WO 2004/ 080929 PCT/ | B2004/ 000657 PRODUCTI ON OF LI NEAR ALKYL BENZENE
BACKGROUND OF THE I NVENTION THI S i nvention relates to a process for
produci ng linear al kyl benzene and |inear paraffin. Al kyl benzene
derivatives, such as al kyl benzene sul phonates, are anon others, used in
detergent al® Q%% ant  product applications. Envi roﬁﬁ&ﬂ?zﬁp“"qogﬁ?sl ation
requires that these products are biodegradable. It is well known that, to
be bi o-degradable, it is inmportant for*the alkyl chain to be linear, i.e.
with very little or no branching and low, if any, quaternary carbons. In
conventional processes for producing |linear alkyl benzenes, a hydrocarbon
streamis hydrogenated in order to renove contam nants such as sul phur

ni t rogen and ox%’ﬁ@@%@'&ﬁﬁwﬁﬁ@ BRKYL BENZENEpr esent.  Hydrogenation al so
converts olefin species in the streamto paraffins. Follow ng the

hydr ogenati on reaction, the resulting paraffin streamis fractionated into
various carbon ranges. A carbon range, for exanple the CB to Cl16 range,

whi ch includes branched paraffins, is passed through a nolecular sieve.
The branched pa Lhsaned-elected as a raffinate stream whilst the

| i near paraffins ,_8_ggp__ DY ENTIC) dehydrogenation reactor to forman
olefin/paraffin mxture. This mxture is then fed to an al kylation plant
and reacted wt [ ' AB), with
recycling of u&?@ggﬁéﬁmgéégf%?%%b#gggﬁér@%ﬁ%%@@g%ﬁgﬁﬁbé%?%f%inr. The | i near
al kyl benzene iligeariparfoul phonated to formiinear al kyl benzene sul phonates
(LAS). A problemw th this approach is the relatively 'high cost of
paraffinic starting materjal and the high cost associated with the
production of | 'WLB&ZE%?%WW% SIFDAS E@Y'g%eé%?é‘efsé@li%ﬁ%kﬁfe 3¥9"I004/ 080929
PCT/ | B2004/ 000Gers, - 2séii tredddteggtionandat @mbctia.  [H6RicB13ppivatiche name of
California Res%%u

iPc!?]mentaI legislation requires that these products are biodegradable.
It is well known that, to be bio-degradable, it is important for the alkyl chain
to be linear, i.e. with very little or no branching and low, if any, quaternary
carbons.

In conventional processes for producing linear atkyl benzenes, a
hydrocarbon stream is hydrogenated in order to remove contaminants such
as suiphur, nitrogen and oxygen contaminants that may be present.
Hydrogenation also converis olefin species in the stream fo paraffing.
Following the hydrogenation réaction, the resulling paraffin stream is
fractionated into various carbon ranges. A carbon range, for éxample the
Cy to Cyg range, which includes branched paraffins, is paésed through a
molecular sieve. The branched paraffins are rejecied as a raffinate stream,
whilst the linear paraffins are passed jthrough a dehydrogenation reactor to
form an olefin/paraffin mixture. This mixiure is then fed to an alkylation
plant and reacted with benzene to form linear alkyl benzene (LAB), with
recycling of unreacted paraffins to the dehy&rogenation reactor, The linear
alkyl benzene is then sulphonated to form lingar alkyl benzene sulphonates
(LAS). A problem with this approach is the relatively high cost of paraffinic
starting material and the high cost associated with the production of linea_r

paraffins from kerosene feedstocks.




Cor poration discloses the use of a hydrocarbon condensate fromthe

Fi scher-Tropsch process as a feedstock in t he production of al kyl benzene.
This reference is limted to the use of "high tenperature” Fischer-Tropsch
processes wherein the Fischer-Tropsch reaction is carried out at

t enper at ur e¥OF"PBBPOxi mat el y 300C and hi gher, for the EFFARHIMOE7 of t he
hydr ocar bon condensate. The high tenperature Fischer-Tropsch processes
were found to be suitabl e because the ﬁ%drocarbon condensate contains a
hi gh concentration of olefins; usually in the region of around 70% The

preferred catal vaie ki BleREAS ool RBSF PRBRESSG pimd BsoRroduct  on o

t he hydrocarbon condensate I n I's referenc
catal ysts. Thi sCP@petighdisciopen &g visaol Bi kydtosarban cpsdansdte eictsi oluﬂ< pr oduced

results in poor Flﬁbh%lri}'?o)bséﬁ [ﬂf@@erss& KYeledﬁﬁtﬂﬁﬁ epr%@tﬁn%{%ﬁiﬂ%e 1 wet ting
[

probl ens caused %93 ﬁé B‘S genate content o cher- Tropsch

feedst ock. The prefes rP'é‘i? ¥ t°ft8? “a?jﬂfr Blghiteapar#ire” Piseisr-drpsehs by

adsor ption of bc;ammngd wtmrr@mufmds FisEumTEdpecH re4dieH hgr eRSED theﬁtdStoclk usi ng

activated carbo is process Is only

f easi bl e for fe%g'gggh‘?% +f }éewafogg(gﬁ‘ﬁ‘gﬁlﬂlﬁerraff’f Wﬁ?”’c’p Hetas of then t he exanpl e

in this referentydrachéop] @@mdwns@@oveﬂ}e i lggh ewspblaan: 2B86her-T@psdphe ol efin

content is not V, . 3,674 n the name of
&5&%%3 \f?éjre f&tjﬂl:ltt@ge %S}it%lﬁ %e%ﬁ'}%@ [P]te hblgrocae{??r] ng?r@@

Atlantic .Richfield a’‘par ®n mixture
obt ai ned from a“oniﬁ@cﬁé%ghﬁoaﬁf@éfﬁﬂqneﬁdﬁﬂﬂﬂs cisnallyein ahekydmineuf arageft her with

chl orinated parmkf.i Mme néféﬂﬁsrcﬁﬁdfﬁ& hhﬁeﬁféﬂ%kﬂfﬁﬁﬁhaﬁrﬂﬁg%ﬁ; | 6Fi nat ed

t enper at ures. Fre%h Fi SFh’?{“‘eh is. mx

paraffin and cHAPGEHCT.8" dife Y °éi't FOWensaiec fofhis refereer apcirart paraffin is
separat ed and pantainiigl qatahastst Tmatre”drebc;e sthteo tHab BisEn TaspdcH Redstadicced wit h

i xture of doderaRebligBREA poobBERAbal B Serfer b gt 2o epr asent

m Xt ure of dodecane an ece e r'su
Fi scher-Tr opsch"eﬁté‘éd%qttljiws Cauﬁwwqadﬁoev[em:@(ymw wotsnbafkinomikedge t he

difficulties f m@écm@éhsﬁ)tck e 'p%rreﬁomﬂﬁgd Ffbrsﬂaﬁerssﬂ-é R Cé}olglgt%dSt ock for

al kyl ati on and not consi dered
!s bya sorption of carbonyl compounds from the Fischer-Tropsch

feedstock using activated carbon and silica gel in a guard bed. This
process is only feasible for feeds with low oxygenate concentrations. Also,
in the example in this reference the olefin recovery is less than 25%, i.e. the

olefin content is not preserved,

United States Patent No. 3,674,885 in the name of Atantic Richficld
Company aims to.show that a paraffinfolefin mixture obtained from a
Fischer-Tropsch reactor can be alkylated together with chlorinated paraffins
by operating the alkylation at elevated temperatures. Fresh Fischer-
Tropsch feed is mixed. with chlorinated paraffin and charged to the
alkylation reactor, the unreacted paraffin is separated and partially
activated by ehlorination and then mixed with fresh Fischer;Tropsch based
feedstock before alkylation. A synthetic mixture of dodecane and
dodecene is used in the examples to represent Fischer-Tropsch feedstock.
This reference does not acknowledge the difficulties faced when attempting
to use Fischer-Tropsch feedstock for alkylation and is nof considered to be
relevant to the present invention.




