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54) Treating Fischer-Tropsch
Reaction Products

{57) A light fraction and a heavy
fraction are separated from the
reaction product and an aromatic
motor gasoline and a fuel with a low
pour paint are prepared from the fight

fraction and from the heavy fraction
respectively by contacting the
fractions at efevated temperature with
a catalyst conteinihg a crystalline iron-
containing silicate, The silicate can
cantain aluminium, gallium and/or
germanium and has a mono ot
bivalent cation such as sodiurnt
together with tetrapropylammonium.
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SPECIFICATION
Upgrading of Fischer-Tropsch Products

The invention relates to a process for the
upgrading of a reaction product obtained in the
hydrocarbon synthesis according to Fischer-
Tropsch.

In view of tha incressing need of liguid
hydrocarbon distillates such as gasolines,
karosines and gas oils and the decreasing
reserves of miaeral oll, there is a great interest in
pracesses permitting the conversion, in an
ecanomically justified way, of carbon-centaining
materials not based on mineral oit, such as natural
gas and coal, into the above-mentloned liquid
hydrocarbon distiflates. it is known that carbon-
containing materials such as natural gas and cosl
can be converted into mixtures of carbon
maonoxida and hydrogen, It is further known that
mixtures of carbon monoxide and hydrogen can
be converted into a reaction product containing
hydrocuarbens and oxygen—containing
hydrocarbons by contacting the mixtures at
elevated temperature with a suitable catalyst. In
this so-called hydrocarbon synthesis actording o
Fischer-Tropsch a reaction product is cbtained in
which the hydrocarbons show a very wide spreac
in carbon number. From the reaction product
hydracarben mixtures may be separated, the
briling ranga of which is tha same as thoss of
pasolines, kerosines and gas oils. A drawback of
tha reaction praduct ohtained in the hydregen
synthesis according to Fischer-Tropsch is that the
hydrocarbans present tharain are substantially
unbranched paraffins. Because of the high
content of unbranched paraffins the hydrocarbon
mixiures which may be separated from the
reaclion product are not very suitable as motor
gasofines, since they have a low octane nuimber
and also not very suitable as fuel for jet engines
and diesel engines, sihce they have a high pour
paint, With regard to the abovs-mentioned
appiications, a sacond drawback of the Fischer-

+ Tropsch resction product is that it consists to a
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considerable extent of components boiling below
the gasoline range. Finelly, the hydrocarbon
synthesis according to Fischer-Tropsch has the
drawbhack that patt of the mixture of carbon
menoxide and hydrogen is converted in to
oxygen-contalning hydrocarbons which are
ineligible for the above-menticnsd appllcatlons.
An investigation by the Applicant conceming
the upgrading of a reaction product obtained in
the hydrocarbon synthesis according to Fischer-
Tropsch has shown that a solution to the above
prablems can be found by subjecting certain
fractione of the reaction praduct to a convetsion,

.using as the catalyst ceriain crystalline silicates

which have recently been synthesized for the first
tirme by the Applicant. It has been found that a
coneiderable upgrading of tha fractlons conecarned
is achieved by contacting certain fractions of the

_ reaclion product &t elevated temperature with a

satalyst which sontains one of these crystalline
silicates. When the conversion is applied to a light
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fraction which boils substantially in the gasoline
range, and aromatic motor gasoline is obtained.
When the convarsian is applied to a heavy
fraction which boifs substantially above ths
gasaline rangs, a fuel with a low pour point Is
ahtained. It bas furthar bean found that the
catalysts are capabla af canverting a light fractian
of the reaction product which bails substantially
below the gascline range into an aromatic motor
gasolina. Finally, it has been faund that the
catalysts are capable of converting oxygen-
contgining hydrocarbons that are present in the
reaction product into hydrocarbons, The new
crystalline silicates which have the property of
catalyzing the above-mentioned conversions have
the following characteristies:

{a} they ara tharmally stable io temperaiures
above B00°C, ’

{b} after dehydration at 400°C in vacuum, they
are capabls of adeorbing maora than 3% w water
at 25°C and ssturated water vapour prassure,
and

