12 March 2007 1 | MPROVED PROCESS FOR THE PREPARATI ON OF 2 STABI LI ZED
POLYALKENYL SULFONIC ACIDS 3 4 BACKGROUND OF THE | NVENTI ONZ2 Margh 2904) g of
the Invention 7 8 Sulfonates are a class of chem cals used in househol d,

i ndustrial, and 9 institutional cleaning applications; personal care and
agricul tural products; 10 netalworking fluids; industrial processes.;
emul si fying agents; corrosion 11 inhibitors and as additives in lubricating

oils. fome of the PESROVMED PROCESS FOR TAEPREPARARION dPr use in
| ubricating oil applications include their |ow cost, 13 conpatibility,

‘water Zol erance, cor¥bBABUAZERPOLNMAIKENYL SUBROMEACHR®ce, 14 friction
properties, high tenperature stability, rust performance, and |light color.
15 16 Sul fonates used in lubricating oil applications have been classified
“as eitgper 17 neutral,. | BACKGEROASND GEIBIE NVENTAORS, or hi gh overbased
(HOB) 18 sulfonates. 19 20 In the past, lubricating oil sulfonates, called
natura? sul fonates, were made as 21 a by-product of white oil and process
oi | pré)duct ion. Mre recently, gdug iﬁ%é hWenfidndesire for higher utilization
of raw materials and hence inp . 23 synthetic

sul foriat es, derived from al kyl aromatic feedstocks, have increased 24 in

oot oSulfBnniEsiie ek of Shebieiisaibis TP LD S o e o
econo;q’ Caiqsfuﬁﬁio\ﬁhﬁahsnmg'?épgfnaéﬁmeﬂg%cn%fcaf@aﬁ&%ga&maﬁﬁt b@au@%e li ke

natural sulfonates Is n area of continuing résearch.” 28
Pol y @k engrietaiworking flaidsairelustrid] psecesfsespémultsifyeg adentsheorosiesi rabl e 30

S B, SR ST B BT, o3
trioxxe §BifsHhtedtior vsSGRlubrichting ¥R dppliafdrsMoRideRAbY Mvrepyl, sul fonic

. acids 1s
13 compatibility, water tolerance, corrosion inhibition, emulsion performance,

14 friction properties, high temperature stability, rust performance, and light color.

15
16  Sulfonates used in lubricating oil applications have been classified as either

17  neutral, low overbased (LOB} sulfonates, or high overbased (HOB)
18 sulfonates. ‘
19
- 20 Inthe pas't; Iubricating cil sulfonates, caIIe_d natural sulfonates, were made as
21 . a by—prbdﬂct'of white oil and process oil production. More recently, due to the
22 desirefor higher utilization of raw materials and hence improved-economics,
23 sypthetic sulfonates, derived from alkyl aromatic feedstocks, have increased
24 inuse. Unfortunately, synthetic sulfonates can have inferior‘perfonnahce
25 properties-cémpared to natural sulfonates and thus the search for economical
26 'viableas.ulfohates with pe'rf\orr_nahce ‘properties more like nétural sulfonates is
' . 27 anared of continuing research.
28
_ 29 Polyalkenyl sulfonates are a class of sulfonates that have desirable
B _ "30_ . performance properties in lubricating oil appl,i'cations.'- One of the most
31 éommonly employed éUifo-natiQn teCthIdgies utilizes a mixture of sulfur
32  trioxide SOz and air (SOy/Air). The productionof polyalkenyl suffonic acids is




-1 12 March 2007 1 nost econom cal ly achi eved by sulfonatl{zﬁﬂ @g alkene
wth S8 gas in a 2 gas/liquid reaction. Wen a pol yal kene ol

sul fur trioxide (S@3) in a 3 gas/liquid reaction, undesirable side
reactions occur that reduce the quality 4 and quantity of the desired

pol yal kenyl sulfonic acid. There are three primary 5 side reactions that
occur nost predomnantly: (1) the degradation of the 6 polyal kenyl sulfonic.

acid; {2) mbst dovhoniically sdhievdd weummaen@ @gnlyamén(eabntiﬁ 86)3 gasfinramat i on of
| ower nol ecul ar _wei ght pol I;_{al ken sul fonic acids from fra(g nt ati on

react.%ns gapfiguibiasdan; duher at m%r%wﬂsmuﬂ@ﬁ#@w&ﬁ B\ﬁers the
yield g{%%n@;%fd &iLiBA! ﬁr{lé‘s‘ﬁ%\% §thr88b§or@kébur%ﬁaﬂ%§ﬁcé%?egé?%lﬂﬁl)' on

of sul ra meh a lon o enyl sultonic a Iecule 11
resul t4; | randmﬂmtnt)abi MMMMymmwmfomccawtl Therdaneathrge pamdaioni ¢

aci ds beoerb sed to e sul s that a ful for the 13
af ijr em@nt | gﬁ%@%ﬂi\‘%gﬁ iAGHSF ”W%@MOm‘QgP&Wr@ edegradat ?BH? e;Ci ds results
in a \(’)Vam&{lzﬂjs&?oﬁlé%cﬂ*kﬁ)qﬁ%tf@rrﬁé@&%f sulf’o‘ﬂe r%@le%@;lé%h@‘(@fltﬁy ocess for

produc:ng p sulfonic acids 1n a polyal kene- 17 sul fur trioxide

gas/ | i qui cﬂ)mwn;m @frlowahn‘mbcaﬂmrwalghtpbiyalmfadﬁ:tm@acmz{mmons 18 of the
he for 19 fragnmentation

ol yal | f d
o otnct < Tramerigidn Bctof” she paatadorte e b uRPaN sPlfiuacd 58 has now

been di scpupsredhe Field 2)?ﬂf@"d@éi?ﬂé%ﬂﬁ@?ﬁlk@ﬁyﬁéU!@nId@él@Vééi dBESERsforivatibhe
reduction of fragmentation reaciions’ t hat produce | ower nol ecul ar wei ght

sul f oHd c atsudtoneas. t the fragonentation of4hefpolyalkenyé sufemigtacishmolecul@l | as an

pol yal kenfrdtiin RS Eg Shobatha R shidl AR O ARAN RV R BRRRE 28 0
Harrlﬁpn flaydbe ovéib3sefas prépdre suffoAdtbsAfat ad gsdfasier tharet hod of neking 30
polyalkenyl sul f gnat es wherein the pol yal kenyl sulfonic acid is derived

from® 3aforementianed applisationshbawewaip @ lewndelgrd sufpniarrd eswisdn ger cent
. alkylig  jow yield of the sulfonate product.
15
16  Animproved process for producing polyélkenyl sulfonic acids in a polyalkene-
17 sulfur trioxide gasfliquid reaction, which decreases the degradation reactions
18  of the polyalkene sulfonic acid and the formation of sultones and
19 fragmehtation products and stabilizes the polyalkenyl sulfonic acid product,
20  has now been discovered.
21 o |
22 An advantége of this improved prdcess is the reduction of fragmentation
23 reactions that produce lower molecular weight sulfonic acid and the reduction
24 of sultone formation, as well as an increase in the 'quéntity of the resulting
- 25  sulfonates prépa'red from the pblyalkenyl sulfonic acid.
26 - I |
27 ~ Description of the Related Art
_© 29 Harrison et al,, U.S. Patent No. 6,410,491, diéciose a method of making
- 30 . ipolyaikenyl sUlfonats_-s' wherein the polyéikényl sulfonic acid is derived from a
31 r_h‘ixture of pblyal'keneé bomprising"greater. than 20 mole percent alkyl
32 7 vinylidene and 1 ,1‘—dialkylﬁisomers an_d a method for making _thé same.
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32 vinylidene and 1, 1-di al kyl isomers and a nethod for meking the same. -2
12 March 2007 1 Le Coent, U. S. Patent No. 4,764,295, discl ch&i7f oami ng
detergent 2 dispersant additives and the method of nmaking such additives
from 3 al karyl sul fonates of alkaline earth nmetals. 4 5 Alcock et al.,

U S. Patent No. 5,789, 615, disclose a nethod of meking, 6 sul fonates by
adding sulfonic acid to a dispersion of basic hydroxide or oxide 7 in a
water/diluent _mxture to forma reaction mxture. Sulfonic acid is added in

8 stageb dbﬁaiq:@e'ithb' $ Hatenb ot 4. /6di Htmidisdlores prrsfeanpipggietegienfeact i on
m xture, ls&) éfl’ftlalfiiﬁ fvelland Mesm%tlﬁaﬁ%?tmmn JulR4dBiResfic! 0ose a method

of makl ng a fonat y reacti ng propene or butene pol yners

havi ng & naﬂdaeylsﬂfm’reﬂg&ofé&amé eathametaks. ght of about 250-500 with gaseous
sul fur trioxide in falling-film 13 or static reactors. A two-stage
‘neutral®tzation of the sulfonation product with 14 anmonia -or sodi um

: hydr oxisgle d t QS@LB | he sul fonate
in the ‘Lﬂeu}tqﬁgélﬁgéei(?q pro ugﬁ%n?%uo ?92% %C@Mgtrﬂ%{h%ﬁo% r%éﬁ% 018,

di scl odes aulfndtes byaddimg palfangabiddh Iaydlsneramaof basic pgd;omi:doat exids
t t t t | d d
R I i s Tl e R T

Rel at e Ar étagbl@rddrﬁlgﬁh@ﬁ'eéd:tzont'drﬁam%% bh‘@latﬁoﬁtﬂa Adktiohideest . U-S. 23
Pat ent No. 4,764, 29 Al cock et al U. S. Patent . 5,789,615; Karll et

al M U S Patent No. 3,954,849; and Rath, U. S ‘Patent No. 5, 408, 018,

30 L o AT SFAG o o S e S R W ™

. ?ﬁ;yfﬂggf Cn)zﬂ‘ét(ljlfo?@t&blbf/ %&lr@%répeﬁ@@r bh%r@%dl?ﬁi@@@ﬂaﬁﬁg@ﬁuhﬁéedvmbfeonat es.
' 12 molecular weight of about 250-500 with gaseous sulfur trioxide in falllng-f Im
13  or static reactors. A two-stage neutralization of the sulfonation product with

. 14~ ammonia or sodium hydroxide is used.to reduce sultone content and increase
15  the sulfonate in the neutralized product.

16 | |

17  Rath, U.S. Patent No. 5,408,018, discloses a method for preparing highly

18 reactive polyisobutenes contéining more than 80 mole percent terminal

19  vinylidene groups and having an average molecular weight of 500 to 5,000
20 Dalton.

21

' . 22‘ _l The Ré!ated Art, Harrison et al., US Patent No. 6,410,491; Le Coent, U.S.

_ 23 Pétent No. 4,764,295; Al'cock et al.,, U.S. Patent No. 5,789,615; Kadl-et al.; |
'.‘_24 U.S. Patent No. 3,954,849; and Rath, U.S. Patent No. 5 408 ,018, are hereln .

25 . incorporated by reference.
2% | |

.2 . SUMMARY OF THE INVENTION

29  The present ihvention provides ah improved process for making polyalkenyl

- 30 - Asulfomc acids and the corresponding overbased sulfonates. The improved

| 31 o process can lncrease the yleld of Iong-cham polyalkenyl sulfomc aCId by




31l.process can increase the yield of |ong-chain polyal kenyl sulfonic acid
by -3 12 March 2007 stabilizing the polyal kenyl sul fonic d@MNgchep?
decreasi ng the anount of sultone formation and fragnentation reactions.
Accordingly; in a first aspect, there is provided a process for naking a

i ih So8 in SpRRARE Pl SuSREe SR IE U pa Y REBFELARo oflere T e

step (a) by nenhaddn Zndfragichtdioneehetidriszi ng  agent as the product of step
(a) exits the first reaction vessel and prior to or concurrently with
entering a second vessel for further reaction or storage wher ein
neutralizati g@gﬂg nd
wherein the gxebt??fdéh%ﬁglih? i@%%%%gﬂgﬁreg% al 1 ne ef%%esg g{gk rg’f)%;b QE& a
second aspectPohatianyl $18 qammrdio@norlomocess for overbasing pol yal kenyl

sul foni c acids conprising overbasi ng pol yal kenyl sulfonic acid with an

al kaline earth netal basic salt and wherein water is used as a pronoter,
and wherein tlap resdtingaspoigalkempedtatad ini sfifst oracliof@eseeladdit 170 C. BRI EF
DESCRI' PTI ON OF DRAW NGS Figure 1 depicts the % Ca as Sul fonate and %

Sul furic Acid levels determ ned by the Cycl ohexylam ne titration method
for an unstagb ) | eRmiliAd @:@Idroaucstoa@tesb () bsRUaliBygtvith §Q§bt@®l’zxagl fonation
of 550 MWPIB as a function of when _stored at 40C(104F) ure 2
depi cts the %CaaSﬁ‘l‘thﬁfﬁ'?é’r@@t‘“éPﬁﬁ?@d%?’“ﬁ%@"ﬁ-ﬂfﬁh’i‘ﬁé“‘?ﬂ yesss! éﬁd p" Echod of
an unstabilized £86n dr140F).

Fi gure 3 depict sgt ﬁ’ﬁ‘%y”@ﬂ@f g%}@%ﬁ%g%gﬁﬁ%&ﬂ%@%hh@ﬂ%m ne t({rt ration
met hod) for PIB &mlr:ﬁgmlvdtmemdtqottrapmtwl dycuBORT herabsgnte whaimenonialdrowed by

- h bj f
rautraltvati on (e BRoAFE g ordeth Be sfirdliune BpSolts of ditaling carth,
40C (104F) and 604133 9Fkide. 3

In a second aspect, there is provided a process for overbasing polyalkenyl
sulfonic acids comprising overbasing polyaikenyi sulfonic acid with an alkaline
earth metal basic salt and wherein water is used as a promoter, and wherein the

overbasing temperature is from 100°C to about 170°C.

BRIEF DESCRIPTION OF DRAWINGS

Figure' 1 depicté the % Ca as Sulfonate and % Sulfuric -Acid levels determined
by the Cyclohexylamlne titration method for an unstabilized PiB sulfonic acid
prepared by the SOs/Air sulfonat:on of 550 MW PIB as a function of time when
stored at 40°C(104°F). . '

Figure 2 depicts the % Ca Sulfohate determined by the Hyamine titration
.method of an unstabillzed PIB suffonic acid stored at 40°C (‘!{)4°F) and 60°C

(140 F).

