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WD 2004/ 094366 PCT/ US2004/ 011684 1 PROCESS FOR

PRODUCTI ON OF ESSENTI ALLY 5 CHLORI DE- FREE CALCI UM
WOELHONAEE The invention relates to a process POT/US1084/011684

production of |ow base nunber essentially

chloride-free calciumsul fonate. 10 Low base nunber

cal cium sul fonates are generally produced by the

reaction of sulfonic acid with cal cium hydroxide or

cal ci um oxi de, utilizing a pronoter such as an

al kanol . | s i
sul f onat e c?% I %%{%ﬁ%ﬁ%ﬁ I‘g%)xi de
and calciumC naI't es y be used

as highly val ued addi tives for | ubricating oils such

aST%%Si%Q%%E+%%rTeq%%%@‘Fur?héﬂﬁgrocessed Intgmoduction of

| ubricants

Lovippeskasedbsi ﬁ@ﬁ@tﬂé@awf chlivaisiehifgiter dedsd viurieionate.

angoaf @ sl §1th%‘é§d c%ch% thMeSilesSRAE ddierally
| ubri cg}tl n 0 When cal ci ym sul fonat % is der| ved

ProfiiigRis Gt & r&éﬁ&l%o femVdfiodd § $5tcededl il ¢
hydeotdeat bat !cancd]pmt h)@;lfdlelr)?hlt inrieduet s_aﬂdnmtta@l sb.y:H hes an
concent ration o ul on| ac n, the cas
alkﬁlgt gLr al “péet’r STeuM gﬁjl onitc aC| d %gom Oép r?ueltoonate by
thet ygiec alfl yalledsint hynlroorer © qxaldzgldmsmded:alcmm chloride.
Sucﬁo%%ﬁ%ﬁétt'e%g m%?r sl f QUL 4 'h‘ig}ﬂ]]%/e'vfal'u% | £dd 1Gul<fe AR
rosivity. cium sul fonate is
1ubﬁfa§@tfm@m0§é§| SHRCSu B PRSSeNgEH SEte diegelquignd nparine

engﬂ@ﬂée lhmlb%@@:%l onN 7By @rfélq/ b@lﬁlrﬂkfé%d%ﬂdbds%%cﬂbha{to
ove %nta Lig hIor| e in_.the fi.n roduct.. The

§S| s ¥ VS & S& i and are

al seo meeiwdt E@t ladidl 1 trs iviegs &cs:ols\peﬂilaé)ttyf aﬂibmmamm@&slls
pr r. t onver SI to.the ca I Ct nce ,
lV\T(‘r)len 2,921 ]p% o2& r%cf f?:oli‘n i %lyd’ no

cal ¢idm suI onate 78 ror e i concen Fat e
chlphiislendishogeded, nimite it hef qmidwd:yatemel et sflrosled

pro@% ttq% %Qnﬁ%@gp%gl@%éﬁ Aﬂ%@ﬂ%%%% @Hﬂ3¥ 5ﬁg‘§dﬂ?onlc acid.

fonate 804, 094 teaches a net hod of

In 5%&@151%05 m@\*ﬁur@ PRSI AU FRRISUIFGitht €@icentration
is @@@abaultyharésﬁthraeﬂ RUHInRSr o 1B 1gh g ddsig cardxddritrat ing

sul%onlcag%l t% %% %f?%?&df%‘ﬁdﬁ“to its high

corrosivity.

When calcium sulfonate is made from sodium sulfonate,
chloride is required to make the reaction proceed. This
leads to residual contaminating chloride in the final
product. The sodium sulfonate is concentrated to the
required concentration using a solvent extraction process
prior to conversion to the calcium product, since calcium
sulfonate is more difficult to concentrate by this method.

A number of methods have been disclosed for the
production of low base number calcium sulfonate.

US patent 5,804,094 teaches a method of producing a low
base number calcium sulfonate of greater than 500 molecular
weight using carboxylic acid and a high base number calcium

sulfonate.
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sul fonate. WO 2004/ 094366 PCT/ US2004/011684 2 US

patent 5,789,615 teaches the use of staged addition
w@Roogapssam hydroxi de to sulfonic acid to prodeCEUS2000011684

viscosity, |ow haze product2w thout the use of

pronoters, especially w thout the use of chloride.

