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{54) Process for preducing liquid hydrecarbons from a hydroearbonaceous feed

{571 Process for producing liquid hydrocarbons from a hydrocarbonaceous feed which comprises the following steps:

{i) catalytically reforming atleast part of the hydrocarbonacecus feed atelevated temperaturs and pressurawith

steam in at least one refarming zone;

{iiy heating the reforming zone(s} by means of a carbon dioxide-containing heating gas cormprising a product
vbtained by partial oxidation of reformer product obtainedin step (i) or of 2 remaining part of the hydrogarbonaceous
feed or of a mixture thereafwith an oxygen-containing gasin an oxidation zone;

{ifi} separating carbon dicxida from heating gas ubtained in step (if);

{iv) catalytically converting at least part of the reformer product obtained in step {i} and/or gas obtained after

separating off carbon dioxide in step {iii) at elevated temperature and pressure into normally liquid hydrocarbons; and
{(v}combining at least part of the carbon dioxide obtained in step (lii} with hydroca rbonacecusfeed for atleastone

of steps (i) and {ii}.
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SPECIFICATION

Protess for producing liquid hydrocarbonsfroma
hydrocarbonaceous feed

The invention ralates to a process for producing
liguid hydrocarbons from a hydrocarhonacecus feed
and to liquid hydrocarbons thus obtained.

Itis known to produce liquid rydrocarbons by
converting a hydrocarbonaceous feed (e.g. natural
gas)into synthesis gas {which comprises hydrogen
and carbon monoxide) and catalytically converting
synthesis gasInto liquid and gaseous hydrocarbons.

However, tha preparation of synthesls gas
requires a relatively large energy input and in many
cases, in particular when partial oxidationis the
preparation method applied, adjustment ofthe
CO/H; ratio in the gas to be applied to the
hydrocarbon synthesis stap.

Moreover, substantial amounts of
carbon-containing material are usually not
convarted inte the desired normally liquid
hydrocarbons.

It hag now been found that liquid hydrocarbons
can be praduced with a very efficient use of energy
and materials by means of an integrated process.

The invention therefore relates to a process for
producing liquid hydrocarbonsfrom a
hydrocarbonaceous feed which comprises the
following steps:

{i) catalytically reforming at least part oftha
hydrocarbonaceous feed atelevated tsmperaturs
and pressure with steam in atleast one reforming
zone;

(i} heating the reforming zona(s} by means ofa
carbon dioxide-containing heating gas comprising a
product obtained by partial oxidaticn of refarmer
product obtained in step (i) or of @ remaining part af
the hydrocarbonaceous feed or of a mixture theraaf
with an oxygen-containing gas in an oxidation zone;

{iii) sepurating carbon dicxide from heatinggas
obtainedin step (ii);

fiv} catalytically converting at least part ofthe
reformer product obtained In step (i} andfor gas
obtained aftar saparating off carbon dioxida in step
{iif) at elevatad temperature and pressurainto
narmally liquid hydrocarbons; and

{v) combining at least part of the carbon dioxide
abtained in step {iii} with hydrocarbonaceous feed
for at least one of steps (1) and {ii}.

Amajor advantage of the process according tothe
invention is thatearban dioxide which has been
suparated in step {iii} from heating gas obtainedin
step i) is recyciad and combined with
hydrocarbonaceous feed in order to attain optimal
use of carbon-containing streams.

Another major advantage of the present process is
thatthe reforming zoneis) is {are) heated in step (i)
by means of a heating gas produced and further
applied in the process itself, thereby avoiding the use
of extraneous heat sources and making the process
more energy efficientthan non-integrated
Processes,

Prafarably, the total reformer product obtained in
step (i) (which comprisas carbon manoxide and
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hydrogen and, in addition, usually smaller amounts
of carbon monoxide, steam and/or unconverted
hydrocarbons) is subjected ta partial oxidation in
step (i), most preferably togethar with the remaining
part of the hydrocarbonaceous feed which has not
bieen catalytically refarmed in step (i),

In order ta attain optimal use of the heat produced
by the aforementionad partiel oxidation of reformer
produet, the axidation-and reforming 2ones are
preferably integrated into one reactor, for instance
the one as described in German patent application
3244252, whereln reformer product gases
emanating from e.g. reformer tubes filled with
catalyst partictas, are mixed with an
oxygen-containing gas and, optionally,
hydracarbonaceous feed and/or recycle pases, and
the resulting heating (combustion) gasis directed
along the outside of sald reformar tubes.

