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BACKGROUND OF THE INVENTION

[0002] Linear alpha olefins in the C4-Cyg carbon atom range are large volume
raw materials used in the production of, for example, polymers, detergents,
lubricants and PVC plasticizers. The demand for these olefins is rapidly
increasing, particularly for those that have from 6 to 12 carbon atoms, such as
six and eight carbon atom linear alpha olefins desirable for making polyolefin
plastics. Most linear alpha olefins are produced by ethene oligomerization, for
which the ethene feed cost can account for more than half the total cost of the
alpha olefin production. It is known that alpha olefins can be produced from
synthesis gas using iron, iron-cobalt, iron-cobalt spinel, copper-promoted cobalt
and cobalt manganese spinel catalysts, most of which are shifting catalysts.
Examples of linear alpha olefin production with such catalysts may be found, for

example, in U.S. patents 4,544,674; 5,100,856; 5,118,715; 5,248,701; and



Exanpl es of linear al pha olefin production with such
catal ysts nmay be found, for exanple, in US. patents
wa 200de@34; 5, 100, 856; 5, 118, 715; 5, 248, 701; aRdTA¥2003/036896
2004/ 060836 PCT/ US2003/ 036896 -7 6,479,557. U. S
6,479,557, for exanple, discloses a two-stage process
to make paraffinic hydrocarbons in the first stage.
and ol efinic hydrocarbons in"the second stage. The
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tion of oxygenates must be reduced to a level acceptable for polymer and
lubricant production. The methods used for removing the oxygenates are costly,
thus catalysts and processes yielding olefin products with low oxygenate content

is highly desired.

[0004] It would be an improvement to the art if a way could be found to (i)
produce linear alpha olefins with low oxygenates levels and particularly with (ii)
a non-shifting catalyst and preferably a non-shifting Fischer-Tropsch hydro-
carbon synthesis catalyst that is also useful for synthesizing fuel and lubricant oil
fractions. It would be a still further improvement if (a) linear alpha olefin
production could be integrated into a Fischer-Tropsch hydrocarbon synthesis

process and (b) if a hydrocarbon synthesis reactor employing a non-shifting



carbon synthesis catalyst that is also useful for
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where,

T = average reactor temperature in °C; the average reactor temperature is
calculated by averaging the temperature readings from thermocouples
measuring the temperatures of individual segments of the reactor.
For example, if the temperature is measured in the middle of the first,
second, and third equal-volume segments of a fixed bed reactor, the
average temperature is equal to one third of the sum of the three |
readings.

Pino = partial pressure of the water in the synthesis gas feed to the
reactor, in kPa; the partial pressure of water in the feed is
calculated by multiplying the mol fraction of water in the feed by
the feed pressure measured in kPa. The mol fraction of feed
components can be determined by, for example, using gas

chromatographic methods.
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[0006] By nonshifting is meant that under the reaction conditions the catalyst
will convert less than 5 and preferably less than 1 mole % of the CO to CO, up to
90% CO conversion in Fischer-Tropsch synthesis. The wt% of oxygenates is
meant the wf% of oxygenates in the total synthesized C4-Cyo hydrocarbon
fraction, and by oxygenates is meant oxygen-containing hydrocarbon molecules,
such as alcohols, aldehydes, acids, esters, ketones, and ethers. The process of
the invention has been found to produce a C4~Cyo hydrocarbon fraction contain-
ing more than 50 wt% linear alpha olefins and less than 3 wt% preferably less
than 1 wt% oxygenates. This process can be achieved as a stand-alone process
or it can be added to or integrated into a Fischer-Tropsch hydrocarbon synthesis
process. The relatively low selectivity for alpha olefin production normally
exhibited by a non-shifting Fischer-Tropsch cobalt catalyst, is at least partially

overcome by operating the hydrocarbon synthesis reactor under reaction



the invention has been found to produce a C4-C20

hydr ocarbon fraction contain- ing nore than 50 wt %
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produced from natural gas. Natural gas typically comprises mostly methane, for
which the H:C ratio is 4:1 and is therefore an ideal feed for producing synthesis
gas having a nominal H,:CO mole ratio of 2:1 or somewhat higher, for example
2.1:1. Substantial amounts of hydrogen can be separated from a synthesis gas
with a H,:CO = 2:1 mole ratio, to prdduce H, and a 1:1 H,:CO mole ratio
synthesis gas. The 1:1 H,:CO mole ratio is a preferred ratio for the linear alpha
olefin process of the invention. Thus, while the S}'Inthesis gas produced in the
synthesis gas generating reactor of a gas conversion plant typically has an H;:CO
mole ratio of 2.1:1 or 2:1, all or a portion of this synthesis gas may be optionally

treated to change the H,:CO mole ratio in the gas to a more preferred ratio for



gas having a nomnal H2:CO nole ratio of 2:1 or
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[0010] A CF value of greater than or equal to 50 can be achieved by many
different combinations of temperature, CO conversion, H,:CO ratio and water
partial pressure. The individual process conditions that are preferred for
achieving CF greater than or equal to 50, and thus high alpha olefin selectivity
and concomitant production, include (a) setting the H,:CO ratio in the synthests
gas feed to a value less than 2.1:1 and preferably less than 1.8:1, (b) a CO feed
conversion of less than 50 and preferably less than 30% in a single pass through

the reactor, and (c) a reaction temperature typically between 160 and 250 and



enbodi nents of the present invention. [0010] A CF

val ue of greater than or equal to 50 can be achi eved
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conversion, H2:COratio and water partial pressure.
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temperature need to be set so that the sum of 0.6(T) and 8(H,:CO) is less than
200-18-50 = 132. If, again, for process reasons the temperature is set for 205°C,
the H,:CO ratio needs to be less than 1.125:1 for the process of the invention.
Clearly, if three control variables are set for process or economic reasons, the
preferred value range of the fourth variable can be readily calculated. Those
skilled in the art will also recognize, that if only two control variables are fixed,
the preferred combinations of the remaining two variables will define a two-
dimensional surface which will be further defined by some other common
boundary conditions known in the art, like that the H,:CO ratio cannot be equal

or less than zero (no hydrocarbons form in the absence of Hy) or that the reaction

temperature cannot be below 160°C (where for the catalyst systems of interest to
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residence tines. As a consequence, synthesis gas feed
usedtte achicandhdesiveal ¢aatviersion deveandbus a CF greater than or equal
to 50. Thus, the synthesis gas feed rate (commonly quantified as Gas Hourly
Space Velocity or GHSV) through the reactor, with a non-shifting catalyst such
as disclosed in US 5,945,459, US 5,968,991, US 6,090,742, US 6,136,868, US
6,319,960, RE 37,406, US 6,355,593, US 6,331,575 comprising a catalytic
cobalt component, will typically be greater than 15,000 standard volumes of gas
(measured at 103 kPa and 25°C)/volume of catalyst/hour (V/V/hr), and
preferably greater than 25,000 V/V. /hr. It is understood, however, that the feed
rate necessary to maintain the preferred CO conversion of the invention will also

depend on the volumetric productivity of the catalyst. Hence, as would be

readily apparent to the skilled artisan, a catalyst that has two times higher



used to achieve the desired conversion | evel and thus

a CF greater than or equal to 50. Thus, the synthesis
waqaso4foeesdor at e (commonly quantified as Gas HouPCY/US2003/036896