~relevant to the present invention. -3 ; SUWARY OF THE | NVENTI ON Accordi ng
to the invention there is provided a process for producing |linear alkyl
benzene and [inear paraffins, the process including the steps of obtainhing
a hydrocarbon condensate containing olefins, paraffins and oxygenates from
.a low tenperature Fischer-Tropsch reaction; a) fractionating a desired
carbon nunber distribution fromthe h drocar bon condensate to forma
fracti onated hydrocarbon condensate streamwhich is the product of a

Fi scher-Tropsch reaction; b) extracting oxygenates fromthe fractionated
hydr ocar bon c m step a), advantageously while
preservingthw ioin the stream to forma stream
containing olefins and paraffins which is the product of a Fischer-Tropsch
reaction; c) al af | [ ffInS from
top by, whi kCaD e b0 D SRR SRR AL Bl hRRWII R Gl "Benzene.
inthe pr eserbé@zeﬁﬁ agd élueqrawraéﬁral kel rrogash "&}tdallg)ﬁb@ stepadf dptaindgower i ng

linear al kyl 2&6@49@@6&%&5@%%0@@ bieths, Eé(r@fﬂﬁ@lahd'ﬂxidéﬁaﬂeg‘ff\‘oflneémerat ur e
Fi scher-Tropsch reaction_is carried out t enperature of 160C - 280C,

preferably 216 empgigisre F*ﬁﬁ“&“ﬁ’%@f@'f‘cno"rr opsch catal yst, preferably in the
presence of a cobalt cat al yst to provide a hydrocarbon condensate

cont ai ni ng 60t r fflns and 10 t 30% b ht ,
typically |ess %‘E%/a% wei g S?} od Phs MURRRE STAFRY ﬁgn %Iuced have a
hi gh degree of Ilnémrmaybamf (glné@tsete tthariorﬁfzo/a n‘rymouatlehy rgm@amemn t han 95%

The paraffins so p 1 r than 92%
The hydrocar bon coﬁﬁqﬁgﬁ%&%}éﬁ\@ggg u%eprmuc{‘6r%%éh%1¥¥r§ésc?lrﬁ§%&'tgﬁie C6 to Cl6

range, preferafly PHasinhevgemienirendng agenateq hydrpprsbesk goenatals may be
extracted, in stepstdam byosi Sdtéd | a1, @@vantdgabisil- | el dpre@értnhQCttﬂa@n or

dehydration, pref erlapn!garallfm lf'&'lt% in tr%UIslgea?nXtté o%laog}ream corﬁanﬁmé%le}!ent

and paraffins which is the product of a Fischer-Tropsch reaction;

¢) alkylating the stream containing olefins and paraffins from step b),
which is the product of a Fischer-Tropsch reaction with benzene, in the
presence of a suitable alkylation catalyst; and

d)  recovering linear alkyl benzene and linear paraffin.

Typically, the low temperature Fischer-Tropsch reaction is carried out at a
temperature of 160°C - 280°C, preferably 210°C - 280°C, and a Fischer-
Tropsch catalyst, preferably in the presence of a cobalt catalyst to provide a
hydrocarbon condensate containing 60 to 80% by weight paraffins and 10 to
30% by weight, typically less than 25% by weight, olefins. The olefins so
produced have a high degree of linearity of greater than 92%, typically greater
than 95%. The paraffins so produced have a degree'of linearity of greater than
92%.

The hydrocarbon condensate, in step a), is fractionated into the Cs to Cyg

range, preferably into the C to Cy3 range.

The oxygenates may be extracted, in step b), by distillation, liquid-liquid
extraction or dehydration, preferably liquid-iiquid extraction. A light solvent
such as a mixture of alcohal and water, preferably methanol and water is used
in the liguid-liquid extraction.




such as a mixture of alcohol and water, preferably nethanol and water is
vused inthe liquid-liquid extractiion. -4- In a preferred enbodi nent of the
‘i'nvention the oxygenate extraction process is a liquid-liquid extraction
process that preferably takes place in an extraction colum using a
mxture of nmethanol and water as the solvent, wherein an extract fromthe
liquid-liquid extraction is sent to a-%ol vent recovery colum fromwhich a
t ops product conprising nethanol, olefins and paraffins is recycled to the
extraction colum, thereby enhancing the overall recovery of ol efins and
paraffins. A bottonms product fromthe solvent recovery colum may al so be
recycled to the extraction colum. The solvent preferably has a water
cgntent of nonreatrpaeferﬁ% b,»yhboﬁ&rf@ht of tﬁ@rfﬁveﬁmeiﬁethabd)wgawab@tﬂtra&}mtent ofb
about 5% - 15% A ra ate extr n colum may be
sent to a strPPPEPS 'é&qlSlH{‘i‘ fiapig ik '8H Déoceﬁil{ljl']@g PGB%W EE &HP'a%& A cont ai ni ng
nore than 90%ekyaoten gblunel @fingns naxtdre pfamathbnglSsarandatey pé oal solvdngss than 0. 2%
by wei ght, preferably |ess 2%, b i ght ox ates _exits as a

ot tons. pr oduster aherGaR Aot JRGYRgY Ebin BEITIA SapERM ns "t he
hydr ocar bon f esdveatyreamri 3orinrwm:z¢nests;asnbro?50%cormm1wgpﬁaﬁa’fcﬂa,txblsrnnsn excess of
80% while the 8' ef i.n/ par s.at |east bst preserved.

This | nventi ofGsaaTraarsy el e S5ttt pliff oheRt HduRaon
condensat e ppegtalttredavern af blefinst em)@rawtfﬂmse P botirens Pragfostc fromethet i on in t he

Clo to C13 r LN o) 0 a % by wei ght
olefins with g@%ﬁ%%@g%ﬂ%% alg’n%lgt?lé r%%/#lleéﬂga er%(?r%dﬁ?ﬁdgﬂﬁqz/pl %:/al I yg

.greater than gsa/qso!vamicpre@sa@!yth@ﬁama@qrsaarmntMWmm thary #nbyt ®eighf,or use in a
process for ﬁ@%@f&wuaw@r a{engor neapﬁd’ L1, b g dhflvg%fr%lea' so relates

to a linear a benzene pr odu (%3t on process of
ol efins, sai df"@PélﬁfP AxtrasEpm golamp Ry Uet seot tQaa Istpre't @?ﬁﬁém fourwhie acher - Tr opsch

reaction, Whepgjrfedtish ﬂeb@%ﬁ‘éarﬁ'clﬁﬁ{tbm%r}ﬁ&@%arpﬁ@ﬁ%ﬁ/twé@% Jefins BR@r ity of
greater than 90% preferably greater than 949

paraffins and typically less than 0.2% by weight, preferably less than 0.02%

by weight oxygenates exits as a bottoms product. Preferably the recovery

of alefins and paraffins in the hydrocarbon feed stream is in excess of 70%,

more preferably in excess of 80%, while the olefin/paraffin ratio is at least

substantially preserved.

This invention specifically relates to a fractionated hydrocarbon condensate
product from a low temperature Fischer-Tropsch reaction in the Cio to Cq3
range containing 10 to 30%, typically less than 25%, by weight olefins with
a high degree of linearity of greater than 92%, typically greater than 95%,
and less that 0.015% by weight oxygenates, for use in a process for

manufacturing linear alkyl benzene.

