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| MPROVED SEAL SWVELL AGENT AND PROCESS THEREFOR FI ELD
The present disclosure relates to seal swelling agents
and in particular to 5 i nproved seal swelling agents,
nmet hods for their production, and uses therefor.
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aromatics, or nmineral oilggr g0 are introduced into
functional fluids used in machinery in order to
m niThezpresena ldischisnientebayes. tExeaipiveedligf agentec and malparticular to
. fluids incluyde automatjc, transm ssjon fl ujds,
impied dp3l SPILRE GECT ARspls fPEIReR REP YR aPY BReIhieff | n
heat exchange equi pnent. Seal swelling agents are
used to address the problem of seal shrinkage, wherein
seal s shrink and ul t BAGCKGRQ@ENDe functional fluid

| ea . \When the functignal fluid i,s .15 | 0s

e A e Rl s
suﬁi)ﬁ&ﬁ glcbiRdls, AkyIbdiefesOfubstfttedSVBidlARE, AoRALS, aF enikaralwils,

in the art including those |isted above. One sea

args yesraduegsl inye fencaipnglaflvis ysed in mashiasty insomles i singmize geal
Lf.ql i f i S| .
$ ﬁ%lgg ggg@?@e?(g)gﬁﬁlﬁ{:tﬁo%% Iﬂgl(ﬁ: seﬁq%ﬂ}?fee?dt%%{gﬁtra F@S}ﬁﬁgﬁ)n I\ﬁluds,

osure o

‘hytliaohe plaida] Rbribaits iand yher huidsaned in Hemaxeliangs whsibhient. eSeal

sul fol anes often include 20 undesirable inpurities.,
swetlisgeagenis are tsed 19 pdergse thiaproplemt of spalsshrinkpgce Jthessin seals

shrifil %1?% Sng?ﬁl?}%&f AHREGRE Rl AakRRO! WAL GE Sﬁggﬁﬁgﬁaz fluid is

par erse efrect on elastoneric
lost,ananhirieyy camestowly bredidowant stap plarkiap iatiogethdéecause of

the inpurity. levels in substituted sulfolanes, and a

i nabY mnp[?ert sepleTHRMNS PRENISASE Yo dueifs sedfing thosg ﬂ'ﬁted
abGRIP Rl SRaANAIi) Q2GR df hattRfIA! iRkes? 30 suBREUR silfolane as

agent a p

C|
Itives. e su compound i s a naphthal ene

_desbeipbd farcexamplesini 1L S cBatpr Nal 4502988 8ctiod doh, thealischdsuee ¢fwhich

. Exxon Mopi | Corporation der the trad nme Al Tl
is FRSOTRESICh BB Y Frenoes o RSV, SeAyiEY sulflanes i tneiide
und&irgbik %g%@@es. Nﬁlekéixﬁfﬁfg?fek wRiIvdeniAbr, 3R1y30 Unfikktedshifolene,

an unpl easant odor. efore, there is’a continuing
andfeeghrearctéd alcohods Watdrihes o peticulayly atdversesfifedt e elaslomeric seals

ositive,aspects, of .30.suitable seal swell agents
w’ﬁdﬂ‘ﬂé"fﬁf"rﬁ%‘?@t APRIEEHON | o charact eri st csgof t he
ageBksauss MRSty HEHVBORIDVENT Wifdlares 0@iddar tabliRy to

above, there is provided a nethod of making 3-
rengivedke trpuritidsiegbromeicelly, fraany. copppanies thawel cheseh (ielaige other seal

i Xi ng an,.al coh and,a catalyst to f a fJir .
swifl Yt SEENRS T Cns B ottt b & Pebfflefe [dehiRhed, arpmatic
corfipoiindr &)Iﬁlﬁelfcfhll?n #VailiRe Gdn® ExR6A N6kl CORorheAL lihdeh the trade
“product is contacted with water at conditions

. namgfAROMATIC 200 ND (hereinafter, “200 ND”). However, the treat rate for 200

ND is relatively high and 200 ND emits an unpleasant odor. Therefore, there is a
continuing need to find cost-effective ways to maximize the positive aspects of

suitable seal swell agents while minimizing undesirable characteristics of the agents.

SUMMARY OF THE EMBODIMENTS
With regard to the above, there is provided a method of making 3-
alkoxytetraalkylene sulfone. The method includes mixing an alcoho! and a catalyst to
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to provide an organi c phase and an inorgani c phase.
Subsequent to contacting the reaction product with
wat er, the organi c phase and inorgani c phase are
separated from one another. In another embodi nent,
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impurity levels in Broducts are reduced

conplicated purifi i on technifques. Wile
substituted sul fol anes e used as seal swelling
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prOdyetB det kgduced ye Isuddtile tltyaie)s withsuti mndertalsng a:nstl)a oo reatiplicated
punaﬁcaﬁon 'iecﬁmque ndW%h'e %sztl%bu%ed sulfolanes have been used as seal swelling
agents in lubricant formulations, their effectiveness has been limited due to
unacceptably high levels of impurities in the agents which adversely affect modern
day elastomeric seal materials. However, the embodiments described herein enable

use of substituted sulfolanes that are more compatible with elastomeric seal materials.

DETAILED DESCRIPTION OF EMBODIMENTS
As used herein, the term "hydrocarbyl substituent” or "hydrocarbyl group" is
used in its ordinary sense, which is well-known to those skilled in the art.

- Specifically, it refers to a group having a carbon atom directly attached to the

remainder of a molecule and having a predominantly hydrocarbon character.

Examples of hydrocarbyl groups include:
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substituted aromatic substituents, as well as cyclic
substituents wherein the ring is conpleted through
anot her portion of the nolecule (e.g., two
substituents together 5 forman alicyclic radical)
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b S B PR Y oA S8 s
thethydraeaibyl gfoupntypichlty,ahdre ovill e tone enn-hgrdxrmmtbem sebstifuehihia the
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a sce bIe e caused urities in
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include in the power transm ssion i ds. For exanpl'e,
thespﬂu@ﬂnmcteedf thel floidane¥nfoatmeatolyp rthereplsaef@m init¢rhctmn between
cormd ht hal arorrat ¢ 30 compound as