{c} is dehydrated form, they have the following
overall composition, expressed in moles of the
oxides,

{1.0+0.3}{R},,0.0a Fe,0,.b Al,G,.c Ga,0,l.
yld 510,.6 GeO,),

where

R=one or mare monog- or bivalent cations,

az0.1,

b0,

=0,

a-+b+c=1,

y=210,

d0.1,

e.z0),

d+e=1, and

n=the valency of R

The present invention therefore relates to a
process for upgrading a reaction produst obtained
in the hydrocarbon synthesls according to
Fischar-Tropsch, a light fraction being separated
from the reaction product, which fraction consists
substantisliy of components boiling in and/or
below the gasocline range andfor & heavy fraction
which consisis substantially of components
beiling sbove the gasoline range, and an aromatic
motor gasaline being prepared from the light
fraction and/or 2 fuet with a low pour point from
the heavy fraction hy contacting the fraction
concerned at alevated temperature with a catalyst
which contains a crystalline silicate as defined
above. For the sake of brevity, catalysts
containing a crystalline silicate as defined above
will in this patent application from now on be
designated “catalysts according to the invention”,

The process according to the invention is
preferably carried out at a temperature of 200—
500°C, a pressure below 100 bar and a space
velogity of 0.1—B0 1.17Lh™%

Ag light fractions that can be used as the
starting matetial for the preparation of aromatic
gasoline according to the invention, all fractions
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and mixtures of fractions which can be separatsd
from the Fischer-Trapsach reaction product and
which consist substantially of components boiling
fn and/or below the gasaline range, are in
principle eligible. Light fractions that may be used
include both fractions which consist substantially
of gaseous compenents and fractions which
consist substantially of iquid componants.

Very suitable light fractions which consist
substantially of gasecus components of a Fischer-
Tropsch reaction product are gasacus fractions
which are rich in C,—Cg hydrogarbons which can
ke separatad from the gas phase of a Fischar-
Tropsch reaction product and such fractions from
which C; and €, hydrocarbons have been
removad. If the starting material chosan for the
preparation of aromatic gasocline is a light fraction
which consists substantially of gaseous
components, the process is preferably cerried out
gt a temperature of 350—500°C,

Very suitabie light fractions which consist
substantially of liguid components of & Fischar-
Tropsch reaction product are:

(a) gasoline fractions with a final boiling point
betweeen 150 and 200°C;

{b) light oil fractions consisting of liquid
componerits which boil substantially below
apoec;

{c) mixtures of oxygen-containing
hydrocarbons whish may be separated from the
aqueous phase obtained in the working-up of a
Fischer-Tropsch reaction product;

{d) mixtures of oxygen-caontaining
hydrocarbons which may be separated from the
light oil fractions mentioned under {b) by washing
with water.

I the starting material chosen for the
preparation of aromatic gasoline is a light fraction
which consists substantially of liguid components,
the process is preferably carried out at a
lemperaiura of 326—425°C,

Very suitabla light fractions are also fractions
which contain bath gaseous and-liquid
components of a Fischer-Tropsah reaction
product. Examples of such fractions are;

{1} fractions bolling substantially below
200°C;

{2} mixtures of (a) gaseous fractions rich in
C—-C biydrocarbons which can be separated
from the gasphase of a Fischer-Tropsch reaction
product and such frastions from which €, and G,
hydrocerbons have been removed with {b)
gaspline fractions with a final boiling point
batween 150—200°C or light ofl fractions
consisting of liquid cemponents which holl
substantiaily below 300°C,

Heavy fractions which are in principls eligible
for use as the starting matetlal for the preparation
of fuel with & low pour paint accarding to the
invention Include all fractions snd mixtures of
fractions which can be separated from the
Fischer-Tropsch reaction product and which bail
substantially above the gasallne range.,

Very suitable fractions which consist
substantially of components boiting above the
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gascline range are:

(a) fractions boiling substantiaily above 200°C,
in perticular such fractions after they have been
subjected to & catalytic hydrotreatment;

