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-1-                            STEAM CRACKING OF HYDROCARBONS   The present
invention relates to a process for the steam cracking of hydrocarbons. It
also relates to an improvement in the steam cracking of  hydrocarbons
whereby reduced coking and carbon monoxide formation is  observed.   Steam
cracking of hydrocarbons is mostly used for olefins production. It is known
that pyrolytic coke is formed and deposited on metal surfaces in  contact
with a hydrocarbon feedstock undergoing pyrolysis (i.e. high temperature
thermal cracking). The consequences are (i) that the heat flux to the
hydrocarbons is reduced and (ii) that the pressure drop across the reactor
increases. Thus, the reactor operation has to be stopped periodically to
remove the coke (said removal being usually carried out by burning the
coke).   Further, the steam which is added as a diluent in steam cracking
can react with the hydrocarbons in reforming reactions, catalysed by the
metal of the reactor, leading to the formation of substantial amounts of
carbon  monoxide. The latter is an unwanted component in the product, as it
reduces the yield of valuable products and behaves as a poison towards many
catalysts used in downstream reactions.   It is known that sulphur
compounds inhibit said reforming reactions and thus the formation of CO,
and it has therefore been proposed to add various sulphur compounds, of
which dimethyldisulphide (DMDS) is most frequently used.   The feedstocks
used in the steam cracking of hydrocarbons contain natural sulphur. Even
with the addition of further sulphur compounds, the results were still not
satisfactory in terms of the combination of reduced coking rate and reduced
carbon monoxide formation.  



It is thus an object of the present invention to provide a process for the
steam cracking of hydrocarbons having a reduced coking rate.   Another
object of the invention is to provide a process for the steam cracking of
hydrocarbons yielding lower yields of carbon monoxide.
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A further object of the invention is to provide a process for the steam
cracking of hydrocarbons combining a reduced coking rate and lower yields
of carbon monoxide.   Yet another object of the invention is to provide a
process for the steam cracking of hydrocarbons while avoiding steam
reforming reactions.   Still another object of the invention is to provide
a process for the steam cracking of sulphur-containing hydrocarbons having
one or more of the above advantages.   These and other objects are achieved
by the process of the invention which  comprises   (i) providing a
sulphur-containing hydrocarbon feedstock;  (ii)essentially removing the
sulphur from the hydrocarbon feedstock to form a desulphurised hydrocarbon
feedstock; (iii) adding to the desulphurised feedstock from 10 to 1000 ppm
by weight  (calculated as elemental sulphur) of one or more
thiohydrocarbons wherein the sulphur is part of an aromatic heterocycle, to
form a sulphur-supplemented hydrocarbon feedstock; (iv) subjecting the
sulphur-supplemented feedstock to steam cracking to produce lower molecular
weight hydrocarbon fractions; (v) recovering said lower molecular weight
hydrocarbon fractions.  



In its broadest definition, the invention also comprises the use of
desulphurised hydrocarbon feedstocks as feedstocks for steam cracking
processes wherein there is added from 10 to 1000 ppm by weight (calculated
as elemental sulphur) of one or more thiohydrocarbons wherein the sulphur
atoms are part of aromatic heterocycles.   The hydrocarbon feedstocks for
use in the invention are sulphur-containing hydrocarbon feedstocks, which
for all practical purposes are hydrocarbon feedstocks naturally containing
sulphur compounds.   The thiohydrocarbons are preferably selected from the
group consisting of thiophene, benzothiophene and mixtures thereof.   The
preferred amount of thiohydrocarbons is preferably between 20 and 400
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-3-   ppmw. most preferably between 40 and 150. Typically, there is used a
nominal amount of 100 ppmw, which can generally be reduced to 40 ppmw or
less during operation, without losing the optimum results.    Crackers are
made out of heat-resistant alloys of iron, nickel and  chromium, such as
Incoloy 800-HT. Those alloys are known to promote the  formation and
deposition of coke. Coke formation however results from  complex phenomena,
not yet fully understood, comprising catalytic  formation, gas phase
formation and growth from existing coke deposits.    The trend in
industrial operation is towards increasingly severe operation  conditions,
namely higher operating temperatures but correspondingly  shorter reaction
times. The most recent techniques use temperatures of  about 900 [err]C and
residence times of about 100 milliseconds. The more the  operating
temperature increases the more coking becomes a problem.    The Applicants
have now unexpectedly found that by prior removing 



