WD 2004/ 080926 PCT/ | B2004/ 000653 PRODUCTI ON OF LI NEAR ALKYL BENZENE
BACKGROUND OF THE I NVENTION THI S invention relates to a process for
produci ng linear al kyl benzene. Al kyl benzene derivatives, such as al kyl
benzene s are anong others, used in deter fact ant

pr oduct a%%?gﬁg OE%S Envi r onnent al Ieglslatlon requ?&i&?éﬂﬁ%&% ese
products are biodegradable. It is well known that, to be bio-degradabl e,

it is inportant for the alkyl chain to be linear, i.e. with very little or
no branching and low, if any, quaternlry carbons. In conventional
processes for producing linear alkyl benzenes, a hydrocarbon streamis
hydr ogenated in order to renpbve contam nants such as sul phur, nitrogen and
oxygen contam nants that nay be present. Hydrogenation also converts
olefin species in the streamto paraffins. Follow ng the hydrogenation
reaction, the resul ti ngrppiRfidN ofiLigBAR ABKYL'BENZENEAt €d into various
carbon ranges. A carbon range, for exanple the C8 to Cl6 range, which

i ncl udes branched paraffins, is passed through a nolecular sieve. The
branched paraffins are rejected as araffinate stream whilst the linear
paraffins are_pass pgenation reactor to forman

ol efi n/ par af f A H is then fed to an al kylation plant
and reacted with benzene to formlinear al kyl benzene (LAB). The |inear

al kyl benzene t nzene sul phonates
(LAS). A pr obITlé"';D .bmh%‘?-ﬁoﬁhéié?&%% 3%8%1 |°;58?gﬁeé"‘rqq F]g%rl v I(*yé“ﬁ. gh cost of
paraffinic starting materi al and t he hi gh cost aSSOCIated with the

production of Alkgn%&emméﬂvee shEwm Kﬁyi%ﬁi&uefs@@ﬂﬁﬁéﬁé‘skﬁre ddiirged Ki ngdom
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feedstock in 'fshv?ellq(rng\%l ﬁw & W I)IO %Eé]%bab?ee rﬁs?m'?portant 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 stream is hydrogenated in order to remove contaminants such
as sulphur, nitrogen and oxygen contaminants that may be present.
Hydrogenation also converts olefin species in the stream fo paraffins.
Following the hydrogenation reaciicn, the resulling paraffin stream is
fractionated into various carbon ranges, A carbon range, for example the
Cs to C,s range, which includes branched paraffins, is passed through a
molecular sieve. The branched paraffins are rejected as a raffinate stream,
whilst the linear paraffins are passed through a dehydrogenation reactor {o
form an olefinfparaffin mixture. This mixture is then fed to an alkylation
plant and reacted with benzene to form linear alkyl benzene (LAB). The
finear alkyl benzene is then sulphonated to form linear 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 linear paraffins from kerosene feedstocks.

United Kingdom Patent No. 669,313 in the name of California Research
Corporation discloses the use of a hydrocarbon condensate from the

CONFIRMATION COPY




This reference is limted to the use of "high tenperature" Fischer-Tropsch
processes wherein the Fischer-Tropsch reaction is carried out tenperatures
of appr oxi rrately 300C and hi gher, for the production of the hydrocarbon

condensat ol @%ﬁ%ﬁh tenperature Fischer-Tropsch pr O‘gﬁﬁﬁz‘?"ﬁ}ﬁ@ﬁ% found to

be suitabl t he hydrocarbon condensate contal

concentration of olefins, usually in the region of around 70% The
preferred catal ysts in the Fi scher-Tropsch process for the production of
t he hydrocarbon condensate in this r@ference are iron- containing
catalysts. This reference states that Fi scher Tropsch feedstock - produced
results in poor lity Linear en our and wetting
probl ems caus@ﬁcr‘%gl @B?%o”ﬁ%esf a3 %%Y?f/tagh Jonl{%yoqéfoa#kyf W28 scher  Tropsch
f eedst ock. ThEnipretdrendeds limd¢hpdhé ose aﬂmmﬁempﬂjawm”flqgh@blrmhl s by

adsor ption of rSQJsQ&nySIc%rlgiggocH@d%zsfcﬁé?mr%aw Frahal 3 opRea dgedstock using

activated carBon and his process is only
feasi bl e for FEgeaLEREs ﬂPBWX'H}@%bW% aﬁ@)h@é‘?ﬁ foélﬂieoF?fgdUCAP%éﬁhel n the exanpl e

in this refergagRaiobe @bmehgvatéecoméymgﬁ ke@§perdibran F?s@%r—'lro;féchthe olefin
content i s not reserv%g ed .S at es Patent No. in the nane of

88
Atlantic Ri chfPeisges ¥ % frEul esbﬁ{i%’steﬁ%ﬁhygmﬁa?bﬁf‘fCP?ﬁeBF Fin mixture
obt ai ned fr omontaifsi smrgercoﬁt@mttdn ofealefiner uaatly ethal regibatoédrduadget her with

chl ori nat ed ff regpgafgk%s q}]&@gg Ay&ﬁotpga{‘p?écegé fyahsd

t enper at ur es. I's X h1'0F i nat ed
paraffin and rerh@mg@u Of th H‘efdroaatrlagn gondensate dotthis, Fefﬂﬁ@oanﬁféalcqud paraffin is

separ at ed andcd?@arﬁmgaéeltanyst@erthisvr@%cméta@éytﬁéﬂ MehbOTroBRs bidRcRi xed with
fresh Fischer-Tropsch based feedstoc gAgef ore al kyl ation. A synthetic

m xture of doRfedusRE resyts injeRRs CERKY Heeqifdy! PRNezREe QR%%P@W&“? epr esent
Fi scher-Tr opswéttlﬁge@dsiém kaused by Saibehy € xgyahasconht aickaBistiedge t he

al kyl ati on” antioren eated TBEuaPe pPEIEAaRE e R THMEEnt i vent fon.
-3- SUMVARY CF bSFHE'ﬁoIrwWEN?ﬁf Qhrbonyl 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 Atlantic Richfield
Company aims to show thal a paraffinfolefin mixiure obtained from a
Fischer-Tropsch reactor can be alkylated together with chlorinated parafiins
by operating the alkylation at elevated temperatures. Fresh Fischer-
Tropsch feed is mixed with chlorinaied paraffin and charged fo the
alkylation reactor, the unreacted paraifin is separated and partially
activated by chlorination and then mixed with fresh Fischer-Tropsch based
feedstock before alkylation. A synthetic mixture of dodecane and
dodecene is used in the example o represent Fischer-Tropsch feedstock.
This reference does not acknowledge the difficulties faced when attempting
o use Fischer-Tropsch feedstock for alkylation and is not considered to be

relevant fo the present invention.




According to a first aspect of the invention there is provided a process
for producing linear al kyl benzene, the process inctuding the steps of
obtaining a hydrocarbon condensate containing ol efins, paraffins and
oxygenates froma |ow tenperature Fischer-Tropsch reaction; a)
fractionating., a desired carbon nunber distribution fromthe hydrocarbon
concensate to forma fractionated hydrocarbon condensate streamwhich is
t he product of a Fischer-Tropsch reagti on: b) extracting oxygenates from
the fractionated hydrocarbon condensate streamfromstep (a),

dvantageousl;év\,hlle reserving the olefin/paraffin ratio n the stream to
forma stream—é='§!m-‘f‘z§'—|i"-|=i"§'5-f-ﬁ'-¥ﬁl B and paraffins which-is the product of a
Fi scher-Tropsch reaction; c¢) conbining the stream containing ol efi ns and

paraffins from, écwat Qz)f"rst ae@éc@faf&é uwgﬁnoﬂrtf?é#é’%tprmdea A brashEker Tr opsch
reaction, with 't tream f @&g{% orm a conbi ned stream
d), alkyl afi n@mﬂﬁ‘cé‘ﬂli‘?‘&arﬁ'ﬂ”lbﬁ’gel?%ﬁliﬁ 95%“&5% ¢l ﬂ?er%?ﬁsﬁf@?}a'ﬁ“ﬁgaw th benzene in

t he presence bfdr@abon tanbéreataldepthiaing olefireapabifirstand momanadskfidmag i on reactor; a)

recovering |i peasmptdikd FGBLRBSsch Faoh;ne al kylation reactor; f) recoveri ng
unreacted paraffins fromthe al kylation reactor. g) dehydr ogenatl ng the

unreacted paraffins in the presence of a suitable dehydrogenation catalyst
to form a feedast rieasinnelivot @ rdesigpdolcefboms mampgr  gisivitufign nfeom afiel h) sendi.ng t he

feed stream cont a'ﬂ}hr@&ﬁsdnefdoﬁcsenaéléi ﬁaffaHléWSfrafcﬁ&meatﬁpt!r&-rﬁ)bontO step (c).
Typically, the |ow:t rature er-Jro re jcarded in a
sl urry bed react ocfo %P@aie%@ H‘Ek‘ %'?d%%gﬁﬁscrfgﬁ&ogcﬁma erabl y 210C -
260C. -and in thé Wwwgﬁ'ﬁf% f@ﬁb‘éﬁﬁfﬂ@aﬁﬁﬁwmﬁ%b%@w%éﬁ% hydr ocar bon
condensate cont alg&bgn.g fibin t @teB0%byadieitgiRbusparvaiié i ﬂﬁzse&ﬂﬂb st 0 30% by

wei ght, typically g ﬁ@%#%%ﬁ@%&#'«g% ac%g%jl 3ol Béhtainftfo@hsf i ns so -

produced havi ng al arit erably greater than

95% The paraffi nsangaa’ﬁﬁ'l‘:?d'ﬂ'ﬁ‘@ds thﬁ&(?@”%oflai’:r‘r“é'éer”f“?sc@r’%a&f‘% than 92% WO
2004/ 080926 PC&’)/ | B2RBi4iAE 0R6HBam containing alefins and paraffins from step (v), -

which is the prodiet of a Fischer-Tropasch reaction, with the feed
stream fram step {(g) ta form a combined stream;

d)  alkylating olefins in the combined stream from step (¢) with benzene in
the presence of a suitable alkylation catalyst in an alkylation reactor;

e) recovering linear alky! benzene from the alkylation reactar;

1] recovaring unreacied paraffing from the alkylation reactor;

g) dehydrogenating the unreacted paraffins in the presence of a suitable
dehydrogenation calalyst to form a feed stream conteining olefins and
paraffing; and

h)  sending the feed stream containing olefins and paraffins from step (g}
to step {(c).

Typically, the low temperature Fischer-Tropsch reaction is caried in a sluny

bed reactor at a temperature of 160°C - 280°C, preferably 210°C - 260°C, and

in the presence of a cobalt catalyst to provide a hydrocarbon condensate

containing 60 to 80% by weight paraffing and 10 to 30% by weight, typically

less thar 25% by weight, clefins. The olefins so produced having a linearity of

greater than 82%, breferably greater than 95%. The pareffins so produced X
have a linearity greater than 32%.