{b) fractions with an initial hoiling point
between 300 and 350°C and preferably a final
bolling point below 450°C;

{c} a mixture of two distillate fractions of a
product abtained In the catalystic hydrotreatment
of a fraction with an initial boiling point betwesn
180 and 200°C separated from a Fischer-Tropsch
reaction product, ane component of the mixture
being fraction with an Initial boiling point between
300 and 350°C and the other component a
fraction with an initlal boiling point between 150
and 200°C and = final kailing peint between 300
and 350°C. Particularly suitable, for instance, is a
mixture of a fraction with an initial boiling point of
about 360°C and elther a fraction with a boiling
range of about 175—300°C, or a fraction with s
bolilng range of about 260—3B0°C.

If the process according to the invention is
used for the preparation of a fuel with a low pour
point from a heavy fractlon of a Fischer-Tropsch
reaction product, the pracess is preferably carnried
out 8t a tamparature of 200-—360°C.

The process according to the invantion is
started from a Fischer-Tropsch reaction praduct.
Such reaction products are obiained by
contacting a mixture of carbon monoxide and
hydrogen {the so-called synthesis gas) at elevated
temperature and pressure with a suitable catalyst.
As a rule, these tatalysts contain one or rhore
matals from the iron group or ruthenium together
with one or mare promoters to increase the
activity and/or safectivity and sametimes a carrier
rateriai such as kiesselguhr.

Tha preparation of the synthesls gas required
for the hydrocarbon synthesis according to
Fischer-Tropsch is preferably effactad by
gasification of coal or liguid mineral ail fractlons
or is started from natural gas by catalytic steam
reforming or partial oxidation.

In certain cases it is preferred to carry cut the
process according to the invention in the
presence of hydrogen and/or with the use of a
satalyst according to the invention which contains
one of maorg metsl componenis with
hydragenation activity, in particular nickel, in
ceriain cases it is further preferred in the process
according to the invention to give the fraction
that is contacted with the catalyst according to
the inventicn a catalytic pretreatmant with
hydrogen.

In the conversion of liquid fractions of a
Fischer-Tropsch reaction product in presence of a
cataiyst ascording to the invention a mixture of C,
and €, hydrocarbons is formed as a by-product,
which consists substantially of iscbutane. By
using this mixture of G, and C, hydrocarbonsina
slkylation process, an additional amount of
gascline can be prepared In the process according
1o the Invention, Further, a C,/C, fraction
separated from the gaseous part of the Fischer-
Tropsch reaction product may conveniently be
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used In the process according to the invention for
the preparation of gasaline by catalytic

polymarization.

In the process according to the invention use
is mads of a catalyst which contains a crystalline
silicate of a spaclal class, These silicates effect a
high canversion of afiphatic hydrocarbons in
commercially desired vields and they are in
general very active in conversions involving
aromatic hydrocatbons.

In the process according to the invention it is
preferred to ugse silicates in which no gallium and
germanium are present, in other words, silicates
of which, in the above-mentioned overall
composition, c and e are 0. Such silicates are the
subject of Netherlands patent application Naa
76139357, Further, it is preferred to use silicates
of which, in the abuve-mentioned ovarall

.composition, a is greater than 0.6. Particularly

preferred =ilicates are thosa in which no
aluminium is present, in other words, silicates of
which, in the above-mentioned overall
composition, b is 0. [t should be noted that in the
silicates used in the process according to the
invention, vy is preferably less than 800, and in
particufar less than 800. Finally, it is prefarred in
the process according to the invention to use
silicates whose X-ray powder diffraction patiern
has, inter alia, the reflections given in Table A of
Netherlands patent application No. 7613357,

Some attractive embodiments of the process
according to the invention will be further
explained below.

