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HYDROCARBON FEEDSTOCK W TH STEAM The present invention relates to an

appar at uwa@nad9®77 pr ocess for vaporising a heavy hydrocar bpaT/Eeadsd@ck with
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10 order to promote the vaporisation of the hydrocarbon
feedstock, prior to introducing the vaporised hydrocarbon
feedstock into the cracking section of a furnace (the
radiant section). Such a process is also called steam—
cracking. If processing heavy hydrocarbon feedstocks,

15 e.g. materials with a boiling range above 230 °C, the
vaporisation of the liquid material is normally carried
out in a plurality of stages. The hydrocarbon feedstock
is first preheated, whereafter the still liquid feedstock
is admixed with superheated steam to form a two phase

20 gas/liquid mixture and to simultaneously heat the liquid.
The mixture of steam and liquid thus formed is further
externally heated by exhaust from the radiant section to
partially vaporise the liquid, whereafter the remaining
liquid is fully vaporised by introducing a further amount

25 of superheated steam into the flow of steam and partially
vaporised liquid. This further amount of steam is, for
example, added to the hydrocarbon feedstock by means of a
nozzle wherein steam is introduced as an annulus around a
core of the hydrocarbon feedstock. It is important that

30 the feed to the radiant section of a cracking furnace
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place- is fully vaporised, as the presence of liquid droplets may cause
serious ooher/prmati on and fouling in the coils of the rpaRERMINZOW gh
tenperature part of convection bank a& 5 well as in the radiant coils. In
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appar agus conpidsi ngs & f i¢15d I_(%]cgin%eﬂgg 44 u%l ar element and a second (outer)

tubul ar el enment surrounding t rst tubular elenent to forman annul ar
space, wherein a flinr sthe pftreewmeainsing prandi e ddlor mayntreodioeimeg] a rhedwy
hydr ocar bon fe_ﬁgs i e jnne tubul ar. el ement and a second inlet
means i s provide ]?lgir%’ [ n%%%huacill Jstué%}%glaée Stedmint o tHe" arhul ar
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solution to this problem as disclosed in EP-A-95197
15 involved a specific apparatus comprising a first (inner)
tubular element and a second (outer) tubular element
surrounding the first tubular element to form an annular
space, wherein a first inlet means is provided for
introducing a heavy hydrocarbon feedstock into the inner
20 tubular element and a second inlet means is provided for
introducing superheated steam into the annular space. The
inner tubular element and the outer tubular element are
each provided with an open end for the supply of the
superheated steam as an annulus around a core of the
25 heavy hydrocarbon feedstock, the open ends terminating in
openings arranged in a plane, substantially perpendicular
to the longitudinal axes. The apparatus also includes a
frusto-conically shaped element at one end connected to
the open end of the second tubular element, provided with
30 a longitudinal axis substantially coinciding with the
longitudinal axes of the tubular elements and diverging
in a direction away from the outer tubular element. The
arrangement of a slightly diverging frusto-conically

shaped element behind the location where the superheated

35 steam meets the heavy hydrocarbon feedstock prevents the
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required for convection efficiency. The annular flow regime should

have developed when the feedstock enters the mixing

15 nozzle. The core of the annular flow is formed by wvapour
containing a mixture of hydrocarbons and steam. The
annular flow of feedstock enters the mixing nozzle
disclosed in EP-A-95197 in the inner tubular element
thereof. In this mixing nozzle a second amount of

20 superheated steam is added to the annular ring
surrounding said inner tubular element. The large
velocity différence between the steam in this annular
ring-shaped confined space between inner and outer tube
on the one hand and the liquid annular flow in the inner

25 tube on the other hand creates shear forces and severe
hydrocarbon flashing at the point where both flows meet
to produce the fine droplet distribution required for
mass and heat transfer. The fine droplet distribution
will then ensure effective vaporisation. The arrangement

30 of a slightly diverging frusto-conically shaped element
behind the location where the superheated steam meets the
liquid heavy hydrocarbon feedstock prevents the contact
of liquid droplets with the wall of this element thereby
avoiding the risk of coke formation in the mixing nozzle

35 itself. Thus, it is important that the steam/liquid
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the fine droplet distribution would be
Typically the pipe extending from the convection section
will make three angles of about 90° to accommodate for

15 such configuration. However, these angles could destroy
the annular flow pattern and change it into a slug flow
pattern, which is undesired from a heat convection and
vaporisation point of view. The straight length after the
third 90° bend (as seen from the convection section)