In step (i) of the procass accarding to the invention
various reforming catalysts can be suitably applied,
such as catalysts containing one or more metals
from Group B of the Periodic Table of the Elements,
preferably nickel, on a support {e.g. alumina, silica
andforcombinations thereaf). Step (i} is suitably
carried out at a temperature from 500-1100°C,
prefarably from 500-1000°C, and & prassura from
3-100 bar, and preferably from 15-40 bar. The space
velocity of gaseous hydrocarbonaceous feed and
steam combined is suitably from 1000-8000, and
preferably from 4000-6000 1 {8.T.P)/1 catalyst/hour.

The percentage of hydrocarbonaceous feed which
is converted In step {i} of the process according tathe
invention is suitably from 50-99% by weight and
preferably from B0-95% by weight. '

‘The catelytic reforming of step {i) may be carried
outin afixed-, moving- or fluidized bed of catatyst
particles; fixed beds of catalyst particles placed
inside a plurality of reformer tubes are preferably
employed,

As oxygen-containing gas faruseinstep (ii) aircan
ba employad. Preferably, however, an
oxygen-containing gaswith a higheroxygen-conient
than air is employed, in particul ar substantially pure
axygen L.e. oxygen gaswhich contains lessthan
©.5% by voluma of contaminanis such as nitrogen
and argon; tha presence of the latter inert gases s
undesirable because it lcads to a gradual build-up of
such gasesin the system.

Step {ii} of the process according to the present
invention is preferably carrled out non-catatytically
at substantially the same pressure as step (i), in order
to enable the afore-describad integration of
oxidation- and reforming zones. The temperature of
the heating gas producad in step {ii) is, of course,
preferably somewhat higher than the tempsrature
insida the reforming zonels) which are to be heated;
suiiable heating gas temperatures range from
500-1500°C, preferably from 700-1200°C.

{n particular when a relatively high parcantage of
hydrocarbonaceous feed has been converted in step
{i}, a remaining part of hydrocarbonaceous feed is
prefarably applied in step {ii] together with the total
reformer product of step (1) and at least part of the
product gas (e.g. containing unconvertad feed gas
and lower olefinic compounds} separated off from
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normally liquid hydrocarbons produced In step (iv).

Due to tha ususlly higher temperature ofthe
oxidation zone, compared with the reforming zones,
the canversion of any remaining
hydrocarbonaceous fead will be even higherthan
attained in step (i), even if steamis intreduced into
the oxidation zone tagether with reformer product,
with the oxygen containing gas or as a separate
stream, to protect burners in said oxidation zone
from overheating.

Moreover, relativaly cold hydrocarbonaceous feed
and/or other feed streams can be applied for
temperature ragulation purposesin step{ii}, The
amount of additional hydrocarbonaceous feed
employedin step (i) is preferably between 0 and
100% by volume, and most preferably between 10
and B0% by volume, of the amount of
hydracarbenaceous feed employsd in step (i},

The hydrocarbonaceous fead far the process
sccording to the invention is usually gaseous and if
liquid, should, of course, be differentfrom the liquid
hydracarbons produced. Praferably itcomprises
methane e.g. inthe form of natural gas. In case afeed
with a relatively high sulphur-content(e.g. inthe
form of hydrogen sulphida and/or organic sulphur
compounds) is empioyed, such afeed is preferably
at least partly disulphurizad (before being
catalytically reformad) e.g. in the presence of
hydrogen with a catalyst comprising atleastone
metal {compound) from Group 6 and/or Bofthe
Pariodic Table of the Elements on a refractory carrlsr
such as a nickel/mofybdenum/alumina catatyst.

At least part, and preferably substantially all, ofthe
carbon dioxide presentin the heating gas with which
the reforming zonels} have been heated in stap (i) is
removed in step {ili) by means of e.g. figuid
absorption {with e.9. organic amines), adsorption an
molecular sieves or membranes, Steam Is suitably
removed simultaneously with carbon dioxlde and
may be re-used after reheating. Preferably all the
carbon dioxide thus removed Is combined with the
total hydrocarbonaceous feed afierthe, optional,
desuiphurization step. Alternatively, different
arnounts of carhon dioxida, varying from 0-100% by
voluma of carbon dioxide removed in step iii), are
cambinad with feed streams for step {i) and step (ii);
furthermare, edditional amounts of carbon dioxids
from extraneous sources can beused.

In step (iv} of the process according to the prasent
invention a hydrogen- and carbon
monoxide-containing gas tobtainad in step {i) and/or
{iii) Is converted in one or more stages at least partly
into normally liquid hydracarbons in the presence of
a Fischer-Tropsch type of catalyst which preferably
comprises at ieest one metal {compound) from
Group 4b, 8b and/or 8, such as zirconium, chromium,
fran, cobalt, nicke! and/or ruthenium, on acasrier.

