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Field of the Invention

5
This invention relates to a process for fractionating cracked
hydrocarbon mixtures containing foulant precursors, such as those
produced by steam cracking. More particularly, the invention relates
to a method of reducing fouling by use of a dual pressure, dual column
10 fractionation configuration.

Description of the Prior Art

In steam cracking, the type of feedstocks and the reaction

15 conditions determine the mix of products produced. Many steam
crackers operate on light paraffin feeds consisting of ethane and
propane and the like. However, a significant amount of steam
cracking capacity operates on feedstocks which contain propane and
heavier compounds. Steam cracking such feedstocks produces many

20 marketable products, notably propylene, isobutylene, butadiene,
amylene and pyrolytic gasoline.

In addition to the foregoing, small quantities of undesirable

contaminants, such as di- and poly-olefins, and acetylenic compounds

25 are produced. These contaminants may cause equipment fouling,

interfere with polymerization reactions, and in some cases pose safety

-hazards. It is, therefore, highly desirable to remove them from the

distillation stream. It is in the removal from the distillation stream of
these contaminants that this invention has its application.

During steam cracking, cracked gases emerging from the
reactors are rapidly quenched to arrest undesirable secondary
reactions which tend to destroy light olefins. The cooled gases are
subsequently compressed and separated to recover the various olefins.
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cracked hydrocarbon m xtures containing foul ant -pre-. cursors, sukh asep

t hose produced by steam cracking. More particularly, the inventi o\n 4@-
relates t reduci ng fouling by use of a dualpqwesgyum&
dual col u?nvadﬁﬁ&ggract i onati on ‘configuration. Description of the
Prior Art I n steam cracking, ti®e type of feedstocks and the
reaction conditions determne the mx of products pro- duced. Many

st eam crackers operate on light paraffin feeds consisting of ethane
and propane and the |ike. However, a significant anmount of steam
cracking capac- HhY 28N B 18D VEASHSbRBES pileR KORLEHY keRAne and

out by fractional distillation using a series of distillation steps or
columns to separate out the various components. The unit which

5 separates the methane fraction (C1) is referred to as the
"demethanizer," the unit which separates the ethane fraction (C2) is
referred to as the "deethanizer," the unit which separates the propane
fraction (C3) is referred to as the "depropanizer,” and the unit which
separates the butane fraction (C4) is referred to as the "debutanizer."

10 The residual higher carbon number fraction (C5 + ) is used as gasoline.

With the development of selective furnace designs for very high

conversion of liquid petroleum gas by steam cracking the amount of

Cs products has been minimized, although at a correspondingly higher

15 concentration of lower carbon atom number foulant precursors such

as di-olefinic, poly-olefinic and acetylenic compounds.  This

development has served to exacerbate the fouling problem which has

heretofore been encountered in the fractional distillation of C2, C3

and C4 fractions from each other and from heavier hydrocarbons.

20 Fouling of the debutanizer unit by reason of the aforementioned

increase in the concentration of foulant precursors has become a
particular problem of increased concern.

One of the basic problems encountered in such fractional

25 distillation processes relates to polymer fouling of the fractional
distillation columns. One such problem, for example, relates to the
production of foulant precursors in steam cracking which at high
temperatures cause fouling in equipment. It is well known that the

rate of polymer fouling increases as temperature increases. Such

30 fouling often necessitates the shutdown of the distillation unit for
cleaning. Both the shutdown and cleaning involve significant expense.

US-A 4,824,527 to Erickson teaches a method of fractionating
liquid mixtures, which are subject to thermal decomposition, wherein
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’anvi er conpounds. Steam.cracking such feedstocksf produces many
negket abl e products, notably propyl - one, isobutyl ene, butadiene,
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for%)ie‘?l’g, érra ﬁ gquantities of un- desirabl e contam nants, such as

di - and pol y-ol efins, and acetyl edi ¢ conpounds are produced. . These
con- tam nants may cause equi pnent fouling, interfere with
pol ymeri zation reactions, and in some cases pose safe- ty hazards. It
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Duri ng steam cdecreasss, ther mqmmdgm amk liguid) flow rates in the columns

- sufficiently that even though a larger number of stages is required,
5 there will usually nonetheless be a lower average residence time and

liquid holdup than that for a single column system (column 6, lines 26-
37). '

Erickson’s dual pressure, dual column method does not result

10 in operating each of the fractional distillation columns at lower

operating temperatures, and hence, does not achieve the desired

result of lowering the temperatures to decrease fouling while attaining
effective separation.

15 A need still exists for a method of reducing fouling whlch at the
same time achieves the desired separation results.

Summary of the Invention

20 According the present invention, a process for fractionating a
cracked hydrocarbon mixture containing foulant precursors, to
separate light and heavy components with reduced polymer fouling,

comprising the steps of:
25 (a) at least partially vaporizing the mixture in a
preheater;

(b) separating the partially vaporized mixture in a
high pressure fractional distillation column into
light components enriched in foulant precursors

30 (b1) and heavy components diminished in foulant
precursors (b2) without further heating of the
heavy components (b2); and

(c) separating the heavy components (b2) in a
- heated low pressure fractional distillation column
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fromthe reactors are rapidly quenched to arrest unde-~
secondary reactions which tend to destroy |ight

A
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- 2- S{{d’ ! e cool ed gases are subsequently com presse ted
to reco I}f'ﬁ'é ri ous ol efins. The recovery of the var| ous oﬁ%ﬂa‘
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4

into a tops stream (c1) and a bottoms stream (c2)
containing a lower proportion of foulant
precursors than the starting mixture.

