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

high-boiling point, viscous, reactive material that, under certain conditions, can



propensity can be characterized by three tenperature
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the condensibles are removed. This technique has proven effective when cracking
light 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 and heavier feedstocks, 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.

Below this temperature, conventional heat exchangers cannot be used because
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[0012] The primary fractionator, however, is a very complex piece of

equipment which typically includes an oil quench section, a primary fractionator
tower and one or more external oil pumparound loops. At the quench section,
quench oil is added to cool the effluent stream to about 400 to 554°F (200 to
290°C), thereby condensing tar present in the stream. In the primary fractionator
tower, the condensed tar is separated from the remainder of the stream, heat is
removed in one or more pumparound zones by circulating oil and a pyrolysis
gasoline fraction is separated from heavier material in one or more distillation

zones. In the one or more external pumparound loops, oil, which is withdrawn
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tar needs to be stripped to remove light components, whereas the gasoline may

need to be refractionated to meet its end point specification.

[0016] Further, the primary fractionator tower and its pumparounds are prone
to fouling. Coke accumulates in the bottom section of the tower and must
eventually be removed during plant turnarounds. The pumparound loops are also
subject to fouling, requiring removal of coke from filters and periodic cleaning of
fouled heat exchangers. Trays and packing in the tower are sometimes subject to
fouling, potentially limiting plant production. The system also contains a
significant inventory of flammable liquid hydrocarbons, which is not desirable

from an inherent safety standpoint.
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generate high temperature steam and a secondary transfer line exchanger which
functions to cool the furnace effluent to as low a temperature as possible
consistent with efficient primary fractionator or quench tower performance and to
generate medium to low pressure steam.

[0022] U.S. Patent 5,107,921 proposes transfer line exchangers having
multiple tube passes of different tube diameters. U.S. Patent 4,457,364 proposes a
close-coupled transfer line heat exchanger unit.

[0023] U.S. Patent 3,923,921 proposes a naphtha steam cracking process
comprising passing effluent through a transfer line exchanger to cool the effluent
and thereafter through a quench tower.

[0024] WO 93/12200 proposes a method for quenching the gaseous effluent
from a hydrocarbon pyrolysis unit by passing the effluent through transfer line
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and 3,959,420; propose various apparatus for quenching a hot cracked gaseous
stream wherein the hot gaseous stream is passed through a quench pipe or quench

tube wherein a liquid coolant (quench oil) is injected.

SUMMARY OF THE INVENTION

[0029] In one aspect, the present invention is directed to a method for treating
gaseous effluent from a hydrocarbon pyrolysis process unit, the method
comprising:

(a) passing the gaseous effluent through at least one primary heat
exc;hanger, thereby cooling the gaseous effluent and generating high pressure

steam,;



[0028] WO 00/56841; GB 1, 390,382; GB 1, 309, 309; and
U S. Patents 4,444,697, 4, 446,003; 4,121, 908;

wa 20G008306; 4, 233, 137; 3, 923,921; 3,907, 661; aRdT/US2006/024892
3,959, 420; propose various apparatus for quenching a
hot cracked gaseous stream wherein the hot gaseous
streamis passed through a-quench pipe or quench tube
wherein a liquid coolant (quench oil) is injected.
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(b) passing the gaseous effluent from (a) through at least one secondary
heat exchanger having a heat exchange surface maintained at a temperature such
that part of the gaseous effluent condenses to form ‘a liquid coating on said surface,
thereby further cooling the remainder of the gaseous effluent to a temperature at
which at least a portion of the tar, formed by the pyrolysis process, in said gaseous
effluent condenses;

(c) passing the effluent from step (b) through at least one knock-out drum,
where the condensed tar and the gaseous effluent separate; and then

(d) reducing the temperature of the gaseous effluent from step (c) to less
than 212°F (100°C); the method being carried out in the absence of a primary
fractionator.
[0032] In yet a further aspect, the invention resides in a hydrocarbon cracking
apparatus comprising:

(a) a reactor for pyrolyzing a hydrocarbon feedstock, the reactor having an

outlet through which gaseous pyrolysis effluent can exit the reactor;
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tube wet transfer line heat exchanger employed in the method shown i Figure 1.

[0036] Figure 4 is a sectional view of the inlet transition piece of a tube-in-

tube wet transfer line heat exchanger employed in the method shown in Figure 1.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0037] The present invention provides a low cost way of treating the gaseous
effluent stream from a hydrocarbon pyrolysis reactor so as to remove and recover
heat therefrom and to separate Cs+ hydrocarbons from the desired C,-Cy olefins in
the effluent, without the need for a primary fractionator and while minimizing
fouling of the cooling equipment with tar.

