wo 2010/078096 A1 I T A0F0 0 YR OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /i 1IN NP 00 AL A0 00O N0 OO0
International Bureau Wi )
g ' Joy . . .
. . _ S (10) International Publication Number
(43) International Publication Date \'{:/_?___/

8 July 2010 (08.07.2010) PCT WO 2010/078096 Al
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CI10L 1/18 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
. . DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
PCT/US2009/068898 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
21 December 2009 (21.12.2009) NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
. SE, S@G, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,

(25) Filing Language: English TZ, UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
12/345,567 29 December 2008 (29.12.2008) Us S\I\{f) KEE LS, M(\Xl’\/[MZA’Z NAB» YSqu%,L’ KSZZ ;é URGI} Z¥[J»
, Eurasian ) ) ) . ) 3 , T,
(71) Applicant (for all designated States except US): FINA TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
TECHNOLOGY, INC. [US/US]; P. O. Box 674412, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Houston, TX 77267-4412 (US). MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, SM,

(72) Inventor; and TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(75) Inventor/Applicant (for US only): BUTLER, James, R. ML, MR, NE, SN, TD, TG).
[US/US]; 422 Jessamine Way, League City, TX 77573 Declarations under Rule 4.17:

(US). — as fo the applicant's entitlement to claim the priority of
(74) Agents: ALEXANDER, David, J. et al.; Fina Technolo- the earlier application (Rule 4.17(iii))
%,S)Inc., P. O. Box 674412, Houston, TX 77267-4412 Published:

— ith int ti [ h t (Art. 21(3
(81) Designated States (unless otherwise indicated, for every with international search report (Ar ()

kind of national protection available): AE, AG, AL, AM,

(54) Title: STABILIZATION OF PYGAS FOR STORAGE

R R2

FIG. 1
R3

(57) Abstract: A method for stabilizing pyrolysis gasoline in storage involves adding an effective amount of a quinone methide
compound to the pyrolysis gasoline. The quinone methide does not require oxygen for activity. Embodiments of the quinone me-
thide do not contain nitrogen and will have a reduced tendency for ammonia production.



WO 2010/078096 PCT/US2009/068898

STABILIZATION OF PYGAS FOR STORAGE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Not applicable.

FIELD

[0002] The present invention generally relates to the storage and stabilization of

pyrolysis gasoline.

BACKGROUND

[0003] Pyrolysis gasoline (pygas) is a liquid by-product of ethylene production,
formed by the steam cracking of crude oil fractions such as naphtha. Pygas generally
consists of heavy (Cs to Cy4) saturated and unsaturated hydrocarbons; its unsaturated
hydrocarbons include olefins, dienes, and aromatics. Pygas can be used as a gasoline
blending stream; pygas is generally high octane and within the general gasoline
boiling range of from about 100° to about 435° F. Pygas can also be the source of
aromatics for petrochemical processes. For instance, BTX extraction yields the

compounds benzene, toluene, and xylene.

[0004] Pygas can be subject to destabilization by the polymerization of its
reactive olefins and dienes. A common practice at steam crackers is to stabilize pygas
with phenylenediamine or other similar anti-oxidant in storage. A drawback to
phenylenediamine is that it requires air to be active for stabilization. In addition,
phenylenediamine can be converted to ammonia in the pygas treater section. This can

lead to ammonia excursions in the treated product.

[0005] In view of the above it would be desirable to utilize a compound for the

storage of pygas that neither requires oxygen nor produces ammonia.
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SUMMARY

[0006] Embodiments of the present invention generally include a method for
stabilizing pygas in storage by adding to pygas an amount of a quinone methide
compound. Quinone methide does not require oxygen for activity and is not prone to

produce ammonia.

[0007] In one embodiment, the quinone methide is of the formula

[0008] wherein R1, R2, and R3 are independently seclected from the group
consisting of -H, an alkoxy such as —-OMe or -OEth, -NH,, alkyl of 4 to 18 carbon
atoms, cycloalkyl of 5 to 12 carbon atoms, phenylalkyl of 7 to 15 carbon atoms, tert-
butyl, tert-amyl, tert-octyl, cyclohexyl, alpha-methylbenzyl, and alpha,alpha-
dimethylbenzyl substituents.
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[0009] In another embodiment, the quinone methide is a 7-aryl quinone methide,
meaning that the R3 substituent is an aryl group. In one embodiment, the quinone

methide 1s of the formula

[0010] wherein R1 and R2 are independently selected from the group consisting
of tert-butyl, tert-amyl, tert-octyl, cyclohexyl, alpha-methylbenzyl, and alpha,alpha-
dimethylbenzyl substituents, and R3 is an aryl group.