- Fi‘gure ﬁdéotcts thé % Ca Sulfonate (determined by the Hyamine titration
~ method) for PIB Sulfonic acid prepared by SOy/Air sulfonation followed by




4 Figure 4 depicts the negative ion electrospray nass spectrum (ESND) of an
5 unstabilized 550 MW pol yi sobut ene sul fonic acid produced 18)}\"35@3?%7

sul fonation. 7 8 Figure 5 depicts the negative ion el ectrospray nass
spectrum (ESM5) of a 9 550 MWPIB sulfonic acid stabilized by
neutralization with a slurry of lime in 10 oil. 11 12 DETAI LED

DESCRI PTI ON OF THE INVENTION 13 14 Definitions 15 16 Unl ess specifically
st at ed 1ot hetabilizaiont dféhé FIBeuifogictanidrby wieukralizatient (withflihé shirmg asl& neani ng:

From 2o dbpeiosadis isnombe AceuDi g bOe T 5™ 227 5 ca ks
Sul fonate" is determined by titration using the analytical technique 23

referred to as the Cycl ohexylamne Titration. .24 25 Sulfonic Acid" is
det er m4neoF|9yret4 depicisdtheusgadive fien alwtrpspml mammqlwn (BESMSI¥@frared to as

t he Iohex i 27 28 %. Ca nat ermned b
L't rat Pon WS RenO S MG ciisotidend Py 3gd boBlPed by SRIBHE Ty am ne”
Titrat 'Bon suﬁ@nat&in % Hyam ne Actives" or "% Hyam ne Active Techni que (HAT)"

is determned 32 by titration using the anal ytical technique referred tows
the Hydmine Titration. -5 12 March 2007 1-"Low overbased" -. TBN from

about 8 t ¢400W 1dQ0s the negative ion electrospray mass spectrum (ESMS) of a
9 550 MW PIB sulfonic acid stabilized by neutralization with a slurry of lime in
10 oil. '
11 -
12 DETAILED DESCRIPTION OF THE INVENTION
13
14  Definitions
15
16  Unless specifically stated otherwise; the following terms will have the following

17  meaning:

18
19  “PIB" — Polyisobutene having a number average molecular weight of from

20 about 300 to about 1000 unless otherwise stated.
21 SR u
22 “%Ca as Sulfonate” is determmed by titration using the analytlca! techmque
23 referred to as the Cyclohexylam:ne Titration.
24
. 25 “% Sulfomc Acid” is determined by titration using the analytlcal techmque
26 referred to as the Cyclohexylamine T‘trat:on )
o7 .
28  “%Ca Sulfonate" is determined by titration using the analytlcal techmque
29 referred to’ as the Hyamlne Tltratton '
‘31 “% Hyamine Actives” or “% Hyamine Active Technique (HATY is determined -
| 32 _. by titration. using _th’e 'analytibai technique"r'efer'fed to as the Hyamine Ti't'raﬁdn. |

5




3 "Moderate overbased - TBN from about 101 to about 250. 4 5 "Hi gh
overbased" - TBN from about 251 to about 400. 6 7 "High hi@W‘%@‘eﬂ’@ﬁsed" -
_TBN greater than about 400. 8 9 "TBN' is an analytical titration
measurenent and refers to Total Base Nunber 10 and equals the

m | liequival ents of KOH per gram of sanple being titrated. 11 12 The term
"al kyl vinylidene isoner"” refers to a formula of the structure: 13 RAR2

14 15 116 “pb@rcveiBastyd -RAIBN ¢romh kbbuldh @sout 100. 18 The term "nmet hyl
vinylidene isonmer” refers to the structure above where R, or 19 R2 is

met hyl220 21 The term"1,1-dial kyl isomer" refers to a fornula of the

Structayrex §—T%I i ! R5 are al kyl groups.
26 27 The g%’%]rﬁ%,oféﬁ?%cﬁyl iso?r@r"- %&e@gﬁgoa%éégg‘ructure above wherein
R4 and4 28 R5 are nethyl. 29 -6 12 March 2007 1 The term "degree of

neut r 1 7. Hotosbased ol iyraabaukdet (rboiAbe” of “aci d t i mes 100.
) 6
7 “High high overbased” — TBN greater than about 400.
9 “TBN"is an analytical titration measurement and refers to Total Base Number
10  and equals the milliequivalents of KOH per gram of sample being titrated.
11,
‘i 2  The term “alkylvinylidene isomer” refers to a formula of the structure:

13
Rl/ILR

14 2

15 :
16  where R, and R, are alkyl groups.

17
18  The term “methyl vinylidene isomer” refers to the structure above where Ry or

19 Ry is methyl.

e 20 . :
21 Theterm “1.,1'{'dialkyl'isomer” réfers to a formula of the structure:
22 ‘ -
: R,
23 - Rs
24

.25 ._ wherein Rs, Ry angﬁ Rs are alkyf groups. -
26 . L | |
27 - The term ™1 ,1—d-im-et‘hy! isomer” refers to the structure ab(jve wherein R4 arid_
28 Rsare metiyl. o ) - | o '

29 - - i




3 4 Sulfonation 5 .6 The pol yal kenyl sulfonic acid product of the present
invention is stable to 7 degradation with tine and tenper ati@Margh@] so
contains a snmall anmpbunt of 8 sultones and a decreased amount of
fragmentati on products which would '9 normally formduring SO3/air

sul fonations. Typically, the product of the 10 present invention is a

m xture of polyal kenyl sulfonic acid, sulfuric acid, 11 recovered

pol yal eneTheé tdrirPtRGre@ ofinsuttdiizatidn @fbrddo O AuIbEY U @Quﬂfalemﬂpr i ses

| ower nol ecul ar wei ght fragnentation products of the pol yal ken

sul fon?c Hithe neuﬁaﬁeeamanb@vwﬁﬂrbm@ W@B@n@fmﬁlﬁérﬂfl% tiges 1 sed amount s
14 of gultones and fragnentation products can be achi eved by stabilizing
the .15 reaction product of the pol yal kene and S03 reacti on by neutralizing
.the 18 pr&udfmtatien it exits a first reaction vessel and prior to or
concurrently with 17 entering a second vessel which is used for further
‘reacti8n or storage. At 18 |least one of the following steps in the process

of making gl Al kRAK SR pAGRA o 1fER ré%%ﬂf"ﬁ‘l%f\ &‘?‘Eslét&b%%l oyed: using

opti rrum sul Ion tonditions, ene feedstock, and
" addi ng?cardﬁg(qdiatmramtﬂ time amﬂatempqualqrelammw@edmmk smalkamaaent of t he

| k I f | efi 24
Ena pr8r eriippen angreeeeset fopupl Dk aSmalt Bl A RaET WOUEecy for (e
"25 reagti QoriMall ferh Bufing 'SO%)’dl%lfOﬂéﬁOh@a% %Il%r hé [ﬂ@éuét'cﬁllﬂ'}éj reaction

that occurs 26 elther 1'n a continuous procC falling filmreactor)
or in1@ baresemprivcudion nszmmertxfmmkerm spkﬁbl}lalalcehsulﬁmmmasldl fur trioxide

‘ b, d. oyt 28 t,h P bly, th
TenctThn” EpeSssty pobienEduEinas, Attt fiode. SRS HRRUBARBLEa by roacti ng
am xmrec@fn.:mlex%dvéﬂﬁméz,@lmrmgﬁgrr@?mah@hohfmaduéte o?%@gb@an@hzlent al kyl

vinylidene and 1, 1-di al kyl isonmers w a source of one
f ol | o¥® ng subenicacids. | Ixaaserdaneearith thapresent invertioh depteaseskameuntsur

{11098 SRR SR LR bHich G e RIS SRR 2 L o
Of SU‘I5 ur résdtion predastofthe tpolyalieind arsdBATedction by neutralizing the

16  product as it exits a first reaction vessel and prior to or concurrently with

17  entering a second vessel which is used for further reaction or storage. At

| 18 [east one of the following steps in the process of making polyalkenyl sulfonic

19 acid may be additionatly em‘p!oyed: using optimum sulfonation conditions,

20 diluting the polyatkene feedstock, and addlng carboxylic acid to the
21 polyalkene feedstock. '
1 23 Inthe presént invention, poIYalkylenés 'typically derived from C»-Cs olefins
| 24 -and preferably polytsobutene (PIB), are the startlng materials used for the

.25  reaction with sulfur trioxide.- The reaction is a gas-liquid react:on that occurs

26 eitheri ina continuous process (e g., fallmg film reactor) or in a batch process
.27 - The reaction of polyalkene with sulfur trioxide may be carried. out in a manner
28 that is well known. Preferably, the reaction of polyalkene and squurtnoxnde is
: 29 accomplished by reacting a mixture of po!yalkeneg comprising greater t_han

3b _ 20 mole percent alkyl vinylidene and 1,1-dialkyl isomers wi-th_a source of one

31 ' of the following: sulfur trioxide and air, su"l_fur' tiioxide hydrates, sulfur trioxide |
32 ~ amine complexes, sulfur trioxide ether éqmpléke_s, sulfur triéxid,e phosphate. - -

-




7 acid, alkyl sulfates or chlorosulfonic acid. More preferably, the m xture
of 3 pol yal kenes conpri ses pol yi sobut enes havi ng a nunber é\?éﬁ/aé@;lg%l ecul ar
A wei ght of about 300 to about 1000, preferably about 300 to about 750,
nore 5 preferably about 350 to about 600, and even nore preferably about .
350 to 6 about 550. Mpst preferred are polyi sobutenes having a

met hyl vi nyl i dene 7 content of greater than 20% preferably greater than
50% hathdf rmnmag lax?r,m‘oglt}abhgatgraghi&turbhﬁ-guﬁ@%giggmﬁ ?mwatﬂd,mf im)LlecuI ar
wei ght _o pr.efer y about 350 to about and even npre preferably
about 350 a4k 2yl g4 %Sﬁ@ghﬁsﬂg&w agids Merg preferRbly, Bleamiteresot whi ch

| ssuedaon | ' ' ' nce inits
enti re?y, p?ydé I*%ﬁ%ﬁﬁ%neﬁa %@ggﬁnﬁérhé’%ﬁ?d %@9 eség}lgfe%dayrgl?ﬁcg[ﬁq’e process
for the pweaigktofabat 300ty iabobti1 @@ sprefatblyaticait 300 1@ aboet? 80, mben 80 nol e

Beriven 1 RoReERivoRlit st s atditin, anteusrompriSorlorBly SR ool fon, o
acid age wResbhy Mudtpidiiea e BRIVISIREASS RaVg® Melfivimyiprear wei ght of

-about 300 to about 1000. Preferably, the pol yal kenes are 19 derived from
| oner @&l k&abtand b gegatestihan 20% cpricjerably, greatenthan8§0% @ndirepess, 20 pent ene

and hexen ef bl he pol yal kene i s pol yi sqbut en IB). 21 The
pol ya%en@r%ﬂgp%ﬁq&%?aég{) aﬁ'?l[{%% %&@é{u@ %rhava%ra%(glm %%ﬁ%‘f‘gﬁ@?’t% eferably 22
conpr iges pesfepitty abbaBRPOESULIBCEATE eva® hford pRéRFAN ¥hBUE3E@ o t han 23 50
nol e percent, and nost preferably greater than 70 nole percent al kyl 24

vi nyl 1Qen@bati5a0.1- di al kyl i somers. The preferred al kyl vinyl i dene isoner is

. a .25 nethyl vinylidene isoner and the preferred 1, 1-diakyl'isoner is a
1,1-dinethyl 26 isonmer. 27 28 Wien pol yi sobut ene having a nole percent of
“al kyl1¥i nifathidhsS. fagent No.d, 40801 8, ahichsissmed ogrieudl 48, 192 arahwhichised to

ELESE PR erB R IA T R e B A SPRL Slea BeIBbSC: °
pol yitgobudesstibesashivdtle predets for td bfciirties ofMeRmomtéad tAht cdntail? March
2007 * 1 weights are separated by even nultiples of 56 daltons. |In other
wor dsi4 | egeeater than 80 mole percent ferminal vinylidene groups.
15
- 16 The polyalkenes, preferably derived from C2-Cs olefins, used to prepare the
17 polyalkenyl suffonic acid are typically a mixture of polyalkenes having a
18 molecular weight of about 300 to about 1000. Preferably, the polyalkenes are
19  derived from lower alkene monomers such as ethylene, propylene, butylenes,
20" pentene and hexene. More preferably, the po{yalkene is polyisobutene (PiB).
21 The polyalkene or mixture of polyalkenes, such as polyiscbutene, p_feferabiy
© .. 22 comprises greafer than 20 mole percent, more preferably greater than
23 60 mole percent, and niost-preferably gréater than 70 mole percent alkyl
24 _ vinylidene and 1,,;l—dialkyl isomers. The preferred alkylvinylidene isomer is a
' 25 - methyl vinylidene isomer and the preferred 1,1 -diakyl-‘isom.ér is a"i,"i_-dimethyl

.26 isomer.
28 When polyisobutené havihg amole -percént of alkyl Vinylidene and 1,1-dialkyl .
29 ~ isomers greater than 20% is used to prepare polyisobutenyl sulfonic acids or
30 sulfonates, the molecular weight distribution of the resulting prqdut:t hasat
31 least 80% of the polyisobutenyl sulfonic adids'or'SUIfonétes whiose molecular




2 than 20% of the polyisobutenyl sulfonic acids or sulfonates in the

mol ecul ar 3 wei ght distribution of the sulfonic acids or sulZiMateh¥7contain
a total nunber of 4 carbon atons that is not evenly divisible by four.
Preferably, the 5 polyisobutenyl sulfonic acids prepared by the process of
the present invention .6 have nol ecul ar wei ghts which are separated by
even nultiples of 56 daltons. 7 8 The reaction of the polyal kene, such as

- pol yi lsd)but\mgghtmé' s&anilai'ahed]'Eby: exindaultiples & mb toriﬁn Igidtﬂi@rwardsemgsi OP .
vessel, s 0 i i Imreactor or. a batch 10 reactor. A preferre
sour ce2of Liéﬁﬂ%ﬁﬁ Pﬁ@e&@%ﬁeéutﬁamtﬁftpﬁ& IHSRPF Bdlianaies Eht?"elf"l‘o‘er%!é’rr nedi at e
producs, SBgnt isfiitibn ¥ 8e SuRHELUAS or ShitbRAeE 8BRLIPY 1BEA RSP of 12
falling filmreactor, polyisobutene Is reacted wt I'n the presence of
air -43 wadhen atempthatiis nbleeandy disisibile tyifout. clreferablys tind ace as a thin

film This 14 .. distribution. of polyispbutene allo for both efficient
ont ach i mioliissbEpaVisthicdtidt aRRared BY His st of T eiasant Vet
reacti®n QEebiolebulr RligHts WG Sfe sdfhrRRd: @\mﬁﬁmﬁgj@s bE86 Haflons.t h 503,

in the presence of air in a vessel where the 17 rate of addition of the
' SC8.isfnore critical in controlling reaction tenperatures. 18 The

f d . ' ] f | I oxi d dar. 19 .20
e o od THEERRISH REME ndy el clmsbblieb i) S0 RUe AL ol

of 219t hecpet hwadithena reaplisty eesdef uth 4% £8Mig filRY RS br 2BatcB3 | n one
enbodj nent of the present invention, polyal kene, preferably 24
r

~ pol yi Kbbufearior- raareigredriamses obS6hs iythenpiodudl resullisgdram seaetingrambout 300
22 e ot e85, Wikl BRaRbe Y AR, o e
sul fot ¢ fatlirgy filnRrieadtdrf, polyisobtitehe seeavedatiPbB; in fheepraskeasslofairnei ght Pl B
sul fgni C a%i ds, . 28I sul tones and sul fur trioxide, continues to react even
at arfbl enW eeathe ge isebutenggs digkriljitad on g sufacips @rthtn @61 dTliscr eases and
R T T T T
pr oduides esembwalwf the hept ofsieagtidl. Bif $hd fexition occurs in a batch reactor, :
| 16  polyisobutene is reacted with SOj in the presence of air in a vessel where the
17  rate of addition of the SO3 is more critical in controlling reaction 'témperatures.
18  The preferred source of SO, is a mixture of sulfur trioxide and air.
19 | |
20 . When used herein, the term “polyisobutene” or “PIB" is used as an example of
21 the polyalkene employed in the present inVe‘ntion.
2 | |
23 In one embodiment _of the pres,ent' ihvention. 'polyalkehe, preferably
| ‘24 polyisobutene, having-a number average molecular weight of from about 300
-~ 25 to about 1000, is reacted with a source of sulfur trioxide under reactive
| “__26 cohd'itions. The reéction effluent, containing a mixture of PIB sulfonic acid,
- 27  sulfuric acid, recovered PIB, lower 'molecular weight PIB sulfonic acids,
.28  sultones and sulfur trioxide, continues to react even at ambient temperatures.
- 29 The quantity of sulfenic acid deCreases and the'quaﬁiity of sultones, which
| 30 j.cqmpri'ses a mixture of g'amma‘ and delta isomers, inér‘ea_ses. | |
31 | :




2 acids, PIB sultones, and recovered PIB. The PIB sul fonic acids have the

3 following structure where Ris the polybutene tail: 4 HA12Maeh208753H
CH3 4 5 6 7 This product can be characterized by 1H and 13C NWR
spectroscopy. The 8 chem cal shifts for the PIB sulfonic acid 1 (dissolved
in CDCl 3) are assigned 9 as follows: 1H NVR; 5.58 ppm (singlet, | H vinyl
proton HA), 3.71 ppm 10 (singlet, 2H, protons on carbon atom Cl al pha to

the SO3H dFiwepactibn®f AIBwWithl30¢ prodilees a BlikturetdmprigingtRIBssulfonicar bon C4) ;
carbon C3),

13C NMR; 120.0 m (ol efin 12 carbo )y 1 1 m (ol efin

-63.8 pfm (%%‘f‘%éﬂgﬁ‘("é’lnﬁﬁaa'? regquer ‘%3@%%&%@‘%%&6\%‘% of ot her

PI B SU|3fO%ﬂoﬁﬁb@ﬂ&iuﬂlv@ﬁ&é%isﬂﬁ@ﬁﬂf. LNS Bf- ey al so be present in the

- mxture. 15 167 The nol ecul ar weight distribution for the PIB. sul fonicacid
1 can Be 17 conveniently determined by any suitable technique such as _

negative ion 18 electrospray ionization mass spectronetry. 19 20 Two PIB

sul tones have been identified in the ction product of PIBwth S03- 21

These are a ganm sul tone 2 ul¥one 3, which have the follow ng

22 structures: 23 -10 12 Marc

CH; :

[

el .