[0038] Typically, the effluent used in the method of the invention is produced
by pyrolysis of a hydrocarbon feed boiling in a temperature range from about
104°F to about 356°F (40°C to about 180°C), such as naphtha. The temperature

of the gaseous effluent at the outlet from the pyrolysis reactor is normally in the



exchanger enployed in the nmethod shown in Figure 1.

[0035] Figure 3 is a sectional view of the inlet
wonrenT®nsioon pi ece of a shell -andtube wet transPer/uSzme/024892

heat exchanger enployed in the nethod shown in Figure
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tendency is relatively low, i.e., vapor phase fouling is generally not severe, and
there is no liquid present that could cause fouling.

[0041] After leaving the primary heat exchanger, the effluent is then passed to
at least one secondary heat exchanger which is designed and operated such that it
includes a heat exchange surface cool enough to condense part of the effluent and
generate a liquid hydrocarbon film at the heat exchange surface. The liquid film
is generated in situ and is preferably at or below the temperature at which tar is
fully condensed, typically at about 302°F to about 599°F (150°C to about 315°C),
such as at about 446°F (230°C). This is ensured by proper choice of cooling

medium and exchanger design. Because the main resistance to heat transfer is



such as about 7000F (3700C), using water as the
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heat energy is recovered from the effluent and the temperature of the effluent is
reduced to a point at which the lower olefins in the effluent can be efficiently
compressed, typically 68°F to 122°F (20 to 50°C) and preferably about 104°F
(40°C). The additional cooling sequence includes passing the effluent through
one or more cracked gas coolers and then through either a water quench tower or
at least one indirect partial condenser so as to condense the pyrolysis gasoline and
water in the effluent. The condensate is then separated into an aqueous fraction
and a pyrolysis gasoline fraction and the pyrolysis gasoline fraction is distilled to

lower its final boiling point. Typically, the pyrolysis gasoline fraction condensed



initial boiling point of at |east 302F (1500C). [0043]
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primary fractionator trays and pumparound exchangers is eliminated. Safety
valve relieving rates and associated flaring in the event of a cooling water or
power failure may be reduced.

[0047] Where the additional cooling sequence involves passing the effluent
through at least one indirect partial condenser, this is conveniently arranged to
lower the temperature of the effluent to about 68°F to about 122°F (20°C to about
50°C), typically about 104°F (40°C). By operating at such a low temperature, as
compared with the temperature of about 176°F (80°C) normally achieved with a

water quench tower, additional light hydrocarbons can condense, thereby reducing



conmponents that would not have been present if the

entire gaseous effluent had been passed through a
weonrbeTang3of r act i onat or. However, these heavi er PCT/US2006/024892

conponents are renoved in a sinple distillation tower

(typically including 15 trays, a reboiler, and a

condenser) which can be constructed at a fraction of

the cost of a conventional primary fractionator.
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with the cooling cracked gas stream. Cooling water exchangers could be used as
needed to supplement cooling of the cracked gas stream. By way of example, in
one commercial olefins plant, aboﬁt 816 klb/hr of demineralized water at 84°F
(29°C) and 849 klb/hr of steam condensate at 167°F (75°C) are currently heated to
268°F (131°C) using 242 klb/hr of low pressure steam. These streams could
potentially be heated to 241°F (116°C) using heat recovered from cracked gas.
This would reduce the deaerator steam requirement from 242 kib/hr to 46 klb/hr,
for a saving of 196 klb/hr of low pressure steam, and would reduce the cooling

tower duty by about 189 MBTU/hr.
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and the tube metal, the tube metal is just slightly hotter than the boiler feed water

18 at any point in the heat exchanger 16. Heat transfer is also rapid between the
tube metal and the liquid film 19 on the process side, and therefore the film
temperature is just slightly hotter than the tube metal temperature at any point in
heat exchanger 16. Along the entire length of the heat exchanger 16, the film
temperature is generally below about 446°F (230°C), the temperature at which tar
is fully condensed from this particular feed at these conditions. This ensures that
the film is completely fluid, and thus fouling is avoided.

