ noa S REL st Chid S Bl Wl RO ufis eheckondioi 11y and
i ncr eabd carbooatiory prddeds of fhei gresémtinvéritiono
K
© 12 The present invention is also dirgzcted 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 superior
15 properties of low color, 3.5 or lower, as meésured 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 H metat
18  overbased sutfurized 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 daysat80°C.
21 |
22 Hydrolytic instability occurs when water is present, but exclusion of water from
23  most systems is impossible. [tis also known fhat overbased suifurized
24 alkylphenol compositions with high TBN; greater thén_250, results in-
25 increased hydrolytic instability and increased viscosity. Hydrolytic stability of
26 the Group Ii metal overbased sulfurized a!kylphenols is an extremely
27 important property, particularly in niarine crankcase use where water
28 exposure is common. Accordingly, there is a need to develop high TBN
29 | -Grdup Il metal overbased sulfurized alkylphenol compositions that are

30 hydrolytically stable.

20




26 the G oup 11 netal overbased sul furized al kyl phenols is an extrenely 27
i nportant property, particularly in marine crankcase use wWRehgNBo®Er 28
exposure is conmon. Accordingly, there is a need to develop high TBN 29
"Group I'l netal overbased sul furized al kyl phenol conpositions that are 30
- hydrolytically stable. -20 26 March 2007 1 Low color is known to be a very
desirable characteristic in comrercial 2 lubricating oil additives, .
i ncl udi ng detergents and di spersants. It has been 3 discovered that the
G oup 11 nkow cobures kase to Wef aiveaedesidoi Biaaeleridtic HBSFintdeRs of the
present, invention have |ow color in conparison with the 5 prior art
pr epar &t i olric &’9 H@Pﬁ%’g?s:\dﬁdﬁgw defargeninand dispessaniat lidfasbedur 6 added
during 4 he L i r akd fathe sulfurized T

3 heamibleroutfat 8 GoBp If AlothitfRSARA Al RDe b Aty urt 284 T

al kyl phenol in the present pfocess has no

- 8 In a4 ousempasifiens of thereserst ipvaviateliave lPWaERGSINfWIMpAEsdrwah the del i very
of 9 e im)l.ar?,?uantitles (1; rg[ﬁké}l ene glycol and carbon dioxide to a

reacti on 107 YT BrePargiingise Hrtharmoredue ingie feyndthat theyamasst oheulfiresence of
sai d abky!l sded ddri i Qx| sai d process
conprising 12 del ir%ﬁéﬁéguh?ﬁég%éﬁ@?@??%ﬂﬁlﬁg étagr%g%f@g%@fgﬂé% ene carbonate
sel ect éd falkylpbengliie e praspohatasess has mondisadrkgblecstfect dndis edlésy |

substituted ethyl ene carbonate having the following structure: RO O 15 R2
0 16 wherein RL and R2 are independently hydrogen or al kyl containing one

to 178t hiea foarth@speadtotiere isprobiflelrB5@BESs RF tN&Iresiu ddeHsier reaction
condi tbons 18 sufficjent t@gpydrol yze the al kyl ene carboriate to al kyl ene
gl ycol ©anFWERYERauaRytigs of aliylenslysal pad garien dipkidayie agegsiian of t he

al kyl tpe caiktupaakRerem i réddiivh ¥Rt YeqliredNHe pfdsarRb P Baflf AiidRe 1S carried
out at a tenperature in the range of about 15%8.t0
11 . glycol and said carbon dioxide as reactants, said process comprising

12  delivering to said reaction mixture:

13 an alkylene carbonate selected from ethylene carbonate or a mono-alkyl or

14 di-alkyl substituted ethylene carbonate having the following structure:

15 | Ry

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

17  three carbon atoms; in the presence of water; and under reaction conditions

18 sufficient to hydrolyze the alkylene carbonate tg alkylene glybol énd carbon
- 19 dioxide.

20 Preferably, the hydrolysis of the alkylene carbonate fo 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. | | S
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22 about 215C. -21 26 March 2007 1 BRIEF DESCRI PTI ON OF THE DRAW NGS 2

Fi gure 1 shows a conpari son of the effect of the addi ti 0Bg @k RS®F7 ON the
3 hydrolytic stability, represented by the percent TBN retai ned, of Test 4
Exanpl es 1-4, theée products of the present invention, and Conparative 5
Exanpl es DG The data used to prepare Figure 1 are also shown in Table 111
6 in the Exanples section. 7 Fi gure 2 shows a conparison of color
measurenents for Test Eé Q o ples HL. 9

DETAI LED DESCRI PTI ON O 1 As used herein,

the follow ng terns have the follomnng neanlngs unless 12 expressly stated
a compound whi ch can be

toth t 14 The t k
f gr mag %gn 'IE*f &egéﬁ?\% a %ﬁwr%ﬁbﬁ%?ﬁch?@g%@ddgm of walgkonfBe netal . 16
17 The fer mydrblic SE®ilB), X‘égffesem‘ﬁy e gﬁérgghﬁﬁﬂzﬂ rdtefihed gfé%ﬁte w hyg; ™y

groups 18 on adj acent ‘carbon atons {f&rme

- phenol drro@amnleﬁd-4)rtbe(§1r0dmteOfatheypresazntsmbemtlan,landsComﬂparaaret one of
bility

whi ch has o ar bon at 22 | art oi

o e B o ftbles THB e BadiBniePall Fifii D aud slea i @ Lae bhat o
havi ng gne ;ﬁlh@Ek@nE%@dﬁbﬁnate groups havi ng one or nore hydrocar byl
substituents. 26 -22 ---- -------- - aoooo- oo

7 Figure 2 shows a comparison 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 Theterm’ alkylene glycol” means an atlphatlc diol having two hydroxy groups -
18 on adjacent 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 to
22 lmpart 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 hydrocarbyl substituents. '

_ | "25.
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26 March 2007 | The term "hydrolytic stability" neans the stability of
Goup Il overbased 2 sul furized al kyl phenols in the prgs?m@alg 2Wes er at
el evated tenperatures. 3 ASTM Test No. 2619 was nodi fied for determ ning
"the hydrolytic stability of 4 the Goup Il overbased sul furized _

al kyl phenol's. The follow ng protocol was 5 followed for all hydrolytic

stability determnations: 6 7 Goup Il overbased sulfurized al kyl phenol s
ecl mar to obtain a final

. I 8 I e oi|
Ten of 6 T o BIEE AEUEtE SRS Mea Mecp R ol 4 pvupal oveihasshdded to | he
sanpl es Zir oguifirized alkyipHeHobs .nli@.eqfregbrﬁe%f%teﬁé argggfe t\é’ﬂid Fatfifllsl Al 1 ng tﬂe
sanples with awferlstaltlc punp at a raeo rpm |tat|on of the
sanpl es &t A63M Pestbie ZﬁiﬁtWa%uﬁldeiﬁﬂdfande&rMﬂngrthmhydm?retl\lflesrﬁmllﬂiggf E)ferv\;'[]gr
' f es
and pl acea 1 GrotBEbverpAGed SRy ERditibionencis’ Theolbubodioione v ayer of

the sanyg esfolloweafdridlichyidielyié tabiifty 8afepiitdtiondd removed to determne the
TBN usi ASTM Test No. D %96 Elt% 17 Use of the term "ethyl ene

car bonat®" includes al kyl - substltuted al kyl ene 18 carbonate, such as

Th rm ove based" neans
glr Eg%/: (rauraye e?t ﬂg%)g?@ﬁgi& Pﬁlhmjl%q ai%ﬁpg\ﬁ%ﬂsgﬂ%} esz‘fefeaP 250" t he nunber of
“equi val ént scumhmemailfhaalhledenaﬂmé bil teobtair & fikAETBNNTE foPthe 8@mpRii val ents of

‘the alk ater than 1. 23 4 The term "reacting equivalent”
nmeans a ypg&?%ﬂ'lr%"g'gﬂgfpﬂhp%@QQO/EWHWHQQQG' toheysgmplesadrapovise oha datexi de,

e 10,1078 DR Befisyp U iBing % oG BB 7220
i nvent 1én. rae of:ﬁmGTrpm t Agitatiofoofthe laamé\wmo rpth wakEddntineka fsr 4 t he ‘
amount Qf b%%ﬁ:ona! 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 carbonéte?’ 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 to 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 sulfunzmg 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 atkaline products, and theréfore a _greatef élkalinity
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31 equivalent to mlligrans of KOH in one gram of sanple. Thus, higher TBN
32 nunbers reflect nore al kaline products, and therefore,g r@@&@q;
~alkalinity 23 26 March 2007 1 reserve. The TBN of a sanple can

determ ned by ASTM Test No. D 2896 2 or any other simlar procedure. 3 4
Unl ess otherwi 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 noveb_leg ce‘éfs for the rapid 8 carbonation of sulfurized
~al kyl phénat &sens i SBEPISLFRIT e geteaminadehie ASTM st NouD @896t hy| ene

carbonatge. Yeafpy tﬁeﬂéﬁrﬁ%‘f@{@&cﬁk yl ene carbonate in 10 the carbonation
step for the preparation 1I over based sul furized al kyl phenates 11 can be

used as-dboth a source of carbon di oxi de and et hyl ene glycol . Under 12 the
carhonation tinme is reduced

reacti ol di tions using et e carbonat e,
13 frlo Q‘ Ilfa§ S PR M éﬂ ﬁBlﬁ’P'c g e weiohipereentandihepar at i on