This product can be characterized by 'H and "*C NMR spectroscopy. The
chemical shifts for the PIB sulfonic acid 1 (dissolved in CDCls) are assigned
as follows: 'H NMR; 5.58 ppm (singlet, 1H, vinyl proton Hy), 3.71 ppm
10 (singlet, 2H, protons on carbon atom C; alpha to the SOgH group), 1.94 ppm |
11 (singlet, 3H, methyl protons on carbon Cy4); *C NMR; 120.0 ppm (olefin
12 carbon Cy), 147.1 ppm (olefin carbon C3), 63.8 pprh (carbon C alpha to the
13  SOzH group). Minor amounts of other PIB sulfonic acids of different

0 0~ W

"~ 14 structures may also be present in the mixture.
- 15 , '
16 The molecular weight distribution for the PIB.sulfonic acid 1 can be
17 - conveniéntly determined by any suitable technique such as negative ion
- 18  electrospray ionization mass spectrometry. '
qg | . A |
| 20 Twc_i,l PiB sultones have béen identified in the reaction prdduct of PIB with SO3. -
21 These are a gamma sultone 2 and a delta sultone 3, which have the following "
22 structures: | '
23

. 0.




2 32 Gamma Sultone Delta Sultone 3 4 These products can be characterized
by 'H and 13C NMVR spectroscopy. The 5 chemnical shifts for 1gidar

sultone 2 can be assigned as follows: "HNWR, 6 4.40 ppm(rmultiplet, 1 H,
HA), 1.60 ppm (nultiplet, 2H, protons on C4). 7 13C NVR, 84.18 ppm (carbon
C3 next to the 0 aton), 63.21 ppm (carbon C1 8 next to S02 group). The
chem cal shifts for the delta sultone 3 can be 9 assigned as follows: 1H
NVR, 4.50 ppm (1 H, tripl .9 Hz, HB), 3.00 and 10._.2\9 m ( 2H,

mul tiplet, protons next to the 11
nul tiplet, Hc pkoton Ic6). 13C NWR, 6C8 next to~

12 the oxygerRai/om pHiQcarbon C5 next/ do F0R group). nor anounts
13 of other PIB/sultones faY al so be present in the m xt@r 1% 15 The

rel ative amounts of PIB sulfonic acid, PIB sultone, and r&Bvered PIB in

16 the PIB sulfonic acid m xture depends on the reaction conditions used
during 17 the sulfonation of the PIB with 503. |nportant process

par amegers include the 28 feed terrperature the SO3/PI8B CMR, the flow

~rates, ,the. resi den space velocity he reactor
terrpergture t he VI rT57’\:"‘@110“E‘3he feed, the film X { gﬁlﬁ‘?f&s t he anmount
of dilgent, and the presence of added nDdifiers such 21 as carboxylic

acid. 22 23 Surprisingly, the PIB sulfonlc aglds were found to be nore
sensi t‘ilveTMSQDFQMQSEBMWGUZ%WSHI anghi € HMlﬁlspewﬁ@pymTﬂlﬂ benzene

| f d he PJB syl f
Co. 1 ordn r LBB0HL Shissd0s i OB  FEREZ 4 5% sk & RfoheF e ul ar
wei ghtg Pl Bﬁvb;ﬁmr{nﬁjmeﬂw #J, 2EORRk (mun@zétOgLHI ?rcﬂéﬂﬁ BATS). It is

i npor t ant 140 ﬁ)tlmze t he mgortant process rch 2007 1
par-anef er s & NMRBAHS wpr (cashere Catnext hrthes@atom), 6324 Ippyn éatben GRl B

and 0 el SO Theisfiedh sl or S ERE DR 3B © 21 € 1€l

9 assigned as follows H NMR; 4.50 ppm (1H, triplet, J=3.9 Hz, Hg), 3.00 and
10 2.90 ppm (2H, multiplet, protons on carbon Cs next to the SO,), 2.28 ppm (1H,
11 niult—iplet, Hc'prc')ton 'on carbon Cg). *C NMR; 90.04 ppm (carbon Cg next to

12 the oxygen atom), 50.82 ppm (carbon Cs next to SO, group). Minor amounts
13 of other PIB sultones may also be present in the mixture.
14 .
15 The relative amounts of PIB sulfonic acid, PiB sultone, and recovered PIB in
1 6 the PIB sulfonic acid mixture depeﬁds on the reéction conditions used during
17 - the sulfonation of the PIB with SO3. Important process paramefers include the
18 feed .témperatufe, the SO4/PIB CMR, the flow rates, the residence time and
. 19 ‘space velocity, the reactor temperature, the viScoéity of the feed, the film
‘ _20 thickness, the amount of dlluent and the presence of added modlf lers, such

21 as carboxyhc aCId
2 N
'- 23 Surprisingly, the P_VIB sulfonic acids were found to be more sensitive to
_ 24 teniper_ature than other sulfonic acids such as alkylbenzene sulfonic acids. At
25 elevated temperatures, the PIB sulfonic acids réaét to form recovered PIB and
.26 'Sd!ﬂjric a_bid, fragmenf to lower mdiecularweighi PIB sulfonic acids, and
27 .réarrangé_to PIB sultones. ltis fi-mpor_tanfto opﬁniize the ifnpo:,taht pfcice’ss :

A4




5 the product, the reaction effluent is stabilized with a neutrali zing
agent as the 6 reaction product exits a first. reaction veddarch209gt s,
the sul fonation reactor) 7 and prior to or concurrently with entering a
second vessel which is used for .8 further reaction or storage. Suitable
neutralizing agents include alkaline earth 9 netal hydroxides and

over based detergents, for exanple, a noderate or high 10 overbased

det er gént .patapictdrellisRd Al inldrden® ingeate itise Bnalalidld offfiBeasifonio®dial 11
hydroxjde. Nbre preferably, the neutralizing agent is calcium hydroxide. If
12 t he2pl B0 i FBRHEC-acid i s not neutralized, then the reaction effl uent,
whi ch 413 conprises a m xture of PIB sul foni ¢ aci d, sulfuric acid,
recovered PIB, 14 sultones, and sul fur trioxide, continues to react

resul t4ng Tmncr&aseatheetuh‘umbmmi;yleﬂcﬁamw deagasntiat qoantdy of beltgredsjinsobut ene

| d I t | t he fal fil
" oner o Mk o he red i S aRl R Sin el art RO At cadhe oy
br eakct@wn rééctrdaﬁpr%ahapémfs é‘ﬁis‘# r@étsi.ohweega\/(ﬁmﬂ.@qné QLFBRHARIh Ra,factc;l@ sul t ones.

The resul tant product typically contains l'ess than 10% sul t one 19 the
per cent aga@ndfprieir B oo conaureendly with ea@mgtaamammdmsal wbithiia usad qur oduct is

20 le;i tg‘%ﬂ?ZO% The reaction It quct s,. St abi | |tzed bﬁ n raI tion to
from éripoptar ot Shfdmostiale nevicaignd Aacheabeits % and
nost g2 ﬁie&éﬂﬁﬁﬂbﬁ(déé aﬁuaﬂ@%asw@ét@rg%hwtfoﬁ&?érﬁﬂ@t éahba@wat@ar highe

neutral i zati on can be carried out at a tenperature of between 20C and
150G, 1Gr eﬂéemalsgzdaietermnh A@ﬂ@@rmdm@tnahangm@nt is an elkalina¢antbsnetad ef er abl y

S Tl o BB B ol o Binsaeiy S WESKTIR RSy

neut reg i Ztiid PIB stifutiel abiel ib elotRentraliALs arssihadactdh emechauhicikr ef erably
bet ween 10 seconds and 10 minutes: The neutralization 28 reaction itself

shoultB t akempriges ammbtugess RIBsulpnici asid. fsulfuiia eci reaaveredP#d, 10 hours,

Bt o bt S SEPrb 8 CShe SR B g i 30,0
used 1% chad fragertantaticrubf Hei olyisolblstens dlionis wlido rileuRaltuing thes patduct zed by

. partial or ¢ I ete neutralization: 2“% t he Cycl oheX)(I am ne 3 t|trat| on
met hd® an®® tg? Yasctheyfalling dil mireaglor greatlimpaovesbe ibhaiearpdect

17 by preventing breakdown: of the sulfonic acid and by preventing formation of
18  sultones. The resultant product typically contains less than 10% sulfones and
19 _ the percentage of PIB sulfonic acid fragmentation contained in the product is
20 less than 20%. The reaction product is stabilized by neutralization to from
21 about 30% to about 150%, preferably about '60% to about 100%, and most
22 preferably from about 70% to about 90% neutralization. The neutralization
o 23 can be caried out at a temperature of between 20°C and 150°C, preferably at
24  atemperature from 50°C to 110°C, and most preferably at a temperature from
.. 25 60°Cto90°C. ‘The time between when the PIB sulfonic acid leaves the first-
26 reactor and is stabilized by neutralization should be between 2 seconds and
27 one hour, preferably between 10 seconds and 10 minutes. The neutralization |
28 réaction'itsellf should take place for a period of time from 10 mihu{es to
, 29 10 hours preferably 30 minutes to 7 hours, and most preferably 45 mlnutes to
| .30 "5 hours ' ' ‘
R I
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4 titration nethod is a potentionetric nethod that neasures the percent
Sulfuric 5 Acid, percent Sulfonic Acid, percent Ca as Sul fléMaet2084d acid
nunber of a 6 sulfonic acid sanple as reported in the Journal of Anmerican
Ol Chemist 7 Society, Volunme 55, page 359 (1978) by S. Yamaguchi (ASTM D
4711 8 nethod). The Hyam ne titration nmethod is a colorinetric nethod that .
9 determ nes the percent Ca Sul fonate and the percent Hyam ne Actives or

10 HAT 1( Hypwbnirafioh inVethods &he used o Wharabterise GRlfbHIci G hh@®r sRorile Ca 11
Sul fonate and is conmparable to the % Sul fonic Acid val ue determ ned from

the 12 cya¢idssiabilzedriy pattinben eompletehoeutralizetion: () the Rivelohexdagiing

et nodp. TRtatel etk AR ATk ES AT g BEed TR v dRBIES "aci as
presend i niteativambthodlib a p@antibr@sficahethod thaleasutay thegicgbént Sutkiritly ani ne
met hod _only neasures_ 16 higher nolecular weight (G 0+ al kyl aromatic and

Cla+ aPpha\aid pereent auiferic Acid,qereentilohas Syjforates epd@acid nyaibsr oparti al |y
neutraki z £ uls |, i I . p - Figure 1
Chows Ehe yiic SLLRTHE 68 epefed B N conAlBra e OfChatisE 8 5 Yy

t he Cy@l ohBagiehniokinTe SHapage 368 {hSB)by S aviamaguehit GG THUE) d¢dfitoni c acid 22
repared b he, . SQ3/ Air sul fonati on of 550 PIB as a functjon of tine
When. 83 gﬁsﬁ@&')-a?ﬁﬁwacﬁmﬁﬁta eheneiled 5 ﬁ'cwogum%tr@m@hpﬁéﬁa erage of two
sanpl eg.  fderhiifies 19 st%gW?C% §|§!ﬁj’n%@e ghdﬁt?&gg@ﬁﬁ’ﬂy%h%éﬁwﬁbéé of hg t her mal

stability study 25 S begun. Thereafter, npl es “wer e nmai nt ai ne
- at - t ef@er HAT éHyamine Actives Péchraguee )vehriph esscaleulatad froax the %pPa oxi mat el y

ol v) $Bburiierats ARTICCamParle the $a Ui Agklhalis FRlRmUnGl R PRe and
the %gul fGVdI&]e@@iéﬂniﬁ@rtftﬂﬁbnirﬁéﬁ@éﬁﬁ‘ﬁoﬂi’ﬁflﬁofnﬁ:qaé‘d%ﬁfd parially Weglgy. 30 31

- Figure 2 shows a’conparison of the % Ca Sul fonate determned by the 32
Hyam #@ t ineutralized awforde acid samplebi(ABTMHDRMEINMEfted)c Tdw d stored at 40C

¢ el itk diibp et it s Attt a6 heSa SR e,
- sanpl €5 Weé@ardiess of their molecular weight. The Hyamine method only measures

16 higher molecular weight (C10+ alkyl aromatic and C14+ alpha suifonic acids

17  or sulfonates) sulfonic acids or partially neutralized or fully neutrélized

18  sulfonate samples.

19 . .
20  Figure 1 shows the % Ca as Sulfonate and % Sulfuric Acid levels determined

21 by the Cyclohexylamine Titration Method for an untreated PIB sulfonic acid
. 22 prepared by the SO4/Air sulfonation of 550 MW PIB as a function of time when
o 23 stored at 40°C (104°F). The data in Figure-1 is the average of two samples.
24 The samples were stored at room temperature untit the thermal stability study
925 was_begun. Thereafter, samples were maintained at temperature in an oven
. '2_6_ and ‘,samples were titrated -appfoxirna‘fely every 3 days for approximately
._ 27 4 weeks. [t is observed that the polyisobutene sulfonic acid % Caas
28 Su-lf_o‘nété decrea_ées with time and the % sulfuric acid ccintent‘increase_s over
29 " a period of weeks. - ‘
31 F‘igure 2 shows a chmpaﬁs_cm;of the % Ca Sulfonate-detérmined by the
32 Hyamine titration method of unstabilized PIB Sulfonic acid stored at 40°C

R




3 maintained at tenperature in an oven and sanples were titrated 4

approxi mately every 3 days for up to about 5 weeks. The dat&“‘ﬂeﬁc"F?Q?@re 2 1s
5 the average of two sanples at each tenperature. The 40C data is for a 6
550 MWPIB sulfonic acid and the 60C data is for a 450 MWPIB sulfonic 7
acid. It is observed that the % Ca Sul fonate for both these unstabilized
PIB 8 sulfonic acids rapidly decreases within a - week and then remains 9
appr oxil nat(éD?"E)cﬂﬂﬁ GONC (1 4;00Fi 1Thasamples werestred st foemdempsralwe hat t he

pol yi sgbut n erived , 12 fr SO03/ A r slfonation .1's not
Pher nafly GHLReeRAaCHABURRY S5 pedunoPgoneh Samilet MO o aci ¢
- decr eages mhmtinéPeERNPeraRFS IIREA dm&&am?%s(ﬂ&@ taffled14 . 60C). 15 16
By contrast, Figure 3 shows the % Ca Sul fona determ ned_by the Hyam ne

17 ti tfat |acm>r@r>ém&%ly every @dgysmrfmtctalawtcﬁ Wﬁ@b%\r Eheslatasipliglre 2is f onat i on

18 fol ko 1] f ni l'ization
(with ""E{He%éeﬁ% r(#fy gﬁéfglggﬂ?é'ﬁpgfgn%% ﬁﬁ&ﬁporeéw@%ﬁ{% (104F) and
60C (160F)550 AW Pis seﬁdim&: GSId/@ﬂidEtfﬁé 60T data isdona USIREVAPIB eulﬂusmcl t he
thermal stabiljty study. .21 was gun. Thereafter, the sanples

. nmi ntaf nedcid: Rimphvarved thatiha i C;azsewf@?ﬁtaﬁ@r kothyhese vestablizeq RBd
appr oxg méﬁlf%ni%‘é‘;fdé ;%Pﬁfwae&%rasae v‘hfhﬁ v?é)é}{ Q%4 lomaRyen weeks. The data
shown | n I gure IS (0]

average or nore sanples and the 60C

data i8 fappsiiatalyecnstadt. MV PI B sul fonic 25 acid and the 40C data is for
- stabi}lized 550 MWPIB sulfonic acid. It is 26 observed that the % Ca
Sul foffate of the stabilized PIB sulfonic acids remains 27 approxi mately

Consent 19 et 1480 bl ol Sl AT ¢

| ‘denonstrat es t hat nor e sta e when
t he stmpl &onas%li"enswtcndaitlbnz:edobghemaallyatatﬂaandrtheanwmof tigdesiregshen t he

i gurbh 1P oo S8 Bacreqir s torel Jhmibdriate oS diucE (19 5Redac o
preparged Bgegyl fonation with sul fur trioxide/ai r ‘

15 |

'_16 By contrast, Figure 3 shows the % Ca Sulfonate (determined by the Hyamine

17  ftitration method) for PIB Sulfonic acid prepared by SOs/Air sulfonation

18  followed by stabilization of the PIB sulfonic acid by neutralization (with fime

19  slurry) as a function of time when stored at 40°C (104°F) and 60°C (140°F).