(1} A Fischer-Tropsch reaction product is
separated Inta a light fraction which boils
substantially below 200°C and a heavy fraction
which bofls substantially ahove 200°C, The light
fraction is contacted ot alevated temparature with
a catalyst according to the invention, and an
aromatic gasoline is separated from the reaction
product. The heavy fraction is contacted at
elevated temperature and in the presence of
hydrogen with a catalyst according to the
invention and, in addition to a gasoline, a fuel with
a fow pour point Is separated from the reaction
product. In this process it is preferred to apply a
catalytic hydrotreatment 1o the heavy fraction
before it is contacted with the catalyst according
tc the invention. :

{2} From & Fischer-Tropsch reaction product a
gasoiine fraction with a final boiling point
between 150 and 200°C and a heavy oil fraction
with an inftfal boiling noint between 300 and 350°C
are separated. The gascline fraction is contactsd
at elevated temperature with a catalyst according
to the invention and an aromatic gasoline is
gseparated from tha reaction praduct. The heavy
oll fraction is contected at elavatad tamparature
and in the presence of hydrogsn with B catalyst
gccording to the invention and, in addition to a
gasoline, a fuel with a low pour point is separated
from the reaction product. In this process it is
preferred to apply a catalytic hydrotreatment to a
mixture of the low-paur-point fuel obtained and &
light cil fraction which has been separated from
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the Fischer-Tropsch reaction product and which
tight oil fraction has a an init!al bolling point
batween 150 and 200°C and a final boiling point
between 300 and 350°C.

{3) From a Fischer-Trapsch reactlon product a
gaseous hydrocarben fraction and a gasoline
fraction with a fina! boiling point between 150
and 200°C are separaied and these fractions are
together contacted at elevated temperature with
a catalyst according te the invention. An aromatic
gasoline is separated from the reaction product.
This process is preferably extended as follows.
Fram the Fischer-Tropsch reaction product a light
oil fraction with an initfal boiling point between
180 and 200°C and a final boiling point between
300 and 350°€ and a heavy oil fraction with an
inttial bailing point betwsen 300 and 350°C are
also separated. The light oif fraction is subjected
o a catalytic hyrotreatment and from the
reaction product a light fractlon with a final
hoiling poini between 150 and 200°C s
separated. This light fraction is mixed with the
reaction product obtained in the conversion in
presence of the catalyst according to the
invention. An aromatic gesoline and a fraction
heavier than gasoline are separated fraom the
mixture. The fraction heavier than gasoline is
subjected to the catalytic hydrotreatment. In this
procoss it is preferred to prepare a fual with a low
pour paint from the heavy ol fraction with an
initial boiling point between 300 and 350°C by
conhtacting it at elevated temperature with a
catalyst according to the invention.

(4} From a Fisher-Tropseh reaction product the
first heavy fraction with an Inltlal boiling point
between 150 and 200°C is separated and this
fraction is subjected to a catalytic
hydrotreatment. From the reaction product a
middle fraction with an initial bailing point
between 150 and 2006°C and & final boiling point
between 300 and 360°C and the second heavy
fraction with an initial boiling point between 300
and 360°C are separated. The second heavy
fractlon, together with at least part of the middle
fraction, Is contacted at elevated temperature and
in tha prasancae of hydrogen with a catalyst
according to the Inventlon and, in addition 1o a
gasoline, a fuel with low pour point is separated
from the reaction product. If in the process only
part of the middle fraction is mixed with tha
second heavy fraction, that part may consist of
sither one of the portions obtained by separating
tha middle fraction into two portions of the same
eompositicn, or of a distillate fraction of the
middle fraction, If the reaction product of the
eatalytic hydrotreatmant has been separated into,
for instance, & light fraction with a final boiling
paint of about 175°C, a middle fraction with a
bolling rangs of about 176 to 350°C, and a heavy
fraction with an inittal boliing point of abaut
350°C, thig heavy fraction may very convanlently
be mixed with a 175-—300°C fraction ar with a
250—350°C fractlon af the middle fractian. In
this process, the hydragen that is used in the
preparation of the low-pour-point fuel in presence
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of the catalyst according 1o the invention, should
preferably, originate af least in part from tha
rsaction product that is obtained in the catalytic
hydrotreatment of the heavy fraction from the
Fischer-Tropsch reaction praduct. In this pracess it

is furthar praferred to convert the lght fraction
which may be separatad from the Fischer-Tropsch
product nto aromatic gasnline, by contacting it at
elevaled lemperature with a catalyst according to
the invention.

