WO 2004/007642 PCT/IN2002/000196 1 METHOD FOR REDUCING
FOAM IN A PRIMARY FRACTIONATOR BACKGROUND AND
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operating a primary fractionator, also termed a quench tower, In an

ethylene plant with anti-foulards, particularly defoamers. In the
-manufacture of lighter hydrocarbdn products such as ethylene, heavier
hydrocarbons such as n or diesel oil are cracked in pyrolysis
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in various stages of an ethylene plant until they are separated in the
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the cracked gases pass throug C00 y a seriés of heat

quench to%ﬁhﬁ‘@ﬂ%fﬁyi@ﬁ%ﬁ{m%%@ﬂf% . 5 }ﬁéﬁgﬂg\%ﬁ%@ﬁﬁ%@ being quenched

with a heavy oil. "This heavy oil, w nown as quench oil or bottoms
quench oil, accumulates in the bottom of the primary fractionator. The
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ranging from the bottoms of the column to the beginning of what is called
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column is prone to severe fouling problems related to species such as
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derivatives, naphthalene and other higher ring compound derivatives. The
ethylene, fopyeesjzationpiesiects ohiesarsnesioncapesingl avanurarid raiepsikd
only on
in various stages of an ethylene plant until they are separated in the fractionation section of the

ethylene plant

During primary heat recovery, the cracked gases pass through and are cooled by a series _
- of heat exchangers, also termed transfer line exchangers, before being quenched with a heavy oil.
This heavy oil, which is known as quench oil or bottoms quench oil, accumulates in the bottom
of the primary fractionator. The primary fractionator contains varying components of fuel oil
species ranging from the botioms of the column té the beginning of v\.fhat is called the
rectification section of the column. The rectification section of the column is prone to severe
fouling probléms related to species such as styrene, indene, di-viny! benzene, alpha~-methyl

styrene, indene derivatives, naphthalene and other higher ring compound derivatives.

The polymerization products of these species deposit at a very rapid rate not only on

upper tray surfaces, but also beneath tray suzfaces. Due to this fouling problem, an increase in



upper tray surfaces, but also beneath tray surfaces. Due to this fouling
problem, an increase in 2 column pressure drop along with reduction in
fractionation efficiencies are experienced. Consequently, the quality of
gasoline condensing in the quench water tower and also the quality of
fuel oil made from the system are negatively effected. Typically, the
coBFﬁ’bl m of frulln in thg\ regtlf{catmn S ctlon |s %so accompanied by poor
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ProguiBB I RrRESR QORI THAR (et R e OHFAIHE 408 [
rapaligesdiae weistritrsoafonathiowdfiiibitiergifsuling in primary fractionators

by adding phenol-formaldehyde resin to a hydrocarbon stream. As fouling
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resultln%ﬁ lant operators having to reducé unit tes signifi
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fradlideatorPoIVEBahg phenol-formaldehyde resin to a hydrocarbon stream.

As fouling continues to occur, the rate of foaming also increases in the column resulting in
plant operators having to reduce unit feed rates significantly and, ultimately, shut down the

plant for cleaning the primary fractionator.

Disclosed is a method to operate primary fractionators which are fouled due to polymer
deposition by providing an appropriate chemical agent to extend run-length of the primary

fractionator.

In accordance with a first aspect of the present invention, there is provided a method
for operating a fouled quench tower used for primary heat recovery in an ethylene producing
ptant, comprising the steps of: (a) directing a cracked gas into the quench tower for removal
of heat from the cracked gas wherein the cracked gas exits through an overhead of the
quench tower; and (b) adding an additive selected from the groups consisting of a
polysiloxane, an ethylene oxide-propylene oxide copolymer, a fatty acid ethoxylate, a poly-
iso-butylene and a fatty acid ester to the quench tower whereby pressure drop is reduced in

the operating quench tower.