ROAS aSRE ARG B e PR rfnsisah Cppanealy flat Fedude the

eﬂ‘e‘étibéiebsl of 8 Add Al/aNge 18% RoRriphERe with MddBrARGterials used in
difficult to renove. Excess vvater in the additives

the payen freasmissiorc comhenestst ulpi partigulaf sexbmeaterfals heed in the power

aponent s of the additj.wve caysi undesirabl e
e SRR Pty e S sRUHE S5 PRt ey i apritis in the
fluil§yP e \ederRoveioid fc@ﬁh@ﬁﬁtﬁﬁtyoﬁrog&ﬁﬁ&) Iiﬁt'i‘ﬂiulators have selected more

costly components to include in the power transmission fluids. For example,

substituted sulfolanes have been replaced with a naphthalene depleted aromatic
compound as described above because the water and impurity levels in substituted
sulfolanes are often too high and difficult to remove. Excess water in the additives
may also reduce the solubility of some of the components of the additive causing

undesirable precipitation of components of the additive.
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Despite the current trend to use alternative sea
swel Iing agents in power transm ssion fluids,

i mprovenents in a process for making substituted

sul fol anes have 5 been found to yield products that
are less costly to manufacture yet contain | ower

| evel s of inpurities than conventionally nmade
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15 exanpl e, power transm ssion fluids, thereby
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SFe ROO 20 where R is selected from an
Sulaﬁtlﬁwd a\#éolalw HRRYaepreduit Jogy beveed as agerl Hrslime agend 1pofor

;
B0 polen BaRled Moy RS iRl S BB ag sl ey
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but adi'ene 25 sul e an an al cohol containing from
about 4 to about 30 cgPbon atgns, as a further

exanpl e, from about 48jto aboyt 16 carbon atons.

Sui tabl e al cohol s %eaBted wi th butadi ene
sul fone incl ude, but limted to, butyl, anyl,
hexyl, octyl, decyIR5 gt radecyl, hexadecyl,
oct adecyl, eicosyl, g W, butenyl, dodecenyl,

g
phenyl , naphthyl, t®lyl,
0/'// %O

where R is selected from an alkyl and an alkylene group containing from about 4 to
about 30 carbon atoms, for example, a branched alkyl or alkylene group containing
from about 8 to about 16 carbon atoms, X is selected from a group consisting of O
and S, and each of the R? to R® may be selected from H and an alkyl group containing

from about 1 to about 4 carbon atoms, the foregoing being derived from butadiene

- sulfone and an alcohol containing from about 4 to about 30 carbon atoms, as a further

example, from about 8 to about 16 carbon atoms.

Suitable alcohols which may be reacted with butadiene sulfone include, but
are not limited to, butyl, amyl, hexyl, octyl, decyl, dodecyl, tetradecyl, hexadecyl,
octadecyl, eicosyl, triacontanyl, butenyl, dodecenyl, phenyl, naphthyl, tolyl,
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dodecyl phenyl, tetrapropene-al kyl ated phenyl,
phenyl et hyl , cycl ohexyl, nethyl cycl ohexyl al cohols
and i soners thereof. A kyl radicals for RL may have
from about 4 to about 30 carbon atons and, as a

xa 8 bou rbo
Ao BRinyE Rl SropREIRAR 7 ARnC\ phESehlt, 02 Yyglohenyl,
mgthk]c:yglohc)bd; tlicohile alnchisbilfnefslahasoﬁ ?ml@r did'rd:)glsthr Rggmg have from
i scl osur a -Cl6 a al.coho R is a tp a
abPUEE I BHeg 30 Sbon ZiopTsgnl A B Pxapinke Fr5H g & o abot 18
cafndtyit, 1.€., potassium hydroxide (KOH). The

conponents in the reaction vessel are stirred and
heatladoneocrabaslimensofC: freactian peodesd farf makingwubssitited iselfolanes

o T R LSRN T Y F TN G-

alérzo withesneitaile liforaRtlc atagkit ene, YetakqiR hpdrafid6 AKIOH). The
the reaction vessel to forma reaction mxture. The
cogipenens anthc eeastion uesselase stiroad gndrhepted taialanb 365 € deraiperiod of

. . I I i LGt el ow
g o Ry BEQRYF SpbB B HD e A1) £ oo s The
redChiyn meask ictheasedled Yo $dirg mpeatntenghdbdadibne sulfodie 3 added to

reaction 15 vessel contents during the reaction .
the, gagher vestel Ouiamen reastion meishse.. Theesubpauent eremisal gragtion

I [ : A ) r ge
folpo R BBt G ul e ki O ph 6 1 BEpiBlc bR BRIGRS
amount of catalyst per nole of sulfone or akgehoR in
the reaction mxture is in a catalytic anoyit and nay
rang€.f romfSabout 0.01:1 to about 0.1: ¥ ork a nole
basis.\z fter the reaction has substantiglly
water i s added tEKQHMe reacti product in
n vdsselR-(QHe anrpurimof wat ded to the
essel typically ranges fr abo 3to
about 10 tinmes the anount of sul fone or al cohol in
Readtionr efficieheyhmag deeincrensed bpoblight dwiating Fink stivaingrofcthe seastion

| sipn to f [ h [ [, bet
vt o fifios hestdion et ench < Siicnd fnd BEO& (ol ane.
Pr OUHE 8modft GFlcohd] ARIHRRLST RIMBRE i A REEIINIMIMEre may range
catal yst. Upon heating the reaction vessel contents to

from ahowpO/Sak tor ebouhAyi eorya fmelembasisuThe @moantoficattlysit peg snade of
il i [4.] the. reaction .product,, the enulsion is

sl o€ a0 B T I ® BB e A f B e T from

aboRk 0| ICtopbawds]:1 the méledads and organic phases may be

separated from one another upon settling of the
r eadftep fheigaction has substantially concluded, water 1s added to the reaction

product in the reaction vessel. The amount of water added to the reaction vessel

typically ranges from about 3 to about 10 times the amount of sulfone or alcohol in
the reaction vessel on a mole basis. The water causes an emulsion to form in the
reaction vessel between an organic phase containing the substituted sulfolane produce
and an aqueous phase containing the catalyst.

Upon heating the reaction vessel contents to a temperature ranging from about
80° C and about 85° C while stirring the reaction product, the emulsion is broken
thereby providing separable aqueous and organic phases. The aqueocus and organic

phases may be separated from one another upon setiling of the reaction vessel
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5 contents using conventional phase separation
t echni ques, such as physically draining the aqueous
phase fromthe bottom of the vessel. To further ensure
substantial water renmoval fromthe reaction product,
. S . .
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- a potassium content of about 500 ppm or less. In
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in t | C d . kLl On
phad e ERRROD QbR o] AR e B R el S

agwratqurodocs havippiangesioal walet caiteinofSibans 1960 PHmt Srelesh resul fur
The second water addition

_pr.oced i bed above.
| m@é&éfogi‘éﬁ 98 E@ﬁ% 'aeﬁ pp%rﬂg\é%ss@rﬁiaa BetessrmgontsRt offabayt $4Pppm

oriQs. Provide a sulfur dioxide inpurity content of |ess
than about 1 ppm and a potassium content of |ess than
aboln dsderpim furthieheningnizt i the rpsidutd citnpulity devels fhahe reaction

odi ment,, sone, ot all, f the water separated fro
Prodigh Ageandovatentsidtiancand phase PRPAAEQR é@éﬁ@f ¢ FoKugted, pefore

the Witule SiSspisg 8aH BRfhes %ﬁ%tpg Risiho SHO SEAL BRiceMRE QBsdriBed @Bove.
initial water addition step for purifying the product.