20 should suitably be at least 5 times the annular width
(i.e. diameter) to re-establish the fully developed
annular flow pattern before entering the nozzle, as
otherwise the fine droplet distribution would be
deteriorated, which would, in return, lead to

25 malfunctioning of the nozzle. Normally the
length/diameter (L/D) ratio will not exceed 30. Given the
dimensions of the nozzle itself and the required L/D
ratio of at least 5 for a straight:pipe after the third
90° bend to ensure an annular flow pattern, scaling up of

30 a furnace to ensure a greater throughput of feed would
require a larger diameter straight pipe and hence a much
greater length of the pipe after the third 90° bend. 2As a
consequence, the length of the pipe extending vertically

from the convection section after the first 90° bend
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still ensuring t he stead |iquid mxture entering the mxing nozzle's
i nner 10 tubgc%g)?oa‘;nlcgenn%lsaﬂtﬁloﬁ gca? tte)&}ensfe W%be‘{%m FFRRER BY UEHHY a
speci fic devi ceaclapable Dirnawke] nghial gentdiel savglriped tEfdt titha

| i qui d- cont ai nitneqa /slt.r ear% which device is cannected to the feed inlet pipe
of the m xing ToZ e FhrS B il g Gevicd 19 P&t ¥ect Yii ng of
the flow direchilon lofs tae oydioeartioow gegdstiock with 90 while

simul taneously effecting a swrl attern of the ljquid part thereof,
t her eby forcing tﬁ"ﬁ"‘lq i iﬁ%ﬁ%&% HE AR 12 P e Tl Feste YiffetCanael e

ext endi ng dOVbIW\@_Trd:llyci[rQ;t&Q?éﬂﬁiélgsM_' Z I i d o st he Vel @i dYe A0 £openent
per pendi cular to the tube's 1ongitudinal axis
stream, which device is connected to the feed inlet pipe
of the mixing nozzle. This swirl inducing device will
15 effect bending of the flow direction of the hydrocarbon
feedstock with 90° while simultaneously effecting a swirl

pattern of the liquid part thereof, thereby forcing the
liquid against the wall of the feed inlet pipe extending
downwardly to the mixing nozzle with such velocity

20 component perpendicular to the tube’s longitudinal axis
that an annular flow pattern is re-established.

Accordingly, the present invention relates to an
apparatus for the vaporisation of a heavy hydrocarbon
feedstock with steam, said apparatus comprising:

25 (a) a first tubular element which is open at both ends;
(b) a second tubular element which is open at one end and
surrounds the first tubular element to form an annular
space, said first and second tubular element having
substantially coinciding longitudinal axes and having

30 open ends at their downstream ends arranged in a plane
perpendicular to said coinciding longitudinal axes;

(c) feed inlet means for introducing a heavy hydrocarbon

feedstock into the first tubular element;



that an annular flow pattern is re-established. Accordingly, the present
invention relates to an apparatus for the vaporisation of a heavy

hydr ocar vom 01/6eetist ock with steam said apparatus conpri SPOYEP@H6(@) a
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against the inner wall of the feed inlet means in such a
way that an annular flow pattern is established inside
15 the first tubular element.

The heavy hydrocarbon feedstock to be evaporated in
the apparatus according to the present invention
typically has an initial boiling point above 200 °C, more
in particular 230 °C or higher, while the final boiling

20 point will not normally exceed 650 °C, more particularly
600 °C. Examples of suitable feedstocks are hydrotreated
flashed distillates or hydrocracked flashed distillates.

As regards the mixing nozzle and its components
reference is made to EP-A-95197. In this patent

25 specification the mixing nozzle is described in detail
and its contents are incorporated by reference herein.

Accordingly, in a preferred embodiment both the first
tubular element and the second tubular element of the
apparatus of the present invention terminate in open ends

30 arranged in a plane perpendicular to the longitudinal
axis of the tubular elements. These open ends supply the
superheated steam as a non-swirling annulus around a core
of the hydrocarbon feed. The frusto-conically shaped

element should have an apex angle of at most 20° and
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and second the third tubular element. The apparatus also suitably
has a plurality of inlets for introducing superheated
15 steam into the annular space between the first and second
tubular element, which inlets are substantially equally
distributed over the circumference of the second tubular
element. Preferably, a plurality of guide vanes is
arranged in the annular space, downstream of the inlet (s)
20 for the superheated steam, said guide vanes being
substantially uniformly distributed over a cross section
of the annular space.
The swirl inducing device connected to the feed inlet
of the mixing nozzle must be capable of forcing a swirl
25 pattern onto the liquid part of the heavy hydrocarbon
feedstock when entering this device, thereby pressing
said liguid part against the inner wall of the feed inlet
means in such a way that an annular flow pattern is
established inside the first tubular element.
30 Simultaneously, the swirl inducing device also ensures
that the flow direction of the hydrocarbon feed is bent
towards the mixing nozzle. Often this will imply that the