Space Velocity or GHSV) through the reactor, with a

non-shifting catal yst such as disclosed in US

5,945, 459, US 5,968,991, US 6, 090, 742, US 6, 136, 868,

Us 6, 319, 960, RE 37, 406, U§6, 355,593, US 6, 331,575

conprising a catalytic cobalt conmponent, wl|

typically be greater than 15,6000 standard vol unes of
vojasetr{onmabilitye dvilltreqoide ke tiameh f251€) faesl naetoomaintain the same

catal yst/hour (V/V/hr), and preferably greater than
CO=zongerswnphp 0,000 We/hiinder st ood, however, that the

feed rate necessary to maintain the preferred CO
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equi re two tines faster rate to maintain the
re8@BE hiilyCafhicins ifemns yarthdstzi09 Bighler mholecflad wj ghipasaffinic
condi tTons, parti cul arly the | ow_CO feed conversjon
hyainocarbos, eyyakse desitflived fgnthereleBn syntdhggis; prayaded that the
reactor, are nore readi I?/ achi egedl&i n@ reactor adil
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or synthesi zi ng higher no ar “wel ght
tigar affinic hydrocarbons, may also be utilized for the
ol efin synthesis, provided that the appropriate

residence tines are maintained. Such residence tines
[0018] I epslblder to debemizaed 1ng¢¢>¢wbsﬁ prddatt gidld SmathalUe-Goe
the inherently | onger product residence tine. [0015]
carbororaige, particalarty the liticer Alphe edefin yieldin thect{H2e ForOR
the C4-C20 carbon yange, particul.ar t he. 1i near
ragg@ﬁge ngélququg;?rbap)altﬁﬁsl?ﬁ’@c g&@regedrlabbnco déwéeéie e?tteHlealpha of
hydr o ' hano! ief;
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atltl%ﬂta(?xd%arefré}hﬁl | grehdr €Mt 0.85which i8riesirpbie fof symhesizing

east, and preferably greater than 0.9, which is
highai meleiceldroveighnbydrocaibogs for fuel and lubricant applications.

[0016] In a broad embodiment, the invention relates to a process for
synthesizing C,4-Cyo linear alpha olefins, wherein the process comprises passing a
synthesis gas feed comprising a mixture of H, and CO through a linear alphé
olefin hydrocarbon synthesis reactor, in which it contacts a non-shifting Fischer-
Tropsch hydrocarbon synthesis catalyst comprising a catalytic cobalt
component, at reaction conditions sufficient for the H and CO to react and form
the linear alpha olefins and wherein the reaction conditions are such that the

following expression has a value greater than or equal to 50:

200 - O6(T) + 0.03Py20 - 0.6Xco— 8(H2CO),

and wherein,



hi gher nol ecul ar wei ght hydrocarbons for fuel and
| ubricant applications. [0016] In a broad enbodi nent,
wOheo4ioaes3nt i on relates to a process for synt heeTaiSeg3/036896
C4-C20 linear al pha olefins, wherein the process
conprises passing a synthesis gas feed conprising a
m xture of H2 and CO througg a linear alpha olefin
hydr ocar bon synt hesi s react pf in which it contacts a
non-shifting Fischer- Tropsch hydrocarbon synthesis
catal yst conprising a catalytic cobalt conponent, at
reaction conditions sufficient for the H2 and CO to
r eact —agebrhgs factongethpeediredh$Ga ol efins and wherein
the reaction conditions are such that the follow ng
ex prBssi-opaittiat presvaieud the seterrintthe ayahesiqgas feesd gohe
200 - 0.6(T) + 0.0Q03PH20 - 0.6Xco - 8(H2:CO, and
wher ei n, MerPE08/ 80836 PCT/ US2003/ 036896 -10 T =
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r eacfjogo L CRRUES $h & B8 52AfeRd to the
per ggﬁ'tt%o;}hdkﬁkggec%&:eggdgpogen to COSrryglI>EarS rgti o in the

readtorhesis gas feed to the reactor. [0017] The above
expression defines the Condition Factor (CF). Thus,
the preferred-reaction conditions of the process of
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1is a block flow diagramof a stand-al one |inear

prabqne an theefeed, CPr amesssion, andefepd o Oaiatio]thangipldsi yuFevalue
2 1s a block fl ngagram of one enbodi nent of an

of greatgr Hhasyor equal to S0.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure 1 is a block flow diagram of a stand-alone linear alpha olefin

process of the invention.

[0019] Figure 2 is a block flow diagram of one embodiment of an integrated

linear alpha olefin and hydrocarbon synthesis process of the invention.

[0020] - Figure 3 is a block flow diagram of one embodiment of another
integrated linear alpha olefin and hydrocarbon synthesis process of the

invention.

DETAILED DESCRIPTION

[0021] In the process of the invention, the linear alpha olefins are produced
by a Fischer-Tropsch hydrocarbon synthesis reaction in which Hj and CO in the

feed gas react in the presence of a non-shifting Fischer-Tropsch hydrocarbon



i near al pha ol efin and hydrocarbon synthesis process
of the invention. [0020] - Figure 3 is a block flow
wdizegroam3ef one enbodi ment of another i ntegraPedUsS2003/036896
I i near al pha ol efin and hydrocarbon synthesis process
of the invention. DETAILED DESCRI PTI ON [0021] In the
process of the invention, the linear al pha olefins are
produced by a Fischer- Tropsch hydrocar bon synt hesi s
reaction in which H2 and COin the feed gas react in
the presence of a non-shifting Fischer-Tropsch
syhjhesiscatd pst, mwmwawtm@b@émwmeswder feaction
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Systhds®d Brodess (WD@Q&)CalalygﬁleZ%@s VAﬂ "b(lQﬁO}@n 263-276). O& a
- mole ratio, the alpha wll be reduced by

givercHeae G mdle ratiaghe al:phat\@ﬁbb@ mdyeced é’b{dal g)creasmg the
decr easi n t he on res 0022 The
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a catalytic cobalt conponent ised in the linear alpha
10481, ppaPe Shcodme TGRoG nih sup e’ BB D AR iR, & Sty
coIBXE c? okﬁgﬂt ‘ﬁé’éﬂtﬁgﬁé %nﬁ%{ AbKg glé‘ﬂ'ﬂ Fiddudtién PPORRS of e

pronot e cobal t "and one or nore support

1nﬁé}m7@fﬁlpnseﬁhﬁlsﬁpp@%@tbm1t @fr assupposted pisdhed Tropsch
bul k, rheni um pronoted cobalt catal yst that has been

hytlooragibors synthesis catafyss adutines 4 comapsise pheokalees ppmoted

according to the invention is d
cobalt ang o Or more Support Components. elShe prepara%on c\ﬁ’ an unsupported

or bulk, thenium-promoted cobalt catalyst that has been found useful for
producing linear alpha olefins according to the invention is described below, in
the preamble to the examples. Also described below, and which is useful for
producing linear alpha olefins according to the invention, is a supported,
rhenium-promoted cobalt catalyst, that has been used to produce linear alpha
olefins according to the process of the invention and has also been used in slurry
Fischer-Tropsch hydrocarbon synthesis reactors producing mostly (e.g, at least
90 wt%) saturated, normal paraffin hydrocarbons having less than 6 wt% olefins
(less than 10 wt% olefins in the synthesized C,-Cy fraction), wherein the
support comprised a composite of titania and silica-alumina. Preferred supports
for supported Fischer-Tropsch hydrocarbon synthesis catalysts containing a

catalytic cobalt component, comprise titania, silica, and modified titania and



the preanble to the exanples. Al so described bel ow,

and which is useful for producing |inear alpha
wohedsioaessaccording to the invention, is a suppBCTA82003/036896

rheni um pronoted cobalt catal yst, that has been used

to produce linear alpha olefins according to the

process of the invention and,has also been used in

slurry Fischer-Tropsch hydrocarbon synthesis reactors

producing nostly (e.g, at least 90 wt% saturated,

normal paraffin hédrocar bons having less.than 6 W %
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cobaltipresens ircbuportellarata ystamhay, rango Zrerodi-H0 ed% af G, catalyst,

