Dual Pressure Catalytic Distillation Hydrogenation

Col umm System for the Front End of an Ethyl ene Pl ant
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The typical charge gas stream, in addition to the desired
products of ethylene and propylene, contains C:z acetylenes, Cs
20 acetylenes and dienes and Cs+ and heavier acetylenes, dienes and
olefins as well as a significant quantity of hydrogen and methane.
Aromatic as well as other ring compounds and saturated hydrocarbons

are also present.
In U.S. Patent No. 5,679,241 and U.S. Patent Application No.
25 10/202,702, filed July 24, 2002, ethylene plant front-end catalytic
distillation column systems are disclosed in which the highly
unsaturate‘d hydrocarbons, as acetylenes and dienes, are reacted with
the contained hydrogen in the steam cracker charge gas compressor
train to form olefins. In the process, it is desired to control the catalyst
30 bed temperatures to as high a level as possible consistent with a low

fouling rate. This maximum temperature minimizes the quantity of
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bottoms of the high pressure column, the temperature is regulated

20 such that some lighter hydrocarbons remain. The bottoms from the

high pressure column is sent to a second column which is a

fractionator, operating at a lower pressure. The net bottoms product

of this column is the net bottoms from the system. The temperature

. of this stream is low because total pressure of the column is low. The

25  catalyst bed temperatures remain about the same as a single column,

single pressure system but the bottoms temperatures in each of the

columns is significantly lower. The net overhead of the low pressure

column is totally condensed and sent back to the high pressure
column.

30
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Figure 1 will be briefly described. As previously
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front-end catalytlc distillation hydrogenation system as represented by

Figure 1 will be briefly described. As previously mentioned, such
systems are disclosed and much more fully described in U.S. Patent
No. 5,679,241 and U.S. Patent Application No. 10/202,702. The
20  objective of these systems is to remove a significant fraction of the
hydrogen by hydrogenating the Cz to Cs diolefins and acetylenes
without significant hydrogenation of the ethylene and propylene. In
this system, the compressed charge gas 10, which may be heated at
11, is fed to the catalytic distillation hydrogenation column 12 which
25 simultaneously carries out a catalytic reaction and distillation. The
column 12 has a stripping section 14 below the feed 10 and a
rectifying/reaction section 16 above the feed. Both of the sections
contain distillation internals forming separation zones 18, 20 and 22
while the rectifying/reaction section 16 contains one or more catalyst
30 beds forming a catalyst zone 24. The column has a reboiler loop 26
and can also incorporate side condensers, interreboilers and pump-

around either with or without heat exchange. None of these are
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out in a narrow pressure range. The following Table 1 is an example of
20 a material balance of such a prior art system operated as a
depentanizer and lists the key operating parameters involved. In this
table and the following tables and throughout this description, the
pressures are given as the absolute pressures. In order to maintain a
desirable catalyst bed temperature of approximately 125°C when
25 operating the column system at a single operating pressure of
approximately 17 kg/cm? with a feed gas obtained from cracking a
typical naphtha at moderate cracking severity, it can be seen in Table 1
that the bottoms temperature is 203°C. At this temperature, it is
possible that some fouling could occur without the use of inhibitors. If
30 the system of Figure 1 were operated as a debutanizer, the specific
data would vary but the bottoms temperature would still be high. This

is because the debutanizer must operate at a higher pressure than a



out in a narrow pressure range. The follow ng Table 1
is an exanple of a material balance of such a prior
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of approximately C when operating the col umm
system at a S|ngle operatlng pressure of approxi mately
kg/cn2, with a feed gas obtained from cracking a
typi cal naphtha at noderate cracking severity, it can
be seen in Table 1 that the bottons tenperature is 203
C. At this tenperature, it is possible that sone
fouling could occur without the use of inhibitors. f
the systemof Figure 1 were operated as a debutani zer,
the specific data would vary but the bottons
tenperature would still be high. This is because the
debut ani zer nust operate at a higher pressure than
adepent ani zer for the colum overhead to be partially
condensed by anbi ent tenperature cooling nmedi um TABLEL
Stream No. Stream Stream 4 8 Stream 28 Stream 38 Nane
Feed Net Overhead Bottons Refl ux Phase Vapor Vapor
Liquid Liquid Fluid nol % Hydrogen 6.8 1 2.9 0.0 0.4

Met hane 27.8 29.6 0.0 2.1 Acetylene 0.5 0.1 0.0 0.0
Et hylene 30.2 32.3 0.0 9.1 Ethane 6.2 6.9 0.0 2.7 MAPD
0.5 0.2 0.0 0.4 Propylene 9.7 1 0.6 0.0 11.1



Propane 0.3 0.4 0.0 0.5 Butadiene 2.5 0.3 0.0 1.2
Butene 2.4 4.9 0.0 20.9 Butane 0.2 0.2 0.0 0.9
weoenisadiese 1.0 0.0 0.0 0.6 Pentene 0.3 1.3 0. 8CR2ASB004/024909
Pentane 0.1 0.2 0.0 5.9 C6+ 1.5 0.1 100.0 14.4 Total
Rate, kg-nol/hr 763 718 10 543 Total Rate, kg/hr 18787
17977 810 31965 Mol ecul ar Weight 24.6 25.0 8 1.0 58.9
Tenperature, C4 1 16 203 38 Pressure, kg/cm2 17.6
16.2 17.7 1 6. 7The dual pressure catalytic
di stillation hydrogenation system of the present
invention is shown in Figure 2. The first colum of
this systemis a high pressure colum 50 which is
operated generally at the sanme pressure as columm in
Figure 1 which, in this exanple, is in a narrow range
of around kg/cnR pressure. The high pressure col um
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over head of the | ow pressure colum described | ater.