‘Thesecond avgiéreadditiva stepparglhsibsequeniagmse sepavation imaynbachieatist to
o) h ' duct af h d t .
ey pilfr GP¢ ApRHE “Hoke oot 3R P T B nd aupotpesipm

coRb@Rf 1éds thah ABSRBUSM iORE $dhcQbn pRAGEL ON  product .
Accordi ngly, this enbodi nent nay be useful for

- conbet I garbediment] soms omialiofithe watenaspamted fremribe teaghion

e _progess. ln. yet another enbodi nent,.the reacti .
vedsP 3 RACIREE sepatbrtf iR 2ot Bloa SIS0 R B 1L A SRRt Bten n
an alitslhodteridlited §ep forl purtfhRgRhe pestuet. OF oPexedipid, hé inorganic

However, prior_to the water addition step, an

phasp seraevrddree adirssbateh ebresctiqnproduciafigr thazeand waigy addition
L A e S o

proByctwancedrdiesBimhie, ensbdd@aedti @By Hexisehift R \Cobsrias Wader and

. .and the catalyst  neutralized and inpurities renoved
miypizigg waste sEermsHHem thgRproggster in the anounts

- In yet another embodiment, the reaction product is made as described above
by reacting an alcohol and sulfone in the presence of a catalyst. However, prior to the
water addition step, an inorganic acid, such as sulfuric acid (H,SO,), may be added to
neutralize the KOH catalyst upon completion of the reaction between the alcohol and
sulfone. |

By way of example, a reaction mixture may be formed, and the catalyst

neufralized and impurities removed by use of reactants and water in the amounts
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6 listed in the table. These values are neant to be
approxi mations and are not intended to limt the

di scl osure. Table 1 Conponent Wi ght percent of total

| so-decyl al cohol 41.14 KOHO. 66 But adi ene sul f one31. 32

I [ 26 54SIfur| aci
llﬁY&t ? thé %ﬁ & \g@w{eg% v%ﬁ% naﬁ'{e g‘geaﬁ e appigriga é(msfagﬁ are] no‘ii mtended
to pindcithe dischisarerade by processes according to the
di scl osed enbodi nents and by alternative processes.
The exanples are not intended to limt the invention
in Tnu@y 10 EXAMPLE 1 Pabded| swelling agent
accoiCwimpgnen t he di scl osur ef was m¥deightpeaceanef-tbial er 3-
neck Isoeddcyl dlcetwit Wi t h bottom outl et. Thelfifask was
equilpread Wi th an agitator, pn addition gggnel, a

t hel TRk suffofe TPer at Ur € LontrofTer, 3ng,a

condg@ggr F C ght—Treasure s, the
enpiy ea@?i.ﬁgﬁ—@% _ H 3 _

and Su manr hef o
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The fi rst step of the process included charging 155

. grang {,‘;ﬁ% ee¥ibied! t r j I@;d@.
The netgt l@J‘i}me ud é’% g‘ﬁ{a}?gﬁtﬁg Sglféﬁg‘? a?r%vg&%éftsos%% [ by
prd¢eeses atwrdihg tm ﬂmcﬁwodm;etﬂ lembldindeintscarsit by gltangative peocesses. The

ontents of the.flask., The reaction flask contents
&8 @rﬁgﬁgwéq@ggtqlgngmv%m@m aMH¥aheati ng step was

continued for at | east one hour to ensure that
substantially all of 20 the KOH had been dissolved in
t he al cohol. The al cohol E\XAMPEE Icooled to room

of " Botopl Y Elting Rert Atnriado 1Y BISERE S NG RG Tr alk e -
necknfesine 869kl With flosin 6&1’& e”ﬁﬁ: i*l@l»:‘i‘wﬁi1 Riuippdd wasl Al aélﬁﬁff‘ an

- tenperature until the entire solid was reacted wt
addjtiers thamnel.ap | thenmymeatér; @ temperatd ¢ontroter, ravdca |oondefn|sask For

n fl h h d. t
accipasd Migh® B HnbarR 3 ERPHSRBR RIS e B fhe stirer
andthcatlbager befotOpRchilithg GahttRé readien trine ﬁr&r@g{) of theprbéess

. the reaction flask contents reached 35 C, 1 rans
inc bldedvah%gmgdﬁ(gﬁ%mg@@m igo-dpey] alogbel iste thereastion fiagk. The next
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- The heating step was continued for at least one hour to ensure that substantially all of

the KOH had been dissolved in the alcohol. The alcohol was then cooled to room
temperature.

| The next step included charging 118 grams of solid butadiene sulfone into the
reaction flask. The reaction flask contents were then stirred at room temperature until
the entire solid was reacted with substantially no solid remained in the reaction flask.
The reaction flask contents were then heated to about 35° C to ensure that
substantially all of the butadiene sulfone had reacted. When the temperature of the
reaction flask contents reached 35° C, 100 grams of water was charged to the reaction
flask. The reaction flask contents were then further heated to between about 80° and
about 85° C while stirring the reaction flask contents. Once the reaction flask contents

reached between about 80° C and about 85° C, the stirring was terminated and the
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30 reached between about 80 C and about 85 C, the
stirring was term nated and the reaction flask
contents were allowed to settle within that
tenperature range for about thirty mnutes. The

| &
rBRS PRk R EAR Fork MG QAR (B RIS 0F about
thittyemimoest | Theclsbttont mbrgahle (onganpiase has thenwamosakfiomThe flask

er re jng the.i anlc hasefromtheflask 10
ﬂ@?@lﬁ%ﬂf@ﬂﬁ%‘? thopzmic phy step Fapimedy iy (e organic phase
wheaehli on flask. The reactl on flask contents were again
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}.gsh P0| C(PI\/CC)llO mn. Viscosity at 400 C, in
Rrat ches standard Unreacted Sul fol ene in
wei ght %:0. 75 Sul fur dioxide in nk1l.0 20 By contrast
to the above exanple, comercially avail abl e

substi t ut ed Table 2
Measured Quantity
Water in ppm 1524
Potassium in ppm 0
Specific gravity at 15.6° C 1.03
Appearance Bright and clear yellow liquid
Color, ASTM 0.5
Sulfur in weight % 11.5
Flash Point, °C (PMCC) 110 min.
Viscosity at 40° C, in ¢St 25
FT-IR matches standard
Unreacted Sulfolene in weight % <0.75
Sulfur dioxide in ppm <1.0