In one preferred embodiment, the starting mixture comprises
C4 and Cs4 hydrocarbons, preferably C3, C4 and Cs, (bl) is Cy,
preferably C3+Cy, (b2) is C4 and Cs 4 (c1) is C4 and (¢2) is C5 4,

Preferably, the high pressure column is operated at 2-20 bar G
and the low pressure column is operated at a pressure which is lower
than that of the high pressure column, preferably zero to 7 Bar G.

Brief Description of the Drawings )

The above and other embodiments of the present invention
may be more fully understood from the following detailed description,
when taken together with the accompanying drawing, in which: Fig. 1
is a flow diagram of a dual pressure, dual column debutanizer.

Description of the Preferred Embodiments

The present invention of a method for the reduction of fouling
in the treatment of cracked hydrocarbon gases involves the use of a
dual pressure, dual column fractionator configuration rather than the

conventional single pressure, single column fractionator
configurations.

While the dual pressure, dual column fractionator
configuration of the present invention is suitable for a variety of
fractionating column systems, Fig. 1 and the subsequent discussion
describes, without in any way limiting the scope of the present
invention one particular embodiment of the present invention, namely
a dual pressure, dual column debutanizer. The starting mixture 10
may a mixture of cracked hydrocarbons, generally starting mixture 10
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fied out by fractional distillation using a series of distillation
colums to separate out the various conponents. The unit which

o goggvphane fraction (CJerr]) Is referredtoas the POEMAISIA00048r , "
whi ch separates the ethane fraction (C2) is referred to as the
"det hdnl zer" the unit which separates thé pro- pane fraction (C[err]) is
referred to as the "depropani zer," and the unit which separates the butane
fraction (CJerr]) is referred to as the 'debutanizer, The residual higher
car- bon nunber wil mtuherbc(tﬁ{ms stteam Oy sl GS +0&5adtmnefrom a dédthinizée
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petrol eum gas b g
m ni mzed, alt h@g@m:rmes aaredmss lﬁanmnl}xmrgﬂ@rlscf@ﬁ 1nto a preheater 11
wherein the mixture is partially or totally vapprized. Preheater 11
5 which serves to vaporize all or part of the mixture is operated at

temperatures ranging from about 10 to about 200°C, preferably from
about 50 to about 90°C.

The preheated mixture 12 is fed to a high pressure fractional

10 distillation column 13 wherein preheated mixture 12 is divided into a

light fraction 14 and a heavy fraction 15. Preheated mixture 12

entering the high pressure fractional distillation column is at a

pressure ranging from about 3 to about 20, preferably about 7 Bar G.

Bar G represents bars at gauge or a measure of pressure where the

15 gauge will read 0 at a pressure of 1 atmosphere. Vaporized mixture 12

is preferably introduced to the high pressure fractional distillation

column at or near the bottom tray of the high pressure fractional

distillation column 13. Light fraction 14 typically includes a C4

fraction which contains from about 30 to about 100, preferably about

20 85 weight percent of all the foulant precursors contained in vaporized

mixture 12. Light fraction 14 represents from about 10 to about 99,

preferably about 80 weight percent of preheated mixture 12. Heavy
fraction 15 includes the bulk of the C54 hydrocarbons.

25 Heavy fraction 15 is fed to a low pressure fractional distillation
column 16, wherein the heavy fraction 15 is divided into a tops stream
17 and a bottoms stream 18. Low pressure fractional distillation
column 16 includes a reboiler loop 27.

30 Tops stream 17 includes any remaining C4 hydrocarbons while

bottoms stream 18 includes the C5+. hydrocarbon fraction which may
be-used for gasoline.

Light fraction 14 is condensed in a condenser 19 to form a
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oul'ant pre- condenser 22 to form a ¢ondensed stream 23. retlux stream 24 1s
recirculated into low pressure column 16. The balance of condensed

5 stream 20, indicated as 25, is combined with balance of condensed
stream 23, indicated as 26. Bottoms stream 18 from the low pressure
fractional distillation column 16 includes the C5+ fraction which may
be used as gasoline.

10 Fouling is reduced in the high pressure column 13 in spite of
the high concentration of foulant precursors present in the starting
mixture 12, due to the low temperature at which the column is
operated, which temperature ranges from about -50 to about 200°C,
preferably from about -10 to about 11(°C. The high pressure column

15 13 is operated at pressures ranging from about 2 to about 20,
preferably about 6 Bar G. The high pressure column is not operated
in a stripping mode which obviates the need for a reboiler loop. The
source of heat for operation of the column is restricted to heat
generated by the preheater which vaporizes the feed.

Fouling is reduced in low pressure column 16 because it is also
operated at temperatures below those required in a conventional
single pressure, single column configuration. The temperatures for
operation of the low pressure column 16 range from about -50 to

25 about 200, preferably from about 10 to about 65°C. Although the low
pressure column operates in a stripping mode with a reboiler loop, the
fact that it operates at lower temperatures'taken together with both
the reduced content of C4 contaminants in the feed 15, and the overall
reduction of feed volume entei'ing the column serve to reduce the

30 level of fouling in this column. Low pressure column 16 is operated at
pressures ranging from about 0 to about 7, preferably about 2 Bar G.
Operation of the dual pressure fractional distillator of the present
invention additionally results in an overall energy savings.
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si gni fifcant expense.

Claims
1 A process for fractionating a cracked hydrocarbon
mixture containing foulant precursors, to separate light and heavy
5 components with reduced polymer fouling, comprising the steps of:
(a) at least partially vaporizing the mixture in a
preheater;
i 10 (b) separating the partially vaporized mixture in a
! high pressure fractional distillation column into
light components enriched in foulant precursors
(b1) and heavy components diminished in foulant
precursors (b2) without further heating of the
15 | heavy components (b2); and

(c) separating the heavy components (b2) in a
heated low pressure fractional distillation column
into a tops stream (c1) and a bottoms stream (c2)

20 containing a lower proportion of foulant
precursors than the starting mixture.