20 The samples were stored at room temperature until the thermal stability study

21 was begun. Thereafter, the samples were maintained at temperature in an

Vi

' / - 22 ovenand samples were titrated approximately every 3 days for up to

23 approximately seven weeks. The data shown in Figure 3 is the average of
24  two or more samples and the 60°C data is for stabilized 450 MW PIB sulfonic
, | 25 acid and t_he'40°C data is for stabilized 550 MW PIB sulfonic acid. itis
2 obsér\(éd that the % Ca Sulfonate of the stabilized PIB sulfonic acids remains
A 27 approximately constant for at least 21 days at 40°C and 60°C.
28 -
29 Accordingly, ngure 3 demonstratés that the _amountlof PIB sulfonic acid is
30 - more stable when the sample has_ been stabilized by neljtralizatio_r-l compared
31' to -.when_the PIB sulfonic acid has not been s_fabi!iied by neutralization {see
32 * Figures 1 and 2).. : - o
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2 are not stabilized, the sultone | evels can increase upon storage even at
room 3 tenperatures. 4 5 The sultones in a sanple of 550 AMaseh 3404obut ene
sul fonic acid, prepared by 6. S03/Air sulfonation of the exanple herein
bel ow, were isolated by colum 7 chromat ography and found to be present at
22.0 wt%in the unstabilized PIB 8 sulfonic acid. If the 550 MV

pol yi sobut ene sul-fonic acid is stabilized by 9 neutralization with a slurry
of ling i 'I‘fé%lrh?lbﬁ'f&‘ihl@fsﬁlfdnlf;@ct&ﬁ#é&&r&@ Aulfod&icrvitie Bali:eioxidesail evel of
sultones isol a chr omat ogr aph 1.7 wt%. 11 Thus, another
advant2ge ap® nphetabﬂasérﬂleuaultene |I@mal$ can ircreaskiypon Atarage ieven at 5eefint  of
sultogg gresent i n the polyi sobutene sulfonic acid produced by 13 S03/Air
sul fo t.‘ﬂ“B?ﬁ%V“%zed by neutralization of the PIB sulfonic acid which 14
i ncreapes the anount of PIB sulfonic acid in the sanple. 15 16 Anot her
aspect of _the present invention is a process for nmaking_a stabiljzed 17

pol yi SobutlbeesWianesin @ sasinde pf mMmeﬁgbmf@aa@yHoalwﬁ reparadBrent at i on

~ 18 pr uciss t; pectrum 19
(BN of SowA $Higadichs e BREFEACHE pefly GBI Rty BBRMAECC, LT
20 S0F A Chmlhétogmpm'randﬂﬁanaealbeqfore\é\énmz Buﬁ%n&ﬂemﬂstamﬁlzechlélﬂj and t he
peak 21 at._.me 247 is the Cl12 sulfonic aci The, C3 a %5 sul foni c aci ds
resul © f r gWfonio aP}dadﬁﬁTﬁ%’éq MW nelisohiene suionic asidig iR ‘{' B¥MS of a 550

- MW PI | lurry of linme
' o 10 Shoftafeato vifH 8 sRi U inteth BTt aldARg WO AR S iy o
su: ;dr([at | smifor@:hmpaﬂ*ne*igvfll afsuttends lszﬁelatedd)y:‘cl}remmgra;zhyms bf. Ttvv::t%.rli:l BC8 |

: 0 alizati results in |ower unts, of the an
o B T aohss SBntds oiRe Areseakinkenton i the FHHOIRNOR Teact | ans. 28

29 Tall e sUHMR: I everal 30
- 550 P %@@ﬁ%@@gﬁﬁeiﬁﬁgﬁagwﬁ%ﬁ sul foﬁgfaldgﬁdg?éa%}) i zed by 31

neut rla i z8OAir smlfdnadnohusmbﬂmdd sy ueu;rahaadloamﬂumt’éﬂ)sulftzmd BEDOWLP| B
sul f 32 ac ws, .t ee stabilizing the PIB sulfonic

ool 01 ¢ rinfedtasdng BRtori os PR SRIORE s#id Fthe Fantié
15

16  Anocther aspect of the present invention is a process for making a stabilized

.17 polyisobutene sulfonic acid product having reduced amounts of fragmentatidn
18 products. Figure 4 shows the negative ion electrospray mass spectrum
19  (ESMS) of an unstabilized 550 MW polyisobutene sulfonic acid produced by
2'{;) SO3/AIr sullfonation.. The peak at m/e 190 is the Cs sulfonic acid and the peak
21  atmle 247 is the Cy, sulfonic acid. The Cg and Cs» sulfonic acids. result from
' .;22 fragmentation reactions. Figure 5 shows the ESMS of a 550 MW PIB sulfonic
23 acid stabilized by neutralization with a slurry of lime in 6i1. The PIB sulfonic
24 . acid in Figure 5 was produced by SO/Air sulfonation. Comparing Figur_es,4 :
25 and 5, stabilization of the PIB sulfonic acid by neutralization results in lower
26 amounts of the Cg and C1, PIB sulfonic acids which are formed by
27  fragmentation reactions. L |
28 o
_ 29 . Tablel summarizes the results obtained by ESMS anal'ysié of several
30 . 550 MW PIB sulfomc acids produced by SOs/Air suifonatlon stabilized by
, '. 31 ' neutrallzatlon with a Ilme—OII slurry and an unstabilized 550 MW PIB sulfomc
32 acid. Table | shows the effect of stabilizing the PIB sulfonic acud_wntp different

o .'15* _




1 degrees of neutralization and the manner of neutralization (batch or
inline) on 2 the anobunt of C8 and Cl2 PIB acids present in 2iearegufifife. The
data in Table I 3 showthat in order to stabilize the PIB sulfonic acid by
neutralization, conplete 4 neutralization is not necessary and that there
is no difference between batch 5 neutralization and inline neutralization.
6 7 Table | .8 Conparison of the Fragnentation of Unstabilized 9 with

.St abi | §zeicppfed¥Y Rblrabzhation andARe @sanHer Y nbatalizaten @atdH ecininspsmy Mass -
Spectrometry (ESMS) Sanpl e Degree of Manner of Wei qht % C8 Weight % C12
Neut r ali z dhe @mnouiof siargt € o IB agidsupresentindhg saumplenilde dafg in Tablesl Acid 1

0 None,l12. . Iy F 8, 3 : 6 3 Inline
10 13 shat hat i) it 10 e nd pinuini bty B WEbirbizattsh opfyelcter 10
0.6 841lGgdutrdatizativh id.ridt hetesddry BhdAhat ihere Bibe diffieaiicobetvieerpbaishnt

I nvention is a,.reaction product that :13 conprises stabilized PIB sulfonic
aci d, Pecd\rairization ard idipefeatralizald). yi sobut ene nol ecul es and sul t ones.
Preferéed percentages of 15 fragnentation of the PIB sulfonic acid is |ess
than 15% Preferred 16 percentages of sultones in theé polyal kene sul fonic
acid a¥e less than 15% 17 More prefagleéd percentages of sultones in the

bf sulBones | the pLRyRisge of foe Exsarmanagnal URiawEad Chan sb 20 - 16 12
Var ch 9007 with Stabilized 550 MW PIB Sulfonic Acids .
10 by Negative lon Electrospray Mass Spectrometry (ESMS)
Sample Degree of Manner of Weight % Cg | Weight % Ciz
Neutralization | Neutralization | PIB Sulfonic | PIB Sulfenic-
(%) Acid Acid
1 0 . None 12.0 4.7
2 36.4 Inline 1.1 1.2
3 58.3 Batch 1.3 0.6
4 58.3 Inline 1.0 14
5 78.6 Inline 2.1 0.7
6 87.4 Intine 14 1.5
-7 101.9 Inline 2:2 0.6
8 116.5 Inline 2.2 1.1
on |
L
12 ..-Another embodiment of the preseht invention is a reaction product that
13 -comprises stabilized PiB sulfonic acid, reco‘v_eréd PIB, fragrhented
14 pol_yis_o_butene molecules and sultones. Preferred percentages of
15 fragmentétion of the PIB sulfonic acid is less than 16%. Preferred
16 percentages of sultones in the polyalkene sulfonic acid are less than 15%.
17 More preferred percentages of sultones in the polyalkene sulfonic acid are
18 less than 10%. Most preferred percentages of su_Ito_hes in the polyalkene
19 sulfonic.acid__are less than 5%. - |
20

-16-




1 Anot her enbodi nent of the present invention is a process for nmaking a 2
pol yi sobut ene sul fonic acid product having reduced fragnmenttMawshaey 3
decreased sultone formation. In a reaction vessel, the process conprises 4
diluting PIB feedstock with a diluent, prior to reacting polyi sobutene
having a 5 nunber average nol ecul ar wei ght of from about 300 to about 1000
with a 6 source of sulfur trioxide. The amobunt of diluent added to the PIB

feedst qck Afothér biibiodhéit ofithe présit ivvertioahs a sroeess rirskingial s and
non-aromati c solvents, 8 such as heptane, are exanples of suitable

di | uenZs. PRlyigebuigne stilfonis anid prachict basingdedyceh frepmestainneand i r st |

diluti Q _ | SCQS| (i €. h I y Vi scous)

of 1 he bt eTRIIE IR ORfalLE" R arkablofyesse e ot AdpPRES 115 5

t hat a#t acdirging®IBlfeedistotk ndthfa Hiegrtpgtion to riSactimgl pdlyiscdbuteneohavthd@aact s as a
12 heat. sink which absorhs excess heat generated when the PIB reacts with
13 sul Pur MYMBgY aerage mpteeiiar weighb of freen pbeiits3q ko090 Withhas ect ed by
14- te r | . i o 4 ' | ;& NCreased
15 1 omier aroree of SRRUGARE, The SAGIRLAILAR G0 14 i PESieRslaR i 0O
heating lgpichlly upés80% beeciglt. Goapsabysée oilsrand monearonsatisssadwentsyhi ch i n

turn inproves the 17 filmaquality_inside the reactqr. Diluting PIBwith a
nout  aP | 1SVAS RN, diel kDIo8 BT SRS si0ptsr g e Bl TR A0 2 es ¢ he
" necesspity i | e nhes %{EF@ : (irg, HefPigol ecul e
fragrre_!r_;\)t at?fc?r?. %t%gﬁ@gﬁlf %@gﬂ%tgﬁfgfep%r | ugﬁ%{egﬁggﬁ(_’a@htgat- si nk,
excesd0heds lepsndscausiobthet startingonatarial owkith impeovasithe fimapsadibbeidhy t he

dil . ddi t i “the diluyent. the, 22 dilutegd PIB j t ed
wi th 34 ¢ Bt SaeS it ling Bin frastitrSercri i ulbn B BB 55R 48a L 07F Lr
LrioXivde itfeab SARIWHZR AL AcRRYtoak hehomtedWherARo!FIB feaamiign 24 product

.exits a first reaction vessel and prior to or concurrently with entering a

25 seddnd subigsisioxige. dhragmandatipri of thedPlBhsulfarécacidda alfec Vage. The

resul fant ,2 [ ct I cal l | el l.ess t [ l. 0
‘ fragn&%t att?'g'ﬁgﬁé?gééhéq'wr%’rgg%e éh%‘?@ﬁ'gﬁ@t%%és %Bv%daﬁgﬁﬁé?&g’a%%i ment of the
- presefs im&meéfawre &f thETB Wieas Rbadts ivitth Silfurdfogidebtloweverahestings added to
" PIB feedstock prior to reacting the PIB with S03- 31 Preferably, carboxylic

- aci ds 16 nc theiecadierieed s nacesgasy te minimize yipopsity, wiich inturgdmpesiesi theaci d.
More pyef gfiaRubityilSia6hE PAetE Blilithd PIBGHH £ nBGtrs, 1w vRCHERFaIRIN - 17
18  improves film quality and minimizes the necessity of heating the reactor feed,

19 thereby decreasing PIB molecule fragmentation. In addition, because the
20 diluent acts as a heat sink, excess heat gen_ekated by the exothermic
, 21 -reactio_hs is absorbed by the diluent. After the addition of the diluent, the
U 22  diluted PIB is reacted with sulfur trioxide. The reaction product of diluted PIB
23 and sulfur trioxide is stabilized with a heutralizing agent as the reaction
.' 24 | ‘product exits a first reaction vessel-and prior to or concurrently with entering a
25 second vessel which is used for further ré_action of storage. The resultant
+ 26 product typically yields less than or ecjual_ to'15%-_ fragmentation of the PIB
- 27 sulfonate, | L | ‘
28 | o |
29 In another embodiment of the present invention, a small concentration of
30  carboxylic acid is added to PIB feedstock prior to reacting the PIB with SO,
31 Preférably, carboxyﬁc acids include formic acid, acetic acid, butyric acid or
32 be'riz_oicécid. More-préfe_fably, the carboxylic acid _is.a_céﬁc acid. Ina reaction

e




12 March 2007 1 vessel, a small concentration of acetic acid is added to
the PIB feedstock, 2 which may or may not be diluted with a2dflargesi0? The
nunber average 3 nol ecul ar weight of the PIB feedstock is generally from
about 300 to about 4 1000. Preferably, an anmount |ess than or equal to 10%
by wei.ght of acetic 5 acid is added to the PIB feedstock. Mre preferably,
~an anount less than or 6 equal to 5% by weight is added to the PIB

feedst gck.vgasf arsrnﬁ'érreé@rt&emrasen%f%eﬂ@bctd% adib@ b He P Rledstck’e by wei ght
is added to thé Pl B feedstock he m xture conprising the PIB feedstock

cont ai Ri ngvhickriay raromaymtblaehluged wﬁbt%djlumt hThe sumbes ayerages as previ ously

et 1 a1 2 RYeRYEh RIS B oot i aboray I aBoft pPo 1 BBaud (7o "
vessel 4and o0l Prefarably, BARGRGURNESY thantdi et{ﬂrbﬁfol TWhdyoweightlof ddeticessel whi ch
Is used for _further reaction or storﬁt/l%sr PIB sulfonic acid 13 fragnentation

of theﬁresarrcl raddeddetthe PlBdeadsetock s Moyp ipeeferaply @vearpedet lgssthamer 14

nol ec t f zed PIB 15
sul fon| c &C g%r rré}\%ﬁprlt)ﬁs ‘f“g ‘%@pl claéli?lgffagg‘gé@ﬁt(rm%w %ﬂf.ﬁlr‘ n anot her
enmbodi ﬂenbnﬁﬂurttltl!ssmaaeﬁtequ@v&ﬁB Yooy wielht 8 dddddoto the RIBefeBlStotk. f eedst ock
and the addition of the Cal’bOXé| i c aci preferably acetic acid, may 19 be

© conbi rfé HntXngsqoamna'rzsth% l%tﬁqs’@tﬂq@qni%wmra@t@ﬁ% isdheReaction of |
th 0 { t ded t
the P Eé%ééﬁs% N Slyiteich SO3as ARARSEN HoderinBR IheNoatdh pfoddet 8CSC 12

a sout@e ttie PIB 568.SOis stabilizédwithraonewttalizingt dgsmt s ahé réactibrvwproduet

: .neutr |2|n such as 23 caIC| umh dr oxi s the roduct exits a
e v L pile AT B eaPhoucsrel Shadiog 15 Chadamimnty with oA nl SRty o

seconth vegssdet Yitich fs%séd%fr 'ﬁﬁthér%ﬁ tr&FoPéto?a@e?tlﬂl'Bfggforﬁc‘ﬁt?ﬁby produci ng a

product that has a | ow anount of tones an ragnent ati on of
t he .stdbi fragmnmtbrmﬂtherress.rltantaieadtmn @A8dua ishatitadly dapendiemtnponthe he .

b eseﬂ{ | nv q?éulieg' %g@ﬁoﬁ%%ld?e%dg%c@gﬁ abr¥raxr2mgurr[1ht es%giﬁgggﬁB as descri bed

~abov
- 156  sulfonic acid fragmentation is typically less than 15%.