The invention also relates to a linear alkyl benzene product formed by an
alkylation process of olefins, said olefins being a product of a low
temperature Fischer-Tropsch reaction, wherein the linear alkyl benzene

product has a linearity of greater than 90%, preferably greater than 94%.




WO 2004/ 080929 PCT/ | B2004/ 000657 -5 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a block diagram of a process according to the invention for
produci ng linear al kyl benzene;, and Figure 2 is a block diagramof a
process for_extracting oxygenates froma hydrocarbon product, used in the
process of POIMESY2 “pDESCRI PTI ON OF PREFERRED EMBODI MEQTEB20A/W0G5hy ent i on
relates to the use of a hydrocarbon condensate streamfrom a | ow

t enperature Fischer-Tropsch reaction ifthe production of |inear alkyl
benzene. A linear paraffin product is also produced. In the Fischer-Tropsch

process, synt heghﬁ;'gﬁéS&ﬁ]ﬁm%ﬂgﬁBigqZ@.E-’g hydr ogen) obtained from
gasi fication of gas, is reacted over a

Fi scher Tropsch catal yst to produce a m xture of hydrocarbons rangi ng from
met hane to waxegj smakd - n .OW t enper at ure
Fi scher - Tropsch ?ggglionFEﬁﬂﬁﬁgggg%?Sﬁj?Eﬁégggﬁﬁ@ﬁﬁFﬁkH”@%*ﬂfﬁé bed reactor
or fixed bed reactor, pr&fdvamsipesy altylipangenseand eactor, at a tenperature in
the range of 160C - 280C, preferably 210C - 260C, and a pressure in the
range of 18-50 kigure Pr ef B abloyk BREMREDF 2Qrc30sDBF extiabihd'Bxygehgsence of a
catal yst. The catal yst ngé?lnclude iron, cobalt, nickel or ruthenium
However, a cobalt-based AINV&pearonpradqueh used ip 1o reress effigurehper at ur e
reaction. Usually, the cobalt catalyst i's supported on an alum na support.
WD 2004/ 080929 PCT/ | B2004/ 000657 -6 .During the |ow tenperature '

Fi scher-Tropsch reaction, a lighter hydrocarbon vapour phase is separated
froma |liquid pRe2eRIEAH PREFERBED &MBORIMENTShydr ocar bon products. The
heavi er, liquid hydrocarbon product (waxy products) is the major product
of the reactionngnd my., f or exanpl e, :

is invention rel

a low temperature Fischer—Tfopsch reaction in the production of linear alkyl

-
atw,

be
ates to the use of a hydrocarbon condensate stream from
benzene. A linear paraffin product is also produced.

In the Fischer-Tropsch process, synthesis gas (carbon monoxide and
hydrogen) obtained from gasification of coal or reforming of natural gas, is
reacted over a Fischer Tropsch catalyst to produce a mixture of
hydrocarbons ranging from methane to waxes and smaller amounts of
oxygenates.

In a low temperature Fischer-Tropsch reaction, the reaction takes place in a
siurry bed reactor or fixed bed reactor, preferably a slurry bed reactor, at a
temperature in the range of 160°C - 280°C, preferably 210°C - 260°C, and a
pressure in the range of 18-50 bar, preferably between 20-30 bar, in the
presence of a catalyst. 'The catalyst may include iron, cobalt, nickel or
ruthenium. However, a cobalt-based catalyst is preferred for the low
temperature reaction. Usually, the cobalt catalyst is supported on an
alumina support.




hyrocracked to produce diesel and naphtha. The |ighter hydrocarbon vapour
phase whi ch conpri ses gaseous hydrocarbon products, unreacted synthesis
gas and water is condensed to provide a "condensation product” which
conprises ap_aqueous phase and a hydrocarbon condensati on product phase.
The hydr ocalBa*®8Hdensati on product includes ol ef i ns 553“5&?%?@?%5 in the
C4 to C26 range, and oxygenates including al cohols, esters, aldehydes,

ket ones and, acids. This product is tyfrcally fractioned into the C6 to Cl16
range, preferably into the CEOto C13 range. In the case of a supported

cobalt based catgl ' ich are predom nantly al pha ol efins,
only make up ap%@éﬁ@h%{ogjltg%g%g}&!{e\éﬁ%%ﬁ?ﬁf&r%agﬁ?@all@ggr %ﬂ%g@%'% by wei ght,
of the fracti on¥aredr phasede aensated ondeligit plase poogisitg héaehkeliqlidy, this
product woul d ngidrh@rHeANSH ed ) g ti eaction to form
| i near al kyl beﬁytzdéne,r ﬁg%gﬂgeseofmtgﬁ%fa%%ﬁ‘ g@é‘ﬁ@g@g@%@y %ﬁﬁ%te@&%lﬁat need to
be renoved. Oxy§EAYUHS § EifoaiPr pedugt of ther reaction foe resyy fsrexemele bpai r t he

activity of dovwnstdramey eajredus tesel Bl faphira, especi al Iy detrinental to solid
acid catalysts, such as UOP' s DETALTM catal yst, since it negatively

i npacts catalyst lifetine, thereby necessitating nore frequent catalyst
repl acenent .. Holevdighter t hfuascatiean vémundpiidsat whitk cehgfsess ghdeotdie | ow.

tenperature Fis = Y condensat e, prodyct have a very
hi gh degree of lﬁ{aﬁ{ecgr;g?ﬁ@ﬁ)gp Ctgr@get%g@‘g? ﬂ@ﬁes b &n ,Wage\‘;ésncongﬂgﬁ@ﬂothey only
make up 10 to 309%ids piearensaliansodustinvhiidpmpyseaeingiutieafs phakeatt dr ocar bon

condensat e procy rocianoh%o%n%iSﬁbrloﬁﬁﬁtpf\ d for the production of I|inear
al kyl benzene and provi des an economcally viable nmanner for the

production of highly linear al kyl benzene. The fractionated hydrocarbon

condensat i on progugtirobabbiicesedabon Ko®RYnBMdsRIGRE 22984 iR 8R929

PCT/ | B2004/ 000657, . ~7 raffiins which have a |inearity o reater than 92%
and 5% to 15% %5;‘ tov\g%sgrﬁﬁgeo)apa e%éqeggt%s m&ud?ng a]coho?s, este¥s, a‘de ydes,
ketones and, acids. This product is typically fractioned into the Cg to Cys

range, preferably into the Cy; fo Cy3 range.

In the case of a supported cobalt based catalyst, olefins, which are
predominantly alpha olefins, only make up approximately 10% to 30%,
typically less than 25%, by weight, of the fractionated hydrocarbon
condensation product. Generally, this product wduld not be considered
useful in an alkylation reaction to form linear alkyl benzene, because of the
presence of oxygenates that neéd to be removed. Oxygenate removal is
raquired since dxygenates impair the activity of downstream catalysts. This
is especially detrimental to solid acid catalysts, such as UOP’s DETAL™
catalyst, since it negatively impacts catalyst lifetime, thereby necessitating
more frequent catalyst replacement. However, it has been found that the
olefins in the low temperature Fischer-Tropsch hydrocarbon condensate
product have a very high degree of linearity of greater than 95% and, even
though they only make up 10 to 30% typically less than 25%, by weight of
the hydrocarboh condensate product, it is an excellent feed for the
production of linear alkyl benzene and provides an economically viable
manner for the production of highly linear alkyl benzene. The fractionated
hydrocarbon condensation product inciudes 60% to 80% by weight