S time fons e%ngaw%m%rgggﬁ@rl zed al kyl phenols to nearly one-half
the tine 15 necessary in the prior art processes. 16 17 The present

processSover cones many of t he Ilmtatlons of time and 18 tenperature

trol ;th t t I bonat i 19 Thi
new pr ofes . Pafbevea R Vahiigh BRGEtR B Sneyel macsi/Rr i MR i 20

al so begt ercathGnionest su&&nzé’c?alﬁb@héﬁﬁté@%ﬁmg‘%thﬂb%é@arb&:a@é f ngelnetor good
overbaS| ng. @ycol is not nerel 23 a sol vent” but rather an active

rol e i n9ph&uke Ut@r@ibb@ﬂﬁd?@rquﬁm We have discoyperedathylene cartgjmdmln in the
O bonif ! o i€ Bartnaton oo Ao ud o BRI crighEtiestd Sitfis L afmbeRatesne. pr i or

car bonati on process an
art protessan.bedised as both a source of carbon dioxide and ethylene glycol. Under
12 the reaction conditions using ethylene carbonate, carbonation time is reduced
13 from 6 hours to less than 1 hour, thus reducing the total preparation time for
14 making overbased sulfurized atkylphenols 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 asolvent but rather plays an active role in pher:ate carbonation. The in situ
24 production of glycol in the present process provides timely and sufficient
25 dlycol for the carbonation process and overcomes the problems encountered
26  in the prior art processes. |
A
- 28  Inthe prior art carbonation process, reaction conditions, especlally
29 temperature, must be carefully’ momtored to avoid “starving” the 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

24-




28 In the prior art carbonation process, reaction conditions especially 29

~tenperature, nust- be carefully nonitored to avoid "starvi action
of 30 glycol. In the present process, no simlar issue a%ﬂm%&%%pb?
starvation is 31 observed. Wthout being bound by any theory, it is
~ believed that this may be 32 true because carbon di oxi de and ethyl ene

- glycol. are chemcally bound inthe -24 26 March 2007 1 formof a carbonic

id half t f th ed | at 2 Such
o o0 il SRRl ol R B3
during gar tsmtarpmterhtedtmé ﬁ?%éi#ﬁﬂn@h%ﬂté?tt?&e%‘éiw étad: grytegnate may

4 be added over 15 mnutes at about 186C with virtual carbon 5
di oxi de3 anduripy gavhonadions ftdms Wd)&@@eitmdc&d tf@ééthmeﬂle cé'mltstnate maper

critica ot s~now been found t tethylene

car bona% ggaﬂ}? %‘@ZJ%@?‘F‘L XF'%OLF @%d?t‘/v'%{uvﬁﬂglyc'&?&ﬁ?‘{}a

negl i gi ! e drs@hpand ho grIveieseffaut Rpncrdi@prétfuct Sedinfsnt! TBN&Qﬂhéﬂé‘ntlcéi t hough
there is sone renalnlng hydrogen sul fide gas 10 evol ution during the

car bond® i oAnalyligal repdlise i s very little carbon dioxide 11 evolution. In one
experinment, we added ethyl ene carbonate over a 15-minute 12 period

startin at about 177C. Even with such rapid addition, essentially no 13
car bon @i oltihgs nawbeen faunsdbat ethylens carhonatercandie agdedextremelyr ude pr oduct

14 sedi e i f the arbon di oxi de. escapes, then
e ™ ety oo chl PR A dile sh ol o SE bR CEEMR IR NN hor
sedi merg . ftémlthekeattion. gﬁltﬁdugwmeﬁe”irsbédinéirémalﬁﬁtngfdrébéﬁ%um& 550 observed
as nmeasured 17 by a dry test neter for measurin The expl anation for

the hitdh caydkipn QB"@M%W%@@@E&'& thene isemery b '@wbahrfb@xmu sm wher ei n

carbomnydi'o 0 Nt edi ate hal f
ester rllolf céé‘F‘g@tr'ﬁ'f: @c‘%nc? %@éﬁal n:%dq%#c%pggbgpgﬂ)&%tsogg 3/5 'H%'P as the
car bori@ i operialistaeting atlabobit Ttle°®f IEvenafith ushabirt additien %ﬁttﬂ&?&'ces one
nol arﬂ%dw val ent of water for 23 an equinolar reaction of Ca( 2 wth

car bord i o58T8en digxide,evelution ogeyrrediap dsmgﬁgtedd:ry thedpwcryde phedusd
sul TurigzedslitehPRr8R) Sit id BEIGHPHARIhé Sarbon 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 adry 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(OHy), 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 . o |
29 - Ca(OH), + CO; -> Calcium Carbonate + Water




25 incorporated in a conplex formand not sinply as cal cium carbonate. 26
However, for sinplicity, we can represent the formation ef \gakshsin
carbonate 27 from Ca(COH)2 and carbon di oxide as: 28 29 Cal\? 2 +

Cal ci um Carbonate + Water -25 26 March 2007 1 By contrast, the present
process requires one water nolecule to react with the 2 ethyl ene carbonate

to form carbon di oxi de and et hyl ene glycol (or the 3 carbonic acid half
resent process both 4 produces. and

ester). Th&net effﬁtﬁt is that the P

consured arPEEUrA BRAEFeRPrRaeSS Fequiigs ope walghmaleculndo rradt With the  enove
water. @ T RS | iGN | ' a
tenpera'?urga\?\glaﬁég;ag{)ove ﬁ?”b%?ef}igﬁg%%m nt égggm%'?‘?aﬁgraf@ﬂi@éreason, t he
car bona8i orrareerpe egidhalf egten sthebnetbeffert id that thel presedt procksas bbiht at e wat er

. t | V] h ti 9 tq. l etign. Ho Lol f o th
! omper aftur 1B APt e85k ctlar ubiiey PERAER. Blis JRYBEM e neatarn
di still sputtbiregolderatgacti on on a path toward gl ycol starvation. 11 12 In

the prior art carbonation process enpl oyi ng ethylene glycol and carbon 13
di oxi de, carbon dioxide reacts with Ca(OH) 2 to form carbonate and water.

14 Wt hgut i watePprothcRY diinh é&ﬁbﬁaﬁdr{ig?%n@?tbﬂ‘é?%tbﬁﬁfrer%ﬁ-‘r‘ jjhyl ene 15
carbonate is the source for carbon dioxi and et hyl ene ‘glycol, no net
wat er i §  Bbope dribeiling point @f water. drondhisoeasén tthe canbdnationddmplekatiphenat e

* The conBummihespretl edBabldtot Rt Bt bl BiRehpesiuph ne
formation eb completohaHWewsilif s Rithpératieistoo hibhevkasivefudntdesbysi s of

et hyl ene carbonate to form 20 glycol and carbon di oxi de consunes one nol ar
equi val@nt ghcolwilesteamglistill pting thereaglianiopra path, towaed glysobstarvatiant i on
equati? of Ca(OH)2 reacting wwth 22 ethylene carbonate forns cal ci um
carbonate without formation of water. 23 Ca(OH)2 + CO.2 CaCO3 + H 20 (1)

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 wateris
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 , ' »~ - CaCO3; + H ;0 (0
lime ’ i . calcium carbonate

0 o : | o
| E >:0 + H 0 ——— H N 1 oo, ©
.0 TTo o - :

cthylene carbonate S - ethylene glycol

Y

limc + ethyleng cgrbqnatc _ calcium carbonate + ethylene glycol (3}

26




i me cal cium carbonate >=0+ H 20 HO\/OH + CO 2 (2) ethylene carbonate

et hyl ene glycol Line +ethylene carbonate - cal ci um carbon g,ﬁér‘%ltjmbene
glycol (3) -26 -- -- ----- -- 26 March 2007 1 Accordingly, the above

reactions may explain why water is not fornmed 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

structurge r : IR iU |t .has n bee 5 found

hat ther carEangiid e obel® sl oy 8RbiE Py Wate 5 i Yo durng

t enper at2ir etheupresentdarbbnaifiCpmices) HoWevepths @bo0s Bquktisds Aa di oxi de. 7

Furt her reéipﬁ%bonation with ethyl ene carbonate proceeds at a remarkably
te

8 fast calinesiace i the actuakprogesithercatbenateis partiad aabout  200C. Thi s

