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FIELD OF THE INVENTION

[0002] The present invention is directed to a method for processing the

gaseous effluent from hydrocarbon pyrolysis units that can use heavy feeds, e.g.,

heavier than naphtha feeds.

BACKGROUND OF THE INVENTION
[0003] The production of light olefins (ethylene, propylene and butenes) from

various hydrocarbon feedstocks utilizes the technique of pyrolysis, or steam
cracking. Pyrolysis involves heating the feedstock sufficiently to cause thermal
decomposition of the larger molecules.

[0004] In the steam cracking process, it is desirable to maximize the recovery
of useful heat from the process effluent stream exiting the cracking furnace.
Effective recovery of this heat is one of the key elements of a steam cracker's
energy efficiency.

[0005] The steam cracking process, however, also prczduces molecules which

tend to combine to form high molecular weight materials known as tar. Tar is a



tend to conbine to form hi gh nol ecul ar wei ght

materials known as tar. Tar is ahigh-boiling point,
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condi tions, can foul heat exchange equi pnent,

renderi ng heat exchangers ineffective. The fouling

propensity can be character2zed by three tenperature

regi mes. [0006] Above the hydrocarbon dew point (the

tenperature at which the first drop of liquid
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ght” gases, primarily ethane, propane and butane, because crackers that process

light feeds, collectively referred to as gas crackers, produce relatively small

quantities of tar. As a result, heat exchangers can efficiently recover most of the
valuable heat without fouling and the relatively small amount of tar can be
separated from the water quench albeit with some difficulty.

[0010] This technique is, however, not satisfactory for use with steam crackers
that crack naphthas or feedstocks heavier than naphthas, collectively referred to as
liquid crackers, since liquid crackers generate much larger quantities of tar than
gas crackers. Heat exchangers can be used to remove some of the heat from liquid

cracking, but only down to the temperature at which tar begins to condense.
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[0012]  The present invention seeks to provide a simplified method for treating
pyrolysis unit effluent, particularly the effluent from the steam cracking of
_ hydrocarbonaceous feeds that are heavier than naphthas. Heavy feed cracking is
often more economically advantageous than naphtha cracking, but in the past it
suffered from poor energy efficiency and higher investment requirements. The
present invention optimizes recovery of the useful heat energy resulting from
heavy feed steam cracking without fouling of the cooling equipment. This
invention can also obviate the need for a primary fractionator tower and its

ancillary equipment.
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from heavy feed steam cracking wi thout fouling of the

cool i ng equi prent. This invention can al so obviate the
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[0015] U.S. Patents 4,279,733 and 4,279,734 propose cracking methods using

=

a quencher, indirect heat exchanger and fractionator to cool effluent, resulting
from steam cracking.

[0016] U.S. Patents 4,150,716 and 4,233,137 propose a heat recovery
apparatus comprising a pre-cooling zone where the effluent resulting from steam
cracking is brought into contact with a sprayed quenching oil, a heat recovery
zone, and a separating zone.

[0017] Lohr et al., “Steam-cracker Economy Keyed to Quenching,” Oil & Gas
Journal, Vol. 76 (No. 20), pp. 63-68, (1978), proposes a two-stage quenching
involving indirect quenching with a transfer line heat exchanger to produce high-
pressure steam along with direct quenching with a quench oil to produce medium-

pressure steam.
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zone, and a separating zone. [0017] Lohr et al.
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passed to a quench tower where the temperature of the effluent is reduced to a °

level at which the effluent is chemically stable.

[0022] EP 205 205 proposes a method for cooling a fluid such as a cracked
reaction product by using transfer line exchangers having two or more separate
heat exchanging sections.

[0023] JP 2001-40366 proposes cooling mixed gas in a high temperature
range with a horizontal heat exchanger and then with a vertical heat exchanger
having its heat exchange planes installed in the vertical direction. A heavy
component condensed in the vertical exchanger is thereafter separated by

distillation at downstream refining steps.
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formed by the pyrolysis process, in the gaseous effluent condenses; and (c)

removing the condensed tar from the gaseous effluent.

