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Eur opean Wthe past, naturapsulfgnates, mad(e asa by—product of thﬁe oil and process oil M

production, dominated the sulfonate market. However, as refineries switched to

hydrotreating processes, which gave improved yields of process oils and white oils, and as
15 the desire for higher utilization of raw materials and thus improved economics grew,
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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least 80% of the molecular weights of polyisobutenyl sulfonic acids can be separated by
even multiples of 56 daltons. Another embodiment may further provide such a composition

5  wherein less than 20% of the polyisobutenyl sulfonic acids in the molecular weight
distribution of the polyisobutenyl sulfonic acids may contain a total number of carbon atoms
that may not evenly be divisible by four.

A second aspect of the present invention provides a method of making
polyisobutenyl sulfonic acid composition of the present invention, which comprises

10  sulfonating a mixture of polyisobutenes comprising greater than 20 mole percent of alkyl
vinylidene and 1,1-dialkyl isomers.

A third aspect of the present invention further provides a polyisobutenyl sulfonate
composition having a TBN of about 0 to about 60 wherein the polyisobutenyl sulfonate is an
alkali metal or alkaline earth metal salt of a polyisobutenyl sulfonic acid composition of the

15  present invention. Further provided in accordance with a fourth aspect of the present
invention is a polyisobutenyl sulfonate composition having a TBN of greater than 60 to
about 400 wherein the polyisobutenyl sulfonate is an alkali metal or alkaline earth metal salt
of a polyisobutenyl sulfonic acid composition of the present invention. An embodiment
may provide a polyisobutenyl sulfonate composition wherein the alkali metal or alkaline

20  earth metal can be calcium.

In accordance with a fifth aspect of the present invention, there is also provided a
method of making polyisobuteny! sulfonate composition which comprises making a sulfonic
acid by a method of the present invention and reacting the resulting polyisobutenyl sulfonic

acid composition with an alkali metal or alkaline earth metal.
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30 prefesrr edt @ead ReBibn tedperatures 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
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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.
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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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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.
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t he sodi & opf st imyention cap hava detatively dow B i, alboht Wito hban 6amraeativeipl or i de

sol ut i on,.9f aline earth fa 28 and stirred for a tine sufficient

for meta es%%Et@%tlcemgm%{éﬁ%ﬁt&a!b°‘t’trf€)0water phase is 29 renpved and the

sol vent pmy be evape E)@Iyﬁﬂten)}lfsul‘ﬁﬁﬁ'ters%@M@%vgﬁfoﬁpd}@ﬁfe?ﬁ%g addtil@iptes are
sefula

al kaline_earth metal sul fonates, especially those
: 2 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
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31 calcium barium and nagnesium Mst preferred are the cal cium and
magnesi um 32 sul fonates. -5 17 Septenber 2004 WO 01/ 70830 SEEAMRIS000408345 |
The pol yal kenyl sul fonates of this invention are either neutral or
overbased W@@QL7Wdht es. Overbased materials are characteri pedfdyressget al
content in excess of that 3 which would be present according to the

stoi chi orrerlry.of hhe %tal cati og {l.n the 4 sulfonate . said to be overbased.
Thus, a nonosdl fBHPR SEEPERLIRROHAL LsRarsanLpropsiss. spically frqm pboyk Od aveightnet al
conpound, gUClpeEntloBRILHIRRERONRbrabl o iLBHLES WRigheHERLn: 1§ aBplk Fonat €
cont ai ni ng_one equi val ent of cal cium for each equi valent of ac o in ot her
7 words, the Atsighipeseental sul fonate will contain one nole of calcium for

each two | es of nosul f gni,e...aci d.. By,usi ng wel | . known, procedures,

over basedngr basicﬁgger%?%‘_f(egg}ogzﬁagﬁigv tfd]?tﬁf{(]?e_uﬁ eHRTRUonKited. These
over based $at golyalkenyd golfenatesvTEhis invetion Rblalle dARIGHERRIbRbrs! ik d}ﬁgépélnfsed to
neutralize the, sulfonic acid. H ghly overbased sul fonates can %e repar ed