with or without binders,_ for Eﬁéh %h i near alsphﬁ
prefesably 254 tvids prd mege preferabyne v %Slf (3 RfReoter such as
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cabysHso o diparef Aes tyiahedise b by dielinehrtaiphd okfini roduciop process
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further treat the linear alpha olefins to recover the desired C,-Cy linear alpha
olefins, by any suitable means. All known linear alpha olefin recovery processes
are quite complex and thus costly. It is therefore advantageous to make a crude
alpha olefin product that has as high a concentration of the linear alpha olefins as
possible, to thereby reduce the complexity and cost of recovering them. One
known method for recovering linear alpha olefins from the oxygenafes—
containing, total synthesized C4-Cyo hydrocarbon fraction, is to react the linear
alphé olefins in the separated C,4-Cyq fraction with alkanols, to form ethers. The
so-formed ethers are then separated from the rest of the hydrocarbons in the

separated C,-Cyp cut by fractionation (c.f. German patent publications DE

19825295 and DE 19833941). The separated ethers are chemically treated to



anmount of oxygenates formed by the synthesis reaction.

It is therefore typical to further treat the linear
wabkphiweed3ef i ns to recover the desired C4-C20 | PA€AIS2003/036896

al pha olefins, by any suitable neans. Al known

i near al pha olefin recovery processes are quite

conplex and thus costly. It s therefore advantageous

to make a crude al pha ol efi'n product that has as high

a concentration of the |inear al pha olefins as

possi ble, to thereby reduce the conpl exity and cost of
congedkemhyck hrie lirgss alphiovlalinet hogershers atpthemselyes
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. cost to recover the linear alpha ole?}npll)qr%ducts by this method as well.

[0024]  The linear alpha olefin producing process of the invention can be -
integrated into a Fischer-Tropsch hydrocarbon synthesis process plant
(integrated proéess) or it may comprise a separate facility with its own source of
synthesis gas (stand-alone process). As mentioned under the summary, it 1s
preferred that all process embodiments comprise gas conversion processes,
which include production of the synthesis gas feed from natural gas. Syngas
derived from natural gas provides the desired stoichiometry for the linear alpha
olefin synthesis process of the invention which utilizes a non-shifting cobalt-

based Fischer-Tropsch synthesis catalyst. The linear alpha olefin production



olefins are selectively converted to trial kyl al um num

conpounds, which are then separated fromthe
wanewrvéenss ed ot her hydrocarbons and converted BathSzoB036896

ethers. The | ow oxygenates content and high | evel of

| i near al pha olefin production obtained in the

practice of the invention,_ﬁggults in significantly

| oner cost to recover the I'iTnear al pha olefin

products by this nmethod as well. [0024] The |i near

al pha ol efin produci ng process of the invention can be
proatssgrfdhe ihvemtionas Elsechiape P dpsrbr-yapsbdiysbacarbon synthesis
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hydr ocar bon synthesis process, which produces
nosthy (e.g., at least 85 w% saturated, i.e. :
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of convenience and in the context of th'b invention,
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from, the other process.

[0026] Preferably in an integrated process syngas having e.g. an H,:CO mole
ratio of 2:1 is passed to an HCS reactor and syngas having an H,:CO mole ratio
of lower than 2:1 is passed to an LAO reactor because the consumption ratio of
the LAO process is 2:1 the tail gas from the LAO reactor will be CO rich and H,
poor or depleted. The tail gas from both units can then be combined to provide a
feed gas to the LAO reactor having a more preferred Hy:CO mole ratio of lower
than 2:1. In this manner, an integrated process is achieved. Alternatively, the

tail gas from the HCS reactor can be used alone as feed gas to the LAO reactor.



[0025] In an integrated |inear al pha olefin and

hydr ocar bon synthesis (HCS) process of the invention,
woeypmidveesizs gas is fed to either the LAO or HCSPCEASRM™B/036896

The tail gas fromthe reactor can then be utilized as

feed gas for the other reactor. Additionally, products

fromone of the two proces§?§_(hydrocarbon synt hesi s

and linear al pha olefin synthesis) may be conbi ned

with products from the other process. [0026]

Preferably in an integrated process syngas_ having e_.qg.
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, plant, added to it later or be one or nore hydrocarbon
whigna heydiecareore symthesih agactoraontsios 8 noangufizng $ynthesis catalyst

permanent |y switched to |inear al pha olefin .
CORIPERIUNE 3 BRALY e habk GRERPS grﬁafaégmevﬁgﬁﬁea%ﬂé{stow} pQt be

. b b ¢

nefRAS S STSOUEIL s o0 Rl Stk ipohinlic Gullesp s
oléfieéyriheddd pENGHINE usifae Gendfr. eFinyisirosaehewihiide sindar

reactors may be addedto it or one or nore |inear
alphlapiefio s ghihesisreatior teghydracarbos syathelsis, itedoneirbd yecggsary

permanently swi.tched to drocarbqQn synthesis reactor.
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reactor contains a non-shifting synthesis catal yst
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reactors will use tail gas from one or more Fischer-Tropsch hydrocarbon
synthesis reactors, as all or part of the synthesis gas used for producing the linear
alpha olefins and vice-versa. By way of an illustrative, but nonlimiting example
of this type of embodiment, at least two synthesis reactors are used, with at least
one reactor, a Fischer-Tropsch hydrocarbon synthesis reactor upstream of the
linear alpha olefin reactor, operating with a non-shifting cobalt hydrocarbon -
synthesis catalyst comprising a catalytic cobalt component and a support
component, at a reaction alpha high enough (e.g., > 0.9) to produce both fuel and
lubricant oil hydrocarbon fractions, from a synthesis gas feed (preferably
produced from natural gas) in which the H,:CO mole ratio is less than the

stoichiometric (2.1:1) H,:CO consumption ratio (e.g., 2.0:1 or less) and the



ol efin synthesis providing a.unique benefit. Further,

when switching a linear alpha olefin synthesis
woeeme0836 0 hydr ocarbon synthesis, it wll not PO®US2003/036896

necessary to change the catalyst in the reactor for

the switchover. [0028] In one specific enbodi nent of

an integrated |inear al pha ?éefin synthesi s process

of the invention, one or nbre |linear al pha olefin

synthesis reactors will use tail gas fromone or nore
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of s IsyHigfesistdie i§ paRtade eithanpleysical @richemical separation means,
for removing some of the hydrogen from the synthesis gas, to produce a
hydrogen-reduced synthesis gas in which the H,:CO mole ratio is less than 2.1:1
(e.g., 1:1). This hydrogen-reduced synthesis gas is passed into one or more
linear alpha olefin synthesis reactors. The conditions of the linear alpha olefin
synthesis reactor is again set so that the CF value is greater than or equal to 50.
Physical separation processes (means) for separating H, from the synthesis gas
include adsorption-desorption, membrane separation and a combination thereof,
all of which are well known and commercially available. Adsorption-desorption
proéesses include temperature swing adsorption (TSA) and pressure swing

adsorption (PSA), both of which comprise a plurality of adsorbent containing



reduced (e.g., 1:1) nole ratio H2: CO is passed into

the linear alpha olefin synthesis reactor. The
woandioessns of the |inear al pha ol efi n synt hesP6T/US2003/036896

reactor is set so that the CF val ue, which

i ncorporates the aforenentioned reduced feed ratio,

i s higher than 50. In yet a_lrlgt_her illustration of an

i ntegrated process enbodi nent of the invention, a

synthesi s gas producing unit is producing, from

natural gas, a synthesis gas containing H2 and COin a .
vessale operatesl isfa ayclicemanner. 1Chergical megns gicledes awvaiasrgas shift
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thd syithesds gasdeagden, vitvogbn can fonmpiCN endNHychothof9%2hich are

nol e % nethane, with the reminder primarily C2+

poispas ¢ acobalé Fiseher-dgepscanntapst andsnpsiiaerefereberemoyedc
ol to el prBet dprin” Lo EED i St RO Re FRirir ek,
0300 U 513 AT BN RS B et
froma theds }usksbigb 43) bafarent is passed into a hydrocarbon synthesis reactor.
Known processes for synthesis gas production include autothermal reforming
and fluid bed synthesis gas generation, both of which employ oxygen and form
the synthesis gas by partial oxidation and catalytic steam reforming. A review of
these and other processes for producing synthesis gas and their relative merits,

may be found, for example, in U.S. patent 5,883,138.