[0026] In an embodiment of this aspect, the gaseous effluent derived from the
pyrolysis has a temperature ranging from about 704° to about 927°C (about 1300°
to about 1700°F), and the steam is superheated in the primary heat exchanger to a
temperature ranging from about 399° to about 704°C (about 750° to about 1300°F)
and a pressure ranging from about 2170 to about 6310 kPa (300 to 900 psig).
[0027] In another embodiment, the steam is superheated to a temperature
ranging from about 482° to about 538°C (900° to 1000°F) and a pressure raﬁging
from about 3206 to about 5275 kPa (450 to 750 psig).

[0028]  In yet another embodiment, the heat exchange surface is maintained at

a temperature below that at which tar condenses, e.g., a temperature below about
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about 17000F), and the steamis superheated in the
primary heat exchanger to a tenperature ranging from
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and a pressure ranging fromabout 2170 to about 6310
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[0034] In a further aspect, the invention resides in a method for treating
gaseous effluent from a hydrocarbon pyrolysis process unit, the method
comprising: (a) passing the gaseous effluent derived from pyrolysis of a feed
heavier than naphtha through at least one primary heat exchanger, thereby cooling
the gaseous effluent to a temperature above its dew point and generating from
saturated steam having a temperature of less than about 288°C (550°F),
superheated steam having a temperature of at least about 399°C (750°F) and a
pressure no greater than about 6310 kPa (900 psig); (b) passing the gaseous
effluent from step (a) through at least one secondary heat exchanger having a heat

exchange surface maintained at a temperature such that part of the gaseous
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277°C (417° to 530°F), and a pressure of less than about 6310 kPa (900 psig) and

2
e
et

(i1) a heat transfer exchange medium outlet providing superheated steam having a
temperature of at least about 399°C (750°F) and a pressure of no greater than
about 6310 kPa (900 psig); (c) at least one secondary heat exchanger comprising
(1) a heat transfer exchange medium inlet receiving water at a temperature of less
than about 260°C (500°F) and a pressure of less than about 6998 kPa (1000 psig)
and (ii) a heat transfer exchange medium outlet providing saturated steam having
a temperature ranging from about 214° to about 277°C (417° to about 530°F), and
a pressure of less than about 6310 kPa (900 psig), the secondary heat exchanger

being connected to and downstream of the at least one primary heat exchanger for



pyrol ysis effluent can exit the reactor; (b) at |east

one primary heat exchanger connected to and downstream
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effluent, the primary heat exchanger conprising (i) a

heat transfer exchange nediuminlet receiving

saturated steam having a tegrperature rangi ng from

about 214 to about 277C (417 to 530F), and a pressure

of | ess than about 6310 kPa (900 psig) and (ii) a heat
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[0042]  Instill another embodiment of this aspect, the means (d) is a tar knock-
out drum.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIGURE 1 is a schematic flow diagram of a method according to one
example of the present invention of treating the gaseous effluent from the cracking
of a feed heavier than naphtha.

[0044] FIGURE 2 is a sectional view of one tube of a wet transfer line heat

t

exchanger employed in the method shown in FIGURE 1.



decoki ng system such that the decoki ng nmedi um passes
through the at |east one primary heat exchanger and

wo b@n/oodaed at | east one secondary heat exchangepChbefmne025209
flowwng to the outlet. [0041] In yet another
enbodi nent of this aspect, the primary and secondary
heat exchangers conpri se hagt- exchange tubes and the
or each heat exchange tube of the secondary heat
exchanger has an internal dianeter equal to or greater
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froma ocar yro SIS reactor so as to renove
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510°C (from about 400° to about 950°F). Typical heavier than naphtha feeds can

include heavy condensates, gas oils, kerosene, hydrocrackates, crude oils, and/or
crude oil fractions. The temperature of the gaseous effluent at the outlet from the
pyrolysis reactor is normally in the range of from about 760°C to about 930°C
(1400°F to 1706°F) and the invention provides a method of cooling the effluent to
a temperature at which the desired C,-C, olefins can be compressed efficiently,
generally less than about 100°C (212°F), for example less than about 75°C
(167°F), such as less than about 60°C (140°F) and typically from about 20° to
about 50°C (68° to about 122°F).