9\/\/as-n"a" i Aki | .0 this.l tion was
that 10 conauipnPAatestn AR eraNRE thal B bl o baiglim, I ok FUF AL,
oxi di zed gl fpuold thatithertasbomatioat afthe prédent ptduess|pratgdirnRtbesdn et ur e woul d

very rapid carbonation reaction

rate limt the 12 carbonation ess, ..The

with et ;ﬁ/l etﬁ@%a%?%ﬂﬁz‘?@ put ﬁ@f?‘f&wﬁ&ﬂ Ahioss 9f cahamdiedaear | y t he
sanme | ewel bt i E%Ibio | it i ons of
terrpera\trﬁrerq;ﬁgégﬁ% %ﬁogﬁ?ﬂcgﬁ%on téerpéz; itﬂg%éjgig)? fgg&ﬁ‘éi’é?%ﬂ%%t bei ng
bound bf arfast rate for tetmperatupasditbe eangenaf alidwt 1623C 10 @boat 2809 | Thie 18

The f1rer SrprPEMRICTHAr SPs ez Blrkid riorth e JiianionavasoRat e ring 20
21 It o req at e Ea o PG Niie? o Wl s IR ImdTAla o OZed NI °2) Ci tm
salt (8§ antegpedigles, withir the gl&ylphenatecstmmturemmubmtdi limit the and et hyl ene
. igl_sYSE’Lgggf&a?@oﬁaﬁ%ﬂ%r%ggs?%ﬁéa 'VQW r%BICHJ LarBOnation Lalion gvrllthoéth)iﬂghg rmediate (5)
_ 13 carbonate is notably different and produces nearly the same level of carbon
14 dioxide incorporation under varying conditions of temperature and ethylene
16  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 hydrolytic 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 sait (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. Wheh 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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24 favored over free carbon dioxide and ethylene glycol. Wien the ethylene

25 carbonate addition tenperature is increased in excess ffy@haul,200C,
there 26 is a reduction in the phenate carbonate |evel, WhIC we attribute
to the 27 formation of free carbon dioxide and its subsequent partial | ost
through the 28 reaction vent. 29 -27 26 March 2007 1 This mechanistic
interpretation is logical in terns of an expected rapid 2 neutralization of

t te.. th.Ca th ted th 3
obser vadi onf b Mt BEhEERE i Tndithih BB Spedipe g ossent y
4 i nsengi t insuttadizhtien bﬁm@érh@ﬂlrﬁ@w Witl@@ﬁa(@i—lﬁ .'aﬁ& I%ﬁhbﬁgﬁ%cytéﬁ By Of oH CO

H20 OH (4) CO carbonic acid hal ster
(5) 5 8 Thbseraion efifapid and eymplete nhemﬂtemacmnailpeorvmsh ishessendialipe

responsjbl rbon.di ox e _and ethylene glycol
to the gul 1‘3 ﬁérélﬁzséj %Qe%gﬁgéétmn#@?w&?gg{ﬁ%? ﬂF‘EF?IBB? ye (5) may al so explain
why ethylene glycol 9 is not readily lost fromthe reaction m xture even
at about 200C_gIraditional 10 sulfurized nate carbonation is limted by

condi ti ons réaction te rature 11 ofing toteamdistillation of
et hyl ene gl t he ction frediu Under 2 @pnditions of ethylene

gl ycol "star fon", sulfurized phenate s are 13 known to give | ow
car bon di oxi de |ncorporat|on and an increas he crude 14 product

sedi nrent. 15
' ‘ carbonic acid half ester -

Vel

+  Co, | OCa-OH
OH ' 0 ©)
(6]
Thus, calcium sali () 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 ~N 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 vaiue calculatéd
17 assuming quantitative hydrolysis of ethylene carbonate to carbon dioxide and
.18 ethyle_ne glycol may be determined for the process of the preséht-invent_ion._
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16 The percentage of carbon dioxide incorporation relative to a val ue
calculated 17 assum ng quantitative hydrolysis of ethyl cALbepAte to
carbon di oxide and 18 ethylene glycol my be determ ned%g\d lﬁﬁeedgfocess of
~ the present invention. -28 26 March 2007 1 This value remains fairly
constant in a range of 92%to 96% This high 2 efficiency for carbonate

formation is likely a result of the efficiency of ethylene 3 carbonate
e trapping, 4 which

hydr ol ysi ther than.the.effici i i oxi _
56 expl o TS WAl BRATS Y cotyeaiit 2.6 R oalRPe o WA do not 5
si gnifi Qantéfﬂciéhhgrfortdé@b&ﬁtéﬁﬂﬁ%i%n% “Eé‘g’“ﬁ%ggﬁ%ﬁt feifﬁei%ﬁgﬁr b?@%ha/r%ﬂez 8A

sinplified nolecular structure for an ov uri zed car

al kyl phé&natearbgnatedwardlysis vatheothanithe efficiencuinearbdredioxideutrappirgt hr ee basi ¢
9 sites per of 4 enal as .sh . _From reacti stoi chj onetry and
10 prodict %@4‘;aﬁ"c%’?a'%'ﬁ%i”rg\‘yo"re%?’?'@&ghv%'é‘? Bﬁg}é’ a&]?‘#‘ﬁﬁ?'ﬁéﬂeﬁldﬁﬂ%henat e 11 -
sanpl es5 itsiglﬂﬁcélﬁ@'raltfe@W?érﬁéhtag@rbf&ﬁé%@gGiox!d%rrﬁaﬂérﬂi n 3.4 basic sites
per 12 nole of al kyl phenol. Additional basic sites, not shown in the

| sinplifﬁed 13 overbased sul furized carbonate al kyl phenate, include the
gl ycol #esi ﬁﬁfﬁﬂ *cg e C. at forman.integral part
of the gher{g e shﬂ:i;éﬂ((gﬁﬁéléa&'e%gj@% { k%f‘éﬂ’&@%%ﬂ@é’zﬁ%ﬁ mt%n 17 18 O oe
220 Ras8c silkyishebate @ shovd badwOHFdptthis dtructidreOtHer@ woldbé Ge@ HRi?3 S 24
25. S\ _| carbonic acid half ester 26 RRR R | L
9. 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 glycol residues

14 (oxylates, glycolates, etc.) that form an integral part of the phenate structure.

15
16 Ethylene Carbonate Carbonation

17
18

19 N 2 o2
. ASIC Stles .
20 : >§0 >:0
24 oH ol ‘T ‘])
22 ‘ .

] (!a : Ca _~Ca a
23 . i 0/ - : e S 8] |
. 24 S carbonic acid half ester
o5 . - |
26 | | |
& R R
28 The rate of addition of ethylene carbonate has been tested over a range of

27 *
29  addition times (15 to 120 minutes) and temperature (1 62°C—200'°C). The

30 incorporation of carbonate and crude product sediment are refatively immune

31  to these differences in reaction conditions. Thé addition of ethylene |

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

',3_3 carbonate is added very. rapidly (for example, in less than 20 minutes). Under.
. 34 such conditions, that reaction temperature will rise rapidly from about 162°C
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| 27 28 The rate of addition of ethylene carbonate has been tested over a

- range of 29 addition tinmes (15 to 120 m nutes) and t enpey [ 8 2007
(162C-200C). The 30 incorporation of carbonate and crude pro Uct sedl ment

- are relatively immune 31 to these differences in reaction conditions. The

addition of ethylene 32 carbonate is relatively exothermc and this can be
seen when the ethylene 33 carbonate is added very rapidly (for exanple, in

i e T e
(the stgrt gfceRbRrh@ity ﬁﬁé%@éﬁz%da%\ﬁé\%?)eve‘ﬁ uﬁcﬁﬁ}rtﬁééé"% dﬁoﬂ@@ﬁe sone 2

excess foam ng was observed. However, even under these conditidns, the 3
i ncor pordat i @ﬁomor@fwrb@frmrbonatwewgryrmgh Qintherathett hand, ledimdenet hyl ene 4

i hoe o bbb At R ERRER N REERS aha1Chnah Ul Bera it he 1 ovel
of 6 pmpdugihces anatahse Yﬁ%é&ﬂéﬁﬁﬁ@@v@hnbh%ﬁ é&in%‘rédﬂéﬂéﬁﬁiﬂfeqévgﬁ?]al -

t enper at ures above about 200C br eakdown of the carbonic aci

“ester (P tRyoduetebanaleiwas Qhﬁﬁfée%?t&%e@lg&tﬂmwpwes fAb be reaction rate
9 Bt dt | 2 10
115The” Fea EPERAEEHOR Ll 20: €t igBkd g i BB i BoBE BT BRN 1 e ved 12

al kyl ph&natester @3t tarbion dioxidbi lang dtiders@ giyebl Apfatrs s BEwehdtion r@iet he
overbased 13 sulfurized al kyl phenates, w thout any loss in the quality of
the pro uctcoﬂpeltﬁ'vf’mlm%lﬂ@ﬁég@ﬂ af theraeiq tg the cakeiureati @ and physi cal
proper yphes of the 15 product of the present process are al so good,

i ncluding high base content, low 16 crude product sedi nent and fast

filtratilon Thet reductioh ivbthb tirme forithe peepsratiornef dverbased yulftizedt he product of

t he present .invention has i ncreased hydrolytic stability and | ow col or.
Both h érol%’@%?ﬁ e S%QOUQ@Q@%C@B&@IW&}f@r@duqi@n@f%%@§¢frb§l§ed and

[ rrport t %ﬂﬁﬁﬁféc? sul furized
al kyl eno corrpoéllk?lpgﬁéa{e% gr oﬁur@]t of rfﬁg%%'ﬂﬂz éﬁmQ\fJ‘Fé&W&%
infrared spectral analysis. The chemical and physical properties of the
- 15 product of the present process are also good, including high base content, low

16  crude product sediment and fast filtration rates.