[0054] Preheating high pressure boiler feed water in the heat exchanger 16 is

one of the most efficient uses of the heat generated in the pyrolysis unit.
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[0057] The hardware for the heat exchanger 16 may be similar to that of a

secondary transfer line exchanger often used in gas cracking service. A shell and
tube exchanger could be used. The process stream could be cooled on the tube
side in a single pass, fixed tubesheet arrangement. A relatively large tube
diameter would allow coke produced upstream to pass through the exchanger
without plugging. The design of the heat exchanger 16 may be arranged to
minimize the temperature and maximize thickness of the liquid film 19, for
example, by adding fins to the outside surface of the heat exchanger tubes. Boiler

feed water could be preheated on the shell side in a single pass arrangement.



transfer |line heat exchanger 14. Al of the heat used

to preheat boiler feed water will increase high
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exchanger 16, the cool ed gaseous effluent is at a

tenperature where the tar condenses and is then passed

into at | east one tar knocki®ut drum 20 where the

effluent is separated into a tar and coke fraction 21

@‘Ft@nﬁtigﬁ? eQEshil 3k AR ndn- sﬂ@&?@:es-r&ﬁﬂ@ BE K@% tenddD eElther co-

gaseous fraction 22 passes through one or nmore part
cwnaié 195 epwnte3curat 26w aslnbl lee tded, proaatedahati the didmlteidpd:ra)ture

erat ur 8E..to out 122F (20C to about
%ﬁﬁ?fﬁ’ §§ﬁ§53ﬁ$hT§ﬁﬁflfﬁﬁgg¥¥%§ i ndirect heat
{0038pf eerNekE)mﬁ%aﬁfeqm%f trﬁl%@t‘ijoﬂ_l’%i%@é oA duitdbBNsHePodndREbe wet
water as the cool i ng nmedi um e cool ed effluent,

Erane lmer?@(ch@ga@ﬁssb@wpw Elgyxsﬁ 3 gdwet errbangey tubeetdris grzgcsd in
ol t
an%%rmré( E&l hﬂ)egleef nyeﬂf i%g’upe Cfl lﬁ,]ﬁ%a(ﬁ er??,r?l %1:}? ure

assed t o a quenc ma &rge 177ng
deirt ;h g tdbesinedCid liolsﬂloﬁém@tgmt mbsﬂj@afzaz Qﬁ:hltliﬁt @hedferrule 45

carbon fraction 32, which.is fed t
8%%% 5| intp ﬁ*&rhqabwéqh%er tube ahoesus th%@ﬂiv dﬂsuﬁmngt@%al 43

b&ng BAcLPbAWSON TheWRb&hest Ub 'aH@ @ﬁe he f %%ttu§£9%\%)4? eagﬂ BeBveen the

gaseous overhead fraction 33 can
bi¢at @xtch%ngbn tlabecélrmnésth@ ferrila 4%he Witk tthls aringameniywthie false

Bl D e L oA e bt A h R ol e
fekrfpﬂfaula@lwmrwh@ BbatlexlfandGaubo4 hirated 800 tanReRRCNeANlose

a steam cracked gas oil fraction 35, typically havin

to thptef the spelingymsdinat MC%@GgWohmoﬁpgnng m@op@rma alse
‘ {uggg%let J{' gn{I ﬂ’g?féﬁ?ﬁe JSO Bectaﬁse tjﬂg? graf“ ﬁanogfelﬂﬁ W gégag §£ Fhe

a secon ansfer

pfroBRisusadentn Siaslaty, ikl Toulaer WHL‘ Bccuh dahk|susack Mﬂfh@ heat
%ghanger coul d be used. The process stream could be

PREFT SberHebacaibe lg@wt?sfbe&mg |ﬂ?1f‘g‘le§1pslé?§‘§e af pijied) the tar fully
tiesheet T:}ﬁ{ ??ﬁﬁg@rﬂént @orvﬁie@t i vl etrz{ngl?ﬁn in surface

di anet er wou ow coke produce upst eam
tehiperagires e aexidhibe geuhng ﬂehxpatatlpb uggnf@gbetﬁben dﬁsh:giﬁo@fbon

N NI TR R R
fo@sof or scnmRhely, e Raddvag fok M5 E&oh@ﬁy%ﬂn%feg ¢ins Wk iR ger
of the heat exchanger tubes. Boil

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
preheated i the annulus between the outer and inner tubes. Either co-current or
counter-current flow could be used, provided that the film temperature is kept low
enough along the length of the exchanger.

[0060] For example, the inlet transition piece of a suitable tube-in-tube wet
transfer line exchanger is shown in Figure 4. An exchanger inlet line 51 is
attached to swage 52 which is attached to a boiler feed water inlet chamber 55.