The cal cium5 hydroxide is added in two or rmre ste

wi UF BOLesd &ir8Ce$15hégndisk tire e sdh siagsd 3¢t {tion
of patieAtund o84 tedesc rslull&%rﬁdr%tdmﬁ @ dYREUE RY low

visgRedii s 9% TRYF SEREHGE RS TRERn G Rt F o SRS
esp@iedrtyh mmtha;lutsa[htes uefe a:lﬂqdhmeﬂzhne Sitilef arsilecciaoi ds
hyd9$x1la%ugr ala'dé%tﬁi' QR %ﬁuot IES_ 3‘1%1% %SH 'i)qﬁ‘fa%:l. aid(—yléaé th¥ites

al'so producing loride free
hea§a|S@|a@maf§@|I‘f@|@§ﬂﬂeSt@S .patent 3,719,596 describes a

nMetRogefrRr aduaisng 4119 621LGHAR %wnfém;qe df.n e i
r eaction mxture is nade acidic andt S Oéac agai n
cal E%Pﬁb Sy LAPRARS dMi YES BSSFERNGHR O P, f¥aches a

WE:UiSO@anenﬁlr agrgion@37c &Jle@dh:j@§ lﬂl’fheoliittefpa!rfh’d/hir?rc hof %1 kaline
oni acCl is ne .Z€ Wit Gl um nydr gxl de
carfpl 38 82he o LS, HEEE M Bl e RN BY
neu[bﬁ@é&ﬂ@é;l@ﬁﬁ’l Y2 the B@ipantssngateer gparljaritatealas um

i Thi I t
proftfledy] (el IBcHR AP ML il IRen R 8

sulievaftageous to produce | ow base number cal ci um

sulfcoratesi: that sared Re @i vasidurlt Hdd 4 @cﬂﬁﬂcir@
easily centrated, via pr ocess sui table for use_in
calgLu B E60S e it G it DT SACES Bt GHIdCe T i crae

acidiith aad eNenvibaedsl tyeiscerridingy dlhaerpylesenie.

VEDLLNLEY OYASE APLISIRTof plinAONEAD. A
calpnelparsmgoal%w flonivwh igdi ¢udiforsial uatqmin ifsy reedeti gl dlzed ovith
cal29 PR xAf3e8 S $8I0I-e §Q) Y 40 @ BUILONE 199 ), in
the presence of 1/2 to 10 parts water per part calcium
hydroxide. This would correspond to between 0.12 and 2.4 mol
water per mol calcium hydroxide.

It would be advantageous to produce low base number
calcium sulfonates, that are free of residual chlorine and
easily concentrated, via a process suitable for use in a
continuous reactor that can also produce products with a low
viscosity.

Accordingly the present invention provides a process for
the production of low base number calcium sulfonates
comprising:

a. preparing a sulfonic acid-oil solution by adding 1
to 20 volumes of a miscible solvent to a sulfonic
acid-oil feedstock and optionally removing
dissolved or entrained SO, or SO; if present;

b. mixing the sulfonic acid-oil solution with 1 to 5
moles of water per mol of gulfonic acid and 1 to 10
moles of calcium hydroxide per mole of sulfonic

aclid to provide a reaction mixture;
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acid-oil feedstock and optionally renoving dissolved
or entrained SO2 or SG3 if present; 35 b. mxing the

W@ adoom366 aci d-oi | solution with 1 to 5 nol esPOf/USENE011684
per nmol of sulfonic acid amd 1 to 10 noles of cal cium
hydr oxi de per nole of sulfonic acid to provide a
reaction m xture; WD 2004/ 094366 PCT/ US2004/011684 3
c. heat ihegttiley réec tricaretiiod wriethor b etovdert wkerC £hdC and
200 C, d. separating excess cal cium hydroxide fromthe
heat edr @@t i°6m nixture to produce a reaction 5

produgt SOHVESIRY SN a1 ilum HYH XA EdIMrom the

sul fonate; e._renoving the solvent fromthe reaction
product S tSSFERTEE Oah MiAttethre FiatF HBFu@ EHHPTiEt ng

oi I and preahwitimcsipfienale G dnt optilonaldd calcium
concent rsat]]ij{]Oq1 tthee. i nternmedi ate product by renoving at

| east a 6‘10 ST 6f the oil to produce a concentrated

pr oduet ;reaudrighg redeo\eerliviegntt Heramttérarediaat el gy qetetuct to
and/ or ]%ﬁ_xgjgffggr :t é/\lfiﬁ:r ' oduct o i