Referring to Figure 1, by way of exanple, a hydrocarbon condensate product
10 froma |low tenperature Fischer-Tropsch reaction using a cobalt catalyst
contai ns 20% by wei ght ol efins, 74% by wei ght paraffins, and 6% by wei ght
oxygenat es. The hydrocar bon condensate product 10 is passed t hrough a
fractionati &P 28YHH’ 12 and a Clo-C13 cut 14 is separ atfédBPMAST om  The
cut 14 contains 22% by weight olefihs, 71% by weight paraffins and 7% by
wei ght oxygenates. The cut 14 is then sent to an oxygenate renoval unit 16
where the oxygenates 18 are renpved to provide a hydrocarbon feed stream

24 contai ni ng Zﬁaﬂ‘hﬁ] chgmgvg g%}gé\rs%g nd 77@?1%%2268%%/0?‘}%2% é;;snand | ess

than 0.015% by wei g i oxXygena
concentration |W319hfe0><&ﬁlﬁnat§4 islow It is therefore desirable to use an
oxygenate rempval step which preserves the olefin concentration. In the
prior art, many_nethods of renoving oxygenates ~ from hydrocarbon streans
are suggest ed. §ﬁ€ﬂ'”9etﬁnﬁ)%ﬂ're netfoway phekamrle, hywdogasbart comiensateot r opi ¢

distillation, eplbtastdvemdi lé\ﬁlltérﬁp%trét% Fls\éﬁé}WBpSQka'?e%@tlonq‘ﬁ?.é%rc%walpn liquid
phase dehydratlo quid extraction

liquid-liquid ek q?’%?&PP'Bﬂ‘H%ﬁ@%cPéWéP?% 66 by ysight arreflins, endBtled  as t hey

tend to preserviy weéight@iedenates.oMeMidiakibon cordehsA@ blodudi e id g@Wd ed recovery

of olefins and f 24.1s jin ess of 70% of the ol efins

and paraffins ﬁ@?ﬁ d ﬂﬁe[tlgﬂat\f\oh ‘?ﬂ‘mﬂ 411?e gia scgbétaa?ﬁt {i’l Sy STHAEERY vi ng t he

ol ef i n/ par af f i nthergireg. Thiet bt réf eontiins 22 bFivgighe oRfinsa 7Mbby drelghigui d

extraction proces&mff afd eyl H}V\ﬁélér!t%ygén%%“q% c?lpu?)% fagthgn.col um 20. The
era

fracti onated condens%()l on produc ure Bl scher - Tropsch
reaction descriBea (Fé“ol’ﬂ' it 1@ gvhere g eﬁeeea@s’r 48tarerremovasinte 20 at, or

near, the bott qmideen ¢wlroedttoraies® skent 24%5@%%22%%39%\{96;%{ Bea M xturﬁ of
at or near the top

rethanol and ST SR R PR e S A Pl foventinan 556 by
wei ght, typically 6% by wei ght, WO 2004/080929 PCT/|B2004/ 000657 8
As mentioned above, the olefin concentration in the cut 14 is low. [t is
therefore desirable to use an oxygenate removal step which preserves the
olefin concentration. In the prior art, many methods of removing oxygenales
from hydrocarbon streams are suggested. Such removal methods include
hydrogenation, azectropic distillation, extractive distillation, vapour phase
dehydration, liquid phase dehydration and liguid-liquid  extraction.
Distillation, liquid-liquid extraction and dehydration processes are preferred
as they tend fo preserve the olefin concentration. Typically the required
recovery of olefins and paraffins in stream 24 is in excess of 70% of the
oiefins and paraffins in stream 14, while at least substantially preserving the
olefin/parafiin ratio.

With reference to Figure 2, a liquid-liquid extraction process of the invention
includes an extraction column 20. The fractionated condensation product
of a low temperature Fischer-Tropsch reaction described above 14 is fed
into the extraction column 20 at, or near, the bottom thereof and a solvent
stream 21 comprising a mixture of methanol and water is fed into the
extraction column 20 at or near the top thereof. The solvent stream 21
preferably comprises more than 5% by weight, typically 6% by weight,




water. The solvent to feed ratio in the solvent streamis |low, typically
less than 1.5, usually about 1.25. Raffinate 22 fromthe top of the
extraction colum 20, which includes olefins and paraffins and a snall
amount of solvent, enters a raffinate stripper colum 23 and a hydrocarbon
product str¥2UAM? sing more than 90% by wei ght ol efCREBAMPIWAT af f i ns
usual ly up to 99% by.- wei ght ol efins and paraffins and | ess than 0.2% by
wei ght, preferably less than 0.02% by8wei ght oxygenates exits as a bottons
product 24. The bottoms product 24, which shows an overall recovery of

over 90% of the, araffins cont S rmr t han 20% by wei ght
a-ol efins and noé}!éretrhgém%g/to eﬁdvﬁﬁod%&eﬁoﬁ’ﬁsﬁ%????s's O BPIcaiESS] ef i n
content of the thgald&ceaublyrebputolddfct (which is intended for use in the
production of |inear alkyl benzene) has been preserved. A solvent
conpri'sing mai nly nmethanol g_gore t han 90% by weight) and | ow
concentrations AT & fAede toraoi theodsyadtien ghiujna?ll whithemblngdspar af f i ns

(1ess than 5% byemei gt Jarditist e dnc ML BF YsthertSe turned to the
sol vent feed stream is desired to recopilngr rﬁﬂg d an ntaf)érrs product 24

as a vapour st raRer FT]‘]F'E” @Qnarﬁiea A¥HeCaARP: RIRiYY Sﬁeafﬁ)@f”@?@rr'ﬁmgv@p@ur stream
fromt heI f:ol ;J;nlthﬂoso%mj woighti alefmécaﬂiucﬁaré‘fﬁr%nméuhﬁ/ “'5@‘%: 459 K0 h t henf beha
very small e xtr ct wn from the ottomo t he
extraction col u&nlbﬁmé@ﬁ g%mns ﬁ@b?é? y Y"E‘@ Brajerally ERtheP. A tops
product 29 frorf Qa‘Vebxmeméhmxygﬁmmmyasalhoﬂmnﬁﬁrcdom»ﬁu sesbeeas 90% by

vei ght et hanolpBthb O LRlch Qﬁows%%v@r%ﬁ ?JchJﬁiaf %%r %lﬁ&g to%geﬂt hejolefins and

par af fi ns fromthe ext ract are recover ops p EH’fjct 29. The
tops product i $2AES eelgipe maa then 20thebyyesight tolafing eaacdm@relmaﬁ' Ae%oxygenat e

content of thebymhph%wnszmame cifin 83ybAr 8%, AL fREAdI NG on the

sol vent to fee(? ﬂ{lo us the extraction tons product
28 from the solVAR? 'S8R S for ¥R linthe Prodeelipnrof Jieserraivhbsnzapg)dias  oxygenat es

and ol ef i ns/ pamaéd pmsew&hmso[vbmtdomaﬁs.rigmgtﬂ@nnegg%nt,p(rn@e R obd, @yi d phases

that can be de n ani_c ase Is an oxygenate,
olefin and par g\%&%ﬁdand o) cogcen rattons o‘?’ water (?ess than 5% E[J)y weight) and y9

olefins/paraffins (less than 5% by weight) exits as a tops product 25 and is
returned to the solvent feed stream 21. If it is desired to recover the
bottoms product 24 as a vapour stream, this can be done by taking a
bottoms vapour stream from the column 20. The liquid product from the
column 20 will then be a very small effluent stream.

