WO 2008/ 053037PCT/ EP2007/ 061809 - 1 - PROCESS FOR PREPARI NG ALKYL ARYL
SULPHONI C ACI DS AND ALKYL ARYL SULPHONATES FI ELD OF THE | NVENTI ON

Thi s i nvewDi2008/05803at es to a process for preparing al kyl peryar2eualoptsoni c
acids and al kyl aryl sul phonates. BACKGRQUND OF THE | NVENTI ON 5Al kyl aryl
sul phonates are inportant conpounds for use as surfactants in detergent
conpositions. They are produced commercially by sul phonation of al kyl aryl
hydr ocar bons. The mai n sul phonation reactions in the case of sulfur
trioxide as sul phopassngoagertrandnel Kykybeazrenesasphibaral kyhpar xho

hydr ocarbon can be witten as follows: RC6H5 + 2 SC3 -4 RCEH4S020S03H

( PYr osul phoni ¢ aci d) 15RC6H4S02bBEBHARYRCEPBEPHRBEDPES5031-J (al kyl benzene
sul phoni ¢ aci d) Typically after stabilisation and hydrol ysis
treatment, al kyl benzene sul phonic acids are stabl e 20conpounds whi ch can
be stored andriELNSPOrTHEl BSVENEION Al t ernati vel y, al kyl benzene sul phoni e
acids can be neutralized, for, exanple sy reaction with a base, roduce

al kyl aryl sul phorf&tiss dityeddiiom (.ﬁer?'la nd® & BACCHSA fé’L’ﬂ WW&F&? ar e
frequently used.as 28puUrdagiiis id el el gen116aMasHt iaihasnaed al |y

| aundry detergent formulations, it is inportant” that they have good
det er gency, §@AQK$R@WNDEQR1Tﬁﬁxﬁﬂﬂﬁﬂﬁﬁﬁﬂlty'propertles Such properties are
|anu%nced by a v

iﬂfﬁ?f’aryl sulphonates are important compounds for
use as surfactants in detergent compositions. They are
produced commercially by sulphonation of alkyl aryl
hydrocarbons. The main sulphonation reactions in the case
of sulfur trioxide as sulphonating agent and alkyl

10 benzene as the alkyl aryl hydrocarbon can be written as

follows:
RCcHs + 2 S0O; — RCgH S0,080;H (pyrosulphonic acid)

15 RC¢H,S0,0805H + RCgH; — 2 RCgH SO3H (alkyl benzene

sulphonic acid)

Typically after stabilisation and hydrolysis
treatment, alkyl benzene sulphonic acids are stable
20 compounds which can be stored and transported as such.
Alternatively, alkyl benzene sulphonic acids can be
neutralized, for example by reaction with a base, to
produce alkyl aryl sulphonates in salt form.
Since alkyl aryl sulphonates are frequently used as
25 surfactants in detergent compositions, especially laundry
detergent formulations, it is important that they have
good detergency, solubility and biodegradability

properties. Such properties are influenced by a variety



WO 2008/ 053037PCT/ EP2007/ 061809 - 2 - of factors including the type of
olefin (e.g. linear or branched) used to al kylate the aryl hydrocarbon and
t he cat alwyetoesassbs7n t he al kyl ation reacti on. The properCirap2af/otises al kyl
aryl sul phonates can 5al so be influencedyby the source of the olefin used
to alkylate the aryl hydrocarbon. Said olefin can be produced in a variety

of ways incl udi ol igonerization_of ethyl epe, . dehydrggenat i f
par af fi ns, aﬁg ?%EtPFge?n?%ﬂ§§89,tﬁﬁ E%@gngﬁo?}?glﬁf(gfﬁéaékggﬁ§logenzene
i oproducti onpphabphsed)t igeal ebi A1kg1deei vrd &roIn hhardehyBongendt tha of a

paraffinic feedstock. In particular, the paraffinic feedstock is comonly
derived fronrehalyeparaefonnothfopbkahahéan( FEREAEP 2hydr ocar bons or |ightly

branched hyd i boi ki tion.
ranched hy rocarPﬂgsgééﬁﬁgglggrggePﬁghg&k%ﬂgafﬁﬂggug§%59£€gg1égﬁc ron

Several known process t acconp u a separ on are known
i ncl usgli ng t haleonper ¢ndllubPelbbgxhhpr scusse Héweher plefiinevertd ¢ears,

attenti on has_been focused 03 gaéing uge of changr .nhor.e cgst-effective
feedst ocks, eakklasepkPss AFHd B¥PFOERTPPBmM SB8AFPEERAF- TABpEEh synt hesi s.
Paraffins obiabhedetnia E saheetIr opsghysynhbestsnar e1pabhegtikatliyn

advant ageous from an environnental point of view because FischerTropsch
products ar eofershailepeyedphydnoognphépn ednparafsinsul pRdr thEi dik§en

oxygenat es and cyclic.products. rther, ELSC = qr roducts are
Cost ef fect i VEWEGERer 1 e%g i&§3€§§§§ %gtéFggh%ygggnggggggﬁgthe final alkyl
aryl 15ul phongtredpiceduet plemy she thealbilz¢dnf nemdesiingdFifsomethi®r opsch deri ved

paraffins, in particular due to the sli%htly hi gher Eéa chin% l.evel s found
in Fi scher- J6TWeFSPsT@eiioPe®ipdr REFRAL IO EFEFSLESC rggeﬁ@L&éijgﬁ’
Q&

paraffins. \.2 @a%%%%i?:'agygggs)%@)%y Q618%mondy” deriveld feonyveme onal

sul phonati on processes using as a sul phonating agent, it is known that
a smal | anounrtepefraalilopl ofr ylondulapiedeide (ddingapn odysirociayboms 08 m of i st

R ot e ar At s st fR i BB M'S TR A et o

15 range petroleum fraction. Several known processes that
accomplish such a separation are known including the
commercial UOP Molex®™ process. However, in recent years,
attention has been focused on making use of cleaner, more
cost-effective feedstocks, such as paraffins derived from

20 a Fischer-Tropsch synthesis. Paraffins obtained in a
Fischer-Tropsch synthesis are particularly advantageous
from an environmental point of view because Fischer-
Tropsch products are generally very low in their content
of sulphur, nitrogen, oxygenates and cyclic products.

25 Further, Fischer-Tropsch products are cost effective.
Other benefits (e.g. detergency benefits in the final
alkyl aryl sulphonate product) may be realized from using
Fischer-Tropsch derived paraffins, in particular due to
the slightly higher branching levels found in Fischer-

30 Tropsch derived paraffins compared to kerosene-derived

paraffins.



product. This entrained sul phonic acid product is present in adm xture with
si de products such as sul phuric acid. For environnental reasons, it is
necessar ywoeo@ussdsy t he exhaust gas before it is rel easedTiore@70bB09

at nosphere. 10Purification of the exhausi gas is commonly carried out by
passi ng the exhaust gas through an el ectrostatic precipitator (ESP) in

order to renpve the entrai ned sul i ¢ acids and sul phuri id,
optional Iy fol | owd cb?/mé%%%?réafr%gfé}%?ﬁ&*%%t%%%c% ‘J;és)sl Lri&p f/ngg?%(%ara& ng the
i sentrained gckdsphbhat$ngesyenbl eitf o8 eAyvihoBRROt &l s@all pancess of

efficiency reasons, to recover and recycle these products. Recycling of the
ESP resi due aikkhoamylrewipkanienatidnPTeensbl o4y Fhetﬁ%rfb?grééﬁF

| ndustry", W, He d 09}, + Kl r PG Bubli shggrsypnd991. 20However,
it is notablgr?ﬁggg?hegaggcﬁgoggrgg%r%ﬁggggeagﬁes t hat ?ecycling of ESP
resi dues is palpRuhhabba deatngrt Aétenl phpaaatdanofrsul phat Feacbbral
materials. For exanple, i

Jdt 1s nentione n_page 210 of .that .referen t hat
recycl e of EBPOQE§quE§1?seﬁBFaéﬂﬁgaBngggﬁgFiﬁﬁléuPﬁﬁSHS Keli BfegF%Ea
ol efins, or the,shkphattonieh akeehgksaardsakaehohseshosnbeiesacid. Wile
al kyl aryl sul phonates have been produced commercially for many years using

convent i onal Feul phvnabhoenprdcsessonsheis 46 PRCERPITY honBryifyr the
30providing inprovenents. ta the.proce n t ' gk hiigul ar in
terns of inpﬁggﬁﬁﬁ%tﬁgsePFESFSnég g%d§§%§%5§ﬁng%?§IE?%pggﬁogg tﬁe process.
Howevgr it i $uali$echpent aft theakxanyispr geesd si epmoveigntarddedobutesul t in
WO 2008/ 053037PCT/ EP2007/ 061809 - 4 - a deterioratiqn in the guality of the
final alkyl &®vyPassiptotkee sFPadsEt 926n LHEPLUREURR S18M TP5654S

| mproverrent s jshoyld ek, dQERTERGA kR kect Ricdduehec battasliseisst i cs, such
as the col ouF 6 the final al kyl "aryl sul phonates, to a significant degree.
The benefits sofi pESRireaydlde amd lselphnafiac Bgid , ooralikyia ldpy Ifoddopkehat es

dor i ved par aFp (SIS o E FRRTERT urES5Eo0 G AP SRGASS T08as been
hi ghlii;ght ed ahQue,; e lddiqg tike idetRigentile, for environmental and
process efficiency reasons, to recover and recycle these
products. Recycling of the ESP residue is known from
wgulfonation Technology in the Detergent Industry”, W.
Herman de Groot, Kluwer Academic Publishers, 1991.

20 However, it is notable that the de Groot reference
teaches that recycling of ESP residues is not suitable
during the sulphonation or sulphation of all materials.
For example, it is mentioned on page 210 of that
reference that recycle of ESP residues is not suitable.

25 during sulphonation of alpha olefins, or the sulphation
of alcohols and alcohol ethoxylates.

