1 | MPROVED PROCESS FOR THE PREPARATI ON OF 2 STABI LI ZED POLYALKENYL
SULFONIC ACIDS 3 4 BACKGROUND OF THE INVENTION 5 6 Field of the Invention
7 8 Sul fonates are a class of chem cals used in household, industrial, and
9 institutional cleaning applications; personal care and agricultural
products; 10 netal working fluids; industrial processes; enulsifying
agents; corrosion 11 inhibitors and as additives in lubricating oils. Sone

of the desirable prdMPROYED PROCESS FORATHE PREPAFATION @F i cating oi |
applications include their | ow cost ' wat er tol erance,

13 conpatibility,
corrosi of i nhi bi tion, SABLIGEDROLYAHNENY lsfu*-’r:p(w&cﬁﬁcfcp%perties, hi gh
tenperataire stability, rust performance, and light color. 15 16 Sul fonates
used in Tubricating oil applications have been-classified as either 17
neutral ,41 ow overbased (LCBACKEROUWNBDF AHBINVEBI¢ONased (HOB) 18
sulfonatés. 19 20 In the past, lubricating oil sulfonates, called natural
sul fonat'¢s, were nade as 21 a by-product of white oil and process oil
productign. Mre recently, due teidilB&simLiifgnkibg for higher utilization of
raw materials and hence i npr oved‘mm'—%%" : sypt hetic sul fonates,
derived Trom al kyl aromatic feedstocks, have increased 24 in use.

Unfortunate synt hetic ,sul fonates can have inferior perfgrmnce 25
propert s SUIBEYES &6 claet af SR FaRares e Beo  ind S AR or -
econom ol irditMichBl EleBHINGUPHIBatOh; beh&S A BRSO 8Rd lé"gﬁ@@l'tﬁﬁa?%rd&'b%;' | ke
natural sulfonates is 277an area of continuing research. 28 29
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acids is -1
13 compatibility, water tolerance, corrosion inhibition, emuision 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 In the past, lubricating oil sulfonates, calied natural sulfonates, were made as
21 a by-product of white oil and process oil production. More recently, due to the
22  desire for higher utilization of raw materials and hence improved economics,
23  synthetic sulfonates, derived from alkyl aromatic feedstocks, have increased
24  inuse. Unfortunately, synthetic sulfonates can have inferior performance

25 properties compared to natural sulfonates and thus the search for economical
26  viable sulfonates with performance properties more like natural sulfonates is
27  an area of continuing research.

28 |

29 Polyalkenyl sulionates are a class of sulfonates that have desirable

30 performance properties in lubricating oil applications. One of the most

31  commonly employed sulfonation technologies utilizes a mixture of sulfur

32 trioxide SOjand air (SOs/Air). The production of polyalkenyl sulfonic acids is

-



1 nost econom cally achi eved by sul fonating a pol yal kene with SO3 gas in a
2 gas/liquid reaction. Wien a polyal kene reacts with sulfur trioxide (SO3)
ina 3 gas/liquid reaction, undesirable side reactions occur that reduce

the quality 4 and quantity of the desired polyal 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) the formation of

sul t one gol ; )l 7§ or ' ( ight
ol yal kenyl T FEonaRfaifachiiedby SRR £bol BEhoTRIE St Hacl < uat i on
of the pdlyaghkkaiquid actioni WWiaen d lyakevesraduts witblsdlifof tridxidel804)dd a

pol yal kepyl sulfonjc agid, as does the formtion 10 of sultones. The
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undesi rabl e j : | Ll al j ' may
o over based e BUPLTIRE detiicOdyaRotA sulbHe dok). THAPRIALRSS HAmaty

af or enendi osite mwactionathadmecuhowst predaminentlyi(d) theofiegraldation of thd ds results

ina 14.low yield of the sulf e product., 1 16 _An | npr.ov ocess for
broduci rf poepiamiend puliciie 3 ARG BIRAS o1 ionbrmORe L AR IS de
gas/liquyd reacdticnef I%é?hdﬂ@&ﬂ@ﬁﬁé@h‘t?_@ly@ﬁ@’n@ﬂﬁﬁlf@ﬁb memetftams 18 of the
pol yal kene sulfonic acid and the formati on of "sultones and 19 fragnentati on

pr oduct s8 andragmssitatioreeadienpoilyigl dasigdation ebhed>adya!seny! satferic ack® has now

reducti on ofoTeadevidd el aUSREHS kbR s RGP GBS His I tTdiBrue g
sul f oni ¢0 aciofl sashddEeT e faghiehtaticiolthePoivaRenyl euifehicaitid Aole@llé as an
increase in the quantity of the resulti ng@Z_S sul fonates prepared_ fromthe

pol yal k&hy! regHltsgpiundssirable shorbghairad spfienis acists. t Yeualy, spenigacidsyg 29
Harri sop, et Lscl hod of making 30
harrisog,e n‘zél}i be Uv&bﬁ%ﬁé?@rﬁ%m@uﬂﬂaﬁ@ﬁg'r'nsés:%’%gl forlfkg Nod of making

pol yal kenyl ona he poly nic acid is derived
froma 131 aforenrentiohep@pplititiorss howeper, s oy gekladfesulfondnadifs nedidtsparacent
al kyl ?,2 Vi ? vl/iy%?(?(e)fﬁl%dsullfo%_actié %I’gc}/ulct.i sonmers and a nethod for making the
sane.
15
16  An improved process for producing polya'ikenyl sulfonic acids in a polyalkene-
17  sulfur trioxide gas/liquid reaction, which decreases the degradation reactions
18  of the polyalkene sulfonic acid and the formation of sultones and
19 fragme'ntation products and stabilizes the polyalkenyl sulfonic acid product,
20 has now been discovered.
21
22  An advantage of this improved process 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 quantity of the resulting
25 sulfonates prepared from the polyalkenyl sulfonic acid.
26
27 Description of the Related Art
28 '
- 29 Harrison et al., U.S. Patent No. 6,410,491, disclose a method of making

30 polyalkenyl sulfonates wherein the polyalkenyl! sulfonic acid is derived from a

31  mixture of polyalkenes comprising greater than 20 mole percent alkyl

32 vinylidene and 1,1-diatkyl isomers and a method for making the same.
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1 Le Coent, U. S. Patent No. 4,764,295, discloses non-foam ng detergent-

di spersant additives and the nethod of making such additives from3

al karyl sul fonates of alkaline earth netals. f 4- 5 Alcock et at., U.S.
Patent No. 5,789,615, disclose a nethod of making 6 sulfonates by addi ng
sulfonic acid to a dispersion of basic hydroxide or oxide 7 in a
water/diluent mxture to forma reaction m xture. Sulfonic acid is added in

8 stagesq durUermoéﬁteusapéﬂeﬁﬂ NoO 417540086 ftir&ch@sé@ﬁbﬁ#éé/mﬁfg dderggqct i on
mxture. 9 10 Karl et aL, U. S. Pat ent’ No. 3 849 sclose a net hod of

maki ng a2kemi)apersant aLixirtmsmvaﬂl@snbwqde@dnahggsypb@metn@sfmmene pol ymers
- havin v ht of about 250-500 with gaseous
sul fugrJ gﬂ%‘r@'@ ﬁé@%ﬁ?ﬁé%wpr?%%bﬁépg\@%t ic reactors. A two- stageg

neutrall4at|on of the sulfonation product with 14 amonia or sodi um
hydroxide is used to reduce sultone content and increase 15 the sulfonate

in the neut Ad¢eckertf gl dligcPatend Noy D, F88.6 15 disclopa ednethqst ofynakisdoi s,

di scl oseg a f
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havi ng an aweaa@erfdl!mﬂkmmtmeﬁgﬁmoé ré8&tidromixtR0 SlZiﬁ)rDalabimls afdliedZﬁ The
Rel ated Art, Harrison et U S. Patent No..6, 4 491; lLe Cpent, U S. 23
Patent No. 213088 g “SﬂedSé‘Rt'fEl toamamt@}néherbaseqw q]ﬁ&he EEONgBIURar | | et

al ., 249U. S. Patent No. 3,954, 849; and Rath, U S. Patent No. 5, 408, 018,
are herern 25 incorporated by reference. .26 27 SUWARY OF THE | NVENTI ON

28 29 The pd@ﬂeat al. éhiRaientMoy3 864,849, diseiasesa metiood f niakingrakeny

~pol yal k 30 sul fonic,.acids and th corr g_{?& overb sed sul fonat es.
e of by uIaaiEs sy dBatinipnsds arfunsrepabater AR ARG
sul foni gpac 'n%lEéfular weight of about 250-500 with gaseous sulfur trioxide in falling-film

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
16  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 containing more than 80 mole percent terminal

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

21

22 The Related Art, Harrison et al., U.S. Patent No. 6,410,491; Le Coent, U.S.
23 Patent No. 4,764,295; Alcock et al., U.S. Patent No. 5,789,615; Karll.et al.,
24 U.S. Patent No. 3,954,849; and Rath, U.S. Patent No. 5,408,018, are herein
25  incorporated by reference.

26

27 SUMMARY OF THE INVENTION

28 |

29  The present invention provides an improved process for making polyalkenyl

30 sulfonic acids and the corresponding overbased sulfonates. The improved

31 process increases the yield of long-chain polyalkenyl sulfonic acid by



1 stabilizing the polyal kenyl sulfonic acids and decreasing the anmount of
sultone 2 formation and fragnentation reactions. 3 4 Accordingly, in one
aspect, the present invention is directed to a process for 5 naking a
stabilized pol yal kenyl sulfonic acid conprising: 6 7 (a) reacting a

pol yal kene with SC3 in a first reaction vessel; and 8 9 (b) stabilizing
the product of step (a) by neutralizing with a neutralizing 10 agent as the
product of stayiifiag tiexpolyalieayl sulfthic a6at iapd MRsMing itk Bfiovht bpsulfb%eor
concurrently with entering a second vessel for further reaction or

st or age, 2whdPEnafigNeand Hromentalorndeaghans.n the absence of anmonia or 13
sodi um hydroxi de and wherein the neutralizing agent is an alkaline earth
14 nmetal hydroxide. 15 16 In another aspect, the present invention is
directed4to Pa:cprcﬁn@lssinfme aspent cthegeresgnialgrtidreirested ond prewisd fod th an
al kal i ne_eart rret al, and e ter |s used as a pronoter. 19 20
BRI EF DE3CRI @B@%@dﬂ@% ,k?@’é%' NG PEd COMIIISAS the % Ca as Sul fonate
and % Sugfuric AC| d levels determned 23 by the Cyclohexylanmne titration
met hod for an unstabilized PIB sulfonic acid 24 prepared by the S03/Air
sul fonat7on(af Baacting ®Ppalyatkeaefwitic SQarin @ first remciibe wves@d; ahdred at 40C
(104F). 26 27 Figure 2 depicts the % Ca Sul fonate determ ned by the

Hyam ne titration 28 method of an unstabilized PIB sulfonic acid stored at
40C (104¢) aE4Bili freABfod I ul fonat e
(det érm ned b}j t he ZQ{ggm ne ti Pfg‘tgflsc}éﬂ) (E&Eyn%uﬁaﬁlﬁﬁ%%tg ‘E‘Bﬁ%ﬁJ Ic%r?\?%s acid

pr epar e#0 by sog,agpﬂt asitheopepdushof silepdw)aex&tﬁ/thezfrst reaction vessel and prior to

11 or concurrently with entering a second vessel for further reaction or —
12 storage, wherein neutralization occurs in the absence of ammonia or

13 sodium hydroxide and wherein the neutralizing agent is an alkaline earth

14 metal hydroxide.

15

16 In another aspect,‘the present invention is directed to a process for
17  overbasing polyalkenyl suffonic acid with an alkaline earth metal and wherein
18 wateris used as a promoter.
19
20 BRIEF DESCRIPTION OF DRAWINGS
21
22  Figure 1 depicts the % Ca as Sulfonate and % Sulfuric Acid levels determined

23 by the Cyclohexylamine titration method for an unstabilized PiB sulfonic acid
24  prepared by the SO3/Air sulfonation of 550 MW PIB as a function of time when
25  stored at 40°C (104°F).

26 _

27  Figure 2 depicts the % Ca Sulfonate determined by the Hyamine titration

28 .method of an unstabilized PIB sulfonic acid stored at 40°C (104°F) and 60°C
29 (140°F).