2. A process of claim 1 when performed in a debutanizer wherein
the starting mixture comprises C4 and Cg4 hydrocarbons; (bl)
25 comprises C4 hydrocarbons; (b2) comprises C4 and Csg

hydrocarbons; (c1) comprises C4 hydrocarbons; and (c2) comprises
Cs 4. hydrocarbons.

3. The process of ariy preceding claim, wherein the starting
30 mixture comprises C3, C4 and C5+ hydrocarbons.
4, The process of any preceding claim, wherein (bl)

contains from 30 to 100%, preferably greater than 50%, of the foulant
precursors contained in the starting mixture.
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-3 - US- A 4,824,527 to Erickson teaches a nethod.of fractionating = oﬁ"
| i quid-m xtures, Wnich are subject to ther- mal deconposition, wherein two, <&
col ums ar enwipsffogdyy the first colum is conplete with a reboi Imr/msgémgo‘,y
con- densor. Thi s partlf m&muamlng configuration de- creases the
required vapor and liqu E mm t he8col ums sufficiently that even
hough a | arger nunber of stages is reqw red, there will usually

nonet hel ess be a | ower average residence tinme and |iquid hol dup than that .
or a single colum system (colum 6, |ines 26-37). Eri ckson's dual \

pressure, dual colum mgt hod-ggesfQks "65'%ny blecRBfig?tladd, SofdteRl ®1§ ‘"

ractional distillation
: comprises from 10 to 99 weight percent of the starting mixture.

5 6. The process of any preceding claim, wherein step (a) is
performed at a temperature of from 10 to 150°C and/or a pressure of
from 3 to 20 Bar G.

7. The process of any preceding claim, wherein step (b) is
10 performed at a temperature from -10 to 110°C and/or a pressure of
from 2 to 20 Bar G.

8. The process of any preceding claim, wherein step (c) is
_ performed at a temperaturé from 10 to 65°C and/or a pressure of
15 fromOto7Bar G

9.  The process of any preceding claim which comprises the
additional step, after step (c), of: combining the light components (b1)
with the tops stream (cl) to produce a light fraction containing a
20 higher proportion of foulant precursors than the starting mixture.

10.  Motor gasoline comprising hydrocarbon derived from

bottoms stream (Cp) produced by the process according to any
preceding claim.
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FOULING REDUCING DUAL PRESSURE FRACTIONAL
DISTILLATOR

Field of the Invention

This invention relates to a process for fractionating cracked
hydrocarbon mixtures containing foulant precursors, such as those
produced by steam cracking. More particularly, the invention relates
to a method of reducing fouling by use of a dual pressure, dual column
fractionation configuration.

Description of the Prior Art

In steam cracking, the type of feedstocks and the reaction
conditions determine the mix of products produced. Many steam
crackers operate on light paraffin feeds consisting of ethane and
propane and the like. However, a significant amount of steam
cracking capacity operates on feedstocks which contain propane and
heavier compounds. Steam cracking such feedstocks produces many
marketable products, notably propylene, isobutylene, butadiene,
amylene and pyrolytic gasoline.

In addition to the foregoing, small quantities of undesirable
contaminants, such as di- and poly-olefins, and acetylenic compounds
are produced. These contaminants may cause equipment fouling,
interfere with polymerization reactions, and in some cases pose safety
hazards. It is, therefore, highly desirable to remove them from the
distillation stream. It is in the removal from the distillation stream of
these contaminants that this invention has its application.

During steam cracking, cracked gases emerging from the
reactors are rapidly quenched to arrest undesirable secondary
reactions which tend to destroy light olefins. The cooled gases are
‘subsequently compressed andiseparated. to recover the various olefins.

T
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prossure fractional diatillation colum, operat-

from-10 to 110[err]C and a pres- sure of from
l'i ght conponents

ponents di m ni shed in foul ant precursors (b2) with-

(b) separating the partially vaporized mxture in a hi gh

Ing at a tenperature
0.2to 2.0 WPa Ginto

enriched in foul ant precursors (bl) and heavy com

The recovery of the various olefin products is usually carried
out by fractional distillation using a series of distillation steps or
columns to separate out the various components. The unit which
separates the methane fraction (Cj1) is referred to as the
"demethanizer," the unit which separates the ethane fraction (C2) is
referred to as the "deethanizer," the unit which separates the propane
fraction (C3) is referred to as the "depropanizer,” and the unit which
separates the butane fraction (C4) is referred to as the "debutanizer.”
The residual higher carbon number fraction (C5+ ) is used as gasoline.

With the development of selective furnace designs for very high
conversion of liquid petroleum gas by steam cracking the amount of
Cs products has been minimized, although at a correspondingly higher
concentration of lower carbon atom number foulant precursors such
as di-olefinic, poly-olefinic and acetylenic compounds.  This
development has served to exacerbate the fouling problem which has
heretofore been encountered in the fractional distillation of C2, C3
and C4 fractions from each other and from heavier hydrocarbons.
Fouling of the debutanizer unit by reason of the aforementioned
increase in the concentration of foulant precursors has become a
particular problem of increased concern.

One of the basic problems encountered in such fractional
distillation processes relates to polymer fouling of the fractional
distillation columns. One such problem, for example, relates to the
production of foulant precursors in steam cracking which at high
temperatures cause fouling in equipment. It is well known that the
rate of polymer fouling increases as temperature increases. Such
fouling often necessitates the shutdown of the distillation unit for
cleaning. Both the shutdown and cleaning involve significant expense.