In some cases a single-stage liquid hydrocarbon
synihesis is preferred; as aresuit a product gas
comprising relatively large amaunts of lower olefinic
compounds (and unconvarted feed gas), is thereby
praduced, in addition to narmally liquid
hydrocarbons such ag gasoline {having a boiling
range from about 40-150 °C) and/or middla distillate
fractions (having a boiling range fram about 150-360
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Asmentloned hereinbefore, et least part of the
praduct gas from step {iv) is preferably appliedin
stap {ii) rather than in step (i) for which itis usually
lass suited, in particular when the hydrocarbon
synthesis is carried out in a single stage. Aremaining
part of praduct gas abtained in step (iv) is preferably
expanded in aturbo-expander and/or combusted
{e.g.inthe combustion chamber of a gasturbine) to
provide power for comprassing and/or separating
from air tha oxygen {-containing) gas applied instep
{ifl.

Stap (iv} of the process according to the invention
can also advantageously be carried outasa
two-stage liquid hydrocarbon synthesis in which at
least part af the normally liquid hydrocarbons
obtained in the first stage is catalytically
hydrocracked in the second stage.

Inthe first stage of such atwo-stage synthesis
preferably a class of catalysts is appiled by means of
which a productis obtained containing a refatively
small amount of olefinic and oxygen-containing
organic compounds and a relatively large amotint of
unbranched paraffins boiling above the middle
distillate boiling range. The flrst stagais prefarably
carried out at a temperature of 125-360°C, in
particular 175-275 °C and a pressurafrom 5-100 bar,
and in particular from 10-75 bar.

Inthe secand stage of the two-stage synthesis
prefarably at least the fraction of the first stage
praduct boiling above the middle distillate boiling
rangeis then hydrocracked into middle distillates
having a considerably improved pour point,
compared with middle distillaies obtainedin a
single-stage synthesis,

It is particularly praferred to submit the total
normaliy liquid product {the fraction containing
molecules having atleast five carbon atorns) oftha
first stageto the second stage in order to imprava the
quality of the lighter hydrocarbons (e.g. gasolinsand
kerosene fractions) which are present thereir,

in case the first stage product still contains
sufficientunconverted hydrogen for carrying outthe
second stage, both stages can be advantageously
carried out in series-flow, without separation or
addition of components in betwean both stages, at
substantiaily the same pressure in both stages, The
temperature in the sscond stage is preferably from
200-450°C and in particular from 250-350°C. Inthe
sacond stage preferably a catalystis used which
contains at least one noble metal from Group 8(in
particular platinum and/or palladium} on a carriar (in
particular silica-alurnina). Preferably such catalysts
contain 0.1-2% by waight, and in particular 0.2-1% by
weight, of noble metal(s).

Hydrogen-containing gas is preferably recovered
from product gas abtained in atieast one of ateps
{i)-{iv) of the process according to ihe invention in
order to provide hydrogen for the second staga of
the liquid hydrocarbon synthesis and/or
hydrodesulphurization of hydrocarbonaceous feed,
frequired.

In case gas with a HyCO molar ratio above the
preferred range from 1.0-2.5 {in particular 1.25-2.25)
forfeed to be applied in step (v} Is obtained after
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separating off carbon dioxide in step (iii}, hydrogen
is preferably recoverad from said gasin orderio
iower the Hp/CO ratio therein.

Hydrogen is preferably recovered by means of
“prassure swing adsorption”, using molecuiar
sieves wherain componeants other than hydrogen ars
selectively adsorbed at a higher pressure and
descorbed at a lower pressure, thereby praducing the
hydrogen at a pressure substantlally aqual to the
feed pressure; alternatively, hydragen is recovered
by means of semi-permeabla membranes wherein
hydrogen with a relatively high purity is recovered at
a lower pressure and the remainder ofthe stream
has a pressure substantially aqual to the feed
pressure.

Theinvention will be elucidated by means ofthe
Figure in which a praferred embodiment ofthe
process is schematically depicted {without anciitary
equipment such as pumps and vaives being
indicated),

A hydracarbonaceous feed is introduced through
lina {1}, combined with carbon dioxide-containing
gas recycled threugh line (2} and splitinto streams
{3) and (4); stream {3} is comblined with steam
introduced through line (5} and fed vialine (8) (and
optionaity & heat exchangar; notshowninthe
Figure} to reforming zona {7} wharsin step (i} of the
process aceording ta the Invention is carried out.
Stream (4} is combinad with product gas containing
unconverted synthasis gas and lower olefinic
compounds recycled through line {8} and with
gubstantially pure oxygen gas {orlginating from an
air sgparation plant which is not depicted inthe
Figure} introudced via line {3); the gas mixture thus
obtained is led via line {10) to oxldation zone (11} in
which said gas mixture is combined with reformer
product emanating from refarming zone (7) and
partially oxidized to provide heating gas with which
the reforming zoneis heated in step (it of the
process according to the invention.