30

31  Figure 3 depicts the % Ca Sq[fonate (determined by the Hyamine titration

32  method) for PIB Sulfonic acid prepared by SOz/Air sulfonation followed by

4-



1 stabilization of the PIB sulfonic acid by neutralization (with |ine
slurry) as a 2 function of tinme when stored at 40C (104F) and 60C (140F).
3 4 Figure 4 depicts the negative ion el ectrospray mass spectrum (ESVS) of
an 5 unstabilized 550 MW pol yi sobutene sul fonic acid produced by S03/Air 6
.sulfonation. 7 8 Figure 5 depicts the negative ion el ectrospray nass
spectrum (ESM5) of a 9 550 MW PIB sulfonic acid stabilized by

tralizat i i e | 12 |
DESOR: P o PP RN O Sifghie id Py el Biatiop il LRSS e ¢ a1
st at ed oRherfunctimn ¢fitené alicovétored atr465 Of1104° Rpared 60X {640°6W ng 17 neani ng:

18 19 "PIB" - Polyisobutene having a nunber average nol ecul ar wei ght of
from 20%¥about 300 to about 1000 unless otherwi se stated. 21 22 "% Ca as

Sul f onat g" i t i At atd } hial i 23
referr edgt o] Fzgslﬂ?htga lgf\%ﬁgg(/nye%dg\?ﬁ&%tééd}?&e&!ﬁ??@rg&hﬁiﬁ%ﬁtmﬁ?gﬁﬁg f,cb%:'lf d" is

det er mi nbd pstatilized TH0 V&V pyhtisebuiend pulfenit ateogpmidyced bgS@dAErred to as

t he Wclﬁhe@ham ne Titration. 27 28 "% Ca Sul fonate" is determ ned by
titratioh usl Sn?W‘anal ytical technique 29 referred to as the Hyamine
Titratiop. 30 31 "% Hyam ne Actives" or "% Hyam ne Active Techni que (HAT)"
is determned 32 by titration using the analytical technigue referred to
as t he |-§amﬁi@.mpi5 depictsthe-rezgative 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
22  “% Ca as Sulfonate” is determined by titration using the analytical technique
23 referred to as the Cyclohexylamine Titration.
24
25  “% Sulfonic Acid” is determined by titration using the analytical technique
26 referred to as the Cyclohexylamine Titration. )
27
28 "% Ca Sulfonate” is determined by titration using the analytical technique
29  referred to as the Hyamine Titration.
30 |
31 “% Hyamine Actives” or “% Hyamine Active Technique (HATY" is determined

32 by titration using the analytical technique referred to as the Hyamine Titration.
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1 "Low overbased" --- TBN from about O to about 100. 2 3 "Modderate

over based” - TBN from about 101 to about 250. 4 5 "H gh overbased” - TBN
from about 251 to about 400. 6 7 "Hi gh high overbased" - TBN greater than
about 400. 8 9 "TBN' is an analytical titration neasurenent and refers to
Total Base Nunber 10 and equals the nilliequivalents of KOH per gr am of
sanple being titrated. 11 12 The term "al kyl vinylidene isoner"” refers to a
formul a of t« re Rl and R2 are al kyl
groups. Q E@wﬁ%&#@%ﬁ%ﬁnnéﬁﬁ“%éwﬁéﬁ?ﬁﬁégéé?%gﬁﬂﬁﬁ refers to the structure
above thre RlL or 19 R is nethyl 20 21 The term™"1,1-dialkyl isomer"

Ri and /3 arboerg ested 2o o abR O TOBbARZBRy | | somer® refers to

the strugture above wherel n R4 and 28 Rs are nethyl. 29 -6 1 The term
"degree of neutralization" refers to the nunber of nole equivalents
5 "High overbased” — TBN from about 251 to about 400.

“High high overbased” — TBN greater than about 400.

O 00 N D

“TBN” is an analytical titration measurement and refers to Total Base Number

10  and equals the milliequivalents of KOH per gram of sample being titratéd.

12 The term “alkylvinylidene isomer” refers to a formula of the structure:

13
RI/U\RZ

14
15

16  where Ry and R; are alkyl groups.
17
18  The term “methyl vinylidene isomer” refers to the structure above where Rq or
19 Rais methyl.
20
- 21 The term “1,1-dialkyl isomer” refers to a formula of the structure:
22

R—3\)’\
23 Rs

24

25 wherein R3, Ry and Rs are alkyl groups. -

26

27  The term “1,1-dimethyl isomer” refers to the structure above wherein R4 and
28 Rsare methyl. '

29



2 of the neutralizing agent divided by the nunber of noles of acid tines
100. 3 4 Sulfonation 5 6 The pol yal kenyl sulfonic acid product of the
present invention is stable to 7 degradation with tinme and tenperature and
al so contains a small amount of 8 sultones and a decreased anmount of
fragmentati on products which would '9 normally formduring SG3/air

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

m xture of e oRt-Ter o R ' ' 1 -

pol yal koe, "ol BhfSB¥urcbe ARk RSO (Bl W AliBer of lCEqTERRL: | <o
| ower noRecwfdine neughlizing agemidiaded hbythe duntiseradf nhdles jpbd byl tkmey 10013

sul fonic_acids. In accordance with the present invention, decreased anounts
14 of suPtones and fragnentation products can be achieved by stabilizing
the 15 rgactd,pynRkigquct of the pol yal kene and SG3 reaction by neutralizing
the 16 product as It exits a first reaction vessel and prior to or
concurrehtly with 17 entering a second vessel which is used for further

1 t At 18 | t fol | ow t in th
et O bR BB B A R °5r,
opt i mum pul foeRRbAR oA ieCsfd tenfferdirttnalsd eop@ineh sA Jmsawidrck, and

addi ng carboxylic acid to the 21 pol yal kene feedstock. 22 23 In the
present 8nvenitpoes apdiadewgaserbamounpotliagmentationguoduedmvdictosoyldefins 24

55 r bact Pon NAPRIGHTT AT SchArSuicliafioht: T3l 3he b ficiar e eact fon
that ocegr s présegtiibsitionsis & raRkhire B PesyAKarSE8Gifdife Bcid, alfliiidgeifli | m react or)

or in a batch process. 27 The reaction of agj:xyal kene with sul fur trioxide
may be d4r rireeovsied pelyalianen sultones, endtsulfyr Wspdde nbhg mirues alsebl y, the

reacti op,of ' L0l 0xi .S ' acting
2 xt o2 o IEReE RDidr el FairiEptelipn PlodGaS T s BoRaREKE "5l i)
vinyl i d¢de anifodicladidsl kydcoosdameswith tHe present bwenfiodecrédseaef ambents
follow ng: sulfur trioxide and air, sulfur trioxjde hg)drates, sul fur

trioxi dd¥ 321 sHiipRecang lagmentatian pipdiiptssandze achieved omstabilang 8 1 ur
: ; : 8?: g?ggg@g@g}(rf%rogégé?ﬁgg}ﬂpmnea&ﬁ& B0, 54hER oy AclirkfizihGued sul fur
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 least one of the following steps in the process of making polyalkenyl sulfonic
19  acid may be additionally employed: using optimum sulfonation conditions,
20  diluting the polyalkene feedstock, and adding carboxylic acid to the
21  polyalkene feedstock.
22
23 Inthe present invention, polyalkylenés, typically derived from C2-Cg olefins
24 and preferably polyisobutene (PIB), are the starting materials used for the
25 reaction with sulfur trioxide. The reaction is a gas-liquid reaction that occurs
286  eitherin a continuous process (e.g., falling 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 sulfur trioxide is
29 accomplished by reacting a mixture of polyalkenes comprising greater than
36 20 mole percent alkyl vinylidene and 1,1-dialkyl isomers with a source of one
31  of the following: sulfur trioxide and air, sulfur trioxide hydrates, sulfur trioxide

32  amine complexes, sulfur trioxide ether complexes, sulfur trioxide phosphate .
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2' acid, alkyl sulfates or chlorosulfonic acid. Mre preferably, the

m xture of 3 pol yal kenes conpri ses pol yi sobutenes havi ng a nunber average
nol ecul ar 4 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. Most preferred are polyi sobutenes
havi ng a nethyl vinylidene 7 content of greater than 20% preferably greater

than 50% af&@n’iméx’ésﬁ aREBA gnwétbgagﬁmir@bfbbwrt?aﬁmem dcdliEgd, aNahAge

mol ecul ar wei ght of 9 prefera about 350 to about 600 and even nore

pref er abPy asshialigheulfaies o calmmsulﬁmc agid. Mene, prefegabiyathenmiriure of 4]98 018,
whi ch
M Fls ohe PoBpuedlics sobliordsb o RBBulbE hald Bulbet SVakRICplbeNlE 71 ShF e

process #or wvidightnsfedaout BOO tobpat YOG® prefnaisly tdhatit eomtaebouﬂﬂs@rrﬁ@teer t han
80 nol e gercent termnal vinylidene groups. 15 16 Thebi)ol yal kenes,

pref er abPy dERieiRRlY APEHE X tpabpuk a"@sﬁé’@r‘tfﬁoﬁﬁﬁ'@é‘?'@ yhabout B56Hoy al keny!
Sl o ot S BuSAL o U Sl AR 8085 FOH o™ S50

wei ght o about S are
derived Trormhtamk)fgrée&erethanrﬁﬂ%rpreterab[yegreeténthannéﬂ"/araw@yﬂneree butyl enes,

20 pentepe and. hexene. .M fera t he al kene pol but ene
(PI B). 1 'Pﬁ%feéﬁfflgl"%ﬁ'é{h@ﬂp;nqe %t ﬁ?‘ga&”rﬁ%?yé)l Ql‘ég"c’q%%ﬁr ‘&’@'%‘6!0% sobut ene,
pref er abhy FRTPEbBEE3SH RFhGOUL RNk 0Bk EferabITRIBUPSSH £ 801 Y
greater tha ??50 rm e percent,uan ?ms? prg}eréﬁ y %r te}J ?’ﬁg?\d?o nol e
per cent 1@l kygbodtt5%d.nyl i dene and 1, 1-di al kyl isomers. The preferred

al kyl vinylidene isomer is a 25 nethyl vinylidene isoner and the preferred

1,1-diakyl isoner is a 1,1-dinmethyl 26 isomer. 27 28 Wen pol yi sobut ene
havi ng &1 rmll%atb,eld;&rﬂatetﬁt 4ok 108|018, wikcteisaned ﬂ)n]AphIaIBL(yQQS,Z&d whivkvis

JUl fonatés. MAAPIHSHEL BY Sotelrtarin 1 P Huana oS ;%“c'séi’qr}'pﬁ ﬁér'e?jioSLct has
e S
ot her w4 ds gr¢aiestha21 Smm!@p%aﬁnttebrmup@lwmdldbne@nw;mul fonl c aci ds or
sul fona]igs in the nol ecul ar

16 The polyalkenes, preferably derived from C2-Cg olefins, used to prepare the

17  polyalkenyl sulfonic 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 polyalkene is polyisobutene (PIB).

21 The polyalkene or mixture of polyalkenes, such as polyisobutene, preferably

22  comprises greater than 20 mole percent, more preferably greater than

23 50 mole percent, and most preferably greater than 70 mole percent alkyl

24  vinylidene and 1,1-dialkyl isomers. The preferred alkylvinylidene isomer is a

25 - methyl vinylidene isomer and the preferred 1,1-diakyt isomer is a 1,1-dimethyl

26  isomer.

27

28 When polyisobutené having a mole percent 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 product has at

31 least 80% of the polyisobutenyl sulfonic acids or sulfonates whose molecular



3 weight distribution of the sulfonic acids or sulfonates contain a total
nunmber of 4 carbon atons that is not evenly divisible by four. Preferably,
the 5 pol yi sobutenyl sulfonic acids prepared by the process of the present
i nvention 6 have nol ecul ar wei ghts which are separated by even multiples
of 56 daltons. 7 8 The reaction of the polyal kene, such as polyi sobut ene,
and sulfur trioxide may 9 occur in either a reaction vessel, such as a

failing §i| wdighetae spafatbabyevih mempled of 58 dAIRIRY NAGIRGURERIOTesEB i S
t he product resulti nfg romreacting an 11 internedi ate_ product, SO2, with
air over2a dhamP0% of the paldsekutenylavifopinacds ar sulfamtesin thegmplacwiareact or,

pol i sobtt e §EEEHAn B it SoriC apilf oF sERGNAER Sopflifya o et "

di stri bugi oadborpatoms thzisnet @}ém»maivfsﬁmelm?tfbuﬁfPi‘efé@muyﬁﬁ@t acting with SC3
and 15 renoval of -the heat of reaction, If the reaction occurs in a batch
react or , 016 RSBYiseidsnylswtonis aeidgpepaned Ry Suspiacesh ©f e peaseat tivestioni n a

vessel er ; It | @?@ ; k ERCake Al
controIY\?ng%ra é’g?[’?%éu{’"gg&%é@at?ﬁ‘?g%ﬁ 5%11%@@&}%%% eréia{@éﬂ?géﬂgp%&h?‘s a

m xture Bf sulfur trioxide and air. 19 20 Wien used herein, the term

"pol yi soput ene” or ."PIB' is used as an exanple of 21 the po]yal kene

ool ByedS n Tegegeiion ot the RkaIkenS. 5 S0 Hsahuery 3R AUHET boxidemgyesent
I nventi og, | \d ' er average
ol ccul af wath MR SCBLRGTVotost M L RS i poRbr O LB e
source @ suedcior.t Aiprfatedsarce of &€y the praductlrasultiteg frdimeremeting aon

ffl t ai ni ' f. PI B | f onj ' 27 | furic. acid,
Fecover b pimerNGHEre Aelich! S60= Ruirua oRpes Sl & heiraeciomothitifes and
sul fur 431 OthifiRg fFAREAEILE Dol sdiRABhe RYBACRI] WD SR in!RERRERGSS air 29 The

quantity of sulfonic acid decreases and the quantity of sultones, which 30

conpri sé8 awheredhe polyisphulenaisdiistdbuted avasusface reratieslm3This The
enct oot RuttTorih BEBRUER PRt K RCREL RSP BRSO 2,
fol | ow mg stremeiur6f thbdicat Bf icactiba. Mahekuatim d&iurs irfta batch reactor, ‘
16 polyisobutene is reacted with SO; in the presence of air in a vessel where the
17  rate of addition of the SOj3 is more critical in controlling reaction temperatures.
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 invention.
22
23  In one embodiment of the present invention, polyalkene, preferably
24  polyisobutene, havihg a number average molecular weight of from about 300
25 to about 1000, is reacted with a source of sulfur trioxide under reactive
26 conditions. 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 sulfonic acid decreases and the quantity of sultones, which
30 comprises a mixture of gamma and delta isomers, increases.
31



5 6 1 7 This product can be characterized by 'H and 13C NVR spectroscopy.
The 8 chem cal shifts for the PIB sulfonic acid | (dissolved in CDCI3) are
assigned 9 as follows: "H NVWR, 5.58 ppm(singlet, 1 H vinyl proton HA),
3.71 ppm 10 (singlet, 2H protons on carbon atom Cl al pha to the SO3H
group), 1.94 ppm 11 (singlet, 3H, nethyl protons on carbon C4); 13C NWVR
120.0 ppm (ol efin 12 carbon C2), 147.1 ppm (ol efin carbon C3), 63.8 ppm
(carbon €1 wr@h@atﬂoﬁ bﬁplaantﬁ@djg FoRbs a'\f‘nﬂ&ureaéﬂ?H;gﬁsﬁanPIBté‘uﬁan' B

sulfonic acids of different 14 structures may al so present 1n the
m xture. 2 18cks, ﬂila siiipees|and mepyeredd?is: rTMIPiB)ﬁUﬁ@TIICtaﬁ)EiSFﬂIEBfesﬁhISfom c acid