[0030] Due to the nature of the surface chemistry involved, hydrogen to
carbon monoxide mole ratios of typically less than 2:1 are preferred preferably
less than 1.8:1, more preferably about 1:1 in the feed to the reactor for achieving

a preferred CF value of greater than or equal to 50 and thus producing linear



"shifting cobalt catal yst for hydrocarbon synthesis.
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and CO2. The remai ni ng net hane-rich gas, along wth

oxygen or air and steam is passed into a synthesis

gas generator. Oxygen is prpiﬁfred to air, because it

does not introduce nitrogen to' the synthesis gas

generator (reactor). During the synthesis gas

reactlon ni trogen can form HCN and NH3, both of which
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However, the stoichionetri COnole ratio
stcpqghmmptncpﬁﬁwslm alghatcbieﬁn isyedesialprbeess| é.i typlcally 2 1. Itis
n eact i i.s 2:1 nd t he, consunption of the
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s e o S e g
reaator. (The Feedde the réd2t@0s ipeherateat by blendmg the recycle and make-
up gas streams, thus the reactor feed typically has lower than 2:1 H,:CO ratio
due to the Hp-deficiency of the recycled tailgas component. Hydrogen may be
separated from synthesis gas having a relatively high H,:CO mole ratio of, e.g.,
2:1, or 2.1:1, to produce hydrogen and a synthesis gas having a lower H,:CO
mole ratio. One or more of the higher or lower mole ratio synthesis gases, and
separated hydrogen, may be combined with the recycled CO-rich tail gas, to
provide the desired H,:CO mole ratio in the combined synthesis gas stream fed
into the linear alpha olefin synthesis reactor. It is understood, however, that
regardless of the feed H,:CO ratio to the reactor, the H,:CO comsumption ratio
of the linear alpha olefin process of the invention is 2:1. This consumption ratio

is close to the 2.1:1 ratio needed for the conventional hydrocarbon synthesis



bel ow that in the feed gas passed into the reactor. At

| east a portion of this tail gas, conprising the uni
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i near al pha olefin synthesis reactor, along with the

incom ng, fresh synthesis gas feed. The fresh makeup

gas fed to the process mﬁllléypically have a hi gher

H2: COratio than the H2: CO'fratio in the feed to the

reactor if such recycle of the linear alpha olefin

synthesis reactor effluent gas is applied, and wl|
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support material, preferably one that comprises one or more refractory metal
oxides. A non-shifting catalyst in which the catalytic metal component
comprises cobalt is used in the linear alpha olefin reactor of the invention and
this typically excludes the use of iron in the catalyst. Some of the synthesized
hydrocarbons will be liquid, some solid (e.g., wax) and some gas at ambient -
conditions of temperature and pressure, particularly if a catalyst having a
catalytic cobalt component is used. Slurry Fischer-Tropsch hydrocarbon
synthesis processes are often preferred for producing relatively high molecular
weight, paraffinic hydrocarbons when using a cobalt catalyst, but not for

producing the linear alpha olefins. The H,:CO mole ratio for a hydrocarbon



synt hesi s processes. Consequently, the use of natura

gas to produce synthesis gas is preferred for both
woOioEaeosab pha ol efin process of the invention aa@/USk®3©36896

enmbodi nents in which it is integrated with hydrocarbon

synthesis. [0031] Fischer-Tropsch hydrocarbon

synthesi s processes are wel |, known and conprise

contacting' a synthesis gas é%hpr|5|ng a mxture of H2

and COwith a Fischer-Tropsch synthesis catal yst, at

reaction conditions effective for the H2 and CO react
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(CF) to be greater than or equal to 50 which, in this non-limiting illustration,

includes a synthesis gas H,:CO mole ratio of 1:1, a CO conversion of 12-15%, a
temperature of 205°C, a synthesis gas feed space velocity of 38,000 V/V/hr, a
pressure of 2000 kPa. The synthesized hydrocarbons and unreacted synthesis
gas pass down out of the reactor and are removed at the bottom by line 20. The
mixture of hydrocarbons and gas passes into separation unit 14, in which the gas
is separated from the hydrocarbons and the hydrocarbons are separated into a
Cyo. fraction and a Cyg, fraction. The unreacted synthesis gas is removed from
14 via line 26 and recycled back into hydrocarbon synthesis reactor 12, via line
18, in which it mixes with the fresh synthesis gas feed coming from the synthesis

gas generating unit. Some of the gas is purged via line 28, to prevent build-up of



are achieved by the type of reaction and reaction

conditions used to produce the synthesis gas. [0032]
wWOi2004r0808861 s a sinple bl ock flow di agram of a PCT/US2003/036896

stand-al one linear alpha olefin process of the

invention. Plant 10 conprises a fixed bed, down-flow

linear al pha olefin reactor7%2, whi ch synt hesi zes

C4-C20 linear al pha olefins<(tand also other

hydr ocar bons such as C4-C20 paraffins and interna

olefins, C3_ and C21+ hydrocarbons, etc.) and
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Typically, the linear alpha olefins are selectively converted into another entity,
like ethers (c.f., German patent publications DE 19825295 and DE 19833941) or
metal alkyls, like alkyl aluminum (US 5,877,378). These chemically |
transformed linear alpha olefin derivatives in turn are separated from the rest of
the unconverted Cy. hydrocarbons, such as paraffins and internal olefins, etc., by
fractionation. Finally, the separated linear alpha olefin derivatives are '
chemically converted back into linear alpha olefin$. The linear alpha olefin
products are removed from the linear alpha olefin recovery unit 16 via line 30
and the rest of the Cyp. hydrocarbons via line 32, from which they are passed into

line 24, in which they are combined with the Cy,, hydrocarbons. Line 24 passes

these combined C,,, and Cyg. hydrocarbons to further processing.



normal | y gaseous hydrocarbons (e.g., Cl1-C4) in the
recycle gas. The H2: CO nole ratio in the synthesis
waqaso4peesdoced i n the synthesi s gas generator i BCT/US2003/036896
adjusted so that the m xture of the fresh synthesis
gas and recycle gas, entering reactor 12, contains H2
and COin the desired H2: CO,gole ratio which, in this
illustration, is 1:1. Separdfion unit 14 contains the
necessary coolers and separator drunms to condense the
wat er and hydrocar bons produced by the synthesis
reaction and to and separate the water, unreacted
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loweid thanyi 1 exsle lvatis (prefereefordaxse alpha olefin synthesis), is removed
from the reactor via line 58 and passed into linear alpha olefin synthesis reactor
12. Some of the hydrocarbon synthesis reaction water may be removed from the
unreacted synthesis gas, to adjust the water vapor pressure in the linear alpha
olefin synthesis gas feed stream 58, to the desired level. Most of the Cus
hydrocarbons are also removed before the gas is passed into reactor 12. Reactor
12 and units 14 and 16 are the same as for Figure 1, and their operation and
function need not be repeated here. Thus, the linear alpha olefins produced in

reactor 12 are removed from 16 via line 30. However, the other Cyg,. and Cy.