Alternately, it can be preheated by the gross overhead
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and 56 in the rectifying/reaction section 58, one above and one below
20 the catalyst zone 60. The catalyst zone 60 functions as a fractionation
zone as well. Below the vapor charge gas feed 52 to the column 50, it
‘ is possible to utilize only the separation provided by the reboiler 62.
Preferably, however, there is an additional fractionation zone 64 in this
stripping section 66. This fractionation zone 66, when present,
25  typically consists of very few theoretical separation stages. The
fractionation zones in both this high pressure column 50 and the low
pressure column to be described use standard industrially-available
mass transfer contacting devices, including trays, such as valve trays,
sieve trays, segmental trays, shed decks, or packing such as random

30 packing, structured packing, etc.
The charge gas feed 52 travels upwards in the high pressure

column 50 and is contacted by downflowing liquid. The charge gas



contai n non-nobl e netal hydrogenation catal ysts, such

as nickel. Further alternatel g they can contain both
waamsnefiég and nobl e netal catal ysts, either a#arasenosn24909

preferably | ayered. The catal yst bed tenperature is in

_ ; . o | |
carigPlgefl (8 (et ARONoTed St DpnE o P avherein
bul ddriraited. hja@ReHPiIrPfthexhasidabess wieh! @hsatuRabd S es?ecially

open ring-shapes, etc. Mire preferably, the catalys
i s qretylenés sarst dienes; eto pueferatdy choral ¢ clwpespiondthglefin
the surface of wire nesh or other types of gauzes or

y
catHRRUGht ArNed MeT7ATIRA ProalptsAiarIed merwashed off the
Str . p Lyt St LIS CO ine
in ‘%*%é'é’%% P%gé%i 8’92@“@’%‘?‘& ﬁqﬁé‘?@a{{gb%egﬁ?'ﬁbedﬁ@% dhese
Pat corhpdldae rase breftied8 frond, tha0 c8#dystS sdrf88e Ofimediatyly as
4,215,01 Exiting the catal yst bed, the upflow ng gas,
wi tierige. honittngfthe Heulinerateepess Wedcatiabisés The catalyst zone

hy enat.ed, enters the second fractiongtion zone 56
et SRPRIGE PSR ar e ERAT: sl e Tk e Hpists o
68 rhpcthrdst Hidrbof, CUeRs GshilaBiuni Gor” SifVerX AMRASRERY thBy can
agai nst anbi ent tenperature cooling, preferably

10c oatamiginwatoernoblaporetaln dyldregerditiane catglgstaf eshicht & nickel.
and_| i qui reflvx 74 is returned to the hill%h pressure

o oo teratela ey 7gan GanEan bethrRon-5BBIcad pablRe metal
elelapeyrean & r A E8)
vt Uay S REESfher BarTinf 36 bR Mhbreli” | Pnd SEARRLE e

82 temnpepaiiredd i tHe révegd ioudd fo ABE ke amd Nsr E25WX in this

condenser 70 and returned to the high pressure columm
as @eMdel ux 74. The net vapor product 86 is then
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conpressor or to the c 1T'ng train o
pl dvibrd prefeegidy atheocatalystaisupditt eof a structure, such as catalyst

W

deposited on the surface of wire mesh or other types of gauzes or
catalyst contained on the walls of a monolith structure. Most
20 preferably, the catalyst is contained in specially-designed containers, as
described in U.S. Patent Numbers 6,000,685, 5,730,843, 5,189,001,

and 4,215,011.
Exiting the catalyst bed, the upflowing gas, with the bulk of the
acetylenes and dienes hydrogenated, enters the second fractionation
25 zone 56, where it is contacted with reflux. The overhead vapor 68 is
partially condensed in the reflux condenser 70 against ambient
temperature cooling, preferably cooling water. Vapor and liquid are
separated at 72 and liquid reflux 74 is returned to the high pressure
column 50. The vapor 76 can be further cooled in the vent condenser
30 78. If practiced, liquid 82 is separated at 84 from the vent condenser
effluent and this liquid 82 is combined with the liquid from the main

reflux condenser 70 and returned to the high pressure column as the



hydr ocar bons and hydrogen products from fuel products.

The val uabl e hydrocarbons are subsequently processed
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waste heat from the ethylene plant, as quench oil 6an be utilized as the
heating medium. The bottoms product 88 from the high pressure
column 50 is low in light components and high in more mid-range
20 components, especially in C4 and Cs hydrocarbons in addition to the
Ces+ hydrocarbons. It is desirable to remove the lights from this
stream so as to be able to totally condense the overhead stream in the
low pressure column without using refrigeration. The temperature of
the bottoms 88 from the high pressure column is less than 200°C and

25  preferably less than 160°C.