-4 The oxygenates may be extracted, in step (b), by distillation,
dehydration or Iliquid-liquid extraction, preferably liquid-liquid
extraction. A light solvent such as a m xture of nethanol and water is

pr ef er abl n.the liquid- liquid extraction. In enbodi ment
of the |n¥g%?l%%k¥ﬁe oxygenate extraction process |saC %ﬁl%ﬁgiQUId

extraction process that preferably takes place in an ext ractl on col um
using a mxture of nmethanol and water as the solvent, wherein an extract
fromthe liquid-liquid extraction is-sent to a solvent recovery colum
fromwhich a tops product conprising nethanol, olefins and paraffins is
recycled to the extraction colum, thereby enhancing the overall recovery
of olefins and paraffins. A bottonms product fromthe solvent recovery

col unm may al $te pygeraissonadbe extienied.dx sten )i rdiddatiamdehydigtionses) vent

preferably ha @-%Heéxtl%wrﬁefé}gblg[ﬁﬁﬁd-ﬁl eﬁt%c@bfn Wey gt sovBmr € preferably
a water content of about % - affinate fromthe

extraction COPWS@WWGsoémetriaBOIaa”gt“Vqt‘?fd%Preé‘?f?lﬁh’rﬂs?dr BrirsiILd a

hydr ocar bon f gegh &tea@ri cont ai ni ng nore than 90% by wei ght ol efins and
paraffins and typically |l ess than 0.2% by weight, preferably | ess than
0.02% by wei ght oxygenates exits as a bottons product. Preferably the
recovery of bl ef i)raf;erradcbrﬂmd?mhdritrm the investidry dro oaydsosief e@ddciEnreamis in

excess. Of_70%roolia B FERI AN abiin BHEES5 AT 0% WIEL Bibf )l of i/ paraffin

ratio is at |east Qs{l)i serve pically, dehydr ogenati on
reaction at s%fﬁwcgl) cq'lﬁﬂfa:aﬁmsa adnigwte %th%Fha%ﬁ%M@F%@srtE‘? éolbernt 10% 15%

General ly, thgnhéremcCad @ﬁaécedrohw\reqmamhiqmdmna@ma& &ehf @hsbrent(b) will have
an ol efin concentrati.on m 10% t o ed stream from

Srep (o) w1 | AR OB dror ek BcRbs BioHER <GP Pthetoh 86 SR ght - and ¢ he
conbi ned stream paraffitefs recyclad tblthd axteactiom adlehn, nhe{remcermanamg e of 12.5%to

22. 5% by wei gmerallv\gcg\pe% Q%Qe%gé aﬁgﬁatmgod'{ﬁ.ot?%ﬁ% product froﬁ1 the
solvent recovery column may also be recycled to the extraction column.
The solveni preferably has a water content of more than 3% by weight,
more preferably a water content of about 5% - 15% bﬁ weight. A raffinate
from the exiraction column may be sent to a siripper column from which a
hydrocarbon feed stream containing more than 90% by weight olefins and
paraffins and typically less than 0.2% by weight, preferably less than 0.02%
by weight oxygenates exils as a boltoms product. Preferably the recovery
of olefins and paraffins in the hydrocarbon feed siream is in excess of 70%,
more preferably in excess of 80%, while the olefin/paraffin ratio is at least

substantially preserved.

Typically, the dehydrogenation reaction at step (g) is carried out at a

conversion rate of 10%-15%.

Generally, the fractionated hydrocarbon condensate from step (b) will have
an olefin concentration of from 10% to 30% by weight, the feed stream from
step (g) will have an olefin concentration of 10% to 15% by weight, and the
combined stream at step (c) will have an olefin concentration of 12.5% o
22.5% by weight.




The invention also relates to a fractionated hydrocarbon condensate
product froma | ow tenperature Fischer-Tropsch reaction in the C10 to C13
range containing 10 to 30% typically less than 25% by weight olefins with

a high d?%ﬂ‘iooqfosd9ﬁd"eari ty of greater than 92% typi c%@,@%{;ﬁ%gg_than 95%

for use in a procéss for manufacturing |inear alkyl b i nvention
also relates to a linear al kyl benzene product forned fromthe alkylation
of olefins which are the product a | ow tenperature Fischer- Tropsch
reaction, wherein the linear al kyl beftizene product has a degree of
linearity of greater than 90% preferably greater than 93% According to a

second aspect of i nvent i re d.S.provi rocess or producing
t hree hydrocar 8nhpgr]§'8€i%%°s r@%tg%{"tg ﬁj@r%c% ?egoﬁs?ag%%abgoﬁsgﬁngen W a wax
fracti on produxedust ireram 6w tamperdtire dissherTropsh heactiercini tbem CittheSys hydr ocar bon
fractions bei ngngeldonPHORPHR8Y, j 3 ; rhon fraction
havi ng a boili nr&g pgi nt "above QSgpg:‘rélly Ig% tﬁ?\%%é’ﬁ%ﬁ%@‘%&%%ﬁ%? 2)

hydr ocar bon f radigh 8earee phifeady Rjorgeter 88 92%. Hpicellyrweder BpRER%s, ol ef i ns

and oxygenat eJohawimngp@chRifbr MduRRiufhg lifdat AR/ peH28c. 100- 300C, and 3)

hydr ocarbon fraction C having a boiling point in the range 120-400C, the
met hod including the steps of: i) fractionating the hydrocarbon condensate
stream or a ddeinvattionelsotrbietes &f 2 lifanoatkyl henZens ploduct Tormps ébmnigact i on to form

at | east threey. LhAPLE RAe dnth AR oAL RORLECRIBNSBhEShISRIBLgher e n at

| east one of e three fractionate %/ ensate Streans is
hydr ocar bon f rl&@RSER FeaptionpWherginrdrc Bieaeslkl hepzgne produat hehe degire bF act i on

product streanheftty & gréeb@rithemtdoVe pfh@siPéreatbs B8R b4, Fi scher - Tropsch
reaction; c) fractionating the hydroconverted wax product fromstep b) to

obtain at |east a hydroconverted |ight hydrocarbon stream and a
hydr oconver t edhcdbrding lid atsecasitiragpent obind ilentivnl thert iis/@byiddd epebicegs t he product s

of steps a) ar?& p%dutcf?lgthﬂ%gihpdromggnoﬁa%ﬁ&%r}r&r( g(f]'g/cijrgcr:]asrb& 9orr]1 er%ateand
and a wax fraction product stream from a Fischer-Tropsch reaction, the
hydrocarbon fractions being:

1) hydrocarbon fraction A, being a hydrocarbon fraction having a boiling

point above 25°C and an end point below 200°C;

2) hydrocarbon fraction B including at least a mixture of alkanes, olefins

and oxygenates having a boiling point in the range 100-300°C; and

3) hydrocarbon fraction C having a boiling point in the range 120-400°C;

the method including the steps of;

i}  fractionating the hydrocarbon condensate siream, or a derivative
thereof, from the Fischer-Tropsch reaction to form at least three
fractionated hydrocarbon condensate streams wherein at least one of
the three fractionated hydrocarbon condensate streams is
hydrocarbon fraction B;

b) hydroconverting at least the wax fraction product stream, or a
derivative thereof, from the Fischer-Tropsch reaction;

¢) fractionating the hydroconverted wax product from step b) to obtain at
least a hydroconverted light hydrocarbon stream and a
hydroconverted distillate stream; and

d) selectively blending the producis of steps a) and c) to obtain -
hydrocarbon fractions A and C; and




WO 2004/ 080926 PCT/ | B2004/ 000653 -6 e) transferring the hydrocarbon
condensate streamfromstep (a) that constitutes hydrocarbon fraction Bto
a process for the production of Ilinear alkyl benzenes. The process may

i ncl ude tQﬁggﬁ%&g&%nal step of transferring a waxy up&ﬂﬂ%&hkﬁgsgraction

fromstep rocess for the production of high "Vviscosity 1ndex base
oils by either solvent extraction or catalytic isodewaxing. Typically, the
Fi scher-Tropsch reaction is a | ow tenperature Fischer- Tropsch reaction
carried out in a slurry bed reactor ~a tenperature of 160C - 280C,
preferably 210C - 260C, and in the presence of a cobalt catalyst to

Pha 10 to 3000y wer AR BETAUREEBO Brdpae Gufh FORh il Fefl o Pae |
Typical |y, the hy8Pstiasdndoeaben Bartion Bae aprensss fanghepodictaboie 30C and an

end point bel ow 1iGr apyiebeicald y bel ow 160C. Typically, the hydrocarbon
fraction B has a boiling point in the range is 145 - 2550C, and preferably

the tenperature range is 165-240C. Typically, the hydrocarbon fraction C
has a boi | i ng Theiprocasa mhe incinigetht5adaitdRA CeteptoretrdrkRindl kYWEQ - 360C. The
rocess for t QelCH i near, al kyl benzenes referred’to in step e)
lr?ny conpri se gﬁ?(d;lflat_i onécgﬁqdﬂénétsg%yﬁi tgaad% ?/eéfg etﬁ%ltpf%frlﬁt'oﬂcq{d'&'@i ng to anot her
aspect of theYiSFRAENt ingex theee eciiss byr eified esoleenpr edrmstionf @r cqsiguci ng an
addi ti onal hy@doasandgn fraction being hydrocarbon fraction D including
medi um to hi gh nol ecul ar mass al kanes, both |inear and isonerised, having
a boiling point typically above 380C, nore typically above 400C. WO

2004/ 080926 PTMi¢aBR00w/ BREEDIropsch Billclin RESCRWPENRN 4eke THEHRRAW NGS
Tropsch reaction carried out in a slurry bed reactor at a temperature of
160°C - 280°C, preferably 210°C - 260°C, and 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.

Typically, the hydrocarbon fraction A has a boiling point above 30°C and an
end point below 175°C, preferably below 160°C.

Typically, the hydrocarbon fraction B has a bailing point in the range is 45
- 255°C , and preferably the temperature range is 165-240°C.

Typically, the hydrocarbon fraction C has a boiling point in the range 150-
380°C, more typicaliy160 -360°C.

The process for the production of linear alkyl benzenes referred to in step
€) may comprise alkylation and catalytic dehydrogenation.

According to another aspect of the invention there is provided a process for
producing an additional hydrocarbon fraction being hydrocarbon fraction D
including medium to high molecular mass alkanes, both linear and
isomerised, having a boiling point typically above 380°C, more typically
above 400°C.




Figure 1 is a block diagramof a process according to a first aspect of

the invention for producing |linear alkyl benzene; Figure 2 is a bl ock

di agram of a process for extracting oxygenates from a hydrocarbon product,
used int r of Figure 1; and Figure 3is ab i agr of an

i nt egr at eg‘?opﬁ)g‘@@g%%accor ding to a second aspect of tk&#ﬁ%ﬁ |6%;1n.