While alkyl aryl sulphonates have been produced
commercially for many years using conventional
sulphonation processes there still exists a need for

30 providing improvements to the process of manufacture, in
particular in terms of improving the efficiency and
environmental impact of the process. However it is also

important that any process improvements do not result in



benefits that may result fromthe slightly nore branched nature of

Fi scher-Tropsch derived paraffins conpared to conventional kerosene-derived
par af f i nswobtheyosasre, it woul d be desirable to use ESP retmre@7ionisohe

manuf acture of al kyl aryl sul phonates, _wherein the al kyl group has been
derived from Fi scher-Tropsch paraffins. However, know ng that recycling of

ESP resi dues cannot be applied to all eri al see d ot reference
nent i oned ava@?Ferfoﬁﬁﬁﬁgnan Q@eqﬁﬁgﬁggbgfoﬁgétglgage%ig 205K 1ed in
the art, tha&uiﬁ%ﬁhee%;rgéﬁ’cteskaugérswhmlabe app! pedcesst he sul phonation

of an al kyl aryl hydrocarbon wherein the.alk¥l group is derived from
Fi scher - Tr opsvhrpaementasshpulingos| fghripent-ghéy réFers BFOBHERchI ng)

i nstead of cqgpyentiagnal osenesbasged, pa [0S, s Rout 125effgcting
pr oduct quaIF ??afkegggtggéfbggghf%énghgyéggéhgrgsgkt invgntors ?hat t he
process descairbedshepabnbheksw, tohachignubtlivestr deyekieng of the ESP residues

during the sul phonation process_for_preparing. al kyl aryl _su] phonates
toget her 30 with ThHe beBebtt®i SEREFETFS %E%edé?i5%8 ?%%HS?S%EEef8%

preparing the,alkyh gayLuiyabacaclonss Beax destdomeacabiecient and mre
environnmental ly“friendly method for producing alkyl ar%I sulggonlq aci ds,
while, WO 26e8kL053@37PCThEPREORLO6E80F using Susphesi-AgPrPschoderived

detrinentally affecting_the properti i Nep L,su ; of the
final al kyl F?FfE&PSthaFgg i EféfgﬁF i§§n?&§¥§ré%?lsﬁﬁ%ﬁﬁgh%ﬁé%HE
| NVENJ1 ON 5Agger tiekéh tha gBne gagpackhbefret henplesieny icheediitemrgeheye is

provi ded a process for preparing an al kyl aryl sul phonic acid _conprising
t he steps ofbe@@ﬁléénﬁééﬁiW@YaﬁeépQﬁlféP@nﬁPﬁcsﬂﬁﬁgﬁggfWGHeWgFﬁnggﬁ eous

sul phonat 1 ng 298l 3 RAMIEE bl chl i3k il rbe2a 0k RIATIA co
(conprising an alkKyl "aryl sul phonic acid) an ii) a gaseouS effl uent
stream (b) sepatatticgatihé&efriosenel-idguiidede petriadi ipysod Féte riefeomet hé tgaseous

Cl caned gaseotSIS BEafSRI AR o dondth Aiitd FE et o R SRucE A Sy ol ng
the sgcond | iguid yAaGihan fNetidHatled t Rddrienst theduiltkyneagioupn harsoduct
produced after separation step (b) to produce a third l'iquid
been derived from Fischer-Tropsch paraffins. However,
knowing that recycling of ESP residues cannot be applied
to all materials (see de Groot reference mentioned
above), it would not have been obvious to a person
20 skilled in the art, that recycle of ESP residues could be
applied to the sulphonation of an alkyl aryl hydrocarbon
wherein the alkyl group is derived from Fischer-Tropsch
paraffins (having slightly higher levels of branching)
instead of conventional kerosene-based paraffins, without
25 effecting product quality.

Tt has now been found by the present inventors that
the process described hereinbelow, which involves
recycling of the ESP residues during the sulphonation
process for preparing alkyl aryl sulphonates together

30 with the use of Fischer-Tropsch derived feedstocks for
preparing the alkyl aryl hydrocarbons, provides a wore
efficient and more environmentally friendly method for

producing alkyl aryl sulphonic acids, while,



20reaction product conprising al kyl aryl sul phonic acid; wherein the alkyl
aromati ¢ hydrocarbon is obtained by contacting an aromati c hydrocarbon with
an ol ef i rwonderosadskyl ati ng condi ti ons, and wherei n sai drolraPp2oev7i061809
250bt ai ned by dehydrogenati on of a Fi scher-Tropsch derived paraffinic

f eedst ock. According to a second aspect of the present invention there

is provided a process for preparing an I |, sul phonic_acid conprising
the steps of?up9i?§h@%i553€%5P%ﬁ#%%ﬁ%%%$%§%8%€£¥c%lgg(Q?? RoRREeE TR an
aromati c hyd{gcgabepcwish, aphel ebisurnder ehkyfahaDgatepdi 41pDs in the

presence of an al kylation catalyst to produce an al kyl aromatic
hydr ocar bon, swhekenateai 6o op ef i8N i 51edihi ARETDT - dehydr ogenati on of a

Fischer-Trop§8MME (i ygdopar affhRksofeedst ock; (a) contacting the al kyl
aromatic hydfﬁﬁafgoﬁﬂmégiﬁrxﬁseous—suIphonating agent to produce (i) a
Eirftsliquid reag??cmm?&m?hmm ¢m®g$sps¢MQo?!k@étﬁfgignmfqummpa@naci?) and
ii) a gaseous effluent stream separatin e.firs u reaction
product frontBRESgaSeBLSVLfF u@néréF?ﬁgn%Ofcy ﬁﬁ?FfQEnﬁntﬁéﬂﬁ S%BKZ

ef f1 uent Str@ﬁi’?h@nﬁ?éoé{bgé Bofpeanedg0aREO0YEe s 6aM and a second |iquid
reaction product; (d) recycling the Second |iquid reaction product to the

first Iiquid(akactonbaptbogcan pr byt edr ofa ek c Q¢ BPOBLEPLR D} to produce
Dot 1S o, ERSL S PLOMUE RS B0 bl mb e
hereijq invol ves thegsulipheaation pfoancel kybmpr dshhgcahyallgaraonli n which
an 2y kyl aromatic hyorosarhol; ey SO0 AL P i e SugeE Y S A0 oL L PDORA! T N0
agent . sulp
(b) separating the first liquid reaction product from
the gaseous effluent stream;
(c) purifying the gaseous effluent stream to provide a
15 cleaned gaseous stream and a second liquid reaction
product;
(d) recycling the second liquid reaction product to the
first liquid reaction product produced after
separation step (b) to produce a third liquid
20 reaction product comprising alkyl aryl sulphonic
acid;
wherein the alkyl aromatic hydrocarbon is obtained by
contacting an aromatic hydrocarbon with an olefin under
alkylating conditions, and wherein said olefin is
25 obtained by dehydrogenation of a Fischer-Tropsch derived
paraffinic feedstock.
According to a second aspect of the present
invention there is provided a process for preparing an

alkyl aryl sulphonic acid comprising the steps of:

30



In the process of the present invention, alkyl aromatic hydrocarbons may be
sul phonated by any nethod of sul phonation which is known in the art which
uses a gaseaues/ssisphonati ng agent. 30A preferred sul phoratrinrgocagersv9 f or use
herein is sul phur trioxide. A comonly.egployed nmethod of using sul phur
trioxide is as a vapour diluted with an inert dry carrier gas, usually air,
to give a dilute sul phur . WO 2008/ 053Q37PCT/ EP2007/ 061809 - 7 .- t.rioxide
gas stream ptetbr AFASHES ﬁnnﬁlrﬂ“@%lgbémo{rfctag%%&l%‘gb nolouﬁeftlﬁler cent
sul phur trioxide. it -9 kof1 & iRiei@HEd isHsphenaHeo prgiding, ofhiaeh

i nvol ves using an air/sul phur trioxide mxture, are known from

5US- A- 3427342, Sulgpfaratiiom et lnisond anduoigsiserd 6iHiHe Mt i ng
agent used but ar %yggolca}g_%%\évp I\)&etrbﬁsrﬁ sfs‘iélrdnlgogl%ﬂir}l t.he Hdgimd %ﬁpnat ion

Wi th sul phur trioxi 1S no en per In the tenperatu range of
from40about 25C tqerahindgek2(G oraldheugh suirer Buegidah tdeerinedtt i on
tenperature is kept under 100C and a preferred tenperature range is in the
range of from 30" a1 Hhdiic f?@dsl%@al reaction pressures for

sul phonat i on whth SULONUS AJ TRd 481 18fe HFSRIUE ki d 3 Payiahove
at nospheric pressure, preferably in'the range of from 30kPa to 50kPa above
at nospheri c presswasedypisalphondfelinatdgentf wulpmriuas | ok de frsd kyl

aromati c hydrocarhon is.in the range of fr 5. - . relatively
| ar ge number of pr %%]s%sr%aa%}:el%%é%fﬁace{/e{)éogp“ép&o stolrjniﬁaflﬁln;—aﬁ}én of

det engent al kyl at esy1figsnexapl®), 44 A3 )69, Jakaisese Bf Thavi ner fedmm of the
detergent alkylate with a pressurized streamof an jnert diluent and a

vapori zed sul(bhur 3Ra53 T viFes of 1R | heF¥1 i FeRMt I RyP RISy ™
ni trogen, carbon dt%l‘?é“%%fe bope 2oImNoxd £eyy sul fur di oxi de, a hal ogenat ed
ow ecu

hydr ocar bon, or a ar_ wei ght paraffinic hydrocarbon such as
met hane, ethde¢, propaheindutlamegaszows neKilwent heteerdmn Sulprevide jdxide is
Ll uted ih o 9as MY Lhe La0s, o2 do o, Sl B VORMI: cecction
and gaseous product ;
(d) recycling the second liguid reaction product to the

first liquid reaction product produced after

separation step (b) to produce a third liquid

reaction product comprising alkyl aryl sulphonic

20 acid.

Detailed Description of the Invention

An essential step of the process herein involves the
sulphonation of an alkyl aromatic hydrocarbon in which an
alkyl aromatic hydrocarbon is contacted with a gaseous

25 sulphonating agent.

In the process of the present invention, alkyl
aromatic hydrocarbons may be sulphonated by any method of
sulphonation which is known in the art which uses a
gaseous sulphonating agent.