16
47  In another embod.iment of the present invention, the dilution of the PIB
18  feedstock and the addition of the carboxylic acid, preferably acetic acid, may
19- - be combined with the stabilization by neutralization step after reaction of the
‘20  PIB feedstock with SO3. Accordingly, carboxyiic'acid is added to the PIB
21 feedstock which is diluted with a diluent and then reacted with a source of
22 SOj. The reaction product is then stabllrzed with a neutralizing agent such as
| 23 - calcium hydroxide, as the product exits a fi rst reactron vessel and prlor to or
24 ‘concurrently with entering a second vessel used for further reaction or
25 storage thereby producing a product that has a low amount of suttones and
26 reduced fragmentatron of the stabrlrzed PiB sulfonic acid.
2t _ | |
28 In another embodrment of the present invention, a product may be made by '
.29 the processes as described above ' o
. 30 .




| Overbasing 2 3 In another enbodinent of this invention, the stabilized
pol yal kenyl sulfonic 4 acids that are prepared by the procéﬁﬁwﬁﬁhgﬁg
present invention nay be further 5 processed by overbasing procedures to
produce overbased sul fonates. 6 Overbased naterials are characterized by a
metal content in excess of that 7 which would be. present according to the
stoichionetry of the netal cation in 8 the sulfonate said to be overbased.

. Thus, 2(1”%‘9&5'5’&?'@' c acid when 9 neutralized with an al kaline earth netal

comnpou kaline earth netal 10 basic salt), nore preferably using
a cal c?_um compound, nost preferably using 11 calcium hydrOX| de (Ca(CH) 2),
wi-lI'l produce a normal sul fonate containing one. 12 e ~of calcium

for eaéh dg@neHiesmbgdienanyof fhis suestiondhgstabilizedplyal kéenlgs 9 sulfonate
will - cgnt aéfg:ls‘%@%t R Eré@:far?@bg ith %Ef‘&&es‘%%ﬁr&\%éfés@m eﬂgoﬁ fﬁ‘x’ajﬂe RafiRgul fonic

aci d. sing can expr ess Tot al Base
Nurmbers 17 p(rbéfﬁs!e)d bw\bveibasngemecedurebdo anoiute okriess sionadéent to one

|1 CH f t h nb
et | o6 " msherbased Materals e EhABeud bod idtat onlSu i0.K685s ot cy
reserve. {ificH @diuddbe %re%t‘"a%‘@ﬂﬁhg? tPthe sﬁoi‘bﬁ%ﬁhétby SR ibRe Salion ASTM t est

nmet hod D2896 or ot her 21 equival ent nethods. The ‘preferred overbased
pol yal&enyie sulidratetsaid tﬁbe mferb@gd; riesst A orornasulfonisl aaid wiiep | ow TBN, i.e.,

Ferm 92! heftaRtal wifih Al e G0ih i oosfitoi GEEARHAR BARFEMIES LL0r
Le . Cogmt’, pYsie: sdﬂ?t PBFe b@feéb?ﬁ&snﬁ@% @él&uﬁi éféiﬁbo@ﬁ:l ghodll prefddably iRaigent No.

5,789,615, which are herein |ncorﬁorate reference. 27 Known over basi ng

"art tht | ealchuahydsaddd (CEIOH ). fwi @F@@que&éﬁﬁnalwtéf@pﬁtﬁ/comlmgjﬁﬁ?ers such

2° et 1A ne SaHVERT o Splolnffor Spo el ERFRT o ot Mot ctpaiitriil 55

pol yal:kenvﬁetammfm@@w eotripldrenitiole sfitdicinhriorehds twbirnblesafethdeen
pr epar ed 31 t he net hods descri bed previously are preferably overbased

‘usi ngdlnl W‘E@%@@'ﬁ%da pronoter. A further aspect of the invention
incluges adding Cad 2, * 19 _

16  The amount of overbasing can be expressed as-a Total Base Number
'_1 7  (“TBN"), which refers to the amount of base equivalent to one milligram of
18 KOH in one gram of sulfonate. Thus, higher TBN numbers reflect more
19  alkaline products and therefore a greater alkalinity reserve. The TBN for a
20 compositidn is readily determined by ASTM test method D2896 or other
21 _equivaienf rhethods. The preferred ove(baséd polyalkenyl sulfonates of this
22 _invention have relatively low TBN, i.e., from ab_out greater than 0 to about 100.
93 , | | R
24  Overbasing procedures for relatively Iov\i TBN sulfonates are described in |
25 many patents including Le Coent, U.S. Patent No. 4,?64,29'5'and Alcock _
26 et al.-,' u.s. 'Patenf No. 5,789,615, which are herein inédrporated by reference.
27 Known'rovérbasing art for low overbased (LOB) s.UIfonates geh'ei‘ally employ
28 promoters such as CaCl, and carbc__)xylic acids inthe prese_ncer of-a solvent
29 suchas 2-ethylhexanol or toluene. In the present invention, the stabilized |
30 ‘polyalkenyl preferably polybutenyl sulfonic acids which have been prepared
31 bythe methods described prewously are preferably overbased usingonly
32 .' 'water asa promot_er. A_.further aspect of the mventton includes add_lng QaCIz,- —




12 March 2007 1 but it is not required to produce a produc{d%lw n
accept abl e properties. The 2 anount of water used for overb A PO% n the
range of 0.5 to 8.0 ww%of the 3 total stabilized PIB sulfonic acid, nore
"~ preferably in the range of 0.75 to 4 3.00 wt% In a further enbodi nent of
this invention, the overbasing step is 5 conducted at- nuch hi gher

t enper at ures and pressures than previously known 6 in the art. The

over basl ngbttitjrenat nequlred 6 poodut8QCpitoalut? A4th a{lfc@bﬁm@é)bbbpérﬂéé) Crhe 150C,

oref or dor y BT EE eB WAl PEoverharBads iy Tisatprgesd (s to 8 wblogitished by
ref | uxiang m&mtaaﬂuz@@’li"lﬁ%blf@m&%%l& %@gﬂt&éj%@@ ga%d;[é §'o. I%g about 100C

to about 150C, nore preferabl g from ab and npst
pr ef er dbl y ﬂod&ﬁ%béma faribier ebadioent DEUEs invehtibd, fecoverbasingistep ondi ti ons

descri t||| ed t 0 over base both stabjlized and

unst abi po“{iy&’%{gﬂﬁpﬁ ﬁm@eéqlipa%s an prﬁ%”[%%\%‘d?’leﬁﬁ’uém Known
Conposiet | OmStheJa?t 18hd beemlslh@' tléﬁfﬁé'rat‘él% {OneHerod e %r% s of this
i nventi_on %re useful as 19 additives in Iubrlcatlng 0|I§ ey have good

tol erafce 14 %atoe! 0%, whileithe pressure glariagdhe merbﬁugpstépprenges éroe .
h | t h b d
byt he Bor 2B R T e g B9 ZIRUR of an o 1| of

| ubri c8ti rayomnqﬂmheay)yaeﬂumg‘svat@mrammmbréﬁsu?&@aﬁ@ké/rﬁb&ﬁdwﬂesﬁrﬁOnat es
of thi 25 derived from petrol eum or

en ﬁB The oils _can be
~ synthdPic. Bﬂ‘l’i1 |Qt‘aéhﬂldte“%pamq:rﬁlnfefezabhafmmmwt11a%ﬂ:txsabemtut ed
.. hydroearb S 7.thareof. O ls of
ydr 0§41 bopspecs KRR HrERIAN froff aFQRP) R %ﬂé igegret- 9ls. L5 000

| ubricating viscosity cosi fred
SUS al2100F, and nore usually fron1about 50 to 10,000 SUS at 29 100F. The

ositi,ons contain an anount of the yal ken

I ub
sﬂ| ;Bﬁg OYq{ﬁEgBH\FQHE’If'BHS ggpeiikedtherain mmbhe ytilize %@\@h@mﬁoﬁem i es,
typiceql YSta'iﬁlaiécPé‘ﬁ@Qﬁé'ﬁabﬁizéd %%‘I&n}yvpsw&‘hc% gleerably from about 0.5 wt%

-~ to about
15

16 Lubricating Oil Compositions
17 '
18  The polyalkenyl sulfonates made by the process of this invention are useful as
19 additives in lubricating oils. They-have good tolerance to water, a light color,
20  and provide good performance characteriétics.
22  The lubricating oil comp_ositions, Which. may be made by the process of thié
' . 23 invention,'comprise'a major amount of an oil of Iubricéting viscosityanda
24 'minor.amount of the polyalkenyl sulfonates of this -in'venti'on The oils can be .
| 25 derived from petroleum or be synthetic. The oits can bé paraffinic,
26 ‘naphthemc halosubstituted hydrocarbons synthettc esters, or combanatlons
. 27 'thereof Oils of lubricating viscosity have viscosities in the range from 36 to
_ 28 55 000 SUS at 100"F and more usually from about: 50 to 10,000 SUS at
| 29 . 100°F. The Iubncatlng oil composmons contain an amount of the polyalkenyl |
- 30 sulfonates of this mventton suffi CIent to provude dlspersant propertles typ:cally
3 from about 0.1 wt% to 10 wt%, preferably from about O 5 wt% fo about 7 wt% : 7.
32 : . , _

- -20-




-20 12 March 2007 | O her conventional additives that can ?e use% Wy
conbination with the 2 pol yal kenyl sulfonates of this i nventd ¥ach a8 ude
oxidation inhibitors, antifoam 3 agents, viscosity index inprovers, pour
poi nt depressants, dispersants and 4 the like. 5 6 The lubricating oi
conpositions nmade by the process of this invention are 7 useful for

| ubricating internal conmbustion engines and autonmatic 8 transm ssions, and

as i ndustr | av . ' ' h fer il 9 torque
Fiut ds. et g qen bt RoNEs it arP bl 3sel T Sl bRRFOR WL 2gi t Pues ey
be use@ at polyalkenglLsulfon2ted 8bthis inbentionlbicludy ®fid4thm ihRibitbrd, Watifazmh i ng oi |
conposition and 12 é)_gyg,férably at about 0,5 wt%to about 8 wt% and. nore
pr ef er &bl yAgeNEp¥i§eosHndexfmprayers RUr @oint siepressaets, Gisersams iadgt i ng oi |
conposigt i Ofhe 4@, 15 The lubricating oil used with these additive

conpositions may be mneral oil or 16. synthetic oils of lubricating
vi scosity and preferably suitable for use in the 17 crankcase of an

i ntern tion engi ne. Crankcase lubricating qiJs, 18 ordinarily have
a vi scglsi t@'}%r”%HbC@HPQPgw"&P&S%"Sdﬂaf?@Pg%et%o .%701‘&}315 inyentiog areoF (99C) .

The | ulyr : ogsdmpropiisicating et uffbuSTOMeRYHeatridabmisibur al | 20 sour ces.
Hydr.ocarbon synthetic oiTs may include, for exanple, oils prepared 21 from
t he poByneransmissionst akd hy lindustria) slils slushaas yfdrauler oilBABeat transfer o, s 22

pr epargd frﬁd@g@irgc%r bon synt hesis procedures using carbon nonoxi de and
.23 hy rogtg a g s%¢h as in a Fi sher-Tropsch process. Mneral oil for use
as 24 the base oil in this invention may include paraffinic, naphthenic
and other \pils 25 that are ordinarily used in lubricating oil
-co_npoéﬁtié&bre"égﬁ??‘r?e% elegants Pﬁélsﬂﬁé?ay% tﬁ%%%aﬁﬁ%%m Ut Rbtic oils
and syt heitdut 82 aAd tol it 10SM BPiHeofl IANREBRGIAWnMAsHid Ghatde |1 aul d

pol ynmers of al pha ol efins having the proper I scosity. ydr ogenat ed
| i qui #20! ipgefesablystt abeut 8.5041% 4 phaub$ eittnsinduobre pefembly-atexbent tri ner are

& Boatty hURE el X5 EE Gl BorRbBRG i oRigian. 30 sveh e
14 | '

15  The lubricating oil used with these additive compositions may be mineral oil or
16 synthetic oils of iljbricating viscosity and preferably suitable for use in the
17  crankcase of an internal combustion engine. Crankcase lubricating oils
18  ordinarily have a viscosity of about 1.300 cStat O°F (-18°C) t0 22.7 ¢St at
19 210°F (99°C). The lubricating oils may be derivéd from synthetic or natural
20 s‘ourCés. 'Hydrocarbon synthetic Qills-may'inCIude, for example, oils prepared
21 -from the polymerization of ethylene, polyalphaolefin or PAO oils, or oils
.22 prepared from hydrocarbon synthesis procedures using carbon monoxide and
e . 23  hydrogen gases such as in a Fisher-Tropsch process. Mineral oil for use as
i 24  the base oil in this.invention may include paraffinic, naphthenic and other oils
25 that are'ordinarily'. used in Iu-bﬁcating oil compositions. 'Syn'thetic oils include -
. 26 | both hydrocarbon syntheti_c'oils and synthetic -esfers. Useful syhtheti’c
~-27  hydrocarbon oils include liquid polymers of alpha olefins having the propér
28  viscosity. 'Thé hydrogena_ted liqUid oligomers of Cs fo C_{g alpha o!eﬁnssuch
.29 .as 1'¥decene trimer are_'espéciélly useful. Alkyl l.)_enzen_es’oic proper viscosity,
30 such as didodecyl be‘n"zene,' may also be used. ; o |
31 R o

o2t




-21 12 March 2007 1 Hydrocarbon oils blended with synthetigc qils y al so
be useful. For 2 exanple, blends of 10 to 25 vvt%hydrogenat@d‘sf eg®ne
trimer with 75 to 3 90 wt % 150 SUS (100F) mineral oil are preferred as a
| ubricating oil base.. 4 5 Another enbodi nent of the present invention is
| ubricating oil concentrates. 6 These concentrates usually include from
about 90 wt%to about 10 wt% 7 preferably from about 90 wt % to about 50

- W% of a ' i L 0O M | kY fr w % to about
00 we oi prtiftbadtboh S diddPwHh SRBlelt o rBARBER ML P daat ves

- descri Bed dxanple, bidngs ot Yo 26vet% hpdregknaterist-déBese tiranwith f7bi foi ent

diluent tag n@éﬁ t hem ef%Sé to handl e during s%ié’ppi ng? and 11 storage..