by the reafti GiHCHMLY IAGXHMPERYCEs PO PRINS depressants adispersadisanil the- likender react i on

condi tion A di sc [ ' I hods f.or pre i.hg .over.based

sul f onat e? and ot hg'rﬁé%@gi?%%sgé%?%}?%gﬁ{éﬁgs ?ﬁﬁlﬁilg‘ﬁn&ggﬁwg@ %%q“}?%t’%‘?ﬁ No.
3,496, 105,8 i siuterdal doaibustivryenkihes 4RV AutbRakErSitRnissik Cadiad HdASEPAlsALEY by
reference jn its entirety. The anount of overbasing can be expressed as a
Tot al Based Nu%l@’rd‘f‘ﬁi?lgﬂs’)l}eatmsieﬁoﬂ‘éft@ﬂﬁeﬂbldﬁswéc-armunt of base equi val ent
to one mijgigramof KOH in one gram of sulfonate. Thus, higher TBN nunbers
reflect nore al kaline products and therefor a greater alkalinity reserve.
The TBN fbr. a conposition is readily BxuaaMPimed by ASTM test nethod D664

or ot her ui val e h he overbased pol yal kenyl sul fonates of this

i nventi on ‘tan havghﬁgﬁg‘}oﬂmafd%\? QBN,ISQBET,EN%WLF@KH@AQBIRRW,A or

rel ativelps high TBMGHMETMVWWE%%?S Eﬁé}%‘ﬁ%ﬁﬁsm yal kenyl
ulC as additive

sul fonates of this invention are use s ating oils.
They haveldgood tol erance to Ad.c0F 550 ANIhACETYIr SHNEAPEOVi de good

performange characjerjstics. Th ubricatjng oil conpositions of this
i nvent i o;i%(':orrpri ngcha hﬁ&‘B?lsélﬂg"(iﬁft'g%&'bla‘ﬁobio?%‘quPﬂH Copedyisbutang Cwbichy and a

mi nor amuent 1ok gkdaer BRkhBbKEIIYS netlyeRAIES: bith o PSR} hee THE Oi IS can
be derived fromgpetrol eum or be sykt het i c. %één?iuﬁ%acan %Iéh‘%ﬁ%greaffi ni c,

napht henild, raslesuiarsveighitaf@bont o0 distobved in 2gmLiekame. dotthisss added @3RI Nat i ons
t hereof . ;Q | [ 1. i Vi,SCOSi e yiscosjties in the range from
35 to, 5§,900 °&&%§%§E‘“‘%‘g‘f9@% ‘%ﬂg) ﬂ?@r‘@é’%@% %%FF&WF‘&%&@%@- tige 1pultivg SUS

at 100F. 1¥he miktilé iseitred gt Qo ©ABRARIE FRBRe FOR &
pol yal ke%l sul fonates of this -EB?YrSept e?wggl? %gﬁ%@%&%oﬁé aécﬂﬁto

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  sulfonate (5 .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  suifonate.



WO 01/ 70830 PCT/ USOL/ 08345 | invention sufficient to provide dispersant
properties, typically fromabout 0. | weight 2 percent 113 Stficrakirghid
percent, prwbeaAsy fromabout 0.5 weight percent to about i
percent. 4 Ot her conventional additives that can be used in;%léﬂ%}ﬁf?g{}'%on
with the 5 pol yal kenyl sulfonates of this invention include oxidation

i nhibitors,] antifoam agents, 6 viscosEX4AMBd&X i nprovers, pour point

of i s i ndent i on i ARATIN K CALE ko S sHt bR Sra B AR g nes
and automagi ¢ transyg $31, afthd BRImIBask RAdatd 5@‘%163@1%%%5%@@%&?9%%@“' iC

oils, heat transfer oils, torque fluids, etc. :
PREPARATI OH OROA1 mel)y 1908 gsie agbydridi(C38\@1oD), BROR4.Ag cdiBochiratiet! sulfuric acid