US-A 4,824,527 to Erickson teaches a method of fractionating
hquld mixtures. which are subject to thermal decomposition, wherein

 [NEBLACEVENT SHEHT
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out further heating of the heavy conponents (b2); and (c)

separating the heavy conponents (b2) in a heat- ed | ow pressure
fractional distillation colum, oper- ating at a tenperature from10 to
65C and a pres- sure of fromO to 0.7 MPa Ginto a tops stream (Cl)

and a bottons stream (C2) containing a | gwer por- tion of foul ant

precursors than the starting mture. Brief Description .of the Draw ngs
The above and ot her enbodi nents of the present invention may be nore fully

under stood fromgReofithh®4re used and the first column is complete with a reboiler
and/or condensor. This particular energy saving configuration

decreases the required vapor and liquid flow rates in the columns

- sufficiently that even though a larger number of stages is required,

there will usually nonetheless be a lower averagé residence time and

liquid holdup than that for a single column system (column 6, lines 26-
37). '

Erickson’s dual pressure, dual column method does not result
in operating each of the fractional distillation columns at lower
operating temperatures, and hence, does not achieve the desired

result of lowering the temperatures to decrease fouling while attaining
effective separation.

A need still exists for a method of reducing fouling which at the
same time achieves the desired separation results.

Summary of the Invention

According the present invention, a process for fractionating a
cracked hydrocarbon mixture containing foulant precursors, to
separate light and heavy components with reduced polymer fouling,
comprising the steps of:

(a) - at least partially vaporizing the mixture in a
preheater; _

(b) separating the partially vaporized mixture in a
high pressure fractional distillation column into
light components enriched in foulant precursors
(b1) and heavy components diminished in foulant
precursors (b2) without further heating of the
heavy components (b2); and

(c)  separating the heavy components (b2) in a
heated low pressure fractional distillation column
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I ng detail ed description, when taken together with the acconpanying
drawing, in which: Fig. 1 is a flow dia- gramof a dual pressure, dual
col um debut ani zer. Description of the Preferred Enbodi nents The
present invention of a method for the reduction of fouling in the treatnment
of cracked hydrocarbon gases invol ves ,the use of a dual pressure, dual
colum frac- tionator configuration rather than the conventional sin- gle
pressure. single colum fractionator conf [ gurat i ons. Wi | e the dual

pressure, dual colum fracti; | i nvention
Is suitable for a variety Oflﬂmgcipsgs Fﬁgﬂi 0§V§x¥e§;€caﬁﬁf& 1 and the
containing a lower proportion of foulant
precursors than the starting mixture.

In one preferréd embodiment, the starting mixture comprises
C4 and Cs. hydrocarbons, preferably C3, C4 and Cs4, (bl) is Cy,
preferably C3+Cy, (b2) is C4 and C54._ (c1) is C4 and (c2) is Cs 4 |

Preferably, the high pressure column is operated at 2-20 bar G
and the low pressure column is operated at a pressure which is lower
than that of the high pressure column, preferably zero to 7 Bar G.

Brief Description of the Drawings

The above and other embodiments of the present invention
may be more fully understood from the following detailed description,
when taken together with the accompanying drawing, in which: Fig. 1
is a flow diagram of a dual pressure, dual column debutanizer.

Description of the Preferred Embodiments

The present invention of a method for the reduction of fouling
in the treatment of cracked hydrocarbon gases involves the use of a
dual pressure, dual column fractionator configuration rather than the

conventional single pressure, single column fractionator
configurations.

While the dual pressure, dual column fractionator-
configuration of the present invention is suitable for a variety of
fractionating column systems, Fig. 1 and the subsequent discussion
describes, without in any way limiting the scope of the present
invention one particular embodiment of the present invention, namely
a dual pressure, dual column debutanizer. The starting mixture 10

. may a mixture of cracked hydrocarbons, generally starting mixture 10
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subsequent di;scussion describes, without in any way limting the scope of
the present Invention one particular enbodi nent of the present invention.

nanely a dual pressure, dual columm debutanizer. The starting
m xture 40 may a m xture of cracked hydrocarbons, generally
5

will be the bottoms stream (C4 and Cs5+ ) fraction from a deethanizer
or a depropanizer, although alternative feed compositions and
sequences are possible. The mixture 10 is fed into a preheater 11 '
wherein the mixture is partially or totally vaporized. Preheater 11
which serves to vaporize all or part of the mixture is operated at
temperatures ranging from about 10 to about 200°C, preferably from
about 50 to about 9°C.

The preheated mixture 12 is fed to a high pressure fractional
distillation column 13 wherein preheated mixture 12 is divided into a
light fraction 14 and a heavy fraction 15. Preheated mixture 12
entering the high pressure fractional distillation column is at a
pressure ranging from about 3 to about 20, preferably about 7 Bar G.
Bar G represents bars at gauge or a measure of pressure where the
gauge will read 0 at a pressure of 1 atmosphere. Vaporized mixture 12
is preferably introduced to the high pressure fractional distillation
column at or near the bottom tray of the high pressure fractional
distillation column 13. Light fraction 14 typically includes a C4
fraction which contains from about 30 to about 100, preferably about
85 weight percent of all the foulant precursors contained in vaporized
mixture 12. Light fraction 14 represents from about 10 to about 99,
preferably about 80 weight percent of preheated mixture 12. Heavy
fraction 15 includes the bulk of the C5+ hydrocarbons.

Heavy fraction 15 is fed to a low pressure fractional distillation
column 16, wherein the heavy fraction 15 is divided into a tops stream

17 and a bottoris stream 18. Low pressure fractional distillation
column 16 includes a reboiler loop 27.

Tops stream 17 includes any remaining C4 hydrocarbons while
bottoms stream 18 includes the C5+ hydrocarbon fraction which may
be used for gasoline.

