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-1- STEAM CRACKI NG OF HYDROCARBONS  The present
invention relates to a process for the steam cracking of hydrocarbons. It
also relates to an inprovenent in the steam cracking of hydrocarbons

wher eby reduced coking and carbon nonoxi de formation is observed. St eam
cracki ng of wWodrewd4 bons is nostly used for ol efins produckCTEPIsIOSI4E S known
that pyrolytic coke is forned and deposi-gjed on netal surfaces in contact
wi th a hydrocarbon feedstock undergoing pyrolysis (i.e. high tenperature
thermal cracking). The consequences are (i) that the heat flux to the
hydrocarbons is reduced and (i RACKING OFERDROCARBONSAcr 0SS t he reactor
i ncreases. Thus, the reactor operation has to be stopped periodically to
remove the coke (said renoval being usually carried out by burning the
coke) . Furthhepresepfe igvenaPWAREAtep stoaddenpeass ovlithaareat wratkiam <fr acki ng

can react WrkhArddaenbnsdr oasinselates AlbOsdliingrdveaditl O Sne GRleah Le8skiRYy dihe
metal of the reactor, Ieadgqﬁeéo t.he formation of substantial anpunts of

carbon nondXPEREATRHE VIFE uced THIAR B8 TPERED AERTPR PREPPBdECt, as it
reduces the opsedvédof val uabl e products and behaves as a poi son towards many
catal ysts used in downstream reactions. It is known that sul phur
conpounds inhibit said reform ng reactions_and thus the formation of CQ
and it has CREFEFEIEIBRST PHYBRTERE T s frFtbarred £oslshine rerfyctitds, Tof

whi ch di net hy|eiost| that derr6 QVES)coks 18D $brrfedetpde@ddoy i tiliesh metdineuf Redstincks
used in the s raCkiy d L ain ural  sul p Even
with the ad&°’%“?‘§g] 0 ﬁf%r O%fara?é Egééggﬁppgﬁft% "x’tgh%yr%":L Ukt § W werg’“§¥’| |1 not
sat i sf act or yetRe*eEH%s C‘tﬁ“‘t‘hé‘t’dﬁﬁ? rat P cetsequensee breo kiﬂngh#tat:ee amet rfiddyced

car bon rn)nOXé(BEefK¥Ef3$dﬁBan 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
monoxidef 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. ZEwven 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.

Ancther 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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It is thus an object of the present invention to provide a process for the
st.eam cr acki ng of hydrocarbons having a reduced coking rate. Anot her
object of the invention is to provide a process for the steam cracki ng of
hydr 6car bons yi el ding | ower yields of carbon nonoxi de.
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A further J¥P&¥HOHk the invention is to provide a processPFHEPISHEIM: eam
cracki ng of hydrocarbons conbining a red2eed coking rate and | ower yields
of carbon nonoxi de. Yet anot her object of the invention is to provide a
process fom Elanst emFect ackiieginfenhyelr dsardbons/idhid ereess diorgtlst eadBm

reform ng Leaghiange pyasddabbor8NOREH 0k 6Gkubla LORLNMEALLLN, LS 0: Ggi de
a process FEFNRE L XM Crac I'ng of sul phur-contal ni ng hydrocarbons havi ng
one or nor efofarbhe nebeyideadvant ages. These and ot her objects are achi eved
by the process of the invention which conprises (i) providing a

sul phur-cont ai nin hygrocar Q‘P‘ f eedst ock; glslﬁz essenti al I%/ remoyi nq the

sul phur f r 8RF (WEEMFAPBEAHBH FETYERER L T FBARY Wl B55RETT £8% %ﬁ &8r bon
f eedst ock; ckadMihg aefd hpdrdcerhbdne wedal plddirse dtdapesfoosingf reavriéhst. o 1000 ppm
by wei ght (calcul ated as el enental sul phur) of one or nore

t hi ohydrocarbons wherein the sul phur is part of an aromatic heterocycle, to
form a sul BhikL appieEnehiest afy HrodaYGacT 84t BERH SR &/ Preqnif etani Hee sheam

sul phur - suppdaxIBgtxd st Redist askairing tlydmcirbold Rgving @06t GRré AL EhdTabeed| ar
wei ght hydggcaa}xgzgogs fractions; (v) recovering said | ower nol ecul ar wei ght
hydr ocar bon Yractions. -

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
(calcplated as elemental sulphur} of one or more thiochydrocarbons wherein
the.sulphur ig part of an ;romatic.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 rhe group consisting of

thiophene, benzothiophene and mixtures thereof.