17 Most surprising was the discovery that the product of the present invention:
18 has increased hydrolytic stability and low color. Both.-hydroiytic stability and
19  low color are extremely desirable and important characteristics for commercial
20  Group !l overbased sulfurized alkyl phendl 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 ll overbased sulfurized alkyl phénol compositions of the present

26 invention as compared to those prepared by the prior art processes.
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21 present invention-has increased hydrolytic stability, as neasured by a
22 ‘'modi fication of ASTM Test No. D 2619, as defined above, Jﬁggﬂgbgg to the
23 prior art product even after 6 days at 80C after the ag Ition of water.
Lower 24 color, as neasured by ASTM Test No. D 6045, is also observed in
the 25 Goup Il overbased sul furized al kyl phenol conpositions of the
present 26 invention as conpared to those prepared by the prior art
processes. -30 26 March 2007 1 EXAMPLES 2 Test Exanple 1 3 Preparation of
an OverHased Sul furized Alkylphenolgzﬁﬁﬁﬂégia 4 liter, 5-neck resin kettle
equi pped with a turbine blade stirrer, the 5 follow ng conponents were
conbined: 6 858.5 grans of Coo-Cl5 al kyl phenol 7 94.4 grans of al kyl benzene
sul fonafe, wherein the al kyl grouplashExampl@ihenzene is 80 percent

~strai ght;- chai n C20- ﬁpaé? : &\ i -Cl15 10 5.0 grans
of def o?rrer, pol ydi (rr% ys?ﬁf&o.g%ﬂ%{, %@%&pnﬂy"@g@a@*ﬁl&g& chased from Dow
Corning 12 486.9 grans of isodecyl alcohol 13 14 The contents of the

kettle r IS r ed to 149C
over o Hor i &F 1 SthEKIRER RS ehiiBob SR htbiRRB50e SbETRe "soc, 't he
fol | owi 6g ddibwihgraimparamsweicscombimeddded to the kettle: 17 18 402.5
grans of cal cium hydroxide 19 134.1 grans of sulfur 20 537.4 grans of 150
Neutral oil 21 22 When the tenperature of the reaction nixture reached

bet weeng68C to 8%8.5 g?b?n@oﬂ@%@{@élkylpﬁ@:%l 740 mm Hg was applied to the

kettle with the stirring _
7 94.4 grams of alkylbenzene sulfonate, wherein the alkyl group on the

8 benzene is 80 percent straight-chain Cy-C,4 and 20 percent
9 - branched-chain C1¢-Cqs
10 5.0 grams of defoamer, polydimethysiloxane, Dow Corning 200®
11 purchased from Dow Corning
12 486.9 grams of isodecyl 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 fo the kettle with the stirring
24 increased to 800 rpm.
F ) |
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 peribd of one hour.
28 ' : o
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24 increased to 800 rpm 25 26 The reaction m xture was held at 149C for
30 m nutes. Next, 247.9 grans of 27 ethylene glycol was %iﬁfd%g)&he _
reaction m xture over a period of one hour. 28 -31 26 Marc % 1 After
the addition of ethylene glycol, the tenperature was increased from 2 149C
. to 177C over the next hour. 3 4 270.9 grans of ethylene carbonate was

- added to the reaction mxture over 5 2 hours. After the addition of

~ethyl ene carbonate, the ter‘rﬁerature was 6 increased from177C to 210C over
t he” next! 30AleHGeasddiion ofirdnyiaas ghtoph she fernperaliareaias insiegssal fi@Hg to 30 mm

Hg over 5t h ) The reaction m xture was then held -at
210C angt 381 nm 01&0#%@51%\%&@@3“& whi ch the vacuum was broken with
- .nitrogel gas. 10 11 The product was collected after filtration. The

product had zchBN of 259 and 12 crude product sedinent of 1.6% 13 14 The
resul t s%of 5P oEmARF eviens earorsiauanapded t epreastion srgture oYer depi ct ed

i'n Tabl g | '25!}&&?%@&%& B@gﬁ%%%ﬁyﬁéné’ éééﬂoﬂﬁt&%ﬁégérﬂRBﬁE%S s and 16

reacti on conditi ons when e ene carbonate 1S ’use € carbonati on

step: 67 lBcreased boamp? 2 Ctal® (T evdr the next B0 rhinntesf ared the wartiugt wasl on
21 22 The procedure

reparation 20 of _ove sed su) furi zed, al kyl phenol
D oot h ABease MoBL (S bltblor s En e pYahe Nt 1510 2RaTingEs ot of

set for
et hyl ene glycol was reduced by 50 wei ght percent, that is, 24 244.5 grans

vas addgd tg L clice mixtare was ther held 5t 210G and 30 mra He for 30 mindtes
9  after which the vacuum Was broken with nitrogen Qas.
10
11 The product was collected after 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 1l illustrate the effects of varying certain parameters and

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

17 |
18 Test Exarhple‘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 [l 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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25 that- reduction in ethylene glycol is conpensated for by the production

of 26 ethylene glycol fromthe hydrolysis of ethylene car us there
was no 27 appreciable increase in the crude product sedizﬁgﬂ?{(ﬁ%p%& A TBN

~of 255 was 28 obtained for the product. -32 - ---- - ----- 26 March 2007

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 fdllowed, except the 6 anoulastéxasiglyBene carbonate was reduced by
et hyl ene

10% wi t 1 7] . jn th t. f the additi
AR RN T NENITRET Fo e I e
added oger a perffoRdte briytdpardtidisf RaghMesiRizedaikiiphéiaep e 1. The

results in Table 11 show that the rapid 10 addition of” ethyl ene carbonate
appears4to inprove carbonation as seen by 11 | ow crude product sediment,

amount 81 i LISOREGPI TP Bk T bgYE T et ot Tovds faliuseh S Ehptthe pod

al kyl phgnoleindint of éthiighencarbettetwas reduicdbye o avitina teicomiaRp! e 3 was
fol Fowed, except the 18 anmpunt of isodecyl "al cohol was reduced. The ratio

of . i sodécyliNGrasmtn the sate ¢fthe poldifion of ghylpae catbarrate taithe reattien Exanpl e 1.

Th |t i j | | hol t
0. of phe ey 228 ofamaArYhidle cohdf L ULLABYEE o BEBR 1 uf " 1
sedi men9 adnstead 6E2 hoirs AoipEXANplee! EXREPEAUIS in T2Abib HsHOetHas Gterpid al cohol

was added in a ratio of 0.6 to the amount of linme. 23 The crude product
sedi meh® waddiiopasetiniena carbeRateappess loimprove carbonation as seen by

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
15 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 {o 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 preparatioh of overbased sulfurized alkylphenols

28 ' ' '

29  The procedure set 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 resuits in Table H show that the crude product sediment.and

:32 - the TBN do not change appreciably from that obtained in Example 3.
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- 25 Test Exanple 5 26 Effect of increase in the addition rate of ethylene

- carbonate on 27 the preparation of overbased sulfurized ﬁmh}ghﬁ}agl s 28

29 The procedure set forth above in Test Exanple 3 was followed, except

that 30 ethyl ene carbonate was added in half the time, 30 m nutes instead
of 31 60 mnutes. The results in Table 11 show that the crude product .
sedi nent and 32 the TBN do not change appreciably fromthat obtained in
Exanple 3. -33 26 March 2007 1 Test Exanple 6 2 Effect of elimnation of
t he hydrocar byl sulfonate on 3 theegife@angé iGon of overbased sul furized

al kyl phepols 4 5 Th rocedure gset fort bove in Test Exanple 5 was
fol 1l owed, except thafEfEﬁfROgeHW%E’Qr(g&Fe Eﬁ%ﬁﬁw SHEQNAEMY to the reaction

m xtureg The resul t Stidiprephdtich bf oviioNtdd GUifurRed ikiisheiasluct sedi nent
i ncreased to 4.8% and t%e TBN 8 decreased to 250. Test Exanple 7 10

Effect & a further increase in the addition rate of ethylene carbonate 11

or ocedute. oaié PioEPria RITORR SB0NP R P EmAs RS o foed SaeBhPoFha: 14
et hyl eng caiydedairbyl watfondialas added 1 tHe RactidMmixars!! TheirBsdighihe |1 show

15 that _the_et hyl ene carbonate can be added extrenely rapidly in_the
present 7 16T3ghl%ﬁ§§§'w thatthe eraideiproduct sedimprntdncreasedito &i&&iaﬂ@ the TBMg as
t he addhti%cgé N4 | ene carbonate is bel ow 210C. The crude product
sedi ment was 0. 8% 18°and the TBN was 263. In addition, the filtration of
t he crude product was 19 relatively fast. 20 21 Conparative Exanple A