[0049] In particular, the present invention relates to a method for treating the
gaseous effluent from the heavy feed cracking unit, which method comprises
passing the effluent through at least one primary heat exchanger, which is capable
of recovering heat from the effluent down to a temperature where fouling is

incipient. If needed, this heat exchanger can be periodically cleaned by steam

t



Such feeds include those boiling in the range from

about 93 to about 649C (from about 200 to about
wa2e0m)s426ay, from about from about 204 to aboptT/E3806/025209

(from about 400 to about 9500F). Typical heavier than

napht ha feeds can include heavy condensates, gas oils,

kerosene, hydrocrackates, -anrude oils, and/or crude oi

fractions. The tenperature of the gaseous effluent at

the outlet fromthe pyrolysis reactor is normally in
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such, as about 371 0OC (7000F), using saturated steam as
there 18w hawdngsenh that rogldheguse deulingy e rlise spadpnsese fipm such
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ocar,hon_dew point. (the tenperature whi ch the
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t he hydrocarbon dew point of the effluent Stream
inelndessa hgap nxetisnge s@fBe coolamough BA@DAEHEPartof tROSMEpnt and

say, . from.ahout 399 tg ahqut.593C (750 t F). .
G ¢ REABMeckbar Matel Ut hel e sty hekiid fim
ik gefic@ht@ll i 8ty ah@\i6 pief@ably \t@BPbelohate tb@Pbiati@e bSwhich tar is
1%ener ally not severe, and

lly condensed, typically at about 204°C to about 343°C (400° to 650°F), such as
at about 260°C (500°F). This is ensured by proper choice of cooling medium and
exchanger design. Because the main resistance to heat transfer is between the
bulk process stream and the film, the film can be at a significantly lower
temperature than the bulk stream. The film effectively keeps the heat exchange
surface wetted with fluid material as the bulk stream is cooled, thus preventing
fouling. Such a secondary heat exchanger must cool the process stream
continuously to the temperature at which tar is produced. If the cooling is stopped
before this point, fouling is likely to occur because the process stream would still

be in the fouling regime.



there is no liquid present that coul d cause fouling.
Tar condenses from such heavy feeds at a tenperature

wo angioosy24 r om about 204 to about .343C (400 to B&D0F006/025209
say, from about 232 to about 316C (450 to 600F).
[0051] After leaving the primary heat exchanger, the
effluent is then passed taiat. | east one secondary heat
exchanger which is designed and operated such that it
i ncl udes a heat exchange surface cool enough to
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from about 371°C to about 649°C (700°F to 1200°F), say, from about 427°C to
about 593°C (800°F to 1100°F), e.g., about 510°C (950°F). Typically, the

pressure is substantially unchanged from the steam provided through steam inlet
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110. After leaving the primary transfer line heat exchanger 108, the cooled
effluent stream 114 is then fed to at least one secondary heat exchanger 116,
where the effluent is cooled to a temperature ranging from about 121°C to about
343°C (250°F to 650°F), say, from about 149°C to about 316°C (300°F to 600°F),
e.g., about 232°C (450°F) on the tube side of the secondary heat exchanger 116
while boiler feed water 118 is preheated and vaporized on the shell side of the

secondary heat exchanger 116. In this way, the heat exchange surfaces of the



whi ch cools the effluent froman inlet tenperature

rangi ng from about 704C to about 9270C (13000F to
waZe@0068424 say, from about 7600C to about 871C PAWOSDIB6/025209

to 16000F), e.g., about 8160C (about 15000F), to an

outl et tenperature ranging from about 316C to about

7040C (about 6000F to about313000F), say, from about

371C to about 649C (7000F to 12000F), e.g., about 593C

(11000F). The primary heat exchanger 108 conprises a
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transfer line heat exchanger 116 and thereafter sent to the at least one primary
transfer line heat exchanger 108 via 110. All of the heat used to preheat boiler
feed water will increase high pressure steam production.