In accordance with a second aspect of the present invention, there is provided a
method for normalizing a temperature profile in an operating fouled quench tower used for

primary heat recovery in an ethylene producing plant, comprising the steps of: (a) directing a



deposition by providing an appropriate chemical agent to extend
run-length of the primary fractionator. In accordance with a first aspect of
the present invention, there is provided a method for operating a fouled
guench tower used for primary heat reggovery in an ethylene producing
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tower for remo eat from the cracked gas wherein the cracked
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drop is reduced in the operating quench tower. In accordance with a
second aspect of the present invention, there is provided a method for
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additive selected from the group consisting of polysiloxane, an ethylene oxide-propylene
oxide copolymer, a fatty acid ethoxylate, a poly-iso-butylene and a fatty acid ester to the
quench tower whereby primary heat recovery is improved during subsequent operation of the

operating quench tower.

in accordance with a fifth aspect of the present invention, there is provided the
method according to the fourth aspect further comprised by the step of: ¢) measuring an
operation efficiency of the quench tower based on at least one of liquid-gas contact ratio, feed

rate, reflux rate, product top temperature, gasoline end point or pressure differential.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 illustrates data for Example 1 in which the feed rate, reflux rate, and column

pressure of a primary fractionation column are plotted against time,



operation efficiency of the quench tower based on at least one of
liquid-gas contact ratio, feed rate, reflux rate, product top temperature,

WO ﬂ@ﬁﬁu%&end point or pressure differential. In accordancicxf(ﬁngog%%tﬁ p
tho

aspect of the present invention, there is provided a me r improving
heat recovery in a cracked gas producing plant, comprising the steps of:
a) directing a cracked gas into a duench tower for removal of heat from
the cracked gas wherein the cracked gas exits through an overhead of
Fige?dliasietricivaion Raasniadice) srtehdldnrivdish edreentpsrastie fgrauench
. consisting of polysiloxane, an ethylene oxide-propylene oxide copolymer,
tower is plalied 2g2ieSE#RFylate, a poly-iso-butylene and a fatty acid ester to the
guench tower whereby primary heat recovery is improved during
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according to the fourth aspect further comprised by the step of: c)
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fractionation column are plotted against time. WO 200
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which column pressure for a quench tower is plotted against t

operationﬁl%ﬁﬁié@?d?%@%é%l h@%ﬁ%&v@&lﬁs@&‘éﬁd}%&%ﬂﬁon parameters including, but

- not limited to, liquid-gas contact ratio, product top temperature, pressure differentials, gasoline

end point or combinations thereof.

The preferred foam reducing composition is a polysiloxane. A representative
polysiloxane useful in the present invention is dimethyl polysiloxane. This is a commercially
available chemical which can be purchased, for example, from Dorf Ketal Chemicals India Pvt.
Ltd. Other suitable foam reducing compositions include, but are not limit.ed to, ethylene oxide—
propylene oxide copolymers, fatty acid etho?cylates, poly-iso-butylenes and faity acid esters.
Suitable examples of these compounds are also available from Dorf Ketal Chemicals India Pvt.

Lid.

The foam reducing composition may be added to the process in neat form, or in any
suitable solvent, Representative solvents may be aromatic in character and include, but are not

limited to, toluene, xylene, naphtha. It is preferred that the foam reducing composition be



The present invention includes methods for reducing foam in primary
fractionators which are experiencing diminished operation efficiencies
WO zdold% (;[907' theposits of polymerized hydrocarbon species. The invention
comprisés the step of adding a foam reducing amount o?ﬁqugﬁq}gfng
composition at the primary fractionator. A reduction in foaming is achieved
whereby the operational efficiency of the process is improved based upon
operation parameters including, but not limited to, liquid-gas contact ratio,
applied @betunistopted ferpiutieylpr s expediffeieptisisigasaiieme nddeintyds the
combinations thereof. The preferred foam reducing composition is a
site of thedhpsiimepreblame Sressfinativéiqbipsiiv xeiveing efubpnsiierpregdatadded
invention is dimethyl polysiloxane. This is a commercially available
continuogRkrafaarivhienl santhe pimetydsediofotaxafhple P froanCiorticesilrs may
Chemicals India Pvt. Ltd. Other suitable foam reducing compositions
themselvpipeladpinteralmon aedstockudipitippbitys. piopytaye, bxitie cap trays,
copolymers, fatty acid ethoxylates, poly-iso-butylenes and fatty acid
valve traggters. Suitable examples of these compounds are also available from
Dorf Ketal Chemicals India Pvt. Ltd. The foam reducing composition may
Ee a’r(‘]’le%ed to the process in neat form, or in any_suitable solvent.
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not limited to, toluene, xylene, naphtha. It is preferred that the foam
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. deg(()isit reducing_composition may be added )
into working dosage rates of 1 part per million to about 1000 parts per million hydrocarbon.