The preferred amount of thiohydrocarbons is preferably between 20 and 400



In its broadest definition, the invention also conprises the use of

desul phuri sed hydrocarbon feedstocks as feedstocks for steam cracking,
processes wherein there is added from 10 to 1000 ppm by wei ght (cal cul ated
as elenental sul phur) of one or nore thiohydrocarbons wherein the sul phur
atons are pavaeswuoowr omat i ¢ het er ocycl es. The hydr ocar borPOTERA¥ s f or
use in the invention are sul phur-contain3g hydrocarbon feedstocks, which
for all practical purposes are hydrocarbon feedstocks naturally containing
sul phur conpggimdsmost dieFetdblpinetivesanbens mmoe pveiariap) wnesd aetwdafa om t he

group consi st | f l.ophens. nzat i € | X thegeaf . The
preferred an%élf{r%gagtﬂm%ﬁlhdﬁg rocpgpﬁons %ggx?élg?%?fl%e%%g%d ZJOA £adr31 PT66*
WO 97/ 20014 less during operation, without losing the optimum resultPCT/ EP96/ 05144

- 3- ppmw. nost preferably between 40 and 150. Typically, there is used a
nom nal anoupt of 100 p . which can general be reduced. to, 40 ppnmw or

| ess during %‘Ségﬁ’fs’l &he "%q%vt%ﬁt"fl %ﬁtﬁﬁeéﬁ&aﬁpf‘*%ﬂﬁ]‘F%éﬁ‘f“t’s’?‘ékel Gdckers are
nmade out of dHeamiumessghamt IabdioysBUGFHT.r oThosei Theys ame knowu i pwpposeltheas

| ncol oy 800-%&@98%0%&&&&&5%%@9@ { Qoxd! OSMRh €1 dnNfowelrOF TRLLAY AN

deposi ti on of coke. e formati on however results from conplex phenonena,
not yet ful ISP BHIEPREWBE?2 cBADPYES i TH Y 4PHR=FEPE - ‘F?i’lpﬁ'hi‘i“Srﬁ“tgg%“ﬁhase
formati on andrgacwkh dasophasu i fothatgoncined gepolsifrem existihe ddkendkpogits.

i ndustrial operation is towards increasingly severe operation ~conditions,
namel y higher operating tenperatures but correspondingly shorter reaction
ti mes. The rf5§ttye@éeint IpBERFHadueRETASENt Biferandsr irredsingbogeveaBOcdesetia® and
residence tid3naidibnabasihel}OR: gkt lopS LRGAG TenddiQ tiRisCoit BorRBEERELNTY
tenperature jncr Q:als_eascttgne Lqore klgo%tbree%gnrrces o2 ogsl em . Th% spI %cant S
have now unéXpectedry found that Dy Prior fensvin use temperatures o

about 900 ‘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 aroma;ic hece;ocycle produced improved results in steam.cracking
-fin terms of the combination of reduced.coking rate and reduced carbon
monoxide formation}. Thiophene, béniothiéphehe 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 20l 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.



‘essentially all sul phur that nmay be present in the feedstock, the addition
to the desul phurised feedstock of a thiohydrocarbon wherein the sul phur is
part of- an aromatic heterocycle produced inproved results in steam
‘cracking (in terms of the conbination of reduced coking rate and reduced
carbon nowmd@rgdest#or mati on). Thi ophene, benzot hi ophene afEFTEFR$MTES t her eof
are preferred; the best results have bepn obtained with thiophene, which
is therefore nost preferred. Processes for the renoval of sul phur from
a hydrocarbon feedstock are known and need not be described herein. W
refer e.g. fo.the follow ng referenges which are incorporated herein by
ref erence -érlﬁmr“kc-rdc%ﬁ%gr Pﬁ%féf%ﬁéﬁiag%fm&ﬁ%nﬁncéfe T‘é%ﬁ‘ﬁglngﬁé,“%r%e edition,
vol ume 17, d€882ibegajexeiR0] Weor£f@h; e.g. Petor bhe fnl Refibnerfedenosewbidiceron cs,

R E Mapl es; Bepsiebl el Q83 by PAGESet@l; 202; - US patent 4,830, 735.
Essentially renoving, the sul phur, as used herein, nmeans renpving sufficient