[0057] On leaving the heat exchanger 116, the cooled gaseous effluent 120 is
at a temperature where the tar condenses and is then passed into at least one tar
knock-out drum 122 where the effluent is separated into a tar and coke fraction
124 and a gaseous fraction 126.

[0058] The hardware for the secondary healtt exchanger 116 may be similar to
that of a secondary transfer line exchanger often used in gas cracking service. A

shell and tube exchanger can be used. The process stream can be cooled on the



transfer is also rapid between the tube netal and the

[iquid film219 on the process side, and therefore the
wo pdomovsaper ature is just slightly hotter thanpthestuoeae2s209

netal tenperature at any point in heat exchanger 216.

Along the entire length of the heat exchanger 216, the

filmtenperature is bel ow-tihe tenperature at which tar

is fully condensed, say, about 260C (500F). This

ensures that the filmis conpletely fluid, and thus
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occur on the surface of t e eat ex anger tube 3 ecause it operates below the

temperature at which the tar fully condenses. This arrangement provides a very

sharp transition in surface temperatures to avoid the fouling temperature regime

between the hydrocarbon dew point and the temperature at which the tar fully

condenses.

[0060] Alternatively, the hardware for the secondary transfer line exchanger

may be similar to that of a close coupled primary transfer line exchanger. A tube-

in-tube exchanger could be used. The process stream could be cooled in the inner

tube. A relatively large inner tube diameter would allow coke produced upstream

to pass through the exchanger without plugging. Boiler feed water could be



or counter-current flow could be used, provided that
the filmtenperature is kept | ow enough al ong the
wo eougiobs4ef t he exchanger. [0059] For exanpl e, POERUSINN@025209

transition piece of a suitable shell-and-tube wet

transfer |ine exchanger is shown in FIGURE 3. A heat
exchanger tube 341 is fixed5in an aperture 340 in a
tubesheet 342. A tube insert or ferrule 345 is fixed

in an aperture 346 in a fal se tubesheet 344 positioned
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regime between the hydrocarbon dew point and the temperature at which the tar

fully condenses.

[0062] The secondary exchanger may be oriented such that the process flow is
cither substantially horizontal, substantially vertical upflow, or, preferably,
substantially vertical downflow. A substantially vertical downflow system helps
ensure that the in situ liquid film remains fairly uniform over the entire inside
surface of the heat exchanger tube, thereby minimizing fouling. In contrast, in a
horizontal orientation the liquid film will tend to be thicker at the bottom of the
heat exchanger tube and thinner at the top because of the effect of gravity. In a
vertical upflow arrangement, the liquid film may tend to separate from the tube
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while the outlet streamis desired at a | ower
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for the stream [0063] The secondary heat exchanger
may be designed to all ow decoki ng of the exchanger
using steamor a m xture afiysteamand air in
conjunction with the furnace decoking system Wen the
furnace is decoked, using either steamor a m xture of
@Fﬁ%and air, the furnace effluent would first pass
rough the primary heat exchanger and then through
Whe Is EXgmddilsy heat exchanger prior to being disposed
of to the decoke effluent system Wth this feature,
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super heated steam having a tenperature of at | east
About TEOAEhod VTWRimaNdwherein the gaseous effluent derived from said

pyrolysis has a temperature ranging from about 704° to about 927°C (1300° to

about 1700°F), and said steam is superheated in said primary heat exchanger to a
temperature ranging from about 399° to about 704°C (750° to 1300°F) and a
pressure ranging from about 2170 to about 6310 kPa (300 to 900 psig).

3. The method of claim 1, wherein said steam is superheated to a temperature
ranging from about 482° to about 538°C (900° to 1000°F) and a pressure ranging
from about 3206 to about 5275 kPa (450 to 750 psig).

4. The method of any of the preceding claims, wherein said heat exchange

surface is maintained at a temperature below that at which tar condenses.

5. The method of any of the preceding claims, wherein said heat exchange

surface is maintained at a temperature below about 316°C (600°F).



pressure of no greater than about 6310 kPa (900 psig);
(b) passing said gaseous effluent fromstep (a)
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heat exchange surface naintained at a tenperature such
that part of said gaseous effluent condenses to forma
liquid coating on the surfage, thereby further cooling
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pyrolysis gasoline fraction therefrom and reduce the temperature of the effluent to
less than about 100°C (212°F).