15 essentially (:ﬁtglgll e reeatcal mozdrh{bsgup%orﬁ%te ing o(i§lll. and

In part ic@didim sy fsmedénit i nvention relates to a
process didihe 1RF @bHHd-0f1 rEaltid M sl Fredrat £ b edtiuct

conprises prepar,ing sulfonic acid soluti by addi ng 1
£0TD0 v SRR T s B ol b bl £o
aci d- oi lpralutd en ca2dcand aterd\prgluditss alrwvied or
entrajn r i f, Y 1. X] e t ant
sul f ofii g‘t%ac% rgLo qf?c%oen i t%%ﬁloa@%@é%fa%er per
nmol of surfasmiteadesid pvdluett,o wieerasiresivd prededtums

hydr oxi de; &l inBl18, fhi9ifRnic-aci 4100 eRd €oite in oil.
reacti on m xture, "heating the reaction mxture to

betiRe SR 2B ¢ afd 200 CFEr VR IR oiekd iR iR td
prokegd MEeT M tdroBiddidMa s sepalan N lexgesse Gl cdim

co n S‘Lrg%)(% %%@ag%d% guﬁ? Siacl tasc:i(g srglr{lecriaoln %:j} dacﬁlonrg S].uctho 20
volumes of a miscible solvent to sulfonic acid-oil solution
and removing dissolved or entrained SO, or S0; if present,
mixing the resultant sulfonic acid golution with 1 to 5 moles
of water per mol of sulfonic acid and 1 to 10 moles of
calcium hydroxide per mole of sulfonic acid to prepare a

reaction mixture, heating the reaction mixture to between 40

°C and 200 °C for a period of time up to 60 minutes with
stirring, separating excess calcium hydroxide and calcium
salts of mineral acid from such a reaction mixture, and
recovering solvent and oil to make a final essentially
chloride-free calcium sulfonate product.

It has been discovered to produce low base number
calcium sulfonate, which is essentially free of residual
chlorine and easily concentrated. The method can also
produce a low viscosgity product. The method may also be

practiced in a continuous manner.

Fig. 1 - This figure shows a flow chart of a continuous

process for producing calcium sulfonate.
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recovering solvent and oil to nmake a final essentially

chloride-free cal ciumsul fonate product. 30 It has
whe@a/ogidscovered to produce | ow base nunber CcBECTUSIM04/011684

sul fonate, which is essenti«ally free of residual

chlorine and easily concentrated. The nethod can al so

roduce_a | ow viscosity product. The nethod may al so

. P . \
Fighe2 pr détliSc dd 9 ea TS Absus statiansiyp mefwveen th§ s
Strﬁvin@g 858N mlkﬁa_rf | (@\ﬂl\ﬁ) adf Qﬁq%%&lﬁi%@iﬂggﬂaﬂ@%ﬂmﬁon

roduci ng .cal ci um sul fonate.

proBeSRiSE0 4t FOWFT A G Gy Eher T i AR He AfEeT
solrvehat istnshigd teet ween t he  Strong Base Number (SBNC) of

. the cakgi. Ol WL | 'Qq{éﬁﬁﬂ
F:.Lgi'n\%e_nt i@ﬁg;r%ﬁ%%n%t oftllj]tehgc%plra%rdluct a tg%leg SO I%/é)nrtOdUCt
vissporilgyi agd SR $BNE ofThihe Hinpduets Fdien molvent
Stxri?b@tnigqnshi p between product viscosity and the SBNC

of 'the product after solvent stripping. In the

context of the instant application, a | ow base 10
nuIe t healcinty:guldonaie ihas amthagd nwderionf D Iew Hhse

"essentially. chloride-free" is ant [
e e L bR G SL60G SR SSu PO 401 10 4 BY
“esgentsellventchdanitdentt rer "diisp eresingn a irsxieutn ath lzedi ey
contahG¢l We P)bquoogpq{p in the presence of a 15 specific
a wat er.