Y L 1
sul phur to OBEEFRRRRIFANPTFETi Nt TEH tFE STL AT AR IGPATR SR A& ST ndr ovenent s

have been aisereednbyc.r en@sbuate,s tdgEhuvoleaapouakkbtdoviNll Gabed awr 1> ppeav
(cal cul ated gg

ppmw, nost pr e?éerrq’tag%? be .cnt/rvej(‘)@‘_f%%;ﬁﬁ%gﬁdﬂOf’tqeé‘ﬂ{ﬁ%qggﬁogg%%a%pglﬂw 1
PCT/ EP96/ 05ipkgon, pages 500 to 511; - 4- St eam cr acki ng

processes ar giak-PRukéOBHcydlobdiaddd chéilchcedcRRliohf 3rdleactihecd.diansin, Ve
refer e.g. 'ltgg?t he fol%lqvn\%nr&g?{se_f erences which are incorporated herein by

reference :*7 %' B8FFBche grocesses, Technical and economic .

char act er i st Pesxolpum Re€CipryveProgaths EconamfiedhyvReE. 18580 esy dlepniell; IPR3ptrage. 1,
pages 117 ti@slpgk. - Modern Petrol eum Technol ogy, part 1, 5th edition,

1984, edited by G D. Hobson, pages 500 to 511; - Kirk-OQ hnmer Encycl opedi a

of Chem cal Technol ogy, 3rd edition, volunme 17, 1982, pages 217 and 219;

- Pet r ol eumtRes iofeey advavrgsciscolbongls noR recesshiep | wsprdveae\iékla 1993, pages
185- 186. pretreatment of the steam cracking reactors by a mixture ¢f 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

Ligquid naphtha feedstock was obtained, which had the following

characteristics :
Table 1 : naphtha feedstock
density dis/ae 0.6477
ASTM-D8E ‘C IBP=38.8
50 vol%=45.9
FBP=67.8
n-paraffins wtS ) 51.31
i~-paraffins wtd 42.36
naphthenes wts 4.86
aromatics wt$ 1.45
Cg hydrocarbons wth 59.27
Ce¢ hydrocarbons wts 40.02
sulphur content © pprw 100 ¢}

{*) of which sulphides : 18; disulphides : 20; mercaptans : 41;



It is often advantageous al though not necessary to provide for a
pretreatment of the steam cracking reactors by a mixture of steam and one
or nore aromatic thichydrocarbons, prior to the introduction of the

hydr ocar bon feedst ock. The invention will now be described by the
fol | ow ng exgmhastei4 Exanmple 1 Li qui d napht ha f eedst oekr/EP®/08I3tai ned,
whi ch had the following characteristics 5 Tabl e
1 napht ha f eedst ock density dl err]
2663370/2‘22\49%G.\Ohydrocarbons with the iueigulrcin aromatic heteroclygfe_s?’g' %éP:67. 3
n- paraffins wt % 51.31 i-paraf fins

wt % The sulphur~c42t§§1ﬁ@@@§&)ﬁ@@l§ was desulphurised b))’\&xy/&rotreatlng it
486 aromatics ‘Q" 1.45 (err]
hydr ocar bons ¥der the foljpying conditions: 59 57 (err] hydrocar bons
wt % caA@1¥ sulKFhiA2 Evowt BRRO-NOBEL (4.2 ®WIDMG, 15 wt: MoOj) 100
(*y (*) of whi Gl st:Qbl des,sq:48;  disul phi des 20; nercaptans 41,
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t hi ohydr ocar bons REE#H*Hhe Lu¥ishdPa49%! aromati ¢ het erocycl es 21  The
sul phur - cont ai ni ngghbedstOgkspeas ascityhurisyed by.dhygt.atreating it under

the follow ng C(”H}hyééga§ﬁydrocarbon : 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 100 ppmw (calculated as 5)

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
BOO~HT. The reactor is placed in a brick furnace fired by means of gas

* burners mounted in.the furnace. The furnace is divided inro 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:

Tl after 1114 mm
T2 - after 2240 mm
T3 - after 5061 mm
T4 - after 7882 mm
TS5 - 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:



catalyst : KF 742 from AKZO- NOBEL (4.2 % CoO, 15 wt% Mo(Jerr])

tenperature : 250'C pressure : 4 MPa (gauge) liquid hourly
Space velocity (LHSV) : 5.0 L/L.h hydr ogen/ hydrocarbon : 80 NL/L
(wherein N neans normal) in once-through. The desul phuri ?ogd
f eedst ock GWAPHINAYI | ess than 0.1 pprmw of sul phur. The H%E(E 144

desul phurised |iquid naphtha (wherein sutgghur was undet ectabl e) and water
for the dilution steamare each fed to the reactor by neans of

el ectroni caltapieantrol | ed patsati on-free pungsadiehe fl ow rateesd water was
set at half of the flow rate of naphtha (both by weight). Thi ophene was
contihuously added to the feed at a |l evel of 10 ppnw (cal cul ated as S)

