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FURNACES FOR HYDROCAURBON PYRCOLYSI S Field of the invention 5 The present

i nvention relates to the petrochem cal industry and is intended for use in
pl ants for ethyl ene and propyl ene production by thermal cracking
(pyrolysis) of hydrocarbon feedstock. 10 Background of the invention At
present the world w de -production of ethylene and propylene is based on
the pyrolysis of hydrocarbon 15 feedstocks in the presence of steamin

furnaces with gythulgar QQUE%TF&@ h?@éﬁﬁﬂﬁﬁeéébgﬁﬁﬂﬂﬁﬁ?ﬁfﬁé’%@%ﬂd‘es’ as

wel | as naphtha and gas oil fractions are used. uall'y a pyrolysis furnace
has two sections: INGRv EFBUGARaFURNAGESnFOR PASSROCARBON IBFRALESIDI | of the
convection 20 section feedstock 1is evaporated, m xed with steam and
preheated to 550-6500C. In the subsequent radiant section this mxture is
heated up to 750-9500C and cr eriesdtl dthuhd dnviend iohqhyl ene, propyl ene,

butyl ene and several by- products. The main problem of this process is
fonnation®25 and bui l d-up of coke deposits on the coil walls of the

radi ant section. Mpie aGEfe £ £oK pesi ar & J e,
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and propylene production by thermal cracking (pyrolysis)

of hydrocarbon feedstock.
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o’ Background of the invention

At present the world wide production of ethylene and
propvlene is based on the pyrolysis of hydrocarbon
15 feedstocks in the presence of steam in furnaces with
‘tubular coils. As feedstock ethane, propane-butane mixes,
as well as nephtha and gas oil fractions are used.
Usually a2 pyrolysis furnace has two sections: convection
and radiant. Passing through the coil of the convection
20 section feedstock is evaporated, mixed with steam and
preheated to 550-650°C. In the subsequent radiant section
b this mixture is heated up to 750~950°C and cracked, thus
forming ethylene, propylene, butylene and several by-
producps.‘The main problem of this process is formation
25 and build-up of coke deposits on the coil walls of the
radiant section. In most furnaces these coke deposits are

removed by burning-out with steam and oxygen.
In some of the tubular pyrolysis furnaces coke
deposition is prevented by introductiorn of an inhibitor
30 into the précess stream which includes, for example,
alkaline-metal compounds. In most cases an inhibitor in
the form of an aqueous solution or suspension of such

compounds is injected into the hot feedstock flow via an



30 into ‘the process stream which includes, for exanple,

al'kal i ne-netal conpounds. In nost cases an inhibitor in the formof an

aqueous sol ution or suspension of such conpounds is injected into the hot
feedstock flow via an 2 injection unit, inserted close to the boundary
bet ween contvection and radi ant sections of the coil,

I n operation wall

burn outs/perforation happen frequently in the zone of inhibitor solution
i njection. These burn outs are .5 caused: by the inpingenent of
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bAPdECEdrnt i dftickhi sPERNE? onBRrltiple cycle temperature

changes causing thermal metal fatigue and resultant
furnace break.down.

European Patent EP 0617112 A2 discloses injection
unit fer introducing a ligquid coke inhibitor solution
into tubular reactozx for hydrocarbon  pyrolysis
incorporating a straight run of a coil with inlet pipe
for supplying & feedstock, an inhibitor atomizer, a tube
for supplying an inhibitor to the atomizer and
surrounding it an additional tube positioned coaxially.
In this unit the latter tubs surrounding the atomizer
serves as a shroud protecting the coil walls from
impingement by liquid inhibitor solution. This additional
tube in itself is not rotected Zfrom droplets of
inhibitoxr sclution.

European Patent EP 0606898 Bl discloses a unit for
introducing c¢oke inhibitor solution into a tubular
furnace for hydrocarbon pyrolysis which includes a
straight run of a coil with inlet pipe for supplying a
feedstock, an injection nozzle for inhibitor atomizing
and a tube for supplying an inhikitor to injection nozzle
which is positioned in parzllel to the flow of gaseous
feed stream gnd can be moved along an axial direction. In
the operating position the nozzle is moved into the
gaseous stream extending z distance of about 1-3 times
the diameter of the coil straight run.

