PROCESS FOR THE PREPARATI ON OF AND COWVPOSI TI ON OF A FEEDSTOCK USABLE
FOR THE PREPARATI ON OF LONER OLEFINS Field of the Invention 5 The
invention relates to a process for the preparation of |ower ol efins
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10 lower olefins process objective is propylene.

Background to the Invention

The thermal cracking process for production of lower olefins, sometimes also known as
15  steam cracking or pyrolysis, is the most important commercial route for the production of
ethylene, propylene and other lower olefins from a hydrocarbon containing feed including at

least a fraction above the boiling point range of the lower olefins.

The chemical reactions that occur during thermal cracking are increasingly more complex
20 when processing heavy feedstock at high conversion. Naphthas are regarded as the lightest

of the heavy feedstocks suitable for thermal cracking.

The thermal cracking of naphtha feedstocks proceeds in two stages. The primary reactions

that take place in the first stage include the thermal decomposition of the reactants by free-



a. further thermal cracking of the olefins derived fromthe primry
reactions; b. production of paraffins, diolefins and al kynes fromthe
sane olefins via 5 hydrogenati on and dehydrogenati on; and c.

condensat.jon reactions to aropmatics apd cycl odi ol efi ns | ecul es, .
whi ch aPgica] L meskRRIsT: 5 huTioEsn. melhigher GH¥SRE, PrapyIEne, CRE1cRD ARG Higher
is aware of EP O 584 879 Bl in which it is disclosed that a 10

hydr opr ®leBas ekhesygpandettage inyalvesithiee tyigs ahieaptéonst acked using a t her mal
cracking process to increase the selectivity of the cracking process
to | owes. ol efurthsr thtvenal cochmged tHew!éfives dehigedrtbm the pdkangeadtions;

unhydr oprocessed synthetic oil fractions or crude oil derived
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better than a fully hydrogenated synthetic naphtha. In this
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cracking of unhydroprocessed synthetic o1l fractions or crude oil derived hydrocarbon feeds.

The ideal characteristics of a synthetic naphtha usable for the production of lower olefins
15 have been defined in an earlier paper by Frohning and Cornills (Hydrocarbon Processing,
Nov. 1974, p.143-146). They indicated that the high content of unsaturated compounds,
including olefinic species reduces the versatility of the synthetic naphthas as a cracking
feedstock unless part of the unsaturation is removed by hydrogenation. They indicated that
the ideal target would be a residual content of 10-15% olefins. Surprisingly it has been found
20  that a synthetic naphtha with an olefin contents above this range performed as a cracking

feedstock better than a fully hydrogenated synthetic naphtha.

In this specification reference is made to Fischer-Tropsch (FT) reactions, FT reactors, FT
products, and the like. The FT process is a well known process in which carbon monoxide

25 and hydrogen are reacted over an iron, cobalt, nickel or ruthenium containing catalyst to



waxes and smal |l er ambunts of oxygenates. The FT process is used
industrially to convert synthesis gas, which m ght derived from coal
5 natural gas, biomass or heavy oil streans, into hydrocarbons

rangi ng f&on1nethane %o species, Wt &%leﬁ%%ar sses above 1400.

Whi [ e tIFBIYRS; : IpRBEfuet straflt daeapched, it RYQocashaas; igpging Jigpa methane to
speci es such as branched paraffins, olefins and oxygenated
conponevitxes gad smallenapwintsof okygenpiedduct sl ate. The exact 10 product
sl at e depends on reactor configuration, operating conditions and the
catalyst that is enployed, as is evident fromarticles such as
Catal . Rev.-Sci. Eng., 23(1&2), 265-278 (1981). Preferred reactors
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Whi le WHRLFO e&y]gf%afsewaﬁ? e&i@ “its own uni que product slate, in all
cases the product slate contains sone waxy, highly paraffinic

mat eri al which needs to be further upgraded into usable 20 products.
The FT products can be hydroconverted into a range of final products,
such asWhitt dbi¢ enai giroduictst ers, limap take{inicometenls, othebepeaiids babess bemched
Such hydroconversion, which usually consists of a range of processes

such aspaiefling @l efdsi ang, oxhyeiagsdr @atpsasits iy fdid thatt AtthOprodGarnlatdeThe exact
termed a FT products work-up process. 25 3 In an ongol ng search for

al tigy nglrb¥et kBRIGIRAKs 8 MaRfor Q@ﬁﬁﬁfr&ﬂfrﬂ(bggr%tiﬂ%%ﬂﬁti&%raﬂdhﬁe catalyst that is
preparation of |ower ol efins the applicant now proposes the

fol I ow ngb INe R 9 dent from articles such as Catal Rev.-Sci. Eng., 23(1&2), 265-278 (1981),

Preferred reactors for the production of heavier hydrocarboﬁs are slurry bed or tubular fixed
bed reactors, while operating conditions are preferably in the range of 160-280°C, in some

15  cases in the 210-260°C range, and 18-50 bar, in some cases preferably between 20-30 bar.

The catalyst may comprise active metals such as iron, cobalt, nickel or ruthenium. While
each catalyst will give its own unique product slate, in all cases the product slate contains
some waxy, highly paraffinic material which needs to be further upgraded into usable
20 products. The FT i)roducts can be hydroconverted into a range of final products, such as
middle distillates, naphtha, solvents, lube oil bases, etc. Such hydroconversion, which usually
consists of a range of processes such as hydrocracking, hydrotreatment and distillation, can

be termed a FT products work-up process.