By contrast to the above example, commercially available substituted

sulfolane products typically contain from about 4000 to about 7000 ppm water and

more than 100 ppm sulfur dioxide.
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sul f ol ane products typically contain from about 4000
to about 7000 ppmwater and nore than 100 ppm sul fur
di oxi de. 8 EXAMPLE 2 A product was prepared according
to the procedure of Exanple 1 with the exception that
~only one water wash wasp@RRipeH ol Nstead of two water
washes when the reacti'on was conplete. The resulting
f ihl t & rpeaduat MHqi-eﬂamﬁ acdaﬁfdlmg:&i thlbhﬁbbl aeluee bStEﬁ(aﬁlﬁ&Sl with the
t hat (as,shown Tabl e th t
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re&@foﬁsvﬁs Rt EThe Qé’sg gﬁmeﬁd rggtﬁ‘llfﬁ Eu?enﬁcé‘le(ﬁ’llaract nstlcs as
1 ng ent accor I scl osure was
th@t @r%ahml@l (& slbGvmincKable ) withl thelexaertionbthet thmpwddcehad a

S e with an agitator, an addition
mg%@erpgtaw r?g g@@gzap’fl erature controller, and a

condenser. For accurate weight neasurenents, the
enpty reaction flask was weighed with the stirrer and
t her nomet er before pro@é@l EMth the reaction. The

first t PrQ cl,uded char 119.
or i 58§ S8sfhing 4G PL A6 o R aFRSpE Il fre pheer -
nedlh eesitb flagkx vitht Rptohn olitlle AT 8a4K Bes bq@ipPédBMithodn agitdtst, an
KOH into the reaction flask while stirring the
addifian dpprelop thefanqmelen a tomperaturet sasroflern sjadcd oedenser.  For
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about 91.1 gr i ene sulfone were ¢ arge
stintimgdh¢ lcententa gifi the ﬂaﬁlt adthe rﬁmnonmm contchisawkrevthen theastad to

S a t he contents wer.e st for about one
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sublsBRBENPhN 0F thd RIAR$Ed Bbed BRsoIVEAR R MIEIHIEK THE r}&a%ﬁbﬁ flask

to about 40 C was observed. In the final half hour,
cortérds WSretthﬁp@m!mdﬂoelboﬁtZSh@ reaction flask contents

TR e e h Dol et ribict Mot v5° o i, Siting was

terirlatedfantl raeoﬁtoé 1.0 gidlsf tadiand slirenoveRdchafifdghtortht réafcnon

the solids had reacted, about 77.2 grams of water and

- flasgpothe reaction flpslavess dlientrspled nad Wer eontonds were stiored Hfer about one

onf hereatlonflaskcntent
and] {35 B e a3 D5 Bevchltfne, 0nEetes g ar me
readtith ﬂ@s‘kcbdr@éhti |t@%50&040°e®t\$as\/\6lﬁs%r¢ehe NIAkLOWBE K4 hour, the
settle for 45 mnutes. The bottominorganic (water
tempgragipre @h the reaction flask contents decreased to about 35° C. A sample of the
reaction flask contents was taken and examined to ensure that ail of the solid sulfone
had dissolved.

Afier all of the solids had reacted, about 77.2 grams of water and about 77.2
grams of heptane were charged to the reaction flask. The reaction flask contents were
then heated to about 50° C and stirred for 15 minutes. The reaction flask contents
were then allowed to settle for 45 minutes. The bottom inorganic (water) layer was
then removed from the bottom valve of the reaction flask until the organic layer was

seen. The reaction flask was then configured for stripping the reaction flask contents




then renoved fromthe bottom valve of the reaction
flask until the organic |ayer was seen. The reaction
flask was then configured for stripping the reaction
flask contents 9 at atnospheric pressure. The reaction
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rog&is was termnated. Before filtering the reaction
aniggRYates Pigserl 56 R (rnai0R npom( Bihes aelysls of figrrgaation lesk
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coch oD Pl b Lorfld A0 il 98 b0, B83Hppi proces
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Tabl e, asur antit vater | .Potass| um i.n
Chﬂﬁe‘gﬁ’étgi &EE&“@ P_i&ilw aih anglstiedtop @Q%pléaf%&%%r ?H_B?] gnafycal
15  result®BOmUBE Fit¥elipibtiet ﬁ%%%&s‘%whm\t;i {hwfomdwg ki

9%d41.4 Flash Point, C (P 110 mn. Viscosity at 40 C,

in cSt24 FT-1 Rmtches standard Unreacted Sul fol ene in

wei ght %<0. 75 Sul fur dio gge:i)n n<1.0 While the
t

f oregoi ng process provid roduct simlar to the

prpdmhsdréﬂQﬁéhtﬁjié}”pl e 1, hel aqgl t1onal rstepsj of
usi P7-figtih ppe and removimg the freptggg,fronmtie
‘Potassium in ppm 5
Specific gravity at 15.6° C 1.03
1 Appearance Bright and clear yellow liguid
Color, ASTM 0.5
Sulfur in weight % 11.4
Flash Point, °C (PMCC) 110 min.
Viscosity at 40° C, in ¢St 24
FT-IR matches standard
Unreacted Sulfolene in weight % <0.75
Sulfur dioxide in ppm <1.0

While the foregoing process provides a product similar to the product in
20  example 1, the additional steps of using heptane and removing the heptane from the

product complicates the process.

EXAMPLE 4
A product was prepared according to the procedure of Example 1 with the

25  exception that, upon completion of the reaction, 20% concentration sulfuric acid
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product conplicates the process. EXAMPLE 4 A product
was prepared according to the procedure of Exanple 1
with the 25 exception that, upon conpletion of the
reaction, 20% concentrati on sulfuric acid 10 (HZSO4)
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withBuf Bftod Rid PG ARG thd prolRB. € ©

EXAMPLE 5
A product was prepared according to the procedure of Example 1 or Example
3 with the exception that no solvent (water or heptane) was added to the batch.
Instead, two different grades of magnesium silicate powder available from Dallas
Group of America, Inc. of Whitehouse, New Jersey under the trade name
MAGNESOL (about 6 wt% total) were added to the reaction flask contents after
completion of the reaction to absorb the catalyst before filtration. The resulting

filtered product characteristics are shown in the following table.
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Measured QuantityMAGNESOL GRADE 30/ 40MAGNESOL HMR- LS
Water in nb6041833 Potassi umin mi80480 Specific
gravity at 15.6 1.031.09 C AppearanceC ear to slightly
hazy yellow Cear to slightly hazy |iquidyellow liquid
Col or, ASTML.01.5 Sul fur ,Bn%v\ﬁl ght 942.0511. 86 Fl ash
Point, C (PMCC) 110 m n. 11 Viscosity at 40 C, in

M&isdrbd Juhti8O FT- | RMRGRESOISGRAGHE siyab ¢ e GNBSGRMTHIMR-LS

WhHel H pplh OX1 d€ TRTUU The Bgeeess of Ugi Ng VAGREROL

Pﬁ%’ésl IBT 8}“ des Tesut [ SISy Il‘LgOdl to (:‘Xé‘lllpl [SJ 4[86Wl:‘vt‘l

LIl "©Adll @ 3 allu ’-l- 8 IJI UbCDD I D IIUI C
SQSFES‘AH%%"FE& g%ﬁ requires 1a di tional s$teps. 1 d-Ps

this pyarml e

Lt he products—pade. b
Apparapgich hi gher p&iless &9 slhightlyheanyeiomnin Glaer tpshglibthazy
of example 1. EXAMPLE 6 A lqwduct was pr epaiyeldow liquid