US Patent N 5435904 discloses the unit for



20 tube i'n itself is not protected from droplets of inhibitor
sol'ution. European Patent EP 0606898 Bl discloses a unit for introducing
coke inhibitor solution into a tubular furnace for hydrocarbon pyrolysis
which includes a 25 straight run of a cogl with inlet pipe for supplying a
feedstock, an injection nozzle for inhibitor atom zing and a tube for
supplying an inhibitor to injection nozzle which is positioned in parallel
to the fl ow of gaseous feed stream and can be noved al ong an axi al
direction- |nigbrotheingpes atdokg PARILIOOr tdiudieR?! enthS LOMREIALO the

gaseous streaghgxggndi%g a EQstange of about 1-3 tines the dianeter of the
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between the iE@fE g”%&%%@éggggmgggﬁ§§'used which is sup;lied to the.
atomizer through an annular passageway between the inner
and additional tubes.
10 US Patent W 4708787 discloses the unit to disperse a
-’ liquid througheut a gaseous stream. This unit includes a
straight run cf pipe equipped with inlet conduit together
with an insert in the form of a Venturi tube for
supplying a gas, 2 1liquid atomizer and a tube for
15 supplying a liquid to the atomizer which are coaxially
positioned within the pipe straight run, and that the
atomizer is concéntrically located within the throat of
the Venturi tube. |

US Patent & 3812029 discloses the unit for injection

20 o¢f a liquid with susceptibility to coke formation into a
vessel preheated to a high temperature. This unit
includes an inner tube for supplying an injected liquid
and ‘surrounding it shroud in which water is introduced.
The said inner tube and shroud end in a2 common nozzle

25 where.the injected liquid and water are mixed prior to
their introduction into the heated vessel.

USSR Inventor's Certificate W 1661189 Al discloses a
unit for purging the inner surface of a cylindrical
branch pipe by air stream. This unit includes a tube for

30 supplying compressed air, positioned concentrically with
the branch pipe, together with an annular nozzle fixed on
the said tube forms the air stream in the shape of a

hollow cone.
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US Patent NJ 4708787 discloses the unit to disperse a liquid

t hr oughoeut a gaseous stream This unit includes a straight run of pipe
equi pped with inlet conduit together with an insert in the formof a
tube for supplying a gas, a liquid atom zer and a tube for 15
supplying a liquid to the atom zer which are coaxially positioned within
the pipe straight run, and that the atom zer is concentrically |ocated
within the throat of the Venturi tube. US Patent AMP 3812029 discl oses the
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Summary of the invention

The invention resolves the problem of elimination of
coil burn outs 4in the zone of inhibitor solution
injection. '

To solve this problem & unit for injecting a coke-~
deposition inhibitor solution into a tubular furnace for
hydrocarbon pyrclysis, including a straight run of a coil
with inlet pipe for supplying a feedstock, an inhibitor
atomizer, a tube for supplying an inhibitor to atomizer
and surrounding it an additional tube positioned
coaxially, is provided with a vortex gate for reducing a
turbulence downstream from point of injection. The vortex
gate is concentrically located within a straight run of a
coil in the zone of inhibitor solution injection.

The vortex gate is an aerodynamic grid which divides
the flow into individual streams aligned in parallel to
the avxis of the coil. Within a specific distance related
to the diameter of the coil in a straight run downstream
from the vortex gate flow turbulence decreases with a
corresponding reduction in radial drift rate of
additions.