9 _ Test Example 7
10 Eifect 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 resLJ!ts in Table It show
15 that the ethylene carbonate can be added extremely rapidly in the present
16  process. There is little 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 addition, 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 mixture 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.
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22 Preparation of -overbased sul furized al kyl phenol s using 23 ethyl ene

gl ycol and carbon dioxide 24 25 Overbased sul furized al%%hggﬁﬂghﬁ7mere
prepared as in Test Exanple | 26 above, except the addition of ethylene
carbonate was replaced with additions 27 of carbon dioxide and ethyl ene
glycol. The nole ratios of the conponents of 28 the reaction m xture were
kept the sanme as used in Test Exanple 1. The 29 results in Table Il show a
- crude product sedinent of 1.2% and a TBN of 249. 30 -34 26 March 2007 |
Conpar atli ve Exanple B 2 Effect on preparation. of

a I
over bas sul fury : | | | out using
et hyl ent?dcar bonal'-rzfafg&ﬁ ébaddﬁ%k’gér@@gadu%rn%g?%pﬁﬂ%ggﬁbeéeﬁn&%@?sﬁxarrpl e 1 was
fol | oned, excegfitylptenol$whenwarbafationds eapiedadut alzsing sthyleredearbdndte 50% t hat
is, 243.4 grans was 7 added to the reaction mxture. The results in Table
Il show# hat the i sodecyl 8 alcohol plays a role in the preparation of the
over based sy ' | :@?ﬁip i E{;Hgti Wi SCOSity
of the S)ncZﬁLé:)?:';dtcéggre?%&g%Eg?@m%%}?on olé 1?@%%3% a'%ﬁ%‘?ﬂ r?éy cause
hi gh cr 6de gmoudalf isodesgidaloaiml Wwasveldsiced BY5084, thht iss 2B dbgiaims wasesul t  of

Boar af vl o TS o milire s TheRvind Ve vl Bk Boeior 10

over basgd_sildel b5 clRlElHETIEpBIaToNoF e SidIBEgA &R T S0 out usi ng

et hyl ene carbona 18 The 'procedure set forth above in Test Exanpl e |
- was f ol Bowedkylghargipes beyand gigiply tedueing thewistiositp of the wnearbedatedom t he

- dehydragpion and syl furi.zation step,i 20 the preparatjon of the overbased
sul 7 ur 10eq PEPAYAL RaPLEH ok B8 Bidahe Mlpeis® g CRlde Product

11 sediment levels, 42%, which is probably a result of poor dehydration and

12  sulfurization. The TBN was also lower, 243.

13
14 Comparative Example C
15 Effect of ethylene glycol on preparation of overbased sulfurized
16 -alkylphenols 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 a}kylphenates. The only ethylene
21 glycol available in the reaction mixture was from the hydrolysis of ethylene
22 carbonate added in the 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 |.
29
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21 glycol available.in the reaction mixture was fromthe hydrolysis of

et hyl ene. 22 carbonate added in the carbonation step. Thq¥#ﬁﬁHﬁﬁﬁ)§hom/that
-ethyl ene 23 glycol is required for the dehydration and sul'furization 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 experinental conditions used in
Test Exanples 1-7 and the. Conparative 28 Exanples A-C are summari zed bel ow
in Table 1. 29 -35 26 March 2007 1 Table 2 Ex Ampunt of Reaction
Conponents Addition Charge Ml e Rati dablative to the Al kyl phenol of ECG
Time in2Mnutes Al kyl phenol |sodecyl Ethylene Calcium Ethyl ene :

Hydr ocar yEx Al cohol G ycol Ameiin®st Reatisk Oaigonsatd onate 1 1.00( AdddidR

1.300 1.766 1. 000 1. oo 120 ooo .000 766 .1.000 1.00g&0| 3
1000 1 900 . 630 . 1.GedE Mde Ratsy et@theg‘g'@/@‘eﬁf% 0.650 1.|76606 900
1.000 60y 5 J4. 000 O. 909 0.423 1 766 0 900 1 000 60 6 1 000 O. 9cgmﬁu@2§
1.766 0. 9001000, 30 )0 0650 7660566 i A—1000
1034 1. 510 1 AEBnERgL] | EBA N % 0 MG 1 é‘gg %4 1.000
1.000 120—C11-000- 094 co%% 1 g: EX ;den )QC '8)@623 4 .:2.3 car hnn#te
[ 17 1.000 | 1.000 | 1.300 [ "1.766 1.000 1000 | 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 resuits obtained in the above Test Examples 1-7 and the Comparative
10  Examples A-C are given below in Table Il.
11
12 Table ]
Ex | Final Product Weight Percent of Final Product TBN
Weight in grams
' ' Sulfur | Calcium || CO; Sediment
1 2253 4.1 9.5 55 1.6 259
.2 2083 | 35 9.5 5.6 1.9 255
'3 2023 35 | 99 5.3 0.8 265
4 2040 1 37 9.6 5.1 1.0 - 260
5 1996 3.5 9.7 = 5.3 1.0 263
6 2041 35 | 941 50 48 | 250
.7 2024 |35 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 28 24 0.3 24 66
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5 * Carbon di oxi de repl aced the carbon di oxi de obtained fromthe hydrolysis

of 6 ethylene carbonate in the Test Exanples. 7 2 No ety gngnLcapkonate
added. 8 9 The results obtained in the above Test Exanples 1-7 and the

Conmparative 10 Exanples A-C are given belowin Table Il1. 11 12 Table I
Ex Final Product Wi ght Percent of Final Product TBN Wight in granms

Sul fur CalciumCO2 Sedinent 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%0 263 6 2041 3.5 9.1 5.0 4.8 250 7 2024 3.5 9.7 5.3 0.8 263 A
1769 3.8 9.2 5.2 1.2 249 B 22dydwldicstabilitystudies43 C 1904 2.8 2.4 0.3 24

66 -36,26 March 2007 1 2 Hydrolytic stability studies 3 4 The Goup |1
nmet al overbased sul furized al kyl phenol products of this invention 5 has

i ncreasdd hpisl Grotip It nsétabovdrbiised sumieed SlkjipRerd| Pbdidts BEtAS ieptidRsed 6
sul furi zed al kyl phenol s prepared_using the conventional carbonation process

7 enpl oyi ndast RgTeased ydralyticstabitir epmparesktodbe Group Il metal overbased
6 sulfurized alkylphenols prepared using the conventional carbonation process
7 -employing ethylene glyco! and carbon dioxide.
8 ' .
9  The hydrolytic stability of the Group Il overbased sulfurized alkyl 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 hydrolytic 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 lil 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 Corbparative 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 Figure1.
8 . .
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9 The hydrolytic stability of the Group Il overbased sul furized al kyl
‘phenol 10 conpositions of the present invention was deteri@ﬂﬁ&h%@b?

nodi fication of 11 ASTM Test No. D 2619. The nodified test i ned
above, neasures the 12 hydrolytic stability of a product by neasuring its
- TBN | oss upon exposure to 13 noisture. Greater TBN | oss reflects poorer
‘hydrolytic stability. 14 15 Hydrolytic stability data were collected in

experimgnts where water was added . to the overbased sul furized
al kyl pﬁnol sanpl es and the retentionﬁ%li%hN was 17 . neasured. The data

given ifrTable 11l belowand in Eigure 1 show that the 18 overbased
sul furi ged al kyl phenol s prepared by the process of the present 19
i nventign are nore hydrol yti ¢MDROLYADCSTABILITNOSse prepared using the 20
conventijonal carbonation process as denonstrated by the percent of TBN 21
r-etenti ¢n. ZZ Z3 Conpar ati've Exanptes L}tg pd—usT gt e
procedurde a?rﬁ t(égrrpa atAmeubafVigater A [abo am)l aBefgehtlTBA e
pr epar ed ustHy"'P 2b pAddedts Blevid Test yﬁa& oye. Refdriioner e
conductedwith and without 26 the additi on ter The results of |the
‘tests ate givdd in Taple I10.0a86in 27 Fi gur7e4&46 28 -B7 26 #woch 2007 1
Tabl e [T 2 HY YITC STA TBN (0T Sarmj; § anpt us A of Vat er
after 6 Days afF—Perceht TR@é_kd{r{nrl to Bl.end %m et ent n-%g Q') Wt 0
'7.4846 00 E F5 wt.%6.411086%6 F (1.0 W6.24&2 2482 83.4883.48 |
- G : 20wt % 6.1505 82.18
8 0.0 wt.% 6.8373 100
9 0.5wt.% 6.6935 97.9
10 1.0 wt% 6.6432 97.16
11 2.0wt.% 6.4792 94.76
3
4  The resuits 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 il
12 overbased sulfurized alkylphenois prepared by the process of the present
13 invention as compar‘ed 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 Comparatlve Examples H-L were commercsal Group |l sulfurized alkylphenols
17 prepared from C49-Ci5 alkylphenol using ethylene glycol and carbon dioxide.