1 can beql7 su able t echni que such as
negatlve3|oﬁ&ﬂﬁﬁﬁgﬁ ?#%%g&%@é?%ﬁﬁﬁ%?%ﬁ&”%ﬁk%{ pectronetry. 19 20 Two PIB
sul tones4have been identified in the reaction product of PIB wth 503. 21
These are a gamma sultone 2 and a delta sultone 3, which have the follow ng
22 structures: 23 1 2. 2 Ganma Sultonel3 Delta Sultone 3 4 These products
can be characterized by 'H and 13C N ectrDscopy The 5 chemical shifts
for the gamma sultone 2 can be 0 "HNVR, 6 4.40 ppm
(multiplet, 1 H HA), 1.60 ppmr t,12H, protons on C4). 7 '3C NVR;
84.18 ppm (carbon C3 next to the'0 aton), @33 21 ppm (carbon C° 8 next to
SO2 group). The chem cal shifts for the dekta sultone 3 can be 9 assigned
as follows: "HNWR 4.50 ppm (1 H, triplet, J=3.9 Hz, HB), 3.00 and 10
2.90 ppm (2H, nultlplet protons on caggen C5 next to the SQ2), 2.28 ppm (1
H 11 n@ltiplet, He proton on carbon 13C NMR, 90. 04 ppm (carbon C8
next to g

7  This product can be characterized by 'H and "*C NMR spectroscopy. The
8 chemical shifts for the PIB suifonic acid 1 (dissolved in CDCly) are assigned
9 asfollows: *H NMR; 5.58 ppm (singlet, 1H, vinyl proton Hp), 3.71 ppm
10 (singlet, 2H, protons on carbon atom C; alpha to the SOsH group), 1.94 ppm |
11 (singlet, 3H, methyl protons on carbon C4); °C NMR; 120.0 ppm {olefin
12 carbon C3), 147.1 ppm (olefin carbon C;), 63.8 ppm (carbon C, alpha to the
13 SOszH group). Minor amounts of other PIB sulfonic acids of different
14 structures may also be present in the mixture.
15
16 The molecular weight distribution for the PIB suifonic acid 1 can be
17 - conveniently determined by any suitable technique such as negative ion
18  electrospray ionization mass spectrometry.
19
20 Two PIB sultones have been identified in the reaction product of PIB with SOa.
21 These are a gamma sultone 2 and a delta sultone 3. which have the following
22  structures:
23
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12 the oxygen atom), 50.82 ppm (carbon C5 next to SO2 group). M nor anounts
13 of other PIB sultones may al so be present in the mxture. 14 15 The

rel ati ve amounts of PIB sulfonic acid, PIB sultone, and recovered PIB in

16 the PIB sulfonic acid m xture depends on the reaction conditions used
during 17 the sulfonation of the PIB with SC3. |nportant process
paraneters include the 18 feed tenperature, the S03/PIB CVR, the fl ow
rates, the residence tinme and/1 pace velocity, the reactor,tenperature,
the viscosity of the i S,
and the presence
Surprisingly, tR S \C_&HDds were found b r&| sens
t enperature than ot her sul fonPc aci ds such as a kyl benzeneOsul
At 25 elevated tenperatures, the PIB sulfonic acids react £582f or m
recovered PIB and 26 sulfuric acid, fragnent to, |ower nolecul ar weight
PI B sul fonic acids, and 27 rearrange to PIB sultones. It is inportant to
optim zeqthe inportant progess -11 | paraneters |isted abdve in order to

i ncrease,the total yield of PIB sulfonic acid 2 in the mxture 3 4 To

i ncrease?t he sul foni c pagioneand to decrease t hdejihvitene of sul t ones
in 5 thg product, the reaction effluent is stabilized with a neutralizing
agent as the 6 reaction product exits a first reaction vessel (that is,

t he sul f énatliheserpraduats can beastracietized bydH amh &0 NMR spevirdstopyt eftieng a

o B L Lot A B i s T
b d aulfi | i b d
overbaseg defsy ﬁ?ﬁi @nulfigiet, GIW{WAZ)??] gﬁ@ a%ﬂe}ﬁgﬁﬂtﬁ)lé}f .’ZFI'R gfbltoﬁg oﬂ‘rf‘f%ﬂ ase

det ergent. %re erred neutrali IsTan a ne earth nmetal 11
hydr oxi dé. SINIREB41 8P (carbon iyt neatt ita thegOaatent), 63.2d gdprn earbyd i de. | f

12 the PLB nke acid.is.not. neutral.jzed,. th the regction effluent,
wnich 15 conpt foaf: Bty g neial it B tne ala sGanparear e
recovered PlaBsighédsis! fonses:, "RMNMRULTISY %prhi(emi, HpletC 9BB IS SHE 0 3RRSHd

resul ti ng in increased sultones 15 and fragnentation of the pol yl sobutene
sul f oni 80aci2B0 Reix (241, imultiglet, msotons quncearbes CGesiaxt to Hw/86,), 1228 abivi (i, fi | m

react or 4 9r et oI YRR B AHRA £Y). B iRR 90BHE bom (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 PI'B in
16  the PIB sulfonic acid mixture depehds on the reection conditions used during
17 the sulfonation of the PIB with SO;. Important process parameters include the
18 feed temperature, the SO4/PIB CMR, the flow rates, the residence time and

. 19 space velocity, the reactor temperature, the viscosity of the feed, the film
20  thickness, the amount of diluent, and the presence of added modifiers, such
21  as carboxylic acid. '
22
23  Surprisingly, the PIB sulfonic acids were found to be more sensitive to
24 temperature than other sulfonic acids such as alkylbenzene sulfonic acids. At
25  elevated temperatures, the PIB sulfonic acids react to form recovered PIB and
26  sulfuric acid, fragment to lower molecular weight PIB sulfonic acids, and

27  rearrange to PIB sultones. It is important to optiniize the important process

-11-



17 by preventing breakdown of the sulfonic acid and by preventing formation
of 18 sultones. The resultant product typically contains | ess than 10%

sul fones and 19 the percentage of PIB sulfonic acid fragnmentation
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 nost 22 preferably from about 70%to about

190% neut yal i gahhifers Hdted bVl Gakh mnaéa%é@h@%tﬁwaé!de& e sifontt acid
t enper ature of between 20C and 150C, preferably at a tenperature from

50C to 120C indhe misisirepreferably at a tenperature from 25 60C to 90C. The
ti me betwyeen when the PIB sulfonic acid | eaves the first 26 reactor and is
stabiliz&d by neutralization should be between 2 seconds and 27 one hour,

preferabyy bRl ieesastOtheatmdr: i yibit ahdts 8scredbe the Husatity 2isUREne
reaction |tself shoul d take place for a period of tinme from10 mnutes to

29 10 hofr s, thppeeducipthg r@@cmmafﬂégntlé Slzatwbm%mﬂaﬁd\%@dlzwgeamﬂsﬁ a5
~ mnutes %O égcéorp Hdict %%ltsla?:m rééétfo?]t\}e%'gfz{@ﬁ%]tl ze %llfgggﬁ?rife i act erize

sul f oni ¢ "aci and or su acl ds’'s onplete

neut r al i Zat iama pridntotdreonycirehbxwita@nteing Bstcdrichvésyel whidiod uwed fo2) the
Hyam ne titration nethod. The Cycl ghexyl am ne 4 titration nethod is a

pot ent i oftet rHghekigastion ﬁéﬁt%ﬁ%uﬁéﬂa?iﬁé‘%@ﬁﬂ@ﬁg aggntuipridesalisaling TC’H@? cent
Sul f Al
ul'foni cg C'rﬂeta?ﬁgﬁﬁle o<y %\%1&59&% s 6} gx&'ﬁ%e adﬁfadgreﬁe%ﬁ; hggg{;l oy,

acid sanple as re our na o neri can
Vol ume 36, pagebBied daievgntby ﬁeféfaethgaaﬂ‘él:z(n@eé@érﬂ) lslaﬁnlalkaimmnarth ietal

Hyam'netltratlonrre [ rine crretho eterm pes the
per cent 1¢a M@ﬂ%e%& pt'"ﬁfé’r?}g)’-ctgﬁt" ’H% agep \?é‘sa pm tl rapdte 1l ani ne

Acti vesqpec ) f e and is

conpar ag?e !['i gétwhg S%H%dﬁ‘?é&i‘?w g(?ﬂéﬁﬁn}%ﬁ%e%ﬁ?? Lt%rﬂé \Hqgh

Cycl oheAgl amalmnselsraammnrmeﬁ mkﬁjsuimmamdsmIMImacidacredomrddriaBt ially or
neut ral i zed i d 3049 Met hod)

el oneddl el Sand Bk HiGadS OB RRrdder AR ndrepred stones &

sanpl e 15 ra?ﬁiaﬁré’d;rﬂéﬁtéﬁbntd?%é palgls%u{ewe gwroﬁtatacﬂ helvraliving tﬁ@%ﬁ’éﬁhcﬁn' y
nmeasures 16 hi gher nol ecul ar weight (d kyl aromatic and Cl1 4+ al pha

sul f oni d6aciasdt leppesithe iﬁlhrtgwﬁltre@acmgr@aﬁlsctrwou@s the puaality of the preduchl i zed
or full >f7ne%v&eVéﬁﬁ&gre%%dgarﬂaotﬁhg %Uiﬂ%n‘?é acid and by preventing formation of

18  sultones. The resultant product typically contains less than 10% sultones and
19  the percentage of PIB suifonic 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
23 can be carried 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°C to 90°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 reaction itself should take place for a period of time from 10 minutes to
29 10 hours, preferably 30 minutes to 7 hours, and most preferably 45 minutes fo
30 5 hours. '
- 31
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19 20 Figure 1 shows the % Ca as Sul fonate and % Sul furic Acid | evels
determned 21 by the Cyclohexylamne Titration Method for an untreated

PI B sulfonic acid 22 prepared by the S03/Air sul fonation of 550 MWPIB as a
function of time when 23 stored at 400C (1 04'F). The data in Figure 1 is
the average of two sanples. 24 The sanples were stored at roomtenperature
until the thermal stability study 25 was begun. Thereafter, sanples were

mai nt ai ngd gy d-ARRRS t‘f‘ods“a@mééﬂ% ch%r&t?%ﬁ@ﬁﬂﬂ\jﬁéﬁig%raﬁmd%ﬁé%ﬁ%

approximately every 3 days for approxinate I's observed
that the2 polm@o&iabﬁnmi buIpfadml@raoml%muaﬁ!imio&umdhat@ychWmew th

30" 31 PP ouili o8 pislkod BEE AR HEGaRo Gt i COaBRERAFREZE by 1 he

32 Hyanmge Eitﬁaﬁ@ﬁ nftho8 i o@énﬂéﬂ%tﬁ@kﬂétﬁ@&itr%t%@é&fréé"tﬁe Bé#dén?Sﬂ[f@ﬁc at
400G -13 1 (104F) and 60C (140F). The sanples were stored room

t enper at®ir eAczd wereenttSrafonieAaid, petcept Catas %ulimatea@’ldaegldmumb@r@‘a ter,

I
St Tated s SHloRERUESAR0IDEs (RELON S /olBl o AR R GEEReR e Gara i n
Figure 27i SS(ﬁlétpW@\dﬁT@w ige 369 CIRATY) 6y Aty AAsHuUHR ASTM Dr4711The 40C data
is for a 6 550 MWPIB sulfonic acid and the 60C data is for a 450 MWPIB

sul foni 8 7meihed).| The slygpyae titkatiompethetisog calodmetosmeathedthalot h t hese

unst abi l%zege%rﬁﬁ:n §ﬁ“|'g yﬂé’rﬁbﬁ 'Qiﬁfoff%@l%ln#hh%e[g%r%@ﬁfgﬁy%dn“ﬂ ﬂcﬁ\ﬁé’é@&k and then

remmins 9 approxi na const ant rain ures T and 2 show

t hat t ht) poHAT (itydraine Activiesiezhaiyjue) d.eﬂcrvsctaidﬂatbddmrﬁ@ﬁé Ay Casul fonation

i s not y stable and the amount of the desired 13 PIB sulfonic acid
decreasu; W%Eklfjogaaw @thmﬁgleetottgﬁp/erSé{IfQF‘@sA?'QO’@'%@eteM'WCﬁomi .16 By

contreste IO B B Sl OB G ATt o T e
foll owetB by neulrhlizédz suifamic a€idtsaenfhe8(ABTMADi3048dVethibgd).n&her al i zation (with
e 14 Cyclohexylamine titration measures all the sulfonic acids present in a sample
- 15 regardless of their molecular weight. The Hyamine method only measures
16  higher molecular weight (C10+ alkyl aromatic and C14+ alpha sulfonic acids
17  or sulfonates) sulfonic acids or partially neutralized or fully neutralized
18  sulfonate samples.
18
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 SG4fAir sulfonation of 550 MW PIB as a function of time when
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 until the thermal stability study
25 was begun. Thereafter, samples were maintained at temperature in an oven
26 and samples were titrated approximately every 3 days for approximately
. 27 4 weeks. Itis observed that the polyisobutene sulfonic acid % Ca as
28  Sulfonate decreases with time and the % sulfuric acid content increases over
29 a period of weeks. '
30
31  Figure 2 shows a comparison of the % Ca Sulfonate determined by the

32 Hyamine titration method of unstabilized PIB Sulfonic acid stored at 40°C
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19 slurry) as a function of time when stored at 40C (104F) and 60C ( 140F).
20 The sanples were stored at roomtenperature until the thermal stability
study 21 was begun. Thereafter, the sanples were maintained at tenperature
in an 22 oven and sanples were titrated approxinmately every 3 days for up
to 23 approximately seven weeks. The data shown in Figure 3 is the average
of 24 two or nore sanples and the 60C data is for stabilized 450 MV PIB

sul foni c1 23 @4y aaabB0 (1404 dat e bampss whADstora@®dt Ritin MMBbRtedd f oni c
acid. It . is 26 observed that the % Ca Sul fonate of the stabilized PIB

sul f oni c2aciugél therthemaal stabilifymtudy wasdiaguronbheraefien sampleswere 21 days at

40C and {0C__ 28, .29 i L gur e rat es. t he amount of
Pl B sul fgni é‘h%ﬁtlal Idﬁ@%ﬂiﬁ%{%ﬁlﬁ%?@%&ﬁﬁﬁﬁdﬂ%{@%w@aﬁig}agg n stabilized by
neutral i zat izppredmatsedvery13 daysfrnug focatiRiud Sswbéiani Thadath Masignas 2keen

stabilized by neutralization (Isee 32 Figures 1 and 2). -14 1 |f sanples of
PI B sul foni dheaveragesidvesapiplas pt each fampesatwres ihat0tG data igdrear 2 are

not stabg! i zef MBS UlFAIE AbRVSIPHiAE0IALEAS FoHRBBOTIAT BAS sGifGHlcat Toom
4 l&'@# Iatones I'n a fé ?@%g poﬂ% @ﬂ?

