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al kyl benzene. Al kyl benzene derivatives, such as
al kyl benzene sul phonates, are anong others, used in
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Hydrogenation also converts olefin species in the stream fo paraffins.
Following the hydrogenation reaction, the resulting paraffin stream is
fractionated into various carbon ranges. A carbon range, for example the
Cs to Cys 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 to
form an olefin/paraffin mixture. This mixture is then fed to an alkylation
plant and reacted with benzene to form linear alkyl benzene (LAB). The
linear 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
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Fi scher-Tropsch process as a feedstock in the
production of al kyl benzene. This reference is
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Fi scher-Tropsch processes wherein the Fischer-Tropsch
reaction is carried out tenperatures of approximtely
300C and hi gher, for the pr%ductlon of the
hydr ocar bon condensate. The“high tenperature
Fi scher-Tropsch processes were found to be suitable
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Tropsch feed is mixed with chlorinated paraffin and charged to the
alkylation reactor, the unreacted paraffin 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 to represent Fischer-Tropsch feedstock.
This reference does not acknowledge the difficulties faced when attempting
to use Fischer-Tropsch feedstock for alkylation and is not considered to be

relevant to the present invention.



-3- SUWWARY OF THE | NVENTI ON According to a first
aspect of the invention there is provided a process
wo ooo4/0p9ecluci ng | i near al kyl benzene, the procBGHIB2004/000653
including the steps of obtaining a hydrocarbon
condensate containing olefins, paraffins and
oxygenates froma |ow tenpeyature Fischer-Tropsch
reaction; a) fractionating a desired carbon nunber
di stribution fromthe hydrocarbon condensate to form
a SUMMARYaDEdHE/MIVENTIONN condensate stream b)
extracting oxygenates fromthe fracti onated
hydrocarbon condensate streamfromstep (a) to forma
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a aMa “QegPEVﬁg ifINESE QPFST "SPRIONan al kyl at i on
reactor; e) recovering linear alkyl benzenedfron1¥P¢
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reactor at aolefinpendparafingf 160C - 280C, preferably
210C - 260C, ang. in the presence of a _cobalt catalyst
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80% by wei ghEtepa(@fWﬂm&h@ﬁéeé-%trfe@nﬁ%b)étepv\@])gf&i form a
typically less @.han 5% by wei ght, olefins. The

ol efins so pFPYUBPEYST$RWi ng a linearity of greater
than 928y pr ekeetiy ylelientee doRdhedSHpearfom step (c) with

benzene in the presence of a suitable alkylation catalyst in

an alkylation reactor;

e) recovering linear alkyl benzene from the alkylation reactor:
f) recavering unreacted paraffins from the alkylation reactor;
a) dehydrogenating the unreacted paraffins in the presence of

a suitable dehydrogenation catalyst to form a feed stream
containing olefins and paraffins; and

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

Typically, the low temperature Fischer-Tropsch reaction is carried 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. The olefins so produced
having a linearity of greater than 92%, preferably greater than 95%. The
paraffins so produced have a linearity greater than 92%.



paraffins so produced have a linearity greater than
92% WD 2004/ 080926 PCT/|1B2004/ 000653 -4 The
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distillation, dehydration or liquid-liquid
extraction, preferably liquid-liquid extraction. A
i ght solvent such as a niapure of nmethanol and water
is preferably used in the liquid- |iquid extraction.
In a preferred enbodi nent of the invention the
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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% to
22.5% by weight.
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also relates to a fractionated hydrocarbon condensate
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reaction in the C10 to Cl13 range containing 10 to

30% typically less than 25% by weight olefins with

a high degree of linearity qof greater than 92%

typically greater than 95% “for use in a process for

manuf acturing |inear alkyl benzene The invention al so
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stream
3) hydrocarbon fraction C having a bailing point in the range 120-400°C;

the method including the steps of:

i) fractionating the hydrocarbon condensate stream, 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 s
hydrocarbon fraction B;

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

c) 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 products of steps a) and c) to obtain
hydrocarbon fractions A and C; and



d) selectively blending the products of steps a) and
c) to obtain hydrocarbon fractions A and C, and WO
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hydr ocar bon condensate stream from step (a) that
constitutes hydrocarbon fraction B to a process for
the production of |inear alkyl benzenes. The process
may i nclude the additional step of transferring a waxy
unconverted fraction fromstep b) to a process for the
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either solyent extraction or catalytic | sodewaxi 6.
Typi calPYstitpias h OERDPY Tiaslic B te eaoress fosthe production of
t enper dihegirealityl BeNhes. Tr opsch reaction carried out in a
slurry bed reactor at a tenperature of 160C - 280C
preferably 210C - 260C, and in the presence of a
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medi um to hi gh nol ecul ar mass al kanes, both Iinear and
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38Dfpicap/ the hy@ioeabby fradRmVe n499 Goiilod:
PCT/J Sy 009§§3 ra %omwp&ﬂpé‘éo%%%gé and an
enda point below 175°C, preferably below 160°C.