(5} From & Fischer-Tropsch reaction product
four fractions are separated: @ gasecus fractfon
tich in Cy hydrocarbons, an agueous fraction
which comprises oxygen-containing
hydrocarbons, a Iight oif fraction boiling
substantially beiow 300°C, which comprises, in
addition to hydrocarbens, oxygen-centaining
hydrocarbons, and a heavy oll fraction boiling
substantially above 300°C. The gaseous fraction
and the light ofl fraction are contacted separately
of together at elevated temperature with a
catalyst acoerding to the invention. From the
reaction product and aromatic gascline and a
fraction heavier than gasoline are separated. If
desired, oxygen-containing hydrocarbons can he
separated from the light off fraction by washing
with water. Instaad of the compiete light oil
fraction, it is also possible to subject a gasoline
fraction separatad from it by distillation, to the
conversien in presence of the catalyst according
to the invention. Instead of the complete gaseous
fraction, it is also possible to subject a gassous
fraction from which C,” companents have been
ramoved, to the conversion in presence of the
catalyst according to the invention, The yield of
aromatic gasoline can still be increased by
cantacting the oxyen-containing hydrocarbons
prassnt in the aqueous fraction at elevatad
temperaturs with a catalyst according to the
invention. Togather with these oxygen-containing
hydrocarbens, oxygen-contalning kydrcoarbons
whish may be separated from the fight oil
fraction, can also be converted into aromatlc
gasoline. In this process a fuel with a low pour
point is preferably prepared from the heavy oil
fraction which boils substantially above 300°C,
by contacting the latter at elevated temperature
with a catalyst according to the invention.

The crystalline silicates which are used as the
catalyst in the process according to the invention,
are usually prepared from an agueous mixture as
the base materizl which contains the following
compounds in a certaln ratio: .

one or more compounds of an alkalimetal, one
or more compounds comprising an organic cation
or from which such & cation is formed during the
preparation of the sliicate, one or mare silicon
compounds, one or more iron compounds and,
opilonally, one of more aluminlum, gallivm andfor
germanium compounds. The preparation 1s
cartled out by maintaining the mixture at elavatad
temparature until the silicate has been formed
and then separating the crystals of the silicate
from the mother liquor. Before being used fn tha
process according to the invention, the organic
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cations which have been introduced during the
preparatiot, shauld be converted by calcining into
hydrogen lons. It is preferred to usg in the process
gilicetes whose alkali matal content !s less than
1%w, arnd in perticular less than 0,05%w. Such
silicates can be prepsred from ths ahove-
mentioned calcined silicates by fon exchangs, for
instance with an agueous solution of an
amimonium salt, followed by calcining.

The invention will now be explained with
reference to the following example.

Example

A crystalline Iron silicate {sllicate A) was
prepared as follows. A mixtura of Fa(NO,},. SI0,,
NaNQ, and [{C,H,],N] OH in water with tha molar
composition Na,0. 1.5[{C;H,),N][,0. 0.125 Fe,U,.
25 8iQ,, 468 H,0 was hsated for 48 hours In an
autoclave at 150°C under autagenous pressure,
After the reaction mixture had cooled down, the
siflicate formed was filtered off, washed with
witer uniil the pH of the wash water was about 8
and dried for two hours at 120°C. Silicate A thus
prepared had the following chemical composition:

0.8[(C,H,),NL0. 0.3 Na,0,. Fe,0,. 200
5i0,, 556 H,0. The silicate had an X-ray powder
diffraction pattern substantially as given In Table
B of Netharlands patant application No.
76138867, The silicate was thermally stable to
temperatures higher than 900°C and was
capable, after dehydration at 400°C, of absorbing
7%vw water in vacuum at 25°C and seturated
water vapour pressure. With silicate A as tha -
starting maieriel, silicate B was prepared by
successively calcining silicate A at 500°C, boiling
with 1.0 molar NH,NQ, solution, washing with
water, boiling again with 1.0 molar NH,NO,
salution and washing, drying at 120°C and
caleining at 6OO°C,