DESCRI PTI ON OF PREFERRED EMBODI MENTS Thi s invention relates to the use of a
hydr ocar bon condensate streamfrom a |ow tenperature Fischer-Tropsch
reaction in the production of |inear &l kyl benzene. In the Fischer-Tropsch
process, synthesis gas (carbon nonoxi de and hydrogen), obtained from
gasification of coal or reform ng of natural gas is reacted over a Fischer
Tropsch catalyst to produce a nmi xture of hydrocarbons rangi ng from net hane
to waxes and SHElBESQRIPTON OFTHERRAWINGSS. |n a | ow tenperature

Fi scher-Tropsch reaction, the reaction takes place in a slurry bed reactor
or fixed bed [l:eact?r, pre era(?_l@a/ a slurry bed reactor, at a tenperature in
the range of IGYET 2gda bigFiefiagramof apigsess aceguing taadirs asgsckefsure i n t he
range of 18-50 bar, pr d¢feinabtiyn befrodeihgdfeadQigpdenzére; t he presence of a
catal yst. The catalyst may include iron, cobalt, nickel or ruthenium
However, a co ;pase Y. i referred for the 'l ow {enperature
reacti on. Usugrl’é:urile, @t he%cgzo]gfzk diag{éﬁfgﬁ Pl‘rgcessﬁS%'owrggmgnoxéﬁl?”agﬂsum' na support .
WO 2004/ 080926 PCT/ 1B2{oa/20n0e%sarbon produd, uded imthe proeessaiFiganper at ur e

Fi scher-Tropsch reactigngd a |ighter hydrocarbon vapour phase is separated
froma liquid phase conprising heavier liquid hydrocarbon products. The
heavier liquid h ocar bo roduct (wax roducts) is the major product of
the reaction giﬁﬂyeg%y, fsd?glgg‘aﬂ‘gﬁr%?oﬁ 'n%‘;’@%@dqf%ﬁ%@mp@iiqgrt@duce di esel and
napht ha. second aspect of the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

This invention relates to the use of a hydrocarbon condensate stream from
a low temperature Fischer-Tropsch reaction in the production of linear alkyl
benzene.

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 mixiure of
hydrocarbons ranging from methane to waxes and smaller amounis of
oxygenates.

In a low temperature Fischer-Tropsch reaction, the reaction takes place in a
slurry 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.




The |ighter hydrocarbon vapour phase which conprises gaseous hydrocarbon
products, unreacted synthesis gas and water is condensed to provide a
"condensati on product' which conprises an aqueous phase and a hydrocarbon

condensat i # t phase. The hydrocarbon condensati i ncl udes
ol efins ar}}gg%@‘r‘@%ﬁ#ns inthe C4 to C26 range, and o&’%@’%’@g’”i&%& udi ng

al cohol s, esters, al dehydes, ketones and acids. Typically, the hydrocarbon
condensate product is fractionated into the C8 to Cl16 range, preferably
into the Clo to aClB range. In the clse of a cobalt catalyst, olefins,

whi ch are predomi nantly al pha olefins, only nmake up approximately 10 to

30% by wei ght., .of fractio |-hydr.o n nd arl pr oduct .
General ly, t hitDsu r'?)*cll %](%E@Y teny emtt%[e r%o%ﬁeggp %Sﬁhs%gét&gda ﬁ@é?rglpérf)%aré)@nn al kyl ati on
reaction to faapauriphase issickgiatedidenny erliguid ndesasemprisingHwaneriivido r enove

oxygenat es.  Orygasbéh bRIRMS! The EGR | IR RISSNRKYBRAR: Shakympal r L he

activity of downstream catal ysts. Is1s especially trimental to solid
aci d cat al yst $rodggfehisghe prgerprosichpf the seaefign end saycor ekampigydie vel y i npact s
catal yst |i f etidfecratiedrepydiecdissl drdinafigtha.nor e frequent catal yst

repl acenent. However, it has been found that the olefins have a very high
degree of linearity of greater than 95% and, even though they only make up
10 to 30% by Thei gdttterothytivearhgr r epanb ghiase owkielns edreprise®dgestousi t i1 s an

excel | ent feeﬂﬁérgéarlgcniepreﬂ&gs“%Erieg&?cg%yn'ttdg'egﬁ%%?%héﬂﬂater B%ﬁ&’%%aﬁbd provi des an

econoni cal | y advant ageous nanner Tor roduction of hi | i near al kyl
benzene. The PEVERTE ¥endensaties PFUFowhich saMPissh @arpsHesphatiuatd al so have a

hi gh degree oh Hylildeabbi ¥onddhR86h padwt pides. do not react in the alkylation
reaction and are recovered as a high quality paraffin product which is

dehydr ogenated and recycled to the alkylation reaction. The reactor
product from fThe hgtebgedsomgenddrisetionpratuesisclines okefiMOa2DRAAOR00 B

PCT/ 1,.B2004/ 00 - | at.i vel : i n e ti % - 15% by
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ol efin concenfhakbhBd info the Cs to Cys range, preferably into the Cys to aCys range.

In the case of a cobalt catalyst, olefins, which are predominantly alpha
olefins, only make up approximately 10 fo 30%, by weight, of the
fractionated hydrocarbon condensation product. Generally, this product
would not be considerad useful in an alkylation reaction to form linear alkyl
benzens, because of the need to remove oxygenates. Oxygenate removal
is required since oxygenates impair the activity of downstream catalysts.
This is especially detrimental o 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 have a very high degree of linearity of greater than 95% and, even
though they only make up 10 to 30%, by weight of the hydrocarbon
condensate product, it is an excellent feed for the production of linear alkyl
benzene and provides an economically advantageous manner for the
production of highly linear alkyl benzene. The paraffins in the hydrocarbon
condensate product also have a high degree of linearity. These paraffins do
not react in the alkylation reaction and are recovered as a high quality
paraffin product which is dehydrogenated and recycled to the alkylation
reaction. The reactor product from the dehydrogenation process has a




t he conbi ned feed provided to the al kylation reaction due to the higher
olefin concentration in the hydrocarbon condensate fromthe low
tenperature Fischer-Tropsch reaction. This results in a reduction in the

recycl e fI Ceg%{ogbs%ggm ch leads to savings in both capi %aﬂﬁwﬁmg ure and

operating ferring to Figure 1, by way of exa I rst aspect
of the invention, a hydrocarbon condensatl on product 10 froma | ow
tenperature Fischer- Tropsch reaction using a cobalt catalyst contains 20%
by wei ght ol efins, 74% by wei ght par®ffi ns, and 6% by wei ght oxygenates.
The hydrocarbon condensation product 10 is passed through a fractionation

colunm 12 and gl Ol e bl iRt edstigy Shugi Hheyeut 14 contains

22% by wei I ns paraffins’an
oxy;exat es. TReMpipationpf “I'%fe?‘lﬁé aé‘éwﬁh hxﬂr@a&@yg@ﬁmﬂeateéwmaé lowni t 16 where

t he oxygenat eserdbraiine FigcR&OMESkch Pod2fi@y in%aééshb@&@ﬁr@f:mantg ?I&ﬂls S;;Sa{negg ¢ han

o b 7% wej ara
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f rom hydr ocar WMC‘%tﬂP‘éetﬁf@ vilrieh @a@egéssmsmbhthrwmaxgemnr’lefxﬂ? i ncl ude
hydr ogenat i ongpata@Ricesml ¢ distillation, extractive istillation, vapour
p%asegdehydr afl onﬁﬁl i qui d phase dehydration and |iquid- Iiquid extraction.
It has been found that distillation, liquid-liquid extraction and

dehydr ati on pRefeeingés Figure 1pbgeﬁvé\y 6f&4ia@;§letoh§ﬁrsl @éﬁé}gﬁcﬁltﬂél[lﬁ‘\%‘ﬁﬁdgﬁat Bgr g:c fGT Ing -
U|r cover ol efins

S?ngm rZZt: gnpygj}%%kb%ﬁh%oﬁd%% E[OH ef?As? é%ﬂ Papesgteiedsgngr-st r eam 14,

while at | ea$torstipeactioniusingya pwbaﬁe:ataiyagcdrﬁ&irmmmlhy/mg}mfofgfm‘s rati o. VO
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rbo )
I d-| uid extraction proces ron 1n ?an extraction
clolqﬂlrm qu Th@”é?'ﬁ@f'?%?fﬁ?‘@ﬂ%@tﬂ?é?@é@rpbﬂh piregiigeation column 12 and a

Ci10-Cys cut 14 is separated therefrom. The cut 14 contains 22% by weight
olefins, 71% by weight paraffins and 7% by weight oxygenates. The cut 14
Is then sent to a oxygenate removal unit 16 where the oxygenates 18 are
removed to provide a hydrocarbon feed stream 24 containing 23% hy
weight olefins and 77% by weight paraffins and less than 0.2%, preferably
less than 0.015% by weight oxygenates.

As mentioned above, the olefin concentration in the cut 14 is low. It is
therefore desirable to use an oxygenate removal step which preserves the
olefin concentration. In the prior art, many methods of extracting
oxygenates from hydrocarbon streams are suggested. Such removal
methods include hydrogenation, azeotropic disiillation, extractive
distillation, vapour phase dehydration, liquid phase dehydration and liquid-
liquid extraction. It has been found that distillation, tiquid-liquid extraction
and dehydration processes are preferred as they tend to preserve the olefin
concentration. Typically the required recovery of olefins and paraffins in
stream 24 is larger than 70% of the olefins and paraffins in stream 14, while

at least substantially preserving the olefin/paraffin ratio.