Typically, the hydrocarbon fraction B has a boiling point in the range is 145
- 2585°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 typically160 -360°C.

The process for the production of linear alkyl benzenes referred to in step
e) 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.



-7 BRI EF DESCRI PTION OF THE DRAW NGS Figure 1 is a
bl ock di agram of a process according to a first aspect
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Figure 2 is a block diagram of a process for
extracting oxygenates froma hydrocarbon product,
used in the process of Flgurﬁ 1; and Figure 3 is a
bl ock di agram of an integrated process according to a
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Fi scher-Tropsch reaction, a lighter hydrocarbon
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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
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.



products) is the major product of the reaction and
may, for exanple, be hydrocracked to produce diesel
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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 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
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conbi ned feed provided to the al kyl ati on reaction due

to the higher olefin concentration in the hydrocarbon
condensate fromthe | ow tenperature Fi scher-Tropsch
reaction. This results in a reduction in the recycle
flow rate which |l eads to savings in both capital
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the olefin/paraffin ratio. WO 2004/ 080926

P MestiRedoakmysa the. glgfin 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 distillation, extractive
distillation, vapour phase dehydration, liquid phase dehydration and liquid-
liquid extraction. It has been found that distillation, liquid-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.



Wth reference to Figure 2, a liquid-liquid extraction
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w@odounsn920. The fracti onated condensati on pr odeCT/IB2064/@0653
| ow tenperature Fischer-Tropsch reaction descri bed
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near, the bottom thereof angdpa solvent stream 21
conprising a mxture of nethanol and water is fed into
the extraction colum 20 at or near the top thereof.
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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 then recycled to the
solvent stream 21. The oxygenate content of the tops product 29 can be as
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Thioktoappearey to be due to an extractive distillation
effect. Additionally, it is possible to distil thﬁ
paraffins and ol efins overhead, while recovering the
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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 to
be due to an extractive distillation effect. Additionally, 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.



ol efin recovery of the process, because the overheads
29 of the solvent recovery colum 27 is recircul ated
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a counter solvent in the extraction colum. In this
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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 methanol (95% 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 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 hydrocarbon feed. The recovery of olefins and paraffins is 89.9%,



feed ratio of 1.25, the purified hydrocarbon feed
stream 24 contains 22% by weight ol efins, 76% by
waowdoghsoopar af fi ns and | ess than 0.02% by wei gheCT/1B2004/000653

oxygenates. Not only does the extraction process

extract oxygenates with good recovery of ol efins and
paraffins, it also preservegsthe olefin content of

t he hydrocarbon feed. The recovery of olefins and -
paraffins is 89.9% W) 2004/080926 PCT/IB2004/ 000653

- 13Nhﬂbith@ ratioeof rofdfing t®parafief iinsyd:

tp‘gg%%}b%hl ser vgd Thé urs?afrilﬁglgﬁﬁr%bﬂ%%% Z]ﬂ?dp prified
feed stream %Sﬁtsz eﬁﬂhﬁ"@?'@ﬂgngleﬂﬁs ﬂﬁapﬂﬁ'@uﬂad‘{ lupeius drf he
i n prodeuction otlimetr alkyl @kntdneear al kyl benzene. The

oxygenat e renoval process may include a final
adsorption step to further reduce the oxygenate

corfhenexygenate semiobalnprocéskSHay TRGudd bt e ad'égr%y&? %{ep{ i,

0X te | ev will depend on t herewrema
chgtgg]lr%? rgﬁ"f?ﬁ ﬁp 8’f¥9§9%t?e?ﬁnéﬁm tﬁdysaoéwa@somar/oas:rr@ 0ehar