nount o Excess hydroxi de and inorganic salt

i f Saryfoarie awisedaemt Pild et aRttie aeast iGppersion
is ReXiW=a iPes idaakl i TRARE-cSUEE a%) Gel rdidgaldonOra

fiiltration hefaore renoval_of the solvent. |In one ,
Spegifot AERLN e M aToV AR T EEBIVERS FHe TR
salsulifforaiye dre aubs2Gnemt Iye reonset riated the stddehlan
wioERIS S SR RS LG 8 Bl Ll atl on
fil@rand B0 bedind e empesilr ef fihsalsolomrdgent riat iwre Sifigodiment,
af 8 LRSS ACIHE 1dhPido1Widrd 2@ dT 106 Herd eb A4 QMin 011
may be concentrated by suitable means such as vacuum f£lashing
or vacuum distillation, to produce a final product with a
base number between 0 and 50, and the desired final
concentration.

The sulfonic acid in oil utilized may be derived from
petroleum oil. The oil used in the process can be any
suitably refined crude distillate. An example of a suitable
feedstock is a vacuum distillate of appropriate molecular
weight that has been refined by solvent extraction and/or
hydrotreating to reduce the polynuclear aromatics content.
The sulfonic acid solution used in the process is created by
reacting the refined crude distillate with fuming sulfuric
acid (27% - 33% S03; oleum) or gaseous SO;3. When the
feedstock is contacted with fuming sulfuric acid, mono-
aromatices are converted into mono-sulfonic acid and the
residual poly-nuclear aromatics are converted into poly-
gsulfonic acid. The polysulfonic acid plus SO; depleted
sulfuric acid form a sludge. This reaction mixture is

suitably diluted with 1 to 20 volumes of a miscible solvent
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25 petroleumoil. The oil used in the process can be

any suitably refined crude distillate. An exanple of
wa@2aMiopshd e feedstock is a vacuumdistill at e PET/US2004/011684

appropriate nol ecular weight that has been refined by

sol vent extraction and/or hydrotreating to reduce the

pol ynucl ear aronmatics content. 30 The sul fonic acid

to EACroN LFSEF Lity 1t W@%F&’@e%ngecrleeatséfacﬁﬁt%éﬁ%q Ry

ratvﬁﬂéyf @;feltli&(irf‘gr Ud_%aﬁﬁlsdg |t|h<'zlat %MﬂdhlfdJ radmgi Sit: | %rsccltvent /oil
en

7
Sd}“%é&@t océls§og (‘?Icre(fi %ﬁ%e%%u‘?f/%ﬂ 20 za(cﬁ?:?:oghced as
a bypmroduarto et isdslea e searivverst eidatlmatem rtd‘reo -csilll feomd d:}azzlsdag

e Bk T cE e L AU A AT | S o oF

verted into onic
remgyid p|8u§t$@ppdém etlédn rgifirfogeire Ca%ladlcftdﬁﬁ drsinfdgms. The

Sol-'&kill%nr eaet 'aqréad“]d&t lHe%t'ﬁf Id & Wreidvt ad-gudd Je t0 udge
O volunes of. a m sci bl e sol vent WD 2004/ 094366

Prlpé—fT FOSEETRNGE1 654 15 5d Visgh e SRTSEIHRY, S Uner t Figs -

s| wage al eS eRArRIrad Q.lﬂclbj)de GV idzy teett | idikadeawdigiene
ul fonic acid in.a s Ivent/0|l sol t|on

o anéfsinea’ 651 S i H&E SRS 8o, TR HEeh 8
heplipmeo duc tccafmesicde Irlga ctviadAsdiet weertum mﬂ ek drive
isond3s D are renoved fromthe solution if present. One

met hod of renoval is stripping with nitrogen or

an@théhe rdreangss suftfenisolagiidyedarerd] /vt hesolution is
addeentr nf1gedt gd1emy e tACeOmall udgerorpid Qa[c:f!d'-’ of water

removal of di ssol ved or _entrai ned or, 503 ui t abl e .
andg dj \‘}L@ﬁt LFNAUdEary Bl FELH) k%}?éforiltﬁ 9fp Glcium
hydar@yclld@Wt\d Fesi thhe rﬁ'@@j’tb]cﬁn $rﬁlxtﬁn:te Most preferred is

ane or  commer, Ci aI I %re %bl 3} ures. of he tane
I acll

| so Sy &€ a]co e e urifed l§u sorveémt /ot

stiselily @ IS te@ﬁi&%tbﬁ@'oﬂoﬁrdﬁméid och t@pk opercMpreferably
sul fonic acid of water 15 and 1 nol per nol to 10 nol

fropeBOm3€ sal f2Ai &C aci Thefmtatereni hyprokeédebly foinrefiefor
| ur, m Qgg% | t