Specific dosages may be. determined by the conditions existing in the particular process.
Although the most preferred range for a polysiloxane is provided, it is understood that the present
invention is not to be limited by the specific compound or concentration set forth herein. It is

further envisioned that the present invention may be applied to the process along with other

- hydrocarbon treatment agents such as corrosion inhibiting compositions.

The following examples are provided in order to more clearly illustrate the present
invention, and while being illustrative, are in no way meant to be construed as limiting the scope

of the present invention.
Example 1

An ethylene production plant utilizing naphtha in the production of light hydrocarbons

including ethylene, propylene, and butadiene experienced fouling of the primary fractionator



continuously or periodically to the primary fractionator reflux. Primary
fractionators may themselves include internal components including

WO {6'99!,%7{{@5, sieve t‘rays, bubble cap trays, yalve trays Tp&ﬂ&eﬁﬁﬂﬁ 196
polysiloxane described above may be applied to the process at end use
concentrations ranging from 0.0001 % to 0.1 % with 0.0005% to 0.0025%
being the preferred range (all pefcentages herein are expressed on a
weight/weight basis). These percentages convert into working dosage

resulting patedustiengdredenmifiisiereiethvion 1080 peateqsert mititoribapdwomidoed rates.
Specific dosages may be. determined by the conditions existing in the
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_ is provided, it is understood that the present invention is not to be limited
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envisioned that the present invention may be applied to the process along
contemplifith sHIHERS MirdvaE SBhierelsim st egERks such as corrosion inhibiting
compositions. The following examples are provided in order to more
clearly illustrate the <ga'resent inventi Fﬁ? while being illustrative, are in
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Chemicals India Pvt. Lid. and was fed into the column so as to achieve a working concentration

of approximately 100 parts per million,

Within a fevs'r hours of using the anti-foaming agent, column pressure drop was reduced as
shown in Fig, 1. It was observed that during the fouled condition, the gasoline end point had
increased by 20°C, which was also reflected in the color of the respective gasoline. The fouled
condition resulted in a brownish colored gasoline in contrast to gasoline normally having a
yellowish éreen coloration. After the polysiloxane compound was injected into the reflux, the
plant operators subsequently observed that tﬁe color of the gasoline was restoréd to its normal
vellowish green color, along with reduction in gasoline end point indicating imérovement of the

column operations.

Fig. 1 illustrates the data associated with this experiment wherein time is provided on the
X axis and the kilograms per hour of feed rate and reflux mass are provided on the [eft hand ¥

axis, In addition, pressure drop in kilograms per centimeter® is provided on the right hand



Considering the loss of column efficiencies indicated by higher column
pressure drop and increased gasoline end point even at 20% reduced
wo 2@nsFged rates, the plant operators contemplated shutfing, the yhif,dgwn
to clean the column. However, the present invention was practiced on the
respective process in order to achieve acceptable operational parameters
and the utility of the present inverition was thusly demonstrated. An
_ anti-foaming agent comprising a polysiloxane was injected along with the
Y axis. Agfndrdndieatssi it dyssira pshrhs bt slaperrennps i dhardiux.
available from Dorf Ketal Chemicals India Pvt. Ltd. and was fed into the
Column REgifie &S BeaB aenie VR At RMB C SrieentratBrmatatsgrs iR daigiuon
parts per million. Within a few hours_of using the anti-foaming agent,
pressure ig sKidgpt Sreadhrdldrayrraderaeaf <o own in Fig. 1. It was observed
that during the fouled condition, the gasoline end point had increased by
0C, which was also reflected in the color of the respective gasoline. The
ouled condition resulted in a brownish colored gasoline in contrast to
gasoline normally having a yellowish green coloration. After the

ARolysiloxans campaHpdwasRigsiesinie ha il heplantgpergtors

subsequently observed that the color of the gasoline was restored to its
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indicating improvement of the column operations. Fig. 1 illustrates the
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axis and the kilograms per hour of feed rate and reflux mass are provided
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¢ centimeter2 is provided on the right hand WO 2004/007642

observed ﬂ@&éﬂilﬂ%}&g@g@ @% in the column remained high.