The bottoms product 88 from the high pressure column 50 is
sent to the low pressure column 90, preferably without cooling. The
low pressure column 90 in this example is also a depentanizer, similar
to the high pressure column 50, and is operated at a pressure of about

30 6 kg/cm? The pressure for this low pressure column can range from 4
to 10 kg/em? depending on composition. A typical pressure is 4 to 8

kg/cm?®. This low pressure column 90 contains separation zones 92



t o 10 kg/cn2 dependi ng on conposition. A typical

pressure is 4 to 8 kg/cm 2. This | ow pressure colum
wOQomsontms NS separati on zones $and 94 above ardTivsk@wo24909

the feed 88 respectively. The | ow pressure col um

e i EA i vy el AP 62 b e tvalh; L e lapy prossure
0ld4inA Dre AtohialAP RE 4P fb@ irdb RIrating | ey %Mlegemea by 92

feed 88 entering on the top tray or alternate
di rabolvedthenferd itrag. 9 ltaraatebgdcalinoo|90eallbe dperated as a
overhead product is C's an i.ghter and the bottons

d |
pr SATRRING catdmy Wiy Fresl BErenterag irbdke dorhaa@r gdterrately
totall i all 9 .
S e TR SR P AR o BB b e ot

00.Cs@®@andnGgit ind $hé N tiIres §irb8dcC @I ahtl RE@adlier. The
exchanger 1 00. The totally condensed stream 102 is

purgiess avert®adnf6 ds piotallyopondehsefl pardially duyi Heatt exchangs at

th returned as reflux., The ref]lux can be ret ed_.at,.

t nY BHLIR Gha SR (R AT Hsd e raenhSiy By cC8dling

Al toriaatigl ‘ﬁ'te g'ﬂé?efr%ﬁl oIS il Shedk e&&ﬁﬁtaﬁgelaglgﬂd‘.m ThE&otally

gross overhead stream 96 in a separate exchanger
10sercondensadt saigann 1@Nid pongdedest H@Bendsarpordeni 10D,of the

by using multi-pass platefin exchangers (not shown).

Thdiayist Sgeamnisdieprrietnreed 1asqigllyxst Feameflos cepdif feigrned at
I [ t ' heat f. h

vl Ras st uRl RARRIPulh, 18 44 SobEch, B5EF encirggten.

Pr eps 4eRuX @bHMBE prbhedtid agdinsBtRe2gtossbRirREAPkteam 96 in a
partially vaporized before being returned t o the high

pr esparate caxalnangersevies, @r ebeztt iadditionahexohphgerheervioe in
heat, exchanger 4 by an external heat stream such a

135¢ chifiopY SOVES VEYELPTRE B S b &P TRES I GG My - The net
POIdYerfidld bftidtict Fic sHeahe 08! #&ATHe chIRIF Y Yo BidnAtted
the catal ySt be , For exanpl e, at tﬁe same entry

poigtt1 86 whie heapdrorhet@ dverhead t96 anydsthem retined as stream
further preheating in heat exchangi_e[ 4 w Il decrease
t hel Y21ieither hight gresevei ek 50n tlhis BirgAnpA d<sisr ereferably

COlp%'mélly vaporized before being returned to the high pressure column.

20  Further preheating is accomplished in heat exchanger 114 by an

external heat stream such as steam or some waste heat stream. The

column entry point for this return heated stream 112 is typically below

the catalyst bed 60, for example, at the same entry point as the vapor

feed 52 to the system. This further preheating in heat exchanger 114

25  will decrease the reboiler duty requirement in the high pressure column.

As the return stream has a negligible concentration of potential

oligomers, it is preferable to maximize the heat input to this stream as
compared to heat inputted into the high pressure column reboiler.

The bottoms 116 of the low pressure column is the Cs+

30 hydrocarbon components. The Cs content of this stream 116 is

typically less than 1% and preferably less than 0.1%. The temperature

of this bottoms stream 116 is also less than 200°C and preferably less



As the return stream has a negligible concentration of

potential oligoners, it is preferable to maxi m ze the
woeats/oimest t o this stream aslkonpared t o he®CT/US2004/024909

inputted into the high pressure colum reboiler. The

bot e r ure colu C + . .
hyd a1€%ﬂf EE‘EOWQ#F%I 'Sl'ﬁ VCWHEWFg “P’qﬁ YLolypisgasoline
6 i stréaRb C%bilé(ctlels%léé?@lﬁ‘eré%lﬁnq " &higyIahe Y plhrS athlaanfurther
0.1 % The tenperature of Mto streamis al so

I eslsydrbganémd 10 armﬂtpeehetcabggsdhaestAherrﬁtély, i sStream can

mat er i is typically conbined with pyrolysis gasoline
st rk& f%ﬂféeﬂ@e E?sr@ﬁﬁ%?rearqmﬁﬁ%s'e@ﬁyb@??@nﬁl ahttoleme or