MVETHYLVI NYII PQL.Y]| SOBUTENE THAT S 14. A M O, 550 A ACETYL SULFATE
15 To a be k([a)rl%Bl‘ilgg '%?’ah%‘d"%‘?‘ Ui A dvamial %Irﬁsuﬁwg@’i"ggﬁﬁaﬁ%r@gy SALIeRt ene
(which 166haseipaaiugs. THaRo HOwixtBR%6 mmﬂﬂ‘%ﬁﬂﬁ&%%@ﬁ&%ﬁgﬁﬁmﬂgxane

nunber average 17 nol ecul ar wei ght of about 550) dissolved in

To this is’added590%6hl00qnearaldilentml dro this i§ theo 2ddednd 20g calciumtydraxidB8g

sul furic agid D] he resulti 19 mxture i ILred at room
terrperaturg fcgé'g%%éolﬂ%&?mﬁlﬁé’%mgb e@%ﬁ&“ﬁ‘?‘ﬁﬁ'ﬁ@&‘&?‘bﬂégaﬁggﬁﬁﬂo he
reaction apd whlewaset iseidded. allds (B Rétddo $25-090°Fof 90 Alin@fs, 4nd 8Qn BEared Ude
21 polyisobuteng sulfonic acid is obtained. 22 EXAMPLE 2 23 PREPARATI ON OF
A 0B PoLW soBtHREfediruntstiripokitirewaters 4ARdviun-polpRobucre SOoRMANMPLE 1 25
To 5.91g ¢f tRewailfonic acid fromExanple 1 is added 20 niL isopropyl 26

al cohol and | g sodium hydroxide in 1 nL of water. The resulting mxture is

refluxed 127 for 6 hours and then hel @&MPDE® at room t enper at ure
over ni ght | ayers_form 28 and the bottom|layer is decanted. The top

a1
| ayer confi \r,1\l(s)P VEBQLYEHABUIENE SULEQNIC 8. BRJYSRIG 503 4V AlRs 88%

ti . | 9 ' - L ' d tai 1..14 f
Tt ure of sodr um el o GRibRS 350 bR KBGHE SRR B gt ),
Sept enber 12004nderdcibliF@BZRoRGTibUSHhi AR 60°E S 0MRIdw 362/hERERNRATOMOF

CALCI UM L POLYI S NE SULFONATE 3 To a 2L round bottomflask is added
500g of d%gssgsglmtcﬁgr yiTgﬁﬁﬁﬂdé’ﬁfeﬂQm@B? wactas 15 a mixprggf pdpispbutenshy dr i de

(1.38 mol )7 anffddf 50 SRISHILITAGRE sSitlnk U The pRAUE 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
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5 (0.86 nol) at roomtenperature. The resulting mxture is stirred 4 hours
at room6 tenperature. Then to this mixture is added 50 ni Seméhignabo4 o
guench the reaction, 7 and 500g of 100 neutral diluent oil. To this is
t hen added wd@of)mssml ci um hydroxide 8 (0.43 nol) and 20 nlpg@igRbtessest Ne
resulting. mxture is heated to 175F and then 100 9 nL water is added. This

is then heated (o0 .225-230F for -30 m nutes, and th(gn heated 10 at 330F for
1 hour to 4t risplfenis agid andtheaesultmgmixiureifhsaied fo B e @ thisiis afdedS mk 49%

obt ai ned. 32. : D USI NG
SO8 AND Al v aiﬁh4tihi§nxé}?ﬁi%%ﬁloﬁf%ﬁgﬁ’cfl sms?c?%\%‘l%@??’%%?y. S0 ut'%%‘?gluuféwﬂsfgl fgénat ed

usi ng S03 and paeductFomnhie reattien it alnhieniregf sodinth polgissbuttierguboaittagd 60C, SO3
flow 16L/ hr,, ai .fk)ow 192L/ hr, 16 feed rate 4.5g/nin. The product from
this reactf‘onplog"%’ HieRe $HO®f pol yi sobut ene 17 sul fonic acid and

pol yi sobut gne sul tone. The product cogpkaingsR704% sul fonate as 18 cal cium
sul fonate and 0. 70% sul furic acid as det 'e'r_L_m ned by hyamne titration. 19