ColawASITMy) to the procedure b Exanple 1 with thes 10

Sekfoehtweiphtttat thp water uskgdsfor the {irst washgsvas

FIA6Pou PCAPMICerd| Tor theygaegnd wash] The rAY4hin NO

Vibdosfey @UP ORI FNaracter4 5] Cs are S{iown 1 3/,

OWI'T1 ld.J C. |d.U| S >3 g!ﬁd € dimyT vV [I IH
FII(:!‘-E\) u 8I I } \.a gi’ ar/ C y a tC4 g% \Zu U\\?JéJII‘\\p 38&?%1&@“% Sr gTit d
Sll _urd‘llpu plr\tlmmn\m i r|||| d ("nl (Qr’ ASTML. Ol .Sul fur i

wei ght °/<11 58 Fl ash Point, C (PMCC)110 m n. Vi scosuy
at Athecpropess caft psing MAGNESRL CHMR-E8apudwidgs results similar to

example 1, however as with examples 3 and 4, the process is more complicated and
requires additional steps. It is also expected that the products made by this example

have much higher potassium contents than the product of example 1.

EXAMPLE 6
A product was prepared according to the procedure of Example 1 with the
exception that the water used for the first wash was recycled and used for the second

wash. The resulting filtered product characteristics are shown in the following table.

Table 6
Measured Quantity
Water in ppm 940
Specific gravity at 15.6° C - 1.03
Appearance Bright and clear yellow liquid
Color, ASTM 1.0
Sulfur in weight % : 11.58
Flash Point, °C (PMCC) : 110 min.
Viscosity at 40° C, in ¢St 27.24
FT-IR matches standard

This example demonstrated a method for recovering product from a second
wash step of a previous batch while providing a purified product. The following table

is a composite of the results from the foregoing examples.
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As shown by the foregoing examples a superior substituted sulfolane product
may be made by using two water washes according to examples 1 and 6 without the
use of additional or complicated purification steps.

Substituted sulfolane products made according to the disclosure may be
incorporated in oleaginous formulations in conventional amounts. For example,
power transmission fluids, such as automatic transmission fluids, may contain from
about 0.1 to about 10 weight percent of the substituted sulfolane product based on the

total weight of the composition. The oleaginous formulations may be used, for

example, in automotive applications, such as automatic transmissions, and in other

power transmission applications. Such oleaginous fluids typically include, but are not

limited to, a base oil, ashless dispersants, friction modifiers, viscosity index

“improvers, detergents, antioxidants, extreme pressure additives, corrosion inhibitors,

antiwear additives, metal deactivators, antifoamants, pour point depressants, air

entrainment additives, and/or metallic detergents.

Base Qil
Base oils suitable for use in formulating oleaginous compositions according to

the disclosure may be selected from any of the synthetic or natural oils or mixtures
thereof. Natural oils include animal oils and vegetable oils (é. g., castor oil, lard oil) as
well as mineral lubricating oils such as liquid petroleum oils and solvent treated or
acid-treated mineral lubricating oils of the paraffinic, naphthenic or mixed paraffinic-
naphthenic types. Qils derived from coal or shale are also suitable, The base oil
typically has a viscosity of about 2 to about 15 ¢St and, as a further example, about 2
to about 10 cSt at 100° C.

The synthetic base oils include alkyl esters of dicarboxylic acids, polyglycols
and alcohols, poly-alpha-olefins, including polybutenes, alkyl benzenes, organic
esters of phosphoric acids; and polysilicone oils. Synthetic oils include hydrocarbon
oils such as polymerized and interpolymerized olefins (e.g., polybutylenes,
polypropylenes, propylene isobutylene copolymers, etc.); poly(l-hexenes), poly-(1-
octenes), poly(l-decenes), etc. and mixtures thereof; alkylbenzenes (e.g.,
dodecylbenzenes, tetradecylbenzenes, di-nonylbenzenes, di-(2-ethylhexyl)benzenes,

etc.); polyphenyls (e.g., biphenyls, terphenyl, alkylated polyphenyls, etc.); alkylated

~ diphenyl ethers and alkylated diphenyl sulfides and the derivatives, analogs and

homologs thereof and the like.
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ethylhexyl diester of linoleic acid dimer, the complex ester formed by reacting one
mole of sebacic acid with two moles of tetracthylene glycol and two moles of 2-
ethylhexanoic acid and the like.

Esters useful as synthetic oils also include those made from Cs to Cyp
monocarboxylic acids and polyols and polyol ethers such as neopentyl glycol,
trimethylol propane, pentaerythritol, dipentaerythritol, tripentaerythritol, etc.

Hence, the base oil used which may be used to make the oleaginous

‘compositions as described herein may be selected from any of the base oils in Groups

I-V as specified in the American Petroleum Institute (API) Base Oil

Interchangeability Guidelines. Such base oil groups are as follows:
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al cohol ,  dodecyl . al cohol, 2-ethyl hexyl al cohol,
3, 88:A03; &?&ygrwaqﬂwmeﬁi and\degigged) nyiag progsrsedisslosed in U.S. Pat. -

r | ehe l. peci fic exanpl es of these
Nops%%é%?hg Igg%g@ldl’o ’cl%F )94§ pate, di(2-
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syntlfetis esbumecwﬂmw furthdy pumificatioe dreafménet r Bt énangde glshaleloil
and, two pohes of 2- . . . .
obtamned directly from retorting operations, a petroleum 0il obtained directly from
primary distillation or ester oil obtained directly from an esterification process and
used without further treatment would be an unrefined oil. Refined oils are similar to
the unrefined oils except they have been further treated in one or more purification

steps to improve one or more properties. Many such purification techniques are
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At numerous places throughout this specification, reference has been made to
a number of U.S. Patents. All such cited documents are expressly incorporated in full

into this disclosure as if fully set forth herein.