% reeiiced ruxmprtam: kevebwhii @8Hefd 1o c

| NYROLY; stg U| d . hydr ocarnbg% %g‘&%}g?ﬁtgﬁ ? ﬁ%r%h??]eé‘

oxyggna e &8&% OW@Slosoo@l]pfpl ied to an

aIkylatlon/dehydrogenatlon circuit indicated generally

4 The al kyl ati on/ dehydr ogenati on

CI l;ﬁ;ﬁl fdy(r)g%‘(:ﬁc o(gg Urgn 1al 3GpPEdINGD Hor dhctioyentian thed liguid

dehyddecagiesrapriodact PAGReS t 4>4< é}q‘at@ ion i
h@ élk lg@tr (?r}yaeact or 42" 9 E&%%@Fr pg eﬁsc% 7 UbRlEd

rie %/ Ud5 'qugﬁgat"’@o‘iﬁrﬁﬁ'ﬁmqaéﬁﬁj genemallydty tbelcrimmal

AI‘@ 3Thefl
o e Vige SR sheli 40 Belles SR KTy ety

vl a? ?%nn&ethggﬁ)ﬁgn%'ﬁy Pocesedd TYBI @'51"&’80“ réaetion in the
alaiwlatonomacma@mzl @8y e Eatied et b?“&sngéf 3 oﬁ{gﬂgﬁ{gl&se

00C d
gty | 4700, 200 GobLresly S0t oIt SGUkACE

m’*"”“é ‘”5*‘? ey cese BELUQR CHePies <oy Sh, At
| ﬁa@@aﬁ g[‘ R%‘ﬂ‘é\ojogyl'% U%%d alTyBicallys $hen Blisylatioru sactierant éatBed
diost & 4 wehigrat(d FQrdetgiRa 008 A bibssd] iﬁ%‘?ﬁiﬁ@g@%

Zrmthe al kyl ation step,
c Sdi 'H IF pr@ﬁ%"'%of R §prqmrlatary)ﬁE&'ALWmtal}®‘ﬂ(betef@mth R

S ereriatLinRar afkylbBR-4HRr BARLED LREYRN I dP L duc tSN
?réﬁ%é‘},aﬁsﬁfsr?tgrnna%gnatl)he %;riodluc oS are ag? é) jew No.

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 products occur as soon as the products are formed. In this manner the

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

After alkylation, the unreacted benzene is recovered and recycled to the
alkylation reactor 42. The paraffins are recovered and are sent to the
dehydrogenation process 44. In the present case, the UOP Pacol™

dehydrogenation technology is used for activation of the paraffins.
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a olefin concentration of 12% and a paraffin
CPie SQﬁaﬁ%iﬁ‘leQ\;inéﬁ%’ allIﬁae[ion reactor 42 are of a high quality and
comprise  substantially 100% paraffin. In this example, the
dehydrogenation process 44 Operates at a paraffin conversion of 12% and
the paraffin olefin mixture 46A leaving the dehydrogenerator 44 has 1 olefin
concentration of 12% and a paraffin concentration of 889, 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-paraffin 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 linear alkyl benzene. Thus, an increased olefin concentration
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i near al kyl benzene produced, than for the
conventional process. In a final step of the process,
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g1 20043
lﬁ%g n 92% is introduced to a sulphonatlon reactor 52 and
sulphonated usmg sulphuric acid, oleum or sulphur trioxide. Sulphur
trioxide is currently the preferred process. The sulphonation process results

in the formation of a highly linear 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 linear 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



sul phonat ed usi ng sul phuric acid, oleumor sul phur
trioxide. Sulphur trioxide is currently the preferred
w@e@aems®26 The sul phonati on process results i NnPCTEB2004/000653
formation of a highly linear alkylbenzene sul phonates.
The process of the invention makes use of a feed
streamin the formof a con ensate product froma | ow
tenperature Fischer-Tropsch ‘eaction which woul d not
be expected feasible for producing |inear alkyl
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fractio bon "frac ng 1°’n
r angerang®d 24008)° Cm)re typically in the 150-380C and
preferably in the

The invention also extends to producing or working-up a fourth
hydrocarbon fraction D including medium to 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 alkyl
benzenes, namely hydrocarbon fraction B; Although fraction B contains
oxygenates and has a low olefin content, it can surprisingly be utilized
economically/advantageously to produce linear alkyl benzene using the
process described in the first aspect of this invention,



range 240-360C. The invention al so extends to
produci ng or working-up a fourth hydrocarbon fraction
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both Iinear and isonmerised, boiling typically above
380C and preferably above 400C. The process as
proposed includes the follao 11? ng advant ageous features:
1) production of an inproved synthetic feedstock for
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product stream an rocar nsat e:
" Wrceiummtrehnwd ahydrecatben C@"tdlee%a‘ietypl cally has a true
boiling point (TBP) in the range of about 70C to
7OOC nore typically in the range 80C to 650C.
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 typically has a true boiling point (TBP) in
the range -70°C to 350°C, more typically -10°C to 340°C, usually -70°C
to 350°C.