Light fraction 14 is condensed in a condenser 19 to form a
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starting mxture 10 will be the bottons stream ((ferr] and Clerr]) fraction
froma deet hani zer or a depropani zer, al- though alternative feed
conposi‘tions and sequences are possible. The mxture 10 is fed into a
preheater 11 wherein the mxture is partially ortotally vaporized. Pre-
heater 11 which serves to vaporize all gr part of the mix- ture is operated
at tenperatures ranging from 10 to 150[err]C, preferably from about 50 to
about 90[err]C. The preheated m xture 12 is fed to a high pressure .

fractional disf{illat] ' r ] hohl s di vi ded
into a |ight féoélc g%#%f%ﬁgﬁg gfﬁﬁ&% ?grg?ﬁoﬁbqgtrgégﬂdakaegh% xt&ure 12

“entering the hpigssuse SOBRR 18, JE@RsosEgamy;Ldiis | coRAeREd R 3, 1AV PLESIe, pressure
rangi ngf rom 0. &rdedsét 2P0 CortBdacchdeasedItream @Ber Alrieflux stream 24 is

recirculated into low pressure column 16. The balance of condensed
stream 20, indicated as 25, is combined ‘with balance of condensed
stream 23, indicated as 26. Bottoms stream 18 from the low pressure

fractional distillation column 16 includes the C5+ fraction which may
be used as gasoline.

Fouling is reduced in the high pressure column 13 in spite of
the high concentration of foulant precursors present in the starting
mixture 12, due to the low temperature at which the column is
operated, which temperature ranges from about -50 to about 200°C,
preferably from about -10 to about 11(°C. The high pressure column
13 is operated at pressures ranging from about 2 to about 20,
preferably about 6 Bar G. The high pressure column is not operated
in a stripping mode which obviates the need for a reboiler loop. The
source of heat for operation of the column is restricted to heat
generated by the preheater which vaporizes the feed.

Fouling is reduced in low pressure column 16 because it is also
operated at temperatures below those required in a conventional
single pressure, single column configuration. The temperatures for
operation of the low pressure column 16 range from about -50 to
about 200, preferably from about 10 to about 65°C. Although the low
pressure column operates in a stripping mode with a reboiler loop, the
fact that it operates at lower temperatures'takeu together with both
the reduced content of C4 contaminants in the feed 15, and the overall
reduction of feed volume entering the column serve to reduce the
“level of fouling in this column. Low pressure column 16 is operated at
pressures ranging from about 0 to about 7, preferably about 2 Bar G.
Operation of the dual pressure fractional distillator of the present
invention additionally results in an overall energy savings.

This:Sheet Has Been
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about 0.7 MPa_G (about 7 Bar G . Bar G represents bars at gauge or a
measur e of pressure where the gauge will read O at apressure of 1 :
at nosphere. Tﬂmngmlnm“mﬁ 2 Is preferably introduced tothe high :
pressure fract j on colum at or near the bottomtray of the
hi gh pressure fracfiohal®disti’llation copum 13. Light fraction 14
typically includes a (Jerr] fraction which con- tains fromabout 30 to
about 100, preferably about 85 wei ght percent of all the foul ant precursors
contained in vaeségfed m xture 12. Light fraction 14 represents from about

10 to about 99 erably 80 wei ght percent of preheated m xture 12. Heavy
fraction 15 includes the bulk of the C[err] hydrocarbons. Heavy

fraction 15 is fed.-tq a | 4 prfRasUTsr ffracddddiidly a cracked hydrocarbon

mixture containing foulant precursors, to separate light and heavy
components with reduced polymer fouling, comprising the steps of:

(a) at least partially vaporizing the mixture in a
preheater;

(b)  separating the partially vaporized mixture in a
high pressure fractional distillation column into
light components enriched in foulant precursors
(b1) and heavy components diminished in foulant
precursors (b2) without further heating of the
heavy components (b2); and

(c) separating the heavy components{ (b2) in a
heated low pressure fractional distillation column
into a tops stream (c1) and a bottoms stream (c2)
containing a lower proportion of foulant
precursors than the starting mixture.

2. A process of claim 1 when performed in a debutanizer wherein
the starting mixture comprises C4 and Cs, hydrocarbons; (bl)
comprises Cq4 hydrocarbons; (b2) comprisess C4 and Cs4
hydrocarbons; (c1) comprises C4 hydrocarbons; and (c2) comprises
Cs 4+ hydrocarbons.

3. The process of any preceding élaim, wherein the starting
mixture comprises C3, C4 and C5+ hydrocarbons.

4, The process of any preceding claim, wherein (b1)
contains from 30 to 100%, preferably greater than 50%, of the foulant
precursors contained in the starting mixture.

i
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distillation colum 16, wherein the heavy fraction 16 is divided into a
tops stream 17 and a bottons stream 18. Low pressure fractional

distillation colum 16 includes a reboiler |oop 27. Tops stream 17

mnmﬂ"ﬂwmwu V\:hl ch rrgy. be used for gasoline.

i ncludes any re
hy-

the CJerr]

carbons while bottons stream 18 i ncl udes

fraction 14 is cofidehsed i" & céndenser

5. The process of any preceding claim, wherein (bl)

- comprises from 10 to 99 weight percent of the starting mixture.

6. The process of any preceding claim, wherein step (2) is

performed at a temperature of from 10 to 150°C and/or a pressure of
from 3 to 20 Bar G.

7. The process of any preceding claim, wherein step (b) is
performed at a temperature from -10 to 110°C and/or 2 pressure of
from 2 to 20 Bar G.