30 A preferred sulphonating agent for use herein is
sulphur trioxide. A commonly employed method of using
sulphur trioxide is as a vapour diluted with an inert dry

carrier gas, usually air, to give a dilute sulphur



sul phur trioxide where the detergent alkylate is reacted as a liquid film
on the order of 0.002-0.003 inch thick at a reaction tenperature of about
30C. US- Av8, 26875389 WO 2008/ 053037PCT/ EP2007/ 061809 - @CI/RP3@S/0GBBELOUS

sul phur trioxide at subatnospheric pressgre w thout a gaseous diluent and
also uses a thin flowwng filmof liquid detergent alkylate for reaction.
At another extrene.is US A-3, 198 849 which descri.bes an_bexotherm,c
su!phpnationtBéPﬁégﬁ gRSaPkyFPBRNDER eﬁﬁEEMnSPPﬁ?éalagsgﬁag %% B%E? to
trioxide. USzpodc42é, 32uslespeirbesntheusphpionatbeindel Bkkulibenzenes using
gaseous sul phur trioxide in a nmole ratio of 1.05:1 to_about 1.15:1. In that
patent the sBrpherredi sxilgbonatient meFhed 10hBich- 89yBy VeS| HRR dnd nost
preferably an.8- cent excessaf subph rigQyipde is used relative
to the aIkyI%é%gégégﬂkﬁtE%&%ﬁgtﬁemgverggé ?e%pe%%rﬁre ?n the reaction

m xt upe zoneuUssA384585@42t.he tenperature in the reaction zone, which is only
a short portion of the reaction mxture zonﬁ I.S_su stan%'ally hi gher at
66- 93C. Add?P?BHSPaFéPErEﬁﬁgét?8n§yw ondEPEHY Phe haing details of
sul phonat i ongf,886L25$indUbBRARALRE BhEMaFE! WelIUkpB@nAaticoRhpEeCesSs
conditions, and the Iike, may be 20found in "Sul phonation Technagl ogy in the
Det er gent | nélstllyd iw thHer pat -dSudpbena tikomwwi thc ¥ B rPEBHECIHREEs 151991,
In the processes of..the_pr i nyentio i he al kyl
aronatic hyd_fn(())@ztr l?gr?evla‘\n P%rgf%gﬁ‘lteghgﬁaﬁ‘ﬁgQ’fg‘é’gg‘%‘%h%r%oéﬁélgé* (oif) %fé:o I rst

i quirg reac}FfﬁuﬁrQ@UQit@n@mpmksna@°an allkpovahy moswel plsorild yached) and (i)
a gaseous e uent stream Typically the gaseous effluent stream energing
fromthe suI6ﬁ@ﬁ§HQﬂ1WQ%%¥@FU€@n&Fi§€§tsﬁﬂﬁﬁﬁ]6Wi&e§n§b€t§ﬁ@ §ﬂ%§a
unconverted $QaNd WHLACHRL 992)in SHPRWHGe of from 30°C to about

75°C. Typical reaction pressures for sulphonation with

sulphur trioxide are pressures up to 50kPa above

15 atmospheric pressure, preferably in the range of from
30kPa to 50kPa above atmospheric pressure. Typically the
ratio of sulphur trioxide to alkyl aromatic hydrocarbon
is in the range of from 1.05:1 to 1.2:1.

A relatively large number of processes have been

20 developed for sulphonation of detergent alkylates. For
example, US-A-3,169,142 uses a flowing f£ilm of the
detergent alkylate with a pressurized stream of an inert
diluent and a vaporized sulphur trioxide, where the inert
diluent may be dry air, nitrogen, carbon dioxide, carbon

25 monoxide, sulfur dioxide, a halogenated hydrocarbon, or a
low molecular weight paraffinic hydrocarbon such as
methane, ethane, propane, butane, or a mixture thereof.
Sulphur trioxide is diluted with a gas within the range
of 5:1 to 50:1 by volume. US-A-3,328,460 describes

30 sulphonation using a gas mixture of inert gas and gaseous
sulphur trioxide where the detergent alkylate is reacted
as a liquid film on the order of 0.002-0.003 inch thick

at a reaction temperature of about 30°C. US-A-3,535,339



acid (in the formof mst) and entrained al kyl aryl sul phonic acid (in the
formof mst droplets). WO 2008/ 053037PCT/ EP2007/061809 - 9 - Af ter

sul phonatwornosstosposfa) the first liquid reaction product pcs/Ere@aneaised from
t he gaseous effluent stream (separation gtep (b)). This separation step is
carried out using any known nethod for separating gases 5and |i quids,

i ncluding, for exanple, disti]latjon, heatipg d b ans of _a s-Liquid
Separ at or . APE?ﬁfggggauﬁe?HgahﬂgrEFﬁb§6§es%ga?§$?58¥F§§e¥%FsPr?FqﬁF
reaction proguehofitonm thecgaseaqusueht! yaat assoeagebsabyhiransoning
Gas-Liquid Separator. Typically this consists of a vessel with a tangenti al
side inlet. Fhém pfuldaiédvestergepbsadkyadty bott 5RASEFEERmM &Rd the gas via

an outlet at.hBenbopeot Lhe XESQELA-QE%5@?5&9n@Hiéﬁoagscyhsega§ﬁous

effluent stréamenerging fromthe su onation reactor typically conprises
sul phar oxi degpthelphor sulpbbdatinnt betiveem afi ailky)lbandewat radned al kyl

aryl sul phonic acid (in the formof m st . droplets). Thereto after

separ ati on oPnFHéuFFésﬁaFFSHFdSWEBEPFOEIbPﬁaQSf ﬁ%é "?héggaéggus ef f | uent
stream the gageeysesf thueahiiphbaamiBusbrba1RQ1penbhed befiagegagiessason to
anbi ent atnosphere. In the process of the present invention, the effluent

gaseous st reamlpbuguticiiosddeo ipr 8vngdearatéaned éa@éd&st§tP§QHFand a second
liquid reaction_prodyct. e purifi [ ar i ed Qut 14signg any
purificationlfggh%rqﬁg fgéﬁoR%EFhktﬁggagp}EﬁﬁglS%?ﬁgﬁd%eﬁ%ri Sgation,
absonption, elcect-BeShat volpmeciapid abisenprafertbéyl ake 8-AOpmefler red net hod

of purification for use herein is by neans of an el ectros %&Lc preci pi tator

n
(ESP) to trapesgepfucrkcessi @inPHIPENg ERtPAAEd 18 KYFIaryt 2&d’5héM ¢ aci d
mst. Hence %Qlteh%.l§c§%?>c'%gllz:e'§1%l“!' &1 RRACHHOR HA' QQUEH JRITRIGIHRE e LRE the

purification step't conprises sul phuric acid and al kyl aryl
sul phoni ¢ aciréact\Wor2 @0t05xe0 FPRET/AEP200 35061809 e- teoperaturepdneddéent i al

step in the process involves. re cIing?pf

t he second. l.iqui d reaction
product to tFEITTS A% d St i*6n Prdade SESadeasis of kiR

C er separation step
(b) ti@ produge s ttikid GhikitdiHed ZRRG! iGN spitedel: ieQ My irSighg raldtylsssar yl

sul phonic acid. It is found that such a recycling step does not
detrinmental | Y3®f$-ect the colour of the final linear al kyl benzene

sul phonat e product, 4,9 3Ry,.§| %iffeir%%tesd%r 861 PRI 8t N nenesgRge of
undesirable inmpuritiés, such as, for exanple, “sul phuric acid, inthe second
| i qui d react idetairiedudt serigtgineg farometavg qusr,i fSudathicns tsitaap desulrstydo
above. sulphonation process conditions, and the like, may be
20 found in “Sulphonation Technology in the Detergent
Industry”, W. Herman de Groot, Kluwer Academic
Publishers, 1991.
In the processes of the present invention, reaction
of the alkyl aromatic hydrocarbon with a sulphonating
25 agent produces (i) a first liquid reaction product
(comprising an alkyl aryl sulphonic acid) and (ii) a
gaseous effluent stream.
Typically the gaseous effluent stream emerging from
the sulphonation reactor comprises sulphur oxides
30 (typically unconverted S0, and unreacted SO;), sulphuric

acid (in the form of mist) and entrained alkyl aryl

sulphonic acid (in the form of mist droplets).



Preferably after stabilization and hydrolysis, the final alkyl benzene

sul phonic acid is a stable product which can be stored and transported as
such. Howsoeans/issozor der to convert the al kyl aryl sul phegirEpraeidcisno t he
third liquid reaction product to an al kyy aryl sul phonate, the sul phonic
acid may be subjected to a neutralization step. Said neutralization step is

carried out usin ny sui ble neutralization.agent kn t 0, 20t hose
skilled in the a%'ff,at%l%rs% aét,’l%@ %te réﬁl)l g%a elg’oﬁl%%(t ﬂ:gq%lr%yl aryl

sul phoni ¢ aci-ga¥tibnapbaagct 0i & osspshetalikyloar yhe ubabenas eefn1tibet f or m of
a salt. Suitable bases are the h{droxides of alkali netals and al kal i ne
earth met al sStERAMakFBRAGATR9Ar 8%FBesP) Whi TR1Hr SOPAE2EREN2SERP| bR M of the

salts as spegggggg?gﬁhemhsin?danEUkﬁafﬁ,meeﬁbana r LepsthetngtgRsepny be

required before su oni c ac neutral i zation. These optional Teaction
stepssw | | bandelligkhdsn inclhdsegskibredxamplae distollstliphonati on. For

le, alkyl b | phonic 3 i.d typicall t [ t
for conversi BR2bFPdng inPer HEaRkt 8- podder & 1ne 88=pyF o8l Phoni o aci d) to

the desired ghkylbrbenzpoensyl pbenis askdskpadddihyotneashygeolygusqgor
stabilization step is usually required to W) 2008/ 053037PCT/ EP2007/ 061809
convert certaeactaper pediucesfrpmkehal kprepufAzeRélyanphehreaticiid PY

anhydrides, to_alkyl bepnzene.sulphanj j it N I ter
(appr oxi mat el 5% Sk 31 RE-Giabdae ShrBhonrc SePar=iig aforiPhrgpes®
optiomal , stepsamagsaksowhencar eaadeautialSechieophilenal Tatepsqwilll be wel |

known to those skilled in the art of sulghonation. For . exanpl e, the cl eaned
gaseous streaRPERPt tHE§ VRESBUr PFi 8aPPbhO8t 8pT88YcPPHefPEhEFE, Vé3g3iexi ti ng

the El ectrostgthe19Pr egiPLbat 8F, tHBYvRgsaybj ected to a caustic scrubbing
step (by contacting the cl eaned gaseous streamw th caustic soda) before

bei ng rel eased i nhe tnhrt@auedoahene, theogdeeovs eEfbvensnarreanounts of
S@2 and gaseous SO2 that pass th urification _step . he gener al

cl ass of aIkﬁpeiﬁﬁpgugﬁﬁgngﬁgss%ﬁ?@ﬁnﬁgﬁogerﬁgﬁgofntggégﬁéé ce with this

i nvengion Ca@o&%x&@@%a%hﬁph&Qdo&idbhe ghephoat of aridl & iaRtBAe- 303nr bl
wherein R represents an al kyl roua havi ng a carbon nunher in the range of
from7 to 35Misk)pand ewcarinednatkydt 8rY8, SHePEORA Cparirc iz tfom 10 to