Sf ur)t( hgﬁ :@yd’fé}cg% ?da Wateflgldgglgpurtfﬁgrag?sﬁ {ng)ft the present

e Y, ream can
recmvemnm @EBbIdNTy tAFiJURE 26hEIng lodePated N 9He¥§¥h@h%r. This
Table 2 is a material balance for a systemof the
pr bt listatbatkeyrorecaivngl pagmeter guob/ed. bei ng oper at ed
as a depentani zer. This table lists the key operating
paraneters invol ved. TABLE 2 Stream No. Stream 52
Stream 86 Stream Stream 74 Stream 2 Stream 88 Stream
96 Stream 104 Nane Feed HP Col utm LP Col umm HP Col umm
LP Col um HP Col um LP Colum LP Col unmm Net Over head
Bottonms Reflux Return to Bottons Overhead Refl ux HP
Col utm Phase Vapor Vapor Liquid Liquid Liquid Liquid
Vapor Liquid Fluid nol % Hydrogen 1 6.8 1 2.9 0.0 0.4

0.0 0.0 0.0 0.0 Methane 27.8 29.6 0.0 2.1 0.1 0.1 0.1
0.1 Acetylene 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 Ethyl ene
30.2 32.30.09.11.61.51.6 1.6 Ethane 6.2 6.9 0.0
2.7 0.6 0.6 0.6 0.6 MAPD 0.5 0.2 0.0 0.4 0.1 0.1 0.1
0.1 Propylene 9.7 1 0.6 0.0 11.1 3.2 3.1 3.2 3.2
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.1 Pentene 0.3
0.2 0.0 5.9

.9 0.0 20.9

2.4 4
0.9 0.
0.1 0
e 0.1

.1 0.1 Butadiene 2.5
n

e
0
1
a

ocooo

e
29.8 .
.7 0.8 0.8C+ 1.50.1100.01 4.4 84.7 85.4 84.7

84.7 Tot al
9 Tot al

18787 17977 810 28035 17495 18305

kg-nol /hr 763 718 10 477 225 235 233

kg/ hr
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kg/cm 2. The pressure of the | ow pressure colum

varies between 5 to kg/cn®. d])égl cal pressure is to
waghesrmi 268 When operated as a ut ani zer, the eOMUSEE04/024909

in stream86 is typically Iess than 1% and preferably

less th ntent I eam 6 is typically

s thaheiabah drGrERabrgescBes figysptp’ fPersting’as o

vardedehfdhisfdt bletd BveRtidn IdaRvAaISS '?J%”Bra‘é’ﬁ@@d QRES YeBHdhtzer.

a depentanizer is shown 1n Figure 3. hi's variation,

t heTheefloow echerad ik raomilaheut mwtrprmg;lmr@eiapeg]tmes;sz,ees 90The

may be sent through valve to the top of the g}
pr d¥sETWe de highendictd in dhe & %PFﬂSSHEﬁN@'U% T&a@l wder reflux

bedco68e de%cba GRRL § r?sthgdlo(Aﬁ ed: hgé‘qgg golﬂﬂ%r etot lajlllo‘cwn]eor the

overhead stream is sent pressure
depariiedidz es Heetovled thdCﬂitalIW%an&ﬁisedTbySarﬁbfeﬂf RafPerature
return point varies the liquid flow rate and
coer@@lﬁt poefetakdy copling avatiey.stThsebighas O@quimgedrasgmehm the

o UG oy AL sy + APoERLRE 19 PnaoRpEeBizeD, operation

ap%%wﬁé &th¥ é{fkagstmj R&tpE eﬁumﬂ aPvRehged afbré)%ﬁqg%rature
| ow pressure colum to the g pressure co unmm
10nowabge roft LOOetd W51 upreperablgat it @gl 28°Cwi (Tihel ﬁsw scheme for

preheating. Unlike the Figure 2 flow schene,
retQReﬁaTéQ’? @and fsbutanizer; @u?l@'@gttpe%t|0§ ﬁ@vr%’p@rﬁwe 3.

Ui hah BOSSLA Soh s BRARRL LyflrahS Mgh S¥ELNE3Gg/om,

pressure depéntani zer tom of
t heddpeBbing egsaH etktePeshposiEieh dir aHeh cYé’éléé%l Oyaandaridnethe
other part to the top of the catal yst bed. This
prderrwsawmhqﬁ tralcopliegimediuny. i Mypisel arésaure dsva4yto 39

15 orkUd Rt L e BESEWE ShineciahPrassn s G0 pATEn beByEen 5 to
Th
1 orE RYRBhaTopel PRRSHIERCTT (NP REIGH: M Andf opERfied os

f ordeblueartizel, the &Scﬁrﬁeﬁtyst strearh 8dds typiealy l8s ahasMoénand

in Table 2 versus a S|ngle pressure
preferably less than 0.1%.” The Cs content in stream 116 is typlcally

(9]

less than 1% and preferably less than 0.1%.

.20 A variation on the Figure 2 flow scheme when operated as a
depentanizer is shown in Figure 3. In this variation, the net overhead
112 from the low pressure depentanizer 90 may be sent through valve
118 to the top of the high pressure depentanizer at a point above the
catalyst bed 60. This is contrasted to Figure 2 where this net

25 overhead stream 112 is sent to the high pressure depentanizer below
the catalyst bed. This alternate return point varies the liquid flow rate
and composition over the catalyst bed, as compared to the Figure 2 -
scheme, while achieving the same goal of reducing the maximum
temperature in the system by approximately 50°C. The net column

30 overhead from the low pressure column to the high pressure column
can now be returned without preheating or with less preheating.