The steam cricking reactor B& & tube having an internal dianeB8¢'%f 1 cm
and a | engt lgzof 10703 mm maslecof the Fe-Ni -Cr all oy known as 4k§col oy
800-HT. The reactor is pl acg%o_i n a brick furrgace,fi red by neans_of gas
burners moudted in the furndte’ The furnace PsC@%ided into séﬁ%rcate cells
whi ch can be&s4fired i ndependé®icy. The gas bushetdgni n each cel [B3are
controlled igg such a way asggpcprovide a tengesahyre profile ghgd ar to an
i ndustrial one. Tenperatures along the reactor were recorded at the
follow ng | ocations: Tl - after 1114 nmm T2 - after 2240 mm T3 - after
5061 MM T4 pupideethe G@Pudimsidan chickifi®, @Hé | tehpdrattre abiditidik/ QeraTap The
actual steam Ki rinen preced b resul phi di. st of
Che ot eam crESlARSR TS, BUALTS T LotAR RECTHEHe Bindh RESSS Rnm Pl i
was passed during 2 hours at a rate of 2.4 kg/h with the foll ow ng
tenperature profile: Tabie 3 WO 97/ 20014

PCT/ EP96/ 05144 - 6- Table 2
Start gr adi ent end

total hydrocarbon flow rate 4.8 kg/h

total steam flow rate 2.4 kg/h

residence time 100 ms above 575°C

ocutlet pressure 0.07 MPa {(gauge}

After about 20 minutes, the experimental conditions were stabilised.
Effluent analyses were made at rvegular intervals, more particularly to

monitox CO formation. A run length of 6 hours was used.

Coke formation in the reactor is determined indirectly by integrating the
amounts ¢f CO and CO, 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



T1 380[err] C 380[err]C

T2 ° 450[err] C 450[err] C
T3 520[err] C 6 C/mn 575[err]C
T4 600[err] C 6[err]C/mn 34[err] C
T5 w0 9720014 600[err] C 6[err] Cmin !’CTIEP%IGS]«

890[err]C During the actual stean1craQbLng, the tenperature conditions
were as indicated in Table 2 in colum "end". The other process conditions

were. about one I:E@pl %hg asymptotic coke for&é):ta@rlx A@MQJ %Q%QQQIJtEQ%J ate 4.8
kg/ h total steamflow rate

resi dence ti n’efference 100 ns above 575[err] C out | et
pressure 0.07 MPa (gauge) After about 20 m nutes, the
experinental condjtions were stabilised, Eff nal ys s e at
regul ar interval gd,ﬂ%p‘e particularly to rr?m PJ% ‘é’f@qf or ma IW% %\m’rs | engt h
of 6 hours was used. Coke formation in the reactor is determ ned
indirectly by intgggadb-Rg:bhegpnounts of £SO and COerr] forned during a
decoking step {i.e. by burning any coke forned). The results were the

foll ow ng. No carbon nonoxi de was detected during steam cracki ng under
st abl e condi rrhans t(lé heysigioeid icoxe [fondtilreirage 99s pyENM)48 Gokawhizhnad | on was

of 4.47 g aftgr, g&gﬂﬁ 2.92 %e resuhe LeskSreK PAQ!“;J;&eEQee bfiphbah ot e coke

formed by steam cr cata ytic co formaton and
asynptotic CGR%“PFBHFaFP’Eﬁw f°8‘faﬁt‘é“ 42). °rfo?n”e?“"}/§ limted over time, the
latter is anlrrportant factor i-n the total run length of an industri al

f ur nace. cor | YeomB LWL ye- hours run was perforned under the
| onditt o
ot herw se un con rons of Exanple 1. As catalytic coke formation
had fini shed after
Example 1 was repeated while omitting the desulphurisation step.
Thiohydrocarbons with § 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
5) added to the feedstock sent to the steam crackexr, so that the total

content of thiohydrocarbons with § in aromatic heterocycles was 100 ppmw

and the total § content was 180 ppmw.

There was produced more coke than in example 3.