18, most in E%&%J%&!%&s@r%gb%QeE%)lBThé}e%%Q%?sﬁ@E§rasz&%ﬁ%anaBQ”atiC
hydr ocar byl group,”in"particualar a phenylene group; MiS a cation sel ected
from an al kalthengtialsti digudd alelaltiioe eaodmctetfaiom dhe gas@emsni um i on, and
effluent stream, the gaseous effluent stream must be
20 purified before emission to ambient atmosphere. In the
process of the present invention, the effluent gaseous
stream is purified to provide a cleaned gaseous stream
and a second liquid reaction product. The purification
step can be carried out using any purification technique
25 known in the art, including, centrifugation, absorption,
electrostatic precipitation, and the like. A preferred
method of purification for use herein is by means of an
electrostatic precipitator (ESP) to trap sulphuric acid
mist and entrained alkyl aryl sulphonic acid mist. Hence
30 the second liquid reaction product emerging from the

purification step typically comprises sulphuric acid and

alkyl aryl sulphonic acid.



25m xtures thereof; and n is a nunber depending on the val ency of the
cation(s) M such that the total electrical charge is zero. The ammoni um
i on may bwodessioseus7f rom an organi ¢ am ne having 1, 2 or P8TmPg@ri0618gy OUPS
attached to the nitrogen atom Suitabl.ejgmoni um 30i ons are derived from
nonoet hanol am ne, diethanol am ne and trlethanol amne. It is preferred
that the ammoniumion i s of he formula NHA1-. I n preferred enb :hgfnts M

represents sodi uff™ p%?%%%‘?’tﬁr]lo‘? FRAGHL S RMP PSS YN b o Y©

2008/053037R§F/Eﬁ@OgéégﬁéBQQqula2rea@@ﬁo@rpﬁ@a@ctheomamerfﬁﬁéubliqmydof t he
al kyl aryl sul phonat es and nmagnesi um can gronnte their perfornance in soft
wat er. The argyttappnRre@ual dPEeareen abeer heeRRRATEOBpFERRS £8) HYO

contacting ap gLEELNa VAR AM 2LOTR! L6 EOIDRUDFoHDLE! o5 ybié‘@i figab ¥yt i on
condi tions. Thi's can be erfor under a ge vari et y ating
condi{i ons. E%?iesabpyeniheaeadd atkysafoond| ehas SOChDﬂoaekytthgn and
only to a | esser degree to 10d|alk¥ ﬂiion P gﬂ Iattog if any. The
aromati c hydPbeBr 88RSappFi ¢abFemMFRCE YaFEg?ﬁ enﬁ? Penore of
benzene, tol gepey %Xh@&@ 2l Ry 1EKaARERe Os U YPRBRa OE grauﬁ&ureooényylenes and
napht hal ene. Preferably the aromatic hydrocarbon is benzene.

The
ol efin used smgnhélaahyldegvﬂeprdeesstﬁstbﬁtﬁrﬁ§§n59 géhyaeegérabPidn of a
Fi scher-Tropsch deri ved ffini feed r gh r d
paraffinic fé@BEFb%&%Sar ge?ﬁr ﬁgFeln ng ﬁ%ﬁzmgg fthZBygcycle
of E@pP residdesoha Q&QQ&dtQeabaybdepaaduﬁﬁremedgmngceSSmfohethe manuf act ur e
of alkyl aryl sul phonates in terms of inproving the efficiency and

envi r onnent abPurbacatapnt GeEepr 686SE1IPPE RBO¥Srticul arly surprising that the
combi nation of th gféygbigagf£e§ dogs; NoLaba¥R gndSelapbilsant | ¥ne

detrinmental effec roperties of the final al kyl aryl sul phonate
product . final alkyl benzene sulphonic acid is a stable product

which can be stored and transported as such. However, in

15 order to convert the alkyl aryl sulphonic acid in the
third liquid reaction product to an alkyl aryl
sulphonate, the sulphonic acid may be subjected to a
neutralization step. Said neutralization step is carried
out using any suitable neutralization agent known to

20 those skilled in the art, for example, by neutralization
of the alkyl aryl sulphonic acid with a base to form the
alkyl arylsulphonate in the form of a salt. Suitable
bases are the hydroxides of alkali metals and alkaline
earth metals; and ammonium hydroxides, which provide the

25 cation M of the salts as specified below.

Further, optional, reaction steps may be required
before sulphonic acid neutralization. These optional
reaction steps will be well known to those skilled in the
art of sulphonation. For example, alkyl benzene sulphonic

30 acid typically passes to an ageing step for conversion of
any intermediate products (such as pyrosulphonic acid) to
the desired alkyl benzene sulphonic acid. In addition, a

hydrolysis or stabilization step is usually required to



Paraffins obtained in a Fischer Tropsch synthesis are particularly

advant ageous for use herein because Fischer Tropsch products are generally
very | ow wo 20#8a580330cont ent of sul phur, nitrogen, oxygeraraP2anadersyc! i c
products and they are cost effective. - W 2008/ 053037PCT/ EP2007/ 061809 - 13
- The paraffinic feedstock preferably conprises nonbranched (Ii near)
or normal paraffin_nolecules.having.a_total.nupber, o rbon at ons per
paraffin nnl%gﬁYErBfCGEH%?BIf9€?¥%%?é%éﬁ§’7l %ea%%ﬁ 3§?n%§%?erably from
about 7 to abQuphdBicnREedpasheaabliysfreo abeyl BénkenabsulpAdniespecially
from about 10 to about 13 carbon atons. In addition to nonbranched
paraf fins thacp@reithnfcsratdseBer a9t avrabeEohtBPROBIRRFCA¥YLFi €2conpounds

such as, for eXgIP gnzgéghghﬁPﬁéﬁﬂghggig raffins having one or 10nore al kyl

groups branches”selected fro yl, ethyl and propyl groups. Preferably
the 1§ ghtly brancbedepafaftfhes, hapeiomy, oseeps kydy brbhee hbe Teerpiedf finic

feedstock is normally a mxture of |ine nd | tghtly branched paraffins
havi ng di f f ePBht EHF%OHPEBHBQﬁS?erS w%ﬂi ggrg?#?nﬁggwgeggtggﬁsgs subj ect ed
to a dehydroggnatbgnist enei Arer der sh0paenx el bnt heopaeshipns,i she ol efins.
The paraffinic feedstock is contacted with a hydrogen streamin the

presence of gldehgdr ogemauroAtEanal psitindeEhgeRYEL646ARLPBNSFERCt i ON
conditions. The 20.skil persqn LS. e Lques of preparing
t he catalysté?SSE%PS?nﬁhgg?heedghyggégéﬁétFg% g?ggEgggeégggorning
assogp at ed separapieatsirepmayf be sapjepnteHi soi Aveatsonc Scirtiablieg
dehydrogenati on catalysts are well known in the art and are exgnplified in
US3274287, 2568B315907OnH355158081eUS3¢a5¢H292682450517 s +168143,

US4762960, U34(866255, ;48%é95%ea3€1H§6%éi%§éedD@hx@rQa@n@hbgaoﬁaaaktions
include a tenperature of from400"C tdo 900C, preferably from400C to 525C

and a pressude ofderomol kPaove shedil 2008nkPacindOa 2MS\IBVEPEMePs hour
space velocity) of 0.1 to 100.hour-1. A preferred dehydrogenati on process
for use hereFﬁaﬁspﬁﬁé 5&@C€ufﬁ¥&faﬁﬁ88e§segron1UCP whi ch uses a
pl atijpum based dehydr ggaaakionlsakabyskikPiokef,1508phonates which may

be made in accordance with this invention can be

characterised by the chemical formula (R-A’-SO3)pM,

wherein R represents an alkyl group having a carbon
number in the range of from 7 to 35, in particular from 7

20 to 18, more in particular from 10 to 18, most in
particular from 10 to 13; A’ represents a divalent
aromatic hydrocarbyl group, in particular a phenylene
group; M is a cation selected from an alkali metal ion,
an alkaline earth metal ion, an ammonium ion, and

25 mixtures thereof; and n is a number depending on the
valency of the cation(s) M, such that the total
electrical charge is zero. The ammonium ion may be
derived from an organic amine having 1, 2 or 3 organic
groups attached to the nitrogen atom. Suitable ammonium