hydrocarbons synthesized in 12, and removed from 14 and 16 via lines 24 and



these conbined C21 ,. and C20_ hydrocarbons to further
processi ng. WD 2004/ 060836 PCT/ US2003/ 036896 - 22
wpQOBBkod3n Fi gure 2, an integrated |inear al phacolustios/036896
synthesis unit 50 conprises a slurry hydrocarbon
synthesis reactor 52, a linear alpha olefin synthesis
reactor 12, and separation ggits 14 and 16. Reactor 12
and units 14 and 16 are the“sane as in Figure 1, as
are the flow lines having the sane nunbers as in
Figure 1. Slurry hydrocarbon synthesis reactor 52
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also contains heat exchangers and separation drums for cooling and separating
out the synthesis reaction water from the Cg, hydrocarbons in the gas. The
synthesized Cy, hydrocarbons are passed, via line 78, from unit 64 to hydro- -
carbon upgrading unit 66. Unit 66 contains one or more fractionators, as well as
one or more hydrotreating reactors, such as isomerization units to lower the pour
point of the paraffinic hydrocarbons. The upgraded hydrocarbons are removed
from 66 via line 67. A synthesis gas slip-stream is withdrawn from line 76, via
line 80, and passed into unit 68. Unit 68 separates hydrogen from the synthesis
gas to produce a stream of CO-enriched synthesis gas, which is removed from
68, via line 82. The H,:CO mole ratio in this gas stream is such that, when

mixed with recycled, unreacted synthesis gas from reactor 12, the H,:CO mole



functi on need not be repeated here. Thus, the |inear
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hydr ocar bons synthesi zed in 12, and renoved from 14

and 16 via lines 24 and WD 2004/ 060836
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ngbgﬁﬁy% s sgg té@ﬁf¥4’§s ﬁé%@é@'vfhshﬁe by, %mhapﬁnéwtiﬁ Q/iéh it

or exanp e, r enlun}pronnte

mbeRatith gt @Orendclednpafonhed upﬁ@r tAeddindfigurdsalnard 2 Tdhportion .
unit also contains heat exchangers and separation

ofdthamecyicled gaoisipvgeethuiadipatBendi usadrastln Byht fiesigas or
reyal oé%&pﬁ%gﬁig@érg%?e%a%%wa Bo ke ndrgehley Apadesd in
12, 218 sEaraldLHMHNME G 11RaR U olEAROAN 14 pa%@gfnageea Bidm 14

one or nore ractlonators

vidink 28SandPpssed toRhe 78yfbrduithat piigesBag P usit 65U le‘heal$near
i somerization units to |l ower the pour point of the
alpla efefinrprodhgeioeactond2 is Timovgshfrateunttérda dinb3ls lane 32
d
1;>arsseer;sD t\llag C20 hydrocarbons separated from the Cyo. linear alpha olefins to

further processing for naphtha and low BTU value fuels.

[0035] At least a portion of the hydrocarbons produced by a hydrocarbon
synthesis process, including the saturates produced by the linear alpha olefin
production process according to the invention, are upgraded to more valuable
products. The upgrading comprises one or more of fractionation and conversion.
By conversion is meant one or more operations in which the molecular structure
of at least a portion of the hydrocarbon is changed and typically in the presence
of a catalyst. Hydrotreating is a conversion in which hydrocarbons are reacted

with hydrogen in the presence of a catalyst and includes, for example, hydro-



from66 via line 67. A synthesis gas slip-streamis

W thdrawn fromline 76, via |ine 80, and passed into
wanpa4/08@&36 Unit 68 separates hydrogen fromthe BgmUSe®B®36896

gas to produce a stream of CO enriched synthesis gas,

which is renoved from 68, via line 82. The H2: CO nol e

ratio in this gas streami s%fuch that, when m xed

with recycled, unreacted syfithesis gas fromreactor

12, the H2: CO nol e WO 2004/ 060836 PCT/ US2003/ 036896

-24 ratio of the feed gas entering 12 is |ower than
iscanerizagioaf kydrocyackovg ﬂny%n@dmmng, hysharefioieg.pHbsendistsd at

about 1:1. This.cqnbjined feed streamis_.passed {.nt o]
congiaions MiskneR i L5 HieRaleTes Inglhe copioxs of HIF Wvgatigs

React 12 . s .
copsirait R chatiaREH A hedBRE) BlbIEARs I0'sdrfifate

thér@ i din ik bfher hg&fbcgﬁﬁms_tiﬁ (@b ittell I -Coathetiireatd otating
the Condition Factor being greater than or equal to

théb§bpaRead teridl tprooaivertst badketarthaldpbizedlipéanrapha olefhi gh
yield which, along with the unreacted synthesis ai .

produgsae ey swtahle seans onclising thestherificatiopeandmeit4l alkyation
desj r ed alﬁha l.efin fraction falls in the carbon

ProRedEss MERURREIAPA e o 20, it is preferred to make

hydr ocarbons in reactor 12 that boil primarily in the

o885 audimveran A ot sbdIGReR B AR G RE"
' unit 66, via line 84. Unreacted synthesis

ex 4RI RUAGw
ga

Separated in 14 is passed via line 26, back into
line 82 in which it mxes with the CO enriched gas
BtR &¢n 68. As in Figures 1 and 2, a portion of the

gas is purged via line 28 and is used as | ow
BTU fuel gas or reused for synthesis gas generation

[0037162. InTh1E o £ AAYE5186 3h et tdxk arkie @dwrTlowt Asothedmal tube
separated frromthe 'C20_ linear al pha olefins in 14,

regutersropntairihgf a fined bed of pattiondate ¢atahyst fparsiele sige belpav 80

78, for further processing.in unjt 66, The.li near
meshprheléimplase potiset Weok chis erast bed paRaBIET Mih below 80

Bt SRR shl PR o BRI g e
orBFEL sl SUEIEDr AR NIC! 00D e
f1dvy eite odelhas6 000 du D0ty VAV fy d ldeaaydresis gas fed into the reactor
comprised of H, and CO as the reactants, along with Ar and/or Ne as a diluent
and internal standard for establishing mass balances. An He diluent was also
used to balance the total pressure of the reactants and internal standards. The
mass balances were calculated from the feed flow rates combined with feed and
product compositions obtained by gas chromatography (GC) or GC-mass-
spectrometric (GC-MS) analysis. CO conversions were calculated by known
methods of using internal standards. The Hewlett-Packard 5890 GC and Balzers
TGG 300 MS coupled to the Hewlett-Packard 5890 GC (GC-MS mode) were
calibrated using certified gas blends. The H, to CO mole ratio varied from 1:1 to

more than 2:1. The CO conversion was adjusted in all experiments to the target

12% level by adjusting the feed rate. In two of the runs, those of Examples 7



synt hesi s process, including the saturates produced by
the linear alpha olefin production process according
woOaQodheodsnvent i on, are upgraded to nore val uabPeT/US2003/036896
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5002 ®f.2 MXAVRISER" cdHU3dwder. ale @fothéreniexaaqimswas bentrolled
reactors were downfl ow, isothernmal tube reactors
bycibatskowiadditiorf taeand sidristg. pBhe héditigndoelaplacgsiver thirty

iGl [ bel 80 sh [ d.in. pl
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s16 WA IRFAE SMECPhiR o 300RTS AR K1@@D386%) forvériehaur. After
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codlighthe dityeposyder tvessi loadgabinte the reaetartfer thedtdspcarbon

conprised of H2 and CO gs the reactants, along with .
SYRMEPBIRS. 8e SonaTiens AnATRE PR ARG e patized in
establishi ng mass bal ances. An He diluent was al so
thﬁia@gehgfqlr%l ance the total pressure of the reactants
and internal standards. The

Example 1

[0038] In this experiment, the reactor was operated at 210°C, the mole ratio
of the H, to CO in the synthesis gas feed was 1:1 and the unsupported cobalt
catalyst described above was used for the synthesis.. The partial pressure of both

the H, and CO in the reactor was 500 kPa. The CF value in this experiment was

59.