3 tenperatures. e su sanple o i sobut ene
sul f oni c7 aciadid. pit &pctisetvdxy thab thes@8CAl Sulfaridte fathaih tiésd bastabiizpd PiBer ei n

bel ow, re isolated by coluym 7 chrqmatography d found to be present at
22.0 wt 9% i nSHRENIG P& ?Pfdiléaeﬁfﬁﬁse%%ﬁhﬂlﬂ BNY@%%IP@TQWWH%O MWV

pol yi sobyt eny QR c85dtdnd S stabilized by 9 neutralization with a slurry
of 1|i rreb?ln O?P&?Jrimegél%?el y ?ol | owi ng SO3/Air 10 sulfonation, the |evel of

sul tone$0i sol ated by chronat ography was 11.7 w% .11 Thus, anot her

2Ll Tonel pr dLEHAtE Y Eibef ArachapednaiRe sl teatins SulifRis A o1 0 A

sul fonagp on f@hﬁédmﬁwmhagﬁhtié Abt #RfrinNly SfatidanBltRe S i tﬁ&HQsiYéHhC h 14

I ncreases the anobunt of PIB sulfonic acid in the sanple. 15 16 Another
aspect b3 t B sulferintacichdesrenses whea glorsckalynoderatakemperatgres{d0fGand 17
pol yi soﬁ‘gte%r__(? | fonic acid product having reduced amounts of fragnentation
18 producCts. 'gure 4 shows the negative ion electrospray nmass spectrum

15

16 By contrast, Figure 3 shows the % Ca Sulfonate (determined by the Hyamine
17 titration method) for PIB Sulfonic acid prepared by SOa/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
22 oven and 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 the 40°C data is for stabilized 550 MW PIB sulfonic acid. ltis

- 26  observed that the % Ca Sulfonate of the stabilized PIB sulfonic acids remains
27  approximately constant for at least 21 days at 40°C and 60°C.
28 |
29  Accordingly, Figure 3 demonstrates that the amount of PIB sulfonic acid is
30 more stable when the sample has been stabilized by neutralization compared
31 to when the PIB sulfonic acid has not been stabilized by neutralization (see
32 Figures 1 and 2). ‘
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19 (ESM5) of an unstabilized 550 MW pol yi sobutene sul fonic acid produced by
20 S03/Air sulfonation. The peak at W 190 is the C8 sulfonic acid and the
peak 21 at W 247 is the Cl2 sulfonic acid. The C8 and Cl12 sul fonic acids
result from 22 fragnentation reactions. Figure 5 shows the ESM5 of a 550
MNV PIB sulfonic 23 acid stabilized by neutralization wwth a slurry of line
in oil. The PIB sulfonic 24 acid in Figure 5 was produced by S03/Air

sul f onat § onjf SpApRS 'O'FPIB_'sﬂ%ﬁi% atid Br"%p’%\?@d 5y smfahad.cbrzwith%lfaf tﬁdiﬁjé?é#"

sul fonic acid by neutralization results in"lower 26 anmounts of the C8 and
Cl2 PIB %ul aoean@t slebilizedhthersulioaefierate dabynaazase agnarstmagareweeaaitmoms 28
29 Tabl §%ﬂn§%FZ§§ the results obtained by ESM5 anal ysis of several 30
550 MW B T3 ds produced by S03/Air sulfonation stabilized by 31
neutraligation with a lime-o0il slurry and an unstabilized 550 MW PI B

sulfonic_ 32 acid. Table | shows the effect of stabilizing the PIB sulfonic
aci-d wi th difhegiuttanes iva saguie 66558 M\Wepelyispbatenieowlfanic a¢id, prepaced by

neutral igati f. B aci ds

pr esent (?n t eglAP@.EﬁShé}[ﬂ? Spc}hga h aﬁFLQEQ%s%%?%AF%ﬁE&g’ﬁ"?' stabilize

the PI B Bul tbmmat@grmbmyancewunaltow presentaine.otvit% th theldnsthbiiaéd PIBi s not

' necessar% and that there is no difference between batch 5 neutralization
e

and inli Aulienigiacich if Hie 80 WN'I%Y@OQUEB@@GHBQMW'%$taPWée¢rbé{gnent ation

of Unst api | REW‘ by Negative
| on El egéf)r o?%rﬁg?lh%ass @E@%t%?jc{ %Eg Ele r:agtglyffpﬁ%gr@ ]"OV‘él ght % C8
Wi ght 90 ClaulfamatiopiNthe leabl afa&ultmneslesﬂlamldl lz;athmnl%itﬁg:&pih@zam&ﬂ’ﬁﬁwﬁal fonic
{9 Aci d‘iA’Fi d

12 amount of sultones present in the polyisobutene suifonic acid produced by

Thus, another advantage of the present invention is the reduction in the

13 SOi/Air sulfonation stabilized by neutralization of the PIB sulfonic acid which
14  increases the amount of PIB sulfonic acid in the sample.

15

16 Another aspect of the present invention is a process for making a stabilized
17  polyisobutene sulfonic acid product having reduced amounts of fragmentation
18 products. Figure 4 shows the negative ion electrospray mass spectrum

19 (ESMS) of an unstabilized 550 MW polyisobutene sulfonic acid produced by
20 SOg/Air sulfonation. The peak at m/e 190 is the Cs sulfonic acid and the peak
21 at m/e 247 is the C42 sulfonic acid. The Cg and C42 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 oil. The PIB suifonic
24  acid in Figure 5 was produced by SOs/Air sulfonation. Comparing Figures 4
25  and 5, stabilization of the PIB suifonic acid by neutralization results in lower
26 amounts of the Cg and C42 PIB sulfonic acids which are formed by

27  fragmentation reactions. |

28

29 Table | summarizes the results obtained by ESMS analysis of several

30 550 MW PIB sulfonic acids produced by SOg/Air sulfonation stabilized by
" 31 neutralization with a lime-oil slurry and an unstabilized 550 MW PIB sulfonic
32 acid. Table | shows the effect of stabilizing the PIB sulfonic acid with different
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10Nonel2.04.7 236.4Inlinel.11.2 358.3Batchl.30.6 458.3Inlinel.01.4
578.6lnline2.10.7 687.4Inlinel.41.5 7101.9Inline220.6 8116.5Inline2.21.1 11

12 Anot her enbodi nent of the present
13 conprises stabilized PIB sul fonic acid,
pol yi sobut ene nol ecul es and sul t ones.
fragmentation of the PIB sulfonic acid is |less than 15%

15

invention is a reaction product that
recovered PIB,
Preferred percentages of
Preferred 16

fragnented 14

per cent ages gafraud SONARrdiBahiP aReN@NiRr 8F hEaRbRzMBNbAIh SR _15%

17 I\/bre
are
polyalke e

t he present

refefred percentages of

es éhe hrounbof Criesd Gré&liBacids lpr@rseehmatbe§ampleu Therdaia umTableel

shitoaiet 0 eFE HeBlige e sy

sultones in

th

5%

g &'

e pol

o) gelffhls

HisTena

nt

aci d progluchehaiingtionsid woe detéagirg ahdtthanhanslishaelgifepssrdbstwdeptsatch

formation.

In a reaction vessel,

the process conprises 4 diluting PIB

f eedst ock winentralizationeand Inbnedsneutrahz%wl ng pol yi sobutene having a 5

nunber
sour ce
IS
sol vents

of

the PIB®as two 9O effCOMpasisop

the vi sc®si

sul fur trioxide.
7 typically up to 30% by wei ght.
exanpl es of, sui
the memﬁ#%p
t he vWilheStabilized RaMYY £48 s

8 such as h

ty (i.e.,

tane, ar

tlﬁlbl e lhi I

ents. Dl ut

yal kene sul fonic acid

of

?oni C

erage nol ecul ar wei ght of from about 300 to about 1000 with a 6
The anpbunt of diluent added to the PIB feedstock
Jablpi2 base oils and non-aromatic

i ng

of PIB reduces

fosic ApidSst arting materi al ,

whi ch i Wroves the by Negative iqryEtﬁctmlseraylMam Sptenuorr@wa(aﬁ?é\dsio the falling

fil mreact gr—Second,—ditut+on—of B—acts—as—at 12 heat rk—wht-ch—abs
excess heal gé&ampleed whddearse ab| B r ddangexdft h | 18 eighit % ICSt Weitlate% Coz
Fragnment atijon of the P Bestrafization adNealtiadizafidredt BB Bulfddict erifi8r Suliordc
increase in fragnentatf on |§%ﬁttr|3uted to the|i ncriegided 1b tenjuidat ur
t he Pl B whefrtt—freactsiwtt—stt-+ort+rioxide—Hewever—heatitg
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 1.4
5 78.6 Inline 2.1 0.7
6 87.4 Inline 1.4 1.5
7 1019 Inline 2:2 0.6
8 116.5 Inline 2.2 1.1
11
12 Another embodiment of the present invention is a reaction product that
13 comprises stabilized PIB sulfonic acid, recovered PIB, fragmented
14  polyisobutene molecules and sultones. Preferred percentages of
15  fragmentation of the PIB sulfonic acid is less than 15%. Preferred
16  percentages of sultones in the polyalkene sulfonic acid are less than 15%.
17 More preferred percentages of sulfones in the polyalkene sulfonic acid are
18  less than 10%. Most preferred percentages of sultones in the polyalkene
18  sulfonic acid are less than 5%.
20
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16 the reactor feed is necessary to mnimze viscosity, which in turn

I nproves the 17 filmaquality inside the reactor. Diluting PIBwth a
neutral, low viscosity diluent 18 inproves filmaquality and mnim zes the
necessity of heating the reactor feed, 19 thereby decreasing PIB nol ecule
fragnentation. In addition, because the 20 diluent acts as a heat sink,
excess heat generated by the exotherm c 21 reactions is absorbed by the

di | uent . 4Af tigiorh BeoARGilaR o7t BRostint HRhtioh 1ea PodidsyberhdpiR &S T eact ed
d’g. tﬁﬁ"‘ gﬁ’% o'? di Fute g{)g

Wi th sul fur trioxi e reaction product nd sul fur
trioxi de2i s piyisohitend sulforic acibprodakt havigg aedutedsfsagrneniadiantanan 24 pr oduct

exits aéirs reactjo vesfsel and lprior 0 or copngcurrently with_entering a
25 secont veESEPa Lltons Totualian, e feagtion esseh e BOCSES CAMPISERe
resul tany 2gjiptiegwis féei\/dé.s.tﬁag47¢vuh>él &ludsit! ;ﬁ-gag th ggétftwg ;?&g@bb&t@néfﬁ’éwng a

fragmentation of "the P sul fonat e. n-anot her enbodi nent of the
present Pbnvawnlegr, averagemolemiaaseight obiiowf abd 30arth @bput d08@mdthia added to

Pl B f eedst ock ' t ' t he Pl i t.h SO3 31, P I .

car oy Pe_souike S sdfifBiie Ing Mndlel slihlleRFaged RitppiriB IRt s,

benzoi c aci dypibBiheupteBevab) Weighte Graup @WAdeCoirCail honeSinkfic 86iventd, N a
reaction -17 1 vessel, a snall concentration of acetic acid is added to the

PI B f eed8t o@ch as hgitere, g exemples absuitabledilvends. Rilutina the PUR hes twae

about 300 1 SR U Bt B B ki AT bR MRE ot R e BB S v
by wei gh0 ofis Rstviscous) afihg startingdadidrial, ivisiciPimpfoed shotiltn gMaliy airteé er abl y,
an amount |less than or 6 equal to 5% by weight is added to the PIB

feedst odk. NOBithptalfaghesitg thafrlingfiBurradtersSesd, diluiiquel Pifbaginasa wei ght
i s added,to e sﬁk%ﬁiﬁﬁ%@&?@éhexg%s; ﬂ%?ggﬁn%?ed:ﬁlﬂgﬁ'tﬁé E’?Bg%ctgl\nﬁthf eedst ock

containing acetic ac reac a source as previously
descri b#¢d. TBobureaxideorFragodntatiof of theé RIBesUHoRicadd B 8ffectedtbabi | i zed with a

neutralizing agent as fhe reactjo roduct .11 exits a first reaction
Vessel A TeRBEratYS AR Bieas i 0P THUGR (S AIFBHE dd0 AR NS hs s ol whi ch

s usedqbor bmbbRAtird SARLIFIR eﬂt%éagwaﬂﬁ@vgﬁ%@ PoWever, ﬁe{]agﬂﬁ‘izt ation

of the resultant reaction product is typica ependent upon t
mol ecul 46 wdhe reaakdr feled iPhBedssauly toolinimitre sisoeasityyuvrhich netusn abptdveedhél B 15

sulfoni f78c iﬁ quru%ﬂfﬁ%i teitﬁg réésct})?f pbﬁ&%nlgy Plf\?vﬁhtahr?gut}aﬁf/fow viscosity diluent
18  improves fitm 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 generated by the exothermic
21 reactions is absorbed by the diluent. After the addition of the diluent, the
22 diluted PIB is reacted with sulfur trioxide. The reaction product of diluted PIB
23  and sulfur trioxide is stabilized with a neutralizing 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 reaction or storage. The resultant
26  product typically yields less than or equal fo 15% fragmentation of the PIB
27 | sulfonate.
28
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  Preferably, carboxylic acids include formic acid, acetic acid, butyric acid or