A typical composition of the wax fraction product stream and the

hydrocarbon condensate is set out in Table 1.



The hydrocarbon condensate typically has a true

boiling point (TBP) in the range -70C to 350C, nore
WO 2itosiokey - 10C to 340C, usually -70C to 350QPCHIB2004/000653

typi cal conposition of the wax fraction product stream

and the hydrocarbon condensate is set out in Table 1.

WO 2004/ 080926 PCT/ | B2004/00Q653 -18 Table I (vol %

distilled) Distillation Raﬁg Hydr ocar bon Wax Fraction

Product Condensate Stream ~ C5-160C 44 3 ~ 160-270C

43 4 N 270-370C 13 25 " B4PO00C NR 40 # >500C NR

28 Total 100 100 The hydrocarbon condensate includes

ol efins and paraffins igoffedfled0 C26 range, and

oxygenat es i ncl udi ng alcohols esters al dehydes,

ketones, acetals and acids. An enbodi ment of this

second aspect of the invention |s exenpllfled Wi th

reference to Figur e[ Dafok ' e ES ey

hy dr Distiifation Rangeluct s Caré separated fron1the

conver si on of syntheS|sC§H§ew%ﬁﬁgas) by t h&tream
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unit 8. The hydrocarbon condensate ils collected as

striegn nﬂ§025ﬁd3transferred t43 an atmospher|c4
diSlJII i nmit—(ADY—12—mhere i t—js separsgted—imnt
thre 2??Fzgé§ Thel lighter stream 13 is transferred
to a!hﬁ@ﬁdﬂﬁ%hter 60 for ¢6hp|ete sat urati o0 and
rewUVa.5 0 heteroators—(This—step—t+s—opt+ong—te—t4
process ? e resulfting product is collected as stream

17.| A mddleal stream 14 is1goll ected as a sqgond
pr odee&—anel#ansi—gw—ed—t—o—a—l—l—near—' al-kyl—benzene |

processing operation. A heavier hydrocarbon fraction
I s ThelHyaedcBfbon condensate includes olefins and paraffins in the C, to Cag

range, and oxygenates including alcohols, esters, aldehydes, ketones,

D

acetals 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 the
rischer-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 stream9 fromthe
wWO-2@algn926lr opsch reaction unit 8, is blended RET/IB2004/000653

stream 15 fromthe ADU 12 before being sent as stream

7 WO 2004/ 080926 PCT/|1B2004/ 000653 -19 to the

hydroconversion unit 70. He at |l east three products

are produced as well as a m xture of |ight

hydr ocar bons (not shown in the figure) as a gaseous
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an &Qg Y unit operation as illustrated in
gr @ﬁil’&s %t rea\?ﬁs are obtained fromthe oxygenate
rermval unit 16: an oxygenates rich stream 18 sent to
storage, and a stream 24 conprising nostly paraffins
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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 52. The latter
stream 52, comprising paraffins, is sent to the dehydrogenation unit 44 to
undergo catalytic dehydrogenation. Once processed, this is returned 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 |iquid hydrocarbon streans, hydrotreated
product 17 and hydroconverted product 71 are bl ended

wa o00f0802@ hi ghly paraffinic single stream 19pCTAB2004/000653

2004/ 080926 PCT/1B2004/ 000653 -20 Process conditions
for hydrotreating and hydroconversion of streans from
a Fi scher-Tropsch reaction it can be varied to

achi eve a wide range of product conpositions. The
process conditions are usually |aboriously chosen
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370Cahidat- Rriosegspeenditicta forritydrofrecgssing of the( fischer-Jgopshle
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Conversion NA NA 30-80 50-70
(note 1)

Note 1 Expressed as material boiling above 370°C that 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 ratio in the feed was 1:3.7 and 1.36 post oxygenate
extraction. The olefin/paraffin ratio was therefore substantially preserved.
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colum 20 Stream 14 21 22 26 Conp Flow (kg/ hr) Conp
wo-kawogdegs hr) Conp Fl ow (kg/ hr) Conp Fl ow (kg/Pe)/1B2004/000653

(W% (WM (W% (w9 Total

2530 100 4220 Tot al

99.1 2507.9 6.20 261.7 Tot
0. 000 0.000 0.0144 0. 365 5.