flow direction is altered with an angle of 60 to 100°,

normally about 90°.
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have any suitable shape and may or may not contain

internals for inducing the appropriate swirl pattern to

15 the incoming liquid part of the feed. A very suitable
swirl inducing device is a so called tangential inlet
device. Such tangential inlet device preferably comprises
(1) a frusto-conically or frusto-hemisperically shaped
element diverging in a direction away from the feed inlet

20 means of the mixing nozzle and (ii) means for introducing
the gas/liquid mixture of heavy hydrocarbons and steam
into said frusto-conically or frusto-hemisperically
shaped element tangentially to the inner wall thereof.
Such means will typically comprise a pipe which is

25 connected to the side wall of the frusto-conically or
frusto—-hemisperically shaped element and coincides with a
tangent of the cross-section of said frusto-conically or
frusto-hemisperically shaped element. The use of a
frusto-conically shaped element is preferred.

30 In a further preferred embodiment the large end of.
the frusto-conically or frusto-hemisperically shaped
element of the tangential inlet device is connected to
one end of a further (or: fourth) tubular element having
a longitudinal axis substantially coinciding with the

35 longitudinal axes of the first tubular element, the other
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tangentially F@hf@@gﬁnﬁﬁfcﬂﬂ$lhé§€§e§$%romﬂf?o%?ﬁ?ﬁ%&%&éktggﬁQ@é|y conprise

a pipe which is 25 connected to the e rusto-conically or
frust o- hem spe¥iieapdycethapeoenichehly abe e ntines wilh af sangemtdof the
cross-gection @f;paid frusto-conically or frusto-hem sperically shaped

el ement. The use of a frusto-conically shaped elenent is preferred. 30 In a
further preferred BEmborbpemtihel $ afgetleend Dilusthenfedisio-Conioad |y and

frusto-hem spesic hap I of. t he ential_inlet device is
connected to e%heﬂe#%r%ffa&?w%h%?%%?:‘;Jf%"ﬂr?%?tq?%b?ﬁ%arrae?%?re Hai ng a

| ongi t udi nal axtsssubsimvenial dry. cBigerdi hgia 4 htdhevddw | ohgh t 4k nabl @axes of
the first tubul ar el ement he other WO 01/90277 PCT/ EP01/ 06000 9 end of

t he tubul ar elutean%%?n le?fngi%#%%e%?vﬁ?s furthedrste tUbili;/ng el ei)n;lntfcgggri sEs
an opéfing in its Bigerawal | shds ough ddiehea deayym @ Cas DOre feeest oc

can Ee introduced tangentially to.the inner wall of said side. 5 wall. The
apparatus is f?ﬁ‘?%léf“??l %%??519%?11:?‘?1 FrouP ekC 12 et ol Ry giRRCE ¥ows a side
view of the appsdaay UsydfotdiEbomr £S€dd L ddl efd i Oflot £ Ok o2 4 St Bok Op Vi ew of

a suitable thereof. The nozzle 1 comprises an inner or first tubular

element 2 and an outer or second tubular element 3 having

15 coinciding longitudinal axes. The inner tubular element 2
is open at one end to form an outlet 5 for the partially
vaporised heavy hydrocarbon feedstock, while the inlet
end 4 is connected with a straight feed inlet pipe 20
having the same diameter as the inner tubular element 2.

20 The outer tubular element 3 being open at one end, is
closed at the other end by means of a flange 6 welded to
the inner tubular element 2. Inlet nozzles 7, being
substantially equally distributed over the circumference
of the outer tubular element 3, are provided for the

25 supply of superheated steam into an annular space 8
between the inner tubular element 2 and the outer tubular
element 3. In order to prevent the occurrence of swirls
in the annular space 8 a plurality of guide vanes 14 are
arranged and substantially uniformly distributed over the

30 cross section of the annular space 8. The open end of the
outer tubular element 3 and the outlet 5 of the inner
tubular element 2 are arranged in a plane perpendicular
to the coinciding longitudinal axes of the tubular
elements 2 and 3 thereby forming an annular passage 9 for