11.  The method of claim 10, wherein step (d) is effected by direct quenching

with water.

12. The method of claim 10, wherein step (d) is effected by indirect heat

exchange.

13.  The method of any of the preceding claims, wherein said gaseous effluent
is produced by pyrolysis of a hydrocarbon feed boiling at a temperature greater
than about 180°C (356°F).



the water heated in the at |east one secondary heat
exchanger is used as a heat exchange nediumin said
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precedi ng cl ains, wherein step (c) includes passing

the effluent fromthe secondary transfer |ine heat
exchanger to a tar knock-aoyp-drum 10. The net hod of

any of the preceding clains, and including (d) further
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knock-out drum, where the condensed tar separates from the gaseous effluent; and
then

(@ reducing the temperature of the gaseous effluent to less than about
100°C (212°F).

16.  The method of claim 15, wherein said gaseous effluent derived from said
pyrolysis has a temperature ranging from about 704° to about 927°C (1300° to
1700°F), and said steam is superheated in said primary heat exchanger to a
temperature ranging from about 399° to about 704°C (750° to 1300°F) and a
pressure ranging from about 2170 to about 6310 kPa (about 300 to about 900 psig).

17.  The method of any of claims 15 or 16, wherein said steam is superheated
to a temperature ranging from about 482° to about 538°C (900° to 1000°F) and a
pressure ranging from about 3206 to about 5275 kPa (450 to 750 psig).



tenperature such that part of the gaseous effl uent
condenses to forma liquid coating on said surface,

wo b@vebss2f urt her cooling the gaseous effluent POT/ES2006/025209

tenperature at which tar, formed by the pyrolysis
process, condenses; (c) passing the gaseous effl uent
fromstep (b) through at Legst one knock-out drum
where the condensed tar separates fromthe gaseous
effluent; and then (d) reducing the tenperature of the
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condensing and separating a pyrolysis gasoline fraction from the effluent.

24.  The method of any of claims 15 through 23, wherein said gaseous effluent
is produced by pyrolysis of a hydrocarbon feed boiling at a temperature greater
than about 180°C (356°F).

25.  Hydrocarbon cracking apparatus comprising:

(@ a reactor for pyrolyzing a hydrocarbon feedstock, the reactor
having an outlet through which gaseous pyrolysis effluent can exit the reactor;

(b)  at least one primary heat exchanger connected to and downstream
of the reactor outlet for cooling the gaseous effluent, said primary heat exchanger
comprising: (i) a heat transfer exchange medium inlet receiving saturated steam

having a temperature ranging from about 214° to about 277°C (417° to 530°F),



tenperature of the gaseous effluent to about 20C to

about 50C (68 to about 122F). 23. The nethod of any of
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condensi ng and separating a pyrolysis gasoline

fraction fromthe effluent. 24. The method of any of

clainms 15 through 23, wherein sai d gaseous effluent is

produced by pyrolysis of a hydrocarbon feed boiling at

a tenperature greater t han about 180C (356F) 25.
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cool i ng. the remai nder of, the_gaseopus
substantially vertically and is maintamned “at said temperature by indirect heat

exchange with a heat transfer medium which flows downwards through said at

least one secondary heat exchanger.

27.  The apparatus of any of claims 25 or 26, wherein said at least one
secondary heat exchanger includes an inlet for said gaseous effluent and said inlet
is thermally insulated from said heat exchange surface to maintain said inlet at a

temperature above that at which tar in said gaseous effluent condenses.

28. The apparatus of any of claims 25 through 27, wherein said at least one
secondary heat exchanger is selected from the group consisting of tube-in-shell

heat exchanger and tube-in-tube heat exchanger.



effluent to a tenperature at which tar, fornmed during
pyrol ysis, condenses; and (d) neans for separating
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apparatus of claim 25, wherein said heat exchange
surface is disposed substantially vertically and is
mai nt ai ned at said tenperatare by indirect heat
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