-21-

Extracti on

100 3000 100 3750 100

Cl10-C13 P/0 92.7 2779.7 2.16 81.0

Oxygenates 7.3 217.7
243.7 Lights and

Heavies 0.057 1.7 0.004 0.144 0.0104 0.263 0.00480

Extractibh &fddn 20Vt er

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
Stream 82, 3 3472.0 'Raffinate St#li pper |col um¥23 Stfeam 2% 25

24 Congrobwt vgoRraw LRy hrijorConpRsL 79 “PY Ganikey hr )Flow (i
EEE TN A .}’98" T N 3‘3"‘5?‘?5 6"“"7 4220
TR CBYES | 1ot 2 ofiahnat e2 B 018000, 265 0 _00T6R 0. 38049127
Total Oxygenalps o | 2543 |i§ﬁ7f L 0P 190 0 00Tl 0 O3Bk o B8Rz 2487
Lonts 29§ ¥R |0 0B&s 0 ot \iPhr o073 %01%Rga D QOHEE 0202
Water 9 00115 0. 8988 98*hanolfo. 842581, I8, 4 9% 7 05Gho 2424
Methangh 000 |Sol #8Ht RECWery °thl uRtt>d7 SPFBam 2631pg 2823 34720

Rafﬂnatf \At){n%er(c\éqm%@ 23

(kg/ hr)

Tot al

Flow (kg/ hr) Comp (wt9% Flow (kg/hr) Conp
100 4220 100 3584 100 636

Stream 10t al

[10-C13 PO 6.20 2

6l.7 2.3 85.1 2

.06 175. 8

T_ot §1| G@’oyﬁam/at e$|mb(kglm$) Z bzsmp((wuol UUadmkgm:)Ub éinp‘bdt%p AF%\K/(kQ/hr)
Total LI gnt sTamnd Heaoo es 0. 800 Amg 000 /430 0. 2681900279355
2.A AN 4 o < a¥al 0o
Total GlO.CR Pl | Véatet 9911 s 25567, 30768 430.“?93 0U. U 9997 2499.4
o | Q9D n o). hwie) fa aV¥ad N A1 1 NA Iad n \AD
Total o&é@ﬁalée”" OZ.gp1MA[TT<- Y o8 £ OTohdtes] L- ‘G.doode1PY Y™D.0145 0.363
/ NO26 DT L PI2.NNONAL MNONEED
Lights afd Agavles” 1> V=" g.oroa T 2=V 0.2630 © ~ 10,0887 0.0267 0.00808 0.202
Water 0.0073 0.184 1.52 0.456 0.00115 0.0288
Methanol 0.842 21.31 95.4 28.7 0.000 0.000
Solvent Recovery column 27
Stream 26 29 28
Comp (wt%) Flow (kg/hr) Comp (wi%) Flow (kg/hr) Comp (wt%) Flow (kg/hr)
Total 100 4220 100 3584 100 636
Total C10-C13 P/O 6.20 261.7 2.37 85.1 27.6 175.8
Total Oxygenates 5.78 243.7] 0.00140 0.0503 42.0 267.0
Lights and Heavies 0.00480 0.202] 0.00747 0.268 0.00279 0.0177
Water 5.74 242 .4 1.30 46.8 29.3 186.6
Methanol 82.3 3472.0 96.2] 3451.9 1.04 6.63




-22- CLAIMS 1. A process for producing |inear alkyl
benzene, the process including the steps of obtaining
w@20wdswear bon condensat e contai ni ng ol efi ns, PCT/IB2004/000653

paraffins and oxygenates froma | ow tenperature

Fi scher-Tropsch reaction; a) fractionating a desired
carbon nunber distribution fsom the hydrocarbon
condensate to forma fracti 6nated hydrocarbon
condensate stream b) extracting oxygenates fromthe
fraqtAipigat ed hydrocarbon condensate stream from step
(ay"tTo forma stream containing olefins and
paraffins; c) conbining the stream containing ol efins
ang par j i ' f I &
rap (o) PiCes,tof BORERR Inh ) Behithes Rl hroesanding
ol ef i ns thestens ot epfBiNMSR Bydrecaipan epndenagie ceptainig elefins,
benzene dafbfﬁﬁgea.&f %ﬁqfdéﬁgteeffro% 2UblvaBhBefting! BdrR Tropsch
catal yst 1 n an al kylation reactor; e) recovering

| i near deagfionbenzene fromthe al kylation reactor; f)
recovering unreacted paraffins fromthe al kyl ati on
reactor; g) dehydrogenating the unreacted paraffins
in the pre&éncéacignaiing @ degiied ershg MogwdeAdissipution from
catal yst to forgm a,fRedrmoh! [BAGRMIR abNkdth o &fddisnasd
paraffins; and h) sending the feed stream contail ning
ol efi ns and pah¥§raon cerdanselestregnito step (c). 2. A
process acggr d!eswiétmgcdxg%én 3688 ot hydrocarbon
tenperature” Fischer-Tropsch reaction 1s carried Iin a
slurry bed reacpoferngateg streampipmt siep ) 1@0form agsigam

and in the pr e%SHt%%ir@olé‘ﬁn%%ﬂ!E raffdt al yst to provide ‘a

hydr ocar bon _condensat’e containing 60 to 80% by weight
par af fi ns &d TOMPHIBOYRhpire@m geantainiagi elsfins and paraffins

from step (b) with the feed stream from step (g) to form a
combined stream;