Example

In order to avoid a costly shut down of the manufacturing facility, the plant operators
utilized the present invention wherein polysiloxane was injected into the quench oil tower at an
injection rate of 10 to 20 parts per million based on column reflux rates. The specific

polysiloxane utilized was identical to that of Example 1.

Within hours after the initial injection of the anti-foam, operators observed column
pressure reduced to a value of approximately 0.109 kilograms per cerrl:hne:teril while the column
feed rates improved from 175 tons per hour of naphtha to 184 tons per hour of naphtha. During
the same time period, reflux rates increased from 20 tons per hour to 30 tons per hour. The
improvement in column operations are shown in Fig. 2 in which sampling times are indicated

along the X axis and column pressures are indicated in kilograms per centimeter® on the Y axis.



6 Y axis. Arrow A indicates the initial injection of the polysi.loxane
compound into the reflux. Column pressure was measured, as indicated
wo 200 %% axis. A dramatic reduction in column pressur%%w%gkéﬁ?gg
the data presented in graphic form. Example 2 A plant experienced fouling
problems due to increased column pressure drop. The pressure drop in
this plant operated at normal valués of 0.07 to 0.08 kilograms per
centimeter2. However, the fouling problems resulted in much elevated
Wil TP oL Soe8 i SRR GRAARS [mEsHTA SRiR AR e
.. .. fouling problem, reduced feed rates and reflux rates were_observed
skilled in fhye\eys ALk ABPEF R RIS YRS EBHART HUeH PR ARIHIISIGPa &R bevarde
a costly shut down_of the manufacturing facility, the plant operators
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guench oil tower at an injection rate of 10 tg 20 parts_per million based on
meant 10 BE HARPERUC RS, Sﬁ*ﬂ%“iﬁ%@i‘ﬁ%‘t BEySARKEhButizBH B! HEhiEdPfo that
. of Example 1. Within hours after the initial injection of the anti-foam,

following Gladmsnrs observed column pressure reduced to a value of approximately
0.109 kilograms per centimeter2 while the column feed rates improved
from 175 tons per hour of naphtha to 184 tons per hour of naphtha. During
the same time period, reflux rates increased from 20 tons per hour to 30
tons per hour. The improvement in column operations are shown in Fig. 2
in which sampling times are indicated along the X axis and column
pressures are indicated in kilograms per centimeter2 on the Y axis. WO
2004/007642 PCT/IN2002/000196



7 While the invention has been described with reference to preferred
embodiments, those skilled in the art will appreciate that certain
substitutions, alterations and omissions may be made without departing
from the spirit of the invention. Accordingly, the foregoing description is
e perMggnt to be exemplary only and should not limit the scope pf the invention )
set forth in the following claims. GAIJ-PCT_1008 8 tIiN-"{MERDIItED ©Lats
CLAIMS PC 171\02/000196 CLAIMS What is claimed is: | A method for

operating a fouled quench lowerugge for primary heat recovery in an
ethylene producing plant, comprising the steps of: a) directing a cracked
gas into the quench tower for removal of heat from the cracked gas

What is ¢ lyieriia:the cracked gas exits through an overhead of the quench tower;
and b) adding an additive selected from the groups consisting of a polysi

| A lIlog(l ne, an et_tlylter]?_ ?xi e-propylene oxide copolymer, a fatty acid
' ethoxylate BPoIV Ao BURISHE SR FAtF AR RS Y (e GERYRER toier
dn the operating quench tower. 2. The

ethvlene pYAGISRY Rressure drop is reduced
e pmetho‘d’ ccof i%?jt% claim %ﬂjé’r%m the additive is introduced into the
guench tower to achievea dosage in the range of about 0.0 h parts per

a) direaitigmie aredtao0h PartsRelfcimilirn 3 The Weth an‘ﬂi‘(f\"%dtillfkg&g&@rgals
_ whereinkhe additive is introduced into the quench :
- wherein the cracked gas exits through an overhead of the quench tower; and

b} adding an additive selected from the groups consisting of a polysiloxane, an ethylene
oxide-propylene oxide copolymer, a fatty acid ethoxylate, a poly-iso-butyiene and a fatty acid

ester to the quench tower whereby pressure drop is reduced in the operating quench tower.

