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(57) Abstract: Provided is a poltyalkeny) sulfonic acid composition comprising a mixture of potyalkeny) sulfonic acids derived from
4 mixture of polyalkenes comprising greater than 20 mole percent alkyl vinylidene and |.1-dialkyl isomers. and a method for making
the composition. Also provided are low and high overbased sulfonates made Irom the mixiure of polyalkenyl sulfonic acids. and
fubricating oils containing the sulfonales,
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synthetic sulfonates have become more readily available. Many synthetic sulfonates have
been produced from sulfonate polyalkyl aromatic compounds. Unfortunately, many
synthetic sulfonates provide properties that are inferior to the properties of the natural
sulfonates. Thus, there is a need for low cost synthetic sulfonates that have good

20  performance properties and can serve as a replacement for the natural sulfonates.

SUMMARY OF THE INVENTION
A first aspect of the present invention provides a polyisobutenyl sulfonic acid
composition comprising a mixture of polyisobutenyl sulfonic acids derived from a mixture
25  of polyisobutenes comprising greater than 20 mole percent of alkyl vinylidene and 1,1-
dialkyl isomers. An embodiment may provide such a composition wherein the alkyl
vinylidene isomer can be a methyl vinylidene isomer, and the I,1-dialkyl isomer can be a
1,1-dimethyl isomer. Also provided may be such a composition wherein the number
average molecular weight of the polyisobutenes may be about 168 to about 5000. In a
30  preferred embodiment, the
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acid by a method of the present invention and reacting the resulting polyisobutenyl sulfonic

acid composition with an alkali metal or alkaline earth metal.



20 earth netal can be calcium In accordance with a fifth aspect of the
present invention, there is also provided a nethod of naking

pol yi sobut enyl sul fonate conposition which conprises makizRgpamsddb@ni c
acid by a nethod of the present invention and reacting the resulting
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negative | dWB{¥kt rospray ionizati on mass spectrum of a pol ybutene sul fonic
acid made froma pol ybutene with |Iess than 10% net hyl vi nyl i dene i soner

cont ent 15 i.e., not a polybutenyl sulfonic acid of this invention.
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conpri si ng ﬂ{eatet t han %O nqle percent al kyl vinylidene and, 1, 1-di al kyl 20
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a mxture of sulHigie 2 st HRY¥dtNE iciMbcRbspray SeHlidatibn ffids @pdcttem BY SpsiiRgane Sul f ur
trioxide am ne . cor Iﬁges, sul f ur trlgxide et her conpl exes, sulfur trioxide
phosphat e é&ﬁwé% nacceom4 PAYRURE @ith Jespihan {(Pamstyinvlidane somergenigat and
aceti c18ci de., sbtl FpRNbGtedd isalfondd 46l of i fnddn@sn.Or chl orosul foni ¢ acid. The
reaction my be conducted neat or in any inert anhydrous solvent. The
conditions for sulfonation are 25 not critical. Reaction tenperatures can

range from -30C. to 2008ETANEDIPRIEIPTION DFrHpRVENOSr sSul fonati ng agent
enpl oyed. For exanpl e, acet sulfate requires low tenperatures for
reaction and el éﬁﬁpaléra*@wgﬁfﬁgwaﬂ@és %fH}E'}E:f”de’B’é’né’(?@i“&!’éﬁdglﬁreﬁ?tlél&ér’i‘flxm
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severa ours dependi ng o er conditions, su as reaction t erature.
The exf8nt RpmeHt ae%?&gqeaﬂw@‘%ﬁtmé@e %33‘d§£EF9W‘i‘?é’gbsf’7°§% £ BRIGHe Strr

trioxide and air, sulfur trioxide hydrates, sulfur trioxide amine complexes, sulfur trioxide

ether complexes, sulfur trioxide phosphate complexes, acetyl sulfate, a mixture of sulfur
trioxide and acetic acid, sulfamic acid, alkyl sulfates orchlorosulfonic acid. The reaction
may be conducted neat or in any inert anhydrous solvent. The conditions for sulfonation are
25  not critical. Reaction temperatures can range from -30°C. to 200°C. and depends on the
particular sulfonating agent employed. For example, acetyl sulfate requires low
temperatures for reaction and elevated temperatures should be avoided to prevent
decomposition of the product. Reaction time can vary from a few minutes to several hours
depending on other conditions, such as reaction temperature. The extent of the reaction can

30  be determined



WO 01/70830 PCT/US01/08345 1 by titration of sulfonated pol yal kene after

any free sulfuric acid has been washed out. 2 Typical ndll&eptanba00f

sul f onat i N§¥@eKETB30% 0 pol yal kene can be about 1:1 to 2:1. SP'Eqﬁjga{,?s%red

sul fonating agent is acetyl sulfate (or a mxture of sulfuric aci 4 and
acetic anhydride which fornms acetyl sulfate in situ) which produces the 5

pol yal kenyl shbY Bgation ofsnHopatedpalydlkencrafisy any firgecsubfuria geid lanbeen washed aig. a

m xture ofy 6 £ Werdl LS o ul.t one .i n nmedi at e
That needs” ¢ o HR oyl F4eL BF s GRfaf acelPi6 HAGE oo Bt Ty PO T s ot o
can be very slow Bhdpefometyalfkmting agee ik dcotyDEERAE foraheixARs ¥R4IRRYE beid

sul fonic id are a mxtyre of 9 polyal kenes having 12 to 350 carbon

at ons. 'T%g N?IE{%P%" fiewhich formsacetyhalfapeyin sirg) H&C‘ém@-@éﬁﬂlﬁ pref erably
greater than : . I r_.11 than Z0 nole
per cent a:BEyI é@%?ﬁ }aﬁgfoan :1L‘:l %flg'})???&ﬁ@fggn‘%?@&%‘%&g‘tﬁ A BEHS OZ

al kyl vi nyl6 desvifur gnxide dnd air, mey pydduve ayblicte heteimaliae thapiebds kebeRRk ey zd