Other embodiments of the present disclosure will be apparent to those skilled

in the art from consideration of the specification and practice of the disclosed

embodiments herein. As used throughout the specification and claims, “a” and/or

“an” may refer to one or more than one. Unless otherwise indicated, all numbers

-expressing quantities of ingredients, properties such as molecular weight, percent,

ratio, reaction conditions, and so forth used in the specification and claims are to be
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4,943,672 or 6,096, 940; dewaxed using processes
disclosed in U S. Pat. No. 5,882,505; or
hydr oi someri zed and dewaxed usi ng processes di scl osed
in US Pat. 20 Nos. 6,013,171; 6,080,301; or
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el gﬁ? d ﬁsg?ﬁ# n(?(]jdlﬁ]&ijmt %‘Zt I'C eg%&eﬁg gltnll gé’jo ?ur é%ccfﬁdmgl ¥
urtleus mxhcatai o thé cammarythe ﬁl&ﬁ@icabfvarhxhétets}&pﬁo@hhﬂﬁ krespecification

m%sﬁelnabove can be sed in ths emﬁe oils. Er efi ned
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xample, a s 0

tFeatnent. For e oil ai né
attginpé de |lymit tlonappdicatian of) ttepdeditinonf equivilents ab ethmsompe of the

cIfiRls” bR ometie ey SroBia ATee b Bhastru rofetdios g Bimber
ofaRéported €8l giiicRAUH] Tgﬁtﬁtﬁlﬁl' By ppRARY oMidhS E’&uﬂihg techniques.
unrefined oil. i ned 0|Is are simlar 'to

Nofwiithstending dhat sﬂlé wwncalhr@ygwaw bar@mefem s¢ttmg tfmélatth@ broad
scbn%b 8F the? d1sﬁ3§lﬁe %{m%r%%nﬁ & capr/alg & s orB in the

re prope such pdr |ca T6R technfquetalfe

spddifi rexamples drbosporsddi bs @lcdisely e PoskibRlC MBS naleredlt value,
extraction, secondary distillation, acid or base
howeyera dheseitlys qonfaing pétain ﬁ@ﬂ@on%vﬁsaﬁly epeltingdrom jthe gtandard

Py 6P AR PAAREESAAAU P PSS e

sptrafieatioe emd aixamplty ba cedsidered s ekemplaSuatly) withfa thed saipk and
are_als s..reclaimed or 5 yeprocessed pills and
SpigHt Péﬂwéﬁ% oFRP @E%@FW %sr.nse@i}gaéad Eﬁpﬁwé gelaims.

directed to renoval of spent additives, contam nants,
and oil breakdown products. Additives used in
formul ati ng the conpositions descri bed herein can be
bl ended into the base oil individually or in various-
sub- conbi nations. For exanple, 10 all of the
conponents may be bl ended concurrently using an
additive concentrate (i.e., additives plus a diluent,
such as a hydrocarbon solvent). The use of an additive
concentrate takes advantage of the mutua
conpatibility afforded by the conbination of

i ngredients when in the formof an additive
concentrate. Al'so, the use of a concentrate reduces
bl ending tinme and | essens the possibility of blending
errors. 15 The power transm ssion fluids disclosed
herein may include fluids suitable for any power
transmitting application, such as a step autonatic
transm ssion or a manual transm ssion. Further, the
power transm ssion fluids of the present invention are
suitable for use in transmssions wth a slipping
torque converter, a |lock-up torque converter, a
starting clutch, and/or one or nore shifting clutches.
Such transm ssions 20 include four-, five-, six-, and
seven-speed transm ssions, and continuously vari abl e
transm ssions (chain, belt, or disk type). They nay

al so be used in manua
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transm ssi ons, including automated manual and
dual -clutch transm ssions. At nunerous pl aces

~ throughout this specification, reference has been made
to 25 a nunber of U S. Patents. Al such cited

ents are expressly incorporated in full into
Cﬁ’gﬁéggl sclosure as if fully set forth herein. O her

1. eA Bl JiEsTiSakd e 35&@&@35&1@1%;@@% ESmpidihg:0e apparent

to those skilled in the art from consideration of the
s pednixingan; abephghendor eatalysido ffrm mfirstimgxtbissed 30

nbQdi 1 ' As . d h h .
e d A ER A kaiRa pona e St AT ot repgtion progect
t 0 @oftadlingihe ecachewpdact il Rakr 8t dbaditosEsufficieb Peovide

all nunbers _expressing quantities of ingredients,
an Gy s phase and eningegapisipbases and wei ght, percent, rati o,

Feactian. i ‘ :
cpocryPRLERAE B el hork b i o Bt dfier .
being nodified in all instances by the term "about."

cordj ngl . unless . indicated to the contrary, the

2. ﬁ@ﬁ@%%ﬁ? 0%%?1%& tein the qrganig,phase cppiaigs ks thap 2bpy£000

pA\Wate i M5 are approxi mations that may vary depending

P upon the desired properties sought to be obtained by
the present disclosure. At the very |east, and not as

5 att .taq limt the application of. the doctri
3. Fio Baghortainice e oivin B8 GpEATES Pliate compEF bss Dahahout 075
perdexieydiSiatlof RAfAETBd SlkadibMiblifoat. | east be construed in
light of the nunber of reported significant digits and

by appl yi ng ordi nary roundi ng techni ques.

R R

-80di scl osure are approxi mations, the nunerical values

set forth in the 10 specific exanples are reported as
precisely as possible. Any nunerical value, however,

5. THEF Y cBRIE oot B R G MY BB e oz,

- percat pwidlit vEsdlst i Nng neasurenents. It is intended that

the specification and exanpl es be considered as
exenplary only, with a true scope and spirit of the

o LRI 0 LS 0 i 1o O
3- atdatacyihg theaahdtiph prehstivith Rexte bR ténScRgirethiging fiom about

0icoqqol and a catalyst to forma first mxture;
80" Ceto-3boHtS % | G lodireyide Hhiq arasnic phass apd theriperganigphasgr e t o

forma reaction product; 5 contacting the reaction
product with water at conditions sufficient to provide

7. "tie methadiof claim 4 ewherdinghe coma@imgistepioampeisesand
fﬁgar oy Hg Fl{er}gac(t)iro% %Pcl)d%cP vrs]rlattﬁ %va?erll Czllt ;i ?e%;pge?z{]ullr% rgr?géi‘gge ﬁ‘glrnoa out
80° C to about 85° C to provide a first organic phase and a first inorganic phase;
separating the first inorganic phase and first organic phase from one another;
contacting the first organic phase with water at a temperature ranging from
about 80° C to about 85° C to provide a second organic phase and a second inorganic
phase; and
separating the second organic phase and second inorganic phase from one

another to provide a purified 3-alkoxytetraalkylene sulfone product.
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2. The nmethod of claim1l, wherein the organic phase
contains | ess than about 2000 10 ppmwater. 3. The
nmet hod of claim 1, wherein the organic phase contains
| ess than about 0.75 percent weight of unreacted
al kadi ene sul fone. 15 4. The nethod of claim1,
wherei n the organi c phase contains |ess than about 1
8.PPie m&B8d oBclaitin g, Whérbiadh®Sul fonpPodhct Nﬁﬁ%?ﬁ'tﬁsihﬁﬁcontent of
organi c phase contains |ess than about 12 percent
fogaiabent Gdp abowti2ppm.20 6. The method of claim 1, wherein
the contacting step conprises: contacting the reaction
product with water at a tenperature ranging from about
9.8TheGnethod bHethinB b, Whéreinplioalkatierid il fofigedthsrisel Baadiane
uhﬂe i norgani ¢ phase. 25 7. The nethod of claim1,
SUjiRRY-ei n the contacting step conprises: contacting the
reaction product with water at a tenperature ranging
fromabout 80 Cto about 85 Cto provide a first
10orIemethgrhafSdaiant] whefdin tite alkeliapesulforphangirisesapfotaati ng
the first inorganic phase and first organic phase from
one another; contacting the first organic phase with
11Vt imchoPofl GAREIR WheRird MR SLAR0A G HRI1AR SttforttofnphiQes 3-
about 85 C to provide a second organi ¢ phase and a
alkexytstramietiylegaavlionephase; and separating the second
organi ¢ phase and second i norgani c phase from one
another to provide a purified 3-al koxytetraal kyl ene