35 the discharge of superheated steam from the annular



tangential inlet device. 10 Figure 1 shows a side-view of a m xing nozzle 1
for supplying superheated steamto a partially vaporised heavy

hydr ocar vom of/gedst ock for total vaporisation thereof. TheCTaral/@so®
conprises an inner or first tubular 18l ement 2 and an outer or second
tubul ar el ement 3 having 15 coinciding | ongitudinal axes. The inner tubular

elenent 2 is gpedeag.one epd bPehOobny aphoUbheLlr SchivhlthesPardhal §Yys
vapori sed heavy hydrocarbon feedstock, while the inlet end 4 Iis connected
with a strai ghtoreeeteal B0 pi pru2bO-Rani fylivieskaped e befeeet BS the i nner

tubul ar el emenbryvi @04 THELRUL elohyPrhalngl eaent 3,being: ppen, at one end, is
closed at the other end by neans of a flange 6 welded to the inner tubular

el ement 2. |nle?imeidieg 7ithethy leupitantnal | yxeguaf | jheli sububared over
the cireunt er &g of s ! enoUELhstHDULAL 81 BRI aded A Ll OV R0y 1 0L LDE 25

supply of superheated steaminto an annular” space n the 1nn
t ubul ar el enentn 2a aghirehelont @vay ubudmarthel eweat Bubuhaorebememt pB evEne t he

occurrence of i LN n S a. pl lity ui de vapes 14
are arranged gﬁ%%%%b%%%ﬁ%?%%?yggéﬁ %r%?%ﬁelEt%?b%%%dé%v%§é¥ﬁ%ﬁ%gec?gss
section of theatarmusar2gpdegr8es Thehepeasendf ofth¢ hErusubecohidml by el enment

5 and Lo Ut o o LUGLOTES VDML AL ELETERL, 2. 3y A0 B0gE g Bl ane
2 and 13 t her ebyhiadt nimgratuannis acopassage Bofars8Sotder thsehacgei©hlly
super heated steam fromthe annular WO 01/90277 PCT/ EPO1/ 06000 10 space 8.
At its open en ?%%donl%?e?ﬁbggarc%?%ﬁﬁ%%n% T3 ag%%ﬁ%%Y%QPt?W%Q rok
frust o- coni cal tiye shapetla el ebenend 011 prové dedusi d-heenl gl § ush Nedd axi s
substantially  £oincidigo; wip the Longitudinal axgs of fhe tibylar 4

for connecting the nozzle 1 to a feed line (not shown) of

15 a thermal cracking unit.

The straight feed inlet pipe 20 is connected to the
tangential inlet device 15 which consists of a frusto-
conically shaped element 16 diverging in a direction away
from the inlet pipe 20 and a tubular element 17, which is

20 closed at one end, connected thereto. The frusto-
conically shaped element 16 may have an apex angle of 10
to 150 degrees, the exact apex being determined by
process parameters like velocity range of the incoming
feed stream. It is within the normal skills of the

25 skilled person to select the appropriate apex under the
conditions applied.

The tubular element 17 has an opening 18 in its side
wall, to which a feed inlet pipe 19 is connected in such
a way as to introduce the partially vaporised hydrocarbon

30 feed tangentially into said tubular element 17.

In figure 2, showing a top-view of the tangential
inlet device 15, the feed inlet pipe 19 is connected to
the side wall of tubular element at the opening 18 in the
side wall thereof. Upon entering the tangential inlet

35 device 15 in the direction of the arrow a swirl is



5 el enments. The frusto-conically shaped el enent 10 diverges in a direction
away fromthe outer tubular elenent 3. The frusto-conically shaped el enent
10 has amwape2angl e of at nost 20 degrees. The base of POEEP01/06000
frusto-conically shaped el enent 10 i1$ connected to a tubular el enent 11,
10 which in return is connected to a second frusto-conically shaped

el ement 12, conmefd@iyigd nid wid el i om ampyw dgom sddie, faui A sl ermny 11,

The frusto-conically shaped elenment 12 is at its free end provided With a

flange 13 forrRbiisctilify T A cekly shanad |sirmqHotl sHdwh) of 15 a
thermal crackifig mnidg e stial Aiedeadd ety PiPe 2G5 %,“%{.ﬁeaﬁ ? dt he

tangential inlet device 15 which consists of a frusto- conically

el ement 16 di VEFATGI rPa i Tecid i Svieyd & e s nileaw e 2t sl a
tubul ag el ement, ;17 ¢ ) G i 40 5d 05pd at one end, connected thereto. The
frusto- conically shaped el enent 16 nmay have an apex angle of 10 to 150
degrees, the exactImagexXWdihey detaaati ride pregurdcdsy qariaretmlsatidkeso