8. The process of any preceding claim, wherein step (c) is
performed at a temperature from 10 to 65°C and/or a pressure of

from0to7Bar G

9. The process of any preceding claim which comprises the
additional step, after step (c), of: combining the light components (b1)
with the tops stream (cl) to produce a light fraction containing a
higher proportion of foulant precursors than the starting mixture.

10. Motor gasoline comprising hydrocarbon derived from

béttoms stream (C;) produced by the process according to any
preceding claim.

%

—
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-6 - formacondensed stream 20. A reflux stream 21 i's re- circulated into
hi gh pressure colum 13. Tops stream 17:is condensed in a | ow pressure
condenser 22 to forma condensed stream 23. A reflux stream?24 is
recircul.ated into | ow pressure colum 16. The bal ance of condensed stream
20, indicated as 25, irs conbined with bal ance of condensed stream 23,

I ndi cated as 26. Bottons stream 1l fromtRhe |ow pressure fractional
distillation colum 16 includes the (Jerr] fraction which nmay be usedas
gaso- line. Fouling I's reduced in the high pressure colum 13

FOULING REDUCING DUAL PRESSURE FRACTIONAL DISTILLATOR

ABSTRACT

A process flow sequence for the reduction of polymer
fouling while méintaining efficient production levels
wherein a dual pressure, dual column configuration is used
to effect the reduction in polymer fouling. The dual
pressure, dual column configuration of the invention uses
a high.pressure and a separate low pressure to isolate the
desired fractions while effecting a reduction in the

production of fouling polymers.

FIGURE 1.




in spite of the high concentration of foulant precursors present In the
starting mxture 12, due to the low tem: perature at which the colum is
operated, which tem perature ranges from-10 to 110[err]C. The high
pressure colum 13 is operated at pressures ranging from0.2 to 2 MPa G 2
to 20 Bar G, preferably about 0.6 MPa & (rfabout 6 Bar G). The high pressure
colum is not oper- ated in a stripping node which obviates the need for a
reboil er | oop. The source of heat foroperation of the col- um is
restricted to heat generated by the prejgater which vaporizes the feed.
Fouling is reduced in | ow pressure colu 16 be- cause It is also operated
at tenperatures below those required injla conventional single pressure,
single col -
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Description
Field of the Invention

This invention relates to a procsss for fractionaling
cracked hydrocarbon mixtures containing foulant pre-
eursors, such as those produced by steam cracking.
More particularly, the invention relates to a mathed of
reducing fouling by use of a dual pressure, dual column
{ractionation configuration. |

‘Description of the Prior At

In steam cracking, the typs of feedstocks and the
reaction conditions determine the mix of products pro-
duced. Many steam crackers operats on light paraffin
feads consisting of ethane and propane and the like.
Howaever, a significant amount of steam cracking capac-

ity operates on feedstocks which contain propane and

heavier compounds. Steam cracking such feedstocks
produces many marketable products, notably propyl-
ene, isobutylene, butadiene, arnylene and pyrolytic
gasoline.

In addition to the foregoing, small quantities of un-

desirable contaminants, such as di- and poly-olefins, -
and acetylsnic compounds are produced. These con-

taminants may cause aquipment fouling, interfere with
polymerization reactions, and in some cases pose safe-
ty hazards. It is, therefore, highly dssirable to remave
them from the distillation stream, Itis in the removalfrom
thedistillation stream of these contaminants that this in-
vention has its application.

., During steam cracking, cracked gases emerging
trom the reactors are rapidly quenched to arrest unde-
sirable sacondary reactions which tend to dastroy light

The tenperatures for opera1 i onRE?L%(B@MENEV\SIEMUrGG
VEO| um 16 range from 10 to 65[err]C. Al - thou hﬂtlfl?ﬁscnmrp“rmedlr*etocpagamb
operates in a stripping node with a reboiler
‘operates at |ower tenperatures taken toget her| viltDraivixigis)t yaged:
content of Cferr] contam nants in the feed 15| Entbstra& OV:gja; )

feed volune entering the columm serve-fio reduge the | evel ? foul i ng |n

this-colum. Low-pressure colum 16 is operatgdp PHES a;m#ng from (
to 0.7 MPa-G (0 to 7 Bar G, preferably about—e-%iEPa—é-égg 2

Oper at1on OchJaNG REDUEHNE SUALPRESSURE FRACTRONALODISTIEL NTION!!
I nvention a L avl ngs

(ﬁﬂlamdz(e) f agagbd L. tbtpa ed %,

et
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olefins. The cooled gases are subsequently com-
pressed and separated 1o recover the various olefins.
The recovery of the various olefin products is usu-
ally carried out by fractional distillation using a series of
distillation steps or columns to saparate out the various
components. The unit which saparates the methane
fraction (C, ) Is referredto as the "demathanizer,” the unit
which separates the ethane fraction (C,) is referred to

as the "deethanizer,” the unit which separates the pro-

pane fraction (C,) is reterred to as the “depropanizer,*
and the unit which separates the butane fraction (C,) is
refarred 1o as the “debutanizer.” The residual highercar-
bon number fraction (Cg, ) is used as gasoline.

With the development of selective fumace dasigns
for very high conversion of liquid petroleum gas by
steamn cracking the amount of Cs products has been
minimized, although at a correspondingly higher con-

centration of lower carbon atom number foulant precur-

sors such as diclefinic, poly-olefinic and acetylenic

compounds. This development has served 10 exacer-

bate the fouling problem which has heretofore been en-
countered in the fractional distillation of C,, C3 and C4
fractions from each other and from heavier hydrocar-
bons. Fouling of the debutanizer unit by reason of the
aforementioned increase in the concentration of foulant
precursors has become a particular problem of in-

creased concem.