Heating gas obtained in step {ii} isled vialine (12)
ta carbon dioxide separation unit {13} (step {iii)) from
which thetotal amount of recovered carbon
dioxide-containing gas is racycled (step (v) through
line {2} to the hydrocarbonaceous feed. Water is
rernoved from unit (13} through line {14) and
rehaated in the utilities section (notshown in the
Figure) of the process to produce steam.

The gas chiained after separating off carbon
diuxide in step {iii} is introduced through line {16}
into hydracarbon synthesis unit {16] (step {iv)},
aptionally via a nydrogen removal unit {not shownin
the Figure} fram which hydrogan for usein unit{16)
end/or hydrodesulphurizatinn of the
hydrocarbonaceous feed can be obtained. Normally
liquid hydrocarbons are remavad fram unit {16} via
line (17} whereas product gas isremoved via line (18)
and led partly via line {19} as fuel gag to 2 gasturbine
driving an air separation compressor {notshownin
the Figure); the remaining part of the product gasis
racycled via lines (8) and {10} to oxidationzona (11).

The invention is further illustrated by the foliowing
Exampie.

Example
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In a process set-up substantially as depicted in the
Figure a natural gas feed stream (1) comprising 137
Mmol (= 10° mol)/day methane and 3 Mmol/day .
nitrogen is combined with 67 Mmol/day of carbon
dioxide {stream {2}) and 206 Mimal/day of steam
(stream {5}) and introduced intc reforming zone (7}
which is oparated at a temperature of 900°Cand a
pressure of 25 har abs, and whareintha feed is
contacted with a catalyst comprising Ni on Al;O5as
carrier. The reformer product is partially oxidized in
oxidation zane (7) with 76 Mmol/day of substantially
pure oxygen (stream (9)) and subsequently ledto
unit {13} in which the afere-mentioned 81 Mmol/day
of carbon dioxide {stream (2}) is removed. The
resulting substantially carbon dioxide-free gas
straam {15) comprises 245 Mmol/day of hydragen,
135 Mmol/day of carbon monoxide, 3 Mmol/day of
nitrogen and 1¢ Mmalfday of steam, and is
converted in hydrocarban synthasis unit {16) into 7
Mmoi/day of normally liquld hydrocarbons {stream
{171 and a product gas stream (18h

CLAIMS

1. Processfor producing liquid hydracarbons
from a hydrocarbonaceous feed which comprises
the foliowing steps:

{i} catalytically reforming at least part of the
hydrocarbonaceous feed atelevated temperatura
and pressure with steam in at least one reforming
zone;

(i} heating tha reforming zone(s) by means of a
carbon dioxide-containing heating gascomprising a
product obtained by partial oxidation of reformer
product chtainad in step {i} o of a remaining part of
the hydrocarbonaceous feed or of a mixture thereof
with an oxygen-cantaining gas in an oxidation zone;

{iii} separating carbon diexide from heaiing gas
obtained in step (ii);

{iv} catalytically converting at least part of the
reformer product obtained in step (i} and/or gas
obtained after separating off carbon dioxide in step
{iii} at eievated temperature and pressure into
normally liguid hydrocarbons; and

{v) combining at least part of the carbon dioxide
obtained in step (i} with hydrocarbonaceous feed
far at laast one of steps (i} and {iil.

2. Processaccording to claim 1 wharein the total
reformer product obtained in step {il is subfected to
partial oxidation in step (i} together with the
remaining part of the hydrocarbanaceous feed.

3. Process accordingtoclaim 1or 2wherein
substantially pure oxygen gas is applied in stap (i},

4. Processaccording to any ofthe precading
¢laims wherein product gas obtainad in step {iv)is
appliedin step {ii).

5. Pracessaccordingto claim 4dwherein at tsast
partofthe product gas obtained instap (iv) is
expanded and/or combusted to provide power for
separating and/or compressing the axygen gas.

8. Procassaccardingto any ofthe preceding
claims wherein hydrogen-containing gasls
recovered from product gas ohtalned in atleastone
of steps (iHiv).

7. Process according to claim 6 wherein at least
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partofthe recovered hydrogen-containing gas is
combined with hydrocarbonaceous faed and/or
applied in stap (iv).

8. Processaccording to any of the preceding
claims wherein at least part of tha nermally liguid
hydrocarbons obtained in step (iv) are catalytically
hydrocracked.

9, Processsubstantially as dascribed
harainbefore with particular reference tothe
Example and the drawing.

10. Liguid hydrocarbons prepared by a process
according to any of the preceding claims.
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