Unlike the Figure 2 flow scheme, the return stream for the Figure 3



systemof the prior art as shown in Table 1 where both

are operating as depentani zers in front end catal ytic
wdizedsidifeas i on hydr ogenat i on sylé’t ens for a naphPb@usS2004/024909

feedstock steam cracker. Referring to Table 1, the

R A 38 L N TR
| s JRIRER ABFh Ble RV HrAdsTR ﬁééfer@tgﬁizg{ S&ngh%%n%hg Bﬁzr:.e high

tenperature 1s stream 28, the net c ot t ons,
20Pré&ssurefdmpentanizer thedulgh 2alve HE2Miagd theesthar paxtalouthe top
50 of Figure 2 is operated, at the sanme pressure as

col

h h
airfeofatplygtibed. This provifesoadditionl Hepdbility Hh@p@@%ioﬁ to

6 { . t t '
5D NP AR BRI 5P 368, B Ferd i

SempefaturdthaCthe Bt emest thettigo Bepelahiere of the
system is the sane in flow and conposition as stream

28 i n Tdiilee advapiagesrof the Pagdent Anvemidon eapebatsges trom a

stream6.is 7 versus the 203 C tenperature far

S OSSO Ot T KoV SparainG RRPracRcs [fethes dyaloagssure

Str i i ) |

5 PR JpEohl ol Seinched IR 2 fsRgWERGR bhacture
10st rsgaterh | aiwihegprisroant tasesiowstin Tabid Ipndeseibdth are operating

depent ani zer to the second, | ow pressure depentani zer.
Thias Hdepsafanizassin efrpgt 7end keptenitie Histliaiianki metraggnation

th S, LN e . However,
th%ﬁg%ﬁsségénreég% g%%eﬂ%@%ﬁ%ﬂ Ség?)rlncf: r§§1?‘%:rbn'par ed to 203 C
for. str ﬂ?ﬁfhﬂﬁxgoio 'ﬁ?ﬂﬂl@ 1, ‘EH%I :) b%lg bRI¥BAFER! BErethe streams
achi eved by operating the hig ressure depentani zer

of Fage efrenso 16kt ta hée/ i kg . oxi hise ebyerage %cefalyste bed

Cs's and lighter hydrogarbon in.the str 88, .
15) QEFIRRERILFG 18 SHAENEINGR 0o PPPFMEEs i al 0 heiisl dhg aighest

CoLShSAR SRR 2B B SRR, Jostich

prior arRefeiringl ® Table 2, the high pressure column 50 of Figure 2 is

operated at the same pressure as the column 12 of Figure 1. The feed

52 to the system and the net overhead 86 from the system are the

20 same, in terms of flow rate, composition and temperature as in Table

1. Stream 116, which represents the net bottoms of the system, is

the same in flow and composition as stream 28 in Table 1. However,

in Table 2, the temperature of stream 116 is 147°C versus the 203°C

temperature for stream 28 in Table 1. This lower temperature is

25 because stream 116 in Table 2 is at 6.5 kg/cm” as compared to 17.7
kg/cm? in Table 1.

Stream 88 in Table 2 is the stream flowing from the first, high
pressure depentanizer to the second, low pressure depentanizer. This
stream pressure is 17.4 kg/cm? or approximately the same pressure as

30 stream 28 in Table 1. However, this stream 88 temperature is 150°C
as compared to 203°C for stream 28 of Table 1. This lower

temperature is achieved by operating the high pressure depentanizer of



wdav@/mafgrring to this flow siéh

pressure system configuration of Figure . Thus, the
Figure 2 flow schene, as denonstrated in the Table 2
eme achi eves t RET/US2004/024909
pur pose of maintaining catal yst bed tenperatures but

at the sanme ti decreasing th [ t ergture i

b8y S 2P REI B RRPEMEB: | Sl Ao TerGha 254 lighter
var H C :

var PREOGR0BH 1A 1 SBHCS, RUAGRRSIRCLRRerallnt Bt nis ptream.
healhecaedragg eatalyHybed odrperatun@ ip apprakimatelgnt20fd ndieh is

portion of the overhead 68 of the high pressure, )
colappRoximatelygiheriamme preigoe Paditemnparghse of hpdirier @resingle

50f pﬁ%?#efr@psystél%a%%t}é?ﬁ?%gﬁ Flhaf%qf tﬂﬁl Coclhgnﬁpg% 2 flow

Al l rocess e’colu se afe
essfbhd, | & WealvHRaRted Thehbi DAIME »edaar eferipgl eathRIflow
the col umm enabl es a greater degree of waste ﬁeat

r ecoheme achieveseishpupose 24 mainitainingstaialyshbed damperatures
utilized\khor reheatia , as, for, preheating feed 52 .
(nAUtsAbEAS| $ARE ging ?CFSFS'BBh FNUBY “tenRgrgture in the

th {ky?ﬁ%}ﬁqu} %ro&ﬁ%ﬂgyég@od_ow t enperature heat.