1,1-dialk i soner | .1, 1-di et hyl isoner. 14 The pol yal kenes have a
nunber av ragté’]tﬁﬁﬁ"ig’ﬁ}caﬁc‘m%yqrﬁyﬁﬁéte SARyBe ¥9TY BDVAbout 168 to about 5000.
Pol yal kengs havi nmwmukeﬂuﬁﬁ@a%lgagﬁg%ﬁc%l%gg& Sulfific 494 ARYYhixARfor 1000

or 2300 are particularly useful polyal Kene'i's
pol yi sobuPenepolydiraes baving 12 tof360 cetbonatoms SThpahixinee bomprias gras thisi2ng BF3
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or

2. 26 Since polyisobutene is used to prepare the sulfonic aci
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woul d shgg)gv cggaﬁgggsw%%@%&geggr%ﬁ%}ﬁ\é?wl tiples of 56 daltons, i.e., a

CAH8 fragnent. wever, "Figure he 29 mass spectrum of a

pol yi sobif enyl sulThepaferddrpppati®de is ol iSoRRing ] E@Pégi:ﬁl} nkr}@ff.ér?&ea 30 nol e
early
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2004 VO /70830 BCE/ b0t NRS 348,018, which issued on April 18, 1995 to Rath and which

20  isincorporated by reference in its entirety, and the references cited therein describe a

21 suitable process for the production of polyisobutenes that contain greater than 20 mole
22 percent alkylvinylidene and 1,1-dialkyl isomers. |

23 Typically, when polyisobutenyl sulfonic acids or sulfonates are prepared from
24 polyisobutene having a low mole percent of alkylvinylidene and 1,1-dialkyl isomers,
25 the product has a molecular weight distribution similar to that shown in Figure 2.

26  Since polyisobutene is used to prepare the sulfonic acid or sulfonate, it should be

27  expected that the mass spectrum of the product would show compounds separated by
28  even multiples of 56 daltons, i.e., a C4Hjg fragment. However, Figure 2, which is the
29  mass spectrum of a polyisobutenyl sulfonate prepared from a polyisobuténe having a
30  mole percent of methylvinylidene isomers of less than 20%, clearly shows compounds

31 which are separated by less than 56 daltons.
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chl ori de.lgTyﬁYa?%ﬁ T?‘ﬁ?h"?*h%‘c aa?%ﬁqyghe;ﬁg%ggﬂmpl orethyleneghyeob apd ag et ned wi t h
an aqueous cRbRECBr f!sHlfb:fe, ¥pidds vilHRbLi:Re iti sihf,r ed
for a tine suffici el;lt fSor npt’g{pﬁ%g?s to o{clc rea%?rléggk g#tfgghtgg\%%%l%}[yphase
is 29 rdfovéerctng compound|willyieldthe shealsutfpoatat Fhe hydroxidisipictoteRthdThe

preferredgsul tes are al kaline e h netal  sul fonates, especially those
of 31 cgpci SIr)TI]% é%‘gfﬁn}ﬁde% g talﬁ‘gfs”éart?-ed are the cal ci um and

magnesi uip32 sul f UndeLertainirtdmSRRLRH $ay H38Hore convenient to prepare an alkali

20  metal polyalkenyl sulfonate and convert this material by metathesis into an alkaline

21  earth metal sulfonate. Using this method, the sulfonic acid is combined with 2 basic
22 alkali metal compound such as sodium or potassium hydroxide. The sodium or

23 potassium sulfonate obtained can be purified by aqueous extractidn. Then, the sodium

24  or potassium sulfonate is combined with an alkaline earth metal salt to form the

25 alkaline earth metal sulfonate. The most commonly used alkaline earth metal

26 compbund is a halide, partié.ularly a chloride. Typically, the sodium or potassium

27  sulfonate is combined with an aqueous chloride solution of the alkaline earth metal

28  and stirred for a time sufficient for metathesis to occur. Thereafter, the water phase is

29  removed and the solvent may be evaporated, if desired.

30 The preferred sulfonates are alkaline earth metal sulfonates, especially those of

31  calcium, barium and magnesium. Most preferred are the calcium and magnesium
32  sulfonates.



WO 01/ 70830 PCT/ US01/ 08345 | The pol yal kenyl sul fonates of this invention
are either neutral or overbased 2 sul fonates. Overbased WaBenémtes2@He
charact eri ggfhipyssd metal content in excess of that 3 whicp,

present according to the stoichionmetry of the metal cation ?%ﬁ@sg&

sul fonate said to be overbased. Thus, a nonosul fonic acid when neutralized
with an 3 al kal i n€hepelysikenyl stllfopetep ofthib, insetionase cithenhaituhoooredesed], wil |

produce a .jor 6 sul f onat.e contai ni ne ui val ent of cal ci um_for each
Bau va end of Aitopaas. BV Tl A ity dac B a Resfhonle iiess o
contain orge nphith Wouldb& presank BécorBsgItoltHOstBRhRnedly JritR MBAPSHbA AMKe aci d. By
using well known procedures, overbased or basic Conpl exes of the sulfonic

aci d can We owifanatesaidte beevesbasedaThes, amonpsulfopicanid when nentralizes! with amt al i n