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

e) recovering linear alkyl benzene from the alkylation
reactor;

T) recovering unreacted paraffins from the alkylation reactor;

g) dehydrogenating the unreacted paraffins in the presence
of a suitable dehydrogenation catalyst to form a feed
stream containing olefins and paraffins; and

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

2. A process according to claim 1 wherein the low temperature
Fischer-Tropsch reaction is carried 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 60 to 80%
by weight paraffins and 10 to 30% by weight olefins.
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according to claim2, wherein the Fischer-Tropsch
WO e@ae8wme6 i S carried out at a tenperature of 2BOZIB2004/000653

260C. 4. The process according to any one of clains 1
- 3, wherein the Fischer-Tropsch reaction is carried
out in the presence of a cobalt catalyst. 5. The

process according to any oné of clains 2 - 4, wherein
the hydrocarbon condensate contains |ess than 25% by

weight ofiRf pRzess %chrBFﬁg%OE@ﬁ 226ar&th "Bet BsHAimEhseh
- 5 wherein the olefins in the hydrocarbon

condensdeectivajecaried aetat; atgmeerag @9f 210°Cra608004 7.
The process according to claim®6, wherein the ol efins
in the _hydrocarbon condensate have a |inearity of

gr ¢ht er 'Ehﬁ‘aﬁfo%% ageording tprastyeane QE SIS - tH vmeyelortbe

of clai rﬁs&aer—T?ops%‘%a‘étIBn 'ishgarn@@'bﬂf il A8 Jrosdnidg of a %obalt
hydr ocar bon condensate have a linearity greater

92% 9. CPAYSbr ocess according to any one of clains 1 -
8, wherein the hydrocarbon condensate is
fractionated, in step a), into the C8 to C16 range.
10.5-The Peob@sessmgeenrdinadotasycong of glaimmer eidn whesein the

hydr ocar b
o ep ) Iep g e PP QbR ol

according to claim10, wherein the fractionated
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olefins with a egree I nearit reater t

VO 2oo4/wsm2@0p@ndgmmaay9@dmang/zﬁg@aterth@ 9%cess
according to any one of clainms 1 - 11, wherein the
oxygenates are extracted, in step (b),

di st | | dteoRrocgeh aFeaidingn terclaimi gw\"dlerﬁ?"@wﬁhé olefins in the

ext ract igfrocabon HARIHBEERN e SRR B gFetd 1R D503
wherei n the oxygenates are
8. The process according to any one of claims 1 — 7, wherein the

paraffins in the hydrocarbon condensate have a linearity greater
than 92%.

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

range.

10.  The process according to claim 9, wherein the hydrocarbon
condensate product is fractionated, in step a), into the Cy; to Cys
range.

11. 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%.



extracted by liquid-liquid extraction. 14. The process

according to claim 13, wherein a light solvent is used
WO 004080924 1 qui d-1 i quid extraction. 15. The pr oR€EEB2004/000653

according to claim14, wherein the light solvent is a

m xture of nethanol and water. 16. The process

according to claim 15, whergiyn the oxygenate

extraction process is a li qU| d-1iquid extraction

process that takes place in an extraction colum

usiig a mex[srae@ssoécd@saimwbnf%ﬂeV@tﬁ.msa1s ~the MR Nke
wherein an extract fromthe d-11iquid extracti on

i s sentOXt/Qﬁr@t%So‘F@eQi‘ttraP"é@oWeﬁt@P o M'Sﬁl%ﬁﬂ»\/\ﬂ’ﬁfb’ﬁraéion or

tops prguglique@xeaitinng net hanol, ol efins and
paraffins is recycled to the extraction col um,

t hereby enhancing the overall recovery of oleflns and

par@f fi Aghe Hrzces-ghﬁcdifrcﬂﬁgsté IR O{ Zj'WIQerEiﬁ ﬁlleabiygéﬁates are
wherein a bottoms product from the 'sol vent covery

col umm iextragied by biguigd-Havid exigaatioact i on col utm. 18. The
process according to any one of clains 15 - 17,
wherein _the solvent has a water content of nore than
3%y wdihgrocess acqayeing teelaissy 13,cearein @dighbsayext i usgd in