The radial drift rate of the inhibitor solution

droplets from the flow stream core to the wall layer of

nd in
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4'USSR Invrentor's Certificate Nt 633892 discloses a unit for introduction
of- 'a coke deposition inhibitor into a tubular furnace for hydrocarbon
pyrolysis. This unit includes inner and outer tubes positioned
concentrically.. 5 Preheated hydrocarbon feedstock flows through the inner
tube: A gaseous coke inhibitor is introduced into the feed flow through a
passageway bet-ween the inner and outer tubes- 10

Sui mmary of the invention The invention resolves the problemof elimnation

of coil burn S th u _i_nhi b sol utiop injection 5

To sol ve thi sggéotﬁog' agﬁéggg? o% P%ec%%éﬁatc’b%- °ge|3: & t?ﬁ?lp?‘%’fl‘u?biitsor
sol ution i nt ocamphbtibdr bbdoracehleyr daaditoceidonmay ! ofksss pretehudi nhea
straight run of coil wth [plet pipe for supplying a feedstock, an

i nhi bit or atoﬁ?igr?gac? ewf%f Eﬁﬁéhéhﬁg an inhibitor to atonizer 20 and
surrounding i t @Re BHEELFPER| atdhiblar POSIEHONAM YARAX] q*ﬂey,adv%nl%af\é' ded

wth a vortex gate for reducing a turbul ence downstream from point 0
i nj ecti on.® Thefvdheexsybrker sisofdent axéally sysmesyinpiniform sef athst run

Vortex gate i S SRELRE oyt "k O GRAETee epEd anock (5188,
streans alignéilsturpaneat | 2t thwe thietled obhftHdheroxtidz gditiehin a specific
distance related tg the diaiel8h YonFIGuiltion" o SILE' PhbeAt N FOUIELr eam
has the following features:
. 10 - The vortex gate consists of radial plates and
hed cylindrical rings; _
- The radial plates are attached symmetrically to
the additional tube; '
- The cylindrical rings are attached to the radial
15 plates coaxially with the additional +tube and
form an inner passage which expands in stages in -
the direction of flow of feedstock;
- The wvortex gate includes 3-5 cylindrical xrings
whose width increases 'in the direction of flow
20 progressively from 0.25 to 0.9 times the inner
diameter of the c¢oil in the straignht run; |
e - The distance from upstrean edge of the élate to
‘the nearest point of connection of an inlet
branch pipe for supplying feedstock is not less
25 ~ than twice the inner diameter of the coil in its
straight run.

£l

Brief description of the drawings

30 The invention is further illustrated in the attached
drawings. In Fig.l the general view of the injection unit
is shown and in Fig.2 the sectional view of vortex gate



from'-t‘he vortex gate flow turbul ence decreases with a 30 corresponding

reducti on in radial drift rate of additions. The radial drift rate
of the inhibitor solution droplets fromthe flow streamcore to the wall

| ayer of the coil decreases and evaporgtion of the droplets is conpleted
before they reach the wall. This prevents®the risk of coil wall burn out.
The preferred atom zer is the swrler. The advantage 5 of the swirler is
the axially symmetrical formof the atom zed |iquid cone which mnimzes

feed stock f%gmggéﬁgurbance at the outlet of the vortex gate. This
prefprred configuration of the invention also has the follow ng features:
10 - The vortex gate consists of radial plates and cylindrical

rings; - The radial plates are attached symmetrically to the additional
tube; - The cylindri &&Eﬁg&%@ﬁm&ém

plates coaxially with the additional tube and form an inner passage which
expands in stages in the direction of flow of feedstock; - The vortex gate
includes 35 cyl i nBrecihiechgonwheds WoFRFiisedr ddesstrakghtherynr et Bon of