~ 18 Color was determmed using ASTM Test No. D 6045. The resuits obtamed
19 . using a Lovrbond PFX985 Tmtometer are given in Table IV and Figure 2.
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G2.0 w.%6.1505 82.18 8 0.0 wt.%6.8373. 100 9 0.5 wt.% 6.6935 97.9 10
1.0 Wt.%6.6432 97.16 11 2.0 wt.%6.4792 94.76 3 4 Thezpﬁﬁé{?g%@f t he
hydrol ytic stability studies clearly show that the G oup over based
sulfurized al kyl phenol s prepared by the process of the present 6 invention
have consistently better TBN retention than that observed for the 7 Goup

Il overbased sul furized al kyl phenols of Conparative Exanples DG 8 9
Col or studi tudi es were conducted to deternmi ne the degree

- 10 .11  Col
of col orl o'f-ﬁg‘ﬁée?@l Oi“Eﬁéﬁé"%@%@&P@h@YQTP?%%S'éfq{Weﬂtfﬂhﬂpﬁerepar ed by
he ' ' ; f G I
the: prOQesspr%HuEﬁepr@bﬁmyﬁbélﬁgﬁg b%l@ﬁvgﬂﬁr@tma% 197 hife gzg

over based sul furi zed nol s prepare sing et ne’ gfycol
carbon @i oxXete colts tTasobereedfarthé 2ofitmamial Groapdr métal eiverbdsed pr ocedur e of

Test Exgnple. d.. 16 arative Exanpl H re commercial Goup Il
sul furi Zed %I@'Fﬁﬁ@@?&@%’ &Dgﬂpaqrggy? ?:_S(ﬁfr@l[%sm%'lﬁ al kyl phenol usi ng
et hyl eng gl ycol and carbon di oxide. 18 Col or was determ ned usi ng ASTM

Test No.. D 6045. The results obtained 19 using a Lovi bond PFX995 Ti ntoneter
are gi vBn itheraffeet afguliuccaricgotration on-the amount of color was-also detervimedh 2007

2 produtt s SIARIN 135 4T BOAKE T SR HELIRRER oVpbat TebET . 2" have
- 3 l ess 8ol trelbahoabihat wetbrites stdmae@@ﬁpéﬁ;ir@hté%@ﬂ@iﬁghs ([leafeqtver based 4

sul furized al kyl phenol's, Conparative Exanples HL. 5 6 The effect of
sul fur Bon&eAMRIEi oabaye): ledugtinnuint suliur ebriog thesuliurizatias steprofithe

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 | Sample2 | Sample 3 | Average
12 1.36 259 2.5 - 25 25 2.5
13 1.29 259 3.4 3.5 3.5 3.5
14 . 125 | 258 | 3.0 30 3.0 3.0
15 121 | 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 .35 35
18 0.99 267 3.0 3.2 3.2 3.2
19** 0.90 | 252 - | o - Hazy, not
' : bright
H 100 250 6.5 6.9 6.8 6.7
l 100 | 250 5.5 5.5 56 55
J [ 100 1 250 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 46 4.6
16 ‘

17 * CMRis charge mole ratio of sulfur to the alkylphenol.
18 ** Color of Test Example 19 could not be determined.
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7 using ASTM Test No. D 6045. The experinental results given in Table IV 8
bel ow show that under the standard experimental conditiong {58f286pt 9
Exanpl e | above), reduction in sulfur during the sulfurization step of the
10 present process does not reduce the color of the overbased sulfurized 11
al kyl phenol " products prepared by the process of the present invention, Test
12 Exanples 13-19. 13 14 Table IV 15 Exanple Sul fur TBN COLOR CMR* Sanpl e

Sanpl ¢ 2 7712 1.36 259 2.5 2.5 2.5 2.5 13 1.29 259 3.4
5 3.5%.@@'%@%6850 3.03030 15 1.21 265 3.3 3.3 3.3 3.3 16

~PrOWRFRW—

.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
.2 3.2 19** 0.90 252 -- -- --- Hazy, not bright H 100 250 6.5 6.9 6.8
.7 10d 240 5APmCessia preparng Goousl ractel avarbased sullurized100 250. 4.6 4.6
SLI|7f 3r 6‘% oLt ﬁgogﬁ&&hgzﬁg}nsg\fvﬁicﬁfgnfpﬁeg%gr 1Z)f ' TS:F :Eiafrgﬁggigngloﬁl (rzlatnlo? g]:a
- determned. -39 --- ---- ------- ------ 26 March 2007
5 | forming a reaction mixture by combining a sulfurized alkylphenol wherein
6 the alkyl group contains a sufficient number of carbon atoms to render
-7 oil-soluble the resulting Group |l metal overbased sulfurized alkylphenol,
8 an alkano! containing about 6 to about 15 carbon atoms, a Group ]
9 metal oxide, hydroxide or C4-Cg alkoxide, a Co-Cyg 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:
R o) _
>.:o
_ 13 R; ©
14 wherein R; and R; are-independently hydrogen or alkyl 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 Il earth metal overbased sulfurized alkylphenol.

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

20 alkylphenals which comprises the steps of:

21 (a) forming a reaction mixture by combining a sulfurized a!kylpheno'l
22 : wherein the alkyl group contains a sufficient number of carbon '
23 . atoms to render oil-soluble the resulting Group |l metal overbased

24 . sulfurized alkylphenol, an alkanol containing about 6 to about
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| WHAT IS CLAIMED IS: 2 3 1. A process for preparing Goup Il netal
“overbased sul furized 4 alkylphenols which conprises: 5 f%%rmlraﬁ ﬁ?’f eaction
m xture by conbining a sul furized al kyl phenol wherein 6 the a l%y group

- contains a sufficient nunber of carbon atonms to render 7 oil-soluble the
resulting Goup Il netal overbased sul furized al kyl phenol, 8 an al kanol
contai ning about 6 to about 15 carbon atons, a Goup Il 9 netal oxide,

hydr oxi de or Cl1-C6 koxi de, a C2-Cia al kyl ene, gl ycql anpd 0O wth an

al kyl.end carbonat e P%rbpeét@mén@&my@a&%ﬁ%&%ﬁﬁ&m ‘1"1&!7%0- al kyl or
di - al kyb substit ut ek Sl fRea %'[@1?%%@3"@6%0@'3“&' ene 12 carbonate having
" the follow ng structure: R~ ~O "O 13 14 erein R and R2
are-indepgndently hydrogen or al kyl containing one to 15 three carbon
atons; and whergin tact | ! Ta | 6 and at a.
t‘errperat%ure Suf(ﬁ?Ciégﬁ?a(?@@%ﬁd#%é%ﬁ?ﬂnﬁﬁ%@?%@tﬁ# gﬁ!fg%a(thdéﬂ?%atél kyl ene

gl ycol , 4or a react iselpatedifroni ethyleneaarbomate grreohoot-alkyhoridéatkyl a 18 G oup
|1 earth nmetal overbased, sul furized al kyl phenol . 19 2. A progcess for
orepari Ag Group |1 SNOSHMe eihwlenerastiprale; said allsdens Rartongtonavio ti,
conprisgs the step_sr,omjwiné%trﬁeﬂ"é:orrﬁ ng a reaction mxture by combining a
sul furized al kyl phenol 2 wherein the al kyl group contains a sufficient
nunber, of carbon 23 atons to render oil-soluble the resulting Goup II
met al overbased 24 sulfurized akKyl phenol, an al kanol containing about 6

‘to about -40 26 March 2007 1 15 ¢ fatoms, a Goup Il netal oxide,
hydr oxi de or Cl1-C6 2 al koxi de, ~and c2- lkyl ene glycol; and

(@]
7 Ry -

wherein Ry and R; are independently hydrogen or alkyl containing
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 1i earth metal overbased sulfurized

13 alkylphenol.

14 3. A process for preparing Group  metat overbased sulfurized

16 alkylphenols which combrises the steps of:
16 (a) forming a first reaction mixture by combining an alkylphenol
17 wherein the alkyt group contains a sufficient nurﬁber of carbon
18 ~ atoms to render oil-soluble the resulting Group Il metal overbased
19 : sulfurized alkylphenol, an oil-soluble Group Hl metal overbased
20 |  natural or synthetic hydrocarbyl sulfonic acid, sulfonate, or mixtures

21 thereof, and an alkanol 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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3 (b) contacting said reaction mxture with an al kyl ene carbonate 4

sel ected from et hyl ene carbonate or a nono-al kyl or di-al kyl 5 substituted
et hyl ene carbonate, said al kyl ene carbonate having the 6 _fqllo

structure: R OO 7 RZ 8 wherein RL and R2 are independe3§39m7§h8@@en or
al kyl containing 9 one to three carbon atons; and wherein the contacting
is carried 10 out for a tine and at a tenperature sufficient to formin
situ carbon 11 dioxide and al kyl ene glycol, or a reacting equivalent, to

forma 12 produ® ceontactingrapicfit seqetion rebdurs witit akseeond reastian suikiwiei zed
13 al kyl,phenol _ 14 3. A.pr f Leparin Ll a| r.hased
sul furized 15 al kﬁ%ﬂ%%&ﬁﬁ@%ﬁfégﬁ%g%ﬁqio 'gﬁgog(ﬁgep r%?ﬁsﬁkﬁ%fe’%orm ng a

first rgaction m xtdififaripaticioaderitiang @ninritydpdedipon diddentharei n the al kyl
group contains a sufficient nunber of carbon 18 atons to render oil-soluble

the resdl ti ng G ougempengiteg and farsutitag sufficienite effeslesiiarigstignetihe, an