Insulating material 53 fills the annular space between the exchanger inlet line 51,

swage 52, and boiler feed water inlet chamber 55. Heat exchanger tube 54 is



feed water could be preheated on the shell side in a

singl e pass arrangenent. Altematively, the shell side
wanw7tongs7si de services coul d be switched. EitReT/US2006/024892

cocurrent or counter-current flow could be used,

provided that the filmtenperature is kept |ow enough

along the length of the exchénger. [0058] For exanple,

the inlet transition piece of a suitable
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inlet stream exiting the primary heat exchanger is often located high up in the

furnace structure, while the outlet stream is desired at a lower elevation. A
downward flow secondary heat exchanger would naturally provide this transition
in elevation for the stream.

[0062] The secondary heat exchanger may be designed to allow decoking of
the exchanger using steam or a mixture of steam and air in conjunction with the
furnace decoking system. When the furnace is decoked, using either steam or a
mixture of steam and air, the furnace effluent would first pass through the primary

heat exchanger and then through the secondary heat exchanger prior to being



transfer |ine exchanger is shown in Figure 4. An

exchanger inlet line 51 is attached to swage 52 which
woOoaedhed to a boiler feed water inlet chanmBer/uS2006/024892

Insulating material 53 fills the annul ar space between

t he exchanger inlet line 51, swage 52, and boiler feed

wat er inlet chanber 55. Heat7exchanger tube 54

isattached to boiler feed water inlet chanber 55 such
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The secondary heat exchanger may be oriented such that
the process flowis either substantially horizontal,
substantially vertical upflow, or, preferably,
substantially vertical downflow A substantially
vertical downfl ow system hel ps ensure that the liquid
filmformed in situ remains fairly uniformover the
entire inside surface of the heat exchanger tube,
thereby mnimzing fouling. In contrast, in a

hori zontal orientation the liquid filmwll tend to be
thi cker at the bottom of the heat exchanger tube and
thinner at the top because of the effect of gravity.

In a substantially vertical upflow arrangenent, the
liquid filmmy tend to separate fromthe tube wall as
gravity tends to pull the liquid film downward.

Anot her practical reason favoring a substantially
vertical downflow orientation is that the inlet stream
exiting the primary heat exchanger is often | ocated
high up in the furnace structure, while the outlet
streamis desired at a | ower elevation. A



downward fl ow secondary heat exchanger would naturally

provide this transition in elevation for the stream
wpQOB2APs3bhe secondary heat exchanger may be deBCOSLN06/024892

al | ow decoki ng of the exchanger using steamor a

m xture of steamand air in conjunction with the

furnace decoking system Wen-the furnace is decoked,

using either steamor a mxture of steamand air, the

t¥mRee effluent would first pass through the prinary

heat exchanger and then through the secondary heat
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A nethod for treating gaseous effluent froma
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conprising: (a) passing the gaseous effluent through
t le j , r ' .
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bheneRyd by ieﬂx‘ﬁ&raﬁﬂ%él@gz Joer (ﬁ@_ﬁt}ﬂder of the gaseous
effluent to a tenperature at which tar, forned by the

pyrol ysis process, condenses; and _ )
4. The method of any of the preceding claims, wherein said heat exchange

surface is maintained at a temperature between 300 and 500°F (148 to 260°C)

5. The method of any of the preceding claims, wherein said heat exchange
surface is disposed vertically and is maintained at said temperature by indirect
heat exchange with a heat transfer medium which flows vertically downwards

through said at least one secondary heat exchanger.

6. The method of any of the preceding claims, wherein said heat exchange
surface is maintained at said temperature by indirect heat exchange with water and
the water heated in the at least one secondary heat exchanger is used as a heat

exchange medium in the primary heat exchanger.



(c) separating the condensed tar and the gaseous

effluent. 2. The nethod of claim1, wherein said heat
wexaiTangm7surface is maintai ned at a tenper at uPeThiskme024892

that at which tar condenses. 3. The nethod of any of

claims 1 or 2, wherein said heat exchange surface is

mai nt ai ned at a tenperaturgohel ow 599F (315C). 4. The

nmet hod of any of the preceding clains, wherein said
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nmet hod of any of the preceding clains, wherein step
vib wateg] udes passing the effluent fron1the secondary
heat exchanger to a tar knock-out drum 8. The nethod
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exchanger, thereby cooling the gaseous effluent;