25



5 Summary of the Invention In a first aspect the invention provides a
hydr ocarbon feed which is used in a thermal cracking process to
prepare | ower olefins, said hydrocarbon feed including: at |east a
fraction having a boiling point above the boiling point range of the
| ower 10 olefins; at least 15% m mol efins; and an aronati cs content
below | % mMm In a second aspect the invention provides a process of
pr epar i Imgan engemngarearch dex, altenative dredstock aml/erdhatigr prongss rvaddy f9o thef rrepprgion
the first aspect. The thermal cracking process nmay be thernal

cr acki ngf lovet dlefisytht hpilicantmodr proaodes the ol dwingridesntibher mal cracki ng
conditions selected to suit the synthetic hydrocarbon feed
conposition. 20 Typically the thermal cracking conditions are a
tenperature of fron14OOC to 1200C, wusually from 700C to 950C and at

a pr §h 20 bar absolute pressure, typically from1l
sﬁﬁ%ﬁﬁﬁgiﬁg?@ ence time in a thermal cracking unit in which

t he thernal cracking is taking place may be from50 ns to 1000 ns,

or even longer. Typically the residence tinme nay be below 300 ns.
The residence time wil| however depend on the configuration of the

t her nmal Incp f8RG Agpectutiet inyentipn provides a hydrocarbon feed which is used in a thermal

cracking process to prepare lower olefins, said hydrocarbon feed including:

- at least a fraction having a boiling point above the boiling point range of the lower
10 olefins;

- at least 15% m/m olefins; and

- an aromatics content below 1% m/m.

In a second aspect the invention provides a process of preparing lower olefins, the process

15  using a hydrocarbon feed of the first aspect.

The thermal cracking process méy be thermal cracking of the synthetic hydrocarbon feed
under thermal cracking conditions selected to suit the synthetic hydrocarbon feed
composition.

20
Typically the thermal cracking coﬁditions are a temperature of from 400°C to 1200°C,
usually from 700°C to 950°C and at a pressufe of from 0.1 to 20 bar absolute pressure,

typically from 1 to 5 bar.



The thermal cracking nmay be carried out in the presence of an inert
media. This inert nedia mght be steamor nitrogen. The synthetic
hydr ocarbon feed may be the product of a FT reaction. 10 The

synt het i c hydrocar bon feed be the. processed product of the FT
reacti ohle ﬁeﬁ@eﬁ%tya? @éﬁ%ﬁ%@wﬁ%ﬁg it dR %ﬁﬁ%{a erafling dt kpigrplace
feed nmay be an unhydrogenated fraction of the process products of
t he FT manbeiftom 5Q mstpd 089 mshet ¢eenHgegesc dypisally Bedesidgnep sinpr mpabedelpy
conbi ning at | east an unhydrogenated fraction of the process products
of the I medidteiresiderab simervedldromesert depemd omthewnhiigirratmnalt thel thefmal cracking
fraction; and a hydroconverted fraction of the process products of
the FT umgegdegon, also referred to 20 as a hydroprocessed or
hydr ocracked FT fraction. The unhydrogenated FT fraction nmay include
a fraction of the condensate product of the FT reaction The FT
condensate is typically obtained as the lIiquid hydrocarbon stream
fromt T products excluding.the. FT wax froma .FT reactqr.i.n i gh
the Er T BErEH SRR R b¢ Se it e Frberd AR ing el RhiniRe Hiegh
may be a_ hydrocracked FT wax fraction of the FT reaction products.
The FT Wtsht be sletn @ANite2eYpi cal | y obtai ned as the heavy hydrocar bons
stream 5 It has been found that the synthetic hydrocarbon feed is
opti m sed when the target product of the cracking process is
propyl ene. Moreover, it has al so been found that this synthetic

The synthetic hydrocarbon feed may be the product of a FT reaction.

10
The synthetic hydrocarbon feed may be the processed product of the FT reaction.
The unhydrogenated fraction of the synthetic hydrocarbon feed may be an unhydrogenated
fraction of the process products of the FT reaction.

15

The synthetic hydrocarbon feed may be prepared by combining at least

- an unhydrogenated fraction of the process products of the FT reaction, also referred to
as an unhydrogenated FT fraction; and

- a hydroconverted fraction of the process products of the FT reaction, also referred té

20  as a hydroprocessed or hydrocracked FT fraction.

The unhydrogenated FT fraction may include a fraction of the condensate product of the FT
reaction The FT condensate is typically obtained as the liquid hydrocarbon stream from the
FT products excluding the FT wax from a FT reactor in which the FT reaction has taken

25  place.



hydr ocarbon feed can yield significantly | ower yields of the
undesirable liquid product (C5+ fraction) that is co-produced during
cracking to lower olefins. 10 This synthetic hydrocarbon feed, also
referred to as ol efinic naphtha, has a | ow aronmatics content of

bel ow 1% nass, preferably bel ow 0, 5% mass. The | ow aromati cs cont ent
is believed to be a contributing factor to the superior thernal )
cr acki nghpbydrepregseed FT Hechgi mey drevohydrecracked yF lo wap diagomef the 8 reaction
about 20% ol efins. 15 The invention may enconpass a process for the
pr epar aprioductef Tliee BY ntak dtacdorigdym calybdbtaihekd the heavyhiydmesbohostream.
produci ng |l ower olefins, said feed including at |east a fraction
having a boiling point above the boiling point range of the |ower

ol efins, said process including the steps of: 20 a) fractionating a

stra gh f [ '

or oauer BpY Per IO A s ARG Al o £8P ftpftedutel (X B Pt of
hydr ocopverting by a process incluydi ng hydrocracking_.at .| east .a .
Y act; o graqdite Blerdbli RERNGh T Mired st Mbcatep Geftf Siing' GaF S s¥igietie
thereof; c) fractionating the hydroconverted wax product from ste b5)
to obt aft r%parlgﬂylr%@cbﬁ%mgloslgl’zﬁcmw@war yields of 8¢ @@ﬁﬁf@ﬂ%@%é@m@ﬁ&c +
ot her products fromthe hydroconversion process; and 6 d) bl ending

sai d ol Eédstengthatis lkbipaoducedtistimgperagking tohlowheolkfiok. oconver t ed napht ha
from step c) to obtain a a synthetic hydrocarbon feed in a desired

rati o having a boiling point above the boiling point range of the
| oner olefins. 5 The wax fraction of step b) nay have a true boiling

poi fif  (TRE)syhMedid'BydrBOE0P FeeBPRMNE réffred %o as olefinic naphtha, has a low aromatics

content of below 1% mass, preferably below 0,5% mass. The low aromatics content is

believed to be a contributing factor to the superior thermal cracking performance.