125 Tht @iuEhdd sTblksin. 1 1] Wh8reinlihe all®@k @Ebupb ofthei3Mm 7, wherein
the sul fone product has a potassiumcontent of form

alkogpigtramethyleap silfone copigin fJom pheutfetolsbautciO carbgnmtams.
wherei n the al kadi ene sul fone conpri ses butadi ene
sul fone. 10. The nethod of claim1, wherein the
13alThadictivd cleldinne wherdd thsatcohol dotagmefrort @bdut-4 thRABout 30
nmet hod of claim 10, wherein the 3-al koxytetraal kyl ene
QPR PRS- conpri ses 3- al koxyt etranet hyl ene sul fone. 12.
The nethod of claim 11, wherein the al koxy groups of
the 3- al koxytetranet hyl ene sul fone contain from about
144 The netimdtof 3hira dBpwhereinath® alcdlol L:3ntaibls droie blad 8ad abdwail

., wherein the al cohol contains from about 4 to about
car Bnatoms. .

15. The method of claim 1, wherein the alcohol is selected from the group consisting
of butyl, amyl, hexyl, octyl, decyl, dodecyl, tetradecyl, hexadecyl, octadecyl, eicosyl,
triacontanyl, butenyl, dodecenyl, phenyl, naphthyl, tolyl, dodecylphenyl,
tetrapropene-alkylated phenyl, phenylethyl, cyclohexyl, methylcyclohexyl alcohols

- and isomers thereof,

16. The method of claim 1, wherein the alcohol is iso-decyl alcohol.

17. The method of claim 1, wherein the ratio of alcohol to sulfone ranges from about

0.5:1 to about 2:1 on a mole basis.

18. The method of claim 17, wherein the ratio of alcohol to sulfone ranges from
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carbon atons. 14. The nethod of claim 13, wherein the
al cohol contains fromabout 8 to about 16 20 carbon
atons. 15. The nethod of claim 1, wherein the al cohol
is selected fromthe group consisting of butyl, anyl,

. |, tetradecyl, hexadecyl,
oHRE LTS ¥ EE B o PG anyl - "ot eny 1 dodeceny!

phenyl , naphthyl, tolyl, dodecyl phenyl, 25
phenyl et hyl ,

-al kyl d ph |
1, T ieghestst o mering bolkeroiERgly st BrBine Whileih pa deghal and

kR itk TGS S 6 D, o roduc,
andinpiroveinentwenmising: he rati o of al cohol to sul fone
fromabout 0,5:1 to abput 2.1 on a nol e basis.

ranges. . 5:

15, SRHIPEHAHIA Ui oRFtigR FFacHot (PR P HENE o of

al cqfpling Me Tttt ORI ANOKIEERTARPAREMH Bk ) FhstloPaanic

about 0.71:1 on a nole basis. 19."In a process of
phasekdndg Brstinkegayicebastal kyl ene sul fone wherein an

ot c B P BRI Pl A b notier o
prévidé aBIalReXFRAhalk PIERE duifond prolitell s Rtuded ifpBrity level.

reaction product to forma first mXxture; heating the

first mxture to a sufficient tenperature to forma

fi ' . first .inaorgani c phase;
e e R o S T S

phaseatingahe Gt nfnQid e téperd@rdfayingdron about 80° C to about
- al koxyt et raal kyl ene sul fone product having a reduced

3 : :
857 erpefarp the Syt jorganiy phesgeand the Gt irarganie pasei m 19,

wherein the heating step conprises: heating the first

m xture to a tenperature ranging fromabout 80 Cto

2] abbe imprdYerfeitof thimip@rthér @impeisggni ¢ phase and the

first, inorgani ase. 15 21. The inprovenent of claim
19, aéd}% K& eréfbﬁ*ﬁf‘{]f ioRRRRTIasg o RIB A seerndBIXfyre;s ¢

or 9R&lHn RH@s‘e%oﬁchﬁ:&ﬁ:@t? p SEERM lEnﬁ%e&‘Jt&m 6 EPoRfidé% de
second m xture to a sufficient tenmperature to provide
organisphosehnder germidiinpigasie phaxd; andsecond i nor gani ¢ phase;
and 20 separating, the second inorgani c phase and
_sec%%’_afai'flg YORHASSEFRIGRIBIFA0 S rﬁ@rr,g%@}aé? ofne
andtRER W hér¥inl (RY ﬁh}t)lﬁ'fty SEPcatalysPid (H8 oPERR PHasPHARES st 965ut
fromabout O to about 5 ppm
0 to about 5 ppm.

22. The improvement of claim 21, wherein the heating step comprises:
heating the second mixture to a temperature ranging from about 80° C to about

85° C to provide the second organic phase and the second inorganic phase.

23. The improvement of claim 19, wherein the second organic phase contains less

than about 2000 ppm water.

24. The improvement of claim 19, wherein the second organic phase contains less

than about 0.75 percent weight of unreacted alkadiene sulfone.
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22. The inprovenent of claim 21, wherein the heating
step conprises: 25 heating the second mxture to a
tenperature ranging fromabout 80 Cto about 85 Cto
‘provi de the second organi c phase and the second

' gani 23 1ol ' Vi t - cl,al .
24 n By eBRE G e 1) Whel R RSESRT rini Epal oty Jes
thababtut 296 O water. 30 24. The inprovenent of claim

19, wherein the second organi c phase contains |ess

t han about 0.75 percent wei ght of unreacted al kadi ene
2()ts’ ﬁ%ﬂeg g@cr)%‘&ilngfl g%fnql-f%:iﬁlpL ase gféao nt aitsﬁésynld(glé t #a%ﬁe a E ou tﬁé f1‘%85
thapahoB8OR2 p@6ent Tredgtit opsuiftenment of claim 19, wherein the

second organi c phase contains |less 5 than about 12

percent wei ght of sulfur. 27. The inprovenent of claim
271 Fhefitptdi@meh0didisi 1Y furfRebotgpM@ser to the