Example 2

[0039] In this experiment, the effect of temperature was tested by operating
the reactor at 221°C. All other conditions were the same as in Example 1. The

CF value in the experiment was 52.



mass bal ances were calculated fromthe feed flow rates

conbi ned wth feed and product conpositions obtained
wopogasosshr onat ogr aphy (GC) or GC-nass- spect r BARMUS2M@3/036896

(GC-M5) anal ysis. CO conversions were cal cul ated by

known nethods of using internal standards. The

Hewl ett - Packard 5890 GC and _Bal zers TGG 300 MS

coupled to the Hew ett - Packafd 5890 GC ( GC- M5 node)

were calibrated using certified gas blends. The H2 to

COnole ratio varied from1:1 to nore than 2:1. The

CO conversion was adjusted in all experinents to the
Exhalget 12% 1 evel by adjusting the feed rate. In two
‘—fﬁi@r?e' runs, those of Exanples 7 WO 2004/ 060836

PCT/ US2003/ 036896 -26 and 8, the catal yst conprised
[oomﬂm U tBE OSRHeRHn &b Bt e fBdtt lof tianHa: A tatiovns Gested. The %

of the type used for Fi scher - Tropsch hydrocar bon

ree&:ycblt Wwesbperatedatshesame copdittuasias in Exemple 1Th7éCQPé§®F & feed

th I Ex I 1-6,
el O pBH e v B SUra POk ST ALk DRy bRy ely.

pr e ng cobalt powder with an
T@ﬁyﬁferéygﬁnﬁm% 5111 cobalt nitrate and perrhenic
acid. The inpregnation solution was prepared by

EdIS ol,ving 26.3 g of Co(N03)2 and 2.3 g perrhenic
—"3@@—@54 W% Re) in 9.4 g of distilled and dei oni zed

wat er . anmount of 34.8 g of this solution was

ol e Spshlahhes SO AT, BB ARG, Sosriont vas
teﬁﬁf‘t TRE t@@torbyad Bﬁerﬁf&i’ﬁt&ﬂé’ kdreRonhait®ns ad i Bxafiple 1, except
e addition took place over thirty mnutes. The

fot t}eq:taﬂﬂialqnbﬁlulreqoxmﬁ/\kl@ and430 tit dre mtact@d f@fntl awhichx wamdathronly
four hours. The ﬁ powder | ned SI ng 1
2500Fo0iBRGABAT e S KRaEh SgemPID) etk yaRaBrngD. 5
2C mn to 300C and then held at 300C for one hour
After _ cooling, the dry powder was | oaded into the
r for the hydrocarbon synthesis runs. The
conditions and results of the eight runs are
mrarjzed_in etable 00381, :L.n, .
0g#3Tc- ekGerheh et Hepo spenin e T 550 WA Aafhont i3k an s,
exggrllﬁle{lﬁt’h?e reactor was operated as in Example 3, except that in this run
400 kPa steam was added to the feed gas by replacing an equal concentration

(partial pressure) of the inert diluent in the feed. The CF value in the experiment

‘was 63.

Comparative examples 6, 7, and 8 (outside the scope of the invention)

Example 6

[0043]  This experiment demonstrates that redu¢ed CO conversion alone will
not ensure high olefin selectivity, if the CF value is not above 50. The
respective partial pressures of the H, and CO in the reactor were 1000 kPa and

500 kPa, providing a H,:CO ratio of 2:1 in the dry feed gas. The CO conversion



of the H2 to COin the synthesis gas feed was 1:1 and
t he unsupported cobalt catalyst described above was
waged/bea3et he synthesis. The partial pressure B€Thistd3/036896
the H2 and COin the reactor was 500 kPa. The CF val ue
in this experinent was 59. Exanple 2 [0039] In this
experinment, the effect of tegperature was tested by
operating the reactor at 221C. All other conditions
were the sane as in Exanple 1. The CF value in the
experiment was 52. WO 2004/.06Q0836 PCT/ US2003/ %é@égg}h
wasztt tEx2fplestas foFremples 19 sl RS(SEMeTRINIC WaR £20f ©
COratio was teste The reactor was

0"6{?& &%e‘g%‘é "’cﬁ‘ésg’ﬁ?%"%rﬁdw?si 's as in Exanple 1,

except for the feed H2 and CO partial pressures,

whi ch,were 500 kPa and 250 kPa, respectively. The CF
E Ttor the run was 51. Exanple 4 [0041] In this

experinment, the effect of the total synthesis gas

OB BB P g PRSI Bed
Ex%iﬁﬂlhé"l PP EHhB: f’cﬁ tﬁé%h@ﬁﬂm%rbﬂmtéafcm 1arwigeth, 1 wt%

wer e 250 kPa'i nstead of the 500 kPa

Rd_%ftaﬁﬁ?ﬁ@ ke néﬁl%x@fvortaﬂlaﬁ mamaSgl?heE)eanmnlr v gredaRd at the
he etfect of H2O vapor in the feed

sufermsionsss inExmBle @%Qr@nﬁﬁtmomr@gpéﬁéﬁ% H g CO in the
SYRIES B Paa s s Tabane s tesBrans il prePulth B iy, 488 co
in G4 Pt R LORIG5: erdpF0Q P, REFSIHER), Conitichlig!he CF

val@SinfBe cxpERAeat Wae adyoatiplsemetas il EyamblS 6 det,giSde t he
scope of the invention) Exanple 6

Examplé 8

[0045] The same rhenium-promoted cobalt on titania catalyst used in
Example 7 was also used in this experiment. The reactor was operat'ed ata
similar temperature of 219°C, the mole ratio of the H, to CO in the synthesis gas
feed was about 2.2:1 and the respective partial pressures of the H, and CO in the
reactor were 1420 kPa and 650 kPa. No H,O vapor was used in the feed gas.
However, while the CO conversion for Examples 1-7 was low, only 12%, in this
experiment it was closer to typical hydrocarbon synthesis conditions, namely

61%. The CF value in this experiment was the lowest, 15.
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conversi on for
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Xco = CO conversion, expressed as percent

in this
hydr ocar bon

The CF value in

15. WD 2004/ 060836

yst Tenmp. CO PH2 Pco

{£5¢ [[he synthesis gas feed to the reactor in kPa

H,:CO = Hydrogen to CO molar ratio in the synthesis gas feed to the reactor

[0046]

In Experiments 1-5, all of which fall within the scope of the invention,

oxygenate selectivity was negligible, in that no oxygenates were detected in the

synthesized C4-Co hydrocarbon products by gas chromatography using a flame-

jonization detector. CO, selectivities were also negligible in all runs, typically

around 0.5% or less, clearly affirming the non-shifting nature of the cobalt

catalysts used.