vel ocity rang | neQm égghs j i.$hi e | skills
of the 25 ski ﬁ g&%%%séon to L{s}gﬁ e‘{:t t 15%%;%&% aét ?egatéﬂ }{}/nécf‘gorcatq‘ﬁge(gTITlEl
condi ti ons apgldestbtorie witulsHreas erdrarelih s apaapeningsl8ldaritisedi de

wall, to whic f: i nl et. pipe 19 is connected in such a way as to
i ntroduce thempegfretl?%dﬁfydyveaplosPiLgsee hydrocarbon 30 feed tangentially into

said 10bul ar el end@ite Predemtf iigurent2,ors kdw cngred dteps Wiew qfrddes 4 angent i al
nlet v oo L WIRSBL. Il o e 0I5 CEIMEct e, b Lhe, Sl vell, of
the tangenti alfdenlsaio35 dévidte poddsd heonbriendd ahofstdies agr.ow a swirl is
WO 01/90277 P ESEEQ%QQQR%%Q-%%e hydrocarbon feedstock;
(b) mixing the still liquid feedstock with superheated
15 steam to form a two phase mixture of steam and liquid
feedstock droplets;
(c) heating of this two phase mixture to partially
vaporise the liquid feedstock;
(d) fully vaporising the remaining liquid feedstock by
20 introducing a further amount of superheated steam using
an apparatus as described hereinbefore;
(e) optionally superheating the vaporised hydrocarbon
feed; and
(f) subjecting the optionally superheated vaporised
25 hydrocarbon feedstock to a cracking treatment.

The apparatus as described hereinbefore is arranged
in a system for vaporisation of heavy hydrocarbon
feedstock prior to passing the feedstock to a cracking
unit. A heavy hydrocarbon feedstock in liquid form is

30 first passed through a preheater for heating the liquid,
the heated liquid is subsequently mixed with superheated
steam and passed through a furnace for partly vaporising
the liquid hydrocarbons to, for example, 70% percent

vapour.



introduced in the partially vaporised hydrocarbon feed, and via the
frusto-conically shaped elenent 16 the swirling feed will enter the feed

i nl et pi peoBD902rhereby creating or re-establishing an anral/apoifdeow pattern
in5this feed inlet pipe 20. In a fuether aspect the present invention
relates to a process for the vaporisation of a heavy hydrocarbon

feedstock with steam Mhere) Nvaso APHSd af Usu B§ ﬂ@%}&@@&ueﬁ@iyiﬂ%@é&re I's
used. 10 The present invention also relates to a proceSs for  the
preparation of"'gwet Hrethas Framththeelystyerratrddnstéaeds? oekarahith

process conpriges tdig.sieps piqu;(@)izpr@h@afé@@sw&hygﬁ@%@m &ﬁf@ﬁ}t?gki

(b) mxing the still liquid feéedstock with superheate 15 steamto forma
two phase m xtiged ofn sl ant Yapefdsatierstioek shopleétlse fweheeriag of

this t phase. mm et i i Se, | L Qi ck, (d)
fully ‘égpori si ng Eﬁ%ﬁ reng?%%éﬁ%%it %ggl{d}lé%o%%%i\/ é%éﬁégg}gd%%?n%a
further anountswifsuperhebe edaptebne ushagremni mppar bt gsi dsandsgi vdean

her ei nbef or e; i l yes i t vapor i sed -hydrocarbon feed,;
and (f) subj ecétfgrﬁzjé)t Aef)%% i %%a%égﬁ%%f E%%t%g()lvcgp%ﬁ% slg%JIS]IQZA'gf hydr ocar bon

f eedst ock to acordeksayl on eaf pentmi They apparddusaasodestritbeds hesei nbef or e

is arranged in a tem for . vaporisation.of, heavy, hydrocarbon eedst ock
prior to passisngol‘%i%s?eee%‘é B2 gt%)nav%: "kt NS Ut £ %Phee%?/@l%d?%c Bon
feedstiock in lsyptiemformis 30 first passed through a preheater for heating

Lo 1 quig, <he heated Ll G L. subsehuent | mxed U super et e
hydrocarbons tin dwrapxarptes 9% PeE€BEd with reference to Figures 1
and 2. In the nozzle forming part of said apparatus the
superheated steam is introduced into the annular space 8
15 via the steam inlet nozzles 7, whereas the partially
vaporised liquid is introduced into the inner tubular
element 2 via the inlet 4 thereof after the annular flow
pattern of the partially vaporised hydrocarbon feed
entering said inlet 4 has been ensured by means of the
20 tangential inlet device 15 arranged upstream of said
nozzle 1.