& pr?l%%gr?g suc l)ﬁe “%sttppfﬁdngﬁ?l ytz%%t enﬁ&%ﬁgﬁ%ﬁ 0 1?‘3%#40%(:30

minugese0 C, preferably from80 Cto 120 C. The m xture

| s mpee IR ¥ k&4 fON ¢ then separated to remove excess
calcium hydroxide and if present salts formed from residual
sludge or S0O;. One method of separating the mixture ig
centrifugation. Centrifugation should be performed for a
sufficient amount of time to remove the excess calcium
hydroxide and any salts. This period of time can be any such
sufficient amount of time, for example, 20 minutes. The
presence of the solvent greatly improves the speed of
separation. The solvent is recovered from the clear centrate
for recycle by any convenient means such as a solvent
stripper. The product may be further concentrated via
distillation or vacuum flashing to remove a portion or all of
the unreacted oil. The final calcium sulfonate product in oil
preferably has a viscosity of between 10 ¢St/100°C and 100
cSt/100°C. It is preferable to remove the dissolved or
entrained SO, or SO0; if present from the sulfonic acid

golution to obtain such viscosity.
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up to 30 mnutes. The resulting mxture is then
wgaepangsled to renove excess cal ci um hydr oxi dePEruS1004/011684

present salts formed fromrésidual sludge or SO2. One

nmet hod of separating the m xture is 25 centrifugation.

Centrifugation should be perforned for a sufficient

anoinis dre¢ess troay drdvepehet ek cE’ sa capet imwohgdfesihden in

a I@é}%@ﬂ“ys&ﬁlltés Jid s £’§6d«19d119f911g”§ ca@upfoﬁw SHEH 1 is

sufficient anount of tinme, for exanp m nut es.

addgmd trasktretdf T hef bl et %Ye‘ﬁi“F?r %rp%@e%lmﬁef? The
ﬁpﬁeahtofmﬁ&@ﬁ@atﬂaém Ounndgf@oégl yepirasioecoyenedhlf £08 1ime

r centrate cycle by, any. conv e
an%e“éant S L Groent TESFafe Ve dRYs SOLUERLER cepavery
11ILﬁ¢]&QW®®H@pn¢mm¢eﬂtn&@uom|31|¢¢apr©@uoe vheuogalcium
suff?ﬁﬂ#%9u§ ; a gortlon or all of the unreacted
|na ca

C|un1sulfonate product in oil 35
pr eflee aphl eiabng sxaEpLet yabd Beiamecho 10uesherodl vagrate

théthvéﬁﬂié@OﬁitﬁéutSlPﬁfE?ﬁ@bi€sth6$@DVe the

di ssol ved or entrained S02 or SO3 if present fromthe
° p ttb obtain such viscosity. WO
20/ DOMSHGT PE ¢ LS200%1 013168475 6g)T hd:@npﬁ@ﬁf:‘ﬁ§ geyiikeure of

0 ated | - a contln fashion in nne such.
Pt LR LTI 71 S 1T ¢ AeTHRde | 1O dduar goadht of
44 G epboral) 7, C¢mm¢©me@1bwepb¢@$ss(@®th%he gndThebricating oil

3£Wt%¥s "&é%a”fnt@ﬁ HOOELQ08 K= Q@%ﬁééon i hhxrure

wat er el ng reno € next step Is

Wa%oﬁl’%’?ﬁelf etzsm%wd hy, C?%‘H?hﬁma%yo%oﬁ%@nﬁ%ﬁ?@ﬁﬂnlsttfépplng
beﬁ:ﬁ@%ﬂ@%@@éci#n%héuéi&ﬁﬁi@s' n base oil 15. The