An extract 26 is drawn from the bottom of the extraction column 20 and is
fed to solvent recovery column 27. A tops product 29 from the solvent
recovery column 27 comprises over 90% by weight methanol, and olefins
and paraffins. Up to 60% of the olefins and paraffins from the extract 26
are recovered to the tops. product 29. The tops product is th.en recycled to
the solvent stream 21. The oxygenate content of the tops product 29 can
be as low as 50 ppm, depending on the solvent o feed ratio used in the
extraction column 20. A bottoms product 28 from the solvent recovery
column 27 comprises mainly water, oxygenates and olefins/paraffins. This
bottoms product 28 forms two liquid phases that can be decanted in a
decanter 30. The organic phase is an oxygenate, olefin and paraffin
stream 31, which leaves the pa;ocess as a product. The agueous phase is a
stream 32, wﬁich is recycled to the extraction column 20. This stream 32




stream 31, which | eaves the process as a product. The aqueous phase is a
stream 32, which is recycled to the extraction colum 20. This stream 32 WO
2004/ 080929 PCT/ |1 B2004/ 000657 -9 can either enter the extraction columm at
the top along with the solvent stream 21, or slightly | ower down the
col um 20, \‘%ﬁ%“@@'@’ﬁ% the | ow amount of oxygenates th&ETHFIV/BGSHr esent in
this streamfromappearing in the raffinate stream?22. Normally a
hi gh-boiling solvent is preferred for t9%quid-liquid extraction because the
sol vent recovery. steps after extraction requires |ess energy than will be
the case for a |owhoiling,solyent. wever, it has been found that a
mi xture of meth&Hor ghgm\‘?\gltheer‘?x\(r\ﬁﬂlo&igf@”aﬁl %W‘EPOF’PF%&”"EQF‘%/@HYQ”" need not
suf fer from't hi stradmeith ackightydewersiewn thecaturmne2Ce o @eteintibe &dw dounsol vent to
feed ratios (thj h [y Y gui red oxygenate extraction
is not too sevgf%@s&gp%t%gw{gf&tﬁgs%ﬁtﬁ g{é%%{éagnzgrgrtnr%?ﬁgi'}/r@h'aﬁﬁeexi st between
conponents in t¥énaesggamEd wat er woul d | ead one to expect that it would
not be possible to distil water overhead in the solvent recovery colum 27
es overhead as well. Surprisingly, this turns

W t hout azeotropin 0X nat. [ _Sur pr )

out not to be t ‘érmg‘igbée%%ﬁélf’ﬁi%ép',"e%'ﬁcﬂ’fefﬁﬁé‘é ferotiayigtiquda 2edsackepes wi th any
of the other sipeeissthprsevefttracdve§VaEsSaftch @xtratien Faxyderad enageot ropes from
distilling ove ot sane.tenperature as the pargffins and olefins. This
appears to be t{%@ﬁ;{ug}égrﬁe g@?ﬁ tf%{’catnl;g‘{y'é’oéi’i‘%??hﬁnht 'in?i’f‘PDVE'f' ﬁé‘@f’ be {S}P’ﬂq onally, it

i s possible to thatsa mixture hempthpad faneh sraten dvhidhe$ iariow-bvitigheddnt, weed € recovering
the oxygenates r%s@ﬁ’er%htiﬁﬁrﬂbg%gécaug%]ltt%#;g%?{g&ﬁveegtf@g Lo §Phanci ng the

overall paraffin and olefin reco y cess, cause t he over heads
29 of the sol vefed rafiecieesn kalownmthay 1 ifdhe wavirasudugendtet axtradiion éxt r act i on
col um 20, whi ofet toaeanse)t hat the paraffins .and olefins will be forced to
| eave the process in the product stream?24. It is therefore possible to
have a hydrocarbon stream 24 with a high overall

A study of the different azeotropes that exist between components in the

feed and water would lead one fo expect that it would not be possible to
distil water overhead in the solvent recovery column 27 without azeofroping
oxygenates overhead as well. Surprisingly, this turns out not to be the
case. Methanol, which does not form azeotropes with any of the other
species present, prevents the water/oxygenate azeotropes from distilling
over at the same temperature as the paraffins and olefins. This appears to
be due o an extractive distillation effect. Addiﬁona”y, it is possible to distil
the paraffins and olefins overhead, while recovering the oxygenates as a
bottoms product. This has the effect of enhancing the overall paraffin and
olefin recovery of the process, because the overheads 29 of the solvent
recovery column 27 is recirculated to the extraction column 20, which
means that the paraffins and olefins will be forced to leave the process in
the product stream 24.

It is therefore possibie to have a hydrocarbon stream 24 with a high overall
recovery of olefins and paraffins, without the use of a counter solvent in the
extraction column. In this mode of operation, all the methanol, and part of

the water (10-50%) are also recovered in the overhead stream 29.



recovery of olefins and paraffins, without the use of a counter solvent in
the extraction colum. In this node of operation, all the nethanol, and
part of the water (10-50% are also recovered in the overhead stream 29.
WO 2004/ 080929 PCT/ | B2004/ 000657 -10 Wen operating a sol vent recovery

col um 27 i WOAWR¥Eher described above, it is to be EXHERPUPNEAL certain
speci es may becone trapped in the colum. These species will tend to build
up and in the process cause unstable -0peration of the solvent recovery

col um. Such species mould typlcally be heavi er oleflns and paraffins or

lighter oxygenates in ent case. e the sol vent recovery
colum with a shaff 08?'3 e arsz? Wa;?c‘ﬁ’le@v?ﬁli%q ?1@ Irﬁarﬂfﬁ"’@PS@B% speci es and

thereby result #abovenich to berpxrecied thmpeéraim $petigs mhy bh@mbytﬁetp@m inlthe i s al so

possible to run, &cg 2 vent recovery col um
27 at different &m’tﬁ‘rh éﬁgﬁe ra‘?rrr’H to%@ﬁgg @7& HEETF B because a
hi gh wat er cont@ﬁtabi%oﬁelﬁ@loéﬁ thec 8¢ heant mb\tﬁfmctﬂﬂ]nw |Quch epetidsowodldicr eased

sol vent to feedypiadlyOse heaiausenR! of e dheffs 30 iAL! oheRies YAENALES 10 Lhe
solvent), while a cértain_anount IS necess chi eve the

extractive di stPEFSH 8% ePPeElng Wec‘iﬁ’HBFtrfﬁ?QVSW el g Wé ﬁ*aﬁm" -‘éf@ﬁ recover all

the paraffins adrdwolgfdre\@nime euiRr fieadupt Ssddiet and thetdb r&RMViIERtich recovery
colum 27. The %lfferent l?vvater ratios in the two. colums (20

and 27) can be HEHY 8@/8‘3?"%@‘%%1%@??3’5 " some of the water in stream 32 to
stream 26 by neans of a stream 33. After passing the C10 - C13 hydrocar bon

feed stream nmenjs %ﬁ&%}o@gﬁg % rurn hﬁé) ggﬂctioﬂ%oﬁﬁﬂ%raﬂg Eﬂges%};?\genp gragnat e

extraction process u ? WEI gm) and wat er
(5% by wei ght) BRI a2% @ F@ﬁfe“t metffae@d wafer tatie. ThizSmay he desirabld ed
hydr ocar bon f eﬂﬁc@ls%eﬁmghzﬂatﬁp%rﬁérﬂﬁn Zl?e/(bﬁbéctldi‘@b&mn @De\f\lﬂtqéad 706% by wei ght
paraffins and l.ess tg 921; genates. Not only does the
extraction proc@d¥?sE %\‘fﬁ” Haf%gs mﬁj?%usegdgdrerdéﬁ%éﬂ‘ﬂb@ﬂ 8i efi ns and
paraffins, it. ajxganpree%mEeslvéME whilleed carialromb &It of water is necessary to

achieve the extractive distillation effect in combination with methanol to

recover all the paraffins and olefins as overhead products in the solvent

recovery column 27. The different methanol / water ratios in the two.

columns (20 and 27) can be achieved by diverting some of the water in

stream 32 to stream 26 by means of a stream 33. .