, waste t can be recovered sinply by

10addi ng Figaet £ sheais sacoaedy efxtHeaFRigare 22grosetficdgheme. In

15

20

25

preheating the reflux. This is sinpler in design and
opdhis iveratinawdder pumpsd (gilibe sii@am ckh i5ePrehegirgd dg. heat

or cRelpibey 02 By RBTRRL SRy Hahtghing g, pBritof & the

ave\RRefP 68 ¥Pitht HIREFIESERE WMliMA. Strhid tpP@Hé%\Ft%ELiJI'ﬁQ in a
| ower maxi mum tenperatures in the systemthan is
ac Higherbtenpearature lod the ivepoaltaaviigtheetaptagtafrige column 50.

re re catalytic distillati hyd ti .
Sy Shlbrothes; REoCess ACRRATBES ofn JNGcSOlIMy ASelf qetes esggatially

L?g%y@%hg@gﬂngq@%ﬁbwh%g’%&%{ﬂe &E&Giha”ﬁqe ?:Bn%ﬁngnables a
greater degree of waste heat recovery as in exchanger 124. This
waste heat can be utilized for preheating, as for preheating feed 52
(not shown in Figure 4) or other services in the ethylene plant requiring
low temperature heat. Alternately, waste heat can be recovered
simply by adding a waste heat recovery exchanger 124 without
preheating the reflux. This is simpler in design and operation; however,
less waste heat can be recovered.

Modifications to the operating conditions of this dual pressure
system can be made for lower or higher average catalyst temperatures
while still maintaining lower maximum temperatures in the system than

is achievable with the prior art single operating pressure catalytic

distillation hydrogenation system.



and heavi er unsaturated hydrocarbons to separate said

et hyl ene and propyl ene fromat |east sone of said
wothsro1ues at ur at ed hydr ocar bon¥ and to hydr ogeRaraSai04/024909

| east sonme of said other unsaturated hydrocarbons

wi t bout hydrogenati ng et hyl ene and propyl ene

co F‘V‘gﬁ'ng the steps of: a. introducing said feed

st ream i AtRefhddl 66 brsQseify %8:%}9&!'(@& s Al éﬂré(érhlccontaining

di stillation hydrogenati on um contai ning at | east
onehyolo gery, stnelieahea nethglent aipropyderie aotli othat iC) QHNEs Cs, Cs
and operating at a first pressure and concurrently:

(i )argﬁhe%wﬂ/é!nyawamgbmaﬁqcagboas e gepartpoiaid gthgene and

sai t a dr r S. W

ny it oBURRR IRk [RE Ry P SRS Bty firsdBiPateq prvarocarbons
sepmdt i ghfdrobeAste omal ledsst sdrhat igIn daitf basdH tiurddturated
hydrocarbon m xture into a first colum gross overhead
st rieieearhoas ni withont eabyddgbpatingyergthienkanend  propylene
et hyl ene,. propyl ene and and conpounds and a first

bot 063@'%?5)@%%% Fning primarily Ce and heavi er

Eygrocaragons_iﬁﬁggétgﬂg. %id Eh Qre‘éﬂ?ﬁh%%eﬂst golumn

ydrocar bons; an ITi) operating sai irst colum so

as to mai nt aicons@iging | Bstcaaltionwlistillagiom aiydrogenation
column containing at least one catalyst bed and

containing fractionation zones and operating at a

first pressure and concurrently:

(i) selectively hydrogenating at least a
portion of said other unsaturated
hydrocarbons without hydrogenating
said ethylene and propylene;

(ii) separating by fractional distillation the
resulting hydrocarbon mixture into a
first column gross overhead stream
containing unreacted hydrogen,
methane, ethylene, propylene and Ca
and Cs compounds and a first bottoms
stream containing primarily Ces and
heavier hydrocarbons and some Cs, Ca,

Cs and C:2 unsaturated hydrocarbons;
and

(i)  operating said first column so as to
maintain said first bottoms stream at a
temperature less than 200°C;

b. separating said first column gross overhead stream

into a first column net overhead stream and a first



tenperature less than 200 C, b. separating said first

columm gross overhead streaminto a first columm net
wovarshezds st ream and a firstcollmm reflux streaarasenod/o24909

introducing said first colum reflux stream back into

idfirst | . C..lntroduci id first bottans
stream from salty FEIUKOPRRAM A dERUURRG o SPigrmrst
conprising a ddiggh r‘éﬂ@&'s%a?rpb%g‘irﬁ@%%ﬂ)t 1R Rlurfin;

second pressure |l ower than said first pressure and

separ atieg santtofluciag daid ffiossbsttosnstredrn feomesaid first
bottons stream contaj ni ng Ce and heavi er hydrocarbons
and a sel ect PAMPUNINtRF ny dpeRRE bEANIMAG GomRyising a

i Ly addr RN CIIGR GRdEAN SRR flliPoressre
, and C2 hydrigearbpan s4d ARer @esstreSahd SRPAThE @hlm

so as to maintain said net bottons streamat a
t enper ature |f&st hatgemgostreamd intoepamat | bottemisd streeomd

col um gross overhead streamjntqQ a second, col unmm net
ove:rjheag st re%%Q'HW% é%ci‘)’ﬁ‘gq b?ﬁ"ﬂﬁ‘h PYGPEIDODE e 2R arf

| ntroduci NG Slghia@Canfure! STTtsl BlukcaRbaRABRAGHd T ©

sai d second colum; and e. recycling saird secon

col um net owecheddcsluneamross saiethddd Streaol WontaiRingA
nmet hod as recited in claim1l wherein the tenperature
of said firstPHBeilynadditioaaimCnandahaayier pegfpons,

e e er S SRt g BEAHR R B Bdh
said second column so as to maintain said net
bottoms stream at a temperature less than 200°C;

d. separating said second column gross overhead
stream into a second column net overhead stream
and a second column reflux stream and introducing
said second column reflux stream back into said
second column; and

e. recycling said second column net overhead stream

to said first column.