30 ions are derived from monoethanocl amine, diethanol amine
and triethanol amine. It is preferred that the ammonium
ion is of the formula NHs'. In preferred embodiments M

represents sodium, potassium or magnesium. Potassium ions



WD 2008/ 053037PCT/ EP2007/ 061809 - 14 - present after the dehydrogenation
reaction can be converted to nonol efins using the DEFINE (RTM process from
UCP. The wbebesmsmsedst ock used in the al kyl ati on step nmegTEPNINGBE9
paraffins which were not converted in ihe dehydrogenation step. Such
non-converted paraffins may suitably be renoved in a subsequent stage, in

particul ar dyripn -u t kyl.atiQ actipn,m xture, as
descri bed he?ébngf%ggFggnger§3§%Fegg%§£%%é%¥oagh%g?oagﬁg%ion st ep.
Typi cal | y, theygsahphbypaobst hedohaeghastupotihoprpmesenthenrsuch an
olefin/paraffin_mxture is in_the range of from1l to 50% nole relative to
the total nuRBEFOEMREPedRofObFeMRR8 and paraffins present, nmore typically

in the range of f¢g@ 51%p1 39%HRt e ﬁ?dP@ééfﬁH%aﬁsééOﬂé}QiﬁOigoqbnDlez on
the sane basis. Typically quantity of  the paraffinic portion present in

such an ol ef bneparafif bu aprtaceing an ohefiangétbf ahr empt8ttio 99% nol e
relative to the total nunber o | es.pof .olefins and _paraffins present,

nor e typical%§%$8pﬁgtHEHanaglgﬁg??oﬁ%gﬁl?glggwfﬂBHéFEPHSpa#g?ﬁuFiP from 80
to 90% nol e, benpth€osasE LA8eS. a largéheawbkay bat hokPlathagaromatic
hydrocarbons to the olefins may be selected froma w de range. In order to
favor nonoal KPPSLteRNSt hPEehBrablyat £Bei saddi pabyyahionsieade &0 in

particul ar aaohsaﬁkyzatiogrez§§r8ﬁ&g'xstaU§ng§?;9g gedl kylation process

can be any catalyst suita useé as an a Ion catal yst. Typi cal

cat allysts fodiallkylation pmchiudbehoabgghetdisnlewtsaagids i ncl udi ng net al
hal i des such as a%uniniun130tric | oride, Bronftegafcids such as hydrogen
fluoride, sul phurfi€adfdmabhy BRIEERATPeR a2PRlLeAal RelBr bi®neous catal ysts

such as annramgyiaem@nCﬁxgtgélbﬂe skl he@eabunbeasehar r ewinehe, zeol i tes,
such as deal um nated WO 2008/ 053037PCT/ EP2007/ 061809 - 15 -
Xylene, for example o-xylene or a mixture of xylenes; and
naphthalene. Preferably the aromatic hydrocarbon is
15 benzene.

The olefin used in the alkylation process is
obtained by dehydrogenation of a Fischer-Tropsch derived
paraffinic feedstock. Fischer-Tropsch derived paraffinic
feedstocks are useful herein in combination with the

20 recycle of ESP residues in order to provide an improved
process for the manufacture of alkyl aryl sulphonates in
terms of improving the efficiency and environmental
impact of the process. It is particularly surprising that
the combination of these two features does not have a

25 significantly detrimental effect on the properties of the
final alkyl aryl sulphonate product.

Paraffins obtained in a Fischer Tropsch synthesis
are particularly advantageous for use herein because
Fischer Tropsch products are generally very low in their

30 content of sulphur, nitrogen, oxygenates and cyclic

products and they are cost effective.



nordenite, offretite and Beta zeolite, give higher selectivity to

al kyl ation towards the end positions of the alkyl chain, typically on the
2- posi ti omoabosidssosal kyl chain, 5The said al kyl ati on may por/EPag7n6is0He
carried out in the presence of a liquidifiluent. Suitable diluents are, for
exanpl e, paraffin m xtures of a suitable boiling range, such as the

paraffins which werge B9t Lt ' ation_and which were
not renmoved fromthe €0d3ﬁ§g¥ggeﬁg??%ﬁéggo§§%¥g£%§fgx%%§ 5f°The aromatic
hydr ocar bon megpbzetcasda (diheemt. or normihepprepatat moneefilakkyhvangmatic

hydr ocar bons_b go tactkn ag olefin with an aromati c hydrocarbon nmay be
per formed under®afkyfaf ﬁg RondrtPBRs 2 FRVEI PFAGPREGELLBN™PLREELSt BFes

sel ected frogeaekange rasgeanbdble reast kBButesBer pLuEerh815VElah! ¥psghect ed
in the range of from30C to 300 C, however the reaction ténperature Is

dependient on7t ke BPpetofBal RPrat PoALprabeysfand shouky3d bsedboROThE,
eneral clas i onpound Lch.m e_nade herein can be
: SR E Rty By T R ot T R BB R

characterise emcal fornmu erein S8Rts an al kyl
group derived fromtaédotedinsoascnbdinghé@ poisffNenthenpdyathenaddi tion
thereto of a h¥g%gggg atom _which ol efins _have a 25carbon nunber in the

range of froff ma¥ BAFPi EQREAIRr BRP9Tt BCY8LifpFEMPAUBEFt FEERar from

10 to 18, nogk,iRopakkhephar higatid Bgaﬂéheanﬂaéaﬁfﬁﬁ Sﬁ?%%ngnoﬁ%o tic
hydr ocar byl group, in particulafr a phenyl group. The al kyl aryl sul phonate
sur f 4¢t ant s peepardllylngd0upgobdancheni shlehiedi ivemt mehhyy behu3ed as

surfactants Ln.a_wde.variety of_appligations,.in di det er.gent
fornulationsgggcﬁrggyérgﬁan¥‘l%ﬁﬁ§$§a§g¥egggn}l?§Lﬁﬁlg??ﬁﬁ €4y’ qui d

| aundry det epgeatfiasnubati ensy oM® 20091 0B3ARCRCTIER2PR74 661898 - 16 -
liquid dishmashingadetergent formul ations; and in mscell aneous

f or mul at i onsE8BeRtaskgéferarmMplitpodemékearengf agbnesr anguidobbips,
shanpoos andplLAuhdqS6arhERenadRlleng Sahe-aLkyl aLybatl Rignate surfactants
prepared in accordance wth the present invention trnd particular use in
det etgent fornul aThensarapeinic cidegstacndiy siebpesogesd toraul ati ons. These
Lot At onS2hCa080enal | 4 COBL! 28 %0 2he8 B80S Et, CORBOpE 2 RSS! deS the
into olefins. The paraffinic feedstock is contacted with
a hydrogen stream in the presence of a dehydrogenation
catalyst under dehydrogenation reaction conditions. The
20 skilled person is aware of the techniques of preparing
the catalysts, performing the dehydrogenation step and
performing associated separation steps, for use in this
invention. Suitable dehydrogenation catalysts are well
known in the art and are exemplified in US3274287,
25 US3315007, US3315008, US3745112, US4430517, US4716143,
US4762960, US4786625, US4827072 and US6187981.
Dehydrogenation conditions include a temperature of from
400°C to 900°C, preferably from 400°C to 525°C and a
pressure of from lkPa to about 1013 kPa and a LHSV
30 (linear hour space velocity) of 0.1 to 100 hour™™.
A preferred dehydrogenation process for use herein
is the PACOL (RTM) process from UOP which uses a

platinum-based dehydrogenation catalyst. Diolefins



10aryl sul phonate surfactants thensel ves such as other surfactants of the
ionic, nonionic, anphoteric or cationic type, builders, cobuilders,

bl eachi ngvegesstoss@nd t heir activators, foam controlli ngraegare®;/oersaynes,
anti-greying agents, optical brightenersisand stabilisers. Selection of

sui tabl e additi onal components, including their anmounts, is well within the

anbit of the K ilLLedin r ergent .fornul ation. The
al kyl aryl su g%gﬁg?eggﬁkkagpgnF%ﬂ%ﬁgghegéﬁqgé %% gkﬁﬁnagggrégnce with this
i nventi on magocavest2@adwanbagdelishy beingedhien DEFTNENARTHAr @rpeedect S, in
enhanced oi | reco%ﬁﬁy applications and for the renoval of oil spillage

of f-shore anérSW IrmfFand wat er-ways, canals and | akes. The present invention

wi Il now be descrirhedobyryvayr26@kt8¥rRMkeavi hhehef i g  Ont
acconganying dramﬁngs? Figure 1 is a block flomygggéggn?g?ptﬂgy

proceds accof@MRgic6 Pheafifiss abpebt wefet hotpreswettiedvent the. Figure 2 is
bl ock fl i : di t h . t of th
bresent | nvedrronrofslarih RESESSBaAT R0 Clni By 08 BRFRREAETESY O 1T

present invent erring ure
sul phonat i onsueaebilgnbromemoBedckn2ar epbesgotatasgagel, i gui gagepanaki-on
zone. Bl ock represents an effluent gas purification zone. Block 4

represents aAUSpfEoRdf WQaBK2888PH58087PERYERPSHOT BEREEION MEXEUKROHAS

scrubbi ng zopgscBLiBel BeheRheEents aﬂdoggkgeﬁgd5£abkhgzatiOn and hydrolysis
zone. Block 6 represents an optional neutralization zone. Referring to

Fi guie 1, Li dehydrepesstibs shepal Rybibalyl , hyeogarbontgt aft khg mat eri al

wherein the %hE¥L groug gas been de%ived frganisEhEt-Tro s%h, araffinic
feedst ock. LPAST2FEpPEESAPE RTEGFPfiond: PHG agBnP eEiRéPITRESLBsent s t he
first |iqui dnigackeonspiaduat 2Rdgeaseodsorf il UeNtost neam epeRGiHg trom the

sul phonati on reaction 10zone. Line 4 represents the first liquid reaction
pr oduct the total number of moles of olefins and paraffins
present, wmore typically in the range of from 5 to 30%

15 mole, in particular from 10 to 20% mole, on the same
basis. Typically quantity of the paraffinic portion
present in such an olefin/paraffin mixture is in the
range of from 50 to 99% mole relative to the total number
of moles of olefins and paraffins present, more typically

20 in the range of from 70 to 95% mole, in particular from
80 to 90% mole, on the same basis.

The molar ratio of the aromatic hydrocarbons to the
olefins may be selected from a wide range. In order to
favor monoalkylation, this molar ratio is suitably at

25 least 1, in particular at least 7.

