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present invention relates to a nmethod for preventing
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specifically, the invention relates to an online
pr oc e JNHIBT TIOREOENIAIOST Y ENCRE ASE MIEO@JING IN

Vi scog Do R LIV RENBIRR U BRATION

LRAY | t T augurT U1 Uit O (&8 qQuT 11U C 11

BACKGROUND OF THE RELATED TECHNCLOGY Et hyl ene (et hene)

|l ants that crack |liquid feeds produce cracked gases,
RIPLD) OR EREANVENTIONS heavy pyr ol ysis fuel of | at

S SRR LR RO PO

SO Known rac

ViR sty ine Hydasdatonatetnh idledige uags@ated GRorntrd. i (goter )
are_cool ed .and separated fromthe heavy oils. The

speqificadly. thepmyeatien relatetq an online proGeps 1ok §estangipldy preventing
L i R L

quirene metldder and its counter current flow cools
cracked gases. As the py-gas oil is subjected to heat,
it increases in viscosity and the heavier conponents

K eRdIRoUMD o5t THIR RMA@qummchbwench t over,

€ viscosity of the
Bilyylenx@tizon) plamts gt ciank lineidfetdsquodiee ciashedgaseh @yralywis gas

nd,.foulin Thi s i. 0ss, bl s a J.esul.t. of
g e B Pt dpel et B thpteBie s, HES byt passes trough an
RIRAGERNRr (AsSERS ¥ privedre Feetiomord Gblabdlfhelffactionator) where
problematic in that it can adversely affect the

agers| (Co gncblighterd ard gpaledmnd separated froanthatheavspeils: oThediplhies
t i . i .
AR e A 5 Rl Do R e or

dak6ilt Dweas oil hereginyed mAte upiger isbtioni of tlesoil Yudngh tower and its
di lution. However, this procedure results in .

courist ararenb llavweseglsrsacked gatehe pl ant

As the py-gas oil is subjected to heat, it increases in viscosity and the heavier
components drop to the bottom section of the oil quench tower, leading to an increase
in the viscosity of the hydrocarbon present in the bottom section of the tower and
fouling. This is possibly as a result of polymerization of the unsaturated hydrocarbon
components. Viscosity increase and fouling is problematic in that it can adversely

affect the quality of the final product.

In an attempt to reduce viscosity in the bottom section of the tower, light cycle oil
(LCO), and/or py-gas oil may be added to the tower, thereby reducing the viscosity by
dilution. However, this procedure results in considerable expense for the plant
operators. Therefore, other methods of preventing a viscosity increase have been

proposed.



operators. Therefore, other nethods of preventing a

viscosity increase have been proposed. 1 WO
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chem cal treatnent have been proposed to prevent

viscosity increase during ethylene production. These
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the conponents in the oil quench tower contributes to
the increase of viscosity in the bottom section,
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are ineffective in quench oil applications. One
reason for this observation is that the hydrocarbons
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Y 4hpleR SPERSEn v moREEBLpolymerization inhibitors that are ineffective
in quench oil applications. One reason for this observation is that the hydrocarbons
present in the bottom of the o0il quench tower are a mixture of a variety of different
monomers and other components. For example, these include a variety of compounds
including a variety of unsaturated compounds, such as unsaturated aromatics,

including, without limitation, styrene, methyl styrene, divinylbenzene, and indene.

Therefore, there is a need for other methods of inhibiting fouling and/or viscosity
increase that provides an adequate results. Desirably, the method may be used during
the operation of an ethylene plant and will provide a more cost-effective manner of

preventing viscosity increase and fouling.

SUMMARY OF THE INVENTION
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Another aspect of the present invention provides a method of inhibiting fouling and
viscosity increase of a hydrocarbon stream including ethylenically unsaturated
monomers during online production of ethylene. This method includes the step of
adding to the hydrocarbon stream at or upstream of a location where the fouling or
viscosity increase may occur an effective amount of a quinone methide of the

following formula:

, @

R3
wherein R}, R, and R® are independently selected from the group consisting of H, -
OH, -SH, -NH,, alkyl, cycloalkyl, heterocyclo, and aryl.

DETAILED DESCRIPTION OF THE INVENTION
A variety of different quinone methides may be used in the present invention. Among
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of H - OR -SH, -NH2, alky , cycl oal kyl, heterocycl o,
and aryl. The term "aldyl" Is nmepht to i ncl ude
optionally substituted, ) and branched chain
saturated hydrocarbon gro‘ desirably having 1 to 10
carbons, or nore desirabMy _t"to 4 @harbons, in the
mai n chai n. Exanpl es of unsybstituted groups include
met hyl, ethyl, propyl, isop éél’ n-butyl, t-butyl,
i sobutyl, pentyl, hexyl, isohéxyl, heptyl
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heptyl, 4,4-dimethyl pentyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl,

dodecyl, and the like. Substituents may include halogen, hydroxy, or aryl groups.