essentially all sulphur that may be present in the feedstock, the addition
to the desulphurised feedstock of a thiohydrocarbon wherein the sulphur is
part of an aromatic heterocycle produced improved results in steam
cracking  (in terms of the combination of reduced coking rate and reduced
carbon  monoxide formation). Thiophene, benzothiophene and mixtures thereof
are  preferred; the best results have been obtained with thiophene, which
is  therefore most preferred.    Processes for the removal of sulphur from
a hydrocarbon feedstock are known and need not be described herein. We
refer e.g. to the following references which are incorporated herein by
reference - Kirk-Othmer Encyclopedia of Chemical Technology, 3rd edition,
volume 17, 1982, pages 201 to 205; - Petroleum Refinery Process Economics,
R.E. Maples, PennWell, 1993, pages 201-202; - US patent 4,830,735.
Essentially removing the sulphur, as used herein, means removing sufficient
sulphur to observe an improvement in the steam cracking. While improvements
have been observed by removing sulphur compounds down to below 10 ppmw
(calculated as total S), it is preferred to desulphurise down to below 1
ppmw, most preferably below 0.1 ppmw.           W O 97/20014
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processes are also known in the art and need not be   described herein. We
refer e.g. to the following references which are  incorporated herein by
reference :  - Petrochemical processes, Technical and economic
characteristics, A.   Chauvel and G. Lefebvre, 1989, volume 1, chapter 2.1,
pages 117 to 154:  - Modern Petroleum Technology, part 1, 5th edition,
1984, edited by G.D.  Hobson, pages 500 to 511;  - Kirk-Othmer Encyclopedia
of Chemical Technology, 3rd edition, volume 17,  1982, pages 217 and 219;
- Petroleum Refinery Prooess Economics, R.E.  Maples, PennWell, 1993, pages
185-186. 



It is often advantageous although not necessary to provide for a
pretreatment of the steam cracking reactors by a mixture of steam and one
or more aromatic thichydrocarbons, prior to the introduction of the
hydrocarbon feedstock.    The invention will now be described by the
following examples.    Example 1    Liquid naphtha feedstock was obtained,
which had the following  characteristics                             Table
1    naphtha feedstock   density                   d[err]
0.6477 ASTM-D86                   [err]C               IBP=38.8
50 vol%=45.9                                                  FBP=67.8
n-paraffins              wt%                    51.31 i-paraf fins
wt%                    42.36 naphthenes                wt%
4.86 aromatics                 wt%                   1.45 C[err]
hydrocarbons           wt%               59.27 C[err] hydrocarbons
wt%               40.02 sulphur content           ppmw                  100
(*)  (*)   of which sulphides   18;  disulphides    20;  mercaptans    41;
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thiohydrocarbons with the sulphur in aromatic heterocycles    21   The
sulphur-containing feedstock was desulphurised by hydrotreating it under
the following conditions: 



catalyst : KF 742 from AKZO-NOBEL (4.2 %wt CoO, 15 wt% MoO[err])
temperature : 250'C        pressure : 4 MPa (gauge)       liquid hourly
space velocity (LHSV) : 5.0 L/L.h       hydrogen/hydrocarbon : 80 NL/L
(wherein N means normal) in       once-through.  The desulphurised
feedstock contained less than 0.1 ppmw of sulphur.   The deeply
desulphurised liquid naphtha (wherein sulphur was undetectable) and water
for the dilution steam are each fed to the reactor by means of
electronically-controlled pulsation-free pumps; the flow rate of water was
set at half of the flow rate of naphtha (both by weight). Thiophene was
continuously added to the feed at a level of 10 ppmw (calculated as S)
The steam cracking reactor is a tube having an internal diameter of 1 cm
and a length of 10703 mm, made of the Fe-Ni-Cr alloy known as Incoloy
800-HT. The reactor is placed in a brick furnace fired by means of gas
burners mounted in the furnace. The furnace is divided into separate cells
which can be fired independently. The gas burners in each cell are
controlled in such a way as to provide a temperature profile similar to an
industrial one. Temperatures along the reactor were recorded at the
following locations:   T1 - after 1114 mm T2 - after 2240 mm  T3 - after
5061 mm T4 - after 7882 mm T5 - at the outlet (i.e. after 10703 mm)   The
actual steam cracking experiment was preceded by a presulphiding step of
the steam cracking reactor, in which steam containing 100 ppmw thiophene
was passed during 2 hours at a rate of 2.4 kg/h with the following
temperature profile:           WO 97/20014
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Start                 gradient              end 