The steam leaving the annular space 8 via the annular
outlet passage 9, forms an annulus around the core of
hydrocarbon feedstock leaving the inner tubular element 2

25 via outlet 5.

The heat of the steam causes vaporisation of the
liguid remaining in the partially vaporised liquid
leaving the inner tubular element 2. To prevent the
passage of liquid droplets from the core of hydrocarbon

30 feedstock to the wall of the nozzle with the
aforementioned risk of coke formation, the annulus of
steam and the core of hydrocarbon feedstock are passed
through the frusto-conically shaped element 10 located

downstream of the outer tubular element 3.



vapour. WD 01/90277 PCT/EPO1/ 06000 12 The partly vaporised liquid is
subsequently mxed wth a further quantity of superheated steamto
evapor at avovhe2remaining liquid in the feedstock. The st eparmhéigisoss used
in the | ast vaporisation step shoul d1Be superheated 5 to such a
tenperature that the steam sensible heat is sufficient to vaporise the

remaining |iquid amk giye: adr €xd réod@rgh ofy ﬁ'Hfle&he@ietﬂ id the risk
of condensation after m xing. Condensation of e steam should be avoi ded

in view of theCC?Ii‘JSCRaJe]FYe?W% oferert hQ shaukinbatat ea@eettm degriorris
m xi ng step cou) dppeev&%rwg &é’éurféh@é‘ @z@ﬁ%@éé@ré&l@%&fﬁ Lo thy

reference to Figures 1 and 2. In the nozzle formng part sal d apparatus
the superheat'e® ﬁ%ﬁl@@%tfhﬂ/m@@l imto the mﬁ%cm@lg 15 via the

steam kNl et Nozelesnd. 1 ghesgas s e, pard | alisuvapg i sed g d s, | fgoduced

into the inner tubular elenment 2 via the in et 4 t he annul ar
flow pattern sﬁllthelrp‘aammwd vappii @ edir dyyldr toe andzorpd sedcheni@r i rige sai d

inlet 4 has begn gﬂf o] ]%Eg nt4-al Iet evice 15
arranged upstream of sal d‘@/nozz d 1atd e é?eam Shévjl'rgg # heh anIﬁuLf 2O 'space 8
via the annul aroniotd] ey m@ageepemémmmmwmsc@k@mmm@m erof

hydr ocar bon feéadst]gé:gnlrega/ﬁggtt he | nner tubul S via outlet 5.

fr e%e nt
The heat of tH&E Steam causes VaporisatiTh B19the I?r%lﬁltd ¢ SRITIHY 19 the
parti ably VapOEmeE(bierthItb dlezvi mgrhdede sinerd tlww aga et erentn Zshdo prevent

t he passage uid droplets fromt core of hydrocarbon 30 feedstock
to the wall q%d%%?% %¥l§qﬁprg.r&ement 1 ﬁ,su1table apex angle

is, for example, 16 degrees.

By the arrangement of the frusto-conically shaped
element 10, radial transport of the liquid droplets will

15 not cause these droplets to reach the wall of the
element 10.

The vaporisation of liquid is completed in the
tubular element 11 downstream of the frusto-conically
shaped element 10. The total length of the frusto-

20 conically shaped element 10 and the tubular element 11
should be so chosen that all liquid has been vaporised
prior to leaving said tubular element. The mixture of
steam and vapour is subsequently introduced into a
cracking furnace via the frusto-conically shaped

25 connecting element 12, where the cracking treatment takes
place. In the furnace the vapour is first superheated
and, in an adjacent radiant section finally heated at
such a temperature that the hydrocarbon is cracked and
converted into lighter fractions, which are recovered

30 downstream the furnace via suitable compression and
condensation steps.

It should be noted that the cross sectional area of
the second tubular element is chosen such, that for a
given amount of steam, required for a given amount of

35 hydrocarbon feedstock, a high velocity of the steam in



aforenentioned risk of coke formation, the annulus of steamand the core
of hydrocarbon feedstock are passed through the frusto-conically shaped