2. A method as recited in claim 1 wherein the temperature of said

first bottoms stream and said net bottoms stream are less than 160°C.

3. A method as recited in claim 1 wherein said first and second
columns are operated as depentanizers and said selected amount of Cs
hydrocarbons in said net bottoms stream from said second column is

" less than 1%.



colums are operated as depentani zers and said

sel ected anmobunt of Cs hydrocarbons in said net bottons
wetnesanTdss om sai d second col untSis |ess than 1¥€#/US2084/024909

nmethod as recited in claim3 wherein said first colum

is gperajed at ressure.in, t.he yange of top 20 kg/cm |
2 a%‘d sa’%‘d"%ezla%(ﬁcﬁ%cﬁﬂfhﬁjei'% %ﬂg}é{éﬁ 4y Sﬁfdgaggﬁtr gorqqnn IS
theopHBER1 &f a hréSuk@if e range’b A lﬂ@?(ﬁﬁ Joi? diflsdiB second
claim1 wherein said first and secon co?unns are
opeccluen iaopeediet @t  pressarndinsthedasge e et A0k AEmMOS

hydr ocarbons in said net bottons streamis |ess than

1% 6. A nethod as recited in claim5 wherein said

first co ' e at _a. pr .in_t r.an of
26 To 4ot BOHGRNEH AL oBih PRSI RakDBLicRas Fpond

a peclasnsearenopdrgtadag eeBlitaniieds kddCodd sbleceRINMOGhAST Ca
recited in claiml wherein the tenperature of said

catlydyeeanbens in saidnetHeotiemgstreand’ less shan 186. A
method as recited in claim1 wherein the step of
recycling said second colum net overhead stream

Congri seg meysd 'arégr&‘?’{e‘ay\’irﬁ%'léj &l %Hec’r&inbgg'rd Pirstcolumn is
method as recited in claim1 erein the step ot

r ecosrateg staa gressconith thel ramge rodt2® ve Aldelagl cai’rarahsaid second
conprises recycli n% above said catal yst bed. 10. A

net fRIEMALS operated gt Riessyredndhe range REP tonts kavem’ t he
step of preheating said second col um net overhead
before recycling to said first colum by heat exchange

Wi th sai Al rmeteadas eddHBd @I G18Fn AV HeREH theledherRRL d1%aid
and partially condensing said second col uim gross

ov egdielyat bedsistindtieasnge of 9€dta h351Gi m wherei n sai d
preheat ed second col um net overhead is further
preheated by an external heat stream 12. A nethod as

recgted A PnéthahBshechBgi® kit wildtBindhe' &6Y 988y cling said
second column net overhead stream comprises recycling below said

catalyst bed.

9. A method as recited in claim 1 wherein the step of recycling said
second column net overhead stream comprises recycling above said

catalyst bed.

10. A method as recited in claim 8 and further including the step of
preheating said second column net overhead before recycling to said
first column by heat exchange with said second column gross overhead
thereby cooling and partially condensing said second column gross

overhead.

11. A method as recited in claim 10 wherein said preheated second

column net overhead is further preheated by an external heat stream.



sai d second colum net overhead stream further
i ncludes the step of cooling said second col unmm net
wovershaadsstream . A nmethod a¥ recited in cl aPaTAIS2004/024909
wherein said first colum reflux streamis preheated
W t h.sai.d fi.rst. colum g[hoss ove

b at gxchan head .
s%/rgg‘m mﬁe?wggwy&g aarr:gg{tg A ) WheeiR theatter Sf recycling
condad nedohd EMNIn héSbyERbHAT RS SuRKEF RIS t58Tep of
can be cooled to recover heat value before the gross

ovecdding sid eacondcélumal hgt cvmhead agaamst anbi ent
tenperature cooling nedium 14 . A nethod as recited
in claiml wherein said cooled first columm gross

ove{ﬁ_eadA%Eggﬁ %\s:’] grééiféd;ﬁ\r rrgl%ﬁﬁlj‘?g/}llpé(reﬁ\npéignﬁrst column reflux

tenperature processing a

cr astkextn gigSpifepiedtedl b§ans£oBkehaHdry Wit Isegf First"@blans . gross
et hyl ene, propylene and other C2, C3, Cs andC and

hea@vashead giiearr bdesebn@l aiaites guantityr of gk heat contained in
hydr ocarbons to separate sajd ethyl ene and | ene