[ - - [ descri bed above 14 is fed
of a | ow tenperature Fischer-Tropsch reaction
into the ex??action colum 20 at, or near, the bottomthereof and ﬁ sol vent
stream 21 conprising a m xture of nethanol and water is fed into the

ractio at or near the top thereof. The sp 64/0'56{3?6‘”‘ 21
;e);(tef er abl &ég%}rﬁlgbsé’g nore than 5% by weight, typically _t/%y \/\/calt i
water. The solvent to feed ratio in the solvent streamis |ow, fy!tmh y

|l ess than 1.5, usually about 1.25. ffinate 22 fromthe top o _e”
extraction colum 20, which includes™ "6l efins and paraffins and ﬁ Zma bon
anount of solvent, enters a raffinate stripper colum 23 and a hydroca

ol.efins nd paraffins
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content of thé rﬂ%r?dcmlﬁlﬂar%Mltre of whetiodnol and niaende ded m,? lﬂﬁfvlezt t he
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sol vent feed g s desired to recover
as a vapour stream %‘#”%a%oélﬁ tli. done by taking a bottonms vapour ﬁtregm .
fromthe colum 20. The liquid product fromthe colum 20 will then be

f the
| ef a is drawn fromthe bottomo

\é>e<{ )r/aitrr:alon goﬁﬁmﬁﬁgogaﬁ%ﬁhe%bgﬁ% g%tfac c?"é'ﬁ%%r Which | igirles 7. A tops
product 29 frBIﬁFn%@“‘%BP"@@H% ang & ealt WDMTLnﬁﬁOB@nﬁ;@ntaers seaffigxer 90% by

wei ght et Pansii'lpp@nﬁlm'lnei:a B&d ag’ﬁ}gr&?’ggry%%at H%a{'nh r?s%df;%gug't ef2|9ns_|_ﬁ2d
araffins fro ,Ops
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content of t heefinspandppavafiiet arROlesn thahe®. A5 bEeigHR OB RBR B EGHaY, B2004/ 000653
0.02% by weight oxygenates exits as a bottoms product 24. The bottoms
product 24, which shows an overall recovery of over 90% of the olefins and
paraffins contains more than 20% by weight a-olefins and more than 70%
by weight n-paraffins. Thus, the olefin content of the hydrocarbon product
(which is intended for use in the production of linear alkyl benzene)} has
been preserved. A solvent comprising mainly raethancl (more than 80% by
weight) and low concentrations of water (less than 5% by weight) and
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 exiract 26 are
recovered fo the tops product 29. The tops product is then recycled to the
solvent stream 21. The oxygenate content of the tops product 29 can be as




i feed ratio used in the
- as 50 m dependi ng on the solvent to
eitlrlag}t,vi on col 5%1 20. IOA bottons product 28 fromthe sol vent r??'overyThi .
colum 27 conprises mainly water, oxygenates and ol efins/paraffins.
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oeer at the saﬁéafe@tfpﬁﬁggure as the paraffins and ol efins. This appea

i isti i t. Additionally, it is possible
e to an extractive dlstlllat!on effec _ _
?g g?stil the paraffins and ol efins overhead, while recovering the
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col umm 20, V\Hh@’h‘”'" be the case for a low-boiling solvent. However, it has been found

that a mixture of methanol and water, which is a low-boiling solvent, need

not suffer from this drawback, because it can be effective at low solvent to

feed ratios (this can be lower than 1 if the required oxygenate extraction is
not too severe).

A study of the different azeotropes that exist between components in the
feed and water would lead one to expect that it would not be possible to
distil water overhead in the solvent recovery column 27 without azeotroping
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 fo
be due to an exiractive distillation effect. Additionally, it is possible to distil
the paraffins and olefins overhead, while recovering the oxygenates as g
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.




means that the paraffins and olefins will be forced to | eave the process in
t he product stream 24. WD 2004/ 080926 PCT/|B2004/000653 -12 It is
t herefore possible to have a hydrocarbon stream 24 with a high overall

recovery QfoQhghiddss and paraffins, wthout the use of @Tﬁ,%&tﬂﬁ; ¢ssolvent in
the extraction colum. In this node of operation, aIIP t he nethanol, and
part of the water (10-50% are also recovered in the overhead stream 29.

When operating a sol vent recovery colgém in the manner descri bed above, it
is to be expected that certain speci € may becone trapped in the colum.
These species will tend to build up and in the. process cause unstable
operation of the solvent recovery colum. Such species would typically be

heavi er ol efi r]g %}% araffins or |lighter oxygenates in the present case.
Operating the s8I reRogYtIe 3/ havE IavarofRRbRn Bifesrne4 Wil @bighovsibhay prevent
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st ream'nent i one%lﬁgg%%fg@ atrﬁr%aﬁ%fﬁﬁt ﬁrzfid;geévgﬁ%eﬁfa%&{ggn%g BNt ext ract i on
process usi ng “RertRg theesolvent resvent sompoBhasmallesidgriw ang pvaveer (5% by

vei ght) and atiolbuiRNlupt & sdcBeshdeRsi dithelerdd Ll brfdlodiydr ocar bon feed
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than 0.02% by “WergHY

It is also possible to run the exiraction column 20 and the solvent recovery
column 27 at different methanol / water ratics. This may be desirable
because a high water content in the exiraction column 20 will lead to
increased solvent to feed ratios (because of reduced solubility of
oxygenates in the solvent), while a certain amount of water is necessary to
achieve the exfraclive distiliation effect in combination with methanal 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 Cy — Cy3 hydrocarbon feed stream mentioned above
through the abovementioned oxygenate extraction process using a mixture
of methano! (85% by weight) and water (5% by weight} and a solvent to
feed ratio of 1.25, the purified hydrocarbon feed stream 24 contains 22% by
'weight olefins, 76% by weight paraifins 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 hydrocarbon feed. The recovery of olefins and paraffins is 89.9%,




oxygenates. Not only does the extraction process extract oxygenates with
good recovery of olefins and paraffins, it also preserves the olefin
content of the hydrocarbon feed. The recovery of olefins and paraffins is

89.9% 1 926 PCT/1B2004/ 000653 -13 while the ratio of olefins
to par affivﬁg%?'g&é%ggt antially preserved. The purified "QH{IB%“&H%{WSn feed

streamcontaining olefins is particularly useful in the production of
| i near al kyl benzene. The oxygenate renoval process may include a final
adsorption step to further reduce th‘é3“oxygenate content to |l ess than

0.015% The further reduced oxygenate level will depend on the
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Ref erring bac pgure 1, according to

hydr ocar bon pf“aﬁﬁ"&@bgﬁ f??déﬁ’i”?% O gBE atlefing derpartibulanyooesis idGhé s suppl i ed

to an al kyl at i sedugéieryefiioggeatkylibenzeper cui t i ndi cat ed general ly by the nuneral
40. The al kyl ati on/ dehydrogenation circuit 40 includes an al kyl ati on
reactor 42 and a dehydrogenati on process 44. An alkylation reaction in the

al kyl ati on r edd€oPYaeiamemmakpocsss dnapincls Esimng a@sd:rﬁtioﬁdsq%%afts type
condensat i on dathal ¥&ducs Usdh I o4, BF3, HF or_a solid acid
catalyst. In tr%ﬁ:c [ esent cgg%ge%t%ec’%['ﬁgg%Elﬁﬁf_%\ﬂ”s%m%-aﬁ'%ﬂlf%?ﬁral yst

al kyl ation t ecHITSFOGPacaatsdag! withdsperd oy the eeudrkatabi me deagtion is
carried out atkylatisnesysemadndimeayek BN&ALEH obdian 100C and a pressure of about
300kPa (abs), in the presence of UOP's proprietary DETALT"A catal yst (see

Smith R (19%%3 Li near al kyl benzene by het erogeneous catal ysis. PEP Revi ew

No. 90-2-4, errngt &rekatto ofiglne. 1 tact&rdinh S® PRS Shehont Ohd!SE reactive
per f’gr m t he
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alkylation reactor 42 may be carried out by using a Friedel-Crafts type

condensation catalyst such as AlCl;, H,S0O,, BF;, HF or a solid acid’

catalyst. In the present case, the UOP DETAL™ solid acid catalyst

alkylation technology is used. Typically, the alkylation reaction is carried

out at a temperature of greater than 100°C and a pressure of about 300kPa

{abs), in the presence of UOP's propriefary DETAL™ catalyst (see Smith R.

(1991) Linear alkyibenzene by heterogeneous catalysis. PEP Review No.
90-2-4, SRI International).

It is also possible to use reactive distillation (also known as catalytic
distiliation) to perform the alkylation step, where the catalyst is contained
inside a distillation column, and the separation of the unreacted reagents
and products occur as soon as the products are formed. In this manner the

reactor and product purification functionality are partly combined into g
single unit operation.

After alkylation, the unreacted benzene is recovered and recycled fo the
alkylation reactor 42. The paraffins are recovered and are sent o the
dehydrogenation process 44, In the present case, the UOP Paco™
dehydrogenation technology is used for activation of the paraffins,




single unit operation. After alkylation, theTEnr eact](ca]gi Egngsgergioggfg\ée;ﬁg
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Zpg sen%/ to the dehydrogenation process 44. In the present case, the UCP
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dehydrogenation reaction is carried out at 400-500C and 300kPa (abs),

the presence of a nodified platinum [ Eal yst on an alum ni um18i<|lgoe/ -
substrate. Conversion of paraffins _t& olefins is limted tg_ aond
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\[;\21'; gf 1[ ?ne; Zgg%gﬁ{oém?’}#t %{Tﬁ%ﬂd%ﬁeﬁtd@%ﬁ%gegﬂw|0§m059|-0}eé@do(q1en¢g which is al so

i i ! : I fi r i.n feed 46
suppl i ed wi t hanskpclese UCE's DIEEIMEI”ebnan?@rmm&ézfeﬁéﬁo?ﬁgggtfg&%{OVi ced 46

ith t R g | kyl at i _
;Fﬁglt \tl)me;zenﬁeéﬁ‘gg;@ uﬁﬁ%%%’? %H%big?gf‘r?pnt)éeﬁc@%a ﬂﬁ'@ﬁéf"@%ﬂ*dtﬁé\ﬁ'ﬁ@ne 54. Tht(:aed
unreact ed benZiMdrogendtian. ihe\RERINET pradess sélécyilay hmoge?_atég Q"%”S% Qgs u 2 2 e?g

. . >
roduce o parat 1 aRernen R P BT SO R rE e CUpANaTe e paraffin
glrg]g:ur:]e ?i ggr‘%@"'lafgng hydr ogen 54. The paraffins 52 | eaving the al kylation

reactor 42 are of a high quality and conprise substantially 100% paraffin.

[ ffin
i e dehydrogenation process 44 operates at a para
l:gnflglr :i g)r(\agﬁ’l"@‘zt%%ﬁ?a"e tef%)éhepé\%%ﬁ?fﬁdqbv@rpgenammcmw 4G Aanh edefinng t he

dehydr ogener #etaffindigetidé is intloariden int6@iﬂ£ak5]iiét%hir@aﬁbtd?chz]wgl%{BIfEda paraffin
y . Q acgrhbon product 28 |s inAtroduced nid-way
concentrati 0%u9§|ie§§r_rfﬁ b;m}%‘ge Qé’.d{'he cﬁe s rf]rm% the olefin paraffin feed 46 react
alongtothe“Paraffln olefin _ o
ith the benzene 48 in the alkylation reactor 42 to provide linear alkyl

benzene 50, unreacted paraffing 52 and unreacted benzene 54, The

unreacted benzene 54 is recycled to the alkylation reactor. The unreacted

paraffin 52 is recovered and sent to the dehydrogenation process 44 to

produce a paraffin olefin mixture 46A which is supplied to the paraffin olefin

line 46, and hydrogen 54.