The catalyst used for the alkylation process can be
any catalyst suitable for use as an alkylation catalyst.
Typical catalysts for alkylation include homogeneous
Lewis acids including metal halides such as aluminium

30 trichloride, Bronsted acids such as hydrogen fluoride,
sulphuric acid, and phosphoric acid, and heterogeneous
catalysts such as amorphous and crystalline silica

alumina. Narrow pore zeolites, such as dealuminated



energing fromthe gas-liquid separation zone. Line 5 represents the gaseous
effluent streamenerging fromthe gas-liquid separation zone. Line 6

repr esentwot2bes/seisond | i quid reaction product energi ng Pcompedve/efshd uent
gas purification zone. Line 7 representsig he cl eaned gaseous stream
energing fromthe effluent gas purification zone. Line 8 represents the

third liquid 6?@85&3@ PLegUEt 5 g@lggdl egacgggiggtkggﬁgf Ehe flrst liquid

reaction pro UCt an he secon reactiron p 8 9 represents
t he 20al kyl selphonivétacicd emkygangohr@uwahasopheoaaa pbabtnaablam and

hydrol ysis zgpe. Line 10 represents_the al kyl aryl sul phonate enmerging from
t he optionalgﬁguﬁthﬁzggﬁbﬁ zBXBlcﬁé&¥rPPnQ%FOZFgBEF§19n Bﬁoékelﬁlg
represents asngd?al kyl ation reaction zone. Line |la represents an aryl

hydrocarbon feedstock. Line |b represents an olefin feedstock which has
been prepared by Hbﬁyé@b@eﬁékYbﬂtb@namFYs@hemaYTupSchedearveddpauafinnlc

for a0 gur o e PREeeaClE BOR LRGa TukhE! BudsRbRe” R GEE A ey t ne

for 30Figure re€ent A'nvent

fol | owi ng ExﬁaplezampﬂechpahaﬂEdnnmﬁxbﬁréggafdgdsaithbmbtbBﬂlﬁﬂg scope of
the present invention in an¥ . WD 2008/ 053037PCT/ EP2007/ 061809 - 18 -
Exanpl e 1: TYandep FPRBafsSa P?IPBéﬁféhESmﬁglﬁheﬁﬁFédnﬁy genyarsgeénari on of

a Fischer-Tr c f c S n Al and
DEFI e (R oo Belgbk ugenARi Bh AACIhEEHTIREE HBL deh8tel Erbn FAL)

al kyh@&ti on céEhV@SDgemh91§nspheduﬁtopsnhegaeaéfDﬁsthererpmapated in a
Fischer-Tropﬁcg reacklon usi n a_cobal.t |tagla Fi scher-Tropsch catal yst.
The required €8FBGR™ PECPFXna &5 86t & H&dUBYta combination of distillation

and 10hydrogenatione ghepaestlbhngs Fhse Eraﬂ'é@%QB Hﬁaﬁéééﬂﬁoﬂédb}trhe
foll ow ng conposition: Paraffin Carbon Nunber weight
contacting an olefin with an aromatic hydrocarbon may be
performed under alkylating conditions involving reaction
15 temperatures selected from a large range. The reaction

temperature is suitably selected in the range of from

30°C to 300 °C, however the reaction temperature is
dependent on the type of alkylation process and catalyst
used.

20 The general class of alkyl aromatic compounds which
may be made herein can be characterised by the chemical
formula R-A, wherein R represents an alkyl group derived
from the olefins according to this invention by the
addition thereto of a hydrogen atom, which olefins have a

25 carbon number in the range of from 7 to 35, in particular
from 7 to 18, more in particular from 10 to 18, most in
particular from 10 to 13; and A represents an aromatic
hydrocarbyl group, in particular a phenyl group.

The alkyl arylsulphonate surfactants prepared in

30 accordance with this invention may be used as surfactants
in a wide variety of applications, including detergent
formulations such as granular laundry detergent

formulations, liquid laundry detergent formulations,



and lighter 0.0 C10 10.3 Q|

The linear alkyl benzene (LAB) was then subjected to a sul phonation
reacti on wWp 20@sa38030n Wi t h sul phur trioxi de. The sul phur pCriEpzeod@c1ses
pr epared using - 16 -

10

15

20

25

30

liquid dishwashing detergent formulations; and in
miscellaneous formulations such as general purpose
cleaning agents, liquid soaps, shampoos and liquid
scouring agents.

The alkyl arylsulphonate surfactants prepared in
accordance with the present invention find particular use
in detergent formulations, specifically laundry detergent
formulations. These formulations are generally comprised
of a number of components, besides the alkyl
arylsulphonate surfactants themselves such as other
surfactants of the ionic, nonionic, amphoteric or
cationic type, builders, cobuilders, bleaching agents and
their activators, foam controlling agents, enzymes, anti-
greying agents, optical brighteners, and stabilisers.
Selection of suitable additional components, including
their amounts, is well within the ambit of the person
skilled in the art of detergent formulation.

The alkyl arylsulphonate surfactants which can be
made in accordance with this invention may also
advantageously be used in personal care products, in
enhanced oil recovery applications and for the removal of
0il spillage off-shore and on inland water-ways, canals
and lakes.

The present invention will now be described by way
of example with reference to the accompanying drawings.

Figure 1 is a block flow diagram of the process
according to the first aspect of the present invention.

Figure 2 is a block flow diagram of the process
according to the second aspect of the present invention.

Referring to Figure 1, Block 1 represents a
sulphonation reaction zone. Block 2 represents a gas-
liguid separation zone. Block 3 represents an effluent

gas purification zone. Block 4 represents an optional

31.0 C12 29.9 Cl13 28.2 Cl4 and heavi er

0.6



15el enental sul phur as base material which was nelted, burned to SO2 and
subsequently converted to 503. A 6 noll 503/air mxture was fed to a

sul phonatwonossasgizer at a flow rate of 186 kg sul phur/ hear/ErPiéie/061809

sul phonation reactor was a 37 tube Baltestra type F thin filmreactor
20o0perating at a LAB feed rate of 1250 kg/ hour. The sul phonation reaction

was carried qidore 8RR 2ACANG gfe%%legre%% ure g%t RRrQxi mately

30kPa above at nobspheric pressure. Linear benzene phonic acid
product st re&hakdd igaFdcm end hydrciy sdeplzetned BOcH 6 2BpaReWhtst B@gam in a

gas/liquid s r, r. and . subsequently routed to an ageing section (2
vessels in sé%%lacéls %&nglet%gﬁe&fztgﬁrloflo%gnﬁydrol ysi s vessel where

approximately 11 wafetrrwag addedgtieestabilihzeit beppeaduet tHEt Bk, 1Tot al
WO 2008/ 053037PCT/ EP2007/ 061809 - 19 - residence tine of ageing and
hydr oPysi s vESYel SYRESFFHosKiShatélingsoafexdrds whed etlamsdearlke lof

agei ng/ hydr oloysi$, $8Gt i p_.l’IQ,I t gl.ned -50C. depl_et.ed .S03/ vapour
stream emergigng ro%%t Ik?%gg\é@% I'i (?gll g%@pgﬁgtcg%rmgsgopge&% Pgﬁtagéfltn&ca_n _

El ect r ost at i ¢eRdstiogikt.afldneuRi trepESREnmse ne shﬂ@heslamfinl)gl qgledlt(.cmlé:jsl _rll_ﬂ

| i near al kyl benzene sul phoni.c aci.d and sul phyric acid) were renoved. e
renoved aci dir@plrie&&in&svxéglet %é'l)f Stedyaie &3 O garducitnéad grggrUSenzene
10sul phoni ¢ agifd uehiteareaay ek rgiegdasbhi @uied s3ERALRLRN oAt x%alrg_%ti%ﬁOf 3.5
kg/hour (i.e. before entering the ageing/ hydrolysi's section). Finally the

| ast Praces &PN&ci #4863 4wWEEPresedred theomitise dilauidpoercstioeaprivducaust i ¢

scrubbing. TReeMvly ¢raHP el 48 -198Y R Y @ Yone . Line s
represents the gaseous effluent stream emerging from the
gas-liquid separation zone. Line 6 represents the second
liquid reaction product emerging from the effluent gas

15 purification zone. Line 7 represents the cleaned gaseous
stream emerging from the effluent gas purification zone.
Line 8 represents the third liquid reaction product which
is a combination of the first liquid reaction product and
the second liquid reaction product. Line 9 represents the
20 alkyl sulphonic acid emerging from the optional
stablisation and hydrolysis zone. Line 10 represents the
alkyl aryl sulphonate emerging from the optional
neutralization zone.
Referring to Figure 2, Block 1A represents an
25 alkylation reaction zone. Line la represents an aryl
hydrocarbon feedstock. Line 1b represents an olefin
feedstock which has been prepared by dehydrogenation of a
Fischer-Tropsch derived paraffinic feedstock. All other
blocks and lines in Figure 2 are as described above for
30 Figure 1.
The present invention will now be illustrated by the
following Examples, which should not be regarded as

limiting the scope of the present invention in any way.



sul phonic acid had the follow ng carbon nunber distribution: Al kyl Carbon

Nunber Weight % Less than C10 0.71 C10 11.79 Al 33.96 Cl2 30.02 C13 23.97
Cl4 and aWoveoshs2d7 The Absorbance, direct acidity, DONpCuBPe@ciemdoor ganic
matter), water content and sul phuric acizigcontent 20of sanples of the final
| i near al kyl benzene sul phonic acid product were neasured using the various

t est nethodsEggi%?kbqq bel ow. Results are shown in Table 1 bel ow

Absor bance Tée
A linear alkyl benzene was prepared by

dehydrogenation of a Fischer-Tropsch derived paraffinic
feedstock using the PACOL (RTM) and DEFINE (RTM)

5 processes from UOP, followed by alkylation using HF as
alkylation catalyst. The Fischer-Tropsch paraffins were
prepared in a Fischer-Tropsch reaction using a cobalt-
titania Fischer-Tropsch catalyst. The required carbon
fraction is obtained by a combination of distillation and

10 hydrogenation. The resulting Fischer-Tropsch paraffins

had the following composition:

Paraffin Carbon Number Weight %

C9 and lighter 0.0

C10 10.3

Cll1 31.0

Cl12 29.9

Ci3 28.2

Cl4 and heavier 0.6 O

The linear alkyl benzene (LAB) was then subjected to

a sulphonation reaction by reaction with sulphur
trioxide. The sulphur trioxide was prepared using

15 elemental sulphur as base material which was melted,
burned to SO, and subsequently converted to SO;. A 6 mol%
S0;/air mixture was fed to a sulphonation reactor at a
flow rate of 186 kg sulphur/hour. The sulphonation
reactor was a 37 tube Ballestra type F thin film reactor

20 operating at a LAB feed rate of 1250 kg/hour. The
sulphonation reaction was carried out a temperature of
50°C and at a pressure of approximately 30kPa above
atmospheric pressure. Linear alkyl benzene sulphonic acid
product stream was separated from the depleted SO;/air

25 vapour stream in a gas/liquid separator and subsequently
routed to an ageing section (2 vessels in series) and
thereafter to a hydrolysis vessel where approximately 1%

water was added to stabilize the product further. Total



The absorbance of a 50g/L solution in ethanol was 25neasured in a 4cm cell
at a wavel ength of 400nm using a single beam UV spectrophot oneter.