wher ei ntﬁ@ﬁ%u‘;,d:h%g@gxt%ﬁo@ water content of from 5% -
15% by wei ght 0. The process according to any one of

clains 16 - 19, wherein a raffinate fromthe

ext1r5act Ime Jﬁe&égyﬂadcérmg% EQind 13! hBRS 10l rgfvte Ms a

whi ch rocar bon feed stream contai ni ng

90% by Wtzrﬁ)QIm@bmaP@wr%zoom 000653 -25 wei ght

ol efins and paraffins and |l ess than 0.2% by wei ght
oxygenates exits as a bottons product. 21. The process
ac é%r di Adet §7eesEF necRordingh dieeickir hd5hyheseiar Bisn Gernate

stream eRRARRSpbESS fshénlqgldQ%%?dbéfxt%h%K‘ Cpr@déég qRA! %gﬁs

22. The process according to any one o I al nms
wher ei n Piage in pexiagtion epluINgfsingsa Bhdurgaf afethans! amﬂ walgr

hydr ocaien Eafsht SWAERIN arP¥ffact fEm e TGRS iGta SERHh is
sent to a solvent recovery column from which a tops product

comprising methanol, 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% - 15% by weight.

20. The process according to any one of claims 16 — 19, wherein a
raffinate from the extraction column is sent to a stripper column from
which a hydrocarbon feed stream containing more than 90% by



23. The process according to claim 22, wherein the
recovery of olefins and paraffins in the hydrocarbon
w0 e@d/osoeeam i s in excess of 80% 24. The pr oRE€EEB2004/000653
according to any one of clainms 1 - 23, wherein the
olefin/paraffin ratio of the fractionated hydrocarbon
condensate streama) is sqagtantially preserved over
the extraction step b). 25.“The process according to
any one of clainms 1 - 24, wherein the dehydrogenation
reactio S ' I at ensl qQn;:
rate of %%2tlg%>ﬁn%g%ndTﬁp§? %p@éc:%sdo g:sgo;%ai}]n;@g%aib% %,’ght
wher ei n oxygenaitescats As edwtiomgdredtigt-bon condensate from
step (b) has an olefin concentration of from10%to
30% by weight, the feed streamfromste g) has an
ol &li n dbrduaeesstaceardyiy tPogkaimn2Q,59h859in eé“wdrocaMntfhed
conbi ne r t 0 ; '
concent rapain Ao, Sl 09p LB BB GE etes,
fracti onated hydrocarbon condensate product froma
Fi sgher r o ' ; 16541 :
contai ni e APer e o il hdor i £2 21, Htafein the
gr eat er re¢eyaryoohplefing and earaffies pr theekylreearbon feed stream

manuf ac i j l; 2004/ 080926
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hydr ocar bon condensate product according to claim?27
i ndshe . . g .
I
28, whergd pataiiinsgn ére hlrorayieorsfede giream ésf in lexpeasrdf 80 %of
greater than 95% 30. A linear al kyl benzene product
formed fromthe al kyl ation of olefins which are the
pr dduct TAeAreesssracresing k0 eRywENE ol claimer ki k3 éherdimdle
al kyl bepnz . : a 0 ' It

ar cat er TRheGRlE M0 dfphel'reBEhERA bycrpRaRt derinzore
accor di sfearo a¢ isssupsBotialiresdrved oner the exractiel Kgp b).
benzene product has a degree of linearity of greater

than 93%
25. The process according to any one of claims 1 - 24, wherein the

dehydrogenation reaction at step (g) is carried dut at a conversion
rate of 10%-15%.

26. The process according claim 25, 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 concentration of 10% to 15% by weight, and the combined
stream at step (c) has an olefin concentration of 12.5% to 22.5% by
weight.

27. A fractionated hydrocarbon condensate product from a Fischer-
Tropsch reaction, in the Cg to Cy range, containing olefins with a
degree of linearity of greater than 92%, for use in a process for
manufacturing linear alkyl benzene.