[0047]

Referring now to the data in the Table, it is seen that Examples 1 and

2 were both run at an H,:CO mole ratio of 1:1, with the partial pressure of both

the H, and CO being 500 kPa, but at different temperatures. Comparing the

results for these two runs reveals that both temperatures produced about the

same amount of linear alpha olefins in the C4-C;o hydrocarbon fraction



## cony. in C4-Cl0 octane C % kPa kPa kPa % 1 Co 210
12 500 500 59 0 61 1.92 2 Co 221 12 500 500 52 0 62
wa 20@ /06830 210 12 500 250 51 0 55 1.18 4 Co PCOD/US2003/036896

250 250 59 0 64 1.94 5 Co 210 12 500 250 63 400 66

1.99 6 Co 220 12 1000 500 45 0 26 0.32 7 Co-Re/TiO02

220 12 1000 500 45 0 35 0.34(_9 Co-Re/Ti 02 219 61 1420
650 1,5 0 18 0.13 *Note:CF = 200 - 0.6T + 0.03PH20 -
0.6Xco - 8(H2: CO where, T = average reactoT

tenperature ~n C PH20 = partial. pressure _of the water
sypfheskeddy thh EAcioTg g geedng @66@##@6[%%{85@ effeqt RIPEmMpEEYULe on
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gl Sg iR s o P ) nERDERS telberelg ArADRE Poduced
a §l?§'ﬁf}p§reﬁ{e§)gé@tibi FPes hﬂ@d]leﬁPHa slefls! el KEwéR! this

Wwthi'n"the scope of the invention, oxygenate
coRgpeivon\whbwswhst thegtadgionl temperattitetambe oxaforaidgsstingrtke

detected in the synthesized C4-ClO hydrocarbon o
Fipeheattitrops dly syjubesih plphatandrthphincueasing thef tosahalpha olefin yield,

i Qni_zati,o dﬁ)tec or. CO2 selectivities were also
PaﬁBﬂFIPQVBP G Jowigr bOERETARELHi cal Iy ar ound 0. 5% or

| ess, clearly affirm ng the non-shifting nature of the

I't, ., catal ysts used. [004 Referrin w the ..

(B8R | e urlie & it whERkh ks fedd e S ple mtio

r€ t g ., . i :0f; 3. i .
roff 1 38 2t eticolin B QAR COGcREASE iR lihear i pltfin
coRtdnt f the §§iRh&dited €MTEL AydfRarbdzfraetiomdrémeboue 629t down to

for these two runs reveals that both tenperatures
55% odithea evsogresthedeganse iarouoleliofseldotivity fadpmhlad2 down to
| ef i in the C4-C i

1.3@81}1829@5:@@@&@@ ,O@/i}yd o sre gcqi\}citryagérlre gte\s/\i\)vell with the
borderlige CF value of 51. This example also clarifies that low CO conversion
alone is an insufficient condition for high alpha olefin selectivity and yield. On
the other hand, the value Condition Factor a of the invention can define the

i

operating conditions and predict the high alpha olefin yield.

[0049] A comparison of the Example 4 results with those of Example 1,
which differ only by the pressure of the H, and CO reactants, shows that
changing the partial pressures of both the H, and CO reactants in the feed does
not adversely effect either the total fraction of linear alpha olefins in the C4-Cyp
hydrocarbon fraction or the selectivity for Cg linear alpha olefins. Comparing
the results from Examples 5 and 3 clearly demonstrates the beneficial effect of
adding H,O vapor to the feed gas. The 400 kPa water in the feed gas
compensated for the higher H,:CO mole ratio of 2:1. Thus, the linear alpha
olefin content of the C,-C;o hydrocarbon fraction jumped from the 55% results
of Example 3, up to 66% in the run of Example 4. At the same time, the
selectivity for the Cg linear alpha olefin increased from 1.18 up to 1.99, an

almost two-fold increase. Again, this example demonstrates that the selection of



-30 synthesized in the reactor, suggesting a
relatively snmal|l effect of tenperature on the al pha
wohedsioaossel ectivity. The | ower synthesis tenperParmszo06f36896
210C produced a slightly greater selectivity for C8
| i near al pha ol efins. Overall, however, this
conparison shows that the rgaction tenperature can be
used for adjusting the Fischer-Tropsch synthesis
al pha and thus increasing the total alpha olefin
ield, partjpul%rly e lo ding ra

' il )
the prAeired Randsiais et Hakig ke AL CHRAES poATBAQHAd that
he H2: CO nol . . L A '
AR EHBAS AT RS i BRI P ©
in éfﬁfo%nﬁa\f?ﬁg‘; hRgnsy %‘lﬂa?e?itﬁﬁgoﬁéqlﬁl@o BPJEQLRFRAE high yields of

racti on, rom ab 62% down ' to 55% wth an €ven

th@dedtxl litee ragpiseolefin€8 ol efin selectivity from 1. 92
down to 1.18. The reduced al pha olefin yield and

selectivity correlates well wth the borderlige CF
[0080]ue Cbrniphrative Exampinsl (e8 aveze atllraniat itleshighat rdactvo@O
conversion alone is an insufficient condition for

temgpgwtlaﬁﬁ:f@b@rléazwg gné ¢he less Jesrablssihigher ldpCQ mractaapole
. DAy . .
Sk SRR R B e
o 0t A0 e S0k SEFI) 490 e

Celidifies Fastoy fAl¥s blewpthessitical vilut b€ 562 Ty 416 compare the
reactants, shows that changing the partial pressures

unsfiproted thigeiv#-paothotal Ceaatalyttsvitln thewhenaug-poawtedhepbalt
adversely effect_ejther the total fracti.on of_.|inear
(1 b BfaCaabd: 1w taRE hen Siania satahisamsed B 1 ChopRcbr
he ectivity f ' . ' in
hypPaPEafiidtelibn; 2 sl ISR A EMLIGE LITRY, | 09

sugﬁkﬁt&?Fﬁﬁh&i—'@b&gﬁ:ﬁ e6/dr&darb@ighribedi® ChtdBRO bf Bxahipte fTeed

as. The 400 k water in the feed gas conpensated
producetihporte lgkesr alffhaCslefink ¢hanadiddhe ingupporiduse-Gaeatalyst of

i near alpha olefin content of the C4- Clh%(hydr ocar bon
Expmple borl it Ape BV P hapcPRESaEEDE6Se shitq 1rst &F thek a ggpyeriiongl,

to 66%.in t run; of ] | t he
subpBal ooy FrisPhgordyeR Be et Bt 2P B, o
prédiRioh: ThelRcbAd is Bt treadtioahd ¥t @ dibRCTERAFRcher-

Again, this exanple denonstrates that the selection of
Tropsch reactor, that is on-line synthesizing distillate fuel and lubricant oil
hydrocarbons with a supported cobalt catalyst, can be adjusted to increase linear
alpha olefin production without taking the reactor off line to change the catalyst,
and vice-versa. Thus, if a Fischer-Tropsch hydrocarbon synthesis process plant
is in existence or planned, another synthesis unit for producing linear alpha
olefins can be included, without the need for a separate unit or plant for
producing the hydrogen and carbon monoxide gas mixture. Linear alpha olefin

synthesis can be accomplished by setting the operating conditions so that the

earlier value of the Condition Factor is greater than or equal to 50.
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a value greater than or equal to 50, can provide high
yields of the desired |inear _al pha olefins. [0050]
Conparative Exanples 6-8 were all run at the higher
reaction tenperature of about 220C and the | ess
desirabl e, higher H2: CO reactant nole. r of ?t )
[0083b( ~ Th, werst siphin e palookvigniyahobiipesh i Segpfe 8, in

whiRBHhn tal el Prepsira 6 ?ﬁn‘c’ts‘p@év{ﬁ%ﬂa‘t?ﬁ%ta%@ﬁﬁ?% fhe

g‘%g{olé ?’%t Swi§ laBES‘{nI f Cﬁlécilﬂ'f%&ﬂlO‘i‘%é’cﬁmoéorﬁ@rsﬂﬂ SXted &0

unsup ed eni um pr onot ed cat al yst
mith RigHee 61be nEde'i‘n?!@S@éIﬁ@sémb abiiventibhalh $rCoardon skniitekos
Re) on tltanla ca st used for Fischer-Tropsch
coniti saaibmd 40 lpmdalmnng fiuelgand hebrécating d bmﬁé@@ise and the CF

| evel of 12% the supported Fischer-Tro
vaiw@f)éérwo@wsg%@rfbﬁ SEPRE egi‘zh§| Gpatend {nVERLRP| G?“P?}?%l tReed