32 benzoic acid. More preferably, the carboxylic acid is acetic acid. in a reaction

A7-



16 17 I n anot her enbodi nent of the present invention, the dilution of the
PIB 18 feedstock and the addition of the carboxylic acid, preferably acetic
acid, may 19 be conbined with the stabilization by neutralization step
after reaction of the 20 PIB feedstock with SOG3. Accordingly, carboxylic
acid is.added to the PIB 21 feedstock which is diluted with a diluent and
then reacted with a source of 22 SOC3. The reaction product is then

stabilized "Me%@elaa;k‘?{n%lf Béﬁ rﬁ&tn@ﬂ%ﬁ“a g&ngEig?;éggg%% ﬁ%‘#ﬁej oip faekpyde, as the

product exits a f reac on Vessel concur rént ly with
ent eri ng2a setiomdhayesseiay not ée dilated with atilueetcThenumbe? avetageage, t her eby

duci duct t hat t of t duced
P agment 2t SRoBFleh ekl Tre Bip Bl apollfiors pod 300 ta abower
enbodi meat_ofogoNPrafaBAL ahANNISss hahdtifiial 0Dy REBNPYF addlid he

processes as described ove. Over basi ng I n "anot’her enbodi nent of
this i nvént iasid lstafhiesttﬁltihelFﬁBdeﬁmtpak kdoye ps&:fbfahhy @aMamoudtlesh thamore

prepared_by the S of ti,0n be further 5
hroceseed byalobRrAGTE Bl Babiss Bt DRs ek Yt eidblalia. o

Over basey ”'%Irﬁédrﬂ'lés@ﬂ\%n%cﬁ@ﬁf B?@ﬁy%lght@é@tﬂec?%@rplﬁfée%ﬁ@lis of that
7 whi ch woul d be_present accordi n%to the stoichionetry of the nmetal cation

in 8 th§ s diteombtterescarapiiging éhe P83 fesdstockantainigraneticadidisitbeaci d when 9

metal 18 pabrdeaRTe SBUITREDL ado RouR BB P R B g
prefer abOy Uhe FIB ahi;l $@g ] stabmzddi Mﬂh@néﬁ@élﬁlﬂq& gentidd therredowsh prodacnal
sul fonat e cont ai ni ngr one - 12 eqU| val ent of cal cium for each equival ent of

aci d. | h1ot ieits pdirgreactien yepsellandipriarde o ceneursnilyevith entesipgiasecaite nol e
91 Calciyym \RLoBREHICh 08B S fnbiatoNBPSRAIONEE Bfshic ot 10, The

anount OT overbasing can be exp resse Base ("TBN'"),
whi ch r¢3er§ragméﬂtetuamoﬂme misuhawt&eaquvpﬁoelm:t isdypinalyndépargiemtupbn tid KOH

I One A leCtlar weight of the PIB FediStock! At & maximenn, the Stabilized PIB
15 sulfonic acid fragmentation is typically less than 15%.
16
17  In another embodiment 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, carboxylic acid is added to the PiB
21  feedstock which is diluted with a diluent and then reacted with a source of
22  S0;. The reaction product is then stabilized with a neutralizing agent, such as
23 calcium hydroxide, as the product exits a first reaction vessel and prior to or
24  concurrently with entering a second vessel Llsed for further reaction or
25 storage, thereby producing a product thét has a low amount of sultones and
26 reduced fragmentation of the stabilized PIB sulfonic acid.
27 , 7
28  in another embodiment of the present invention, a product may be made by
29 the processes as desbribed above. |
30
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19 al kaline products and therefore a greater alkalinity reserve. The TBN
for a 20 conposition is readily determ ned by ASTMtest nethod D2896 or

ot her 21 equival ent nmethods- The preferred overbased pol yal kenyl sul fonates
of this 22 invention have relatively low TBN, i.e., from about greater
than O to about 100. 23 24 Overbasing procedures for relatively | ow TBN
sul fonates are described in 25 many patents including Le Coent, U S.

Pat ent 2;764 295 and Alcock 26 et al., U S. Patent No. 5,789, 615,

whi ch. ar orporated by reference. 27 Known overbasing art for

| ow overpased (LOB) sulfonates generally enploy 28 pronoters such as CaCl2
and carboxylic acids in the presence of a solvent 29 such as

2- et hyl haxanolanotheranakodimenh of this investion, the statilized, pQIy@kemﬂtaulfbla'@d 30

polyalkenyl efe abI sulf C aC|d h hay

b evar od?” 3 2l Ak A rbirced B EY piase st Mttt e VEnlch PRSLe Bilissas oo
usi ng on5y FodéEd s t%ﬁo@erﬁé@:ﬁgtgﬁbcedhréﬂé RidReRsetbded Sffdnavet | on

i ncl udes addi ng qaCl 19 1 it is not required to produce a product

with acc@pt Avesbase Bratedals arh chamcigrinestbyoa metakeoniertdniexcess of k| ng is

ci d, - mof o g Er My Be et Aeghudi o et tpEhigh AR S B bleP 3o Py
enbodi megt e shifenate\wid tobe ovbmagedr TasisNg mdnﬁrsmfenﬁ avid dhehed at rruch
hi gher tenperatures and pressures than previous rgf@_nom 6 in the art. The

over basi g tenpalized withian alkaline eadh metalenmpes an glkaling eqrth metabc,
while t d
1he H‘ﬁyptb%%ﬁ%t)t gggrésfagab%@éuﬁg% &ﬂcﬁh?goﬁl 8.9.? gstt efeBraﬁ Lﬂs?ll(l]éibymre

preferab rom asing can a
refl uximg \A@@Mumthwrmxndema(@ﬁmrwm mmbdeeanermammnfat@omntbmm@one 100C

br et or ab?y FSAERE CEliue boagbauaYaRe: of 99d1 11 GRS VAP PRI T ons
oot by 13 PS5 SARASE L EVRFAS ASEPRBELDIQ ol Sotbihane
Conposi 14 onsnoddsulidnithacigol yal kenyl sul fonates made by the process of this
inventi?g are useful as

16  The amount of overbasing can be expressed as a Total Base Number

17  (“TBN"), which refers to the amount of base equivalent to one milligram of

18 KOH in one gram of sulionate. Thus, higher TBN numbers reflect more

19  alkaline products and therefore a greater alkalinity reserve. The TBN for a

20  composition is readily determined by ASTM test method D2896 or other

21 equivalent methods. The preferred overbased polyalkenyl sulfonates of this

22 invention have relatively low TBN, i.e., from about greater than 0 to about 100.

23

24  Overbasing procedures for relatively low TBN sulfonates are described in

25 many patents including Le Coent, U.S. Patent No. 4,764,295 and Alcock 7

26 etal, U.S. Patent No. 5,789,615, which are herein inéorporated by reference.

27 Known overbasing art for low overbased (LOB) sulfonates generally employ

28 promoters such as CaCl, and carboxylic acids in the presence of a solvent

29  such as 2-ethylhexanol or toluene. In the present invention, the stabilized

30 polyalkenyl, preferably polybutényl, sulfonic acids which have been prepared

31 by the methods described previously are preferably overbased using only

32 water as a promoter. A further aspect of the invention includes adding CaCly,
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19 additives in lubricating oils. They have good tol erance to water, a

| ight color, 20 and provide good performance characteristics. 21 22 The

| ubricating oil conpositions, which may be made by the process of this 23
i nvention, conprise a major anmount of an oil of lubricating viscosity and a
24 m nor anmount of the pol yal kenyl sulfonates of this invention. The oils
can be 25 derived from petroleumor be synthetic. The oils can be

b conbi fat 11511850t iy O BeRRUES) blthfEr Wi SR8 Brogefléte Descasit  es
i n the rangenéainclvdter uskll fob oV8Mhasivy igtin RO Fangenef trerte 8.6 watd yf theom about

50 to 10,000 SUS at_ 29 100F. The lubricating oil, conpositions contain an
amount of t Hetahstapdizee RIB sulfonis agidaespisferaRlsinitho sapge AT Qi toci ent to

provi de dis & ' | : WO 10 Wt %
pref erab?y %re%{?ﬁag °oﬂf‘ %gﬁ@h\?f %gg\dﬁa}hgﬁﬁéﬁhﬁ%g}(\féﬁt@’?Q%H&e%éhéﬁg%% \?Sent [ ona(I)
a](cjdi'}] ives tlmhduaﬂedtmlmd highgcmmp' eratu'hreﬁ avvdtmesms.’(eﬁftmmh pedvi@msly ksowhonat es
of this [nvention i ude oxi.dation inhihitors, [ 3 enpt s,
Viscosith | MaERE Fripr Geaneroasig tepperatiegs 496a108°C tp ST elRRl 4 ¢ he
like. 5 46 o rispa‘f:i a0kl | & : %g}g hi s

I nventi 0?1 a-rmg% 9q§s1e u 'ﬁglrl@wuebéﬁzggglﬁn%u?ﬁ%rna r@%ﬁbgg‘){t%n gi1r:1]£§etsd and
aut onat i 8 8 G5 psigninese preferabhydram 160 psial Ovérbasingtcasmsalegdeaul i ¢ oil s,
heat trapsfer oil torgue flujds, etc. 10 Wien used as,detergents or
i sper sagt s cnERsheby Folbeayalst s cBiiant PretSiss A bt B GBS SRR 10
Wt % of ghe tHhlopt 100K k¢ abbIGI 5U°C, HRUFE PréferaBly Hdfh abddt PIECStRdhoutat about
0.5 % to about 8 wt% and nore preferably at about 13 "1 wt%to about 6

wt % of the t1S03C, hoth masdprefgraiily froon@leutt i1\ C tosabous 1388C) ubri cating oil
used w 112 these additive conpositions may be mneral oil or 16 synthetic.
oils of fubricating viscosity and preferably suitable for use in the 17

crankcasg ofTHa ovetbasinglcoR@MiBHS HestxivitDhdRin M=y e atitzddubrivebaswbeihl s 18
ordinarily have a viscosi tg_ of about 1300 cSt at OF (-18C) to 22.7 cSt at
14" stabilized and unstabilized polyalkenyl sulfonic acids.
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 characteristics.

21

22  The lubricating oil compositions, which may be made by the process of this
23 invention, comprise a major amount of an oil of lubricating viscosity and a

24  minor amount of the polyalkenyl sulfonates of this invention. The oils can be
25 derived from petroleum or be synthetic. The oils can be paraffinic,

26  naphthenic, halosubstituted hydrocarbons, synthetic esters, or combinations
27 thereof. Qils of lubricating viscosity have viscosities in the range from 35 to
28 55,000 SUS at 100°F, and more usually from about 50 to 10,000 SUS at

29  100°F. The lubricating oil compositions contain an amount of the polyalkenyl
30 sulfonates of this invention sufficient to provide dispersant propetrties, typically
31 from about 0.1 wt% to 10 wt%, preferably from about 0.5 wt% to about 7 wt%.
32
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19 210F (99C). The lubricating oils may be derived fromsynthetic or
natural 20 sources. Hydrocarbon synthetic oils may include, for exanple,
oils prepared 21 fromthe polynerization of ethylene, polyal phaol efin or
PAO oils, or oils 22 prepared from hydrocarbon synthesis procedures using
carbon nonoxi de and 23 hydrogen gases such as in a Fisher-Tropsch process.
Mneral oil for use as 24 the base oil in this invention may include

abri cat g OB EORRTIPRERGTEs fiat o B8, <o indofudh et itnlng 6r ocar bon
synthetig 0id_d($jya’clk@h3§k§ﬂﬁdi\?été§ of Hii€ Iiventib® indludy Bxibatios inhibittd) astHbaeN oil s
i nclude |iquid polyners of alpha olefins having the proper 28 viscosity.

S . A P
The hydr 8gerfgtesds, Misqesty indexdmpravess, Eairrpicigeressrts) dispersastecand 29 as
1-decene4triH§ﬁ are especially useful. Al kyl benzenes of proper viscosity,
30 such as él oﬁebyl benzene, may al so be used. 31 -21 1 Hydrocarbon oils
bl ended &ith synthetic oils nmay al so be useful. For 2 exanple, blends of 10
to 25 wt % hydrogenated 1-decene trinmer with 75 to 3,90 wt % 150 SUS ( 100F)
mneral 8il yraheé pregiHG elicampgsitions F‘@é’ﬁ% WFOSS%P“&“S KvERbem &Fe

enbodi meqt . Qfse?&l‘?oﬂhﬁﬁ@zﬁtfhﬁ iﬂYé‘rﬁéh%H?PBL?stldﬁbédﬁﬁ%%Qag%h'torﬁ gentrates. 6

These concentrates usua I nclu rom abo %to about 10 wt% 7

pr ef er abBy flramsnabsions, Hhddsridustind olls S0clwaddydfaudio aiis] hedt transféraits, ng

Vi SCOSi té Ei and fir,@sm §bout 10 wt % to about 90 wt % preferably from about
10 wt % t8 9 ‘ABBG"HG /S of the additives described herein. Typically, the
concentrates 10 contain sufficient diluent to nmake them easy to handl e

during shipping and 11 stor?‘?e. aﬁui table diluents for the concentrates
i ncl ude19ny Whep usgd ageiqtergents g 'ﬁP%ﬂS@PB"@I‘t@W ifivess mayhq ¢3gd ﬁb

vi scosi gy, Sa%otul?pbb 5 tﬁ%%ﬁf‘ﬁ?%% Sﬁheli&aiﬁxdr@gﬁ%ﬁl?Bﬁﬁsu'&r&ﬂdjbri cating-

oils to prepare lubricating oil conpositions. ricating oils
t hat may2be prefedably ailiaboeh®.$ wilpia abbyt hetdd, and cosiet preferdblyrattaeut ange from

about 35_to abqut 500 g/t . Universal, Seconds (SUS).at 16 100F (38Q),
21t hough3anyt B1% tBAb0ubB vidk PHe L BresTRap seMRasliom 7 15 ot her
additiveg that may be used include rust inhibitors, foaminhibitors, 19

corrosion inhibitors, metal deactivators, pour point depressants,
ant i oxi dant sThe lubricating oil used with these additive compositions may be mineral oil or

16  synthetic oils of lubricating 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 1300 ¢St at 0°F (-18°C) to 22.7 ¢St at

19  210°F (99°C). The lubricating cils may be derived from synthetic or natural
20 sources. Hydrocarbon synthetic oils may include, for example, oils prepared
21  from the polymerization of ethylene, polyalphaolefin or PAC oils, or oils

22  prepared from hydrocarbon synthesis procedures using carbon monoxide and
23  hydrogen gases such-as in a Fisher-Tropsch process. Mineral oil for use as
24 the base oil in this i-nvention may include paraffinic, naphthenic and other oils
25 that are ordinarily used in lubricating oil compositions. Synthetic oils include
26  both hydrocarbon synthetic oils and synthetic esters. Useful synthetic

27  hydrocarbon oils include liquid polymers of alpha olefins having the proper
28 viscosity. The hydrogenated liquid oligomers of Cgto C42 alpha olefins such
29 as 1-decene ifrimer are especially useful. Alkyl benzenes of proper viscosity,
30 such as didodecyl benzene, may also be used.