One of the basic problems encountered in such
fractional distillation processes relates 1o polymer foul-
ing of the fractional distillation columns. One such prob-
len, for example, relates to the production of foulant pre-
cursors in steam cracking which at high temperatures
cause fouling in equipment. It is well known that the rate
of polymer fouling increases as temperature increases.
Such fouling often necessitates the shutdown of the dis-
tillation unit for cleaning. Both the shutdown and clean-
Ing involva significant expense.
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1. A process for fractionating a cracked hydrocarbon

m xture wherein

the starting m-xture conprises (Jerr], C4 andC err], hydrocarbons
cont ai ni ng foul ant precur- sore, to separate |ight and heavy conponents
W th reduced pol yner fouling, conprising the steps of: (a) at

| east partially vaporizing the mxture in a
a tenperature from 10

2.0 MPa

a high pressure fr
tenperature from -

preheat er operating at
to 150F&r+]C and a pressure of fromO0.3 to

(b) separating the partially vaporized m xture in

fractionating liquid mixtures, which are subject (o ther-
mal decomposition, wherein two columns are used and
the first column is complete with a reboiler and/or con-
densor. This particular anergy saving configuration de-
creases the required vapar and liquid flow rates in the
columns sufficiently that even though a larger number
of stages is required, there will usually nonetheless be
a lower average residence time and liquid holdup than
that for a single column system (column 6, lines 26-37).

Erickson's dual pressurs, dual column method does
not result in operating each of the fractional distillation
columns at lower operating temperatures, and hences,
does not achieva the desired result of lowering the tem-
peratures 1o decrease fouling while attaining effactive
separation.

A need slill exists for a method of reducing fouling
which at the same time achieves the desirad separation
results. '

EP-A-0 054 367 includes a dual pressure, dual col-

umn system, related primarily to a depropanizer. While.

the patent discloses the use of this technology on a
deethanizer or debutanizer, it doss notteach the spacific
operating parameters at which to operate a debutanizer,
In which fouling is moat often a problem.,

Summary of the Invention

According 1o the present invention, a process for
fractionating a cracked hydrocarbon mixturs whersin
the starting mixture comprises C3, C4 and Cg, hydrocar-
bons containing foulant precursors, 1o separats light and
heavy components with reduced polymer fouling, com-
prising the steps of.

(a) at least partially vaporizing the mixture in a pre-
heater operating at a temperature from 10ta 150°C
and a pressure of from 0.31c 2,0 MPa G;

T;gg'lt@rq%%lgw hbAEFidRsOR! t¥HEhes a metho@P8f ating at a
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‘and a pressure of from 0.2 to 2.0 MPa G into | i ght conponents

enriched in foulant precur- sors (bl) and heavy conponents

di m nished in foul ant precursors (b2) without further heating

of the heavy conponents (b2); and _ (C) separating the heavy
conponents (b2) In a heated | ow pressure fractional distillation
col - um, operating at a tenpggature from10 to 65[err] C
and a pressure off from0O to 0.7 MPa G into a tops stream (Cl) and
a bottons Stream’ (c2) containing a | ower portion of foulant pro-

cursers than the stdP}ie@pamtingthe partially vaporized mixture in a
high prassure fractional distillation column, operal-
ing at a temperature from -10 to 110°C and a pres-
sure of from 0.2 10 2.0 MPa G into light components
enriched in foulant precursors (b1) and heavy com-
ponents diminished in foulant precursors (b2) with-
out further heating of the heavy components (b2), .
and

(c) separating the heavy components (b2) in & heat-
ed low pressure fractional distillation column, oper-
ating at a temparatura from 10 1o 65°C and a pres-
sure of from Ote 0.7 MPa G into a tops stream (c1)
and a bottomns siream (c2) containing a lower por-
tlon of foulant precursors than the starting mixiure.

Brief Description of the Drawings

 The above and other embodiments of the present
invention may. be more fully understood from the follow-
‘ing detailed description, when taken together with the -
accompanying drawing, in which: Fig. 1 is a flow dia-
gram of a dual pressure. dual column debutanizer.

Deserlptlon of the Preferred Embodiments

The present invention of a method for the reduction
of fouling in the treatment of cracked hydrocarhon gases
involves the use of a dual pressure, dual columnn frac-
tionator configuration rather than the conventional sin-
gle pressure, single column fractionator configurations.

While the dual pressure, dual column fractionator
configuration of the present invention is suitable for a
variety of fractionating column systems, Fig. 1 and the
subsequent discussion describes, without in any way
limiting the scope of the present invention one particular
embodiment of the present invention. namely a dual



2. A process of Claiml, when perforned in a debu- tani zer wherein the.
,Sstarting mxture conprises (Jerr]

-5-

pressure, dual column debutanizer. The starting mixture

10 may a mixture of cracked hvdrocarbons, generaliv

starting mixtura 10 will be the bottems stream (C, and

Cg,) fraction from a deethanlzer or a depropanizer, al-

though altemative teed compositions and sequences

are possible. The mixturs 10 is fed into a preheater 11

wherain the mixture is pantially or totally vaporized. Pre- ‘
heater 11 which serves to vaporize all or part of the mix-
ture is operated at temperatures ranging from 10 to
150°C, preferably from about 50 to about 80°C.