excess of & h LI n ral .z h ul fonic acgid., H ghly overbased
sul f onat es5t C%k%%%%ﬁt@%g&a@go%ﬁsﬁés@%ﬁ% o)y C%W}%?"E‘és‘gﬁl %rﬂﬁ‘fcﬁ’r?a‘foég’ ith
carbon di @xi dmifonitd ebnthiap! dreequivale dficalfum fordhCetfuivahint of adil eIrdRAG" al

met hods for preparing overbased sul fonates and ot her. overbased products is

di scl osed /i n Words; thegperl maial sulforat; wiblzsontain eregmolesis calgiugn oy eachdpo t o
LeSuer, I ch. i, | T rgélﬁg- .reference inits entirety. The anount of
overbasi\rqwg% cgﬂblg%bgﬁl%rngés}lge as(p%n&rot al Base Nunber ("TBN'), which refers

to the ambunt of IByesiegueN &heéwh piodedudes, 6vdrbasgd afbaic dokpléses 0N theGuHBhic Of
sul f onat ei Thus, hi gher TBN _nunbers reflect nore. al kal i ne products and
theref or 1§  @ridnagbebiaingdn These euerhayed mateaty prptpisampugtsaf sestaliin axgess

readily terimﬂag’ T 4:0] ival ent_ net hods.
The over ggse po g/ea%eeﬁ‘% J}ésul?ltdﬁ %%%EE@J?&%? g??l Iél?éh!rﬁé%? llga(%%ggdell%nﬁt%‘émr%ﬁ atively
| ow TBN, 12. e prepabmliby the reactidoof ovéthasal sulfehates with varbbi dloxTdBNndér r@actiogr eat er

t han 60 tslg about. .400. Theﬂgol yal kenyl sul fonates of. this invention are
usef ul asaddPRIHERS-| 4 dicytsiandthegrneial methers{orprparipp ovrrbare selfanateso

wat er, aihi ghhg SﬁiePBv&B%ﬁﬂkﬁiﬂhgﬁ iﬂ&?&ose&% POSIBAGH 113436185 iSdikgS: The

| ubricating oil conpositions of this invention conprise~“a ngjor anmount of
an oil ofl5] ulfebmiatyi HG 1976 todsdSuyr, avhchan incoegorated by tefartndetin its @htetykeny|

sul f onat ig of thi I nvent ifon. The oils can be derived frompetrol eumor be
syntheti &° The oi I'&e@qouptef aysrbasing ranbe expmssetasiacTotel ase Dyaber (TBN"),

hydr ocar ppns whish ¥el@} tfth6 SnBfist of BhseCRIRLIRAL § il1fes ' f

| ubricating 3".’ scosity have vi scoosi tﬁ%‘%ﬁ‘?ﬁ%&gﬁgﬁn {"3‘?“%5%‘,"800 SUS
at 100F. 18 andf snifamates (b yhigheo FiBRbountbeOrefloctifiod GlkabhiSpiiudtOQid th¥fegor a
CuProCa R0 Bl ABERI 1e3E%e. CTRE BN Al Sotposition is rebdily detbimined by ASTM

20  test method D664 or other equivalent methods. The overbased polyalkenyl sulfonates

21  of this invention can have relatively low TBN, i.e., about 0 to about 60, or relatively
22 high TBN, i.e., greater than 60 to about 400.

23 The polyalkenyl sulfonates of this invention are useful as additives in

24  lubricating oils. They have good tolerance to water; a light color and provide good

25  performance characteristics. ' |

26 The Iubricating oil compositions of this invention comprise a major amount of
27  anoil of lubricating viscosity and a minor amount of the polyalkenyl sulfonates of this
28 invention. The oils can be derived from petroleum or be synthetic. The oils can be
29  paraffinic, naphthenic, halosubstitated hydrocarbons, synthetic esters, or combinations
30  thereof. Oils of lubricating viscosity have viscosities in the range from 35 to 55,000 |
31 SUS at 100°F., and more usually from about 50 to 10,000 SUS at 100°F. The |

32 lubricating oil compositions contain an amount of the polyalkenyl sulfonates of this

-6



17 Sept.ember 2004 WO 01/ 70830 PCT/ USOL/ 08345 | invention sufficient to
provi de di spersant properties, typically fromabout 0. | 1ASegéhber 20Qder cent
to 10 wei ght percent, preferably from about 0.5 wei ght percent to about 7 3
wei ght per 3A01/783Cx her conventional additives that can bepgsfmoiksss

conmbi nation wth the 5 pol yal kenyl sulfonates of this invention include

o A b e
CONPOSi ti 0PS Qercel t6 10RVEREH: ipeftedt] "*E*ﬁ;”"h"f"o‘fb"{‘“@sé&g%ﬁ P%ﬁ%‘stlttér]%ﬁurag! I's such

conmbusti on_engi nes and automatic transnissions, an
9 as hydra@nl i oveight percptat transfer oils, torque fluids, etc. 10 11.

EXAMPLE 1 12 PREPA OE..A POLYLSOBUTENE. SULFONI C ACI D FROM A 13 HI CH

NETHYL VI NY%I DENE PW‘?@E@P@&E‘]%‘%‘V@ teAn ke fsedap cambimatin Wit e SULFATE

15 To a befikepolyalkaade0lfSnatg. of {105 ﬁ&eﬁﬁﬂ&mﬂﬁd&ﬁﬂﬁﬁﬁﬁhﬁﬁﬁ&s{)ﬂﬁ%ﬁgﬁpt gne
en W a

(which 16 _has. greater than about 80% nmet hyl vinylidene con
nunber ave? ag¥istositydndex improvges. porr noint deprassasisolisptrsentsiand theilike20rL hexane.