31
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20 and a variety of other well-known additives. 21 22 OQher Additives 23
24 The follow ng additive conponents are exanples of sone of the conponents
25 that can be favorably enployed in the present invention. These exanpl es
of 26 additives are provided to illustrate the present invention, but they
are not 27 intended to limt it: 28 1. Metal Detergents 29 Sul furized or
unsul furi zed al kyl or al kenyl phenates, al kyI or al kenyl 30 aromatic

sul f onat es, fur zed | t f hyd
SRR el o A en&lgblé’%\ﬁﬁkvn@ﬁf ol ) H8ATE BEM iy ar omat | G
sul fonat gs, e?cﬁhfﬁ!é't?léﬁd@bfﬂﬂ‘ﬁfﬂtéH\Ft‘%ﬁgd?r@b%éte%g—é%éﬁb’{nm&%v% 78104 2. 5 6

7 8 9 710 11712 13
3 90 wit% 150 SUS (100°F) mineral oil are preferred as a lubricating oil base.

Another embodiment of the present invention is lubricating oil concentrates.
These concentrates usually include from about 90 wt% to about 10 wt%,
preferably from about 90 wt% to about 50 wit%, of an oil of lubricating viscosity
and from about 10 wi% to about 80 wt%, preferably from about 10 wt% to
about 50 wt%, of the additives described herein. Typically, the concentrates

O 0 ~N O O b~

10  contain sufficient diluent to make them easy to handle during shipping and
11 storage. Suitable diluents for the concentrates include any inert diluent, — -
12  preferably an oil of lubricating viscosify, so that the concentrate may be
13 readily mixed with lubricating oils to prepare lubricating oil compositions.
14  Suitable lubricating 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 depressants, antioxidants,
20 and a variety of other well-known additives.
21
22  Other Additives
23

24 The following' additive components are examples of some of the components

25  that can be favorably employed in the present invention. These examples of
26 additives are provided to illustrate the present invention, but they are not
27  intended to limit it:

28 1. Metal Detergents

29 Sulfurized or unsulfurized alkyl or alkenyl phenates, alkyt or alkenyt
30 aromatic sulfonates, sulfurized or unsulfurized metal salts of
31 multi-hydroxy alkyl or alkenyl aromatic compounds, alkyl or alkenyl

32 ~ hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl or alkenyl

290



21 22 23 24 25 26 27 28 29 30 31 32 naphthenates, netal salts of
al kanoi c acids, netal salts of an alkyl or alkenyl nultiacid, and chem cal
and physical mxtures thereof. Anti-Oxidants Anti-oxidants reduce the
tendency of mneral oils to deteriorate in service which deterioration is
evi denced by the products of oxidation such as sludge and varnish-1like
deposits on 'the netal surfaces and by an increase in viscosity. Exanples

of anti - xi dant s S n I i 18 not
i mted fo. phend Ry EnErl RS EHCE Beld it 6 ot B aRifor
4, 4" - metpyl ene- bigehydndliltidoid, tarlchernicanatd physical mixtures thereof

4,4 -bis(2,6-di-tert-butyl phenol),

4, 4" - but i dene- bi s(2-met hyl -6-tert-butyl phenol),

2,2 -net pyl ?;e b|p§{49%ﬁ§ 6-tert-butyl phenol),

4,4' -butylidene- bIS -6-tert-butyl phenol),
4,4' -isopropyli deﬂnﬁt-bmdéﬂts&eduaé thet tebdeptypbemingral oils to deteriorate in

ot iyl phonal ), 2eMe W ASieBREbRd: SVHERsH LY (b5 Brotals oLRERBR

|
2
2,

_2,
4

el oY B QY RS @é@é%'sab%m@esé%ﬂ%%?ﬁ%bsebgo
6- di - t 8rt - 4- ( N,ad indieaseliy viscosibreExginplesnefl gnti-oxidants useful in the
A7 -thi 8b| s(2- rreptrggent?mtfeer{tllonblhlct:lﬁdg,ht?u Oalr?a 'not limited to, phenol type (phenolic)
| 10 oxidation inhibitors, such as 4,4'-methylene-bis(2,6-di-tert-butylphenaol),
11 4,4'-bis(2,6-di-teri-butylphenol),
12 4,4’-butylidene-bis(2-methyl-6-tert-butylphenol),
13 2,2-methylene-bis{4-methyl-6-tert-butylphenol),
14 4 4'-butylidene-bis(3-methyl-6-tert-butylphenol},
15 4,4"-isopropylidene-bis(2,6-di-tert-butylphenoal),
16 2,2'-methylene—bis(4-methyl-6-nonyl phenol),
A7 2,2'-isobutylidene-bis(4,6-dimethylphenol}, 2,2'-5
18 methylene-bis(4-methyl-6-cyclohexylphenol),
19 - | 2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol,
20 2 4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-I-dimethylamino-p-cresol,
21 2,6-di-tert-4-(N,N'-dimethylaminomethylphenol),
- 22 4 4'-thiobis(2-methyl-6-tert-butylphenol),
23 - 2,2-thiobis{(4-methyl-6-tert-butylphenol), bis(3-methyl-4-hydroxy-5-tert-
24 10-butylbenzyl)-sulfide, and bis{3,5-di-tert-butyl-4-hydroxybenzyl).
25 Diphenylamine-type oxidation inhibitors include, but are not limited to,
' 26 alkylated diphenylamine, phenyl-alpha-naphthylamine, and alkylated-
27 alpha-naphthylamine. Other types of oxidation inhibitors include metai
28 dithiocarbamate (e.g., zinc dithiocarbamate), and
29 methylenebis(dibutyldithiocarbamate). The anti-oxidant is generally
.30 incorporated into an engine oil in an amount of about 0 to 10 wt%,
- 31 -preferably 0.05 to 3.0 wi%, per total amount of the engine oil.
32 '
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2,2 -thiobis(4-methyl-6-tert-butyl phenol), bis(3-nethyl-4-hydroxy-5-tert-
10- butyl benzyl ) -sul fide, and bis(3,5-di-tert-butyl-4-hydroxybenzyl).

D phenyl am ne-type oxidation inhibitors include, but are not limted to,

al kyl at ed di phenyl am ne, phenyl - al pha- napht hyl am ne, and al kyl at ed-

al pha- napht hyl am ne. O her types of oxidation inhibitors include netal

di t hi ocarbamate (e.g., zinc dithiocarbamte), and nethyle n ebis(dibutyl d
ith ioca,rb ate)...Jhe gnti-oxidant is generally incorporated into an
engine ofll | an%%ar?rgeg%%ut_o to 10 wt% preferably 0.05 to 3.0 wt%
per totab anmount A tHeliehaRE MBI, these?Sgents rediid wi¥gRsT MBomgsmétafi t heir

name inplies, these agents reduce wear of noving netallic. parts.
Exanpl es3of such RajsntlExamples @& suelyagants ingdude, brttase nod limitegries phat es,
car banmat gs, ester o e Lo bitors
(Anti - Rugt Agent S%%O?Bﬁ%e@&%&%ﬁﬁ%g%o%%ﬂ%éﬁ@{,rlicg%lgdeghuurn?g@énp ive agents:
pol yoxyeghyl ene 8 | auryl ether, polyoxyethylene higher al cohol ether, 9

pol yoxyet hyl ene nonyl phenyl ether, pol¥oxyethylene octyl phenyl 10 ether,
pol yoxyePhyldene disfiiniipitersy(Antitriest Agaditsloxyet hyl ene ol eyl 11 et her,

pol yoxyethyl ene bi : rﬁ%y hyl . '

nono- ol eZt e, andi%i)l y%%@ﬁg%gﬁ@@%%%%eg% 0 eaﬁ'p‘gf@% ?]!Lszljp%w t}%ne
conpound8: stearic adadrybeittentpuyoXyathiyerachidber dicohobstkghi c 15 aci ds,
netal soaps, fatty aci?la' [

m ne salts, tal salts of heavy 16 sulfonjc
aoid. padtial car boxAANOXENYING Bor PhgayhRben Pelvexyetiylene cetyipheny!

phosphoghc ester. 18 AR Lif) cg% | phenol
and et h;l/Pene oxi de, %ﬁbgg&gﬁ%{gﬁ%&b%&%%&ﬁ?&tﬁgﬁtboy] pg’fyglﬁeygilf r% ene
sorbitafiester. 22 Z3hé, palvoxgethylenesomito! Amnostémmte)pahioxycERlons Agent s)

12 sorbitol mono-oleate, and polyethylene glycol mono-oleate.

13 |
14 (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 ester of polyhydric alcohol,
17 and phosphoric ester.

18

19 5. Demutsifiers

20 Addition product of alkylphenol and ethylene oxide, polyoxyethylene
21 alkyl ether, and polyoxyethylene sorbitan ester.

22 ‘

23 6. Exireme Pressure Anti-Wear Agents (EP/AW Agents)

24 . Zinc dialky1dithiophosphate (primary alkyl, secondary alkyl, and aryl
25 type), diphenyl sulfide, methyl trich lorostea rate, chlorinated

26 naphthalene, ﬂuoroalkylpolysiloxane, lead naphthenate, neutralized
27 phosphates, dithiophosphates, and sulfur-free phosphates.

28 |

29 7.  Friction Modifiers

30 Fatty alcohol, fatty acid, amine, borated ester, and other esters.

31
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24 Zinc dial kyl dithi ophosphate (primary al kyl, secondary al kyl, and aryl
25 type), diphenyl sulfide, nethyl trich lorostea rate, chlorinated 26
napht hal ene, fl uoroal kyl pol ysi | oxane, |ead naphthenate, neutralized 27
phosphat es, dithi ophosphates, and sul fur-free phosphates. 28 29 7.
Friction Modifiers 30 Fatty al cohol, fatty acid, am ne, borated ester, and
other esters. 31 1 1 8. Miultifunctional Additives 2 Sulfurized

oxynol ybdenym di thi teusul furi zed 3 oxynol ybdenum or gano
MURERHE Sl

phosphor odi Thi oa urn 4 nonogl yceri de, oxynol ybdenurn

di et hyl a¢e am de Suifarined arymbiedenumbditicgdrbamatspatfatzednd

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

| nproverd 9 . PoRYMEOhAEEpHET ergepgLhesphadithioste,mymalydaiit|ne

copol ynegs, 10 s < r r S e _

copol ymers, 11 SRR SRmGRRGLHHR detifiit 3hade St R RRRERP

i mprovers. 12 10coRgplex GonmpoukmressdfursconigniRglmolgbdghumeddnagley| ate. 14
15 11. Fpam Inhibitors 16 Al kyl nethacryl ate polyners and di nethyl silicone
pol ymers® 17 18C99W al Deactivators 19 Disalicylidene propyl enedi am ne,
triazol eyderivatives, 20 nercaptobenzothi azol es, and _

nmer capt obenzi m dazoles. 21 22 It is also contenplated that the additives
descri be8l hér ei nVisooshy Irded loydverd3 as di spersants and detergents in

hydrauligc fluids rine crankcase ] ubricant 24 and the |jke. Wien so
ool oyedd the adRAT0EMACIARAPY PolTsS ARy oRerioRYane Sopolyfiers,
10 styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,

11 - polyisobutylene, and dispersant type viscosity index improvers.

12 10. Pour Point Depressants

13 Polymethy! methacrylate. -

14

15  11. Foam Inhibitors

16 Alkyl methacrylate polymers and dimethyl silicone polymers.
17

18 12. Metal Deactivators

19 Disalicylidene propylenediamine, triazole derivatives,

20 mercaptobenzothiazoles, and mercaptobenzimidazoles.