Absor bancwormmeasssssnent s are a criteria for col our formatrcoEr2doogsoer al

the WD 2008/ 053037PCT/ EP2007/ 061809 -- 2® -- hi gher the Absorbance val ue the
nore coloured the product is. Direct Acidity Test Method Around 1 g of

i | kyl : - ' id_5 : ' di | ved
n'30 e of Eroniondca0 he oF Poo-Hn iRl PRLATLELY YEERED PRl e ot -
with 0.5 nol AppNagingexpyessedinaatagKehiigrempébtneeaet ed Organic Matter)

Test Method The, of. a.50g/L sanple of linear alkyl benzene, 10sul phonic
acid in EtOkFﬂE%I%XGFBHY§ Si fiSEC 408t HARaPALBE 6168 gFL4PrABaf - al k5|

benzene in EtOH uh®Og e AN b O HpRNANAS- ol Wik MBS Sabatie @ mobi | e
phase of EtOH Test Method to de?g?nine amount of dﬁ?ééyin l'i near al kyl

benzeﬁe_sulpﬁéﬁ?éiquid seppratIhevasobhenorowaedr tPnan Elaedroataylichenzene

Ful PonLc, SChd.SAHL 5,05, ERSVEES) GLA9. oOpsERIPREeTL Bl L E

ef ficiency wasbmprighing/ iinaad theyKabenkefeheulpnbuest apaa hubfered with
sulphuric acid) were removed. The removed acidic liquid
was then recycled to the liquid linear alkyl benzene

10 sulphonic acid stream leaving the gas/liquid separator at

a rate of 3.5 kg/hour (i.e. before entering the
ageing/hydrolysis section). Finally the last traces of

acid/s0; were removed from the air vapour stream by

caustic scrubbing.

15 The alkyl group of the resulting alkyl aryl
sulphonic acid had the following carbon number
distribution:
Alkyl Carbon Number Weight %
Less than C10 0.71
C10 11.79
Cl1 33.96
Cc12 30.02 |
€13 23.97 |
Cl4 and above 0.26

The Absorbance, direct acidity, UOM ({(unreacted
organic matter), water content and sulphuric acid content
20 of samples of the final linear alkyl benzene sulphonic
acid product were measured using the various test methods
described below. Results are shown in Table 1 below.

Absorbance Test Method

The absorbance of a 50g/L solution in ethanol was
25 measured in a 4cm cell at a wavelength of 400nm using a
single beam UV spectrophotometer. Absorbance measurements

are a criteria for colour formation. In general, the



2050 g/L imdazole. Test Method to determ ne anount of sulphuric acid in

| i near al kyl benzene sul phonic acid sanple The amount of sul phuric
acid in awbizneass@rkyl benzene sul phonic acid sanpl e wagCmEzsareeisusi ng
25el ectrochem cal titration using |ead-n2prate. Exanple 2 (Conparative)
Exanpl e | was repeated except that the acidic :iguidhenerging fron1ghe t

El ectrostati ¢4 | pitat t C ) e rbance,. direc
acidity, L[nfgﬁ?%ﬁigﬁ%fe sg&ggﬁ%gMﬁégﬁgrf%%wa%gg ggﬁf@ﬁ@ a%@éé@FﬁﬁﬁFFc aci d
content of sa®ples of the final linear alkyl benzene sul phonic acid product

was neasuredrysing zhe f§§t gg iO%g/ 53037PCT/ EP2007/ 061809 - 21 - Met hods
descri bed abéve— S i able 1 bel ow. Exanple 3

(Conparative) Exaguadalivwgsorepeatgd Slﬁ?@tbEH%EnEhgthHSﬁgcaEEX? Sbenzene
was prepared by dehydrogenation of a C9-Cl4 kerosene-derived paraffinic

feedsfock. THESaRieFIrgiedy yrighed esdl disgodviegl iar plo sll pifoRitoHaaind has
the fol low ngcabet RUBLELadLSLELPLG! L8 AL KYL, $8LPOR DUDDer, VEL ght

0.5 mol/L NaOH (expressed as mgKOH/g) .

UOM (Unreacted Organic Matter) Test Method

The UOM of a 50g/L sample of linear alkyl benzene
10 sulphonic acid in EtOH was measured against a standard of
0.65 g/L linear alkyl benzene in EtOH using HPLC. An ion
exchange column was used with a mobile phase of EtOH.

Test Method to determine amount of water in linear alkyl

benzene sulphonic acid sample

15 The amount of water in a linear alkyl benzene
sulphonic acid sample was measured using one component,
volumetric Karl-Fischer titration. Sample size was
approximately 3.5 g. The titrant efficiency was 2 5.0
mgH,0/mL and the Karl-Fischer solvent was buffered with

20 50 g/L imidazole.

Test Method to determine amount of sulphuric acid in

linear alkyl benzene sulphonic acid sample

The amount of sulphuric acid in a linear alkyl
benzene sulphonic acid sample was measured using
25 electrochemical titration using lead nitrate.

Example 2 (Comparative)

Example 1 was repeated except that the acidic liquid
emerging from the Electrostatic Precipitator (ESP) was
not recycled. The Absorbance, direct acidity, UOM

30 (unreacted organic matter), water content and sulphuric
acid content of samples of the final linear alkyl benzene

sulphonic acid product was measured using the Test



C9 + lighter 0.41 C10 10.26 G| 34.44 Cl12 33.17 C13 21.41 Ci14 0.31 C15 +
heavi er Trace The Absorbance, direct acidity, UOM (unreacted 10organic
matter), weters/zeosrent and sul phuric acid content of samplrap2@i/otises fi nal
| i near al kyl benzene sul phonic acid product- was neasured using the Test
Met hods descri bed above. Results are shown in Table 1 below Exanple 4
(Conparati Vejethogs BEAERLBed WB véepﬁégﬁﬂtgx‘é%@ shiah (he aghd'ﬁi liquid
energing fromthe El ectrostatic reC|p| or was no recycle

Absor bance, #®edewt acidity, UOM (unreacted organic nmatter), water content
and sul phuri% %ci cgntent 01;: anples of the final |inear alkyl benzene
sul phonic 70 ed using the Test Methods

Example 1 was repeated except that the linear alkyl
5 benzene was prepared by dehydrogenation of a C9-Cl4
kerosene-derived paraffinic feedstock. The alkyl group of
the resulting alkyl aryl sulphonic acid has the following

carbon number distribution:

Alkyl carbon number Weight %
C9 + lighter 0.41
Cl10 10.26
Cl1 34 .44
Cl2 33.17
C1l3 21.41
Cl4 0.31
Cl5 + heavier Trace

The Absorbance, direct acidity, UOM (unreacted
10 organic matter), water content and sulphuric acid content
of samples of the final linear alkyl benzene sulphonic
acid product was measured using the Test Methods
described above. Results are shown in Table 1 below.

Example 4 (Comparative)

15 Example 3 was repeated except that the acidic liquid
emerging from the Electrostatic Precipitator was not
recycled. The Absorbance, direct acidity, UOM (unreacted
organic matter), water content and sulphuric acid content
of samples of the final linear alkyl benzene sulphonic

20 acid product was measured using the Test Methods

described above. Results are shown in Table 1 below.



descri bed above. Results are shown in Table 1 bel ow.

W2008/ 053037PCT/ EP2007/ 061809 - 22 - Table 1 Direct Acidity, Absorbance,
UOM Wat ewocossresaiz7and sul phuric acid content of |inear parkpkodipomene

sul phoni c acid sanples prepared in Exanpless 1 to 4 E.g. Direct Acidity ng
KOH gr Absorbance UOM %4 s Water %w 6 cn, N .> X 0O\o 1 188.0-191.0
0.087-0.094 1.12-1.24

Table 1

Direct Acidity, Absorbance, UOM, Water content and

sulphuric acid content of linear alkyl benzene sulphonic

acid samples prepared in Examples 1 to 4

E.g. | Direct Absorbance UOM %w Water %$w H,S0,
Acidity mg W
KOH/gr

1 188.0-191.0(0.087-0.094 |1.12-1.24 | 0.38-0.44 {1.99
2 186.9-190.110.054-0.080 |11.19-1.3010.40-0.46 (1.84
3 188.1-190.3|0.067-0.080 (1.17-1.23 [ 0.39-0.4711.99
4 188.9-192.7|0.050-0.074 |1.15-1.24 | 0.36-0.44 |1.73

Since a number of samples were measured for direct
acidity, absorbance, UOM and water content, ranges for
these measurements are quoted in Table 1. Only one sample
per example was measured for sulphuric acid content hence

5 only one figure is quoted for each example in Table 1 for
sulphuric acid content.

It can be seen from Table 1 that the Absorbance of
the linear alkyl benzene sulphonic acid produced in
Example 1 (using Fischer-Tropsch derived paraffinic

10 feedstock together with recycle of the acidic liquid
emerging from the ESP) is not significantly different
from the Absorbance of the linear alkyl benzene sulphonic
acid produced in Example 2 (without recycle of the acidic
liquid emerging from the ESP), Example 3 (using kerosene-

15 based paraffinic feedstock instead of Fischer-Tropsch
based paraffinic feedstock, together with ESP recycle)
and Example 4 (using kerosene-based paraffinic feedstock
without ESP recycle). These results demonstrate that the
combination of Fischer-Tropsch derived paraffinic

20 feedstock together with recycling of the acidic liquid
emerging from the ESP back to the liquid linear alkyl

benzene sulphonic acid stream leaving the gas/liquid



0.38-0.44 1.99 2 186.9-190.1 0.054-0.080 1.19-1.30 0.40-0.46 1.84 3
188.1-190.3 0.067-0.080 1.17-1.23 0.39-0.47 1.99 4 188.9-192.7 0.050-0.074
1.15-1. 24w0.286/B33¢84 1. /3 PCT/EP2007/061809
- 23 -

separator is not significantly detrimental to the colour

of the final linear alkyl benzene sulphonic acid product.