The paraffins 52 leaving the alkylation reactor 42 are of a high quality and
comprise  substanfially 100% paraffin. In this example, the
dehydrogenation process 44 operates at a paraffin conversion of 12% and
the paraffin olefin mixiure 464 Ieavihg the dehydrogenerator 44 has a olefin
concentration of 12% and a paraffin concentration of 88%. The
hydrocarbon product 28 is introduced mid-way along to the paraffin olefin
stream 46. In this example, the hydrocarbon product 24 has an olefin
concentration of 23% and a paraffin concentration of 77% and, on mixing
with the paraffins and olefins from 46A, form an olefin-paraffin feed stream
46B with an olefin concentration of 13.5% and a paraffin concentration of
86.5%. This increase in olefin concentration in the olefin-parafiin feed
stream 46 results in a reduction in the recycle flow rate through the
dehydrogenation process 44 and alkylation reactor 42, for a fixed
production of finear alkyl benzene, Thus, an increased olefin concentration




stream 46. In this exanple, the hydrocarbon product 24 has an olefin
concentration of 23% and a paraffin concentration of 77% and, on m Xi ng
with the paraffins and ol efins from46A, forman olefin-paraffin feed

stream 46 oWoddds@i Ol ef i n concentration of 13.5% and whas@lddbds

concentration of 86.5% This increase in olefin concentration in the
olefin-paraffin feed stream46 results in a reduction in the recycle flow
rate through the dehydrogenation pro iss 44 and al kyl ati on reactor 42, for
a fixed production of |inear alkyl zene. Thus, an increased olefin
concentration WO 2004/ 080926 PCT/ I 82004/ 000653 -15 in the olefin-paraffin

feed 46 translintresléfintpari RBd USirafNdsNED dolbnBAsRicRRN bah coependi ture and

operation expepy From a.capital expenditure joerspect? t he reduced
recycle flow ratj éﬁqﬂpﬁeoﬁgé fHPTAOY SYPAGYR- i rPRea spapal @*Peﬂﬂié}re

dehydr ogenat i dierapeeitye.ohe radutdrbredgdeyfibmogrnaib® or BIrOGRES, Mdhaszyel | as a
reduction in sz r 42 or a fixed residence tine
and the reduced pafggy(?rpﬁer%* owe?gpgﬂvhﬁﬁeﬁcryﬁfogﬁ7'%t'8? PEPCPEIEES Wl i n the size
of the paraf &R PGWINBiZesH thw"qhdoramctbww;orequeanmmbnceﬁmee operation
expendi ture samil igsednel B%ﬁﬁ ﬂe\m@a@h B orf r%cﬁ(g% § the %z%fcﬁgq the

|

dehydr ogenat i on react or results 1nare on i ereqw red

hydrogen fl owPFale rr%??u?ryeﬂgﬁ‘”ﬂ'? K @peiilarg pguirneTenat Then opératiirenes and

reduction in tekeengiuraf $avings | invludeatse radiukbed %hééé‘“’fl(‘jvﬁ’rra%a\fﬁra%'tﬁ% utilities
en the

such coolinggy qQt oil) and e tricit

al kyl ation ci r%@d%geg&{oﬁ%étgiégsangfre?%é Bred t"?"n{ﬂeﬁlel @huired therefore

conpared with &HO%”kWVatr@férfegwewpt selbctive cydogahdtionadf dmees® for  the

producti on of rdduBRarinah& WhREHz d i.n the back und to the
r in ath& YhRAH Wrﬂé \Aﬂ?glﬁr\l\{ 17 S31RgA It thﬁ gﬁ*cg nd

invention, it ¢ be conclude that a sna a uit is
requi red on 300389 WhigE Stegm PF’?Féﬁk‘)aﬁﬁI@kﬁPt”B‘bfnzene produced, than for the
conventional process. In a final step of the process, the highly linear

al kyl benzeneygdd, é% earity eater than 92%is introduced to a
sul phonation r eac\tlﬂar 2k § e ffg%'ﬁa‘?r%esﬁs‘?f nihje SuessRt iventesi &, ol eum or
sul phur tri ox’[ha@forggprpmjed W|th an alkylation circuit of a conventional process for

the production of linear alkylbenzene as described in the background fo the

invention, it can be concluded that a smaller alkylation circuit is required on

a per mass of linear alkyl benzene produced, than for the conventional
process.

In a final step of the process, the highly linear alkyl benzene 44 with
linearity greater than 92% is introduced to a sulphonation reactor 52 and
sulphonated using sulphuric acid, oleum or sulphur frioxide. Sulphur
trioxide is currently the preferred process. The sulphonation process results
in the formation of a highly finear alkylbenzene sulphonates.

The process of the invention makes use of a feed stream in the form of a
condensate product from a low temperature Fischer-Tropsch reaction
which would not be expected feasible for producing linear alkyl benzene.
The process produces a desirable highly finear alkyl benzene product,
while at the same time produces a high quality paraffin product which is
dehydrogenated and recycled to the alkylation reaction. The feed stream
from the dehydrogenation process has a relatively low olefin concentration
(10% - 15% by weight), and the combination of this feed stream with




trioxide is currently the preferred process. The sul phonati on process
results in the formation of a highly linear alkylbenzene sul phonates. The
process of the invention nmakes use of a feed streamin the formof a

condensat g@){&%ﬁ&mf roma |l ow tenperature Fischer-Tr OF(EF,F, @%@%gson whi ch

woul d not be expected feasible for producing |linear alky 2 enzene. The
process produces a desirable highly linear alkyl benzene product, while at
the sane tinme produces a high quality paraffin product which is

dehydr ogenat-ed and recycled to the ai'lRyl ation reaction. The feed stream
from the dehydrogenati on process has a relatively |ow olefin concentration

(10% - 15% by, wei , Lnat | is feed . mwth WO
50041 080526 PRITIEERY, AARGaELE ﬁ%ﬂ”&a?‘%’@&?@ %*@E%ﬁﬁ@%{ TobT the | ow
t enper at ur e Fresginsrindreenss dive oleim eericeriratipe inethe €smbined fegfarevidedncent ration in

the conbined foRE RYIIINIBEErt B Hs Y4AInbO M BoRREARE! BbfRukesul ts in
savings in both capital expenditure and operation expenditure. A second

aspect of thi &9 PRAEHPN6WPSEIUEes to a process of producing or wor ki ng- up
t hree pre-determ ned hydrocarbon fractions fromthe product streans froma

Fi scher-Tropsgh_r i.on. Jhes ree_hydr.oca r itons_include: 1) a
hydr ocar bon f a%etctg'iqrc]%'?{)eﬁ%\c}fl ﬁ‘gs @V%%ﬁoﬁirﬁla%gg?%t 5@%%5%&,[ ‘%éé € %nd nore
typi cal | y abowerkBQ@Op thred rie-deiedmiped hydrbeireew T@t@)s frgmghe pexiticial |y bel ow

175C and even fer ol I 460 y n fraction B
i ncluding a msﬁnﬁeﬁgrﬁ go&%ﬂgag%) /oS(E‘i r%glng't Grhéelgiatﬁ[ée%, chgg%(%%ﬂby wei ght

ol efi ns and 5% ¢ignsliDYdyy wei ght oxygenates boiling preferentially in the
100- 300C, and1ymer gydrqea@bs ieslidrahlnaving d Bsling gt abbw #0fz°anghawher e t he

. ! ! ) 5 .
o eater than. 95 AnPEsYa O GR:PDA4Y PP BnPeTbdFIRY Ry ocar bon
fraction boi |l i ngraferentiady belawm §&5°C20k £08Cnoeprafereyially belby 160fCt he 150- 380C and
preferably insf heofRR98n 403 ficluding a mixture of 60% to 80% by weight

alkanes, 15-30% by weight olefins and 5% to 10% by weight

oxygenates boiling preferentially in the 100-300°C, and more

preferentially in the range 165-240°C and where the overall linearity of

the mixture is greater than 92%, preferentially greater than 95%, and

3) a hydrocarbon fraction C being a hydrocarbon fraction boiling in the
range 120-400°C, mare typically in the 150-380°C and preferably in the
range 240-360°C.

The inveniion also extends io producing or working-up a fourth
hydrocarbon fraction D including medium {o high molecular mass alkanes,
both linear and isomerised, boiling typically above 380°C and preferably
above 400°C.

The process as proposed includes the following advantageous features:

1) production of an improved synthetic feedstock for producing linear alkyi
benzenes, namely hydrocarbon fraction B; Aithough fraction B contains
oxygenates and has a low olefin content, it can surprisingly be utilized
economically/advantageously to praduce linear alkyl benzene using the
process described in the first aspect of this invention,




The invention al so extends to producing or working-up a fourth hydrocarbon
fraction D including mediumto high nol ecular mass al kanes, both |inear
and isonerised, boiling typically above 380C and preferably above 400C
The proce sed includes the foll ow ng advanta eous features: 1)
productloﬁaggamﬁ&gﬁgroved synthetic feedstock for prodbdiBI4Msr al kyl
benzenes, nanely hydrocarbon fraction B; Al though fraction B contains
oxygenates and has a low olefin content, it can surprisingly be utilized
econoni cal | y/ advant ageously to produdé |inear al kyl benzene using the
process described in the first aspect of this invention, WO 2004/ 080926

PCT/ | B2004/ 00 -17 2 in,t nsi t heat content of
hydr ocar bon fgganllrgﬂrov%n% mglﬂ%g%)gé aﬁ%ﬁ?atﬁorﬂ?'g(%@%d E@é)a%ﬁgt&"%car bon
fracti on B was nbis ohservey eder 8 propesstulidre dipdrotarikonhirgitiov iBseas néty | ndex (HVI)

base oil feedst :]6 ghydrocarbon fraction D. This product can also lead to
the recovery of \f'u dr ogenat ed wax CO%I sing both normal and isonerised

al kanes; and 3) Pmcb'éij-‘@t b bighavipeagity pgedex oftivin desq edidiedeiRcksti t abl e for the

producti on  of r@mear@éreifrada(sn DAThEGREIULRRA alsB iéa%qmeqebmﬂe grature
(Performance of the S SPD Natht ha as St eam Cr acki eedst ock,

American Cheni cdV ro% "*}ax CopRHiRiig R Barmal Hiddwamarised %F 13%8nal Meeti ng,

Bost on, Augug} pP&f02jaon offaehigh wﬂmﬁam ferds ik kuﬂablerfatﬂhé(ﬂ)mdi]bﬂdﬁ fornms the
subj ect matter q spe f ed op t he processing
of the two pr oduf(f:lo("}ér krafén%rré)s %eesrcﬁ?/eg eCh iﬁﬁ a?%%éﬁe@%ﬁ%ncgﬁ gactlon nanmel y
a wax fraction &?ﬁ@@ﬂﬂtht@mﬁeﬂjﬂ@rmfdgﬁemSMh faoarigem ShereicalThe  wax

fraction productg a i i | BP) in the
range of about 7(:%%&‘3 np%aé? %?ﬁdt%ﬁ%& 3%y$r?lat EJIe r\?%r?g %%%&%—o 650C. The

hydr ocar bon cond®8¥d£8%)ypically has a true boiling point (TBP) in

The production or work up method which forms the subject matter of this
aspect of the invention is based on the processing of the two product
streams derived from a Fischer-Tropsch reaction, namely a wax fraction
product stream and a hydrocarbon condensate:

» The wax fraction product stream typically has a true boiling point (TBP)
in the range of about 70°C to 700°C, more typically in the range 80°C to
650°C.