flow coil 1 with the flange 2, the inlet branch pipes 3, 4 and

the insert assembly including the back flange 5, the
inhibitor supply tube 6, the additional tube 7, the
swirler 8 and the vortex gate formed by the radial plates
10 9 and cylindriecal rings 10, 11, 12, 13. The insert
~ assembly is centred within the straight run of the coil 1
by the flange 2 and by projections of the radial plates
9. The cylindrical rings 10, 11, 12, 13 are attached to
the radial plates 9 coaxially with the additional tube 7
15 and form inner passage which expands in stages in the
direction of flow.
The injection unit operafes in the folliowing way.
Through the pipe branches 3 and 4 the feedstock flow
coening from the convection section of the furnace (not
20 shown in drawings) enters into the straight run of the
coil 1 of the furnace radiant section. The agueous
s solution of coke-deposition inhibitor is delivered under
pressure from an outside source (not shown in drawings)
to the swirler 8 through the inhibitor supply tube € and
25 is injected into the feedstock flow. The cylindrical
rings' 10, 11, 12, 13 and the radial plates 9 form
together the vortex gate which divides the fesdstock flow
into individual streams aligned in parallel to axis of
the straight run of the ccil. '
30 As a result of the influsnce of the vortex gate on
the feedstock flow its tuzﬁulence decreases downstream
during a distance equivalent to 5-10C times the diameter

of the coil in the straight run. In this zone the rate of
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Is further illustrated in the attached drawings. In Fig.!
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€§e§hé”céff walls on contact therewith.

The vortex gate includes four cylindrical rings, 10,
1}, 12 and 13. Their width increases in ratio to the
inner diameter of the coil in the straight run from 0.25
fox ring 10 up 0.9 for ring 13, The widths of the rings
have been developed from experimental data. The number of
the xings has besn chosen on the basis that the
effectiveness of a vortex gats having less than 3 rings
sharply decreases but vortex gate using more than 5 rings
under the operating conditions of the injectors is
undesirable because of restrictions generated in the flow
cross section of the coil.

Preferably, the dis;ance from the upstream edge of
plate 9 to the closest point of junction of the feed
stock supply line 4, is not less than twice the inner
diameter of the coil. The effectiveness of the injection
unit at that distance increases due to the additional
decrease in flow turbulence intensity at the point of

inhibitor injection.

Commercial applicability

The present invention can -be applied in tubular
furnaces for hydroecarbon pyrolysis where coking is
prevented by injecting an inhlibitor solution into the hot

process stream.
When fabricating the units based on this invention



directi-on of flow. The injection unit operates in the follow ng way.
Through -+he pi pe branches 3 and 4 the feedstock flow comng fromthe
convection section of the furnace (not 20 shown in drawi ngs) enters into
the straight run of the coil 1 of the %urnace radi ant section. The
aqueous sol ution of coke-deposition inhibltor is delivered under pressure
froman outside source (not shown in drawngs) to the swirler 8 through the
i nhibitor supply tube 6 and 25 is injected into the feedstock flow The
cylindrical riggss 1Rsceddard? n adpal e rme

t oget her the vortex geageé%,hi %htgi \%dﬁsﬂ?ﬁgg?%%%s?ggﬁhf Fécﬁvéi ﬁ?gglﬁjﬁgl \Iﬁrdual
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they 5 reach the wall. Inhibitor particleés formed arter

steels of 18~8 or 18-12 type stabilized by titanium or

nicbium. '

Twelve units based on this invention were
10 fabricated. These injection units were tested under
o’ operating conditions in € commercial pyrolysis furnaces,
~ and the results were excellent, During more than two
years not a single case furnace ccil break-down in the

region of unit location has occurred.



eVapdﬁation of the solution droplets do not cause damage to the coil walls
on contact therewith. The vortex gate includes four cylindrical rings, 10,
11, 12 and 13. Their width increases in ratio to the 10 inner dianeter of

the coil in the straight run fromO0.25 fog ring 10 up 0.—9—fer—r+ing—13—The
wi dt hs of the rings have been devel oped from experi nent al T!- _ r
of the rings has been chosen on the basis that the effect Lﬂﬂmmﬂuﬁrﬂﬂﬁl
vortex gats. having less than 3 rings 15 sharply decreas \labir e

using nore than 5 rings under the operairMeg conditions of the
I njectors is undesirable because of restrictions generated in the flow

cross section of the coil. Preferably, the distance fromthe upstream edge
of 20 plate 9 to thercyRseRt 1§OLL i Riqi jynction of the feed stock supply
line 4, is not less than tw ce the Tnner diameter of the coil. The