Furthermore, the Absorbance of the linear alkyl benzene

sulphonic acid produced in Example 1 (using Fischer-

5 Tropsch derived feedstock together with recycle of the
acidic liquid emerging from the ESP) is well within the
specification guidelines of commercial linear alkyl
benzene sulphate products.

It can also be seen from Table 1 that the Direct

10 Acidity, UOM content, water content and sulphuric acid
content of the linear alkyl benzene sulphonic acid
produced in Example 1 (using Fischer-Tropsch derived
paraffinic feedstock together with recycle of the acidic
liquid emerging from the ESP) is not significantly

15 different from the Direct Acidity, UOM content, water
content and sulphuric acid content of the linear alkyl

benzene sulphonic acid produced in Examples 2, 3 and 4.



Since a nunber of sanples were neasured for direct acidity,

absor bance, UOM and water content, ranges for these neasurenents are
quoted in Table 1. Only one sanpl e per exanple was neasured for

sul phuric acid content hence only onesfigure is quoted for each
exanple in Table 1 for sul phuric acid content. It can be seen
from Table 1 that the Absorbance of the linear al kyl benzene

sul phoni c acid produced in Exanple 1 (using Fischer-Tropsch derived
paraffinic feedstock together with recycle of the acidic liquid

ener gi ng frqﬁbﬁﬂg ESP) is not significantly different fromthe

Absor bance o | i near al kyl benzene sul phonic acid produced in
Exanple 2 (without recycle of the acidic liquid emerging fromthe
ESP), Exanplle 3 (PuSPeRp kefWsemsebisiey pakaf fllilc Pewdst BePORs? eaFi6f
Fi scher-Tro D8R rRar afddsnig. f eedst ock, together with ESP
recycle) and Exanpl e 4 (using kerosene-based paraffinic feedstock

wi t hout ESP recydie). cPheactingsudt s ad&ifbnsarapesle hdtydrpeashbi Wt of
of Fischer-Tropsch deghyed,daaffionheidLednlRcked %%s&g% Vb h o First

recycling of the acidic Iiquid enmerging fromthe ack to th

liquid linear alkyl béigert Faprphem craedustst eampieing i Ay tHéyl aryl

gas/liquid WO 2008/ 03gP{&GT EFRPAALORLE0R sadedus SOAREAL YrrbSmNOL
significantly detrinmental to the col our of t%e final |inear alKkyl
benzene sul phoni dPaci §epriridsg. tim riirst mbi@iidt Keadissr bEpRUEtof rethdhe

linear alkyl benzene gulbhonicerfedf BEAdced in Exanple 1 (using
Fi scher- 5Tropsch derived feedstock together with recycle of the

acidic |iquid endegi nguribrnghdhesmpspausweef fienhi FLEeRN s cPiavddei én

gui delines of commer Cipabapdd @AseBlXYheReAZORAA SUIRB8LE DPIRAMCLSactilon
can al so be seen from T Table I that the Direct 10Acidity, content,

wat er content and sul PRe#¥<:aci d content of the linear alkyl benzene

sul phoni ¢ aci d prigflucedcydn iE5anpke sdcdiédi NGl S 88FriBhoRseudedoV @the
paraffinic feedstock together with recycle of the acidic |iquid
emergi ng from the ESPFIFRt notidiifhi f redghiop diggedpeht Prefmisde mHfteet

Acidity, UOM content, sugd&ftieAné@iY (BNGs phBhitdd & €8id CopiRNkedtilhe
| i near al kyl benzene su ghonlc acid produced in Exanples 2, 3 and 4.
- 24 - CLAINM5 1.ProceBEofui SPERESifg aival REY: &PyPRIUCpAtHlc aci d
conprising the sigpsenf: tha) QePlaciicngtad abBydcaabenatisC ddhiasar pgn
Wi th a gaseous sul phonati ng aﬁgnl tQ produce (ig,a first Iiguid
reaction pr GRICRCEEHr i3 nGTAP ik y IYAFGFIRPphEhFE ot d ARG R i PoEF
gaseous ef f |1@pl aSidge astndli B) oS Pt ivkgrehe BaiBtoldrati dsr eBEdinRA by
product fromthe gaseous effl uent stream . .
dehydrdgenation  of a  Fischer-Tropsch derived paraffinic

feedstock.

2. Process according to claim 1, wherein the second liquid
reaction product comprises an alkyl aryl sulphonic acid and

sulphuric acid.

3. Process accoxrding to claim 1 or 2, wherein the gaseous

sulphonating agent is sulfur trioxide.

4. Process according to any one of claimg 1 to 3, wherein
purification step (¢} is carried out by passing the gaseous

effluent stream through an electrostatic precipitator.



(c) purifying the gaseous effluent streamto provide a cleaned
gaseous stream and a second |liquid reaction product; (d) recycling
the second |liquid reaction product to the first liquid reaction
product produced after separation sLe?5(b) to produce a third liquid
reacti on product conprising al kyl aryl sul phonic acid; wherein
the al kyl aromatic hydrocarbon is obtained by contacting an aromatic
hydr ocarbon with an ol efin under al kylating conditions, and wherein
said olefin is obtained by dehydrogenati on of a Fi scher-Tropsch
derived paraffinic feedstock. .2.Process accorging toclajm1l, mﬂerein
the second 17'qui d*PEERY i DR FGBECECCEHYr P88s %an CARKTT r§P Sul BRARE
acid and sul phywhbfatbicind.st3pPri@gess aeeoidi neutd atClal terpediitike \ierdien

t he gaseous sul phopatin ent is sulfur trioxide. 4. Process
hocording AR Shatas 2B9E ko 1308 Caatyre REERE e iF BT ‘08 2 Ty

is carried @t kxby PAS® Rpat he gaseous effluent stream through an

el ectrostatic precipitator. - 25 - 5.Process according to any one of
claims 1 to 4, wherein sul phonation step (a) is carried out at a
tenperature g.n trecrasge ffr f peEPIEQEG 0 ah208171d arpl essulipgohic t heid
range of from 30 ,kPa tpo 50 kPa. .6. Process for preparing an al kyl aryl
sul phoni ¢ aciFPELTHHIS §?‘ﬁ93tt€ﬁ’§ 8feps of: (al) contacting an aromatic
hydrocar bon w t h (@an) okehtardingderaral Kydmiting 15aApctdrboAs wikht @ olefin
presence of an alkylatign ca ahﬁﬁ} toﬁgrﬁdupe an_al kyl aromatic

hydr ocarbon, wherein S87%F oPeFYFRHHBY o SPAFHE P Sy Fehy it JFEHTEEFDNbr 27
F: iclher -Tr opschhdgri vedkp&rﬂbﬁLM&tdl@%dstmckFrcf]cm):eccmi aelkyly bhematic
al kyl aromatic hydrocarhon with a gaseous sul.phonat.i ng.age to
produce (i) a first | %Hgﬁi:%%ti o"ﬂ"eﬁlebﬂuc?a coﬂg‘%@i ng® al WA TS| BY
sul phoni c acid) and (dehydrcgasenits ef fdfuent st Féarher(DYormepar atieniyed

the first liquid reaction nroduct fromthe gaseous effluent stream
(c) purifying the gasggﬁ%ffgﬁlfzug%‘?é%??]@am to provide a cleaned

gaseous stream and)a sestautihfquilte r edleyl oarpraduct hydrdyaresycwitiy a
the second liquid reaction product to.the first |iguid reactiaqn .,
product produced afte?ag%opuas?a bRt] OISI%%lpng( b‘—)lgetn(t)-‘ ptroo ce 5etra1(|‘1§dal ifqll]:isa
reaction product conpiliguitg atdadtienyl psedipitoni{coaeiicing alkyl aryl

sulphonic acid} and (ii) a gaseous effluent stream;

(b) separating the first liquid reaction product from the
gaseous effluent stream;

(¢) purifying the gaseous effluent stream to provide a
cleaned gaseous stream and a second ligquid reaction
product ;

{(d) recycling the second ligquid reaction product to the
first ligquid reaction product produced after
separation step (b} to produce a third liquid reaction

product comprising alkyl aryl sulphonic acid.

7. Process according to any one of claims 1 to 6, wherein the

aromatic hydrocarbon is benzene.

8. Process according to any cne of claims 1-to 7, wherein the
Fischer-Tropsch derived paraffinic feedstock comprises a mixture

of linear and branched paraffins.



7. Process according to any one of clains 1 to 6, wherein the aromatic
hydr ocarbon is benzene. 8. Process according to any one of clains 1-to
7, wherein the Fischer-Tropsch derived paraffinic feedstock conprises
a mxture of linear and branched paraffeins. - 26 - 9. Process
according to any one of clains 1 to 8, wherein the Fischer-Tropsch
derived paraffinic feedstock conprises from2%to 8% of branched
paraffins. 10. Process for preparing an al kyl aryl sul phonate said
process conprising the steps of any one of clains 1 to 9 followed by

neutralizingsthe mo@lssaéadorauh@wla@yagh@ i dihend hi rt@ bi Giedein the
reaction producﬁilar 11. Al kyl aryl sul phonic acid when prepared by a
i

process accoiid F%Whoﬁ@rb‘feq:l%ﬂ%fimf% Beedsgock APqmpF-8pg/| from 2%
sul phoni c actdl swhen rRRaEE hduraigy ocess according to claim 10.

10. Process for preparing an alkyl aryl sulphonate said procegs
comprising the steps of any one of claims 1 to 9 followed by
neutralizing the alkyl aryl sulphonic acid in the third liquid

reaction product.

11. Alkyl aryl sulphonic acid when prepared by a process

according to any cne of claims 1 to 9.

12. Alkyl aryl sulphonic acid when prepared by a process

according to claim 10.