After passing the Cyy — Cy3 hydrocarbon feed siream mentioned above
through the abovementioned oxygenate exiraction process using a mixture
of . methanol (95% by weight) and water (5% by weight) and a solvent to
feed ratio of 1.25, the purified hydrocarben feed stream 24 contains 22% by
WEIght olefins, 76% by weight paraffins and less than 0.02% by weight
oxygenates. Not only does the extraction process extract oxygenates with
good recovery of olefins and paraffins, it also preserves the olefin content
of the hydrocarbo_n feed. The recovery of olefins and paraffin is 89.9%,
while the ratio of olefins to paraffins is substantially preserved. The purified
hydrocarbon feed stream containing olefins is particularly useful in the
" production of linear alky! benzene. |



of the hydrocarbon feed. The recovery of olefins and paraffin is 89.9%
while the ratio of olefins to paraffins is substantially preserved. The
purified hydrocarbon feed streamcontaining olefins is particularly useful
in the production of |inear alkyl benzene. WO 2004/ 080929 _

PCT/ 1B2004/ B&F8YP3992% 1= The oxygenate renoval process K&YIBAMUUE a fi nal
adsorption step to further reduce the oxygenate content to |less than
0.015% The further reduced oxygenateil-evel will depend on the

requi renents of the chosen alkylation systemand nmay be as | ow as 0.0001%

Referring back to Fiqure 1, according to.the inyention, the liquid
hydr ocarbon pro [ﬂFchéﬁ“aﬁ? J?H’PY?E PEREG e MaY @C}L{Qﬁﬁ,gpalﬁ}%@@g@ $#6Pil® i nt r oduced
into an al kyl at fudherr redisteothe 4ékygditate adrikant ad ilee th&aClli16%. MTRY fiter carri ed out

by using -a Fri - t en ion tal yst ch as AlC 3,
H2SO4, BF3, HF, %gr&l'ée_fj g@%%n%tea%gﬁl"ﬁ@&g%ﬁn %té'a %I“&g {rem Wﬂﬁi&“%?@é@% case,
UOP' s DETALT"~ alelatign aystem ead aiby be aslbkyb 8100014t echnol ogy i s used.
Typically, the alkylation reaction is carried at tenperatures of greater
t han 100C and ressures of about 300kPa (abs) in the presence of UOP' s
proprietary PriiNg okl ipstFiqueel, smiceRinR. tq Tom lipvantisreathealidd benzene by
het er ogeneous cigldidcy®bs . prifaldt Rew ey Ne. odderaté remblal | fb&JsBatd @hal). In this
process, benzenietgdz %ﬁd t he E‘l lef.l n cqnpﬁegt of the |1 (1UI d hydrocar bon
product 24 are PEXEEEN 0T REYETRYPAFPIOH r da% plsYIURY BaFg AV i d aci d
catal yst to procoed dut ghlugingi nEdedebCifts tipensadesddbrvddtdlyst isoedsd ty greater
than 94% The Ah | ey rQ t rocess,of the invention
is conparable tlOQ’?%éoqréc%alﬁﬁgigfgéblpiansggh? gcgcf E%T!ysg'gﬂﬁéeh%re%epbfﬁfged in
conventi onal prieRsBEIALY selifl-anid ¢atalist alkdatior datbbaady. is bl yTyalbdly) at es 46  and
paraffins 48 args LRNDNEFeachbSisRak Rk ' t in the
reactor, have a ?i ﬁ%ar ﬁtg;dr egt err@? ﬁg%ﬁlgél%ué%gg&%{Eefg%é%ggloge(_g%dnay be used
in further prod¥d¥§ures @i abuinPIlkPe Hakp) dmyhepereaeivg dif dgeatnesepriaiaty used in a
conventional  priscigss: foafaer QUL il 1196003 KifbeaPCRRANBenBROZENE 50 i S

heterogeneous catalysis. PEP Review No. 80-2-4, SRI International). In this

process, benzene 42 and the olsfin component of the liquid hydrocarbon

product 24 are reacted in the alkylation reactor 40 using a solid acid

catalyst to produce highly finear alkyl benzene 44 with finearity greater than

94%. The linear alkylbenzene produced by the process of the invention is

comparable to commercial grade linear alkyl benzene produced in

conveniional processes based on kerosene feedstock. Heavy alkylates 46

and paraffins 48 are removed. The paraffins 48, which do not react in the

reactor, have a linearity greater than 92% and may be sold or may be used

in further process, for example they may be dehydrogenated and used In a

conventional process for producing linear alkyl benzene. Benzene 50 is

recovered and recycled to the alkylation reactor.

It is also possible to use reactive distillation (also known as catalytic
distillation) to perform the alkylation step, where the catalyst is contained
inside a distillation column, and the separation of the unreacted reagents
and prodLucts occur as soon as the products are formed. Ini tiﬁs manner the
reactor and product purification functionality are partly combined into a

single unit operation,



recovered and recycled to the alkylation reactor. It is also possible to
use reactive distillation (also known as catalytic distillation) to
performthe al kylation step, where the catalyst is contained inside a
distillatiogi QQZ’ and the separation of the unreacted rea ents and
products octQr¥O%n as the products are formed. | n CATEBHNIANST ¢ he
reactor and product purification functionality are partly conbined into a
single unit operation. WO 2004/ 080929 -PZT/ | B2004/ 000657 -12 The highly

| i near al kyl benzene 44 is then introduced to a sul phonation reactor 52

and sul phonat ed-usi,ng, sul i.c _acid, um o ul phur trioxide. Sul phur

trioxi dg is cur Jﬁ%thll 'ytlwggr %f' EDPP?&E ‘H";dﬁzl%eé‘ '”[ﬁ’fi’cggl t% RohpRRon pr ocesg

results. in therdeciond? anrhstdsihoaatlad ghhg/sdlphmﬁaaczald@dm besupeerioddél phonat es 54.

The process of. e am the form of a
p SOk S0k 90 eméﬁ@ HRColler@a SRSt TRAN Logﬂ fagorm

condensati on pro rom a lowt 8tir'e “whi ch
woul d not, ordi RE&Epgsy resyss tlhotjhghforr@ﬁ’tlmopf pr g rllgea\rl aikalr beizkyd benzene.
The process prodygsiRpa@s @gsi rabl e highly linear al kyl benzene product with
linearity above 94% while at the sanme tinme producing a high quality
paraffin product which may be sold or used in further processes, mnaking

tcge pgi(éess e](c:](c)fﬁDé’rbr@Bésls)bf WeaméhtlonTmaIEEnge®ﬂa¢ée@rH¥ﬂeﬁm rﬁ)fthetfbt% B%lgl f gl 0?@'
- ara eman - raction,
i eh e hata eSS prRIEk o anour ARG Fherc etk Fctigh

product i on and whlslmed!duweotlsordinamﬁstbe ahouglste st deharo&mﬁrmumaa@mu&t ep of the
i nvention wll Eg?l\yefl%e ‘ﬁﬁégfd::?&dprb%(g?r ede@?i&ﬂié lughf lelQErl' E%I eenr%(e:% to the

fol |l ow ng non- Ilmtlnﬂ process
according to t h&ofyey "Bi“@ﬁ@”Y'IEI%V%%%afdt”ﬁ@hthe@@mmemﬂmgwm?at a sol vent

to feed ratio Otﬁualty%rzﬂﬂﬁp;@d&@'mﬁh%é!fﬁe Qdid 05QIQGC! -Ehf%rtﬁéf%r@éegses
olefln/paraffln [ECo In the stream 24 was )

making t e p ocess economically viable., To gtve an example of the total

global Cg - C4s paraffin demand most of the demand is for the Cin-Cys

fraction, which is used predominantly for LAB production, detergent alcohol

production and miscellaneous industrial uses.