= The hydrocarbon condensate fypically has a true boiling point (TBP) in
the range -70°C fo 350°C, mare typically -10°C to 340°C, usually -70°C
fo 350°C.

A typical composifion of the wax fraction product stream and the
hydrocarbon condensate is set cut in Table 1.




the range -70C to 350C, nore typically -10C to 340C, usually -70C to 350C.
A typical conposition of the wax fraction product stream and the

hydr ocar bon condensate is set out in Table 1. WO 2004/ 080926

PCT/ | B2004 -18 Table 1 (vol %distilled) Hydr Fraction
Pr oduct Dﬁgﬁﬁéﬁg??%n Range Condensate Stream C5-16d%ﬁﬁ§9§9m) 0-270C 43
4  270-370C 13 25  370-500C NR 40 >500C NR 28 Total 100 100 The

hydr ocar bon condensate includes olefins and paraffins in the C4 to C26
range, and oxygenates including al cond¥s, esters, aldehydes, ketones,
acetals and acids. An enbodi ment of this second aspect of the invention is
exenplified with reference to Figur béﬁ In this enbodinment two |iquid
hydr ocarbon products . are separated fromthe conversion of synthesis gas
(syngas) by the Fischer-Tropsch hﬁﬁﬁhkﬁ dB” a Fischer-Tropsch reaction
unit 8. The hydrocarbon condensate is collected as stream 10 and
transferred to an atnospheric distillation unit (ADU) 12 where it is
separated into three streans. The lighter stream 13 is transferred to a
hydrotreater 60 for —conpl ete|sat tyabtapborand | evaxvhctioh PheLér pat ons. (This
step is optionaPSW@“miﬁ§m¥#ocass.k:T e result)ng product is cpllected as
stream 17. A mddle stream 14 is ¢0 ?E%@ed as a se%gﬁﬂjproduct and
transferred to|a IG5EA&FCal kyl | benzerdd processing ope¥ation. A heavier

hydr ocarbon fr agtiggshgecottetted 13 Z
u  270-370°C 13 25
= 370-500°C NR 40
= >500°C NR 28
Total 100 100

The hydrocarbon condensate includes olefins and paraffins in the C. to Csg
range, and oxygenates including alcohols, esters, aldehydes, ketones,
acetfals and acids.

An embodiment of this second aspect of the invention is exemplified with
reference to Figure 3. In this embodiment two liquid hydrocarbon products
are separated from the conversion of synthesis gas (syngas) by ihe

Fischer-Tropsch reaction in a Fischer-Tropsch reaction unit 8.

The hydrocarbon condensate is collected as stream 10 and transferred to
an atmospheric distillation unit (ADU) 12 where it is separated into three
streams. The lighter stream 13 is transferred to a hydrotreater 60 for
complete saturation and removal of heteroatoms. (This step is optional to
the process.) The resulting product is collected as stream 17. A middle
stream 14 is collected as a second product and transferred to a linear alkyl
benzene processing operation. A heavier hydrocarbon fraction is collected
as stream 15 and transferred to a hydroconversion unit 70.

The wax fraction product stream 9 from the Fischer-Tropsch reaction unit 8,
is blended with stream 15 from the ADU 12 before being sent as stream 7




as stream 15 and transferred to a hydroconversion unit 70. The wax fraction
product stream 9 fromthe Fischer-Tropsch reaction unit 8, is blended with
stream 15 fromthe ADU 12 before being sent as stream 7 WD 2004/ 080926

PCT/ 1 B200 19 to the hydroconversion unit 70. st three
a3 AN

products ed as well as a mxture of |ight s (not
shown in the figure) as a gaseous stream A |light hydrocarbon product
stream 71 and a heavi er hydrocarbon product stream 72 is sent to storage.
There is a fourth stream that is pro®uced - al so not shown in the figure -
that includes all heavy wunconverted hydrocarbon species. This is usually

recycled to extinction wthin.the d I j an
alternative t30#r}?&yﬂ'}o(%@'grssfmaumth@a\!f{%}[ %étgg%gﬁ%e:érg ﬁ;ucFﬁﬂg%r% g%“%ﬁdﬁ be recovered
as stream 73 asdvateadea minpure lod lighd hydnocarbenspinefpshowniivtheofdurd)gis avi si bil ity

i ndex (HVI) bases ! streli, CA LRI nydRRhMERN bradiibr fehinoM Qha Gaicaliyt i ¢ dewaxi ng.
These two processi ng options are. well known in the art and are not -
described i n d¥HRFIDPEREIUCERERATY’ 518 S P SIOREY dbee e IutsEaM it s

possi bl e to ohgaii® pRgusdby alb e@usiowa iRitghligure panafihdinice ditdangenat ed wax.
Stream 14, the mddle E%ear%from.t he;.ﬁDU 12, Iv\,hi ch ﬁgnt al. nﬁ synt hetic

ol efini ¢ feedHGUWeEHRT Bydiocaraon spREst ARy UBEHY dRECSH S EEYICRY st arting with
unit 16. Unit M60ini e dydoxyryersinagitr @rokalanuatietnatiypetoathe gmo@ss,id | ustrated in
Figure 2. TWo by PATRdh Rl Rba Cah bOThidIE UGN/ G0N EYe UNi L 16 an

oxygenates ric ream ent to storage, an tream 24 conprising

nost | y par af f iavailakledonihe preparatiorhefhichy visdhdlity inge (Y idtase gits byeeithREvi ng a

bﬂ(' : ntg' poi nf‘s}(oiv@rzfééi%d’ti@ﬁGﬁci:ajeﬁﬁic%lgﬂ%ing;[h'gne%_éMﬁﬁg;;f%sing oﬁﬁiﬁl& aked ]'Ehe 41

al kyl ati on uni ere it is alkylated with henzepe ransferred from

storage. The W'd‘ﬂ%@?'&?S%af’ﬂ@reamifﬁﬁﬁrg%' 4l 'aggouécgﬁg‘fﬁg[]ed into two

streans: the dxirigian & kydd, bie iz pomibier ¢l wbtairb@s andy-arcducicarhigily ed stream 52.

The latter str ) isipng paraffins, is sent to the dehydrogenation
A B hgE

unit 44 to ergo hydr ogenati on. Once processed, this is
returned via stream46 to the alkylation unit 42.

Stream 14, the middie stream from the ADU 12, which contains synthelic
olefinic feedstock is sent to linear alkyl benzene processing starting with
unit 16. Unit160 is an oxygenates removal unit operation as illustrated in
Figure 2. Two streams are obtained from the oxygenate removal unit 16:
an oxygenales rich stream 18 seni fo storage, and a stream 24 comprising
mostly paraffins and olefins. This stream is the stream “B” having a boiling
point in the range 100-300°C. The sfream 24 is sent to the alkylation unit
42 where it is alkylated with benzene 48 transferred from storage. The
products from the alkylation unit 42 are separated into two streams: the
linear alkyl benzene product 50 and an unconverted stream §2. The latter
stream 52, comprising paraffins, is sent to the dehydrogenation unit 44 to
undergo catalytic dehydrogenation. Once processed, this is reiurned via

stream 46 to the alkylation unit 42.

The two light liquid hydrocarbon streams, hydrotreated product 17 and
hydroconverted product 71 are blended to form a highly paraffinic single

stream 19.




The two light Iiquid hydrocarbon streans, hydrotreated product 17 and

hydr oconverted product 71 are blended to forma highly paraffinic single
stream 19. WD 2004/ 080926 PCT/|1B2004/ 000653 -20 Process conditions for
hydr otreat{,v@,%@%gwgydr oconversion of streans from a RiS&ahShiddheRrsch
reaction unit can be varied to achieve a w de range of proéljuct
conpositions. The process conditions are usually | aboriously chosen after
extensive experinentation to optim se_ yields, process performance and
catalyst life. Table 2 gives a list 0f%one such set of typical

conditions. Table 2 - Process Conditions for Hydroprocessing of the

Fi scher - Tr ops r I i Range Set of
Condi ti ons Brg% Cegr 8?@@088%3% {rgér%@?%g?eligélgguenr%%@g?ﬁ%g%% 450 250- 350
150- 450 340- 4G0Fiseheedmppe repationginitganp he vatedly adhieype Wde gooeid rat e,

100- 2000 800- IHEHici @OmgLRRnE 00THO R cedtrBoitRioche @k GamigrishdBudiA NA 30 - 80
50 - 70 (note 1) Note ressed as material ,boiling above 370C t hat

1 Exp .
di sappears durdAgfn e p%eeggg PRELESHFIOR, &0 SAUIFUREt VBISStREFEE? t he
i nvention wil Ipefommdnee descatalpg diei MabieLeyivde tdisi of oné blichrsef eftgniee to t he
fol |l owi ng non-| icm'ignisng exanpl e. Exanple This exanple shows a process
according to e € The extraction columm 20 was run at a sol vent

I'mvention.
to feed ratio of 1.25 and a tenperature of 50C. The overall

ol efin/paraffi ﬁa@@‘é%ﬁ%&’es& Cohdifors {83 RNopblETh R tia FischbieTroficRT | N/ paraffin
ratio in the feed was 1:3.7 and 1. 36 post oxygdgenate extraction. The
olefin/paraffin ratio was t her ef or eSE§AFSt ant i al | y preserved.

Hydrotreating Range Hydrocenversion Range
Set of Conditions Broad Preferred Broad Preferred
Temperature, °C 150-450 250-350 150-450 340-400
Pressure, bar-g 10-200 30-80 10-200 30-80
M. rate, 100-2000 800-1600 100-2000 800-1600
m’n/m? feed
Conversion NA NA 30-80 50-70
(nofe 1)

Note T Expressed as material boiling above 370°C ihat disappears during

the process (mass %)

The extraction step of the invention will now be described in more detail
with reference to 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 ratic in the feed was 1:3.7 and 1.36 post oxygenate
extraction. The alefin/paraffin ratio was therefore substantially preserved.