The terms “heterocyclo” or “heterocyclic” are meant to include optionally substituted
fully saturated or unsaturated, aromatic or non-aromatic cyclic groups having at least
one heteroatom (such as N, O, and S) in at least one ring, desirably monocyclic or
bicyclic groups having 5 or 6 atoms in each ring. The heterocyclo group may be
bonded through any carbon or heteroatom of the ring system. Examples of
heterocyclic groups include, without limitation, thienyl, furyl, pyrrolyl, pyridyl,
imidazolyl, pyrrolidinyl, piperidinyl, azepinyl, indolyl, isoindolyl, quinolinyl,
isoquinolinyl, benzothiazolyl, benzoxazolyl, benzimidazolyl, benzoxadiazolyl, and

benzofurazanyl. These may also contain substituents as described above.

The term “aryl” is meant to include optionally substituted homocyclic aromatic
groups, preferably containing one or two rings and 6 to 12 ring carbons. Examples of
such groups include phenyl, biphenyl, and naphthyl. Substituents may include those

as described above as well as nitro groups.
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tower. Desirably, the composition is added during the ethylene production.

The composition of the present invention may be added in a variety of different
concentrations. Based on the hydrocarbon present, the concentration may be from

about 1ppm to about 10,000 ppm.

The addition of a quinone methide composition as described above achieves a
decrease in viscosity and fouling compared to previous methods, such as the addition
of LCO and py-gas oil. However, the addition of quinone methide may be in
combination with the addition of LCO or py-gas oil, or in addition to the use of

chemicals such as phenylenediamines and dispersants.

The features and advantages of the present invention are more fully shown by the
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py-gas oil was subjected to conditions simulating those in an oil quench tower.

TABLE 1
Treatment Name Viscosity (cst)
Blank 4.9
PDA (44 PD") 3.9
Quinone Methide (1) 2.2
'N,N’-di-sec-butyl-p-phenylenediamine
available from Flexsys

EXAMPLE 2

Py-gas oil viscosity at 23°C was measured after being heated at 144°C for six hours
with the amounts of treatment listed in Table 2. This demonstrates that up to a
concentration of 2000 ppm, a greater concentration of the inventive quinone methide

treatment provides an enhanced inhibition of viscosity increase.
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EXAMPLE 3 The poml yner _cofltent in v éé§ oi] sanples
was measur ed by |met hanolS0preci pitati @39 after heating
at 150C for 7.5 jhours. T000ee trials Ww0e perforned;
one bl ank, the [second apgph I000 ppmigBeny] enedi am ne,
and the third according to the inventive et hod
i ncl udi ng 1000 ppm of the qui none nethide of fornula
(1), above. The
EXAMPLE 3

The polymer content in py-gas oil samples was measured by methanol precipitation

after heating at 150°C for 7.5 hours. Three trials were performed; one blank, the
second with 1000 ppm phenylenediamine, and the third according to the inventive
method including 1000 ppm of the quinone methide of formula (II), above. The
results in Table 3 indicate that the polymer content of the py-gas oil samples after
treatment with the inventive quinone methide was 32.3% less than after treatment
with phenylenediamine alone, and 40.0% less than the blank after the py-gas oil was

subjected to conditions simulating those in an oil quench tower.

TABLE 3
Treatment Name Polymer
Content (%)

Blank 4.0
PDA (44 PD") 3.1
Quinone Methide (II) 24

! N,N’-di-sec-butyl-p-phenylenediamine
available from Flexsys

EXAMPLE 4

The polymer content in py-gas oil samples was measured by methanol precipitation
after heating at 144°C for six hours with the amounts of treatment listed in Table 4.
This demonstrates that up to a concentration of 2000 ppm, a greater concentration of

the inventive quinone methide treatment provides an enhanced inhibition of



results in Table 3 indicate that the pol ymer content

of the py-gas oil sanples after treatnent with the
wOonvekeswe qui none met hi de was 32. 3% | ess t hanrafiuse003/023593

treatment w th phenyl enedi am ne al one, and 40.0% | ess

than the blank after the py-gas oil was subjected to

polythictizativg: ithathydro¢igbdh@esent th B g dil, GUERTInHBORE 51mulat1ng

TABLE 3 Treat nt Nanme Pol ymer Cont ent (%9 Blank 4

Hoge phian @ibguench towssi none Met hi de (1) 2.4

IN, N -di-sec- butyl p- phenyl enedi am ne avail able from

Fl exsys EXAMPLE 4 The pol yner content in py-gas oil

sanpl es was neasured by methanol precipitation after

heating at 144Cfor six - hours with the ampunts of

treatnment listgd in Table"_ZABLE s _denonstrates that

up to a concent|/rQuingae MethgleqIhm REolyment e

concentration of Tréamentppmye (qGontent (Yt hi de

treatnent provijdes an emhanced i[nhi bRi82on of 7 WO

2004/ 026995 PCI7USZ003561¥3593 p0| erQI‘3I52atI on of the

hydr ocar bon pr gsent TTyopg- gas ort—ugggr—condi ti ons
simul ating thgse—of g H—euet cl" tBWS‘BLE 4
Qui none Met hi de—-{HH—Pebywer—Treatneht{(ppm) Cont ent