To thi i dded 1- ot ' Q.01 | Q.98
Sturic sbradCe. oTiekpttadrd GofAMEL SFnl el Bre bRl for 1 Ratlig oo
t enper at ur® f drternaleohbustionidigines oibautBihhtes Winsindssaad Smdta8 inddStridLGRGE he

reaction and the solvents are renoved in vacuo. A total of 7.16g of crude
21 pol yi s ut%#@’d%é’ﬁﬁﬁcheéﬁf@sf% odptergne fuids.BEXAMPLE 2 23 PREPARATI ON OF

A LOB POLjg SOBUTENE SODI UM SULFONATE 24 FROM THE PRODUCT OF EXAMPLE 1 25
To 5.91g of the sulfonic acid fromExanple 1 is added 20 ni isopropyl 26
al cohol ahdd | g sodi um hydroxide in 1EKIAMPLE@ter. The resulting mxture is

refl uxed 7 for S hen_held at room at roomtenperature
over ni ght 122Two I a@ﬁg%ﬁ%ﬁbgﬁp PR 1HIBY EFNESHEFONIG é@EtFéﬁ)M'me top
| ayer  congzai ns sodi ynd? WtHePH Egﬁg ' contains 88%
actives. The lower layer is strippe ﬁ?}%ﬁ\ﬂ;?&%@%&@g@ cgkm ﬁgsl. 14g of a
m xture d4 sodi um hydr oxi de AMi, GBAFUANIPACRTWMILSONEASE sul fonate. -7
15. To a beaker is added 5.5g (0.01 mol) of Glissopal 550 polyisobutene (which
16  has greater than about 80% methylvinylidene content with a number average
17 molecular weight of about 550) dissolved in 20mL hexane. To this is added 1.63 g
18 acetic anhydride (0.016 mole) and then 0.98¢ sulfuric acid (0.01 mole). The resulting

19 mixture is stirred at room temperature for one hour. Then some methanol is added to

20 | quench the reaction and the solvents are removed in vacuo. A total of 7. 16g of crude

21  polyisobutene sulfonic acid is obtained.

22 EXAMPLE 2

23 PREPARATION OF A 1L.OB POLYISOBUTENE-SODIUM SULFONATE
24 : FROM THE PRODUCT OF EXAMPLE 1

25 To 5.91g of the sulfonic acid from Example 1 is added 20 mL isopropyl

26  alcohol and 1 g sodium hydroxide in 1 mL of water. The resulting mixture is refluxed
27  for 6 hours and then held at room at room temperature overnight. Two layers form

28  and the bottom layer is decanted. The top layer contains sodium polyisobutene

29 sulfpnate ¢ .67g) which contains 88% actives. The lower layer is stripped in vacuo
30 _ and contains 1.14g of a mixture of sodium hydroxide and sodium polyisobutene

31  sulfonate.



17 Septenmber 2004 WD 01/70830 PCT/ US01/08345 1 EXAMPLE 3 2 PREPARATI ON OF
CALCI UM LOB POLYI SOBUTENE SULFONATE 3 To a 2L round bot t1@Seftbmalsdk 2084 added
5009 of d ivwwpAhs3pS0 pol yi sobutene 4 (0.91 nol), 140.3g a ride
(1.38 nol), and 84.7g concentrated sulfuric acid 5 (0.86 r%%’ﬁ%‘ﬁ‘%?%g
tenperature. The resulting mxture is stirred.4 hours at room 6
tenperaturd. Then to this mixture is EXAMPIE 3 net hanol to quench the

520 cal cium nyarduaranioy SaT o BB s gl ENE A aQAeE g

m xture i ssheated t t hen
heated to 2325 230F 'I]Ebo%f%goﬁﬁgaggtg?maéﬁ% %dazﬂ%r?gﬁtgfglsk%ﬂggﬁgglgﬁﬂ?&eﬁei hour

to strip of¥f t(ﬁ@l\mﬂlbr140»&g@e§t®|amhytb'lﬂe)(i§&m1ﬂ)emd 847§ oomtentrated dulfinkttaeidied.
12. EXAMPL ARATI OF POLYl SOBUTENE SULFONILC ACI D USI NG SO3 AND
AR 14 A Ehl r@g ¢t repm %‘B%eé?m%g[lhﬁdﬁ‘}ftg’&iﬁ?‘gﬁ%l%%“?ﬂ ROYE: #d°U8—i ng S03

and air 156undem érﬁta:ef otﬂea%ﬂﬁs m&dﬂetééaa%dsbﬁﬂpﬁkﬁiaﬂéﬁ fnch
16L/ hr, air fl OWP192L/ hr, 6 feed rlat e 4. 5qg/ heoglgodcugtﬁgﬁagt?naﬂfm S

reaction i¢ aaﬁﬂﬁﬂQB@fmﬂmﬂﬁlém%Jolmss& maddetb.'iﬂ@gmidumdiyylrcscmdmt ene

| T | £. 8 cal ¢i |.fo d
o b0 ul 1 RO2SHE ST Swafert e PR RlRRS s nectef B S iR 18050
PREPARATI OMN GﬁﬂP@aﬂ& SERAUEE NEhi Sid théNhdateO€h B24 3B 0B (580 AttéY, Bnd aénﬁeét&l n

film of GI i ssopal 550 pol yi sobutene is sulfonated using SO3 and air

under t helPol BbIMEE ferdnenur tosisp offthp watst. uA salstim poigisbbatenc Bilfonate isii r row
192L/ hr, 4123, rate 4.2g/mn. A total of 1354g product is obtained
which is a mixture of 24 pol yi sobut ene sul fonic acid and polyisobutene

sul tone. The product contains 2.5% ZEM/[PDEate as cal ci um sul fonate and
1.02% sul { r|c aci d as_det erm ned ﬁpgﬁ hyam ne 26 titration. The acid nunber

i s deter mited HRERARARENNI QI5BQLYISO HE HILBONIC ACIDIIFING §QapIND AIR

EXAMPLE 6149 PREPA LF T Th m xture
of polyi sogbutene sul foni ¢ acéggéwse&g&égﬁugrgﬁgsgg‘m %Sﬂgﬁ Bvanple 5
i s hydrol yiedumbrﬂ@ foliewingl donditiogs: mmm@mccsws 180 16L/hk, Mo 89K /h3 2

fl ask equ e reflux condenser and stirrer is added 20g of
pol yi s ogul(gp geeYiVI g/mm The product from this reaction is a mixture of polylsolgutene