sui t abPe A0 WeatI20rY SRR Fopineralaitareniefaied ang lubpigatingiqilRagse. - - - 12

preferagbly an oil of lubricating viscosity, so that the concentrate may be

13 readily mxed with lubricating oils to prepare lubricating oil

conposbt i dnmthdrderShodiaixrd df e possienb pventisn ilabrioatingeil sorckrdratds.| uent s

t i | i it 15 i h f , t 35 t 500
Shybol § Uhpee cnoagieiatastalishaide Famahme Soseste do algubfo 3o 1 of
lubri cati @ﬁef\é_ra%ﬁfﬁbhvaﬁam RPwWERaE- abbt 5@%%*2%&&%%5& th@a\tiswtybe used

include rust 1 nhibitors, foam i nhibitors, corrosion I nhibitors, "netal
deact i-§at end frqso @bopbi & witkefor alsautG0swi%nprieferabibrfrem atwmt 400vide tari ety of

ot her I 15 kn di tives, .21 2 her, Additives .23 24 The fol|ow ng
add ti9e EBRRORINRE of IiERanfies S6scrusrndbi nbyicate e foncsiaies can be
favorgdl y cenmimyeficicht Hilferitite tRalke thevnPBhsPb hé'ﬁtﬁéfiitﬁmgrﬂﬂi;ﬂﬁn%bnd%
.additives are provided to illustrate the present invention, but they are

" ‘not 2 instoragel Buitableidiluents fzg the carcenirates inchisle anpBei diuent.red or -
UL BReBhn 1 PASRH BB R st o BT et Erl
al kyl1®r  pdddityvhixad Witk lubricaimp ot prabliyd lubficalikg ol compositions.
14 Suifable'!ubricating oils that may be used as diluents typically have viscosity
15 in the range from about 35 to about 500 Saybolt Universal Seconds (SUS) at
16. 100°F (38°C); although any oil of lubricating viscosity may be used.
17
18  Other additives that may be used include rust inhibitors, foam inhibitors,
19  corrosion inhibitors, metal deactivators, pour point deprés_sants, antioxidants,
20 and a variety of other well-known additives. . |
21 - |
22 Other Additives
23 |
24 The foll_owin;o,' additive compdnents are examples of some of the oorr'lp'onent's
25  that can be favorably er_nployed inthe present invention. These examples of

26 - additives afe_provided ta illustrate the present invention, but they are not
' 27 intended to limit it: | =

28 1. Metal Detergént_s

‘ 29 | o Sulfurized or ﬁnsﬂlfuﬁze_d alkyl i_)r alkenyl 'phénates, alkyl or a-l‘keny-l
30 aromatic sulfonates, -sulﬁqr'ized. or unéulfuﬁZed meta salts of
| ) 31 R ‘ multi~'hyd_roxy_a,lkyl or éikenyl aromatic compounds, alkyl or élke'_nyl‘r - |
S 32 I V-_'hydr'oxy aromatic sulfqnates,'sulﬁxrized of unsulfurized alkyl or alkenyl




32 hydroxy aromatic sul fonates, sulfurized or unsul furized ggh%. %#Ealkenyl
-22 12 March 2007 | naphthenates, netal salts of al kanoic §

salts of an alkyl or :2 alkenyl nultiacid, and chem cal and phy5|cal

m xtures thereof. 3 4 2. Anti-Oxidants 5 Anti-oxidants reduce the tendency
of mneral oils to deteriorate in 6 service which deterioration is

evi denced by the products of oxidation 7 such as sludge and varnish-like .
depositys on th f r Exanpl es
of antn OX|dan?§ﬂﬁEﬁ¢J?H§'ﬁ% Sémgoﬁﬁgﬁﬁoﬁﬁﬁﬁﬁff@%ﬁfﬁ@Fs ﬁﬁ?rare not -

I i m te@ to, phealiognyl pudtidgidcaad cht}mtcalmn«bphglat:atmmxtnteslihemcﬁ such as
7 n§ hyl ene-bi s(2, 6-di-tert-butyl phenol), 11

4 4 bMs(2, 6-di -tert-butyl phenol), 12

4, 4" - byt yl2 deneadyi-oktmed hyl - 6-tert-butyl phenol), 13

2,2' -met hyl ene-bi s(4-methyl -6-tert-butyl phenol), 14

4,4 -bbtyli dene‘&rm-@@gant@tnayluceiheetandbucybbrmmma} pils teedeteriorate in

: g -" néfE;Fg%;'%‘?’@%ﬂpﬁérﬁgg&go&%‘ertlg%ﬁ%n%eﬁ rl])%l & products of oxidation

, 2" -
2,2"-igobutyli deeR-dsi sidgd add %Fﬁi%-ﬂk@ﬂ@*}dsﬂs?@ﬂthémelﬁ surfaces and by
met hyl ene- bi s(4- et hyl - 6-cycl ohexE heno _
. 6--di Bt er t - butaf inGLERSLHY Nrﬁff@ﬁ@r zar@ptﬁ&qf@fﬁ%dymtsmwlwn #enol , 20
, 4-di th | - 6- I esol, 21
o-di St ert - 4 REE KRR BT ik ot G Bt (8 ey
4 -10i obi s( 2-oxiiatiph ithibitots; buély hsdenohdthyRde-bis(2,6-di-tert-butylphenol),

. %)hl obi s(4- methél-G tert- butpﬁ phenol ), bis(3- rrethyl 4-J iydroxy-5-tert-
‘24 1. 81 but yI beAAIYEIG-AHlert-buyioResel, 5-di -t ert - but yl - 4- hydr oxybenzyl ). 25

- Di phegw! am ne- | but are not limted to,
- 26 al %I at ed d%‘y uy%ﬁtﬁeﬁ%%@%yﬂl rgo[%ﬁa ‘Rg%ngﬁopam ne, and. al kyl at ed- 27
al phatdapht hyl am'«mthybherlsMpmtmn-Gebertdattyiphenol); b| tors include netal 28

?r{ez Ely ﬁggﬁg?él tf{]‘g’s‘r‘g@p? 8'%!%(% Eﬁ’lyi’?’ ?%h?re‘l‘g i dant is generally .30

._| ncormrat ed 'ﬁtﬁls%ibr&ﬁ‘ﬁidéﬁe%lé(z @dﬁfér?ﬁ@ﬂﬁﬁhe‘?lfol)abom 0 to 10 wt%

16 2 2'—methylene-bas(4-methyl-6 -nonylphenol),
17 2,2 isobutylidene-bis(4,6-dimethylphenot), 2,2-5
18 methylene-bis(4-methyi-6-cyclohexylphenol),
19 - 2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyi-4-ethylphenol,
20 2 4~dlmethyl-6-tert-butyl-phenoi 2,6-di-tert- I-dlmethylam:no p-cresol
21 - 2,6-di-tert-4-(N,Ndimethylaminomethylphenol),
© 22 4 4‘-th|0bls(2 methyl-6-tert-butylphenol),
o 23 o 2 2'-th|ob|s(4-methy!-6 tert-butylphenol) b:s(3—methyl—4-hydroxy—5—tert—
24 ~10-butylbenzyl)-sulii ide, and bls(3,5-d|-tert-butyl-4 hydroxybenzyl).
| 25 - Diphehylamine—type oxidation inhibitors include, but are not limited to,
26 - alkylated diphenylamine, phenyl-alpha-naphthy!amine, and alkylated-
© 27 alpha-naphthylamine. Other types of oxidation inhibitors include metal
. 28 'dtth:ocarbamate (e.g., zinc dlthlocarbamate) and - . :
.29 '_ ,memylenebls(dlbutyldlthlocarbamate) The antl—omdant is generally
.30 lncorporated lnto an engine oil in an amount of about 0 to. 10 wt%, |
. 31 0 -preferably 0.05 to 3.0 wit%, per total amount_of t-_he_englnt_a oil.

82
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31 preferably 0.05 to 3.0 wt% per total anmount of the engine oil. 32 -23
12 March 2007 1 3. Anti-Wear Agents 2 As their name inplie® MeRRE¥gent s
reduce wear of noving netallic 3 parts. Exanples of such agents incl ude,
but are not limted to, 4 phosphates, carbamates, esters, and nol ybdenum
conmplexes. 5 6 4. Rust Inhibitors (Anti-Rust Agents) 7 (a) Nonionic
pol yoxyet hyl ene surface active agents: polyoxyethylene 8 . lauryl ether,
pol yoxyet hyl eneAMi—W\f‘é R&abol ether, 9 polyoxyethyl ene nonyl phenyl -ether,
~ pol yoxyet hyl ene octy r|5?éeny$I 10 et her, polyoxyethyl ene octyl stearyl

et her, 2pol yoxy e ftiaineame déyplied, thesd agentsakdoss eehy bEmevig imietallic

nonost gar ate, pol yoxyet hyl en 12 sorbito] nopo-ol ea . pol yet hyl ene
gl ycol “nono- ol é%ﬁ%s I%Lngamé; s(cﬁ)su _WQPU&)’ t‘@ﬁd@gt%r?é?&ﬁ@'%gﬁﬂ' and ot her
fatty acids, digridppuids, earbbmates OSstefR Al hePBdendmicoyn@ékds. am ne sal ts,
nmetal salts of heavy 16 sulfonic acid, partial carboxylic acid ester of

pol yhy@ric al cohol, 17 and phosphoric ester. 18 19 5. Denulsifiers 20
Addi tign odu f | ene oxi de, pol yoxyethylene 21
al kyl @t h%r’, a%%dpﬁhﬁygﬁ%pﬁ%ﬁﬁ%ﬁ an ester. 22 23 6. Extrene Pressure
Anti - Var Agent(a) ( BMrvHiopenioxyetidletd Surticd dotlvetidents plomadxyatisyldms | mary

al kyl, secondary al kyl, and aryl 25 type), di @Benfll sul fide, nmethyl trich
lorost®a rate, chi dainybeler, mlyopyetindens bigher alsobel eiEpol ysi | oxane, | ead

napht-hgnate, neutr %ﬁ@?gﬁhﬁm{mhgﬁg eﬂh&h ip%%&lﬂ?fé%%’ O%ﬁéHﬁ ur-free

phosphates. 28 29

10 ether, polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl
" . ether, polyoxyethylene sorbitol monostearate, polyoxyethylene
12 sorbitol mono-oleate, and polyethylene glyco!l mono-oleate.
13 )
.44 - (b) Other compounds: stearic acid and other fatty acids, dicarboxylic
15. acids, metal soaps, fatty acid amine salts, metal salts of heavy
16 sulfonic acid, partial carboxylic acid éster of polyhydric alcohol,
1'_7 and phosphoric ester.
18 ‘
19 5. Demulsifiers
20 _A‘ddition product of alkylphenol and ethylene oxide, polyoxyethylene
, Zj | : _a[kyl ethér, and polyoxyethylene sorbitan ester. |
. 23 6.  Exireme Pressure Anti-Wear Agents (EP/AW Agents)
' 24 . Zinc dialky1 dithiophosphate (primary alkyl, secondéry alkyl, and aryl
25-  type), diphenyl sulfide, methyl trich lorostea rate, chlorinated
. 2_6 ‘naphthalene, ﬂuoroalkylpolysiloxéne, lead naphfhena’te, neutralized
o 27 . - phosphates, dithiophosphates, and sutfur-free phosphates. |
. 29 7. Friction Modifiers - |
. 30 - 'Fatt'y_ é!cohOl, faﬁy acid,' _émine,‘boratec_l ester, and othe-r-esté'rs. -

24




30 Fatty al cohol, fatty acid, amne, borated ester, and other esters. 31
-24 12 March 2007 1 8. Multifunctional Additives 2 Sul furi rch 2007
oxynol ybdenum di t hi ocar bamat e, sul furized 3 oxynol ybdenum or gano
phosphor odi t hi oat e, oxynol ybdenurn 4 nonogl yceri de, oxynol ybdenurn

di et hyl ate am de, am ne-nol ybdenum 5 conpl ex conpound, and

sul fur-contai ni ng nol ybdenum conpl ex 6 conpound. 7 8 9. Viscosity |ndex

| mprovgrs POUMUE&RQ%BK%P §aitive: pol ynmers, ethyl ene-propyl ene copol yners,
10 styrene-isoprene copol'yners, hydrated styrene-isoprene copolyners, 11
pol yi s8but yl en@ulhmdedlm@mdﬂrdemumﬁitwbsammateim&mzbﬂprovers 12 10. Pour

Poi nt ° pressant Smﬂjféﬂgﬂ met hyl nethacrylate. 14 15 1. Foam Inhibitors
16 Al kyl netha raangphespheredithieate; @@rraolp@fi?w:ns 17 18 12.
Met al @eactlvat,ﬁéﬁo | oﬂm n | _
derivatives, 20 ng€ c%ég{%gg%(g |az§PF}{8i‘%¥Ill rr??@?&% é'?'\éln?n(ﬁ acgeo o212
It is also contcenmlax edmpoiat, ame sefisi-¢cintaimirdesohbdeduhecamplexay be

enploygd 23 as dl%ﬁggsants and detergents in hydraulic fluids, nmarine
crankcdse | ubr i@ 24 and the |ike. Wien so enployed, the additive is

added from about 0.1 to 10% 25 by weight to the oil. Preferably, the
additive is added fromO0.5 to 8 W% 26 -25 12 March 2007 1 SULFONATI ON

E.XAI\/PL@S 9. Viscosity iIndex Improvers
9 - Polymethacryiate type polymers, ethylene-propylene copolymers,

10 styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,
11 ~ polyisobutylene, and dispersant type viscosity index improvers.

12 10. Pour Point Depressants

13 Polymethyl metha,'cryl'ate. -
14
15 11. Foam Inhibitors
16 Alkyl methacrylate polymers and dimethyl silicone polymers.
47 ‘
18 12.  Metal Deactivators
19 Dlsallcylldene propylenedlamlne triazole derivatives,
20 mercaptobenzothlazoles and mercaptobenznmldazoles
21

| 22 ltis also 'COntemplated'. that the additives described herein may be enﬁbloyed '
- .23  asdispersants and detergents in hydraulic ﬂuidé, marine crankcase lubricants
'-_-2'4 and the like. When so employed, thé_additive- is added from about 0.1 to 10%
25  byweighttothe oil: Proferably, the additive is added from 0.5 to 8wt%.
- 26

25




2 3 Exanple 1 4 Effect of Stabilization by Neutralization Sul one
Formation 5 6 In a falling filmreactor, SO3 in air was re Oh PIB
having a WMh of 550 MNusing the follow ng conditions: SCB/PIB m)l ar ratio
= 1.015; feed 8 tenperature = 90C, reactor tenperature = 77.6C;, S03
concentration in air = 9 1.5% SO3 |oading = 0.371 kg/cmhr; S03/Ar gas
Inlet tenperature = 50C, 10 PIB feed flowrate = 12.0 kg/hr SO03 flow rate

= 1.77 g/ hr. Imediately 118@%%&Tﬁ)§%@?’l@§ter formation in the
- sul fonation reactor, the PI stabilized by
neutrald zation with a lime-oil slurry (10.6 wt% Ca(OH)2 13 in Goup 1 100N

oil). The degree of neutralization gvas 145% After mxing 14 the PIB
sul foni acid with the line slurry, Example Lt ure was passed t hrough an 15

i nlinegstatic n gabcAadstaBRRation By Netidlizatbr ORKSHRMHA RbikadidPn vessel hel d
at 16 72C. Chronatographic analysis o Stabi 't zed product showed it to
contai® 17 29.0 wt%recovered PIB 11.7 wt%sultones and 59.2 wt % :
sul foni.c aci d 18 Ie 1A eForrratlonInA

Non. eGSR TR Rels s, 8 AR fencted Wb B e NEBMARE T onct e wi th
PI B hayi ngs50- MWans. eWﬂo@ﬁgQ?@@iﬂdﬁsa%OgPrﬁﬁﬁmh?raho LXAR; fédit :

follow ng sulfonation, the PIB sulfonic acid was not stabili zed by
~neutraBi zdﬁﬂtﬂ@fatﬂﬁ%ﬂ:ﬁﬂ Q oeacter temeparaie |5 266, C23Qmernaardiatioad P

| d
BB 28" 0 fipth S04 BRAT 2 R Ro RN Sitdialiie SRl 1ompratgil 2 el T HO0U T
o1 Exarml e PIBXekii oot rat =St A0 iKgia BTN rdie i 1.3171 1&gkt ommediat@ly Dl ution 3
of the PIB on Sultone Formation 4 5 |n a falling filmreactor, SO3 in air

was r &act dWithin p sacondg) @fter armyadiony invthe gulfenation fﬂ;aoépwth%f’ Bsafofig and 30
W % O'Ib_ ( gc%ﬁa&%@&bn% Bﬁ‘heﬂiréﬂzalﬁ%h%tﬂ Q?ime—oni sluirry (10.6 wt% Ca(OH),

, 13 in Group | 100N oil). The degree of neutralization was 145%. After mixing '

- 14  the PIB sulfonic acid with the lime slurry, the mixture was passed through an
15 inline static mixer and then into a stirred tank neutralization vessel held at
'.IVB 72°C. Chromatographic analysis of the stabilized produ'ct showed it to contain
17  29.0 wt% recovered PIB, 11.7 wt% sultones, and 59.2 wt% sulfonic acid.