E)ﬁn@glr]%&l gf‘f 8T o eg%%8%EQH%%g #{Eﬂ F&é&ﬁﬂg stﬁile lower
c@)%%gys?gf? . S1 E e28 vat absutlthate at 6BMEMd ANAk, hflgher CO

suppor er-Tropsch catalyst can be used
cdriveasén ddvehaf 61 &f (35% pe otikms). Bloweles FEeople 7 slsohat
the reaction.and feed conditions, in a Fischer- sch
demeenstates thatwhils lowering £Q wanvwersioz; 1 preficsied) loav@ 5
and | ubrjcant ojl carbons Wi
cCEBBEH M BlARAR P! SHEHTGE S Arer At el eres BRGtof ffphgotefn
I I
pr%dﬂ%rp @ﬁfsrfagtr 1? ggﬁ%%@g ln‘{"'tﬁehBWer éﬁé\‘}% %‘%@%‘?’é% @Friil]lgﬂéle‘?lﬁﬁs of
EgmﬁpgghQﬁKﬂgopsch hydrocarbon synt hesi s process pl ant
IS 1n existence or planned, another synthesis unit for
produci ng |inear alpha olefins can be included,
W t hout the need for a separate unit or plant for
produci ng the hydrogen and carbon nonoxi de gas
m xture. Linear al pha olefin synthesis can be
acconpl i shed by setting the operating conditions so
that the earlier value of the Condition Factor is
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about 2.2:1 and the CO reactant conversion rate was a

much hi gher 61% Exanpl e SHiﬁpresents conventi ona

hydr ocarbon synthesis conditions ainmed at producing

fuels and lubricating oil base stocks, and the CF

val ue of 15 is outside the scope of the current
CLiAMBL i on. Conparing the Exanple 7 and Exanple 8

results shows that the olefin selectivity at the | ower
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react in the presence of a non-shifting,
wheieiniseid qonsiidem fagjer s clsfimed a8ynt hesi s cat al yst

conprising a catalytic cobalt conponent, under

reaction conditions defin by ndi { | act or
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hydrocar bons, including a C4-C20 hydrocarbon fraction
Wh@ frpri sing said |inear al pha ol efins, wherein said

condi LORef ARGl OMmpefta@finneseds:°cCF = 200 - 0.6T +
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Pipo = water partial pressure in the synthesis gas feed to the lincar alpha
olefin reactor, kPa
Xco = % CO conversion, and

H,:CO = hydrogen to CO molar ratio in the synthesis gas feed to the

linear alpha olefin reactor.

2. A process according to claim 1 wherein said C4-Cao hydrocarbbn

fraction contains less than 3 wt% oxygenates.

3. A process according to claim 2 wherein at least 50 wt% of said

synthesized C4-Cyo hydrocarbon fraction comprises said linear alpha olefins.

4. A process according to claim 3 wherein the synthesis gas passed
into said linear alpha olefin hydrocarbon synthesis reactor has a H,:CO mole

ratio less than 2:1.



where, T = average tenperature in reactor, C PH20 =
wat er partial pressure in the synthesis gas feed to
woheodlocos3ar al pha ol efin reactor, kPa Xco = %PCDUS2003/036896
conversion, and H2: CO = hydrogen to CO nolar ratio in
the synthesis gas feed to the linear al pha olefin
reactor. 2. A process accordiyng to claim1 wherein
. said C4-C20 hydrocarbon fractl on contains |ess than 3
wt % oxygenates. 3. A process according to claim?2
wherein at |east 50 wt % of said nt hesi zed C4-C2
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hydr ocar bon synt hesi s reactor has a H2: CO nole ratio
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In sal react or process according to
cIa|n15 wherei n said C4-C20 hydrocarbon fraction
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accordi ng t alm 6 ein at |east 50 wt % of sai

sysidsivesl Cp @, hy iR athodr fogaidnosorhprAsdsi said tioegrdlgkes okeding.
Iinear al pha olefins. 8. A process according to claim

7 wherein less than 1 nole % of said COin said
synt hesi s Ay psodess acevrdirtgetd dlanCO3vhereoniespaem 1 hrode §hof
said reactor. 9. A gas conversion process according
saud)C@ i said synihenisigas isdervested tpdaQs ibare Rgss brengioyald
nt hesi s reactor for synthesizing hydrocarbons from
‘hesi s gas and wherein reactor tail gas produced
from said hydrocarbon

, 9. A gas conversion process according to claim 8 which includes at -
least one hydrocarbon synthesis reactor for synthesizing hydrocarbons from
synthesis gas and wherein reactor tail gas produced from said hydrocarbon

synthesis reactor is utilized as feed gas for said linear alpha olefin reactor.

10. The process of claim 1 wherein said synthesis gas is treated to
reduce its hydrogen concentration prior to passing into said linear alpha olefin

reactor.

11. An integrated gas conversion process according to claim 10,
including at least one Fischer-Tropsch hydrocarbon synthesis reactor for
synthesizing hydrocarbons comprising fractions boiling in the fuel and Iubricant
oil ranges, from said synthesis gas which contains said H; and CO in at least a
2:1 mole ratio, wherein at least a portion of said synthesis gas is passed into said

hydrocarbon synthesis reactor as the feed for said hydrocarbon synthesis.

12. A process according to claim 11 wherein said at least one linear

alpha olefin and hydrocarbon synthesis reactors each produce a reactor tail gas



synthesis reactor is utilized as feed gas for said
linear alpha olefin reactor. 10. The process of claim
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hydrogen concentration prior to passing into said
linear al pha olefin reactor. 11. An integrated gas
conversi on process accordingsto claim 10, including
at | east one Fischer-Tropsch hydrocarbon synthesis
reactor for synthesizing hydrocarbons conprising
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car bon4 r a&threkss Mot eiehZ eflclialin S8 Whérdgh S 1eARIFD WtResH said
al pha olefin reactors has |ess than 1 wt % oxygenates.

syfithesize@ KheEphydrecartom §ractionlcainprisds whidrlaiear atphaesdefins.
50 wt % of said synthesized C4-C20 hydrocar bon
fraction conprises said |inear alpha olefins. 15. A
pr ocesbS.ack pragtasg areording m dlaimtéreheregnsaid at 1dashs portion of

o B DI PR B S b B
T e e
pré@RJ TS R A8 fgho o képaRE H3IdeEEiEfrom it and produce

hydrogen and a synthesis gas having a reduced H, to CO mole ratio.

16. A process according to claim 15 wherein at least a portion of said
separated hydrogen is passed into either of said at least one hydrocarbon or
linear alpha olefin synthesis reactors to adjust the H, to CO mole ratio of the

synthesis feed gas passed into it.

17. The process of claim 16 wherein said hydrocarbon synthesis
reactor is converted into a linear alpha olefin reactor or wherein said linear alpha
olefin reactor is converted into a hydrocarbon synthesis reactor by changing said

reactor operating conditions but not said catalyst.

18. A process according to claim 17 wherein said Cy-Cyg hydro-

carbon fraction contains less than 3 wt% oxygenates.
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