D AL TR 8 LU e LSt 21 Sonen
(TEZonpaaata vpr&x@t@i: SSweréSe:idcﬂed\ sall 'mgl @f asutifsnl at send.
ThéZéﬁgg%f Qrgagglgnnkl%yﬂg aspﬁé%€ ﬁ%lfg}rr} g for a

aver age ecul ar weli
Spmﬁm&ctﬂaim@epm a@l@sEJQB@lWT%’J,C ‘éh@lsllc u@qucapeﬂgwmth a( Beflux

cotfsd@s USeH L anbdeaf bl oW nG,EXaHR! 6511 TR SpBEXEUEE the
mixture , a stainlesgs -steel reaction vessel was used to
contain the mixture under pressure. After stirring, the
mixture was transferred to a centrifuge tube and centrifuged
for 10-20 minutes. Table I shows the resulting Strong Base
Number (SBNC, measured according to ASTM D974) of the
centrate for various values of pretreatment, TBA content,
water content, lime content, reaction time, reaction

temperature, and centrifugation time.



w@ adogiogusshydr oxi de and tertiary butyl al cohol PCIB$004/011684

- WITH PRETREATMENT AND WITH TBA

COMPARATIVE EXAMPLES SET I

TABLE I:

15 was further treated by centrifugation and nitrogen
stripping before being used in the exanples. Wter,

as a pronoter, were added tD 75g of sulfonic acid. The
resulting reaction mxture was heated with stirring
for .a 20 specified tinme in an Erlenneyer flask
equpped with a ref lux condenser. For tenperatures
abdyé® the boiling point of the mxture , a stainless
st egig reacti onvvessel was used to contain the m xture
derassqwqeqpfAt\{er stirring, the mxture was
tr $F«I?erred to a centrifuge tube and centrifuged 25
forg10-20 minutes. Table | shows the resulting Strong
Base Nurber (SBNC, neasured according to ASTM D974)
of '@Iﬁe centrate for various val ues of pretreatnent,
TBAYcbntent, water content, |ine content, reaction
tine, reaction 4 enmperature, and centrlfugatlon time.
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As can be seen, a base number of up to 3.2 can be

obtained by optimizing the amount of TBA, water, and
temperature.

Comparative Examples - Set IT

The Comparative Examples in Set II were performed as in
Comparative Examples Set I, however, the sulfonic acid was
not treated by centrifugation and nitrogen stripping prior to
reaction and no TBA was added. The results from these
examples are in Table II. Acidic results are shown as a

negative SBNC value.
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PCT/ US2004/ 011684 8 As can be seen, a base nunber of

Wapoo9B362 can be obtained by optim zing the PODURL0OH11684

NO TBA

~ NO PRETREATMENT,

COMPARATIVE EXAMPLES SET II

TABLE II:

TBA, water, and tenperatur®e. Conparative Exanples_-
Set Il 5 The Conparative Exanples in Set Il were
perfornmed as in Conparative Exanples Set |, however,
the-sulfonic acid was not treated by centrifugation
ano%nitrogen stripping prior to reaction and no TBA
wasiddded. The results fromthese exanples are in
Tab [l Achdiiey results are shown as a 10 negative
SBNC ™/ al wee &\ 2004/ 094366 PCT/ US2004/ 011684 9 U (VI
rTidw x LA MMr-1 N ¢cD~QJ 4111  oorl o 4EN
U #%/-rrqg b) CDC C© 00 WHHHHTr! 4H-H H
a) 8

min
10
10
10
10
10

ﬁ coocoo
- - m

&

Q

[s]
WwovwnNAN
NN N o

Water, mol/mol Lime, mol/mol Reaction Reaction time, Centrifuge time,

Example sulfonic acid sulfonic acid Temp,

11

Comp.
10
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These Comparative Examples show the results obtained
without pretreating the sulfonic acid.

Comparative Examples Set III

The Comparative Examples in Set III were performed as in
Comparative Examples Set I, however, the sulfonic acid was
not treated by centrifugation and nitrogen stripping prior to
reaction. The results from these examples are in Table IV.