The hydrocarbon feed may comprise at least about 20% olefins.

15
The invention may encompass a process for the preparation of a synthetic hydrocarbon feed
to a process for producing lower olefins, said feed including at least a fraction having a
boiling point above the boiling point range of the lower olefins, said process including the
steps of:

20 a) fractionating a straight run unhydrogenated condensate fraction of a FT synthesis
product of H; and CO to obtain a synthetic olefinic naphtha;
b) hydroconverting by a process including hydrocracking at least a wax fraction of the
FT synthesis product of H, and CO, or a derivative thereof;
c) fractionating the hydroconverted wax product from step b) to obtain a hydroconverted

25 naphtha fraction separated from the other products from the hydroconversion process; and



700C, typically in the range 80C to 650C. The FT condensate fraction
of step a) may have a true boiling point (TBP) in the range -70C to
350C, typically -10C to 340C, usually -70C to 350C. 10 Typically, the
hydr oconverted product of step ¢) is blended with the syntheti

hydr ocaPbon Pledieg syf efinie @aphiha ifiony sigs) 4 futh the 5‘15{%?‘69118?“?4 Bﬁlﬂ%ﬂmﬁ%
4:1 to formthe synthetic hydrocarbon feed of speﬁ d). Typically

t hi s voitemette obtaima i eyrtketic:lydragarbon feashing depirasl retip havihg ¢ bpbdingwemt gbove
and 2:3. 15 The invention may enconpass a process for the preparation
of a sytht beiling phindram@avbtr lbeadlefime a process for producing | ower

ol efins, said feed including at |east a fraction having a boiling
poi nt above the boiling point range of the |ower olefins, said
process including the steps of: 20 a) hydroconverting by a process

or oduct T b ERAIRGEEAG  mey FA0L A BS i REl PR il kg B P o
hyd d. d f ith i gh
unnyar oty SaibeiiGn et SIS EhCn & Gesirod ratio to obtain a

bl end that includes hydrocarbons boiling over a broad tenperature
range; and 7 c) fractionating the hydrocarbons blend fromstep b) to
obtain a synthetic hydrocarbon feed for the thernmal cracking process
havi ng Bhad6T bomigngaté fractminamfetephe niayiHavag typo boilingpoge (OBP) inhtke ranger70°C
ol ef i ns.

to 350°C, typically -10°C to 340°C, usually -70°C to 350°C.

10
Typically, the hydroconverted product of step c) is blended with the synthetic hydrocarbon
fraction of step a) in a volumetric ratio of from 1:4 to 4:1 to form the synthetic hydrocarbon
feed of step d). Typically this volumetric ratio is 1:2 to 2:1, even more typically between 3:2
and 2:3.

15

The invention may encompass a process for the preparation of a synthetic hydrocarbon feed
for a process for producing lower olefins, said feed including at least a fraction having a
boiling point above the boiling point range of the lower olefins, said process including the
steps of:

20  a) hydroconverting by a process including hydrocracking at least a wax fraction of the
FT synthesis product of H, and CO, or a derivative thereof;
b) blending said hydroconverted product from step a) with a straight run unhydrogenated
condensate fraction in a desired ratio to obtain a blend that includes hydrocarbons boiling

over a broad temperature range; and



5 The hydroconverted product of step a) nay be blended with the
condensat e hydrocarbon fraction in step b) in a volunmetric ratio of
from1l:10 to 10:1 before being fractionated in a single unit to form
the syntheti¢c hydrocarbgn feed of step c). The wax fraction of step
a) may Have Baqtopaingotheibygrosaibas bieppyronk siend) fafheibi suKbeic hskegagon
10 700C, typically in the range 80C to 650C. The FT condensate
fract i ofsedforshefetmalrgekingprogess hgeinp ¢iboiling pantraboya Br)boiling préntrrangpeof
-70C to 350C, typically -10C to 340C, usually -70C to 350C. 15 The
synt hetthe ldwarobefmsbon fracti on usabl e as feedstock for thernmal
cracking may be a C5 to 160C boiling range, defined based on the
ASTM D86 Distillation standard, synthetic naphtha. According to a
third aspect of the invention, there is provided the use of a
hydroc LSt ; .eedst
dsacaf}?&ﬂ%{rS(?éoil\XgﬁQdOﬁi&thPof ke taplgﬁ%pé bﬁ@ﬁ@ r\ll\élﬁ’l i3 &&h?ﬁesg%slﬁ)gﬁ?(carbon

pro tron InNs via cra sal

having at | east a . 15% nass o] efins nt ent, .an n omat.i cs cont ent.
ol ow FSHIOFHE SHPGHIY e BRI R AL HoHR 1,10 Ho b EPRies Bauntied in o
from conventional petroleum 25 refining schenme or fromthe

fracti cfd’églﬁﬁﬁlféﬁfoméhwwﬁh@cﬁvdﬁo@é@%&?g@éﬁ‘Pé}P-ned in natural gas. 8
The blending ratio required is selected for each specific highly

paraffinic naphtha in order to obtain a sem -synthetic naphtha with
a simlar olefins content as that of the above described fully

synt het Tike wapRhditdn df s@p d) thayliRve ahaie beflingomt (TBP) hke fingsof ShduhaorC to
20% by mass together with an aromatics content bel ow 1% nmass. 5

10 700°C, typically in the range 80°C to 650°C.

The FT condensate fraction of step b) may have a true boiling point (TBP) in the range -70°C

to 350°C, typically -10°C to 340°C, usually -70°C to 350°C.