-2 The method according to claim | wherein the additive is introduced into the quench

tower (o achieve a dosage in the range of about 0.0} parts per million to about 5000 parts per

miifian.

3. The method according to claim | wherein!the additive is introduced into the quench

tower in a refllux fow.

4. . . The method accovding to claim 1 wherein the additive is continuous! y introduced into the

quench tower in a reflux flow.

5. The method according to claim 1 whercin the additive is periodically introduced into the

quench tower in a reflux flow,



tower in a reflex flow. 4. The method according to claim | wherein the
additive is continuously introduced into the quench tower in a reflux Flow. .

" 5. The method according to clalm | wherein the additive is perlodlcally
igiuroduced into the quench tower in a reflex flow. 9 6. The method
according to claim | wherein the additive further includes a solvent
selected from the group consisting. of toluene; xylene and naphtha. 7. The
method according to claim t wherein the polysiloxane is dimethyl
polysiloxane. .8. The method aceording to claim | further comprised by
the step "Of. c) measuring an operation efficiency of the quench tower

6. baﬁﬁil%@ﬁ'ﬁ&ﬁr@i’ﬂe efdisiidr gasaeRtachsatin: éﬁﬁ%{r e Lxﬂ%gq)égﬁrg%T Sefccted |

product top temperature gasoline end point or pressure differential. 9

from memfmn@@m@zta@@temmmemeﬂte in an operating fouled
quench tower used for primary heat recovery in an ethylene producing

plant, comprising the steps of. a) directing a cracked gas into the quench
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exrts through an overhead of the quench tower, and b) addlng an additive
%ted fr m th roup consisting of polysnoxane an ethylene oxide-

8 Ao arse E&%ﬁﬁé‘?‘g o5 CRIBHSARIEE SN iso-butylene and

“a fatty acid ester to the quench tower whereby the temperature profile in
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_ claim 9 wherein the addrtrve IS |nt Into the quenc
gas contact ratio, feed ratc reflux rate, product lop temperature, gasoline end point or

~ pressure dxﬁerential.

9. - Amethod for honttalizing a teraperature profile in an .operating fouled quench tower used

for primary .taeat recovery in an.ethylene producing plant, comprising the steps of:

a) directing a cracked gas into thc quench tower for removal of heat from-the cracked gas

- wherein the cracked gas exits thmugh an overhead of the quench fower; and

" b) adding an additive selected from the‘group consisting of pol}'siloxéate, an ethylene oxide-
- propylene oxide-copolymer, afatty acid ethoxylate, a poly-iso-butylene and a fatty acid ester to |

-~ the quench tower whereby the temperature profile in the operating quench tower is normatized.
10.  The method-according to claim 9 wherein the additive is introduced into the quench

tower to achieve a dosage in the range of 0.01 parts per million to 5000

parts per million.

S

RER tl‘he‘ method according to claim 9 wherein the additive is introduced into the quench