Example $§ (comparative}

Bxample 1 was repeated without any thiophene addition after

desulphurisation,

During stable steam cracking operation, the effluent contained 2.45 vol %
of CO.
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-7- ' about one hour, the asynptotic coke formation could be cal cul ated by
difference. Tabl e 4 Ex.2 (12 hours) Ex. 1
(6 hour s) coke formation (Q) 7.33 4. 47

Thus, the aeysmmodidi c coke formation rate was of 0.48 g/ h PGHERI§05I44
equi vaI ent to 2.92 g/h.nferr]. The pressuge drop increase attributable to

asynptotic coke formation was of 0.1 kPa/h. Exanpl e 3 (conparative)
Exampl e 1 repeat ed ' ANy e desul hur| ation s
Thi ohydr oc\ggggﬁrse\;e\ﬁ’?"ﬁssovg]#%lg% %etcg’fn cy eg Wer e g Preten % el 1580t of

21 ppnw (cakéul 3feal cakeS), whil e there was a total of 100 pprw of S in the
feedstock sent to the-steam cracker. No car bon nonoxi de was detected
during stabl e steam crgq{klﬁéyo eratjon. After 6 hours of stable steam
cracki ng op P&t a total of 11.15 g coke. Exanpl e
4 (conparative) Exarrpl e 3 was repeated with an additional 79 ppnw

thi ophene (ﬁﬁnﬁﬁ@ﬁeqrx@% pede 261804008 Lg,?%?(&),ggg‘r&g&%%ﬁ Qythe steam

cracker, so the tota ont ent S in aromatic
het er ocycl edinpssvibguRiiie GMBSt HBithig ths e‘blr?tl%tcmniwesmﬁhy usedTher e
was producedndmi-.exaaok@eztsbadh | NmeX aeglies rere aHXSPRWe: 5 (conparative)

Table S Ex.6 Ex.7
COo {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?) 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,S and CH35H, 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'C, under a pressure of 2.5 MPa and with a
LHSV of 5 L/L.h. The desulphurised propane contained iess 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°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.



Exampl e 1 was repeated w thout any thiophene addition after

desul phuri sati on. During stabl e steam cracking operation, the effluent
contai ned 2.45 vol % of CO WO 97/ 20014 .
PCT/ EP96/ 05144 ' - 8- After 6 hours of

st abl e st eamygye38g1#g operation, there was forned a total peigpposhérd COKe.
Exanples 6 and 7 (conparative) Exanples 1 and 2 were repeated, while

repl aci ng t hi ophene by di net hyl di sul phi d&@@=(DVDS) which is the sul phur
conmpound presently used in industrial operation. The results were as

fol | ows: Table 5 Ex. 6 EX. 7 Co (vol %
0 Exgrple 10 dedmparative) 9.35 15. 38 Thus, the
asynptotic coke formation rate was of 1 g/h (equivalent to 6.16 g/h nferr])
and the pressyre grogp increase attributable to asynptotic coke formation
was of 0.15 kPEFR™® ° ERFSPERte Whblo Sahtrigs itbsi SsHePhgisntinn ckepul Bher
essential |y asffpeny kentuidedChl 89 18] G cavism AQmbthd)UsdS efbrdy RASTSLRG b lg Qir’er
an absor bent erial prepared and conditioned as described in exanple
(under a and of US patent 4,830,735, at a tenperature of 30[err]C, under
a pressure of 2.5 MPa and with a LHSV of S L/L.h. The desul phuri sed
propane contained | ess than 0.1 ppnw of



sul phur . The desul phuri sed propane was then subjected to steam cracking
under the conditions described in exanple 1 hereabove except that the

outlet tenperature was of 920[err] C and the anount of thiophene added was
of 200 ppmw. No car bon nonoxi de was detected in the effluent. There was
formed 27 gWen7eWtt. Exanpl e 9 ( conparative) Exanpl e PETESASHfeat ed
whi | e repl aci ng thiophene by DVMDS. No carlgn nonoxi de was detected in the
effluent, and there was forned 61 g of coke. WO 97/-20014 ..

PCT/ EP96/ 05144 - anpl e 10
(conparative), . Exanple 8 was repeated while omtting H'ﬂ!H mnﬁU"Mjﬂr on
step. The e nt contained 1.59 % of carbon nonoxide, y i
formed 2 g of coke. WO 97/ 20014

PCT/ EP96/ 051&4 Process for the steam cracking of hydrocarbor_xsl. Qémpr:i.sij:%I %ixerr%teps 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 1, 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 ane 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 ¢laim 5, wherein there is added from 20 to 400 ppmw of

the one or more thichydrocarbons.

8. Use according to claim 7, wherein there is added from 40 to 150 ppmw of

the one or more thiohydrocarbons.
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(54) Title: STEAM CRACKING OF HYDROCARBON‘S/

{57) Abstract

Sulphur-containing hydrocarbon feedstocks are dcsulphunsed prior to bemg subjected to steam cracking in the presence of one or
more tmuhydrocarbons wherein the sulphur is part of aromatic heterocycles, preferably thiophene and/or benzothiophene. Optimum results
are obtained in terms of the combination of reduced coking rate and reduced earbon monoxide formation.