(% 0 2.82 500 2.35

EXAMPLE 5

The polymer content in py-gas oil samples was measured by methanol precipitation
after heating at 150°C for 8.0 hours. One blank sample and samples including 1000
ppm of the treatment specified in Table 5 were tested. Table 5 below demonstrates
that the polymer content of the samples treated with the inventive quinone methides

of formulas (II) and (II) were significantly less than those of the samples treated with

the phenylenediamines.
TABLE 5
Treatment Name Polymer
Content (%)
Blank 2.19
OH-Tempo" 2.18
PDA (7 PPDY) 1.75
PDA (44 PD°) 1.13
Quinone Methide (III) 0.68
Quinone Methide (II) 0.66
'4-hydroxy-2,2,6,6-tetramethyl-1-piperidinyloxy,
free radical
2 N-(1,4- -dimethylpentyl)-N -phenyl-p-
phenylenediamine, available from Flexsys
* N,N’-di-sec-butyl-p-phenylenediamine available
from Flexsys

While there have been described what are presently believed to be the preferred

embodiments of the invention, those skilled in the art will realize that changes and
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Ipirecagbomstreamet d¢ffattise ahotrtef ohe bmuoze quinodkIméeRidek pf the
g%gﬁTerein R1, R2, and R3 are independently sel ected

% he group consisting of H - OH -SH, -NH2,
al kyl, cycl oal kyl , heterocy‘ o, and aryl. 2. The
nmet hod of claim 1, wherein gaid quinone nethide is
added to said hydroc& st r eaR?duri ng et hyl ene
production. 3. The et hod aim1, wherein said
qui none net hi de i s added d hédrocarbon stream
at or upstream of a | ocation ere i d fouling or
said viscosity increase nma ]occur. 4. The met hod of
claim 3, wherein said locatien,4s an oil quench tower.

5. The nethod of claim 1, wherein said quinone nethide

\ibvgle %]g‘lggg 2 ,gzﬁl%[ iar}g it eg%éiegg]% gggc%d hggq%te %ro%%%%}lsis Qﬂgocgq{, -
OH, -SH, -NHo,, alkyl, cycloalkyl, heterocyclo, and aryl.

2. The method of claim 1, wherein said quinone methide is added to said

hydrocarbon stream during ethylene production.

3. The method of claim 1, wherein said quinone methide is added to said
hydrocarbon stream at or upstream of a location where said fouling or said viscosity

increase may occur.

4. The method of claim 3, wherein said location is an oil quench tower.

5. The method of claim 1, wherein said quinone methide is added in an amount

from about 1ppm to about 10,000 ppm based on the hydrocarbon.

6. The method of claim 1, wherein said quinone methide is a member selected
from the group consisting of 2,6-di-tert-butyl-4-((3,5-di-tert-butyl-4-hydroxy-
benzylidene)-cyclohexa-2,5-dienone, 4-benzylidene-2,6-di-tert-butyl-cyclohexa-2,5-

dienone and combinations thereof.

7. A method of inhibiting fouling and viscosity increase of a hydrocarbon stream

10



6. The nmethod of claim 1, wherein said quinone nethide
is a menber selected fromthe group consisting of
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wherein R1, R2, and are pppendent |y sel ected from
the group consisting of H, , -SH, -NH2, alkyl,
cycl oal kyl, heterocycl o, aryl . @) The nethod of
claim7, wherein said |ocatijpn is an oil quench tower.
9. The net hod of claim?7, rein said |location is the
bottom section of an oil queh&% tower. 10. The net hod
of claim7, wherein said quinone nethide is a nenber
selected fromthe group consisting of
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and conbi nati ons t hereof.

8. The method of claim 7, wherein said location is an oil quench tower.
9. The method of claim 7, wherein said location is the bottom section of an oil
quench tower.

10.  The method of claim 7, wherein said quinone methide is a member selected
from the group consisting of 2,6-di-tert-butyl-4-((3,5-di-tert-butyl-4-hydroxy-
benzylidene)-cyclohexa-2,5-dienone, 4-benzylidene-2,6-di-tert-butyl-cyclohexa-2,5-

dienone and combinations thereof.
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