The preheated mbdure 12 is fed to a high pressure
fractional distjllation column 13 wherein preheated mix-
ture 12 Is divided into a light fraction 14 and a heavy
fraction 15, Preheated mixiure 12 entering the high

. prassuie fractional distillation column is at a pressure
ranging from 0,310 2.0 MPa G (310 20 Bar G), preferably
about 0.7 MPa G (about 7 Bar G). Bar G represents bars
at gauge or a measure of prassure wherse ths gauge will
read 0 at apressure of 1 atmosphere. Vaporized mixture
121s preferably introduced to the high pressure fraction- |REPLACEMENT SH
al distillation column at or near the bottom tray of the | -

~ high pressure fractional distillation column 13. Light 06 AUG 999

{raction 14 typically includes a C4_ fraction which con- —
1ains from about 30 to about 100, preferably about 85 !
weight percent of all the foulant precursors contained in
vaporized mixiure 12. Light fraction 14 represents from
about 10 to about 99, preferably B0 weight percent of
preheated mixturs 12. Heavy fraction 15 includes the
bulk of the Cg_ hydrocarbons.

Heavy fraction 15 is fed 1o a low pressure fractional
distillation column 16, wharsin the heavy fraction 15 is
divided into a tops stream 17 and a bottomns stream 18.
Low pressure fractional distillation column 16 includes
a reboiler loop 27.

Tops stream 17 includes any rsmalmng C4 hydro-
carbons while bottoms stream 18 includes the Cg, hy-
drocarbon fraction which may be used for gasaline.

Light fraction 14 is condensed'in a condenser 19 1o

—




and C err] hydrocarbons; (bl) conprises (Jerr] hydro- carbons; (b2)
-conprises (Jerr] -and Cferr] hydrocarbons: (Cl) conprises (err]
hydr ocar bons; and (c2) conpri s- es (Jerr] hydrocarbons. 3. The process

of any preceding claim wherein (bl)

contains. from30 to 100%-

preferably greater than 50% of the foulant precursors contained in the

starting m xture.

conpkises from

4. The process of a@y- preceding claim wherein (bl)

10 to 99 wei ght percent of the start- i ng mxture.

form acondensed stream 20. A reflux stream 21 is re-
circulated inta high pressure column 13. Tops stream 17
is condensed in a low pressure condenser 22 to form a
condensed stream 23. A reflux stream 24 is recirculated
into low pressure column 16, The balance of condensed

stream 20, indicated as 25, is combined with balance of _

condensed stream 23, indicated as 26. Bottoms stream
18 from the low pressure fractional distillation column
16 includes the Cg, fraction which may be used as gaso-
line.

Fouling Is reduced in the high pressure column 13 '.
in spite of the high concentration of foulant precursors

present In the starting mixture 12, due to the low tem-

‘perature at which the column is operated, which tem-

perature ranges from -10 to 110°C. The high pressure
column 13 is operated at pressures ranging from 0.2 ta
2 MPa G 2 to 20 Bar G), preferably about 0.6 MPa G
(about & Bar G). The high pressure column is not oper-

‘ated in a stripping mode which obviates the need for a

reboiler loop. Thesource ofheat for operation of the col-
umn is restricted to heat generated by the preheater

- which vaporizes the feed.

. Fouling is reduced in low pressure_-coldmn 16 be-
cause It is also operated at temperatures below those

required in a conventional single pressure, single col-

umn configuration. The tempsratures for operation of
the low pressure column 16 range from 10 1o 65°C. Al-
though the low pressurs column operates in a stripping
mode with a reboiler loop, the fact that it operates at
lower temperatures taken together with both the re-
duced content of C, contaminants in the feed 15, and
the overall reduction of fead volume entering the column
s8rve to reduce the level of fouling in this column. Low
pressure column 16 is operatad at prassures ranging
from 0 to 0.7 MPa G (0 ta 7 Bar G), preferably about 0.2
MPa G (about 2 Bar G). Operation of the dual pressure
fractional distillator of the present invention additionally
results in an overall energy savings.
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5: The process of any precedi ng cl ai m whi ch conpri s- es the additional

~ step, after step (c), of: conbining * the |ight conmponents (bl) with the
tops stream (cl) to produce a light fraction containing a higher pro-
portion of foulant precursors than the starting m x- ture.
e . -7~

\
L

AR L

CInims-

1. A procass for fractionating a cracked hydrocarbon
mixture whersin the starting mixture comprises Cy,
C¢ and Cg, hydrocarbons conlaining foulant precur-
sors, 1o separata light and heavy components with

raduced polymer fouling, comprising the steps of:

| (a) at least partially vaporizing the mixture in a -
preheater operating at a temperature from 10
to 150°C and a pressure of from 0.310 2.0 MPa
G;

(b) separating the partially vaparized mixura in
a high pressure fractional distillation column,

 operating at a temperature from -10 tc 110°C
and a pressure of from. 0.2 to 2.0 MPa G, into
light components: enriched in foulant precur- |
sors (b1) and heavy components diminished in
foulant precursors (b2) without further heating
of the heavy components (b2); and

(c) separating the heavy components (b2) in a
heated fow pressure fractional distiliation col-
umn, operating at a temperature from 10 to
65°C and a pressure of from 0 to 0.7 MPa G,
into a tops stream (c1) and a bottoms stream
(c2) containing a lower portion of foulant pre-
cursors than the starting mixture.
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2. A process of Claim 1, when performed in a debu-
tanizer wherein the staning mixture comprises C,
and Cg, hydrocarbons; (b1) comprises C4 hydro-
carbons; (b2) comprisses C, and Cg, hydrocarbens;
(c1) comprises C, hydrocarbons; and (¢2) compris-
es Cg, hydrocarbons.

3. The process of any preceding claim, wherein (b1)
contains from 3Q to 100%, preferably greater than
50%. of tha foulant precursors contained in the
starting mixiure.

4. The procéss of any preceding claim, wherein (b1)
comprises from 10 10 99 weight parcent of the start-
ing mixture. '

5. The process of any preceding clairm which compris-
es the additional step, after step. (c), of: combining
the light components (b1) with the tops stream (¢1)
to produce a light fraction containing a higher pro-
portion of foulant precursors than the starting mix-
ture.
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