18 Comparative Example 1A
19 ' - Sultone Formatio'n In A Non-Neutralized Acid
20 - B

21 Inafalling ﬁlm_reactor, SO3 was réacted with PIB having a Ma of 560 MW
L 22 A'i_exactly as in Example 1, except that following sulfonation, the PIB sulfonic -
.23 acidwas not stabilized by neutralization. Analysis of this unstabilized,
- 24 unheuti‘aiized PiB sulfonic acid by chromatography showed it to contain
.25 23.0 wi% recovered PIB, 22.0 wt% sultones, and 54.0 wt% suffonic acid.
26 o




7 followng conditions: SO3/PIB nolar ratio = 0.900;

feed terrperature =

90C, 8 reactor tenperature = 67.5C, SO3 concentratlon i n aldMarch 20074 SO

| oadi ng

5 seconds) after 11 formation in-the sulfonation reactor,
PI B sul fonic acid and oil

lime-9il slurry (10.6 vvt%Ca(C]—I)Z_ELQDl&.ZEfoup 1100N o0il). The degree of
neutralization was 145%

1lime glurry, the rifig HUITZQLE

then into a stirred tank @imz(jﬁggmomes?eahahmm at 16 72C

Chr o8t ogr aphi ¢ anal ysi s stabiTized product showed it to contain
- 26. 0%yrecovered PIB, 4.7% sultones, and 69. 3% sul foni c acid, e

18 the diluent oil. 19 20 ar a agnlit gm,,a@resufvomwﬁ' tionin a

Non- N&ut r il 4 falingyain reaedo T n%ﬁ"‘%ﬁ?ﬁ l 00 Neusrah( ) pistd 87

react S8 PREHE BOWVISH ol (Gratpif & r havi ng a

Mh . of %550"%70\9‘8%0‘9'9(5"( H

Yool (& 150 25
7 2fo||@mm)bomdlﬁmn§ 8;3 lnggﬁrf%r'}ﬁﬁéd'%ﬁ%%a@ ﬁ?ffi%én?éowzgg was not

26 stabilized neutral i n ifir tiris4 afm'&stm ing =
unneutd al re_agjprpteglpegetr ‘%1 sO %hﬁéerﬁréﬂoﬁ iRl i

Exanpl

©21.2»
29 30,

Crett et Sl B e Res e BRI and

12
13
14
15
16
17
18
19
20
21
22

.23
24

25

2%
27

28
29

30
o3
32

Thgrﬁolytﬁ%s i EgAﬁqa%an@twﬁmeﬁawmréQ WIRAT oni ¢ acl
summeqq zeqgi 10 Rght:sS04 fm e 15GkgBn TomptelyRibiigReeondey

‘summarized in Table it.

= 9 0.347 kg/cmh™; S03/Air gas inlet tenperature = 50C, PIB feed
flowrate = 10 18.10 kg/hr; SO3 flow rate =

= 1.66 kg/hr. Inmmediately (within

the m xture of
12 was stabilized by neutrallzatlon wth a

Aft]er . S ajaén%'rﬁ oidiofba acid with the
hS ] : infine static nixer and

17
correcting for

ion 22 .23 In afalling film

UES c Ao g chromatog E3h (Q t_to contain

/a ul foni ¢ aci d.

I'e 11 2 Conparj son of

was stabilized by neutralrzatlon with a 1I1\r/rk1Ac/a—FolllleuSr%|( f Oné m@cb%(éi—!)z in
Group | 100N oi). The degree of neutralization was 145%. After mixing the
PIB sulforiic acid with the lime slurry, the mixture was passed through an
infine static mixer and then into a strrred tank neutralization vessel held at
72°C. Chromatographic analysis of the stabilized product showed it to contain

26.0% recovered PIB, 4.7% sultones, and 69.3% sulfonic acid, correcting for

the diluent oil.

Comparative Example 2A

| Soltone Formation in a Non—Neutrahzed Acid and with Oil Dllutlon

Ina faliirlg‘ film reactor, SO; in air was reacted with a mixture of 70 wi% PIB -
having a Mn of 550 MW and 30 wt% oil (Group | 150 Neutral Oil) exactly as

Example 2, except that following sulfonatlon the PIB sulfonic acrd was not

 stabilized by neutralization. Analysrs of this unstabllrzed unneutrahzed PIB

sulfonic acid by chromatography showed it to contain 21.2 Wt% recovered
PIB, 23.0 wi% sultones, and 55.6 wi% suifonic acrd

The resijité of Examples 1-2 a_n_d Comparative Exa-mpies 1Af2A are

- -27-




Sanpl e Recovered Sultones PIB S [

_ ulfonic PIB (9 % Aci 9
Eﬁh?StQEFfra'hzed PIB Sul fonic Acid 29.0 11.$A%og6%rat:3e( Mﬁwénﬁks5i 0
pon-StLap IDiZIeut (eyogl geg;&alslzgql)_ 23.dO(22. O PIB Sulfonic Acid Exanple 2 26.0

. .3 abilize Neutralized) PIB Sulfoni [ -
?ONOWE?{\IZIL“/:I F);gg;)l I%I éAsﬁ;Sf gni (E) I xt eg gl B and Non- )St abi i zedogll(:ZAgIBdO
(Mo ; zel I fo Ci 7 Exanple 3 8 Sulfonatio

Usi ng Optim zed Conditions 9 1@able® falling filmreactor, gogf|ﬁ52| W

_ was reacted th PIB
condi t2 ons: VSVIOS/ Pl BCﬁg]%\g”ggaﬂf%o "% %?’ ‘J\%ééﬁ(ég Réwuifsol | owi ng
react @ t enper aonSabilisgiiNess ggﬁ SraRaligies) = 75C,

= 0.8% kg/cmhr; SO3/Air §5prmg\{ Adld 4.0% S8 | oadin
ga PR Y = s
gchﬁ S)g/ hr, S03/Air flowrate = 4 19 kglhr — Lm rll5(a)+c;rxl y14 P 3“1?\;‘\' :r)ate -
aci d was St;gh }g;g%&b&%ehtr‘r;r‘?z:? Lg@@éd\@ﬂed Factsmltoneae PI BIE Sukenicc | 16
in oi - Qi 0 :
inoil) 117 at a ratio of 0.21 pounds MBQ@?.L perln/ﬁ)ui!.& L%’P(HCESI B('gl:l\gcc;il me

55C i .

> fr:el QI 3' réynl | g mlgttTr)ee\rNasAfELSrp SX| ggt'ﬁlhe PIiB sul fonicjacid wth the
S| se roughl a

then i nt 0 i ifdlips@@IB SuifonesAed hell d 2894 agplr o>r<]| | nJ[eInS ?tz?‘t 5§-§e_§§£r22d

of neutr al-+zati-er—wa s g% A
h T VWA | <)
“sul fonic ﬂﬂrdpaﬂ&tl\mEXﬂ?m/ééf\rgwyﬁé 00/; Ca21 the fFesulting $tabilized PI|B

'Non-Stabilized (Non-neutralized) 23.0 22.0 54.0
| PIB Sulfonic Acid ‘ '
1 Example 2 -
Diluted PIB and Stabilized _ 26.0 4.7 62.3

(Neutralized) PIB Sulfonic Acid

Comparative Example 2A

Diluted PIB and Non-Stabifized 212 23.0 55.6
| (Non- Neutralized) PIB Sulfonic
Acid
Exampie 3

* Sulfonation of 450 MW PIB Using Optimized Conditions

O o N D

10 Inafalling ﬁlm reactor, 803 in airwas reacted with PiB havmg aMnof
11 450 MW usang the following conditions: S04/PIB molar ratio = 1. 035; feed
i_~12' . temperature = 75°C; reactor temperature 60°C; SO3 concentration in air = —.-
. ';|3 4.0%; 803 joading = 0.875 kglcm-hr SO4/Air gas inlet temperature = 50°C;
14 PIB flow rate = 22.74 kgihr; SO/Air flow rate = 4.19 kgfhr. Immediately
15  (within 5 seconds) after formatlon in the sulfonation reactor, the PIB sulfonlc
.46 acid was stabilized by neutralization with a hme-oul slurry (25.0 wt% lime in oil}
17 ata ratio of 0.21 pounds of slurry per pound of PIB acid at 55°C in an lnllne
18  mixer. After mlxmg the PIB sulfonic acid with the ||me slurry, the mlxthe was
_ 19 - passed through an inline static m!xer and theninto a stlrred tank vessel held
7 - 20 at approximately 72°C. The degree of neutrallzatlon was 89%. Analysis of
- ‘_"21_- the resulting stabmzed PIB sulfonic acid showed the followmg % Ca n

. .28-




-28 12 March 2007 1 Sulfonate by Hyamne titration = 1.93; % Ca = 2.26; %
S = 4.83, Viscosity = 2 207 cSt (100C). 3 4 Exanple 4 5 Latdderdeiis
Preparation of Stabilized 550 MWPIB Sulfonic Acid 6 7 In a falling film
reactor, SO3 in air was reacted with a mxture of 70 w% PIB 8 having a Wn
of 550 MWand 30 wt% oil (G oup 100 Neutral QO1l) using the 9 foll ow ng
conditions: SG3/PIB nolar ratio = 0.825; feed tenperature = 90C, 10

react o tEatiDp6i B 84 833VEWsIBOB | oadi ng =
11 0.800 %@tgﬂﬁeénglaﬁﬁnesﬁran et G’t?gegr;rpe’)gr%?urze)— S%C feed flowrate = 12

41.4 kp/ hpp7$SR (1007€) ate = 3.83 kg/hr. Imediately (within 5 seconds)
after 13 formation in the sulfonation reactor,-the mxture of PIB sulfonic
acid ahd oil 14 was stabilized by neutralization with a lime-oil slurry

(25.0 a\t%Ca(O—I)Z in 15 Group 110@Mapigie 4at a ratio of G.21 pounds of

slurry per pound of product 16 exiting_the sulfon At QN The degree
of neutral i zat iLangedsaR7Pasparatianeef Stabilized|Say aci d/ di | uent
oil with the lime slurry, the mxture was 18 passed through an inline
staticOnixer and then into a 5 gallon stirred tank 19 neutralization

vessely Ojgg f'éhﬁg?irh&é&&ot B, mﬁaitmlslreabtedrwmasaixtumes)ffﬁﬂwt% RIB 20 was
replaced wth an

t her on vessel and the u vessel 21 -
“was st8rr ddivingra Mn ofdefiq &W@ﬂdéﬁ) M%lﬂ“e@"oﬂpt 3)&@&%’%3293 gﬂnﬁ;&ﬁg' y 30
gal 1 on of. st abil.ized f cli fBRIpRfatufe ElWSCanner . 23
24 OV A%%'KE’ Mmé @Pdfgalgjho E—‘,@ (gsggsfeiég pl%faer aut ocl ave was
- char geg Wréé‘ctéﬁ%‘in;ﬁérﬁttﬁeef 67. B&?Sﬁsldonz:edtréﬁm vir 293@%; SOsieadiag 5ci d
" prepared accordi ng., to Exanpl e 4. Then 7.5 grsi)ﬁé getﬁ@ ‘é({t 30 Cad 2
‘sol utidn &}ﬁﬂmm/gﬁenss@ﬁfptmﬁ%‘n@rt@‘aﬂﬁfﬁtdmtﬁ 9 % along with 31
45 grags of || BRr8d, Had AU 85 kMPNIRREdife Wit bseephtis) after. The
13 formation in the sulfonation reactor, the mixture of PIB suifonic acid and oil
14 was stabilized by neutralization with a lime-oil slurry (25.0 wt% Ca{OH)z in
15  Group | 100N oil) at a ratio of 0.21 pounds of slurry per pound of product
16  exiting the sulfonation reactor. The degree of neutralization was 87.4%. After
47  mixing the PIB sulfonic acid/diluent oil with the lime slurry, the mixture was

18  passed through an inline static mixer and then into a 5 gallon stirred tank

19 neutralization vessel. Once the stirred tank neutralization vessel was full, it
20 was replaced with another 5 gallon vessel and the previous 5 galton vessel
21 was stirre_d for an additional 30 minutes. A total of approximately 30 gallons
22 of stabilized PIB sulfonic acid was prepared in this manner.

23 .

C o4 _ OVERBASING EXAMPLES
25 | R ¢
26 . k | - Example 5

.- 28 A 3.5liter autoclave was charged with 1824 grams of the stabilized 550 MW
R _ 29 ~ PIB suffonic. acid prepared according. to Example 4. Then 7.5 grams of a 32%
30‘ - CaCl, solutlon and 40 grams of water were added to the autoclave along with N
.31 45 grams of llme and 121 grams of 100N neutral oil with agltatlon The
| , 32 autoclave was heated to 149°C over 1 hour and during this heatup, when the '

S 20




32 autocl ave was heated to 149C over 1 hour and during thi s heat up, when
the -29 12 March 2007 1 tenperature reached 45C, the vent'4Magh gppz[ he
aut ocl ave -was closed to 2 prevent the escape of any water vapors. The

aut ocl ave was then held at 3 149C for 3 hours during which tinme the
pressure in the autoclave rose to a 4 maxi mumof 40 psia. After the

t hree- hour hold, the aut oclave was slowy 5 vented to atnospheric pressure.

The terrperature was t ed to qver, the pressure
was reducd@mPE %Hfﬁfﬁa ‘\%Jy& ﬁue gme./o%ﬁeequtﬂ%pgéwgé%ﬁ Autocl ave for 15
m.nutes at,bGRAhE eRehpé aﬂgny Waeemwé aVThe dutoslade waedben helddtt o

~at nospheric pressure with mtrogaﬁn and the autoclave was 9 cooled to room

t enperat urld9°CTae3 houe dpringwhich-time he presarire ibthe1atoclavg §pate 29y The

d filt t howed i t
Do hih + RS BF 0 B oA Bl nflg hol o, FleCflubiaey Has sidwy 370095
Chl orige wehfed M&n&%ﬁ@nﬁ?ré@méeﬁele%éwtut@wawm naised to 160%h 13

“method, Total % Ca = 15 Exa 16 17 The @ ngdur es descri bed
in Exa@rpl @VBrﬁéﬁ@Ut@p@@dﬂtﬁﬁrﬁ&éN%/Wé%%‘ﬁﬂcm appioXMAtely Je PREs vented to

at rmsgf g@]o@?érg’?ef gﬂédcﬁrgtfbm&rniﬁ féétAna 8YE chi méﬁs 3he bfelavihe crude

pr odu volune ysSIs o .20 the filtered

producg s haisgsressutizechtvatnidsphbrt pressuye pwtbnmtmges antmxa auiclave wascosity =
215 cSt (1000 22 23 Exanple 7_. 24 2 The%&gﬁ gdur eq? ﬁé{l bed in Exanpl e
5 wer &9 r egealeddodgnt lerRsIaRies.ndhesryde pro 9 fe aut ocl ave. The

- crudeypro st&i ! d ahafyskoble fifefeipdaicysi s of the
It?r@d g%{éﬂ@ﬁ% %o ﬂé tuglt?éﬁ\%eﬂtt%%d %é foaﬂ(osvm ng propertleos TBN = 15,
VI scobl ty showe icist izheOiRe: foll@ging 3Woperties: TBN = 19, viscosity (at 100 C)=

12 113 ¢St, Chloride = 660 ppm, % Ca Sulfonate = 1.32 by the Hyamine titration
13 method, Total % Ca = 2.4.