15  The synthetic hydrocarbon fraction usablé as feedstock for thermal cracking may be a C5 to
160°C boiling range, defined based on the ASTM D86 Distillation standard, synthetic

naphtha.

According to a third aspect of the invention, there is provided the use of a hydrocarbon feed
- 20 of the first aspéct, as a feedstock for the production of lower olefins via thermal cracking,
said feedstock having at least a 15% mass olefins content and an aromatics content below

1%.

The hlghly paraffinic naphtha may be a product obtained from conventional petroleum

25  refining scheme or from the fractionation of the liquid hydrocarbons contained in natural gas.



Table 1 gives a typical conposition of the two FT liquid fractions
obtainable froma FT reactor. Table 1: Typical FT product after
separation into tw fractions 10 (vol %distilled) Dstillation FT
Condensat e FT _Wax  Range (< 270C fractjon) (> 270C fraction C5-160C
443 156 bloeing wip regwedyy geleatsd Jay cagh g Udnghlwaraigyseﬂepﬁthw order 6
Catal ysts for the FT wax hydroprocessing are typically of the

bi f unct ¢Waiala seppsynthetec naphéy witls asonilan aefiisteosteat o thet ebthe abackdasgribed
and for hydrogenation. Catalytic nmetals active for hydrogenation

i ncl udefully cypthti¢ Inaplethh,ei.¢reihaths ,rasgec bf amrplian hiké @r mpsd ttadi 209 byr mass
sul phided Goup VIII base netals, e.g. nickel, cobalt, which may or
may nOtto?étﬁéﬂW@h&l%hﬁﬂbéj&ﬂlt&%%ﬂBw M, nméal . e.g. nolybdenum The
support tor the netals can be any refractory oxide, such as silica,
alumg na, titania, zirconia, vanadia and other Goup II1l, IV, VA and

VI oxides, alone or 20 in conbination with other refractory oxides.

PR T e AN R A B Rk MR

silica-regdtymi na. Process conditions for hydrocracking can be varied
over a wide range and are usually 25 | aboriously chosen after
extensi ve experinentation to optimse the yield of naphtha. In this

Table 1: Typical FT product after separation into two fractions

10 (vol % distilled)
Distillation FT Condensate FT Wax
Range ' (< 270°C fraction) (> 270°C fraction)
Cs-160°C 44
160-270°C ' 43 4
270-370°C 13 25
370-500°C | - 40
> 500°C - 28

Catalysts for the FT wax hydroprocessing are typically of the bifunctional type; i.e. they
15 contain sites active for cracking and for hydrogenation. Catalytic metals active for
hydrogenation include group VIII noble metals, such as platinum or palladium, or a sulphided
Group VIII base metals, e.g. nickel, cobalt, which may or may not include a sulphided Group
VI metal, e.g. molybdenum. The support for the metals can be any refractory oxide, such as
silica, alumina, titania, zirconia, vanadia and other Group III, IV, VA and VI oxides, alone or
20  in combination with other refractory oxides. Alternatively, the support can partly or totally
consist of zeolite. However, for this invention the preferred support is amorphous silica-

alumina.

Process conditions for hydrocracking can be varied over a wide range and are usually

25 laboriously chosen after extensive experimentation to optimise the yield of naphtha. In this



9 regard, it is inportant to note that, ‘as in many chem ca
reactions, there is a trade-off between conversion and selectivity.
A very high conversion will result in a high yield of gases and Iow

yi el d of naphtha fuels. It is therefore inportant to painstakin ¥w
tune t HESHAOE BENOHAR; i ingifthitnas marty ehsmins! reqrtiqns; Wigfeds AjrepHpetween
of >160 b

condi 11 S e e e B B e b P o B PO RE of S and Jow
Wax CONETf mIBRCNBISPRE,FERRme IRANGE RANGEstTlangletatathe proCed30ndiiions in

o GG S He 1he B L e B G Ry by Tl YRR adiss PR ] igh set

50 -5 70pf cbAaitiener t hel ess, it is possible to convert all the >370C
~material in the feedstock by recycling the part that is not
converted during the hydrocracking process. Description of Exanples
of the InventlonT f -f synt hetic
hydr ocar bon feed=s—¢ TEe— cieim- A 'syngas)
stream 11, a m xture of hydrogen and car bon nDnOX|de enters the FT

reactor 1 where the synthesis gas is converted to hydrocarbons by the
FT reacti on| CQmHﬂHHD@hter unhydrogenated FT BREADON || PREFERRED
condensate,| is recovered in I|_ ne 12, and |i s RANGE RANGE
Temperature, °C 150-450 340-400
Pressure, bar-g 10-200 30-80
Hydrogen Flow Rate, m’,/m’ feed 100-2000 800-1600
Conversion of >370°C material, mass % 3080 50-70

10
Nevertheless, it is possible to convert all the >370°C material in the feedstock by recycling
the part that is not converted during the hydrocracking process.
Description of Examples of the Invention

15

A basic process for the preparation of synthetic hydrocarbon feed is outlined in Figure 1. A
synthesis gas (syngas) stream 11, a mixture of hydrogen and carbon monoxide, enters the FT

reactor 1 where the synthesis gas is converted to hydrocarbons by the FT reaction,

20 A lighter unhydrogenated FT fraction i.e. the FT condensate, is recovered in line 12, and 1s
sent to be fractionated to fractionator unit 5 where an olefinic naphtha fraction is recovered

in line 12a together with an olefinic diesel product via line 12b.