EXAIVPLE 5 Qol PREFA(IR;RREENRWQN_OT WGUM‘DBUTFNEBUBF&NP&KB égg Al dR
SANPLE. > : . _ : :

o 95 unadr the 1ol FBARRS o NP oS OB FRB B SN KE S s ¢
flow 192L/gr,  23Theed Fah@ bhuad fEbbis abaddsodk (051 iaﬁﬁenps%g U (550 ppt &l ned

which is a mixture of 24 polyisobutene sulfoni'c acid and yi sobut efle
sul tone. The pelythabatenseontaining 2hase@5%metpilvioplidepe donea), d#lhegsetionat e and

0o ot SaB e U LT Sl B eyt 58 AP mlp 05 5"
EXAVPLE 6129 BRERARAG dbpviake m&%&&ﬁh@@tﬁ@ﬁ%@é&%ﬁ%@% e nsirxt ure

of pol yi sobutene sul foni'c acid and pol yi sobutene sultone from 31 Exanple 5
i s hydr ol ¥Zed2izepmdempeangs. | Shgntg this isadded 20 mEonethaigd and then5@0g #8GK 32

flask equ e 1.4 R epser .and ,sti r i,s added 2 of.
pol yi soguksgﬁege"i%éi ql'}'?egfeglﬂes g(fé(EZ Q"s\/\bﬁtﬁf M%ﬁ}%% Yg%&%g@-“gd}l?%m c
acid and lhe meb20 mingteri Thiviehéfed@abadt S00C QD4 adtitiddal 300 mIAFARHSs ™. 49%

2 sodi um{gdroxi de_solution and the resulting mxture is stirred for four
hours. ThE 3 #idsdudhen the yplagleqnaterials arg remeved ahplpvaiedtentperaeriesinT he product

PEbaman e T e & B B A E NI 4 e KM R s cpurene
( NEUTRAL BUL FGhAEEy @8l 0URC af 22.4 c$iuisdohoh taad2iiiesk. i s added 500g (0.91 nol)
G i ssopal 550 (550 M :

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. ‘



9 pol yi sobut ene contai ni ng about 85% net hyl vi nyl i dene isonmer), 140.3 g.
acetic 10 anhydride, (1.38 nol; 1.5 equivalents), and 8417§e;ﬁethliaui2®0,4 aci d
(0.864 nol weidhsibl. equival ents) dropwi se at room tenper atpdfsso

resulting mxture is stirred 4 hours 12 at roomtenperature. hen to this
I s added 50 nL nmet hanol and then 500g 100 13 neutral diluent oil is added.
To this islthen added 32.0g cal ci um hyEKAMPEE 9 0. 43 nol) 14 and 20 nL

ndded. Theh the voRErARATIGROF SoRHOND:, POLYSORHTENE sTLPRINARES |, oo
The producl 16 i sAHditiosilestabplei beal&ﬁfh Iﬁ)lgswutdﬂe@du@ﬁawure barkiad odt ukBlY of

3.4 ng KOH g sanple, a_ 17 viscosi @OOC of 72.4 cSt 1.50% Ca, and 2.31%
S 18 ExAkpL Hfsrenbcomitoncharsq e@:ﬂm ((FMBx' Yestpelysnbutene CBIRYE 20 FROM

550 MWV POyl S ME“% T To a 4 L beaker is added 500g (0.91
nmol) Qi ssopaﬂég%gl po {%%gg ene tE%bdg%zz M, polyisobutene with about 85%
met hyl vi nyé i dene i soner content), 140 39 acetic 23 anhydride (1.38 nol),

and 84 79 suHuri-e—aci-d—(0 64 nml The resulting mxture is 24 stirred 1

hour at roon Eéﬂpgf:% ur_e/.\ ToAS? d H%SQME nHeR(ddd| 5% nl Wet hIBY | ¥8@ 100
25 neutral d| | ugntMoifidilusaidl 100 L REB er Co@EDz psCat| n§ n] xt ur p 108°@ejat ed
to 190F and | 26 489 (0. 649 ydMB dal ci um|hydroxifde isjaddefd. Thfs is sftirred