WO 2004/ 080926 PCT/1B2004/ 000653 -21- Extraction colum 20 Stream 14 21 22
26 Comp Flow (kg/hr) Canmp Flow (kg/hr) Conmp Fl ow (kg/hr) Conp Fl ow (kg/hr)
(%D W% (W% WM%"''.. Total 1001 3000 100 3750 100 2530 100 4220 Tot al
Cl0-C13 P/ i 79.7 2.16 81.0 99.1 2507.9 6.20 261.7 Total Oxygenates
7.3 217. 7‘593‘3"6’%?@ 00 0.0144 0.365 5.78 243.7 '.. Li ghtSAHP"Madvies 0. 057
1.7 0.004 0.144 0.0104 0.263 0.00480 0.202'.. 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 '.. Raffinate Stripper colun®!23 Stream 22 25 24 Conp (W% Flow
(kglhr) Conp (W% Flow (kg/hr) Conp (W% Flow (kg/hr) Total 100 2530 100
30 100 2500 Tatal,,Cl0-C13 P/ O 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

Heavi es[SfF#0104 0. 263 0.1B887 0]/ 0267 0. 00808 0.202 Watfer 0. 8073 0]184 1.52
0.456 0§ 00115 O. OI’[‘gu N@hamg&;p;. 84 ovpHo/hBiTor@5 . 4P/ @{Jnﬁ)OO v @O®)| Sol vent
Recover fagotum 27" Strgam 26529 285 Co g L -gs 0'“353%"9@ hi=y—Corg: (Wt % Fl ow
(kg/ hr) isSpRcMcl FHosy ket —Tat 480 4224204,4584 1006461 Tot al
C10° CL3r et 2627 23728 T B0 TiamP bt ipgacnases G 243. 7
O A b T Wl IO M 1 AT D . - R
0. 00279177 Vit €t 74 oatl 4 doiP 0 9B5S wor o aujrengE 2. 3 3472.0
96. 2 3dgdratr I 04 - 6352 o000 517 34433 0843 2131 823 34720

Raffinate Stripper column 23

Stream 22 25 24

Comp {(wi%} Flow {kg/hr) Comp (wt%} Flow (kgfhr) Comp (wi%) Flow (kg/hr}

Total 100 2530 100 30 100 2500

Total C10-C13 PIO 89.1 2507.9 2.63 - 0793 98.97] 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 0.184/ 1.52 0.456 0.00115 (3.0288|

Methanol 0.842] 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 {kg/hr) Cornp (wi%h) Flow {(kg/hr}

Total 100 4220 100 3584 100 836

Total C10-C13 P/O 6.20 261.7| 2.37 85.1 278 175.8

Total Oxygenates 5.78! 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 574 242.4 1.30 48.8 28.3 186.6]

Methano! 82.3 3472.0 96.2 3451.9 1.04] 8.63




CLAIMS 1. A process for procucing |linear atkyl benzene, the process
including the steps of obtaining a hydrocarbon condensate containing

ol efins, paraffins and oxygenates from a I ow tenperature Fischer-Tropsch
reactjon; a) fractionating a desired carbon nunber distribution from the
hydr ocar bon condensate to forma fractionated hydrocarbon condensate
stream which is the product of a Fischer-Tropsch reaction; b) extracting
oxygenates fromthe fracti onated hydrgcarbon condensate streamfrom step
(a) to forma stream containing ol ef¥ns and paraffins which is the product
of a Fischer-Tropsch reaction; c) conbining the stream containing ol efins
and paraffins CLAMSstep (b), which is the product of a Fischer-Tropsch
reaction, with the feed streamfromstep (g) to forma conbines stream d)
al kyl ati ng ol ef| ns in the conbined streamfromstep (c) wth benzene in

t he presence of a sfiReBssdorpraauriag linsar sleaberzenst thepragessatdudingt | on r eact or ;

e) recovering |ineatheatdsybt do %mefifo%éd’&n@ngéfé Bdntefifing Je‘ﬁﬁ&tor t)

recovering unreacte the al kyl ation_rea

dehydr ogenat i ng theguﬁ@ﬁesg;cn[d o%ﬁce rﬂ? P¥ ‘%/"PP(?"W%E' %'GET’OPﬂcha sui tabl e
dehydr ogenat i on cat &#¢®p t o for ma feed stream containing olefins and
paraffins; and h) sending tie feed stream containing olefins and paraffins

the extracti on step b (HETFR B BF5 wFR g rn Bt s subst ant | a Py
preserved. 1 the hydrocarbon condensate fo form a fractionaied
oo ~ hydroCainon condensate stream which is the product of & S T
Fischer-1 ropsch reaction;
b)  extracting oxygenates from the fractionated hydrocarbon
condensale stream from step (8) to form a sfream
containing olefins and paraifins ‘which is the product of a
Fischer-Tropsch reactlon;
¢} combininy the sfream containing oiefing and paraffing
from step (b}, which is the product of a Fischer-Tropsch
reaction, with the feed stream from step {g) fo form a
combinac stream;
d} akylating aigfins in the combined stream from step ()

¥

with benzene in the presence of a suitable -alkylation
catalyst in an alkylation reactor;

&) recoveriny linear alkyl benzene from the alkylation
reactor;

) recovering unreacted parafiins from the alkylation reactor;

2)} 'dehydrog:enaﬁng the unreacted paraffing in the presence
of 2 suitable dehydrogenation catalyst to form a feed
stream centaining olefins and paraffins; and

h)  sending tie feed stream containing dlefing and paraffins
from siep' (g} to step (¢).

2. A process according to claim 1, wherein, in the exiraction step b),
the ratio of olefing to paraffing is substantially preserved.




-23- 3. A process according to claim1 or-2 wherein the | ow tenperature

Fi scher-Tropsch reaction is carried in a slurry bed reactor at a
tenperature of 160C - 280C and in the presence of a cobalt catalyst to
provi de a hydrocarbon condensate containing 60 to 80% by weight paraffins
and 410 to 30% by wei ght olefins. 4. The process according to claim 3,
wherein the Fischer-Tropsch reaction is carried out at a tenperature of
210C - 260C. 5. The: process according to any one of clainms 1 - 4, wherein
the Fischer-Tropsch reaction is cargd.ed out in the presence of a cobalt
catalyst. 6. The process according to any one of clainms 3 - 5, wherein the
hydr ocar bon condensate contains | ess than 25% by wei ght olefins. 7. The
process accordfng t\oPrefess AeFowing 1@ claivhé oe R velei thé & empératutshe  hydr ocar bon

condensat e have a [Fst@iohithObadib® Biridd A 9% 1y i Bf QoeSs accor ding
to claim?7, wherei 'fbrﬁpgﬁtuﬁ;’e g{;lﬂ]g I%th:e ‘Sﬁ‘gr ocar bon condensate have a
linearity of greater 'than _Jo' 9.- i be nieeptaPhg Pealtany one of
claims | - B, wher &3@lyst Reproyisieradfytiionarbomeohdeersdty dontatramgo@inic gondensat e have a

linearity greater pfRaghtBadincldhd 15%@&{;@@&&9} ding to any one of clains
ate s fr

| - 9, wherein the hydrocarbon condens actionated, in step a),
into the Cato C,g range. 11. The process according to claim 10, wherein
t he hydrocarboh cOmdpRsmss ecprdiuet clhis: 81 acdréioniat Bechel-TropdeAp @), into. the

C, o to Os:. range. radin iskdried AR a4 BMESRAGE IHED claim1l, wherein the
fractionated hydrocarbon product conFai Hs%ig to gac?g/oe'by wei ght olefins with
a degree of linearity greater than 92% 13. The process according to any

one of clains ™ - TE progess @pgedifgeto any one of claims 1 — 4, wherein the - .
‘ Fischer-Tropsch reaction is cartied out in the presence of a cobalt .
catalyst, ¥

6. The process according to any one of daims 3 — 5, wherein the
hydrocarbon condensate contains less than 25% by weight olefins.

7. The process according to claims 3 — 6, wherein the alefins in the
hydrocarbon condengate have a linearity of greater than 92%.

8. The process according to ¢laim 7, wherein the olefins in the
hydracarbon condensate have a linearity of greater than 95%.

9, The process according to any one of claims 1 — 8, wherein the
paraffing in the hydrocarbon condensate have a linearity greater
than 92%.

10. The process according to any one of claims 1 — 9, wherein the
hydrocarbon condensate is fractionated, in step a), into the Cato Grg
range.

11.  The process accerding to claim 10, wherein the hydrocarbon
condensate product is fractionated, in stap a), into the Gy to Cys
range.




oxygenates are extracted, in step (b), by distillation, dehydration or
liquid-liquid extraction. 14. The process according to claim13, wherein

t he oxygenates are extracted by liquid- !'quid extraction. 15. The process
according to claim 14, wherein a light solvent is used in the

| i quisd-1iquid extraction. 16. The process according to claim 15, wherein
the light solvent is a mxture of nethanol and water, 17. The process
according to claim 16, wherein the oxygenate extraction process is a
liquid-liquid extraction process that,takes place in an extraction colum
using a mxture of methanol and water as the solvent, wherein an extract
fromthe liquid-liquid extraction is sent to a sol.vent recovery colum
from which a tofs pHSdaeess casapring i tagolaimat franaereir ligs frsiordiel paraffins is
recycled to the extyigedbdore@kidtiia rehy., enhangi the overall recovery
of olefins and par%tg;fegntsh.nmlﬁ%Tﬁﬁgggggygggﬁéﬂ%ég% WPE m 17, wherein a
bottons product fro f Re "SRR (%éry colum is recycled to the
extraction colum. 19. The process according to any one of clains 16 - 18,

wherein the saBvenhehased adad f re than 3% wei ght. 20. The
process accor di ng toﬁ{é;ma;}i m 19,.:@5'\%3%&%‘320% _vent19h‘ﬁ'§er%{" ter content of
from 5% 15% by wei ghto. = 252> o1 3% fhdn 5tp fRishy dipiladiendidaleydagoramry one of cl ai ns
17 - 20, wherein a lifgd¥quidgxieacfonom t he Extraction colum is sent to a
stripper colum from which a hydrocarbon feed stream containing nore than

90% by wei ght 40l efd. d paraffins and | ess than 0.2% by wei ght .
oxygenates exits aﬁ%ﬁﬁg‘?ﬁsﬁ%ﬁo %?%5115’?".“ b whengla the Grwesatesc@er ding to -cl ai m
21, wherein the hy@Heead Boluidded exctisam cont ai ns | ess than 0. 02%:by .wei ght
oxygenates. 23. The process. according to any one of claims 1 - 22, wherein

he i
the, 15, The process according 1o claim 14, wherein & light solvent is used in

the liquid-quid extraction,

16.  The process according to claim 15, wherein the light solvent is a
mixture of methanol and water,

17.  The process accarding to claim 16, wherein the oxygenate
extraction process is @ liguid-liquid extraction process that takes
place in an extraction column using a mixture of methanol and water
as he golvent, wherein an exiract from the liquid-liquid extraction is
sent 1o a solvent  recovery column from which a2 tops product
comprising methanol, olefins and parafiing is recycled to the
axtraction column, ihereby enhancing the overall recovery of olefins
and paraffins.

18.  The process accorcing fo claim 17, wherein a botioms praduct from
the salvent recoven: column is recycled to the extraction column.

18.  The process according to any one of claims 15 — 18, wherein the
solvent has a water content of more than 3% by weight.