10



sent to be fractionated to fractionator unit 5 where an olefinic
naphtha fraction is recovered in line 12a together with an olefinic
di esel product via line 12b. 10 A waxy FT fraction is recovered in
l'ine 13 and sent to the hy droconver3|on unit 2. The  hydroprocessed
pr oduct A ¥Rt ff%?hppd&trw@ﬂa&eérmdmet R apgsend 1t the dydrocpryesuion upH ot e
are recovered: hydroprocessed naphtha 17, hydroprocessed diesel 18,
and undumlveproesdseapipdusipiscant to hmactiohgihr ub %le’dwe; @tl least (ihee Rodycts are
line 19. 5 An alternative process is presented in Figure 2 where the

| i ght erreEdvetadadtyideoprocessedt duphtfhl 17 dndenseadessedi diesed Cl@y end duniconverted vy
and is sent to be fractionated to common fractionator unit 3 with
the hydﬁﬁ@%&ﬂﬁﬁﬁ%?uBé%ﬁ&@kdhf&ﬂi2bﬁlH%Q©0prOCGSSIng unit 2. 10 A
smal | anount of gases are also separated in fractionator 3 and,
if ipcluded a second fractionator 5. Wile these are not shown in
this description, this sinplification should be clear to any person
skilled in the art. The synthetic hydrocarbon feed of this invention
may be pfcftegrdveiptdiess Byprlebeanedl MOFRpufeednBherd hel Aghten #T1Fadtas S ale FT
in Figure 1) when two fractionators are included in the process

schene cdﬂﬁex%%teals%&ﬁlef‘ed% 1881 1ahd(@Sen® ROV fiaPidHaB4 6 cgﬂm%%c%ﬁaxoﬂﬂﬁt
fractionator 1s used. The synthetic hydrocarbon feed is a naphtha

or 00Uty Wil . SRR S85cd MR Gl Be B0l Alin and are usefu

as a pe rochem napht ha

streans 12a and 17, obtainable when includlng two fractionators can

range from1:2 to 2:1, typically the ratio is between 2:3 and 3: 2.

The blending ratio for naphtha 12 and hydro processed wax 15 can

range f & QMo shthunP ol 8)-&, gases are also separated in fractionator 3 and, if included a second
fractionator 5. While these are not shown in this description, this simplification should be

clear to any person skilled in the art.

The synthetic hydrocarbon feed of this invention may be produced either by blending streams
15 12aand 17 (as shown in Figure 1) when two fractionators are included in the process scheme
or as a single stream 17 (as shown in Figuré 2) when only one fractionator is used. The
synthetic hydrocarbon feed is a naphtha product which comprises typically a Cs-160°C

fraction and are useful as a petrochemical naphthas.

20  The blending ratio for naphtha streams 12a and 17, obtainable when including two

fractionators can range from 1:2 to 2:1, typically the ratio is between 2:3 and 3:2.

The blending ratio for naphtha 12 and hydro processed wax 15 can range from 1:10 to 10:1.

11



11 Either of these naphtha products can then be thermally cracked in
thermal cracking unit 4 where the |lower olefins are to be produced.
For sinplicity reasons only two product streans are shown exiting
unit 4._Stream 21 contains_the | ower ol efins and, stream 22 contai ns,
al | otFigher (o dhepg naghtas profycis, GaUBeR be fhgrmally grcked iihegRalspading pait 4
clear to any person skilled in 5 the art. A sonewhat heavier cut,
synt het wherdithsslevei glefihs aredp baipnadiiced. bortsimplikifrestons anky twRlprodice stregins
distillate) and 18 (hydroconverted distillate) when two fractionators
ar e i ncdrodrawi kgmpaini) 4. Shream t2/ocoditaty thedbweif olafihd amb stacaen 22 comaine cill
Al ternatively, an equival ent product can be 10 recovered as stream 18
as shovgihérthEmnd tRicking PR&RRtst IhiP SRt SidnAholiRl BeSQ6hr 98 ahi) BérsorPYRIET in
bl ended as a single product. Al of 'these distillate cuts are
typical by ecovered as 165-370C fractions useful as diesel fuel. In
ei ther case the heavy unconverted material 19 fromfractionator 3 is
typically recycled to 15 extinction to hydroconversion unit 2.

Al ternatively, the residue may be used for production of high
viscosity index synthetic |lube oil bases. Experinental Data 20 The
synt het £ somgdheiduapencitenathete disselig alsp obwwg}ed@ebiam@ag Fireangsalcbi (elefinic
was prepared using the process as descri bed above as was a fully
hydr oprdistdise}chndyirdt thetiiocotmedied clititiate) fadhed tworfractompans at¢ uehtded tFiggre 1)
The characteristics of these two feeds are set out in Table 3.

Napht hagen two Aidtillbdey AL Rk e&256dd F TARGRRE Ry, Wirt BqavAlerit%prb@sdt Bdalbe
ol efins content. Naphtha 2 is an olefinic. FT naphtha prepared using

a plroocex%éov%?%ieé&g}%éiﬁh 838 shOVP inPEiB e P afleldtwo' bR tean!Petisedan MlefdwiSor
content was 21, 9%
blended as a single product. All of these distillate cuts are typically recovered as 165-370°C

fractions useful as diesel fuel.

In either case the heavy unconverted material 19 from fractionator 3 is typically recycled to
15  extinction to hydroconversion unit 2. Alternatively, the residue may be used for production

of high viscosity index synthetic lube oil bases.

Experimental Data

20  The synthetic hydrocarbon feed including an unhydrogenated FT fraction was prepared using
the process as described above as was a fully hydroprocessed synthetic hydrocarbon fee& for
comparative testing. The characteristics of these two feeds are set out in Table 3. Naphtha 1
is a fully hydroprocessed FT naphtha with a 0,5% residual olefins content. Naphtha 2 is an
olefinic FT naphtha prepared using a process scheme such as that described in Figure 2. Its

25  olefins content was 21,9%.