ef fectiveness of the Anpadti dorudingeattinkata dickexieposieioasanhdpe the t he
addi ti onalg de Ln.flow turbulence intensity at the point of 25

i nhi bi t or ?njgé??§%9hcﬁ?h8r5%§P955p PC&BFFFt3°¥h@yﬁF@§éﬁ PN PERELYALScan be
applied in tiboladild af woradehc fhm @ﬂdaoggagomiﬁnniﬂyggspi eggr
coking is prevenied by injecting an ingiibitor solution into the hot
process streaﬁ??@%%ﬁ“?a%rf@ﬁ??ﬁa khe2Bntpaibiten shombzer; ngetiubenfor
supplying an iphibitor to atomizer and surrounding it an

additional tube positioned - coaxially, wherein for

10 reduction of turbulence the sald injection unit is

Vs provided with a2 vortexr gate concentrically located within

@ straight run of a coil in the zone of inhibitor
selution injectioen.

2. The injection unit of c¢laim 1, wherein the

15 atomizer is swirzler.

3. The injection unit of c¢laim 1, wherein the vortex
gate consists of radial plates, which are attached
symmetrically to the additional tube, and of cylindrical
rings, which are attached to the radial plates coaxially

20 with the additional tube and form an inner passage, which
expands in stages in the direction of flow of feedstock.

4. The injection unit of claim 3, wherein the said
vortex gate includes 3-5 cylindrical rings, and the width
of the rings increases progressively in the direction of

25 flow from 0.25 to 0.9 times the inner diameter of the
ceil in the straight run, from the first to last ring
accordingly. '

5. The injection unit of claim 3, wherein the
distance from upstream edge of the said plate to the

30 closest point of junction of the nearest inlet branch
pipe for. supplying a Ffeedstock is not less than twice
the inner diameter of the coll straight run.



it is.necessary to use materials which are capable of |engthy operation
(tens af thousands of hours) when exposed to tenperatures in the range
600 to 6506C wi t hout devel opment of thermal brittleness. Steels of
stable 5 austenite structure incapable of structural changes under |ong
exposure to heat nust mainly be used, for exanple steels of 18-8 or 18-12
type stabilized by titaniumor nlob- um Twel ve units based on this
i nvention were 10 fabricated. These injection wunits were tested

under operating conditions in 6 comexssTRA@yrol ysis furnaces, and the
results were excellent, During nore than two years not a single case
furnace coil break-down in the region of unit location has occurred.
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wherein for supplying a feedstock, an inhibitor atomizer, a tube (§)
for supplying an inhibitor teo atomizer and surrounding it
an’ additional tube (7) are positioned coaxially.
Elimination of coil burns-outs in the zone of inhibitor

10 solution injection is reached that that injection unit is
provided with 2 vortex géte concentrically located within
a straight run (1) of a ceil in the zone of inhibitor
solution injection. Preferred vortex gate consists of
radizl plates (9), which attached symmetrically to the

15 additional tube (7), and of cylindrical rings (10, 11,
12, 13}, which attached to the radial plates (9)
coaxially with the additional tube (7) and formed inner
passage, which expand stepwise on the direction of flow
of feedstock.

20 5 Claims, 1 Drawing Sheet



10 -reduction of turbulence the said injection wunit is provided with
a vortex gate concentrically located within a straight run of a coil in the
zone of Yinhibitor solution injection. 2. The injection unit of claim

1, .wherein the 15 atom zer is swirler. 3. The injection unit of claim]l1,
wherein the vortex gate consists of radial plates, which are attached
symmetrically to the additional tube, and of cylindrical rings, which are
attached to the radial plates coaxially 20 wth the additional tube and
form an i nner passage, which expand /y stages in the direction of flow of
feedstock. 4. The injection unit of a|n13 wherein the said vortex gate

I ncl udes 3-5 cylindrical rings, and the width of the rings increases
progressively in the direction of 25 flowfrom0.25 to 0.9 tines the inner
di ameter of the coil in the straight run, fromthe first to last ring
accordingly. 5. The injection unif of claim3, wherein the distance from
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