for one hour| ahd tH@r te@ [27.5%per.esude.2.05 riaised Q(312123?4and71mi ai ned
there until pH—thejolati-He i st il The rkesulti

product is théeh [f P30 dr aotovd:rlf\?e a 4.88 dal b33Im pbidyi s&%t eh2.0 29786I fgnate

whi ch has a [TENTO 4. K e 2 24 3
Viscosity @N00G e1° 40, % o TR s s io &$Sepf§ﬁh ?%QOb 5 1/ 08345
| EXAVPLE 9 D 1PRERARATI AN cu:uy';)Dl TIGRAL | AL SQBUTENE, SELFOWTES 67 4
Addi tional eixangdles—af caldium polyisobilitene sulfaon '
using 4 di ffé}en‘tOOQc nd#t i dnd;Slcharl® mbl el-8ht i|ob.08" CM?OS

pol yi sobut e 5, Totlesuha et ghts sto HA—F;
Ac20  FRSOH! 1%2_';:@59 A%, [T 1517 09571 1176 V103" 1152

13 11000 | 45 1.50 0.95 1.83 108 | 149 | 3.9 163.8

ut

Q

B %

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 W1th 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 13.2g calcium hydroxide. The resulting mixture is stirred for 1 hour at 190°F , and

21 then the temperature 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-



Vis @Ex. M, diluent | PIBCa(OH)2 CaSTBN100OC oi |l PI B

7550501. 520. 952. 011. 502. 313. 472. 4 8550501. 520. 951. 331. 8527 B4iemb:f 2064
9550451. 510. 951. 831. 842. 605. 5113. 8 10550451. 510. 952. 001. 712. 58. 2. 6167. 4 .
1.11000451v610uB83. 811. 081. 503. 1153. 8 121000451. 510. 951. 76pc@Akoba340156. 1
131000451. 500 951. 831. 081. 493. 9163. 8 8 EXAMPLE 14 9 PREPARATI ON OF CALCI UM

ACETATE- F Mh | SOBUTENE SULFONATE 1 | The sul fonic
acid from 50S °ﬂaﬁd’f’]§7‘$}§ Cb%glofg“f g %Frgéaawkdltﬁ‘%%é@?n’gs apd aq j ssopal
550 polyi sg)bug,gggsltg,? og}of3276§lcgfol) with 408.3 g acetic anhydride (4.0
13 nmol), and 338.7°g su furlc acid (3.46 nol). The resulting m xture is

stirred fo¥ one 14 hour at roonCOMPARATIVE EXAMRIECD L of nethanol is

added. The,resulti IV, Then 260 g of
thi.s pr odutt is di Wﬁmﬂ@?@%f@ﬂ%ﬁm%@mﬁ& AGIP and this
is heated it 40C with a nitrogen HpasIPARAPOIONA0L he 17 unreacted acetic

acid, methyl acetate, and nmethanol. Analysis by 'H NVMR 18 spectroscopy
i ndi cates @ hat onl %%tﬂmp@?ﬁ%%aéﬁd mlmdﬂwwmmiiﬂnbds thin 5% tpbt!lgllmtyliﬂléhe( 448. 2

Suded 205, e R el iRt w AR 2R g ride Bameh pir or

hour at 199F, 1263k stlfutibasid (1890 RIBPE rBHe4Efuld pra&ﬁce@ssseﬁlreafatf’o%%eh@efaﬁmeve

any volatile material. The 22 resultin uct is then filtered'to gi've a
cal ci um ackt afoélfhoéfethéla%mgbmls}%@gﬁcb Thigprpiugespniainsenlydoat §2%

01/ 70830 /#ﬁ%&g 08345 | sul fonate which has a'TBN of 5.4 ng KOH g sanpl e,
1.129%Ca, and a 2 viscosity @100C of 27.5 cSt. 3 COMPARATI VE
EXAMPLE All4 PREPARATI ON OF 950 M PGMQQ@QEENE SULFONIC ACID 5 FROM