Acidic resgults are shown as a negative SBNC value.



rd rn ri 0404 NOO OO (drl rI Ux WWO
2004/ 094366 PCT/US2004/011684 10 These Conparative

waEx@aphes6 show t he results obtained w thout PCT/US2004/011684

WITH TBA

- NO PRETREATMENT,

COMPARATIVE EXAMPLES SET III

TABLE III:

pretreating the sulfonic adid. Conparative Exanples
Set Il 5 The Conparative Exanples in Set Ill were
perdornmed as in Conparative Exanples Set |, however,
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cor AiheseCeampilef pRoW resultpl opkafned without pretreating

the sulfonic acid, but adding TBA to the reaction mixture. A

maximum SBNC value of 2.5 wags obtained.

Examples

A sulfonic acid solution (75 g) containing a mixture of
petroleum sulfonic acid (8 wt%, average molecular weight of
440 g/mol), commercial heptanes (60 wt%), and lubricating oil
(32 wt%) was used in the following examples. This mixture
was further treated by centrifugation and nitrogen stripping
before being used in the examples.

Water and calcium hydroxide were added to 75g of the
treated sulfonic acid solution. The resulting reaction
mixture was heated with stirring for the reaction time in an
Erlenmeyer flask equipped with a reflux condenser. For
temperatures above 82 °C, a stainless steel reaction vessel
was used to contain the mixture under pressure. After
stirring, the mixture was transferred to a centrifuge tube
and centrifuged for 10-20 minutes. Table IV shows the
resulting Strong Base Number (SBNC, measured according to
ASTM D974) of the centrate for various values of water
content measured in mol/mol of sulfonic acid, lime content
measured in mol/mol of sulfonic acid, reaction temperature
measured in °C, and reaction time and centrifugation time
measured in minutes. Fig. 2 shows the correlation between
the SBNC of the centrate and the concentrated product.
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EXAMPLES

TABLE IV:
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centrate SBNC and the stripped centrate (ie after solvent
removal) SBNC and TBN such that a value for the stripped
product can be extrapolated from Fig. 2.
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RELATIONSHIP BETWEEN CENTRATE SBNC AND

TABLE V:
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order to inprove the product viscosity, it is

advant ageous to produce a hi gher base nunber product

whi I18) cSidield uaaallmt@dvéﬂg;ﬁéﬂ%ﬁdaf&ctvﬂébé&ec§ ow bage

er _product 5 e. From Fi , It can “be seen ‘
ad?’ﬁé’t aget%’fe%ﬁ é%da F RigEn aa‘ft@eél%r@%r APy while
stdédt matie tSBNGnof tamamtfcmubt Hirg. tnlr% 1W%é&%%mer %roduct
at i et ween .t he base nu e strippe
lalh oduc%%%iqj B |\r%\e}ent| 1t o Tant e ?ggcsf’l Bi° t er of 3.6
COEYK@@:@@?S Fpom Faliepdd amatFisge BENC cdh diewseen ]thatFlg 3

shdwh0 theS ¢RI b Y Rl AR He tiR Skk@;gé%gz eﬂfgf*%ﬁ

stripped centrate SBNC of a out
Stﬁémﬁﬁo%ﬁﬂ&q’?feﬂﬁeéﬁl@sme@ftlm |a@§e@fm sdurstos ignd of the
pr¥dseesi t yrol Sableped BreduGly. 3 it can be seen that a

viscosity of about 15 cSt at 100°C correlates to a stripped
centrate SBNC of about 9.1.

Table VI: Relationship between SBNC of Stripped Product
and Viscosity of Stripped Product

Example Stripped Centrate Stripped Centrate
SBNC Viscosity/100°C
ASTM D974 ASTM D445

1 -2.47 22
2 -1.17 250
3 0.00 3000
4 0.50 A 191
5 1.00 121
6 1.68 82.2
7 2.64 47.1
8 4.59 25.5
9 6.08 15.9
10 7.27 15.6
11 8.36 14.8



5

10

15

20

25

30

35

15 Exanple Stripped Centrate Stripped Centrate SBNC
Vi scosity/ 1000C ASTM D974 ASTM D445 1 -2.47 22 2

WO 2003/p943660 3 0.00 3000 4 0.50 191 5 1.00 12BCT/6SDH0E8B11684

82.2 7 2.64 47.1 8 4.59 2%5.5 9 6.08 15.9 10 7.27
15.6 11 8.36 14.8 WO 2004/ 094366 PCT/ US2004/ 011684

17 CL Al MS 1. A process for the production of |ow
base nunber calcium 5 sul fonates conprising: a.
preparing a sulfonic acidipid s @ion by adding 1 to