12



12 Table 3: Characteristics of the Synthetic Hydrocarbons Feeds

Napht ha 1 Naphtha 2 Specific Gavity 0.691 0. 703 ASTM D86
Distillation TO C51 65 T5, C54 70 Ti0, C57 75 T30, C 75 91
T50, C 93 99 T70,C 107 113 T90,C 125 130 T95,C 130 132 T100,C 134
135 E ..} H M Chaplssk: t Clagracteristics of thg Synthetis Hylypgarboys Feedsef i ns %
0.5%21.9% _Naphthenes % 7.1%3.5% Aromatics % 0.5%0.3%

Oxygenates % ND 2. 4% Total % 100. 0% 100. 0%Naphtha 1 Naphtha 2
Specific Gravity 0.691 0.703
ASTM D86 Distillation TO, °C 51 65

T5, °C 54 70
T10, °C 57 75
T30, °C 75 01
150, °C 93 99
T70, °C 107 113
T90, °C 125 130
T95, °C 130 132
T100, °C 134 135
Composition -
»  Alkanes % 91.9% 71.9%
»  Qlefins % 0.5% 21.9%
= Naphthenes % 7.1% 3.5%
*  Aromatics % 0.5% 0.3%
= (Oxygenates % ND 2.4%
Total . % 100.0% 100.0%
Sulfur ppm <1 <1
Total Oxygen ppm NA 3405

5  The Cracking severity was measured by calculating the Propylene/Ethylene (P/E) mass ratio.
Note that P/E ratio has an inverse relation to the cracking severity: high P/E ratios correspond

to low severities (i.e. lower cracking temperatures) and lower methane co-produced.

These two hydrocarbon feeds were then subjected to thermal cracking as set out in table 4

10 below. Inthe comparison of performance, the cracking severity as measured by the P/E mass
ratio was within £0,01. This difference value can be regarded as acceptable to considered the
result sets as equivalent cases. It is important to highlight that the economics of commercial
scale cracking to lower olefins can be significantly affected by improved product yields, even
as low as 0,5-1,0% percentage points.

15

13



Sul fur ppm<1 <1 Total Oxygen m NA 3405 5 The Cracking severity was
measured by cal cul ating the Propyl ene/ Et hyl ene (P/E) mass rati o.
Note that P/E ratio has an inverse relation to the cracking severity:

high P/E ratios_correspond . to |ow severities (i.e. |lower crackjn
t enper aEeRvEationaHy. |thindeWeieokidine o comBtdginterrEsarer RBYIRer B@Qﬂ&&% and
feeds were then subjected to thermal cracking as set out in table 4
10 bel dwatadienet HEhecthenaal iceaskingfprpeass elsoraesulis int the preduskipm gl vesaguritey ligeid
nmeasured by the P/E nass ratio was within 0,01. This difference

val ue cladrdrbongarite divasraaceptalidreatomsc@33.i detie grdduet iy eSldvw combrercial
equi val ent cases. It is inportant to highlight that the econom cs of

COMME Chithest fftBbSnA cACKeMPetaorhoner ol efins can be significantly
af fected by inproved product yields, even as low as 0,5-1,0%

per gent age points. 15 13 Conventionally, the | ower ol efins of
comiercial interest are ethylene, propylene and butadiene. The

t hermal _crackin rogess also resplts in. the oductj an, aof -

nsat or BRSSO g PRam Goh s ereary g i the blefBisranbeis reesyed
This product is of |low commercial interest to thermal cracker

oper at ofsa bstterhperfasmgnees coppaehtvath ifrhe kadrppwsessed Mtephthel bayhop thermally
indicate that the olefinic Naphtha 2 resulted in a better

per f or maagkedc offhar wds patttvufaulyl frudyfolr dpr dilesseg pRdphtdree lentbem (1) Higher
thermally cracked. This was particularly true for the foll ow ng

per f or r@R@encind SrobRend ieldd, ghe consebivntignaglan doweroPElie Reeldd, @hd$2) Boer

consequent |y hi gher | ower ol efin yields, and (2) Lower
10 yield of the unattractive thermal cracking liquids (C5+ fraction).

Therefore, the overall performance of the synthetic partially hydroconverted thermal cracking

feed was better than that of its fully hydroprocessed counterpart.

15 Examgle 1- Lo.w Cracking Severity — P/E ratio 0,59-0,60
The experimental results shown in Table 4 indicate that the Naphtha 2 resulted in 2,2% mass
more ethylene that the fully saturated Naphtha 1 — 33,0% and 32,3% mass respectively.
Similarly, the propylene yield was 3.1% higher, 19,7% and 19,1% respectively. On the same
basis, the combined yields of the commercially attractive lower olefins, ie. ethylene,
20  propylene and butadiene, was 3,6% higher — 57,2% and 55,2% mass respectively. Finally, the

yield of undesirable combined liquid products (C5+ material) was 11,2% lower when

processing Naphtha 2, 15,0% and 16,9% respectively.

Example 2 — High Cracking Severity — P/E ratio 0,50-0,51

14



10 yield of the unattractive thermal cracking liquids (C5+ fraction).
Therefore, the overall performance of the synthetic partially

hydr oconverted thermal cracking feed mas better t han that of its
fully h droprocessed counterpart.. 15 Exa - Low Cra

Severi t ybe mﬂwtabr@u@ﬂ@“@onﬁtélee&ﬁ@ﬁatﬁeth@we Meghthe 2 rgwétﬁﬂ 1y b7 pees
4 indicate that the Naphtha 2 resulted in 2,2% nmass nore ethyl ene

t hat t heofeukthylegatthatahe dulljasatutated NaplgBa 0% 6e8 %8 2ngo3 Hl$smass Tespectively.
respectively. Simlarly, the propylene yield was 3. 1% hi gher, 19, 7%
and 19, Sthiteelspthetpromiishe ykld s 35¥dthigheaslisss% tahé 12 8hbraspettiyelel Oa tod same
the commercially attractive |lower olefins, i.e. ethylene, 20

propyl et%lsa Nee %hﬁ%e%n Ciel ST ?theﬁ %bﬁﬁ&'?&ﬁlly a%ca«e ABHeP %l&%)s MRes ethylene

respectlve y. Finally, "the vyield of undesirable conbined I'1 qui d

DEOGYs sirabSRig i Bk veﬁzj@l/tzﬁ‘ﬁ‘&?%waﬁﬂéﬁp@ PRERS ISR Raify, the
el oot égtdﬁatr’ et embised JBge srduats, (Gof magiiane LA b waen

the fully saturated Naphtha 1 - 36, 3% and 35, 7% mass respectively.
Siml arprycwtsm@l‘ﬁﬁpbﬁwi’eﬂa&% &1ddl 426 T@pecivelgher, 18, 5% and 17, 8%
respectively. On the sane basis, the conbined yields of the
commercially attractive | ower oIefins, i.e. .ethylene, 5 propylene and
but adi ene, was 2, 9% hi gher - 59, 4% and 57, 7% nass respectively.
Finally, the vyield of undesirable conbined |iquid products (C5+
material) was 15,3% | ower when processing Naphtha 2, 12,2% and 14, 4%
respectively. 15 Table 4: Steam Cracking Perfornmance of Synthetic