From tha liquid part of the reactlon product
obtained by contacting a mixture of carbon
monoxide and hydrogen at elevated temperatura
and pressure with an iron-containing Fischer-
Tropsch catalyst, water was separated and
from tha ramaining organic liquid at 200°C~
distillate fraction and a 250°C* residual fraction
were Isofated by distillation, The 200°C™ fraction
which consisted of 16.3% m ofcohols, 63.3% m
alefins and 20.4%m paraffins, was contacted with
silicate B at a temperature of 375°C, a total
pressure of 3 bar and a spaca veloclty of 1
LI7Lh Fram the reaction product thus
obtained a CE gasoline fraction was saparated in a
vield of 70.7%w, which consisted of 82.2%w
paraffing, 19.2%w aromatics and 18.6%w
naphthenes. The 250°C* fraction, whose pour
polnt was 31 °C, was contacted with silicate B at
a temperature of 300°C, a total pressure of 3 bar
and a space velocity of 1 L1707 From the
reaction product thus obtained a C,-200°C
gasoline fraction and a 260°C* residual fraction
with a pour point of 22°C were separated. The
gasoline and fuel cil yields based on tha 250°C+
fraction with pour point 31°C were T0.1 and
83.4%w, respectively.
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Claims

1. A process for upgrading a reaction product
cbtained in the hydrocarbon synthesis according
to Fischer-Tropsch, characterized in that a light
fraction ig separated from the reaction product,
which fraction consists substantiaily of
components boiling in and/or below the gasoline
range and/or a heavy fraction which consists
substantially of somponents bailing above the
gasoline range, and int that an aromatic mator
gasoline 15 prepared from the light fraction and/or
a fuel with a low pour point fraom the heavy
fraction, by cantacting the fraction cgneerncd at
elevated temparature with & catalyst containing a
crystalline silicate which

{a) is thermally stable to temperatures above
§00°C,

{b) atter dehydration at 400°C in vacuum, is
capable of alrsorbing more than 3%w water at
259C and saturated water vapour pressure, and

{c} in dehydrated form, has the following
overall composition, expressed n males of the
oxides,

{1.0+0.3}R},,,0. [a Fe,0,. b ALD, . cBa,0y].

yid Si0, . e GeD,),
where \

H==one or mora mongo- or bivelent cations,

az=0.1,

b0,

=0,

a+hb+e=1,

v;1 Dt

dz0.1,

e=20,

d+e=1, and

n=the valency of R.

2. A process according to claim 1,
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characterized in that it is carried out at a

tamparatura of 200—500°C, a pressure below
?O?I?a'r and a spaca velocity of 0.1-—50
JLRTT,

3. A process sccording to any ane of claims 1
and 2, characterized in that the catalyst contains
a crystalline silicate of which ¢ and e ara equal to
0in the formula which gives the overal]
composition.

4. A process according o any one of claims
1—3, characterized in that the catalyst contains a
crystalline silicate of which a is greater than 0.5.

B. A process according to any one of claims

- 1—4, characterized in that the cetalyst contains 2

crystalline sllicate of which v is less than 800.

6. A process according to any ene of claims
1-—8, characterized In that the catalyst contains
a crystalline slicate with an alkali metal content
of less than 1%w.

7. A procass according to any one of claims
1-—8, characterized in that the conversion in
presence of the catalyst containing crystalline
silicate is carried out in the presence of hydrogen.

8. A process according to any one of claims
1—7, characterized in that the catalyst which
containg the crystalline silicate also comprises
ohe or more metal components with
hydrogenaticn activity.

8. A process for upgrading a reaction product
obtalned in the hydrocarbon synthesis according
to Fischar-Tropsch, substantially as described
hereinbefare, and in particular with reference to
the exampie.

10. Aromatic gasclines and fuels with low pour
point prepared according to a process as claimed
in any otfte of claims 1—9.
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