17 sulfonic acid and polyisobutene sultone. The product contains 2.04% sulfonate as

I8  calcium sulfonate and 0.70% sulfuric acid as determined by hyamine titration.

19 EXAMPLE 5
20  PREPARATION OF POLYISOBUTENE SULFONIC ACID USING SO; AND AIR
21 A thin film of Glissopal 550 polyisobutene is sulfonated using SO; and air

22 under the following conditions: temperature 60°, SO flow 16L/hr, air flow 192L/hr,
23 feédrate 4.2g/min. A total of 1354g product is obtained which is a mixture of

24 polyisobutene sulfonic acid and polyisobutene sultone. The product contains 2.5%
25  sulfonate as calcium sulfonate and 1.02% sulfuric acid as determined by hyamine
26 titration. The acid number is determined by the ASTM D664 test to be 59.9 mg

27  KOH/g sample.

28 | EXAMPLE 6
29 PREPARATION OF SODIUM POLYISOBUTENE SULFONATE
30 The mixture of polyisobutene sulfonic acid and polyisobutene sultone from

31  Example S is hydrolyzed using the following procedure. To a 100 mL three neck
32 flask equipped with areflux condenser and stirrer is added 20g of polyisobutene

-8



-8 17 Septenber 2004 WO 01170830 PCT/ US01/08345 1 sulfonic acid and the
resulting mxture is heated to 100C. To this is added 5 ni Sé88mbez26®mdi um
hydr oxi de solution and the resulting m xture is stirred for four hours. The

3 product fwoetdsss reaction is a mxture of sodi um pol yi spbwiRffessy f onat e
and 4 pol yi sobutene sultone. 5 EXAVPLE 7 6 PREPARATI ON OF CALCI UM

POLYI SOBUTENE S’gLF,O\IATE 7 FROM 550, MW POLYI SOBUTI;NE NEUTRAL SULFONATE) 8
To a 2 L rdunduiieric asiand the resultingduigrtuseiydiepigd & 1045C) TathisdspddedSgnl @8%e M

9 pol yi sobyte L s 9 ' .sps‘:t'ﬂ%ii 4 g
acetic 10 gnh%ﬁ?%@@@%ﬂ%@“%@%ﬁ%%ﬁ% an ﬁpggﬁslﬂ#u??% acid
(0.864 nol 3 0.pa&dutdfromdhis vaactar is h miktpebsediaim pelgisoheemesulfonste and he
resulting mixture is stirred 4 hours” 12 at roomtenperature. Then to this
i s.added 50 mPOREPRYTBE Suli9Bet hen 500g 100 13 neutral diluent oil is added.

To this issthen added 32.0g cal ci um hygupgg7(0.43 nol) 14 and 20 ni
water. This is heated to about 80C and an additional 100 nL or water is 15
added. Thef the vol BREPARAGION QF CALGIUMROLYESQBUAENESUHFORAER at ur es.

34 g Kol g sarpt o, PSORYS) 8 Bl 30auEaRr Ga AL SO GNATES “ana o 10
. EXAYP Avnd abiis PR 20 FROM
550 WY POLYI SCBUTENE (10D UL PCRATE). BT o (b s P ASTANG 6 o

mol ) G i ss®papolysobyeradontrining shwouf 886 melwyIvinylijeok jsosw) 11403 gricttic about I85%
and 84, 7' Qul FLOEITGS FRTaE hirg ety A g B AEH i &5 o1 et 4

hour at roDM bQUPAERE) HrepwilOatlrBb téripdrdi@e. apadsi@ndini il 18 5% ed PAAGs 100

25 neutral diluent oil, ‘and 100 nL water, The resulting mxture is heated

to 190F ahdl 2lEogwdempergug. nbhon to his isadded 50 mlki methanol addigwn S0Az 300 s stirred

for one heur . tature. .LS i sed .t o ,212F.and Jjmi nt ai ned
there unti aﬁ%aﬁgﬁi\}gigﬁfsla@%%?@??% Shas ad%eéli ' ?ﬂ?‘flgﬁ.hﬁ%“&e@uﬁﬁlﬁé '
product i 54t hewd 20 inLavaet. Thiss Heatét fo@Bo@ @000 biE APAISHAVI SMAIT, RWatstjf onat e

which has,a TBN of 12.3 ng KOH g sanple, 2.24 %S, 1.85% Ca, and a 30
Vi scosi ty15@ 1@;@@dqf{‘hngghg velagile nipls g19 o ved at elevated temperatures. The product

16  isfiltered to give 842.3 g of product which has a TBN of 3.4 mg KOH/g sample, a
17 viscosity @100°C of 72.4 ¢St,, 1.50% Ca, and 2.31% S.