20.  The process accorcing to claim 19, wherein the solvent has a water
content of from 5% - 15% by weight.




recovery of olefin and paraffins in the hydrocarbon feed stream over the
extraction step b) Is in excess of 70% 24. The process according to claim
23, wherein theTecovery of olefins and paraffins in the hydrocarbon feed.
streamis in excess of 80% 25, " The procéss according to any one of clains
| - 24, wherein the olefin/paraffin ratic of the fractionated hydrocarbon
condensate streama) is substantially preserved over the extraction step
b). 26. The process according to any one of clains 1 - 25, wherein the
dehydr ogenation reaction at step (9)_25_5 carried out at a conversion rate
of 10% 15% 27, The process according claim26, wherein the fractionated
hydr ocar bon condensate fromstep (b) has an olefin concentration of from
10%to 30% by weight, the feed streamfromstep (g) has an olefin

concentratior gf, 10fgt A [ n e conmbjned .streamat step (c)
has an ol efin concen%rg?%%n%%rd%.,t%%% 8’%2%.@%’%&?‘ » $fieG 2004/ 080926
PCT/ | B2004/ 000653 "#9@atslom thp extrapiigscpluma iseantigaistiear tbmrdmndensat e pr oduct
according to clai wH a hydrdeerhbinidea dtdam 'cdigifing 4Rre HAR do¥agy | onat ed

hydr ocar bon condensgk " claim?27 or claim28 ‘wherein the
ol efins have a degﬁﬁgg%ﬁﬁ\%ggigq ;5%3}5 S?J;éffs@rt%arf W#Q@’%‘”"@B‘. A linear alkyl
benzene product f orPRAERIPLINE Fe2 itRys Bredush of ol efins  which are the

product a Fischer-Tropsch reaction, wherein the linear alkyl benzene

product has a degreg i I of .greater .t han 92% 31. The |inear alkyl
benzene product ,accoﬁghcl%gsggaﬁhﬁltr%%‘?2\ihhgf'reéei"}1{9‘f’ﬁ§£’°‘fa\“ﬁ’8§?edal kyl benzene
product has a dégr S&EContaie s than B02% Prweight oxlganatesd39% * 32. A priocess of
producitng t hreerhydrocarbon fractions froma _hydrocarbos;condensate and a

wax fraction pppdughe %Fo@@s@@c&&f&iﬁﬂ ® any one of claims 1 - 22, whereln the
recovery of olefing and paraffing in the hydrocarbon feed stream
aver the extraction step b) is in excess of 70%.

24.  The process according to claim 23, wherein the recovery of olefins
and paraffins in the hydracarbon feed stream is in excess of 80%.

25.  The process according to any one of claims 1 -~ 24, wherein the
olefinfparaffin ratic of the fractionated hydrocarbon condensate
stream a) is substantially preserved over the extraction step b).

26.  The process according to any one of claims 1 - 25, wherein the
dehydrogenation reaction at step (g) Is carfed out at a conversion
rate of 10%-15%.

27.  The process according claim 28, wherein the fractionated
hydrocarbon condensate from step (b) has an olefin concentration
of from 10% to 30% by weight, the feed stream from step (g) has an
olefin concentratior of 10% to 15% by weight, and the combined
stream at step (¢) has an alefin concentration of 12.5% to 22.5% by
weight.




Fi scher-Tropsch reaction, the hydrocarbon fractions being: 1) hydrocarbon
fraction A, being a hydrocarbon fraction having a boiling point above 25C
and an end point bel ow 200C, 2) hydrocarbon fraction B including at |east a

m xture of_ al al kenes and oxygenates having a Ty Lht in the
range 100-“@6@ ;ﬁ)gzr?d 3) hydrocarbon fraction C havi ngpgwﬁ%ﬁﬂ@{“ﬁ%%oi nt in

the range 120- 400C, the nethod including the steps of: a) fractionating
t he hydrocarbon condensate stream or a derivative thereof, fromthe

Fi scher-Tropsch reaction to format lF¥ast three fractionated hydrocarbon
condensate streans wherein at |east one of the three fractionated

hydr ocar bon copdensate stre i drocarbon fraction B:. b

hydr oconverti ﬁ% at ﬁﬁ%gf C%Tr}?ge%&dsr??ag%% S?P%S?S(???ug{‘%g?tr 8%?%“"2% )t%l derivative

t hereof, fromthe FElastReinife Cpichrameti on; WO 2004/ 080926

PCT/ 1B20041000653 -27 c) fractionating the hydroconverted wax product from
step b) to obtain_at |east a hydroconverted |ight hydrocarbon stream and a
hydr oconver t ed?%i sthe fraetienated dudrpcatben epndersrieccrYeing c@Rd2hgr t he products

of steps a) and c) clafn oBtvelein My biefal RRB of deafdel ANBedrit@BEgleaternd €)
transferring the h%%ﬁg}r bon condensate streamfromstep (a) that
constitutes hydroc ¥raction Bto a process for the production of

| i near al kyl benzenes. 33. The process according to claim 32, including the

addi ti onal st of [ i n cti romstep b)
to a process e“ﬁt)r N@G%P%'I ué%'?zgﬁe g?o\éﬁ%%?f%\%grgr\égﬁ% 5@[‘%\5 3xéf6)ge®rég oil's by
ei ther solvent exwhighereghe orodyetteaiischerelmprast espalidnayhesin thelineapr ocess

according to clai mgd.pewhk prdbubihfs Bl RgRebr HeaRs 6hyreater than 92%.

31.  The linear alkyl benzene product according 1o claim 30, wherein the
linear alkyl benzene product has a degree of linearity of greater than
93%.

32, A process of producing three hydrocarbon fractions from a
hydrocarbon condensate and a wax fraction product stream from a
Fischer-Tropsch reaction, the hydrocarbon fractions being:

1) hydrocarbon fraction A, being a hydrocarbon fraction having a
boiling point above 25°C and an end peint below 200°C;

2) hydrocarbon fraction B including at least a mixture of alkanes,
alkenes and oxygenates having a boiling point in the range 100-
300°C; and

3} hydrocarbon fraction C having a boiling peint in the range 120~
400°C;

the method including the steps of:

a) fractionating the hydrocarbon condensate stream, or a derivative
thereof, from the Fischer-Tropsch reaction o form at least three
fractionated hydrocarbon condensate streams wherein at least
one of the three fractionated hydrocarbon condensate streams is
hydrocarbon fraction B;

b) hydroconverting at least the wax fraction product stream, or a
derivative thereof, from the FischerTropsch reaction;




reaction is a | ow tenperature Fischer-Tropsch reaction carried out in a
slurry bed reactor at a tenperature of 160C - 280C, and in the presence of
a cobalt catal yst to provide a hydrocarbon condensate containing 60 to 80%

by wei ght and 10 to 30% by wei ght ol efins cess
accordi ng y?&‘&&b /gdﬂgn%%m wherein the | ow tenperature Flpégl BJ&@P@%@C

reaction is carried out in a slurry. bed reactor at a tenperature of 210C -
260C. 36. The process according to claim35, wherein the hydrocarbon
condensate contains | ess than 25% by-ddei ght ol efins. 37. The process
according to claim 32, wherein the hydrocar bon fraction A has a boiling

poi nt above 30C and e pRI Nt eI oW C according to
claim 37, wherei ng}t ﬁ@ntf%? ngcg'r b@’n rochveg{al on Ap%g%ct-gﬁb%e%{% anot bel ow 160C.
WO 2004/ 080926 PCT/ loB200at/ 1§30 68 38droc@8elsH Ilghhequced@gsstr&emmfdlmg to claim

32, wherein the hydrw&gg&%}.mdf&ﬁ%tbg{ge%hgn% a boiling point in the range of
145C - 255C. 40. The process according to claim39, wherein the tenperature

range is 165C - gh@eieciysly biending: Biecysdustscel #Ppiyat 8" it OBRID wher ei n t he
hydrocarbon fracti Qwrﬁcdﬁwﬁ:ﬁcﬁmsmg}gj@@nﬂt in the range 150C - 380C. 111

42. The process acg rd| n ere n the oc fraction C
has a boiling poi fit raﬂsferﬂgg ﬁﬁ%&@rOB?rbﬂ%‘@ggensg (Eeary 4o Xﬁaﬁpéj% E‘@gss accor di ng
to claim32, wherei rotdtivitgsydesasrbbofradtioe B tpredeets ton tref prbdutdar  al kyl

benzenes referred t rises alkylation and catalytic
dehydr ogenati on. %f%aﬁ%ﬁgggisﬁ%ggor ding to claim32, wherein an

addi ti onal hydrocarbon fraction is produced, the addltlonal hydr ocar bon
33.  The process according to claim 32, including the additional step of

fransferring a waxy unconverted fraction from step b) to a process
for the production of high viscosity index base oils by either solvent
extraction or catalytic isodewaxing.

34, The process according fo claim 32, wherein the Fischer-Tropsch
reaction is a low temperature Fischer-Tropsch reaction carried out
in a slurry bed reactor at a temperature of 160°C - 280°C, and in the
presence of a cobalt catalyst to provide a hydrocarbon condensate
containing 80 fo 80% by weight paraffins and 10 to 30% by weight

olefins.

35.  The process according to claim 34, wherein the low temperature
Fischer-Tropsch reaction is carried out in a slurry bed reactor at a
temperature of 210°C - 260°C.

36. The process according fo claim 35, wherein the hydrocarbon

condensate contains less than 25% by weight olefins.

37. The process according to claim 32, wherein the hydrocarbon
fraction A has a boiling point above 30°C and an end point below
175°C.

38. The process according fo claim 37, wherein the hydrocarbon
fraction A has an end point below 160°C.




fraction being hydrocarbon fraction D including nmediumto high

nol ecul ar

mass al kanes, both linear and isonerised, having a boiling point above
380C. 45. The process according to claim44, wherein the hydrocarbon

fraction Rﬁﬁ?&%@ﬁﬁﬁ medi um to hi gh nol ecul ar nass pargE%ﬁﬁﬁmeM%pg a
abo

boi ling poin

39.

40.

41.

42,

43.

44,

45,

ve 400C.
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The process according to claim 32, wherein the hydrocarbon
fraction B has a boiling paint in the range of 145°C - 255°C.

The process according to claim 39, wherein the temperature range
is 165°C - 240°C.

The process according to claim 32, wherein the hydrocarbon
fraction C has a boiling point in the range 150°C - 380°C.

The process according to claim 41, wherein the hydrocarbon
fraction C has a boiling peint in the range of 160°C - 360°C.

The process according fo claim 32, wherein the process for the
production of linear alkyl benzenes referred to in step e) comprises
alkylation and cataiytic dehydrogenation.

The process according to claim 32, wherein an additional
hydrocarbon fraction is produced, the additional hydrocarbon
fraction being hydrocarbon fraction D including medium io high
molecular mass alkanes, both linear and isomerised, having a

boiling point above 380°C.

The process according to claim 44, wherein the hydrocarbon
fraction D includes medium to high molecular mass paraffins having
a boiling point above 400°C.