14 : .
15 Example 6
16

17  The procedures described in Example 5 were repeated éxactly except the
18  autoclave was vented to atmbsphere during the entire time the autoclave as
- 19 ét 149°C. The crude product had a sediment of 1.8 volume %. Analysis of
20  the filtered product showed it to have the following properties: TBN = 8,
21 viscosity = 215 cSt (100°C). |

22
23 | Example 7

25 - The pr_oceduré_s described in EXamp!e 5 were repeated exactly except no

- 26 water was added to the autoclave. The crude product had a sediment level of

“ 27 1.0 volume % and analysis of the filtered product showed it to have the '
28 following properties: TBN = 15, viscosity = 109 ¢St (100°C):

o '__3.0_




12 March 2007 1 Exanple 8 2 3 The procedures described in Exarrpl e 5 were
repeated exactly and the water 4 charge was 80 grans. The Ml g08duct
had a sedinment level of 5 1.0 volunme % and analysis of the filtered product
showed it to have the 6 follow ng properties: TBN = 17, viscosity = 134
cSt (100C). 7 8 Exanple 9 9 10 The procedures described in Exanple 5 were
repeat ed exactly except an 11 autocl ave tenperature of 120C was used
. instead of 149C and the-autocl ave 2 s held at 120C for 5 hours instead
of 149€ for 3 hours. The crude 13 rﬁ’!ﬁ@nad a sedinment of 1.6 volune %
and an?I ysis of the filtered product 14 showed it to .have the follow ng
“properties: TBN = 17, viscosity = 114 ¢St 15 (100C). 16 Exanple 10 17 18
A 10 gall qfhd@@cedmrem.cmhbegmmEmmla59%egea%tedfe>ﬁ¢ﬂygﬂéﬂhﬂ“E’é‘éf 450 MV
19 PIBsquonlc acrd fﬂf\lf %%t%@;oll g?@g& grans of
di | uent oigh ar@e)wg Yo PRREE Shal OF Time, 83 grans of
a 35 W% o B cosiiomedit todiave thét h agi tati on.
"As in. %ﬁ%gﬁéﬁﬁH«ﬁ%ﬁ%ﬁéﬂtgﬁmﬁggew? to 149C over 1 hour and when
. the re@ct dolioveiagpeopertiasSPBN * €, viseesityr= UéﬁtCSIt (H0%As cl osed and the
reactor was held at 149C for 24 3 hours during which the reactor pressure
i ncreabed to 29 psia. After 3 hours, 25 the reactor was slowy vented to
atmospferic pressure and then the phessple® 26 was then decreased to 1
psi‘a. The reactor was held 149C and,| psia for 27 30 m nutes. The reactor
pressu@e was then increased to atnospheric 28 pressure with nitrogen and

cool e nbi ent  tenp t abysip of the.
 Fooar oy SaREMERbLAITERNES m RPN a8 bpbaes oy ekl o)
Vi f]‘joﬂ ty autd@évé?m;ﬁ%r@ﬂﬁh ,of G200Ci wies as&bmstaa omzrsﬂcz:amm-satosla@s % Ca
S onat e 65 t he amne titration t
! .12  was held atYI 20°C fcl)_iry 5 hours lnlstead (I)f 149'1?‘) t}arg hours. The crude
13 product had a sediment of 1.6 volume % and analysis of the fiitered prqduct

14 .showed it to have the following properties: TBN = 17, viscosity = 114 ¢St

15 (100°C). _
16 ' Example 10
17

18 A 10 gallon reactor was charged with 15998 grams of the stabilized 450 MW
19 PIB sulfonic acid prepared in Example 3 followed by 5698 grams of diluent oil
20  (Group I, 100N) followed by 614 grams of lime, 83 grams of a 35 wt% CaCly
21  aqueous solution, and 203.grams of water \rv-ith agitation. As in Example 5,
- 22 the reaCtor wes heated to 149°C over 1 hour and when the reactor reached
| 23 52°C, the reactor vent line was closed and the reactor was held at 149°C for -
- 24 3 hours during which the reactor pressure lncreased to 29 pSIa After 3 hours,
25 the reactor was slowly vented to atmosphenc pressu_re_and then th_e- pressure
26 = was then decreased to 1 psia.. The reactor was held 149°C and-1 psia for
.27 30 minutes. The reactor pressure was then increased to atmospheric
28 pressure with nitrogen and cooled to amblent temperature Following
‘ - 29 ﬁltrat|on ana!ysrs of the fi nal product showed to have the following propertles
N 30 TBN 22, viscosity = 106.cSt (1 00°C), Chlonde 859 ppm, % Calcium =
: 31 3, 05, % Ca Sulfonate = 1.65: by the Hyamlne tntratlon method T

.32

o a1




31 12 March 2007 1 CHROVATOGRAPHY EXAMPLE 2 3 Exanple 11 4 Isol ation of
Sul tones by Chromatography 5 6 The following is an exanpl el%faehgo07
chromat ographi ¢ procedure used to isolate 7 the sultones fromstabilized
and unstabilized PIB sulfonic acid. The product 8 from Exanple 2, 4.05
grans, was dissolved in approximately 30 mMs of 9 hexane and placed on a
chromat ography colum (75 m colum volunme 10 containing 10 gns of silica
gel obHained fromAl |l tech Corporat R L1 Diriper 139310). The

col um-was. then el uded w th—SttcesStve Ffes—of~— 12 sol vent and three
fractigns were collected, concentrated by renoval of the 13 solvent and
the material isolated in the fractions was then weighed. The 14 foll ow ng
resul t$ were obtained: Fraction 1, Examptedinexane, 1.93 gns 15 consisting

of 1. 2;,r gns of oil and gEgIéﬁmFQa%%;@gﬁ%%}%Of 16 recovered PIB;

Fraction 2, 100 m s 50: . thane, 17 0.13 gns
of sul®&ones (4.7 wt%; Fraction 3, 100 nl's nethanol, 1.92 gns of 18 PIB

sul fonic id, (69.3 w%. -3 March 2007 1 WHAT |S CLAILNED |S 2 3 1.
A pmcéssaﬁaﬁ folig _ws&&ewpéﬁgws@mﬁwﬂp@ewgq:ﬁc@rs&%dg%m% ng: 4
5 (a) kreagh) i e i 3 THRS5Y8HI nd 6 7
Cb) st Lbi f‘.}'?i%ﬁ‘ga{‘ﬁ%’*’é?*o%ﬁ?ﬁ‘%?ra?f’?ﬁ'{%%"*%ﬁ ﬁ!agﬁtg?g‘??gdﬁng sttt S ng
- 8 agen8 adrarhdExamyule & 4d35 gtaens, Was dissolvet lie appradmataly 80anisvafssel and 9

U T TR TR o L
anmonig ofcon@sthing 11/§m2d%Rica gel obtained from Alltech Corporation, Part
| 11 Number 139310). The column was then eluded with successive volumes of

12  solvent and three fractions were collected, concentrated by removal of the

13 solvent and the material isolated inthe fractions was then weighéd. The

14 foilowing results were 6btained: Fraction 1, 100 mls hexane, 1.93 gms

15  consisting of 1.21 gms of oif and 0.72 gms (26 wt% based on PIB) of

ﬂ6 recovered PIB; Fraction 2, 100 mis 50:50 by volume toluene:dichloromethane,

17  0.13 gms of sultones (4.7 wt%); Fraction 3, 100 mls methanol, 1.92 gms of

18  PIB sulfonic acid, (69.3'wt%_):

32-




- 12 13 2. The process according to Caim1 wherein the neutralizing agent
is an 14 alkaline earth netal hydroxide. 15 16 3. The prote¥d°ReeYr di ng
to claim1 or claim?2 wherein the product of step (b) 17 contains |ess
than 20% sultones. 18 19 4. The process according to any one of the
preceding clains wherein the 20 polyal kenyl group is a polyi sobutenyl
group. 21 22 5. The process according to Caim4 wherein the

pol yi gobutveryt ISICOAMED 1$23. derived from pol yi sobutene containing greater
than 20 nole percent of 24 |kylvinylidene and 1, 1-dial kyl isoners. 25 26
'6. Th& process according to Claimb5 wherein the polylsobutenyl gr oup |s 27

derivegd fgyom [ th nt  of

al kyl Vi ntrll [ détﬁgaalcﬁ%g?&l '%%%E'I%lé/]%%bqg%gr’ggﬁéggﬁg@uﬁgn%h%{@F’gg@glgﬁ] ccor di ng to
Cl ai mg6 wherein the polyisobutenyl group is 31 derived from polyi sobut ene
containing greater than 70 nole percent of 32 alkylvinylidene and

1, 1- dbal kyl ~i(8bnweactirgza pplygiiane with B Oaing firsh seqptiopesssgb @ddi ng to any
one of clains 1 to 7, wherein the alkaline earth 2 netal hydroxide is

cal ci um hydroxide. 3 4 9. The process according to any one of the

precedi ng cl gb)s stﬁ[ﬁﬁﬁm@thélprcﬁirmbﬂetelpqm blyamaranmngamtraaereargalmngecul ar

wei ght of about 300 to about 1000, lprocess accorfi to daim
9 whebein the po|a§3§nt<@ﬁéh%agoda'cheﬁﬁf&p (aéeél;%ﬁ%ﬁ stEpatiONHCSRE @'T‘f? of about

300 tg -about 75?}no?t0 SPcdricurdifiyRUifs ERferMGSR 5EL oY Y&sdeh fdrfudtlether ein the

pol yal kene has

10 reaction or storage, wh}erern neutralization occurs in the absence of

11 ammonia or sodium hﬂ(droxide.

12

13 2. The process according to Claim 1 wherein the neufralizing agent is an

14 alkaline earth metal hydroxide.

15 _

16 3. The process according to claim 1 or claim 2 wherein the product of step (b) - -

17 contains less than 20% sultones.

18 ‘ _

19 4. The proeese according to any one of the preceding clairns wherein the
20 ponaIkenyi group is a polyisobutenyl group.
21 | - |
22 5. The preces_s according to-Claim 4 wherein the polyisobutenyl group is
) '23_; | derived from polyisobutene containing greater than 20 -mole percent of
24 Ikylvinylidene and 1,1-dialkyi isomers.
25 o |
26 6. The process according to Clatm 5 wherem the polyisobutenyl group is

‘27 | derived from polyisobutene containing greater than 50 mole percent of
| _28 alkylvmyhdene and 1,1- dla!ky! isomers.

29 ' ' ' S _
230 7. The process accerdirig to Claim 6 wherein the polyisobutenyl group is -
31 | " denved from polylsobutene conta:nmg greater than 70 mole percent of

32 o a!kylvmylrdene and 1 1-dralkyl isomers.




* 11 nunber average nol ecul ar wei ght of about 350 to about 600. 12 13 12.
‘The process according to any one of the preceding claims whtrMRh ¥ anpunt
of 14 fragnmentation in the product of step (b) is | ess than about 15% 15
16 13. The process according to Claiml further conprising mxing a
carboxylic 17 acid with the polyal kene prior to reacting with S0C3. 18 19
14. The process according to Caim 13 wherein the polyalkene is 20
pol yi 3obug eneTheprocds ddzordifloRiny@Reof aRGRs didg verdih Bhalkdiinsheirdi n t he
pol yi sobut ene has a 2,3 punber average nol ecul ar wei ght of at |east about
300 t @ about Tﬁﬁghyd@’& 2 AU REAT9X8Eess according to any one of clainms 1
to.15, wherein the carboxylic acid 26 is acetic acid. .27 28 17.. The
-proce_gs according to any one of the preceding clains further conprising 29
di | utgng 9.he WM@b&@%c@ﬂ!r@ﬁofaﬂybﬁé%“ih@ﬁ)r%édmﬁ@ms%eréiﬁ td8. The process
according to Caim 16 wherein the diluted polyal kene is 32 mxed with
carboRylic adio¥aliEnsihat g nugher aysrage mplesular wetght ebabguit R0 foatout 1§00.The
procegs according to any one of the preceding dains further conprising the
~ step of overbasing the neutralized product of step (b) with an al kaline
eart h7 met(al Tespoceas tecorddty tol@limrdehessiadioopdiyatkene iGhsia mubtbesher ei n
water .is used as a pronoter. _21. The ocess a rding to Claim20 wherein
the affount. of AR R@iﬁflﬁfswe@ﬁémag%ﬁéw@‘%@ﬁg& 8.0 wt % of the total
st abi §i zed pol yal kenyl sulfonic acid. 22. The process according to any one
of clains 19 to 21, wherein the overbasing tenperature is from 100C to
- about0170dad. The process according to Claim 10 wherein the polyalkene has a

11 number average molecular weight of about 350 to about 600. -
12 | |
13 12 " The process according to any one-oic the preceding ciaims wherein the amount of
14 fragmentation in the product of step (b) is less than about 15%.
15 ' |
16 13. The process according to Claim 1 further comprising mixing a carboxylic
17 acid with the polyalkene prior tb reacting with SO3. |
18 ‘
19 14. The process according to Claim 13 wherein the polyalkene is
20 polyisbb_utene. :
.21 - .
22 15. The process according to Claim 14 wherein the polyisobutene has a
23 numberaverage molecular weight of at least about 300 to about 1000. |
24 | | o |
: '25' 16. " Thé procéss according to a'n.y‘ one of claims 1 to 15, wherein the carboxylicvacid
26 is acetic acid. - '
27
28 17. The process according to any one of the preceding 'clairﬁs further comprising
29 diluting the polyalkene prior to reaction with SOs. | |
.30 '

31 18. The process according to Claim 16 wherein the diluted polyalkene is
32 * mixed with carboxylic-acid prior to reaction with SOs. |

.‘.34“. 7
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23. The process according to any one of clains 19 to 22, wherein the
overbasing pressure is fromabout 25 to about 65 psia. 24.12,&”?1’%3@%75 for

over basi ng pol yal kenyl sulfonic acids conprising overbasing the

pol yal kenyl suffonic acid with an al kaline earth netal basic salt and
wherein water is used as a pronoter and wherein the overbasing tenperature
is from 108C tdhegivocess 3Z8EIINES.an¥hoe pitbe preseding daidisiigrtieocathprisimg 24e wher ei n

Sur ot o act o S orHBErl e e BB Bty e Gl arf el Bt o P e

t he over basi ngnetakbbasic ealt.i s from about 25 to about, 65 psia. -35
20. The process according to Claim 19 wherein water is used as a promoter.

21. The process according to Claim 20 wherein the amount of water used is
from about 0.5 to about 8.0 wi% of the total stabilized polyatkeny!

sulfonic acid.

22. The process according fo any one of claims 19 to 21, wherein the overbasing
temperature is from 100°C to about 170°C.

23. The process according to any one of claims 19 to 22, wherein the overbasing
pressure is from about 25 to about 65 psia.

24. A process for overbasing polyalkenyl sulfonic acids comprising
overbasing the polyalkenyl suffonic acid with an alkaline earth metal
basic salt and wherein water is used as a promoter and wherein the

overbasing temperature is from 100°C to about 170°C.

25. The process according to Claim 24 wherein the amount of water used is
from about 0.5 fo about 8.0 wt% of polyalkenyl sulfonic acid.

.26. The process according to claims 24 or claim 25 wherein the overbasing pressure
is from about 25 to about 65 psia. | |

35-