18 EXAMPLE 8

19 PREPARATION OF CALCIUM POLYISOBUTENE SULFONATE

20 FROM 550 MW POLYISOBUTENE (LOB SULFONATE)

21 To a4 L beaker is added 500g (0.91 mol) Glissopal 550 polyisobutene (550

22 M, polyisobutene with about 85% méthylvinylidene isomer content), 140.3 g acetic
23 anhydride (1.38 mol), and 84.7g sulfuric acid (0.864 mol). The resulting mixture is
24 stirred 1 bour at room temperature. To this is then added 50 mL methanol, 500g 100
25  neutral diluent oil, and 100 mL water, The resulting mixture is heated to 190°F and
26 48g (0.649 mot) calcium hydroxide is added. This is stirred for one hour and then the
27  temperature is raised to 212°F and maintained there until all the volatile material has
28  distilled. The resulting product is then filtered to give a LOB calcium polyisobutene
29 sulfonate which has a TBN of 12.3 mg KOH/g sample, 2.24 % S, 1.85% Ca, and 2

30 viscosity @ 100°C of 79.4 cSt. ‘



17 Septenber 2004 PCT/US01/ 08345 | EXAVPLE 9 2 PREPARATI ON OF ADDI TI ONAL
POLYlI SOBUTENE SULFONATES 3 Additional exanpl es of cal ci uivgeitgmisobiddene
sul fonat eswayeymegor i ed out using 4 different conditions, 378884
ratios ("CVMR s") and pol yi sobutene ("PlI B") 5 nol ecul ar weights as shown in
Tabl e 1. 6 7 PIB % Ac20 H2SOM/ HZSHA! %% Vis @Ex. M, diluent |

PI BCa( OH) 21 CaSTBN100C oi | PIB 7550501 E3AMBEE D11. 502. 313. 472. 4

10550451 510. 952, SO 3 14 MR, O ATDLIER, PO HSOR AR SOTMARIRS 1155 6
121000451.%10. 951. AdditidA4 eﬁ&ﬂp&i5ﬁcﬂc1ﬁﬁﬂﬂﬂﬁ§&h¢&ﬁ@uﬁ&i&t&’a}c eatied 33 Rifp3- 8 8

EXAMPLE 14 9 PREPARATI ON OF CALCI UM ACETATE- FREE 550 10 CALCI UM
POLYI SOBUTENEdiisrantrguditiops, chapge @meﬁmS&‘GMMSBﬁ@Mswomtenq)6P;B Jobut ene is

first pre re gl 550 polyi sobut ene (2000 g, 3.64
nol ), E\’f@l4og’l g)&él%g%g P{éggﬁ ydri de%(agl 0 13 nol), and 338.7 g sulfuric
acid (3.466m)l). The resulting mxture is stirred for one

Ex. | PIB % [AcO | HaS04/ | HoSO | % % |TBN| Vis@
M, | diluent / PIB | Ca(OH); | Ca S 100°C
oil PIB
7 | 550 50 1.52 0.95 2.01 1.50 ] 2.31 | 34 724

8 | 550 50 1.52 0.95 133 [ 1.85]224 120 | 794

9 | 550 45 1.51 0.95 1.83 1.84 | 2.60 | 5.5 113.8
10 | 550 45 1.51 0.95 2.00 1.71 | 2.58 | 2.6 | 1674
11 | 1600 45 1.51 0.95 1.81 1.08 | 1.50 | 3.1 153.8
12 | 1000 | 45 151 | 095 1.76 1.03 [ 1.52 | 0.9 156.1
13 11000 | 45 1.50 0.95 1.83 108 | 149 | 3.9 163.8

EXAMPLE 14
9 PREPARATION OF CALCIUM ACETATE-FREE 550 M,
10 | CALCIUM POLYISOBUTENE SULFONATE
11 The sulfonic acid from 550 M, polyisobutene is first prepared by reacting

12 Glissopal 550 polyisobutene (2000 g, 3.64 mol), with 408.3 g acetic anhydride (4.0
13 mol), and 338.7 g sulfuric acid (3.46 mol). The resulting mixture is stirred for one

14 hour at room temperature. Then 200 mL of methanol is added. The resulting product
15 contains about 90% actives. Then 260 g of this product is diluted with 260 g of 100
16  neutral d11uent oil and this is heated at 40°C with a nitrogen sparge to remove the

17  unreacted acetlc acid, methyl acetate, and methanol. Analysis by 'H NMR

18  spectroscopy indicates that only about 0.3% acetic acid remained. This product

19  (4482p) is then placed in a 1000 mL beaker and heated to 190°F and to this is added
20 13.2gcalcium hydroxide. The resulting mixture is stirred for 1 hour at 190°F, and

21 thenthe temﬁerature is increased to 330°F to remove any volatile material. The

22 resulting product is then filtered to give a calcium acetate-free calcium polyisobutene

-10-



14 hour. at roomtenperature. Then 200 nmL of nethanol is added. The
resul ting product 15 contains about 90% actives. Then 260 Sgptahbdrboet
product is diluted with 260 g of 100 16 neutral diluent oil and this is.
heat ed at OIMIBI® a nitrogen sparge to renove the 17 unr epetrasboReRid C
acid, nmethyl acetate, and methanol. Analysis by 'H NVMR 18 spectroscopy

d h nl 0..39% t d d. . Ihis product 19 (448.2
) 15 thenl pl SHGHATEICH b FEN GG GHeme RO Bl 10 2608 | 4t Smeid < | <

added 20 43. 94 &g The resulting mxture is stirred for |
hour at 19%F 3%0%@?%?t he tenperature is increased to 330F to renove

any volati3e material. The 22 r@OMRARATIWBEXAMPEEtAen filtered to give a

031 70830 o U0y, DR TOREN LSS Sk b SRR carpi e,

1.12%Ca, 1582% S, and a 2 vi scoSIiHRONPHORAPOL. 19605 cSt. 3 COVPARATI VE
EXAMPLE A 4 PREPARATION OF 950 M PCOLYI SOBUTENE SULFONIC ACID 5 FROM

PARAPOL 1090 6 200@00251?@41@1 9@5(950%0p¢wi§owqei\sidbhcsmhamﬁmmenhgbmyﬁiﬂm 5%

h ti
anhyar | de 1 0. S9eronteidFL $80 ESRhared Wi B e i D e 22 A RS g
product i stig. @gﬂs@ﬁme aad(d egmﬁro@t Ut rSsultid préduct istibrdd at Afbm femperdfure 17

18 19 20 21
9 forl hour then 20 mi. methanol was added. This product contains only about 67%

10 actives.