Hydr ocar bon Feeds

15



Napht ha 1 Naphtha 2 Propyl ene-to-Ethylene ratio wt 0.59 0.50 0.60
0.51 Average Coil Tenp., C C 868 892 877 896 ggm Product Yields
(mss %9 '".<. ; 1k 1 af "M _ Ethylene wt % 32.3 35.7 33.0 36.3

Propyl ene wt % 19.1 17.8 19.7 18.5 1,3-Butadiene wt_ %3.8 4.2 4.5
4.7 Total Ldable#y SteamChackipgBerformancepf Synthetic Hygogarhopdieels we o
8.4 6.2 7.6 5.8 Hydrogen wt %0.7 0.8 0.7 0.8 Methane vt % 13.0
14.9 13.4 15.3 Oher Paraffins wt %5.3 4.8 5.3 5.2 Alkynes vt %

0.71.10.81.1 CcOCO2 w %0.0 0.1 0.0 0.1 Cob+ Liquids w % 16.9
14.4 15.0 12.2 Total Products wt % 100} 0 1Nphthajloo. § 10Waths2
Exanpl e 3 | Piapeleac-&d-Ethylant ratidSem - sywt hp \ e6fl - syAthet|i c
napht ha whpaee@ @CbﬂlT@ﬁh L e gitzef | nigog
Napht ha 2 CARdu gingT ™ 3
fracti onat dth‘ye:ﬁ,” tthe—FT condensat . _ f -
conventi ong Fochemcal—naphtha—Fhe C‘1’9"1’05= t”Jg. &f 53? ST
t hese prod 0P 1L‘egenre,‘sem:_e,d_l_n_'liarlg %0 : 13. 18
1,3-Butadiene wt % 3.8 4.2 4.5 4.7
Total Lower Olefins wt% | 55.2 57.7 57.2 594
Other Olefins wt % 8.4 6.2 7.6 5.8
Hydrogen wt % 0.7 0.8 0.7 0.8
Mecthane wt % 13.0 14.9 13.4 15.3
Other Paraffins wt % 5.3 4.8 5.3 52
Alkynes wt % 0.7 1.1 0.8 1.1
CO/CO2 | wt % 0.0 0.1 0.0 0.1
C5+ Liquids wt% | 16.9 14.4 15.0 12.2
Total Products : wt% | 100.0 100.0 100.0 100.0
5

Example 3 — Preparation of a Semi-synthetic Naphtha

A semi-synthetic naphtha whose olefin content is similar to that of the olefinic Naphtha 2 can
be prepared by blending the FT straight run Naphtha 3 fractionated from the FT condensate
with a highly paraffinic conventional petrochemical naphtha. The composition of two of

10  these products is presented in Table 5.

Table 5 Components of a Semi-synthetic Olefinic Naphtha

Paraffinic Blend (% mass of Naphtha 3) Naphtha

Naphtha | 20% 40% 50% 60% 80% 3
Density, kg/L (20°C) 0.660 0.669 | 0.679 | 0.684 | 0.689 | 0.699 0.710
Total sulphur, ppm <2 <2 <1 <l
Composition, % wt | . -
Paraffins 93.0 85.3 71.6 73.7 69.8 62.1 54.4
Naphthenics 5.5 4.4 3.3 2.7 2.2 1.1 0.0
Aromatics 1.5 1.2 0.9 0.8 0.6 0.3 0.0
Olefins 0.0 7.0 14.0 17.5 21.0 28.0 35.0
Oxygenates 0.0 2.1 4.3 5.3 6.4 8.5 10.7
Total 100.0 100.0 | 100.0 | 100.0 | 100.0 | 100.1 100.1

16



Tabl e 5 Conponents of a Sem -synthetic O efinic Naphtha Paraffinic
Bl end (% mass of Naphtha 3) Naphtha Naphtha 20% 40% 50% 60% 80% 3
Density, kg/L (20C) 0.660 0.669 0.679 0.684 0.689 0.699 0.710 Total

sulphu ppm <2 <2 <2 <1 <1 <1 <1 --j a nel . Conposition, %w

n atis ewdenpﬁ%fm tHs capg. Bedyget O;fwae?o‘?g, Ol Tigs isgpWRginaples i plends of ca 35%
Naphthenlcs 5.54.43.32.72.21.10.0 Aomtics 1.51.2 0.9 0.8
0. 6 0. Ngphtha Dweh ithsbadarge Peidg bhighly pasiipic petaghemBsl mphtheygenat es 0. 0
2.1 4.35.36.48510.7 Total 100.0 100.0 100.0 100.0 100.0 100.1
100.1 16 It is evident that, in this case, the target of ca 20%
olefins is obtainable for blends of ca 55% Naphtha 3 with the
bal ance being a highly paraffinic petrochem cal naphtha. 17 d ains
1. A hydrocarbon feed which is used in a thermal cracking process to
prepare lower 5 olefins, said hydrocarbon feed including:

17



at least a fraction having a boiling point above the boiling point
range of the lower olefins; at least 15% nmolefins; and - an
aromatics content below 1% mm 10 2. A hydrocarbon feed as cl ai ned
inclaiml, used in a thermal cracking process to prepare |ower

ol efins, wherein the hydrocarbon feed conprises at |east about 20%
mm olefins. 15 3. A hydrocarbon feed as clained in claiml or claim
2, usedClaama t hernmal cracking process to prepare |lower olefins, said
feed being a synthetic hydrocarbon feed including at |east a
fraction which is unhydrogenat ed. 4. A hydrocarbon feed as clainmed in

claim3 used in t her ¢r.acki ng .process to prepare | ower

ol efinsl- saiét ¥ Yé‘éflfaﬁlé’inn’ga e W ifcHseEfing %Fn?@afefﬁfﬁ%% procest oy RIEPRIG BBFF
feed as cI aimed in claim3 or claim4, used in a thermal cracking

pr oces solehny saip ayérokahen fasiéfdlwding:sai d feed bei ng prepared by

conbi ning at | east an unhydrogenated fraction of the process products
of an KT reagitlena feaedon davinga lbmﬂﬁg)p@invebd\edhé baitinigaiviifrahgeodihe deser
products of the FT reaction. 18 6. A hydrocarbon feed as clained in
clai m Sglefiged in a thernmal cracking process to prepare |ower

ol efins, whérein the unhydrogenated fraction is a condensate fraction

of the _FT %qgatS{ Pﬂﬁﬁ{/&d&ﬁﬁ% agd /- A hydrocarbon feed as clainmed in
claim6, use crac ing process to

- an aromatics content below 1% m/m.

10
2. A hydrocarbon feed as claimed in claim 1, used in a thermal cracking process to
prepare lower olefins, wherein the hydrocarbon feed comprises at least about 20% m/m
olefins.

15 3. A hydrocarbon feed as claimed in claim 1 or claim 2, used in a thermal cracking

process to prepare lower olefins, said feed being a synthetic hydrocarbon feed including at

least a fraction which is unhydrogenated.

4, A hydrocarbon feed as claimed in claim 3, used in a thermal cracking process to

20  prepare lower olefins, said feed being a product of a FT reaction.

5. A hydrocarbon feed as claimed in claim 3 or claim 4, used in a thermal cracking
process to prepare lower olefins, said feed being prepared by combining at least
- an unhydrogenated fraction of the process products of an FT reaction; and

25 - a hydroconverted fraction of the process products of the FT reaction.
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prepare | ower ol efins, wherein the hydroconverted fraction is a

hydr ocracked wax fraction of the FT reaction products. 8. A process
of preparing of |ower olefins, the process using a synthetic

hydr ocar bon 0 feed as_clained in any preceding claim 9. A process
as clai%red i BHEcaoen fed g5 gf}amrﬂ%n iy 5.t R theBTlsTapng geqgess to
conprising (1) effecting a FT process on the FT feed to produce a
hydr oc aprepate favest obgfinscwhérmadhe nnladyogshated dleptioniis neondengptg fationief thg FT
t he hydrocarbon feed in a thermal cracking 15 process to prepare

| ower oleadtionprodifdts. Use of a hydrocarbon feed as clained in any one of
claims 1 to 7, as a blending conponent in the production of a

sem -synthetic feedstock used in a process for the production of

| ower ol efins via thermal cracking, said blending conponent being

bl ended; 20 wit gl 1 Nk G f t c r
pet r%gl g{jm I .V%u%?‘%‘%b% i%ﬁ@%&\%ﬁ%ﬁﬁ%&%ﬁ%ﬁ%@f&eﬁﬁ%% gj%gf‘;élc%?%lﬁ?g B Oecﬁs etg
to have at |east 5% pass ol efins content and a romati cs cantent
bel ov TOTAToveE oS, WRetaH e Pl Ut FoBactS ' A AVABE I GG GAEgrof
claims 1 to 7, as an unblended 25 feedstock used in a process for

t he proda&tirerstion prasiiets- ol efins via thermal cracking. 19 12. A

hydr ocarbon feed used in a thermal cracking process to prepare | ower

ol efins, the hydrocarbon feed being substantially as herei nbefore
described with particular reference to the exanples. 5 13. Use of a

hlyd roc as.bgﬂ A §86kds 08 pidpREAR T Govad ki1 BfEns HIRE HDSess usiHped 8Y:@hdtBfdrocarbon
olerins, e .

10 feed as claimed in any preceding claim.

0. A process as claimed in claim 8, of preparing lower olefins from an FT feed,
comprising (1) effecting a FT process on the FT feed to produce a hydrocarbon feed as
claimed in any of claims 1 to 7, and (2) using the hydrocarbon feed in a thermal cracking

15  process to prepare lower olefins.

10.  Use of a hydrocarbon feed as claimed in any one of claims 1 to 7, as a blending
component in the production of a semi-synthetic feedstock used in a process for the
production of lower olefins via thermal cracking, said blending component being blended
20  with a highly paraffinic fractioﬁ selected from a petroleum liquid fraction and a natural gas
liquid fraction, blended to have at least a 15% mass olefins content and an aromatics content

“below 1% m/m.

11.  Use of a hydrocarbon feed as claimed in any one of claims 1 to 7, as an unblended

25  feedstock used in a process for the production of lower olefins via thermal cracking.
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use being substantially as herei nbefore described with particul ar
reference to the exanples. 14. A process for the preparation of

| oner ol efins, the process being substantially as 10 herei nbefore
described with particular reference to the exanples. 20

12. A hydrocarbon feed used in a thermal cracking process to prepare lower olefins, the
hydrocarbon feed being substantially as hereinbefore described with particular reference to

the examples.

13.  Usec of a hydrocarbon feed in a thermal cracking process to prepare lower olefins, the

use being substantially as hereinbefore described with particular reference to the examples.

14. A process for the preparation of lower olefins, the process being substantially as

10 hereinbefore described with particular reference to the examples.

20