PARAPOL 1000 6 200g_Par apol 950 & ‘£’61 "M_, _polyi sobutene with |ess than 5%
met hyl vi b4 i dene  YREESHR&TIONPEAPOO Mnﬂ) %)B@TEME&MW@E4GQ acetic

anhydrides(0.22 not) and 8 18. 63g: f@]éfs%wlé& 190 nol ). The resulting
pr oduct | s stirred at room tenpera ure
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 Figure 2 shows the electrospray ionization mass spectruni ofa po-l;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-



10 11 12 13 14 15 16 17 18 19 20 21 22. .23 24 25 26 27
28 for | hour then 20 nL nethanol was added. Thi s product78emnémben200@nl y
about 67% vwaghiMB5% EXAMPLE 15 PREPARATI ON OF 1000 M POLYI

SULFONI C ACID  FROM GLI SSOPAL 1000 To 2000g (2.0 nol) of G'1sSopal 1000

pol yi sobutene (M, 1000 with about 85% nethylvinylidene isoner content) is
added 224.86 g acetic anhydride (2.2 nBXAMBIKE 1686.3 g of sulfuric acid

oS Ly e BRSPS DA sk N T

yield thatzis opRoMPOIWILOBUTENEMTHMORY THANS 0W WWVE
EXAMPLE B ELECTROSPRAY | ONI ZATI ON- MASS SPECTRUM OF SUL

POLYI SOBUTENE W TH LESS THAN 20% METHYCONNMHNDENE =~ CONTENT Figure 2 shows

rom Hvi &5 (po y BERESL G TBE Bedbiay s ind s Spores b datiene ¢
romH vis pol y
content). ghesgpfid 4EGESROBRssapATSI50 ¢HilAutdRiviRt grdhest thhd BS%q:HeﬂﬁMwﬂxyﬁHé&C ul ar

ions that are separated by 14 daltons. This indicates that
pol yi sobut &neisepier epnitenth cThe speetrura rslnqm asmnbpular wzghmmbﬁtxmmﬂa @iBeculi0

etc. is Oneyg S, 10%9 Ithaﬁ §reasef)nara¥11e3' E? ng aﬁ: 'I%ls mdlca s thate tﬁ-ne pblyxsogutene sulfonic

9  acid is a mixture of Cyz, Ci4, Cyy, etc., isomérs (ie., the ions are multiples of four

10 carbon atoms).
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17 Septenmber 2004 WO 01/70830 PCT/ US01/08345 1 EXAMPLE 16 2 ELECTROSPRAY

| ONI ZATI ON- MASS SPECTRUM OF SULFONI C ACID 3 FROM POLYI $98LENr Whodd MORE
THAN 20% METHYLVI NYLIDENE 4 CONTENT 5 Figure 1 shows the el ectrospray

i oni zati on mass spectrum of a pol ybutene 6 sulfonic acid from dissopal 550
(pol ybut eneClvAiMs: gr eat er t han 85% net hyl vinyl i dene 7 i somer content). The
spectrum shows a nol ecul ar weight distribution with nolecular 8 ions that
are separated by 56 daltons. This indicates that the polyi sobutene sulfonic
9 acid is d.m xtApdyiedbufehd, sulidic adiEQ&m)pBilﬁon canfoisiRg & n{iktu.of pblbﬁoﬁmsl are

mul tiples of four f 10 Qggb d38> é?t te r 2004 .CL Ng t#

pol yi sobut enyl H‘l FONT LS AT E OB EA B ?Fg“g’l"ﬂi"% #rgcoran

pol yi sobut enyl Iﬁﬂéﬁ@mmCMBMQﬂﬁnﬂﬁkmwaﬁlﬂmﬁﬂkﬁlﬁ&mﬁwre of pol yi sobut enes
conprising greater than 20 5 nole percent of al kyl vinylidene and

1, 1-dial kyl isomers. 2. The conposition of claim1 wherein the m xture of
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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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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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