el ement MObugated downstream of the outer tubul ar el enePCT/BPOMBI®L/ 90277
PCT/ EPO1/ 06000 13 The apex of the cdhe pertaining to the frusto- conically
shaped el enent 10 shoul d be at nost 20 degrees to prevent the occurrence
of undesirabl echairbuhenee pacd e 54 eswr ADOEI [ | B NG AR L I NBsout
frusto-conical_5 elenment 10. Due to such a turbulence it is possible that
still unvapori%@ﬁﬁ@i d droplets may pass through the annulus of steam
and adhere to the yalle@frddefoMsiO-c oo cabhy shapedsglenanty {geading to
coke formation. It has been found that an apex angle of about 6 degrees is
10 sufficient tRrodtarihoresioerilvwepRtied nin nthhe tipeised-coramal |y
shaped sel enent - i o d or 1 £X1P} By
the ar r5angemnﬁ%kﬁ%%%%%%ﬁ%ﬁr%/ﬁs%%%%&' ePgrrent %(b)e ]E?paf%"le%fgéed
transport of tihe thege dsibpt@tin vifhe ans Hoat cexmet ttemrethioptetand o reach

the wall of t . he. v r i j id i ted in the
{Ubul ar el emert=dT dounsyrEaA O The 1 et Bea daf 1S S S BrE e T
The total |engt¢edf the frusto 20 conically shaped el enent 10 and the
tubul ar elenent 11 should be so chosen that all |iquid has been vaporised
prior to | eaving said tubular elenment. The m xture of steam and vapour is
subsequently introduced into a cracking furnace via the frusto-conically
shaped 25 connecting el enent 12, where the cracking treatnent takes place.
In the furnace the vapour is first superheated and, in an adjacent radi ant
section finally heated at



such a tenperature that the hydrocarbon is cracked and converted into

| ighter fractions, which are recovered 30 downstreamthe furnace via

sui t abl e wonpsrssi on and condensation steps. It shoul d bercvapradebivat t he
cross sectional area of the second tiabul ar elenment is chosen such, that
for a given amount of steam required for a given anount of 35 hydrocarbon
feedstock, a high velocity of the steamin WO 01/90277 PCT/EPO1/ 06000 14

t he annul ar space 8 is obtained, for exanple,m about 75-80 nis. As regards
process conditions it is submtted that those conditions normally applied
in this type of steam 5 cracking processes are applicable. It wll be
appreciated hy thegerskids e rhdheraydr itdaati cexamt at %@é@ref’ith & R bon
pressure conditions are determined by the nature of the feed. WO 01/90277
PCT/ EP01/ 06006 Sef5 tog K WAL team, Afds) ARReHd s KOMPHIGHNSEL i on of a
heavy hydrocarfgna freedst echouath St@rmt SAiGHARRAIRINS GOMRLHS iIdgis;(a) a
first tubular el enent which is _open_at both ends; b) a second tubul ar

el enent whi ch 3 Gpér RN do&bar@ rafd e nduMhdeidd st Reem Bdt ongb@ngr agidkenent

to fore an anpyaio$RRCEneS&#id i st And: ARGt URKIRS relement, iavi ng
substantial ly coinciding |ongitudinal axes and having open ends at their

downst r eam end®agrranged it & tladse sqnamseiditediaar stlemsaitd heoilmd di ng
| ongi tudi nal axesia1Q 4 .Cl)l[yf %%Qdaﬂﬁ%ﬂ%ft%-'n@f Qdiy 591& h%%aiw% ot

hydrocarbon feedstock into the first t ar elenent; ( steam |
means for i ntopduciengtss @fethedtredlotnesgmean ends arranged in a plane

perpendicular to said coinciding longitudinal axes;

10 (c) feed inlet means for introducing a heavy hydrocarbon
feedstock into the first tubular element;

(d) steam inlet means for introducing superheated steam
into the annular space; and
(e) a frusto-conically shaped element, which at one end

15 is connected to the open end of the second tubular
element and diverges in a direction away from the second
tubular element and which has an axis which is
substantially coinciding with the longitudinal axes of
the tubular elements,

20 characterised in that the feed inlet means are connected
to a device capable of fofcing a swirl pattern onto the
liquid part of the heavy hydrocarbon feedstock when
entering said device, thereby pressing said liquid part
against the inner wall of the feed inlet means in such a

25 way that an annular flow pattern is established inside
the first tubular element.
2. Apparatus as claimed in claim 1, wherein the feed
inlet means comprise a straight pipe connected to one
open end of the first tubular element and having a

30 longitudinal axis which substantially coincides with the

longitudinal axis of the first tubular element.