11 ' EXAMPLE 15

12 PREPARATION OF 1000 M, POLYISOBUTENE SULFONIC ACID
13 ' FROM GLISSOPAL 1000 ‘

14 To 2000g (2.0 mol) of Glissopal 1000 polyisobutene (M, 1000 with about

‘15 85% methylvinylidene isomer content) is added 224.6 g acetic anhydride (2 2 mol)
16 and 186.3 g of sulfuric acid (1.90:mol). The resulting product is reacted as in
17 Comparative Example A. The product contains about 90% actives. This shows the

18  improvement in yield that is obtained with the teachings of this invention.

19 COMPARATIVE EXAMPLE B

20 ELECTROSPRAY IONIZATION-MASS SPECTRUM OF SULFONIC ACID
21 FROM POLYISOBUTENE WITH LESS THAN 20% METHYLVINYLIDENE
22. CONTENT _

23 Figu:e 2 shows the electrospray ionization mass spectruni ofa pol;ybutene

24 sutfonic acid from Hivis 5 (polybutene with less than 10% methylvinylidene isomer
25  content). The spectrum shows a molecular weight distribution with molecular ions
26  that afe separated by 14 daltons. This indicates that the polyisobutene sulfonic acid
27 actually is not a mixture of Cy3, Cy¢, Cao etc. isomers, but is a mixture of Ci2, Ci3, Cia,

28  etc., isomers.

-11-



.23 24 25 26 27 28 for | hour then 20 nL net hanol was added. This.
product contains only about 67% actives. EXAMPLE 15 PREE’AR@pTérﬂHrQNMlOOO M
POLYI SOBUT{NFroP¥skONl C ACID  FROM GLI SSOPAL 1000 To 2000g (121'1'9(1 33 gf

G i ssopal 1000 polyisobutene (M, 1000 wi th about 85% net hyl Vi ny rd

i somer content) is added 224.6 g acetic anhydride (2.2 nol) and 186.3 g of
sulfuric atid (1.90 nol). The resulti BXAMPHOEAS i s reacted as in

Conparativ e Th| s shows
the inpro emn{@*ﬁcmgﬁﬁﬁﬁéfw‘%%ﬁ %ﬁﬁaﬁﬁ%@i

i nvent i on. 3 COVPARALL PBILXESOBUFEREEWTER M OF
SULFONI C ACID FROM POLYI SOBUTENE WTH@SS THAN ZO%Wﬁm@ﬁg
CONTENT Fid4ure 2 shows the electrospraGONFENEti on mass spectrum of a

pol ybut ene sulfoncac' fr j vis 5 (.pal butenevvl | ess an 10%
met hyl vi ny?l dene | O"g]ﬁl%e yég@%%/tfot’}rﬂ’%gﬁ% aeR‘th}}‘e%l ght
di stributien mlrdmam;@ﬁuhp@hss@ﬁeﬂ ssn@lyaﬁ&ewwaéﬂhmgé%ﬂ&h ROSiddgY S

i ndi cates that the polyisobutene sulfonic acid actually is not a>m xture
of "Cl2, Clb, ©emeeeentent};ohierspectom shavse mpleculpeweithiGlitrib@is wﬁhmoieceﬂar

L ECTROSPFAY TBRIIRGIoRPRACL PSR HRieR disatieelay (30s Bolvisopuny sulonic
POLYI SOBURENEadM Ts4 MbRire U, Z0900E; BkYLiMrhért [ileE e lonélaﬁ»%[ﬁﬁ s oPfdurgure 1

shows the el ectrospray ionization nass spectrum of a polybutene 6 sul fonic
acid fron’f(bl i Qbypdtomsh (pol ybutene with greater than 85% net hyl vi nyl i dene
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7 isoner content). The spectrum shows a nol ecul ar weight distribution with

nol ecular 8 ions that are separated by 56 dal tons. Th|§7gaghﬁ§§g§mﬁhat t he
pol yi sobutene sulfonic 9 acid is a mxture of Cl2, Cl6, C20, etc., isoners
(i.e., the ions are nmultiples of four 10 carbon atons) 17 Septenber 2004