The extraction step of the invention will now be described in more detail
with reference ta the following non-limiting example.

Example

This example shows a process according to the invention. The extraction
column 20 was run at a solvent to feed ratio of 1.25 and a temperature of
50°C. The overall olefin/paraffin recovery in the stream 24 was 89.9%. The
olefin/paraffin ratio in the feed was 1:3.7 and 1:3.6 post oxygenate ext



olefin/paraffin ratio in the feed was 1:3.7 and 1: 3.6 post oxygenate ext WO
2004/ 080929 PCT/ 1 B2004/ 000657 -13- Extraction columm 20 Stream 14 21 22 26
Comp Flow (kg/hr) Conp Flow (kg/hr) Conp Flow (kg/hr) Conp Flow (kg/hr)
W% % (W% WI%%WWo Total 100 3000 1001 , 3750 100 2530 100 4220 Tot al
C10- C13 P/ OWE20#08%3% 7 2. 16 81.0 99.1 2507.9 6.20 261 PETTHHA006, y genat es
7.3 217.7 0.000 0.000 0.0144 0.365 5.78 243.7 Lights and Heavies 0.057 1.7
0.004 0.144 0.0104 0.263 0.00480 0.20213-Water 0.031 0.934 6.01 225.6 0.0073
0.184 5.74 242.4 Methanol -0.000 . 0.000 91.7 3443.3 0.842 21.31 82.3

3472.0 Raffkbal n§,?:ri pper colum 23 Stream 22 25 24 Conp (W% Flow
(kg/ hr) Conp 1?‘Wt% | ow (kg/hr) Comp (w\t% Flow (kg/hr) Total 100 2530 100

30 100 2519@3”‘ Tot al |C10- CiB8 NO 99,1 2507.9 P.63 2793 99.97 2499. 47 Tot al
Oxygenat gs 0. 0144 0%@?5 Ofl@0d/6o0r 00CUORetI[CORAS Oov3KBr) [cdmb GNT Sowddith| Heavi es
(o Wola Ml al o
O o e O R ol i e e cig o " 9 0- 496
0. 00115 QriiRfifrhbtihanarO-ghgy 2137 95 5,08 Tood 006y5-000 7 Sob ot
ecovery ERtciitiaa [StTeaif 2629285 _,om%@ i oW ??59 }77 orp{wt % Fl ow
(kg/ hr) (‘@Jﬂfp—ém SReh—FLaw— (ke[ — Lot altog £330 _188° 3584900 36 Tot al
an vied 0.057 .7 04 Pv 2631 0.00480 0
C10- C13 Hfpr6-26—2617, 2137 Ao 2ls1in 8 Toflal Odlgendlas 598 243. 7
0.00140 (0503—42g267- Ly aht s and BBV o< 200430710, 26370 rﬁﬂ”l“{? 0. 268
0.00279 Oubirz—\atler bo9a 4514 1°dh 4B%g 09°82 6% 29~ 34720
lR:afﬁnate Stripper column 23
Stream % 25 2
Comp (wi%)  Flow {ka/hr) Comp (wi%) Flow (kg/hr) Comp (wi%) Flow (ka/hr)
Total 100 2530 100 30 100 2500
Total C10-C13 P/IO 99,1 2507.9 2.63 0.793 99.97 2499 4|
Total Oxygenates 0,0144 0.365 0.00163 0.000491 0.0145 0.363]
Lights and Heavies 0.0104 0.263 0.0887 0.0267 0.00808 0.202
Water 0.0073 - 0184 1.52 0.456 0.00115 0.0288,
Methanol 0842 21.31 95 4 28.7 0.000 0.000)
Solvent Recovery column 27
Stream 26 29 ' 28
Comp (wi%) Flow (kg/hr) Comp (wi%) Flow (ka/hr) Comp (wt%) Flow (kg/hr}
Total 100 4220 100 3584 1004 636
Total C10-C13 P/IC 6.20| 261.7 . 237 B85.1 27.5 175.8
Total Oxygenates 578 243.7 0.00140 0.0503 420 267.0
Lights and Heavies 0.00480; 0.202] 0.00747 0.268 0.00279 0.0177|
Water 5.74 242 .4 1.30 48.8 29.3 186.6,
Methanol 82.3 3472.0 6.2 3451.9 1.04 6.63]




Methanol 82.3 3472.0 96.2 3451.9 1.04 6.63 -14-" CLAIMS 1. A process for

produci ng I i hear al kyl benzene and l|inear paraffins, the process including
-the steps of obtaining a hydrocarbon condensate containing ol efins,
paraffins and oxygenates froma | ow tenperature Fischer-Tropsch reaction
a) fractionating a desired carbon numhgr distribution fromthe hydrocarbon
condensate to forma fractionated hydrocarbon condensate streamwhich is
the product of a Fischer-Tropsch reaction; b) extracting oxygenates from
the fractionated hydrocarbon condensate streamfromstep a) to forma
stream contappispggo!l efins and paraffins which is the product of a
Fi scher-Tropscit Teaction; c) al kylating the stream containing ol efins and
paraffins from step b), which is the product of a Fischer-Tropsch
reaction, with be LBt L I At i catal yst;
and d) recove?i ngﬂﬁ}?é\%:?t% fbélp{g@qlﬁ[’)@ﬁ@g%ialgﬂ8@5'%#%??1%@?%%%%&%}%}% process
accordi ng to cl ai piotgsswhelneing the stepl eof ebtainieg B diydgicepbon) gondengste '
ol efin/paraffin ratiQ. S i [F¥:1) 3. The
process accordi ng Igggﬁéfﬁﬁﬁ&J%ﬁgﬁﬁ%h@?égﬁﬁ%ﬁggﬁgﬁ}%é@%géﬁP%?gHe
Fi scher - Tropsch rEigcherdimonssh cegctivmd out at a tenperature of 160C - 280C to
provi de a hydrocarbon condensate containing 60 to 80% by weight paraffins
and 10 to 30% by wei ght olefins. 4. The process according to claim 3,
wher ei n the Fi scher - Top#&ebiionatne & idesiradscagzanriugtbes distripution frempes at ur e of

210C - 260C. -15- 5. TheprgCess, aCLARGLdAE t G A% @Ne; OfirfhighdtBa 1 - 4,
wherein the

hydrocarbon condensate stream which is the product of a
Fischer-Tropsch reaction;

b) extracting oxygenates from the fractionated hydracarbon
condensate stream from step a) to form a stream
containing olefins and paraffins which is the product of a
Fischer-Tropsch reaction;

c) alkylating the stream containing olefins and paraffins from
step b), which is the product of a Fischer-Tropsch
reaction, with benzene in the presence of a suitable
alkylation catalyst; and

d) recovering linear alkyl benzene and linear paraffin.

2. The process according to claim 1, wherein, in the extraction step b},

the olefin/paraffin ratio of the stream is substantially preserved.

3. The process according to claim 1 or 2, wherein the low temperature
Fischer-Tropsch reaction is carried out at a temperature of 160°C -
280°C to provide a hydrocarbon condensate containing 60 to 80% by
weight paraffins and 10 to 30% by weight olefins.

4. The process according to claim 3, wherein the Fischer-Tropsch

reaction is carried out at a temperature of 210°C - 260°C.