. oil-sol gble Goup | . synthetic hydrocar byl
sul foni(y:) acid, sul fe‘g g@ﬁ%&@ﬁ’ﬁ‘tﬁ}ﬁg%&%ﬂwmﬁé and an al kanol

cont.ai ning about 6 to about 15 carbon 22 atons, the tenperature of said

first rgaction g xtur i LAk . . . . 40C: - 007 |
(b) contacting (@ai &%p?chﬁg&%ggﬁlfrhﬁgér#g&rﬁ%ﬁaﬁtht%ﬁg—%@%ﬁ(yf&%@&gﬂt I Xture

2 corrp_r?si ng a Grou@mhbfanﬁ@kegm&)dqnixtméfgﬁd de_ or Cl-C6 al koxide; a 3

sul furization agent and an inert hydrocarbon diluent at a 4 tenperature and
for a tinme sufficient to effect sulfurization of the 5 alkylphenol to form
a thirdgreacti g#) Moshtdcihg SaldbuRRMEASHdGid@edvithh GIKy/Rafd éABoRAt Ure with
C2-Clo al kyl ene glycol to

. 9 selected from ethylene carbonate or a mono-alkyl or di-alkyl

10 substituted ethylene carbonate, said alkylene carbonate having the
11 following structure: '
-

12 "Ry ©

13 wherein R, and R; are independently hydrogen or alkyl containing
-1‘4 ojne 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 glycol, or a reacting equivalent, to form a-
17 ' product comprising é Group 1l eérth metal overbased sulfurized

18 alkylphenol.

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

21 5. The process of any one of claims 1 or 2 further comprising an oil-soluble
22 Group It metal overbased natural or synthetic hydrocarbyl sulfonic acid, -

23 suifonate, or mixtures -th_ereof.
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7 forma fourth reaction mixture; and 8 (d) contacting said fourth reaction
m xture with an al kyl ene carbonate 9 selected from ethyl ene carbonate or a

nono- al kyl or di-al kyl 10 substituted ethyl ene carbonat e,zésd&i'd %yl ene
-carbonate having the 11 following structure: R O > O aieh 13
“wherein R1 and R2 are independently hydrogen or al kyl containing 14 one to
three carbon atons; and wherein said contacting is carried 15 out for a
time and at _a.tenperature sufficient to formin situ carbon 16 dioxide and

al kyl end gl §col Thepragess of anyPnenef claimsnt-3 wherey theaalllepe 6athonatedfipr i si ng
a G | t | Q@g - ' | | Th
' Sr ocggg jof :ﬁ; %jnd(;gao tgg‘g}%{% -@'ﬁﬂt%%?én%eﬁr@hﬁze %E?I@'Pé%gggl (230 S

a Goupd | netabailiPOminatesl kyl phenate. 21 5. The process of .any one of
claims 1 or 2 further conprising an oil-soluble 22 Goup Il netal
over based natural or synthetic hydrocarbyl sulfonic acid, 23 sulfonate, or

m xtur eg t har edfhe prbtess of claim 6 wherein the alkylene carbonate #6 alilecto 8807 1 6.
The process of any_one of clains 1-3 wherein the al kyl ene carbonate is 2

Y r
added t @ the r dgatiiaimixtuie e imeperigdofiahoubdd sringirsulo abotnutes to 3

about 120 m nut ; The process of claim6 wherein the al kyl ene
car bonat%e S ad%}?a'gi‘"ﬁggsf'he 5 reaction mxture over a tine period of about

15 minutes to about 6 90 mnutes. 7 8. The process of claim7 wherein the

alkyl eng cag bonate, lneadfedali 7 WRerdh HiASik}iBRe Baitidtzte R/Slady &g Per i od
8 reaction mixture over a time period of about 30 minutes to about

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
13 150°C and 210°C.

14 11. The process of any one of claims 1-3 wherein the alkyi 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 .

A7 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 ctaim 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 thealkylphenol is about 1.3 to about 1.5. e |
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9 60 mnutes. 10 9. The process of any one of clains 1-3 wherein the
tenperature is 11 maintai ned bel ow about 215C. 12 10. The process of claim
9 wherein the tenperature i s naintained between 13 150C %ﬂg’l 2‘%‘02[39 14 11.
The process of any one of clainms 1-3 wherein the al kyl gr 4 i 15
al kyl ene carbonate is a nethyl group. 16 12. The process of any one of
clainms 1-3 wherein the al kylene carbonate is 17 ethylene carbonate. 18 13.
The process of any one of .clains 1-3 wherein the ratio of the al kylene 19
car bonatle t16-t hheaprogesh e slaiins3 wherain intstepye), gifter pentasting tizothird. ~ The

21kt pnénol i o "anaut GLP Wi 0P LAGaRYlsRegiedt e belire b bR 15

wher ei n3t he chaygenis mised,iiPnédesshfy, $ohi ﬂfatbpstegﬁbk/ahﬁbéiv#éérp&tﬁﬁm i s_about
1.3 to about 1.5 -43 - -- --------oo oo 6 rch 2007 1 16. The

5 -43 - -- _
processof cl ail®03Canst 8pout 0SCep (c), after contacting the third 2
reaction mxture wwth a C2-Cl10 al kyl ene glycol, the tenperature of the 3
systemis raised, if necessary, fromthat of step (b) to between about 4

120C ané abidut Theguocesa pf chaifa Jpvbereinsinatep (@) the TxBeratkylenenglycel (c) t he
C2- C10 @l kyl en it | S,.coN e t fr bout 100C to about
100G 7018 Thédg’rﬁéﬁﬁés‘:"g‘f’a@@#ﬁ% %ﬂgvgﬁﬂnﬁ"ﬁ t(‘@&' Che C2-G o al kyl ene
‘glycol 8 addition is "conducted at from 125C to 165C. 9 19. The process of
cl aim 3, furihe rising: 10_.Ce) heating t fourth reaction mxture of
step (d uﬂge_r &Pégﬁgﬁﬁssﬁggf"@éﬁr"@’e[rﬁ'"r’ﬁﬁg?fép‘ﬁt'ﬁ%?{T‘g‘ﬁaﬁW&fﬂﬁaﬁﬁqled C2- Clo
al kyl eng gl ycohdditidnagdonan&ea st freni #25°da °clhe process of claim 19
~wherei:n step (e) is preferably conducted at from

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,-C4q 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 élaims 1-3 wherein the alkyl grdup of the
- 24 | ' alkyiphenol contains from about 25 to about 100 mole percent
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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 steps (a) and (b),
the presence of a sulfurization catalyst, wherein 17 the Ifﬂriﬁ tion
catal yst is a hydrogen halide, an amonium halide, a 18 K9P de or
2- mer capt obenzot hi ozole. 19 22. The process of claim?21 wherein the

sul furization catalyst is a netal 20 halide. 21 23. The process of claim -
22 wherein the sulfurization catalyst is calcium 22 chlorjde. 23 24. The
process lof any Rfggoiinantly; sieaight-chainalkylgronps soRiainiag Ham ghoyhd toyg

al kyl phenol contiad f 290 e 26 March
2007 19pr edom’nénlgdnqt%?’)? i#%?g%ﬁ%éggﬁ%ﬁagwtgr oup@%rﬁ@?ﬁ%mﬁﬁgm about 15
to 2 aBout 35 hranbbed-ahaimsaliyidréupcaiianingidiomnaboud GttoGhook 48 parkment 3
br anched- chai ntél kyl groups containing fromabout 9 to about 18 carbon 4
- atomns. 25. T OB?éocess of claim 24 wherein the al kyl group of the

“al kyl phenol 6 contains from about 35 to about 100 nol e percent

predom pantly 7_strai ght-chajn_al kyl group ont ai nj from about 15 to

P beas 5B iAo TR RIcBAS ORI 2Tt (heAkd SRt OT B BkaPheRgant

br ancheg- chai n el ARGt i t 18 carbon
fRutaihs (OnBARS ORI 100 o B n SO RIRRY

atons. 10 26. alm 2 roup”of the

~.. al kyl' phénol 1Xstaigtitaihain flkgingrabpsicodtining fbouabdid rioloeatpet Sértarbon

Bbout 38 car bortors aiddfim ZhRur o8 0 theff Hite Setkedl Praffrsur e Aty -
br ancheg- chai n_ﬁ?]gﬁp{g co,gtgirmq)ﬂgﬁl ébﬁﬂt@itﬁidlﬁ)ui R Taibiohd 0 about 18 carbon

atons. 15 27. process of claim 26 wherein the al kyl group of the
al kyl phenol 16 contains approxi mately 50 nol e percent predom nantly

~ straighs-chai n L7 ' i N ut 35 carbon
'atorrsgmd 8 Jpl)%}r%@ib%% %%%Q%Wrggpgg%g%gﬁmbg%ﬂ&ﬁ@I' gr oups

cont ai fl ng 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 - alkyi groups containing from about 15 to about 35 carbon atoms and
18 approximately 50 mole percent branched-bhain atkyl 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. |