21

- 22 ltis also contemplated that the additives described herein may be employed

. 23 as dispersants and detergents in hydraulic fluids, marine crankcase lubricants
24  and the like. When so employed, the additive is added from about 0.1 to 10%
25 by weight to the oil. Preferably, the additive is added from 0.5 to 8 wt%.
26
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25 by weight to the oil. Preferably, the additive is added fromO0.5 to 8
W% 26 1 SULFONATI ON EXAMPLES 2 3 Exanple 1 4 Effect of Stabilization by
Neutralization On Sultone Formation 5 6 In a falling filmreactor, SO3 in
air was reacted with PIB having a Mh of 7 550 MV using the follow ng
conditions: SO31PIB nolar ratio = 1.015; feed 8 tenperature = 90C; reactor
tenperature = 77.6C, SO03 concentration in air = 9 1.5% S03 |oading =
0.371 kngcmhr; S03/ Ai r gas i%ﬁw, 10 PIB feed flowrate
= 12.0 kg/hr; SO3 flow rate =1 . i ly 11 (wvithin 5 seconds)
after fopmation in the sulfonation reactor, the PIB sulfonic 12 acid was
stabilized by neutralization with a linme-o0il slurry (10.6 wt% Ca(OH) 2 13
in Group31100N oil). The degree of n&uXampledation was 145% After m xing
14 the PyB sul f oni eragidl pbilAhs) by MBufhidilbn ORSURGREU SRR PSS
through an 15 inlTne statrc m xXer and tnem Tnto a Sst1rread tank
neutrali®ation vessel held at 16 72C. Chronmat ographi c anal ysis of the

stabilized product showed jt contain 17 29.0 % recovered PIB, 11.7
wt 96 sul £ Bnedh 2HAINGIIR Traotos, PPofil B R easisd i I BMANGS MbPE 1A 10
Sul t one for 1 ; ~ I I fak lhitRoeSd4d M ‘
reactor,ESOPrj@jv{\j/a@w ggg@et \"Ifmolthﬁrbl Fﬁ?%bhgﬁgﬂgca I\%ﬁ%‘ g@é‘%ﬂﬁ/&? Zt'blgghi:éﬁdly as in
Exanpl e &, deoppraturear 905Ct medoter temipfeoatare &1V 7.61e; FOB cmicEotration #Baiasi d was

not stabjl i D tralizatign. ,Anal ysi f thi. tabilized :

unneat r aFi Izélggl-/ﬂ’ Xécgﬁlfj’?gwgc_zggﬁqwcr@ﬁ}%slﬁ}%é/&rgﬁﬁ;’ﬁ@ﬁ J Ber:aﬁ‘l”téo‘“ ég}z'fﬁ'ai n 25
23. 0 w Yor equpeeed fiBWEate 2. 12 MGIHTUE DY MBHs rafdd ﬁ??flktgmr%m\%éaa{ acid. 26
1 Exanple 2 2 Effect of Stabilization by Neutralization and O lution 3

of the PIB dwithin § saeomds)miter formatiod in thastlionation reactary tecPify suls@ic i n air
was reaghed e a8 BB Loy hedfalbatvn With a lime-oil slurry (10.6 wit% 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

16  72°C. Chromatographic analysis of the stabilized product showed it to contain
17  29.0 wit% recovered PIB, 11.7 wt% sultones, and 59.2 wit% sulfonic acid.

18 Comparative Example 1A

19 Sultone Formation In A Non-Neutralized Acid
20

21 In afalling film reactor, SO3 was reacted with PIB having a Mn of 550 MW
22  exactly as in Example 1, except that following sulfonation, the PIB sulfonic
23 acid was not stabilized by neutralization. Analysis of this unstabilized,
24  unneutfralized PIB sulfonic acid by chromatography showed it to contain

- 25 23.0 wt% recovered PIB, 22.0 wt% sultones, and 54.0 wt% sulfonic acid.
26
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6 having a Mh of 550 MWand 30 wt% oil (Goup 1 100 Neutral G l) using the
7 following conditions: SGBIPIB nolar ratio = 0.900; feed tenperature =
90C;, .8 reactor tenperature = 67.5C, S03 concentration in air = 1.4 % SO3
|l oading = 9 0.347 kg/CMhl; S03/Air gas inlet tenperature = 50C, PIB feed
flowrate = 10 18.10 kg/hr; SO3 flow rate = 1.66 kg/hr. Inmediately (wthin
5 seconds) after 11 formation in the sulfonation reactor, the m xture of
Pl B sulfqnic acid and oil 12 was st%@g’by neutralization with a
lime-o0il 'slurry (10.6 wt% Ca(OH) 2 in p 1100N oil). The degree of

neutrali2ation was 14€5flct 6f SeibiliFatibn 8y NuutralidaftbhBat|dipDilgtiési d W th the
lime slurry, the mxture was passed through an 15 inline static m xer and
then int8 a stirred tank neutafihe P opSul ommtignat 16 72C.

Chr omat ogr aphi ¢ anal ysis of the stabilized product showed it to contain 17
26. 0% recovered PIB, 4.7% sultones, and 69.3% sul fonic acid, correcting for
18 t he dbl udnta falling fili9 reabtoC,0BPa iradir wastpeaoteidevihaZixGuletafi v Wie/RIBi on in a

ronctor booavmas MuabssEhiland st o Girania | 00 A Grak P SIoa Bevi ng a
Mh of 559 N%Iﬁﬂﬂné%o%ﬂ%g%{ Wpfﬁjrlﬂ%#é'rﬁgtim.Qt@?;e@tlglhge@?&%?éﬂu)‘e é59(3."2:; 25

Exanpl e 2, except™that ow'ng sulfonatrion, oni ¢ aci d’was not
26 st abi 8i zedadtor ternperakirest 606./5°CABEwonsenlratidn m ainsthdi%) 36d loading =

ot obr o ot Balcro Mg i e e Shea: BB S TPQ PR ¢ aci d-
29 30 Tpe mestd k§/mnf SO AoW ke 21266 RGNECIMATaE (RIBIPESScbAdgy afde 31
$ ble 11 ﬁof g Fﬁém

summarized in Table 11.°32 -27 Ta Conpari so r omat ograp

Anal yti ¢4l Hestation indhe Sulfonaticreteacieutheamixiere)of B suitnidbacidzed oil

(SDI|O ? Omeiﬁr al&azse&gbiliggg bWeﬁr%lizSa Hno\:r\}ftﬁ a'Ai‘Frﬁéj-oﬁasm)rlryeﬁ%?g \\lﬂﬁsfoegg%h?gniﬁs PB
13 Group | 100N oil). The degree of neutralization was 145%. After mixing the

14 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

16 72°C. Chromatographic analysis of the stabilized product showed it to contain |
17 26.0% recovered PIB, 4.7% sultones, and 69.3% sulfonic acid, correcting for

18  the diluent oil.

19

20 : Comparative Example 2A

21 ' Sultone Formation in a Non-Neutralized Acid and with Qil Dilution
22

23  In afalling film reactor, SOj3 in air was reacted with a mixture of 70 wt% PIB
24 having a Mn of 550 MW and 30 wt% oil (Group | 150 Neutral Oil) exactly as in

25 Example 2, except that following sutfonation, the PIB sulfonic acid was not

26  stabilized by neutralization. Analysis of this unstabilized, unneutralized PIB

27  sulfonic acid by chromatography showed it fo contain 21.2 wit% recovered

28 PIB, 23.0 wt% sultones, and 55.6 wi% sulfonic acid.

29

30  The results of Examples 1-2 and Comparative Examples 1A-2A are

31 summarized in Table il.

32 |
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PIBMAci d Exanple 1 Neutralized PIB Sul fonic Acid29.011.759.2 Conparative
Exanpl e 1A Non-Stabilized (Non-neutralized)?23.022.054.0 PIB Suffonic Acid
Exanple 2 Diluted PIB and Stabilized26.04.76D.3 (Neutralized) PIB Sul fonic
Acid Conparative Exanple 2A Diluted PIB and Non-Stabilized2l.223.055.6 (Non
-Neutralized) PIB Sulfonic Acid 6 7 Exanple 3 Sul fonation of 450 MW PI B
Using Optim zed Conditions In a failing filmreactor, SO03 in air was
reacted with PIB having a M of 450 l\flgméi”ng the follow ng conditions:
SO03/PIB nolar ratio = 1.035; feed tenperature = 75'C, reactor tenperature
= 60' C; 203 concent r atCamparisan of Chrddfato§osphio amiahdical Resulls kg/ cm hr;

S03/ Air gas inl et fpepppiizbd(Reatraifdd) ank anéﬂa@Wzéét(ﬁoﬁ—h?é’utFélizbﬂ? hr; S03/Air

flowratg = 4.19. kg/hr. | medisgeiw HIBiShidhi®daseconds) after formation in
the sul fgnation reactor, the PIB sulfonic acid was stabilized by

neutral i zatgromwth—=a_tTme-or —sturry (25 0wt mot at—a rattq of
0.21 poundq of slurrySa@Pl&ound of Pi|B Resavaiedsst cSultenesm | nPlEhSulfamiger!.
After mixing the PIB sulfonic acid with PR(%a)me sl ur(®) the nmiAdidif%) wag
‘passed t hr qugh aﬂﬁl niine static mxef and then into a stirred tank vessal
hel d at apﬁ%@@ tlel y 72' C. The degfee of neutrajization was 89% Analysis
of the res Walere hld : B sulfoni I d sho he fol |l oyh Bg: %iCa
-28 1 Sulf ﬂ%%ﬁgégﬁ%%}ﬁ%ﬁﬁggﬁ anl= 1 ggf%:%. Ca :\Agldl?'&j ‘% S = %23
Viscosity F CampadtioSExahiifienA 3 4 kExanple 4
Non-Stabilized (Non—neutralized)‘ 23.0 22.0 54.0
‘| PIB Suifonic Acid
Example 2 B
Diluted PiB and Stabilized 26.0 4.7 -69.3
(Neutralized) PIB Sulfonic Acid
Comparative Example 2A
Diluted PIB and Non-Stabilized 21.2 23.0 55.6
‘1 (Non-Neutralized) PIB Sulfonic
Acid
6
7 Example 3
8 Sulfonation of 450 MW PIB Using Optimized Conditions
9

10  In afalling film reactor, SOj3 in air was reacted with PIB having a Mn of
11 450 MW using the following conditions: SO4/PIB molar ratio = 1.035; feed
12  temperature = 75°C; reactor temperature = 60°C; SO3 concentration in air =
 13 4.0%; SO; loading = 0.875 kg/cmihr; SO3/Air gas inlet temperature = 50°C;
14 PIB flow rate = 22.74 kg/hr; SOs/Air flow rate = 4.19 kg/hr. Immediately
16 (within 5 seconds) after formation in the sulfonation reactor, the PIB sulfonic
16  acid was stabilized by neutralization with a lime-oil slurry (25.0 wi% lime in oil)
17  ataratio of 0.21 pounds of slurry per pound of PIB acid at 55°C in an inline
18  mixer. After mixing the PIB sulfonic acid with the lime siurry, the mixture was
19 passed through an inline static mixer and then into a stirred tank vessel held
20  at approximately 72°C. The degree of neutralization was 89%. Analysis of
21 the resulting stabilized PIB sulfonic acid showed the following: % Ca
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5 Large Scale Pre aration of Stabilized 550 MWPIB Sulfonic Acid 6 7 In a
falling filmreactor, SO3 in air was reacted with a mxture of 70 wt % PIB
8 having a Mh of 550 MWand 30 wt% oil (G oup 100 Neutral GI) using the 9
followi ng conditions: SC3/PIB nolar ratio = 0.825; feed tenperature = 90C;
10 reactor tenperature = 67.5C, S03 concentration in air = 3.6% SO3

| oading 11 0.800 kg/cmhr; SO03/Air gas inlet tenperature = 50C, feed flow
rate = 12 4 e I 4 e hin 5
seconds)gaf ééeuﬂfoh%g]@%l-ﬁaﬁ\ rﬁé Bﬁ’aﬁ(ﬁ]e 1;% f‘%n %lg:oé]né?eéc A%t%h{elysr%g%%r—e of PIB
sul f oni c2aci2d7at8t (400°C)L4 was stabilized by neutralization with a |ime-oil
slurry (25.0 wt%Ca('O—|)2 in 15 G oup 1100N oil) at a ratio of 0.21 pounds
of sl urr§ per pound of product 16 exiting the sulfonation reactor. The
degree of neutralization was 87.4% plter %7 mxing the PLB sulfonic
acid/diluent oil with the lime slurry, xture was 18 passed through an
i nline sbati c m largaldalchiRrepanatioracSmbilized 560 Vé 818 ShitfonikdAcid

neut r al .iéation vessel . Once the stirred tank neutralization vessel was
full, itY 20 was replaced with another 5 gallon vessel and the previous 5

gal I on vessgh 5 famngﬁﬁgﬁgéétb?dségfn ﬁf‘w%@%ébt%ﬂ%tl?g FixiUE &F 70AvBR Pl Of

approxi mately 30 g stabilized PIB sulfonic acid was prepared
in this SanhevingeaMrodf SHEMRSNIGENRIEGrogs R0 Neairpl @ilbusing thg A 3. 5

Pl B sut 19 dolitd ebalbEs” SRR Mol @ pebiiRedidpat it 2Dt 17500,
30 CaCl?osolrééctteﬁteaﬁﬁeréﬁugr:am se€: 9et Rbnvenatritivchit 2 3*@%8&@9@@«@ al ong

with 31 45 grans ime and 121 grams of 100N neutral oil wWith agitation.

The 32.4lt od %%kw@m"}%e‘é@el&mgﬁmmt@meraiumIBOaGdfemrﬂqvgratau—s heat up,

oloced 13 314 kGRS HoRRtoe Hs Rl et Fibl WARirbB Eaondgas hen
hel d at18 148@dtion id the suFosatidnm@acturCihet inbeurchst RIBestafont: acld tahd @t ocl ave

rose to a 4 maxinmum of 40 psis. After the three-hour hol d the aut ocl ave
was sl olfty was stabilized by neutr ralization with a lime-oil slurry (25.0 wt% Ca(OH), 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
17  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 gallon vessel

21 was stirred for an additional 30 minutes. A tfotal of approximately 30 gallons

22  of stabilized PIB sulfonic acid was prepared in this manner.