£ 1 ot TP oS, AEFSS SVETheAc, SHEPTY AT BerRiath (o keeq er heat
hy dyQG&NBéMRrét tHeE 83 bss WRerRbadh aétijea%hﬁr R Hg@feﬁd against
hydr ocar bons w t hout hydrogenating ethyl ene an

pr apybient terappratsiencpdling medipan.of : a. introduci ng said
feed streaminto a catalytic distillation

hydr ogenati on col unm operating at a first pressure and

con{@i niﬂgngty%\g;jéfgegcgtt% iiﬂrblg'lﬁ? e}l m%r(gﬁfsgfcgﬁﬁélkzglﬁts{ Biumn

zones where a portion o

unsgrobs abesrhbydr e6asMons Rirthdny dooiganalyedmtilent temperature
separating a ' net overhead stream containing

et I8Aading; propyl ene and ot her C2to hydrocarbons

15. A method of processing a cracked gas feed stream containing
hydrogen,methane, ethylene, propylene and other C2, Cs, Cs, Cs and Cs
and heavier hydrocarbons including unsaturated hydrocarbons to
separate said ethylene and propylene from at least some of said other
hydrocarbons and to hydrogenate at least some of said other
unsaturated hydrocarbons without hydrogenating ethylene and
propylene comprising the steps of:

a. introducing said feed stream into a catalytic
distillation hydrogenation column operating at a first
pressure and containing a hydrogenation catalyst
and fractionation zones whereby at least a portion of
said other unsaturated hydrocarbons  are
hydrogenated;

b. separating a "net overhead stream containing
ethylene, propylene and other Cz to Cs hydrocarbons

and a selected amount of Cs hydrocarbons;



and a sel ected anount of C5 hydrocarbons;c. separating

a first bottons stream containing said Ce and heavi er
waoydisgeaskons and a portion of2@aid Cs and | i gRCEUS2004/024909

hydr ocar bons and maintaining said first bottons stream

at a tenperature |less tha i ntroduci ng sai d

200 C d. 3
first bott omsS<RAFAUNg P f_rgpgoftpgtst Pl ‘Eﬂ{’té‘@'” f""d Ce
operating at s eeqpdr m%&&grrs%.ksovaﬁa égﬁ?ggﬁ;@f ELibisés

pressure; e. separating'a net bottons

cont ai ni ng saardl Gghwndhydragaonbyahid eadibtinsingnshid first
sel ected portion of said hydrocarbons and mai ntai ni ng
sai d net bot tRAEoRs sitgaaat g teemsertata less bR 036: C;

f . sepagati ractignation col unm net. over head
cont ai n?(_!rifg p(r)]ifgyl%g&g%gf T d f&sgngoﬁé’gﬁ ePURYY olpg?boehs
and portions RhctiHaAioAneblLdhbSerating R R pAsduke
recycling said fractionation colunmm net overhead
stream t o saildweatthaysaid filiss prédsatdé;on hydr ogenati on
colum. . A nethod.as recited in claimwherein the

tenper at@re ofePEFHNG Prgt RRILPHRES RN HANAARING, FId et
bot tone. St r ealRhEalies fybRRArSLs and A JELORA ASmi

recited in claim erei sal I rst and secon glnu?ﬁcws
are oper at ed s#d dEpenydricafichsarghds andintgihirt eshi@ment

of Cs hydrocarbons in said net bottons stream from
sai d second dtiemsisirepasat afamperatutesbelavwigPRde; as
recited jn clagimil/7 wherein.said first colu IS
oper at _edfl'at aS%ygraéait @ aPH%”?té%eC@F"}no rﬂ%nkweétﬁ‘?afi
and sai d secQiphtaining portions of said Ces and heavier
hydrocarbons and portions of said Cs and lighter
hydrocarbons; and
g. recycling said fractionation column net overhead
stream to said catalytic distillation hydrogenation

column.

16. A method as recited in claim 15 wherein the temperature of said

first bottoms stream and said net bottoms stream are less than 160°C.

17. A method as recited in claim 15 wherein said first and second
columns are operated as depentanizers and said selected amount of Cs
hydrocarbons in said net bottoms stream from said second column is

less than 1%.

18. A method as recited in claim 17 wherein said first column is
operated at a pressure in the range of 14 to 20 kg/cm? and said second

column is operated at a pressure in the range of 4 to 10 kg/cm?.



colum is operated at a pressure in the range of 4 to
kg/cn2.19. A nethod as recited in claimwherein said
woizomsto1z0681 second col utms are %lper ated as deburamiuzerg/024909
and said sel ected anount of hydrocar bons in said net
botfgns streamijs |es han
recﬁged }|§‘n 8?‘%9%%8?2? '%é’l'eﬂmf il sWh@B?'ﬂﬁ?'(g;'r%tp@P%tS@&O”d
at @olﬁfrﬁr%sé’r"eeogbé}af&fsaé HRYEtfiz 268 drfd §ad K &t zﬁﬁ%nt of Ca
said second colum 1s operated at a pressure in the
r aniggdrotaibone ik gaiinet bttorAs eidantisdess eeart €. n cl ai m
wherein the tenperature of said catalyst beds is in
the range of 90 to 5 C

20. A method as recited in claim 19 wherein said first column is
operated at a pressure in the range of 28 to 43 kg/cm? and said second

column is operated at a pressure in the range of 5 to 14 kg/cm?.

21. A method as recited in claim 15 wherein the temperature of said

catalyst beds is in the range of 90 to 135°C.