tower in a reflux flow,



_ tower to achieve a dosage in the range of 0.01 parts per million to 5000
R “parts per.million. L The method according to claim 9 wherein the additive
is introduced into the quench tower in a reflux flow. 10 12. The method *
according.to claim 9 wherein the additive is continuously introduced into
the quench tower in 'a-reflux flow. - 13.. The methed according to claim9
“wherein the additive is perjodically introduced into the ' guench towerina
reflux flow. 5-14. The method addbrding to claim.9 wherein the additive
-further includes a.solvent selected from the group consisting of toluene, i
12 xyli%ge andgaphyha* .5 The method according to claim 9-wherein.the - -
2 poy SiBRARLACHinednA RO HbREse hegiditks incendaraedpidinglicediiim the
rther comprised by the step of: ¢) measuring an.operation efficiency of
q?en%%teggﬁre'ﬂ&rnépwg%ésed on at least one of liquid- gas contact ratio, feed .
rate,. reflux rate, product top temperature;gasoline end point or pressure
13, Cifereitild AsohSAS\AEh 105 WHRIEY 0 RERHIESNEININA ARCKER 0F0o e
- producing plant, comprising the steps of: a) directing a cracked gas mio-a
quenclguerghiavesiufgowemoval of heat from the cracked gas 15 wherein the '
cracked gas exits through an overhead of the quench tower-and

fi

e

SR The method according to claim 9 wherein the additive further includes a solvent selected
from the group consisting of §61ueu,é, xylene and naphtha.
15. T!lc method according to claim 9-wherein the polysiloxane.is dimethy! polysiloxane. - .
i6. The method according to claim 9 further comprised by the step of:
¢) measuring an operation eﬁicit_:hcy‘of the quench tower based on a least one of liquid-
-!Q ' A T gas.c.ontact ratio, feed rate, reffux rate, product top tcmpéramrc:gasoline end point or
' pressure differential.
17. A method for improving heat recovery-in a cracked. gas p.;oducir'zg plant, comprising the -
steps of:

+ a) - directing a cracked gds into-a quench tqﬁfer'for_rémoval of heat from the cracked gas

, IS - }vpcrg_in the cracked gas exits thfough an _overhead’ of the quench tower;-and

b) addingan additive selected from the'group cons‘fst_ing of polysiloxane, an ethylene oxide-
p;_-opy!en.c oxide copolymer;afatty acid.ethoxylate, a poly-iso-butylene and a fatty acid ester to _. o

.- -.the quench tower wherebybrim_my heatrecovery is, improved during subseq-uem opération of the

- operating quench tower,
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b) adding'an additive selected from the group consisting of polysiloxane,
an ethylene oxide propylene oxide .copolymeri<a fatty acidethoxylate, -
paly-iso-butylene and a fatty acid ester to the quench tower whereby
primacy heat.recovery is improved during subsequent operation of the
operating quench tower. 11 18. The method of claim 17 wherein the
additive'is introduced into the quench tower to achieve a dosage in the
range of 0.01 parts per million to 5000 parts per million. 19. The method
according to claim 17-wherein theradditive is introduced into the quench

16, loneriuagelidan 20 d0s melet aceying o am AT e e,

- additive is continuously introduced into the quenc {owerinare

achievé b dbRe e the ehReCHr dmopaCIaima i oNRE5B D %%@'H}{ﬁ;&% periodically
- introduced into the quench tower in a reflux flo The method :
according to claim 17 wherein the additive further includes a solvent 10

19, s&mmmmhmggaupiemnsmmgrahtaiuemﬁtmylﬁmﬂzaadc&apmhﬁe &dench

- The method according to claim 17 wherein the polysjloxane.is dimethyl
tower Ptysfisxdlwey- 24 The method according to claim 17 further comprised-by .
the steps of: c) measuring an-operation efficiency of the quench tower
t leasy, one of liqujd-.- gas confact ratio,feed rate, reflux rate,

d
O pded b, a*aa%ﬁﬂ@%mﬂ@rwswsgm.wér@waﬁ into-

) ﬂze quench tower in a reflux flow.

-

E=3 4

21.  The method according to claim 17 wherein the additive is periodically introduced into the

- quench tower in a reflux flow. .

- 22, The method:-accqrding to claim 17 wherein the additive further includes a solvent .

selected from the group consisting of foluene, Xylene and naphth.a.

- 23, The methqd according to claind 17 wherein the polysiloxane is dimethy! polysiloxane.

24. The method according to claim 17 further comprised by the s.teps of:
. - ‘ /

" .¢) measuring an-operation efficiency of the quench tower based on at least one of liquid-.
T ,gas-confact.ratio,-’fet_ad rate, reflux rate, product top tempexjatlire, géso!ihe end pointor

pressure differential.