23

24 ‘ OVERBASING EXAMPLES
25 ¢

26 Example 5

27

28 A 3.5 liter autoclave was charged with 1824 grams of the stabilized 550 MW
29 PIB sulfonic acid prepared according to Example 4. Then 7.5 grams of a 32%
30  CaCl; solution and 4G grams of water were added to the autoclave along with
31 45 grams of lime and 121 grams of 100N neutral oil with agitation. The

32 autoclave was heated to 149°C over 1 hour and during this heatup, when the
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5 vented to atnospheric pressure. The tenperature was then raised to 160C
6 over 5 mnutes and the pressure was reduced to approximtely 0.4 psia. 7
After holding the autoclave for 15 m nutes at these conditions, the

aut ocl ave was pressurized to atnospheric pressure with nitrogen and the
autocl ave was 9 cooled to roomtenperatures. The crude product had a

sedi nent of 10 0.4 volunme % The product was fiItered and anal ysis of the

16, o S BBradienchb e, e ey iREphE hARA PaRISRE ) o 1
1 32 by % he pkvaiit fiige bkédpd bPQn%\Jv%t &, Thé autddid@ wa2tifen Adld st5 Exanpl e

6 16 17 The procedures descri anple 5 were repeated exactly except

t he I18 Aut déBaGéomﬁbouémd@rrdrg whmmtﬂ@gl’m ereﬁﬁr!rentgl thrautpelaye resante a hle
T %
At oot 248 adfyof £ e R A RLME 8 AT bR il v o

propertigs: véhiddtofatmbbphieae siswre The tedbefat0RQras thkh r%ﬁs@ﬁ)’%@’(? 24 25
The procedures descrl bed in nple 5 were repeat ed exactli) except no 26

water wa@ ag¥ed M"UF&@%&HB@%F@éSUfﬁr‘éa%F%@eﬂrecﬂP@m)ﬁ%’f%{y hiPgignt | evel of
27 1.0 vpl “'ﬂ?te?/%ﬁmng"ﬂ‘ze 5%@@%{@??5“@@%@ %Qtﬁé@g&tdémvgg%?ht&cgag\)éave the

28 foll ow ng propert
Exanpl e 8 #vad pressymizekbiblatasospherc pbeshure witharpbgerbane tee aafpetdvedvasact | y

Tevel | ofSe. Sopledp e iERe aREE g 8o sTudnaratict Badd SsaRt Skhowed 11 1o
have t h‘P% 6 ol PURME . PERE BrddiRE wakAtered-and \UhaReR! dtthe fildfedmiodutP0C) . 7 8
- - s";owed it to have the following properties: 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 exactly except the
18  autoclave was vented to atmosphere during the entire time the autoclave as
19 et 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 ¢St (100°C).

22
23 Example 7
24

25 The procedures described in Example 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).

29
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9 1'0 The procedures described in Exanple 5 were repeated exactly except an
11 autocl ave tenperature of 120C was used instead of 149C and t he-autocl ave
12 was held at 120C for 5 hours instead of 149C for 3 hours. The crude 13
product had a sedinent of 1.6 volune % and anal ysis of the filtered product
14 showed it to have the follow ng properties: TBN = 17, viscosity = 114
cSt 15 (100C). 16 Exanple 10 17 18 A 10 gallon reactor was charged with
15998 gr%m; of the stabilized 450 MN_ 19 PI % sul fonic acid prepared in
Exanpl e foll owed by 5698 grans of er il 20 (Goup I, 100N)

foll owedoby 614 grans of line, 83 grans of a 35 wt% CaCl.2 21 aqueous
solution, and 203 grams of water with agitation. As in Exanple 5, 22 the
react or 9as Thesprededoresarscibed in Exemplahavatedapestedraxacty anddae water 23

52C, the,reagtor vent,]ine cl d he,r |d at 149C for
24 3 houf's &E'?fgfgw\ﬁﬁi g?@%ﬁ%?ﬁfﬁﬁéggﬁ{%% ﬁ%%@ﬁ%’_&t\q%gel psia. After 3
hours, 85 e vbRMes 9 andanalyeW of theditered produBDsSiivesd it tphasettie and then
the pressure 26 was then decreased t a. The reactor was held 149C

. to 1 psi )
and, 1 p8i afollnwing reopeitinat EBN TAE, visersiyr= p346S4(O0&3: t hen i ncreased to
at nosphegic 28 pressure with nitrogen and cool ed to anbi ent tenperature.
Follow ng 29 filtration, analysis of the final product showed to have the
foll owing properties: .- 30 TBN = 22 Exgnggegity = 106 cSt (100Cy, Chloride
= 859 ppm % Calcium= 31 3.05, % Ca Sulfonate = 1.65 by the Hyami ne
titratiof nethod. 32 -31 | CHROVATOGRAPHY EXAMPLE 2 3 Exanple 11 4
| sol ati ofrSu : i I \ ' exanpl e .
of the B oriEopPaBHReYaCSCrER AP B5ERiNe 5B DBty R e e
stabiliz¢d andoclass npeztureRIfE 200CHwas used indteathef pt¥@uand theauvcEvenpl e

2 4 0518r anv]\?és I\le?j ao{lﬁi)g(gvfgzd SIh%u?g %%?égm ‘F 4@603 or@h%u%. The crude
13  product had a sediment of 1.6 volume % and analysis of the filtered product
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 |, 100N) followed by 614 grams of lime, 83 grams of a 35 wt% CaCl;
21  aqueous solution, and 203 grams of water with agitation. As in Example 5,

22  the reactor was 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 increased to 29 psia. After 3 hours,
25 the reactor was slowly vented to atmospheric pressure and then the 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 fo ambient temperature. Following

29 filtration, analysis of the final product showed to have the following properties: .
30 TBN =22, viscosity = 106 cSt (100°C), Chloride = 859 bpm, % Calcium =

31  3.05, % Ca Sulfonate = 1.65 by the Hyamine titration method. N

32
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9 hexane and pl aced on a chromat ography colum (75 ml col um volune 10
containing 10 gns of silica gel obtained fromAlltech Corporation, Part 11
Nunber 139310). The col umm-was then-eluded with successive volunmes of 12
solvent and three fractions were collected, concentrated by renoval of the
13 solvent and the material isolated in-.the fractions was then wei ghed.
‘The 14 follow ng results were obtained: Fraction 1, 100 ms hexane, 1.93
gns 15 gqonsisting of 1.21 gpmrhmdo £ p{g6 W % based on PIB) of
16 recovered PIB; Fraction 2, X

t ol uene: @ chl oronmet hane, 17 0.13 gns of sultones (4.7 w%; Fraction 3,
100 m s thanol, 1.92 gns of 18 PIB sulf?ni acid, (69.3 w%. WHAT IS
CLAIMED PS: 2 3 1 A process for makEﬁ@E@—%ﬂ—ibi | i zed pol yal kenyl sul fonic
-acid conmgrising: 4 5 (a) 1488644 BﬂSﬁlt&%é’&I; @'P&“m@a%? ina first
reaction vessel; and 6 7 Stabrit1zing € produc step (a) by
neutrali-ding with a neutralizing 8 agent as the product of step (a) exits
the first. regctjan vessel and 9 pri.or o or, concurrently with entering a
second vEssel & (IOMIE Rein SRAElET 65 chiorSrigBERIIC Rikisalie Hard FAISOIE T on
occurs i t RRe30REAESHBM sthbilidédand irRtamdicdnripy sliifdHic 8cidl Zhe boduct The
process according to Claiml wherein the neutralizing agent is an 14

al kal i ne8earftam pladAdib grems, vasidissolvan én ppproxisatelicdf ailagfto claim 1

or claim2 i.n t ¢l ,of 7. C aiins, less than. 20%

oul tones?” 1856GerkaBP O o BlidlaRBY colin Ok B 3BT VphaREar ng

cl ai ms woer ejontdining Bgmel ofdlilicarnydi obtaned frdnPAMRLN IGHPUEAiN, Pafoup. 21 22
5. The process according to -Clalm4 wherein the polyisobuten group is

|
23 derivdd Nerbpol FIUButidieecdomnavas fhengluded wi mcggsiwve?/qs@%@ht of

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

13  solvent and the material isolated in the fractions was then weighed. The

14  following results were obtained: Fraction 1, 100 mls hexane, 1.93 gms

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

16 recovered PIB; Fraction 2, 100 mis 50:50 by volume toluene:dichloromethane,
17 0.13 gms of suitones (4.7 wt%); Fraction 3, 100 mils methanol, 1.92 gms of

18  PIB sulfonic acid, (69.3 wt%).
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24 | kyl vinylidene and 1, 1-dial kyl isoners. 25 26 6. The process according
to Caimb5 wherein the polyisobutenyl group is 27 derived from

pol yi sobut enbs cont ai ni ng greater than 50 nole percent of 28

al kyl vinyl i dene and 1, 1-di al kyl isomers. 29 30 7. The process according to
Claim6 wherein the polyisobutenyl group is 31 derived from pol yi sobut ene,
containing greater than 70 nol e percent of 32 al kylvinylidene and

1, 1-di alt kylwHaaes SLAIBDLS8. The process according to any one of clains 1
‘to 7, wherein the alkaline earth 2 3 5 6 netal hydroxide is calcium
hydrOX|ae 9. The process according to any one of the preceding clains

o tbou?" 1000° MRS i Ralk SEBISB TN SAHb 36 ) Mol 5°°

pol yal kéne has a nunber 8 average nol ecul ar wei ght of about 300 to about
750. 9 .10 11. The praocess according to Claim 10 wherein the pol yal kene has
a 19 ndnber a&@a@&%ﬁpyﬁlkﬁ@ﬁgﬁ%h sPdBAMrssmatisn yeseel s0d. 12 13 12.
The pro ess according to any one of the preceding clains wherein the anount
of ragnentation in the product of step (b) is less than about 15% 15
16 13 The prodekss stainlmrmgﬂ;epmdﬁbabmtkpf(ay bherutralizing withga mextralizing

car boxy, 17 acid w ene prior t eacting with SO3. 18 19
14. Theéprocess aC@SF"B\[%@ ri%p%&é\?iéﬁ{){%teﬂlr{é @?“ﬁsf rﬁBTW’“QEIY@%%’ angh

pol yi soputene. 21 priorto or concurrently with entering a second vessel for further

10 reaction or storage, wherein neutralization occurs in the absence of
11 ammonia or sodium hj;droxide.

12

13 2. The process according to Claim 1 wherein the neutralizing agent is an
14 atkaline 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 procesé according to any one of the preceding claiﬁns wherein the

20 polyalkenyl group is a polyisobutenyt group.

21

22 5. The process 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-dialkyl isomers.

25

26 6. The process according to Claim 5 wherein the polyisc;butenyl group is
27 derived from polyisobutene containing greater than 50 mole percent of
28 mkwwaneneand1'Lmamwlamnem

29

30 7. The process according to Claim 6 wherein the polyisobutenyl group is
31 derived from polyisobutene containing greater than 70'mole percent of
32 alkylvinylidene and 1,1-dialkyllisomers.
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22 15. The process according to Caim 14 wherein the polyisobutene has a
23 nunber average nol ecul ar wei ght of at |east about 300 to about 1000. 24
25 16. The process according to any one of clains | to 15, wherein the
carboxylic acid 26 is acetic acid. 27 28 17. The process according to any
one of the preceding clains further conprising 29 diluting the polyal kene
prior to reaction with SO3. 30 31.18. The process according to Claim 16
wher ei n1t heg_di |Tlﬁé3|§¥o§@sls>’a"ﬂcbﬁjﬂ$ toiny 3Ae BF ¥8ifhaM {07, SR e élké!iﬁb‘éaﬁh' or to
reaction with SC3. -34 rocess according to any one of the
precedi g cl ai n'Eeﬁethﬁ@F'd"cl?rF@H’%FB yirexde- 2 step of overbasing the

neut r al bzed product of step (b) with an alkaline earth 3 netal basic salt.
4- 5 20. The process according to Claim19 wherein water is used as a
pronoted. &% 7121bpra'&&s@b@&ﬂﬁ1§ t@@ﬁ?&ﬂé Bﬂthé%régealn@ \é‘/‘\lﬁf?énq e amount of
wat er used is f[&‘ﬁ %bout to about 8. total stabilized
pol yal kenyl 9 sﬂ‘fI'yF’ Pe Qéﬁd‘”mbfoa‘iqa@mmﬁ%mph"@@@égfai-‘tmleQﬁ) togphooit 4680.0ne of
claims 49 to 21, wherein the overbasing 12 tenperature is from 100C to
about 170C. 13 14 23. The process according to any one of clains 19 to 22,
wher ei n7t helQov eitieapsiccgss kﬁcqnﬁag;stmr(élailm o whereib thid pdlyalkenalinista Barmdrirs. 16

17 24. process for overbasin en sul foni_,c acids conprising 18
over basf ng t he Y6508 Wéﬁ%ﬂ” g‘SE %Ot te 3fpuli/kEl i ne earth metal. 19

basic sglt and wherein water is used as a pronoter. 20 21 25. The process
according to Claim24 wherein the anmount:of water used is
10 11. 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 of the preceding claims 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 to reacting with SO;.
18
19 14. The process according to Claim 13 wherein the polyalkene is
20 polyisobutene, ‘
21
22 15. The process according to Claim 14 wherein the polyisobutene has a
23 number average molecular weight of at least about 300 to about 1000.
o4 . | |
25 16. The process according to ahy one of claiﬁls 1 to 15, wherein the carboxylic acid
26 is acetic acid.
27
28 17. The process éccording to any one of the preceding claims further comprising
29 diluting the polyalkene prior to reaction with SO,.
30

31 18. The process according to Claim 16 wherein the diluted polyalkene is
32 mixed with carboxylic acid prior to reaction with SOa.
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22 fromabout 0.5 to about 8.0 wt % of pol yal kenyl sulfonic acid. 23 24 26.
The process according to claim24 or claim25 wherein the overbasing 25
tenperature is from100C to about 170C. '26 .27 27. The process according
to any one of clainms 24 to 26, wherein the overbasmg 28 pressure is from
about 25 to about 65 psia.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

21

22
23
24
25
26
27
28

19,

20.

21.

22.

23.

24.

25.

26.

27.

The process according to any one of the preceding claims further comprising the
step of overbasing the neutralized product of step (b) with an alkaline earth

metal basic salt.
The process according to Claim 19 wherein water is used as a'promoter.
The process according to Claim 20 wherein the amount of water used is

from about 0.5 to about 8.0 wt% of the fotal stabilized polyalkenyl

sulfonic acid.

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

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

A process for overbasing polyalkenyl sulfonic acids comprising
overbasing the polyalkenyl suifonic acid with an alkaline earth metal

basic salt and wherein water is used as a promoter.

The process according to Claim 24 wherein the amount of water used is

from about 0.5 to about 8.0 wt% of polyalkenyl sulfonic acid.

The process according to claim 24 or claim 25 wherein the overbasing

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

The process according to any one of claims 24 to 26, wherein the overbasing
pressure is from about 25 to about 65 psia.
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