T1                  380[err]C                                  380[err]C
T2                  450[err]C                                  450[err]C
T3                  520[err]C            6 C/min               575[err]C
T4                  600[err]C             6[err]C/min           834[err]C
T5                  600[err]C             6[err] C/min
890[err]C    During the actual steam cracking, the temperature conditions
were as  indicated in Table 2 in column "end". The other process conditions
were:                Table 3                total hydrocarbon flow rate 4.8
kg/h              total steam flow rate        2.4 kg/h
residence time               100 ms above 575[err]C              outlet
pressure              0.07 MPa (gauge)   After about 20 minutes, the
experimental conditions were stabilised. Effluent analyses were made at
regular intervals, more particularly to monitor CO formation. A run length
of 6 hours was used.   Coke formation in the reactor is determined
indirectly by integrating the amounts of CO and CO[err] formed during a
decoking step {i.e. by burning any  coke formed).   The results were the
following. No carbon monoxide was detected during steam cracking under
stable conditions (the detection limit being 50 ppmw). Coke formation was
of 4.47 g after 6 hours.   Example 2   It is known in the art that the coke
formed by steam cracking is the result of catalytic coke formation and
asymptotic coke formation. Since the former is limited over time, the
latter is an important factor in the total run length of an industrial
furnace.   Accordingly, a twelve-hours run was performed under the
otherwise unchanged conditions of Example 1. As catalytic coke formation
had finished after     
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-7-   about one hour, the asymptotic coke formation could be calculated by
difference.         Table 4                     Ex.2 (12 hours)      Ex.1
(6 hours)         coke formation (g)          7.33                 4.47
Thus, the asymptotic coke formation rate was of 0.48 g/h (which is
equivalent to 2.92 g/h.m[err]. The pressure drop increase attributable to
asymptotic coke formation was of 0.1 kPa/h.    Example 3 (comparative)
Example 1 was repeated while omitting the desulphurisation step.
Thiohydrocarbons with S in aromatic heterocycles were present at a level of
21 ppmw (calculated as S), while there was a total of 100 ppmw of S in the
feedstock sent to the steam cracker.    No carbon monoxide was detected
during stable steam cracking operation.  After 6 hours of stable steam
cracking operation, there was formed a total   of 11.15 g coke.    Example
4 (comparative)    Example 3 was repeated with an additional 79 ppmw
thiophene (calculated as  S) added to the feedstock sent to the steam
cracker, so that the total  content of thiohydrocarbons with S in aromatic
heterocycles was 100 ppmw  and the total 5 content was 180 ppmw.    There
was produced more coke than in example 3.    Example 5 (comparative) 



Example 1 was repeated without any thiophene addition after
desulphurisation.    During stable steam cracking operation, the effluent
contained 2.45 vol %  of CO.           WO 97/20014
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stable steam cracking operation, there was formed a total  of 1.27 g coke.
Examples 6 and 7 (comparative)    Examples 1 and 2 were repeated, while
replacing thiophene by  dimethyldisulphide (DMDS) which is the sulphur
compound presently used in  industrial operation. The results were as
follows:        Table 5              Ex.6           EX.7        Co (vol %)
0              0      coke                 9.35           15.38   Thus, the
asymptotic coke formation rate was of 1 g/h (equivalent to 6.16 g/h m[err])
and the pressure drop increase attributable to asymptotic coke formation
was of 0.15 kPa/h.   Example 8   Propane containing 10 ppmw of sulphur,
essentially as H[err]S and CH[err]SH, was desulphurised by passing it over
an absorbent material prepared and conditioned as described in example I
(under a and b) of US patent 4,830,735, at a temperature of 30[err]C, under
a pressure of 2.5 MPa and with a LHSV of S L/L.h.  The desulphurised
propane contained less than 0.1 ppmw of 



sulphur.   The desulphurised propane was then subjected to steam cracking
under the conditions described in example 1 hereabove except that the
outlet temperature was of 920[err]C and the amount of thiophene added was
of 200 ppmw.   No carbon monoxide was detected in the effluent. There was
formed 27 g of coke.   Example 9 ( comparative)   Example 8 was repeated
while replacing thiophene by DMDS. No carbon monoxide was detected in the
effluent, and there was formed 61 g of coke.          WO 97/20014
PCT/EP96/05144                                       -9-    Example 10
(comparative)    Example 8 was repeated while omitting the desulphurisation
step. The  effluent contained 1.59 % of carbon monoxide, and there was
formed 2 g of  coke.          WO 97/20014
PCT/EP96/05144                                     -1 0-     Claims  



1. Process for the steam cracking of hydrocarbons, comprising the steps of
(i) providing a sulphur-containing hydrocarbon feedstock;  (ii) essentially
removing the sulphur from the hydrocarbon feedstock to  form a
desulphurised hydrocarbon feedstock;  (iii) adding to the desulphurised
feedstock from 10 to 1000 ppm by weight  (calculated as elemental sulphur)
of one or more thiohydrocarbons wherein  the sulphur is part of aromatic
heterocycles, to form a  sulphur-supplemented hydrocarbon feedstock;  (iv)
subjecting the sulphur-supplemented feedstock to steam cracking to  produce
lower molecular weight hydrocarbon fractions;  (v) recovering said lower
molecular weight hydrocarbon fractions.    2.  Process according to claim
1, wherein the one or more thiohydrocarbons  are selected from the group
consisting of thiophene, benzothiophene and  mixtures thereof.    3.
Process according to claim I, wherein there is added from 20 to 400  ppmw
of the one or more thiohydrocarbons.    4. Process according to claim 3,
wherein there is added from 40 to 150  ppmw of the one or more
thiohydrocarbons.    5. Use of desulphurised hydrocarbon feedstocks as
feedstocks for steam  cracking processes wherein there is added to the
feedstock from 10 to 1000  ppm by weight (calculated as elemental sulphur)
of one or more  thiohydrocarbons wherein the sulphur is part of aromatic
heterocycles.    6. Use according to claim 5, wherein the one or more
thiohydrocarbons are  selected from the group consisting of thiophene,
benzothiophene and  mixtures thereof.    7.  Use according to claim 5,
wherein there is added from 20 to 400 ppmw of  the one or more
thiohydrocarbons.    8. Use according to claim 7, wherein there is added
from 40 to 150 ppmw of  the one or more thiohydrocarbons.    