(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 effluent condenses to form a liquid
coating on said surface, thereby further cooling the remainder of the gaseous
effluent to a temperature at which at least a portion of the tar,’ formed by the
pyrolysis process, in said gaseous effluent condenses;

(c)  passing the effluent from step (b) through at least one knock-out
drum, where the condensed tar and the gaseous effluent separate; and then

(d)  reducing the temperature of the gaseous effluent from step (c) to
less than 212°F (100°C).



process unit, the nethod conprising: (a) passing the

gaseous effluent through at |east one primry heat
wexaiTangmr, thereby cooling the gaseous ef fl ueRCT/USE)06/024892

passi ng the gaseous effluent fromstep (a) through at

| east one secondary heat exchanger having a heat

exchange surface maintai necgoat a tenperature such that

part of the gaseous effluent condenses to forma

L3 RS, BB SRS ELA HEROPT e

dtanpapahtrebabw\sdgh(Gas Ceast a portion of the tar,
formed by the pyrolysis process, in said gaseous

B B deT e kP BESLIE s e B SL.
foRdnechub BN 1060085 SRS, ShihuaRl REPAL Abpatnide by

uci n e tenperature of the gaseous :
iaflfrbaielat fexchmange epitl{ @) heay tramsfer trhediuR 1 wbich( flown dpwngyards

The pethod. of claim 12, wherein said heat exchange
%fﬁ”fgg’g@t&i e %Fﬁ???é’éa%’thegg?xec “Gture bel ow 599F
(315C). 14. The nethod of any of clainms 12 or 13,

yher eTRe sRitddnFaiyefcdngel 2sthedugnel 4, svhdteipesidcheat exchange

substantially vertically and is maintained at said

atipe rnapaiisg af mfl feeRcTHEER DicREres dealmrhrnge ey water and
r ' [ i t

EA0RLEPECL I, s Lho Sy uBerb iy ahupel g

ahande médumen R primaydleatlekchadger.ei n sai d heat

exchange surface is maintained at said tenperature by

| pdi t heat h Wt t d,th t heat ed.
5 e el e St dar PR Eh: SeRBRam SR FD 14ERS the
RtnpRrdhaalof eXC BABEE SPBIEEM L IaBoliths8°Prid AB6W 1228k (20°C to about
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effluent. 18. The nethod of any of clains 12 through

%g.’ W’f’ﬁé renlet o%i%lf%ng ao%% ayﬁcis % fc}!rgligmt 17, wherein said gaseous effluent
is produced by pyrolysis of a hydrocarbon feed boiling in a temperature range

from about 104°F to about 356°F (40°C to about 180°C).

19.  Hydrocarbon cracking apparatus comprising:

(a) 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;

() at least one secondary heat exchanger connected to and
downstream of the at least one primary heat exchanger for further cooling said
gaseous effluent, said at least one secondary heat exchanger having a heat
exchange surface which is maintained, in use, at a temperature such that part of

the gaseous effluent condenses to form a liquid coating on said surface, thereby



i s produced by pyrolysis of a hydrocarbon feed boiling
in a tenperature range from about 1040F to about 356F
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through whi ch gaseous pyrobysis effluent can exit the
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eebigsger . 23. The apparatus as clained in any of
clainms 19 through 22, and further

23.  The apparatus as claimed in any of claims 19 through 22, and further

including a decoking system having an inlet for a decoking medium and an outlet
for coke, wherein said primary and secondary heat exchangers can be cormected
to said decoking system such that said decoking medium passes through said at
least one primary heat exchanger and then said at least one secondary heat

exchanger before flowing to said outlet.

24.  The apparatus as claimed in claim 23, wherein said primary and secondary
heat exchangers comprise heat exchange tubes and each of the heat exchange
tubes of the secondary heat exchanger have an internal diameter equal to or

greater than that each of the heat exchange tube of the primary heat exchanger.



i ncluding a decoking system having an inlet for a
decoki ng nedi um and an outl et for coke, wherein said
wonromawgzdand secondary heat exchangers can be eomuseioed24892
to sai d decoking system such that said decoki ng nedi um
passes through said at | east one primry heat
exchanger and then said atqoheast one secondary heat
exchanger before flowing to said outlet. 24. The
pparatus as, cl ai ned i.n. cl aj . ' hd '
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secondary heat exchanger have an internal dianeter
kegdebuttdsumr greater than that each of the heat
exchange tube of the primary heat exchanger.25. The
apparatus as clained in any of clains 19 through 24,
wherein said neans (d) for separating said condensed
tar and said gaseous effluent is a tar knock-out drum