20 volunmes of a m scible solvent to sulfonic acid-oi
feedst ock and optionally renoving dissolved or

1.ent RapmedeSeE2 f«n‘r & idr

; of0 llow madenguunieer calcium

‘acid and 1 to 10 noles of cal cium

Suﬁlﬁoﬁqglgle% fa:%lm% lution with 1 to 5 noles of water

hydlaGX| d@rﬁaarﬁmge aofsvshﬂomq @cigticd it ¢Predife &y adding 1
reactiontgy &bu%lﬁes*‘%ﬁt la”%ﬂé@b’l@@dl%r{ﬂ HIUr& 1fnic

bet ween 40 15 20 separati_ng excess

cal ci um Rydes Jg}e ttq¢éc< A ARG TIA L PRy 119
produce dikeadiviedn qir edittiaineeBU2sidly sl viehtpreddnt ;

and cal Ci um. .sul f nat eléf% rermV| the slol vent frtq}m1 to 5

t he soI ut'i 31

8% | ot odg

il G

Attt Bt It

conpri si ngleis cEndvadalcingm mol of sulfonlc acid and 1 to 10
moles of calcium hydroxide per mole of sulfonic

acid to produce a reaction mixture;

C. heating the reaction mixture to between 40 °C and
200 °C;
d. separating excess calcium hydroxide from the

reaction mixture to produce a reaction product

comprising solvent,

0il, and calcium sulfonate;

e. removing the solvent from the solution to produce

an intermediate product comprising oil and calcium

sul fonate;

f. optionally concentrating the intermediate product

by removing at least a portion of the oil to

produce a concentrated product; and

g. recovering the intermediate product and/or

concentrated product, wherein the product is an

esgentially chloride free calcium sulfonate in oil.

2. The process according to claim 1, wherein the solvent is
heptane.
3. The process according to claims 1 or 2, wherein the

dissolved or entrained S02 or
with nitrogen.

4. The process according to
the amount of water is from 1

5. The process according to

S03 is removed via stripping

any of claims 1 to 3, wherein
to 3 mol/mol of sulfonic acid.

any of claims 1 to 4, wherein

the amount of calcium hydroxide is 1 to 5 mol/mol of sulfonic

acid.

6. The procesgs according to

any of claims 1 to 5, wherein
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sul fonate; f. optionally concentrating the

i nternmedi ate product by renpving at |east a portion
w@bootloes366 | to produce a concentrated productpPCENS2085011684

g. recovering the internedil&te product and/or

concentrated product, wherein the product is an

essentially chloride free calciumsulfonate in oil. 2.
th&@heepcotesstampoerdinget dschai ahé, rahgeebﬁ Bbe°cotyento °cC.

i's ptane, 30_3. T cess._ac
7o SEOREREr S RECoaT LRl PRaT5y "Rt FAPREE S03o0F SHerein
ex¢ess epaVetuni hysrokpgenygs maphratedoganm dheTlreaction
le 8£§Sﬁy3888¥9598 tpiapy of clainms 1 to 3, wherein

e amount of water is froml to 3 nol/mol of sulfonic
8. acu’ahe BEOGeSThacppeeesy hecorndi A§ £oaamy of 7¢l whaselin the
sol@eﬂt neeeebl thesaapunt) of scakekuanhydeoxideiksili1b@ion or
éfnlh of sulfonic acid. 6. The process according
Vaf‘éu%\n BFtldims 1 to 5, wherein WD 2004/ 094366
9. PCTIS2004¢6344684cot8ihhetveantyi of teapepatuse whelrBin the
ange_o 140 7. The process accordi ng

pr%g§85 f%f c%ogglgﬁgys %romﬁeréln excess cal ci um
10hydTh&lﬁéocgssepacar@dngrbqwahy oéacﬂﬁ@msnﬂxaurwhbyein step

Fe@ltné' J)i‘gaéb?ﬁtlénslsTBSnBéHE§§§eQCB r GPBQﬁQa@%

clains 1-7, wherein the solvent re In step

is carried out by distillation or vacuum flashing. 9.

The process according to any of clains 1-8, wherein

the process is a continuous process. 10 10. The

process according to any of clains 1-9, wherein step

(f) the oil solution is concentrated by distillation.