CLAI M5: 1. A.Amisyi sobutenyl sulfonic acid conposition conprising a m xture

of pol yisobutenyl sulfonic acids derived froma m xture of polyi sobutenes

conprising greater than 20 5 nole percent of alkyl vinylidene and

1, 1- di al kyl1.i somepdyisébutehiieui@iipasd ¢dnpositdn @ngpirising a\ﬁﬁﬁnﬁidﬁpblﬁlﬁobﬁeﬁyur e of

| but g th 5 t .of al I d
B 1100 al ky! PBAE dg6Vd T mis SCrd ot Brecoapivas GROFr e

m xt ur esof pol yisdbpdrened aghynyliiese angrdadigkyltidoaters/O nol e per cent of aI kyl
vinylidene and 1, 1-dial kyl isomers. 4. The conposition of claiml1, 2 or 3
wherein the al kyl vinylidene isoner is a nmethyl vinylidene isoner, and the
1, 1-di al kyl2.i sori dospasitlgnl eficlait Hytwhérsiane midthreSof pblgiscbmrgpess cor@ize0f any

pol yi sobut enes. (AR At SLBETE ARG D000 6 STy AHIRBEPEFEn of ol ai m 5

wherein the nunber average nmol ecul ar melght of the 20 polyisobutenes is
about 0. t|o f erein the nu aver age

ol eculdr v ghilisrpREton, i ol Bhem: € SHTHE YoB0MTRtge i

conposi tion of @hﬁ&ﬂﬂﬁnﬁﬂﬁb&Wﬂm&h@fmkﬁbﬁwh&memﬁgaIWMﬁbmubm&eMBIght of the
pol yi sobut enes i s about 2300. 9. The conposition of any one of clains 1-8
wherei n the pol yi sobutenes have been nade using a BF3 catalyst. 30 10. The
conposi ti ont of dhaicamfosithabetiaint e ool wieniathewikylhityliliesd korhertis Dmedl] t he

pol yi sobut enyl sul f.oni ¢ aci ds at a % of the nol ecul ar
hei gt s of -t he RTOE iR A BEL i Meds i atbeRd SPE by oven

mul tipliés of 56 dal tons. 17 Septenber 2004 1 1. The conposition of claim1l
wherein | e 20% of sohut enyl sul.f acid h

ol ecul ar e ghiLhSEPRLiaE S ARO P TR o ouRetia i SoePr bitree BEIE cont ai n
a total nunber ofeighabfxbepdyiestatehdsds abost Yedtto shoandOpodi vi si bl e by four.

6. The composition of claim 5 wherein the number average molecular weight of the
20 polyisobutenes is about 550.
7. The composition of claim 5 wherein the number average molecular weight of the

polyisobutenes is about 1000.

25 8. The composition of claim 5 wherein the number average molecular weight of the

polyisobutenes is about 2300.

9. The composition of any one of claims 1-8 wherein the polyisobutenes have been
made using a BF; catalyst.
30 ‘
10. The composition of claim 1 wherein the molecular weight distribution of the
polyisobuteny! sulfonic acids is such that at least 80% of the molecular weights of

the polyisobuteny! sulfonic acids are separated by even multiples of 56 daltons.
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5 12. A nethod of making pol yi sobutenyl sulfonic acid conposition of any
one of claims 1-11, which conprises sulfonating a m Xt U;&eQbmber 2004

pol yi sobut enes conprising greater than 20 nole percent of al kyl vinylidene
and 1, 1-di al kyl isonmers. 10 13. A polyisobutenyl sulfonate conposition
having a TBN of about O to about 60 wherein the polyisobutenyl sulfonate

is an al kalj, netal or alkaline. earth nmetal salt of . a palyisobutenyl

sul foni c aclild coﬂﬁocé’fn??sétﬁ’nocff °§H9qo‘?4éef%‘? Eeésf g‘?ﬁ%B{f-‘)ﬁ}?e i mﬁ@fqﬂ‘]g%%%tenyl

sul f onat e conposdcids df thawiotegular WBiNhtOHisgibatihest thbaialyiddbitenyhRoMdnic 2&d«00

wherein the pol yi sobutenyl sulfonate is an .al kali tal or .alkaline earth

moral sal't of CoBBACaIPREy AP SR PACE b SRR dRrany. one. of

clainms & -1 1. 15. A polyisobutenyl sulfonate conposition of clainms 13 or
or .al kaline_earth netal .is calciu 20 16. A

14 wherein the al kal,i t al.

ot hod of ks ngs BBINT SEBRR Y P A B ST P QAL PCO TS o
maki ng a sul f oni el geiktthippmarisee tstidmtatify £inBine dRpanicoburast dongriting greatstil ti ng
pol yi sobut enyl syl fonic acid ¢ sition w.t l.Lkali nmetal or alkaline
ar T et ol oatt e S SR Ve Re A ad- A i a1 g & ma or
amount of an oil of lubricating viscosity and a m nor anmount of a

pol yi sghut enyl sul f ona C sition of .claim 1 0.18. A lubricating oil
corrposiqltlai oﬁlr}c:onp'g ipgﬁfﬁﬁf’%eﬁjg@ O AP OB Ve 2 3’181\13%%!?0859 i BGOOWi @)E:osi ty
and a m nor anousiicrad tha pplglsybhusablkifonate is bl dlitiah@al@o BRA e earthmerhl salkaf m 14,

a polyisobuteny! sulfonic acid composition of any one of claims 1-11.

14. A polyisobutenyl sulfonate composition having a TBN of greater than 60 to about
15 400 wherein the polyisobuteny! sulfonate is an alkali metal or alkaline earth metal

salt of a polyisobutenyl sulfonic acid composition of any one of claims 1-11.

15. A polyisobutenyl sulfonate composition of claims 13 or 14 wherein the alkali metal
or alkaline earth metal is calcium.
20
16. A method of making polyiscbutenyl sulfonate composition, which comprises
making a sulfonic acid by a method of claim 12 and reacting the resulting
polyisobutenyl sulfonic acid composition with an alkali metal or alkaline earth
metal.
25
17. A lubricating oil composition comprising a major amount of an oil of lubricating
viscosity and a minor amount of a polyisobutenyl sulfonate composition of claim
13.

30 18 A lubricating oil composition comprising a major amount of an oil of lubricating
viscosity and a minor amount of a polyisobutenyl sulfonate composition of claim
14.
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