3- al koxyt etraal kyl ene sul fone product to forma second

m xtaddimg viderte the rglkondetsantkytehersulfong prothect 4o Surfif 4 ssicemd
mkgperature to provi de a second organic phase and a

secaond i norgani c phase; and separating the second

or gdiehitngoiha s€cond chiSRENOG suffidi gt MepRitafo Pi@ddNSecond

anot her. 15 28. The inprovenent of claim 27, wherein
organic phage prrha sqcerd ngrgenicqhase; 18adit i ng t he second ni xture

to ' 0 . . 5

o't SR R6 Wend BAAE radaR0is Bl R B
another.gani ¢ phase. 29. The inprovenent of claiml19,

wherei n the al kadi ene sul fone conprises butadi ene 20

sul fone. 30. The inprovenent of claim 19, wherein the

a e f . i I : 3~ The
B U B TE SR 0 oA B0 coftprids

3- alhkatingt the sahd& yixne te altérnpearatucorpging dom about 80° C to about

-.al koxyt et ramet hyl ene sul fone, 32. The inprqvenent of
355 3 ROV B e aPRRo AP e tfsend OB Shase

3-al koxytetra- methyl ene sulfone contain from about 4

to about 30 carbon atonms. 30 33. The inprovenent of
29c[The impoyvemengof claim A8, whereinghe slbadienasilono comprises butatlzne

sul?o%%l.'l t

30. The improvement of claim 19, wherein the alkadiene sulfone comprises

sulfolene.

31. The improvement of claim 30, wherein the 3-alkoxytetraalkylene sulfone

comprises 3-alkoxytetramethylene sulfone.

32. The improvement of claim 31, wherein the alkoxy groups of the 3-alkoxytetra-

methylene sulfone contain from about 4 to about 30 carbon atoms.

33. The improvement of claim 19, wherein the alcohol contains from about 4 to about

- 30 carbon atoms.
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30 carbon atons. 22 34. The inprovenent of claim 33,
wherein the al cohol contains fromabout 8 to about 16
carbon atons. 35. The inprovenent of claim19, wherein
the al cohol is selected fromthe group 5 consisting

t et P a(}j%’(l{ y‘fe?fr%le?(% Qﬁ&}’ 3 Vﬂl% %?c%ﬁg} %ogng%%c H-om about 8 to about

16 carbaoatdiany | | butenyl dodecenyl phenyl , napht hyl,
tol yl, dodecylphenyl, tetrapropene-alkylated phenyl ,

phenyl ethyl, cyclohexyl, nethylcyclohexyl alcohols
55 i P GOl iy JRS R SPEERY 0 AT

com'pﬁmg/@tml mftylchatyln o8y, delogl dodecyh eetradt-cb)d), tekaddegbhol
syl f.one, ranges from abouf 0.5:1 to about 2:1 on a
003%?‘&%%8?8 L a8 Rilfep i fosrativm byl R Fo,
ek It@ra Re-GlcyRtAPhehylt ShehyleiRNCeye R from
abou 0.6 bf%baboug' %Jh ynﬂ};\ XD| e ’bggl sgﬁgg A
mﬁbﬂﬁ)"d@hﬂﬂ’b@ﬂm mddﬂomcrﬁﬂtelr@lfng a base oil and the
sul fone product of claim 19. 20 40. The | ubricant
conposition of claim 39, wherein the sul fone product
360 TheligpRvement oflcEmCIONRhstetn 188 alcBhdlis BRIERY] dlhgl.NY
fromabout 0.1 to about 10.0 percent by weight. 41. A
vehi cl e having noving parts wherein the noving parts

, . te
372 15 GG ib1S, whels i RN AFRBRY bl Rgsngrom
aboutd. S U kd sheat priadiecinolefbagisai m 19. 43. A vehicle

i ncluding an automatic transm ssion wherein the

automatic 30 transm ssion contains the transm ssion
387 ITHé thn &t fSRRREN sAfbnd
transn?gogi&gn tgfélﬁldm%‘}he ad %l t%%/dg%;%onceﬁ?l Saﬁgner%ge%ﬁom
abaus 9dMi sforapofir @ nladmowmnol2. bhsiso about 10. 0 per cent by
wei ght of the sul fone product of claim19. 23 45. A
| ubricant additive concentrate conprising a seal

39S WBlubridt 8SRMYsitRIn dotfprisizMale offandtheQutfoitipBauct oF claim

19.

40. The lubricant composition of claim 39, wherein the sulfone product is present in

the composition in an amount ranging from about 0.1 to about 10.0 percent by weight.

- 41. A vehicle having moving parts wherein the moving parts are lubricated by the

lubricant composition of claim 40.
42. A vehicle transmission fluid comprising the sulfone product of claim 19.

43. A vehicle including an automatic transmission wherein the automatic

transmission contains the transmission fluid of claim 42.

44. An additive concentrate for a transmission fluid, the additive concentrate
comprising from about 0.1 to about 10.0 percent by weight of the sulfone product of

claim 19.
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O 0 where RI is selected froman al kyl and an al kyl ene

group containing fromabout 4 to 5 about 30 carbon

atons, Xis selected froma group consisting of 0 and

S, and each of the R2 to R8 may be selected fromH

and an al kyl group containing fromabout 1 to about 4
a n. at.o .the foregoing_.hein erived from

45 b IR O Rl Rohrisgfted Shielfi G gy ormuta:

about 4 to about 30 cagdbon atges, wherein the sea

swel ling agent contgifis | essithan about 5 ppm

catal yst. 10 46. Th& -t ¥ trate of claim 45,

wherein the seal swelljng agept contains than about
2000 ppm water. 47. . ¥h addit'vgiconcentrate of claim
45, wherein the seaﬁi | i nt contains 15 less
t han about 0.75 per¢ént22§$ ht '0f unreact ed al kadi ene

c

sul fone. 48. The additi ongentrate of claim 45,
vvher(?i_n the seal swelling agent contains |ess than
whdso Bt 18 sqlentedStbom antalkyd andlae aliqikne greu contaningdtan about 4 to
agent

- claim 4 0. th | || i '
Pl enon H3BeX o o ERem o SeREERbE PO, B cach of

“the R? to R® may be selected from H and an alkyl group containing from about 1 to

about 4 carbon atoms, the foregoing being derived from butadiene sulfone and an
alcohol containing from about 4 to about 30 carbon atoms, wherein the seal swelling

agent contains less than about 5 ppm catalyst.

- 46. The additive concentrate of claim 45, wherein the seal swelling agent contains

than about 2000 ppm water.

47. The additive concentrate of claim 45, wherein the seal swelling agent contains

less than about 0.75 percent weight of unreacted alkadiene sulfone.

48. The additive concentrate of claim 45, wherein the seal swelling agent contains

less than about 1 ppm SO,.

49. The additive concentrate of claim 45, wherein the seal swelling agent contains

less than about 12 percent weight of sulfur.
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