into the annul ar space; and (e) a frusto-conically shaped el enment, which at
one end 15 is connected to the open end of the second tubular elenent and
di verges waonotrtr ecti on away fromthe second tubul ar el er€nNVEP@N®owhi ch has
an axis which is substantially coindsding with the |ongitudinal axes of
t he tubul ar el enents, 20 characterised in that the feed inlet neans are
connected to 3 detgerLopade OfafmdCing aLsmh rl Ppatd ernmh o, the liquid
part of the heavy, h droca% bon, feedstock when entering said device, thereby
pressing said E?‘étﬁ% R tEonghhst TREC) rivrst LS 100F0 tHe 1 fil B2 THreans
In such a 25 gwyidateany anputddafbon paddersci si &5t abld sded: 4 nsigdect he
first tubular elenent. 2. Apparatus as clainmed in claiml, wherein the feed
inl et means cdPris® a straight pipe connected to one open end of the
first subular g] emaifaand Hays nen &304 | angi t4dih nal axd S mbigh substantial Iy
coincides with the longitudinal axis of the first tubular elenent. WO
01/ 90277 PCT/ EFOIU6000. 4Blat dgpatat ¢ERisl 9 i el yst et @@mdably 20t
wherein the devige, fiodnf j i t to; | QUi art of
t he heavy hydrocar bo,n}Q%E ee sﬁ%?ﬁﬁgﬁiﬁ;{gn&t%ﬁbﬁl%4%%/1?%?&5&4.
Appar at us as cliaigRtdiom afay MRm whek@i Fredhelnethgesarn sl andirtagevice
conprises a fr: o0 cal l f pfqu i ; ment
diverging in al%dtﬁgr ectlrg(% %m%§£¥¥ o%c?c eergp%eérﬁ%?égn%%ﬁlsqﬂgﬁgs%%ns for
i ntroddci ng a femhotryeirocalborof ebdss ook émt sp eai ch 10y fshestad cohémahty or
frusto-hem sperjcally. shaped el,e ent | éavpagl%nt%érlélcéo the inner wall
thereof. 5. Apparatus as tlained in claim4, erein the | arge

5. Apparatus as claimed in claim 4, wherein the large

end of the frusto-conically or frusto-hemisperically
shaped element of the tangential inlet device is
15 connected to one end of a further tubular element having
a longitudinal axis substantially coinciding with the
longitudinal axes of the first tubular element, the other
end of the tubular element being closed.
6. Apparatus as claimed in claim 5, wherein the further
20 tubular element comprises an opening in its side wall
through which a heavy hydrocarbon feedstock can be

introduced tangentially to the inner wall of said side

wall.
7. Process for the vaporisation of a heavy hydrocarbon
25 feedstock with steam, wherein an apparatus as claimed in

any one of claims 1-6 is used.
8. Process for the preparation of lower olefins from a
heavy hydrocarbon feedstock, which process comprises the
steps of:

30 (a) preheating the hydrocarbon feedstock;
(b) mixing the still liquid feedstock with superheated
steam to form a two phase mixture of steam and liquid
feedstock droplets;
(c) heating of this two phase mixture to partially

35 vaporise the ligquid feedstock;



end of the frusto-conically or frusto-hem sperically shaped elenent of the
tangential inlet device is 15 connected to one end of a further tubular

el enent he@bngp27a | ongi tudi nal axis substantially coi nci dPeyERTdS0G0he

| ongi tudi nal axes of the first tubular elenent, the other end of the

tubul ar el enment being closed. 6. Apparatus as clained in claim5, wherein
the further 20 tubular el enment conprises an opening in its side wall

t hr ough which & he‘@wlylmy‘chmzadri)iam ﬁﬂwsrtemﬂqrmatg b]eLqLiJm rﬁmhtﬁ:sﬁdadlangﬁnti ally

to the inner Pro ess far th orlsatJon of a
heavy hydrocav%% éz%é %aast thar%?%% et ea%tea(f) S*HPE ai ned
in any one ofamlaappmratxﬁslass usmhméd B coesord@rot hElepirxﬁ)a:r%; on of | ower
olefins froma heav roocar hon .f eedst , Which pro s corrprlses t he
steps of: 30 (9 Freted adl t%@pwetc]aﬂgo ‘?eead%q]i)“cfkeé%b‘!} PR he still
| i qui d5f eedst ofﬁéedm telmc$uper heated steamto forma two phase m xture of
steam and | i quj edst ock dr.o Iets , i ng of thls two phase m xture
to partially 83@ ‘%%)]r(?cstemc%(eit q‘iﬁEbPJTJege%js[}H’& 0%5 FFEEA SH BB 06000
17 (d) fully vaporksidgetdecmiens ning |iquid feedstock by introducing a
further anmount of superheated steamusing an apparatus as clained in any
one of clains 1-6; (e) optionally superheating the vaporised hydrocarbon 5
feed; and (f) subjecting the vaporised hydrocarbon feedstock to a cracking
treat nent.