‘ :-45_. |




19 from about 9 to about 18 carbon atons. 20 28. The process of any one of
clains 1-3 wherein the al kyl group of the 21 al kyl phenol is attached

predom nantly at the para position of the phenol 22 ring, he
process of claim 28 wherein the al kyl phenol containing th%6 %’%%%‘92093{
~attachnent of the alkyl group is fromabout 70 to about 95 wei ght 25
.percent of the total alkylphenol -45 26 March 2007 1 30. The process of

claim 29 wherein the al kyl phenol cont ai niarllé the para 2 attachnent of the
al kyl grloup3@.s Theptagess of gaimaawbereintiomkypkend cpataiaing the paie t ot al

al kyl phgnol . 4 . e n oA - i n the al kanol
cont ai n§ about %cgﬁbﬁt%g}ﬁqglwérgﬁgﬁ%ﬂgﬁoﬁoéﬁ tgﬁaé)]oag-ggl]’gé@bﬁyl ene gl ycol
i's ethyBene 6 glarcomtof thetotallatkylpheasiss of claim 31 wherein the al kanol is

i sodecyl al cohol. 8 33. The process of any one of clains 3 or 5 wherein the

hydrocarbyl group 9 of the oil-soluble Goup 11 netal overbased natural or

synt het yc 191 hyrhepicbys obdhy BAk ©f 3Riifs 153 Whersih the afkdfioktoritamstdipueof , is
an alkyl 11 aromatic group. 12 34. The process of claim 33 wherein the

al kyl gPoup of aweaamtaﬁ Garbar atams apddhe Gp-Ceo lkiens glyeeh igisdhilene car bon

at ons t'g about q%ﬂco?ar bon atons. 14 35. The process of claim 34 wherein the
al kyl group of € al kyl aromatic 15 group contains from about 10 carbon
~atons to about 40 carbon atons. 16 36. The process of claim 35 wherein the

al kyl ggou f the al kyl ar N 17. up, .cont ai ng from ut 20 carbon
Stoms L8 abda U8 RBrpEmotaE 31 et Rl 608et AARE of ol i o
1-3 wherein the Goup Il netal oxide, 19 hydroxide or Cl-C6 al koxide is
sel ecteq frgm the group consistin f 2Q calcjiu arju and, magnesi um
oxi do. By arhi ddedtossesl ainkans BEoBmS 3o1 tvhein s helboRbyLERHE”  The
. processgof cl aighyy oMB6ILBIGHLD BBl dverPBS nfirsl®r s@'}’lﬂ{éﬁé' de or

. 10 hydrocarbyl sulfonic acid, 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 _C{—Cé 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 pi'ocess of claim 37 wherein the Group 1l metal oxide, hydroxide or -
23 C4-Cs alkoxide is calcium hydroxide. '
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23 Cl-C6 al koxide is cal cium hydroxide. -46 26 March 2007 1 39. The
process of claim37 wherein the Goup Il netal oxide, hydroxide or 2 C -C6
. al koxide is Dolomte conprising Ca(OH) 2. Mg(OH) 2. 3 40. Azgr dr(%:% (Wide by
"the process of any one of clainms 1-3. 4 41. A product nade 2by %e process
of claim19. 5 42. A product made by the process of claim?2l. 6 43. A

det ergent - di spersant additive conprising Goup Il netal overbased 7

sul furized al kyl ﬁhen_ol s, said additive being characterized by the 8
fol | owi Ny pPBpefbe pEocess ohplaimcd whetgin thesGeup baratal exdd ipdde @i ng ASTM

Test No.op D 6045x _~1 '3'-%?1[% dﬂ?@rﬁ.‘ﬁ% ' hepstability as
measurec? by a Srrgalc %}a é@énﬁte%st . %‘@ﬂiﬂ?@?ﬁ.@ﬁ > TBN of the Group
|1 metal overbased 13 sulfurized al kyl phenol s decreases | ess than 10
percent aftgs 14 di ' € ' i i Rj ngrine oil to a TBN
of 10 ar%l1 téﬁée‘ /%gq%% ior?otf)o)f{r%.%%gégééﬁ%nx\g?%ﬁ)?é%ﬂﬁgfﬂ%r 6 days. at 80C.
16 44. The detergent-di spersant additive of claim43 wherein the TBN of the
17 Goup |1 tal overbas | furized al kyl phenol s decreases |ess than 18
8 per ce% aﬂrgrﬁgm%ﬁtgﬁac%f%fﬁ‘@ QFQP%‘?’? 3‘?0'?# Egni shed marine oil to a TBN of
8 19 and the addition of 2.0 percent water and after 6 days at 80C. 20 45.
A proce f the i i tu deljvery of eguinolar quantities of al kylene 21
gl ycol §f]d %rd’gﬁr@@metdqyg‘er%’éﬁ??%?fﬁ?' %?'e, wherein said reaction 22
m xture requires the presence of said al kyl ene glycol and said carbon 23
di oxi de _as Jeactagnts al.d process.conprisi.n elivering to said reaction
5u7 B o4 47 pleRaemiisndb ANt A TR Smeie Groun i 9t PYeREEeR T om
et hyl ene carbo : P Al ¥k | 55 Lt et hyl ene

7 %?fﬁﬁgéq %ﬁ?@ﬂ@n Sk¥hid sgidftiveBeidy Earastdtiedtvy ¢

carbonat e having t W ng structure:

8 following properties:
9 (a) a color of 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 glycbl and said carbon
23 dioxide as reactants, said process comprising delivering to said reaction -

24 mixture: : S




Rl O>=:0 O3 Rz .4 wherein R, and R2 are independently hydrogen or al kyl
containing one to 5 three carbon atons; in the presence of water; and
under reaction 6 conditions sufficient to hydrolyze the aéé;%r}le% ar bonat e
to alkylene 7 glycol and carbon dioxide. 8 46. The proce |m45
wherein the hydrolysis of the alkylene 9 carbonate to al kyl ene glycol and
carbon dioxide is carried out at 10 tenperatures in the range of about
- 150C to about 215C. 11 47. The process of claim45 wherein the al kyl group
of the daid al k@lhaﬂqleriezcarhormta@leleoted irorreetlhylengmdmnale o1@ mohe-afiiffbcess of

claim45 wherein e carbo LS et ate. -48
56 Mo o2 2007 Pl SuBaffifod ABTIehd e bRy e Gumitd st ERRS L
ALKYLPHENCLS 1 ABSTRACT OF THE DI SCLOSURE 2 The present invention is
directed to a novel process for gaking Goup Il nmetal 3 overbased

sul furized al kyi phenol s, which pré es al kyl ene carbonate as 4 both a“
source of carbon dioxide and al kyl en In particular, under the 5
reaction conditions using ethylene C rbon arbonation tinme is reduced
to 6 about one quarter the tine t n the prior art to nake G oup |
metal 73overbased sul furized al kpkphenol™ conpositions. The present
invention is also 8 directed to a detergent-dispersant additive
conposition conprising a Goup Il 9 netal overbased sul furized

al kyi phdnol s, wakerimRy bad R.carp indeperidently Oydrogeh as edky$ cohiaining dne to

al kyi phenol s have a r duc d cal gr as neasured b 11 ASTM Test No. D 6045
and an 5ncreaséBr€Fﬁ/%r§PQﬁ t'HlSh‘Plpf?/se&‘é’erﬁ;&@Wean yinae Qr%?cri'ﬁﬂl fied ASTM

Test Nog 2619. Hitinehifftcidit¥6 RURINZSth! sikyidhe E5bBHatetolkylene

R glycol and carbon dioxide.

8 46. The process of claim 45 wherein the hydrolysis of the alkylene
9 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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13 process using ethylene carbonate or al kyl-substituted ethyl ene carbonate
and 14 water for delivering in situ equinolar quantities of ethylene

gl ycol and carbon 15 dioxide for use as reactants in ch%%gﬁal rsgftions.
No: suitable Figure -49 arch 2

' PROCFSS FOR MAKING GROUP II METAL
OVERBASED SULFURIZED ALKYLPHENOLS

1 ABSTRACT OF THE DISCLOSURE

2 The present invention is directed to a novel process for making Group Il metal
3 overbased sulfurized alkyiphenols, which process uses alkylene carbonate as
4  both a source of carbon dioxide and alkylene glycol. In particular, under the
5 reaction conditions using ethylene carbonate, carbonation time is reduced to
6 about one quarter the time taught in the prior art to make Group Il metal
7 overbased sulfurized alkylphenol compositions. The present invention is also
8. directed to a detergent-dispersant additive composition comprising a Group it
8 metal overbased sulfurized alkylphenols, wherein the Group |l fnetal
10  overbased sulfurized alkylphenols have a reduced color as measured by
11  ASTM Test No. D 6045 and an increased hydrolytic stability as measured by
12  a modified ASTM Test No. 2619. The present invention is also directed toa
13  process using ethylene carbonate or é!kyl-substituted ethylene carbonate and
14  water for delivering in situ equimolar cjuantities of ethylene glycol and carbon

15 dioxide for use as reactants in chemical reactions.

. No. suitable Figure