Fi scher-Tropsch reaction is carried out in the presence of a cobalt

catal yst. 6. The process according to any one of clains 3 - 5, wherein the
- hydrocarbon condensate contains | ess than 25% by wei ght ol efins.
process according to any one of clains 3 -6, wherein the olefins

*hydrocarbon condensate have a degree ofs.linearity of greater
The process according to any one of clains 3 - 7, wherein the paraffins in

7. The
in the

t han 95% 8.

t he hydrocarbon condensate have a degree of linearity of greater than 92%
9. The process according to any one of clainms 1 - 8, wherein the

hydr ocar bon cgndefgat edess 4

range. 10. The process accor

IngNet 8fy dnB &t BRIn®) 1 L At QulRan GBet 0 C16

Ing"to claim9, wherein the hydrocarbon

condensat e pr oduckis¢herflrersch gaagtied is jcarrigdeprtdy the Rresensfe oCaocabgtCc13  range.
11. The process aggaigdi ng to claim10, wherein the fractionated
hydr ocar bon product contains 10 to 30% by weight olefins with a
linearity greater than 92% 12. The process according to any one

1 - 11, wheregn tig, Pd@é@?%&ﬁgw)@/r% 8 10AG! §leiaiid 5188, Dlnerdly Hesti 11 ation,

liquid-liquid extraction or :
cl ai m 12, wher ei nhydnecaghgrurandeesste eentaiax tasa dhasdk Ay

dration.

Y wgightolefingui d

degree of
of cl ains

e Brocess according to

extraction. °~ -16- 14. The process according to claim 13, wherein a |light
solvent is used in the liquid-liquid extraction. 15. The Erocess

cl ai m 14, whef.ei nThenprotesshcceiingelatanyong aticlaing 8 —-SovheretnH

accordi ng

aolefiand wat er .

16. The process 3[GRL ALAGcABof 'cBhdBMBte AR £uBykB % IXYHRNAE Grefitt r act i on

10.

11.

12.

13.

than 85%.

The process according to any cne of claims 3 — 7, wherein the
paraffins in the hydrocarbon condensate have a degree of linearity of

greater than 92%.

The process according to any one of claims 1 — 8, wherein the
hydrocarbon condensate is fractionated, in step a), into the Cg to Cyg

range.

The process according to claim 9, wherein the hydrocarbon
condensate product is fractionated, in step aj, into the Cy to Cqa

range.

The process according to claim 10, wherein the fractionated
hydrocarbon product contains 10 to 30% by weight olefins with a

degree of linearity greater than 92%.

The process according to any one of claims 1 - 11, wherein the
oxygenates are extracted, in step b), by distiltation, liquid-liquid

extraction or dehydration.

The process according to claim 12, wherein the oxygenates are

extracted by liquid-iquid extraction.
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process is a liquid-liquid extraction process that takes place in an

~extraction colum using a m xture of nethanol and water as the solvent,;
. Wherein an extract fromthe liquid-liquid extraction is sent to a solvent

-

recovery colum from which a tops product conprising nethanol, olefins and
paraffins is recycled to the extracti gg_colum, thereby enhancing the
overall recovery of olefins and paraffins. 17. The process according to
claim 16, wherein a bottons product from the solvent recovery colum is
recycled to the extraction colum. 18. The process according to any one of
clainms 15 - 1 j Ve LR EE i§RNERREt Rf e than 3% by
wei ght. 19. T%L(‘ra' ﬁ%g@ge%g%ggﬁmgg toa”(tg‘?ﬁal’m?geﬁ \M’:gl’el n the usso \l/ent has a
wat er cont ent of thediguidHowid exBeetioy. wei ght . 20. The process according to any
one of clains 16 - 18, wherein a raffinate fromthe extraction colum is
sent to a stripper colum from which a hydrocarbon stream contai ning nore
t han 90% by wé$.ghThe pioedssrascandinsiain 14 weergivdhe dgl solvant ip azobdye wei ght
oxygenates exits agaiRaPbh@WBtepr oduct. 21. The process according to claim
20, wherein the b%tt%ms product contains |ess than 0.02% by wei ght
oxygenates. -17- 22. The process according to any one of the preceding
claims, whereig tg BBEALALoRingdb&IdiRSIsaRleR A hdigerafl: LIy ocar bon
feed stream over the extraction step b) is in excess of 70% 23. The
process accor di ngPreeess| iaianfiqad-ligied rexiractonerTPerRssVIBRY tasPs ¢laski ifisan and
paraffins is in exges®robofPH ustfy al RBREOGESEIBRGIOES NeitdrOagtye ONe of the
preceding clainms, wherein the olefin/paraffin ratio of the fractionated

“hydr ocar bon condespdnb whetairameyyagt oy fhe tidind-figlid oxtrpckiorisasat ®ar t he

extraction step BowedP reddVenPILBRATS fRGENHHNNG isapidanecahphdigy Preceding
clainms wherein the alkylation catalyst in step ¢) is a solid acid
cat al yst. methanaol,; olefins and paraffins is recycled to the extraction column,

thereby enhancing the overall recovery of olefins and paraffins.

17. The process according to claim 16, wherein a bottoms product from

the solvent recovery column is recycled to the extraction column.

18. The process according to any one of claims 15 — 17, wherein the

solvent has a water content of more than 3% by weight.

19. The process according to claim 18, wherein the solvent has a water

content of from 5% - 16% by weight.

20. The process according to any one of claims 16 — 18, wherein a
raffinate from the extraction column is sent {o a stripper column from
which a hydrocarbon stream containing more than 90% by weight
olefins and paraffins and less than 0.2% by weight oxygenates exits

as a bottoms product.

21. The process according to claim 20, wherein the bottoms product

contains less than 0.02% by weight oxygenates.
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' 26. A fractionated hydrocarbon condensate product froma Fischer- Tropsch
reaction, in the C8 to Cl6 range,” containing olefins with a degree of
Jlinearity of greater than 92% and |ess that 0.015% by wei ght oxygenates,
for use in a process for manufacturing |inear alkyl benzene. 27. The
Jfractionated hydrocarbon condensate pr9duct according to claim 25 in the
Cl0 to C13 range. 28. The fractionatéﬂ hydr ocarbon condensate according to
claim?25 or claim?26, wherein the olefins have a degree of linearity of
greater than 95% 29. A linear al kyl benzene product forned by an

al kyl ati on prggess, of olefins, said olefi | NG 3 f a
Fi scher-Tr opsgg' rZ'a%P€°8ﬁ?5 a‘%ﬁﬁz‘%‘% % ‘g 219 h{;@?%g‘%%%ﬁnabczér@g‘ﬁ@geﬁg%duct has a
degree of |ineari thg refoveqr datlefins tandpa@diios BGhe Thdrotarbaateed skygdmbenzene

product accordi ngo\}egtr%l &t&&%,st&aﬁl)i@g‘ &Ce%e&%% of linearity of greater
t han 94% ’

23. The process according to claim 22, wherein the recovery of olefins

and paraffins is in excess of 80%.

24. The process according to any one of the preceding claims, wherein
the olefin/paraffin ratio of the fractionated hydrocarbon condensate

stream a) is substantially preserved over the extraction step b).

25. The process according to any one of the preceding claims wherein

the alkylation catalyst in step c) is a solid acid catalyst.

26. A fractionated hydrocarbon condensate product from a Fischer-
Tropsch reaction, in the C; to Cys range, containing olefins with a
degree of linearity of greater than 92%, and less that 0.015% by

weight oxygenates, for use in a process for manufacturing linear alkyl

benzene.

27. The fractionated hydrocarbon condensate product according to claim

25 in the Cy, to Gy3 range.

28. The fractionated hydrocarbon condensate according to claim 25 or
claim 26, wherein the olefins have a degree of linearity of greater than

95%.

29. A linear alkyl benzene product formed by an alkylation process of
olefins, said olefins being a product of a Fischer-Tropsch reaction,
wherein the linear aikyl benzene product has a degree of linearity of

greater than 90%.

30. The linear alkyl benzene product according to claim 28, having a

degree of linearity of greater than 94%.