32. A process of producing three hydrocarbon fractions
froma hydrocarbon condensate and a wax fraction
w@e@dogm2et ream from a Fi scher-Tropsch react i PCT/IB20&/000653
hydr ocarbon fractions being: 1) hydrocarbon fraction
A, being a hydrocarbon fraction having a boiling
poi nt above 25C and an end %gl nt bel ow 200C, 2)
hydrocarbon fraction B incldding at | east a m xture of
al kanes, al kenes and oxygenates having a boiling
poi [ h 1 . Y, r :
fr aéégt'i onnn% ﬁgél?drg‘gﬁeg gg?rlolgﬁgg%o%tg eﬁ%}at? e@%ﬁg%%%qg to
400C; t leleimet/Hndhe Golta@hargngde st eps of 1 a)
fractionating the hydrocarbon condensate stream or a
derivative thereof, fromthe Fischer-Tropsch reaction
t 0 2%r mTde frastionatedh hgdrocabao tdoodertsete anodrdingtddaim 27 or
condens : ' S : ‘
fracti Oﬁciaﬁg?é{ﬁy@r o%ﬁ?ﬁ%%‘egig%bglﬁggt %egg%‘ g%ﬁtsealt”gﬁ of Erregfer
hydr ocartham93%acti on B; b) hydroconverting at | east
the wax fraction product stream or a derivative
thereof, fromthe Fischer-Tropsch reaction; WO
200340 0800 br@aPEkyl Batese poaBsBEformed froin theadityladioatdf mbgfins
the hydrge I : 1 ai_n
at 1 oast ot REE Bl DL iR il Wndrfp el
a hydr ctyhbenzese paidsict hdsoa degree eblimeadtydf djeater than 92%.
sel ectively blending the products of steps a) and c)
to obtain hydrocarbon fractions A and C, and e)
t r &isf erlherdigeamalkii ypenzarer iroduat encledisg t@ clsim 8 mwiiereimthe
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33. The 9fecess according to claim32, including the
additional step of transferring a waxy unconverted
fraction fromstep b) to a process for the production
of 32 gh Aviprocasist wf | prdducibgstares | hydimcagionh déractamisy doim 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 point 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 point 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 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;



extraction or catalytic isodewaxing. 34. The process
according to claim 32, wherein the Fischer-Tropsch

WO e@shswms i s a | ow tenperature Fischer-TropschPCEE04000653
carried out in a slurry bed reactor at a tenperature
of 160C - 280C, and in the presence of a cobalt
catalyst to provide a hydrogarbon condensate
contai ning 60 to 80% by wei BZt paraffins and 10 to 30%
by weight olefins. 35. The process according to claim
34, Whe el fhebRelingOtte! AIRBEGHMAEY Ve BRERiCH FBRE Sl b) to
reaction is carriced ou |nas urry react or a
t enper at ueldainfat 2aapLa- hypegonvegd fighé hpdroezrden atrearmdandga

to clai m %,@é %}h]‘été@{%raﬂﬁ n condensat e

cont ai ns Iess th ol efins. 37. The
processl) amldelmdolermlmg amenpaziuctshefr elens taleanty @) ¢e abbaom

fraction DJP@C%!E@OEP%EI ove 30C and an end
poi nt bellﬁ\)(N : gbﬁgﬁ%%%cggs according to claim
37, whe) eﬁratns:‘eténmv@rhydmcathmn condertsaterstrgamakorarstem@) that

poi nt bel / :
D26 30, T ReRE A (IR a1 Mok
hydr ocar befrineénaligt bemzeBebas a boiling point in the
range of 145C - 255C. 40. The process according to
claim 39, wherein the tenperature range is 165C -

2408, 4TheThecgss @searslingctomtaiinnay, tirclugling thesﬂiditim@r gep of
t he hydr to

range. 1800080 g W5 UhbvEnaf haBidihors Mbeh6 o bfbckld
41, wherf@ithe phasiusijelr oickign mncoa‘itv andexdas€ ofia by @itheri $alvegt

poi nt %xﬁ%@uoﬁ%?ggta%cﬂs\%ﬁ&wéxi 0C. 43. The process

accor di ng claim erermthe process for the
production of l|inear al kyl benzenes referred to in
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dehydrogen ocess’according to
32, wheredatonris add\Nttempanature 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 60 to 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 to 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 to claim 37, wherein the hydrocarbon
fraction A has an end point below 160°C.



hydr ocarbon fraction is produced, the additiona
hydr ocarbon fraction being hydrocarbon fraction D

wo pksliong nmedi umto high nolecul ar mass al kaPesIB2bot(00653
l'inear and isonerised, having a boiling point above
380C. 45. The process according to claim44, wherein
t he hydrocarbon fraction D %pcludes medi um to hi gh
nol ecul ar mass paraffins hd@lng a boiling point above
400C.

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

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

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

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

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

44, The process according to claim 32, wherein an additional
hydrocarbon fraction is produced, the additional hydrocarbon
fraction being hydrocarbon fraction D including medium to high
molecular mass alkanes, both linear and isomerised, having a
boiling point above 380°C.

45, 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.