[0011] In another embodiment, the quinone methide is any compound according
to either of the two preceding paragraphs, wherein R1, R2, and R3 contain no

nitrogen atoms, and are thus will not produce ammonia.

[0012] In another embodiment, the quinone methide is 2,6-di-tert-butyl-4-

benzylidene-cyclo-2,5-dienone.

@]

(]
I

[0013] The quinone methide can be added to the pygas downstream of the steam
cracker, or at the time of pygas storage. A single quinone methide compound can be
used, or a plurality of different quinone methide compounds can be used. The amount
of quinone methide added to the pygas can be from 1 ppm to 10,000 ppm, optionally
from 10 to 1,000 ppm, or optionally from 50 ppm to 100 ppm.
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BRIEF DESCRIPTION OF DRAWINGS

[0014] Figure 1 illustrates a representative structure for a quinone methide.

[0015] Figure 2 illustrates a representative example for a quinone methide

compound.

DETAILED DESCRIPTION

[0016] Quinone methides, especially 7-aryl quinone methides, are known for their
ability to inhibit polymerization, and have been used in styrene plants to inhibit
polymerization of styrene monomer. Quinone methides can be useful for the storage
of pygas by inhibiting the polymerization of unsaturated compounds because they do
not require oxygen to be active. Certain quinone methides do not contain nitrogen

and therefore will have a reduced tendency to form ammonia.

[0017] Quinone methides are substituted compounds of the representative
compound in Figure 1. The substituents R1, R2, and R3 can be many different

groups.

[0018] In one embodiment, the substituents R1, R2, and R3 may independently be
selected from the group including -H, an alkoxy such as -OMe or -OEth, -NH,, alkyl
substituents, cycloalkyl substituents, or phenylalkyl substituents of 7 to 15 carbon
atoms. If any of RI, R2, or R3 are alkyl substituents, they may be substituted or
unsubstituted, straight or branched chains. Alkyl subsituents can have from 1 to 18
carbon atoms. Examples of unsubstituted alkyl substituents include methyl, ethyl,
propyl, isopropyl, n-butyl, t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-
dimethyl pentyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl, dodecyl, and the
like. The alkyl substituents may also be tert-butyl, tert-amyl, tert-octyl, cyclohexyl,
alpha-methylbenzyl or alpha,alpha-dimethylbenzyl. If any of R1, R2, or R3 are
cycloalkyl substituents, they may be saturated or unsaturated, aromatic or non-
aromatic cyclic groups. Cycloalkyl substituents can have from 5 to 12 carbon atoms.

Cycloalkyl substituents may include at least one heteroatom (such as N, O, and S) in
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at least one ring. Examples of heterocyclic groups include, without limitation, 2-, 3-
or 4-pyridyl, 2- or 3-thienyl, 2- or 3-pyrryl, 2- or 3-furyl, imidazolyl, pyrrolidinyl,
piperidinyl, azepinyl, indolyl, isoindolyl, quinolinyl, isoquinolinyl, benzothiazolyl,

benzoxazolyl, benzimidazolyl, benzoxadiazolyl, and benzofurazanyl.

[0019] In another embodiment, the quinone methide is 7-aryl, meaning the R3 is
an aryl group. 7-aryl quinone methides can be more stable than quinone methides
with alkyl or other R3 substituents. In one embodiment R1 and R2 are independently
chosen from the group comprising -H, an alkoxy such as -OMe or -OEth, -NH,, alkyl,
cycloalkyl, or phenylalkyl of 7 to 15 carbon atoms, while R3 is chosen from the group
comprising 2-, 3- or 4-pyridyl, 2- or 3-thienyl, 2- or 3-pyrryl, 2- or 3-furyl, aryl
substituents of 6 to 10 carbon atoms. Said aryl substituents can be substituted by one
to three of any of the following: alkyl groups of 1 to 8 carbon atoms, alkoxy groups of
1 to 8 carbon atoms, alkylthio groups of 1 to 8 carbon atoms, alkylamino groups of 1
to 8 carbon atoms, dialkylamino groups of 2 to 8 carbon atoms, or alkoxycarbonyl
groups of 2 to 8 carbon atoms; or hydroxy, nitro, amino, cyano, carboxy,

aminocarbonyl, methoxy, or chloro groups; or mixtures thereof.

[0020] In another embodiment, the quinone methide of the invention is any listed

in U.S. Pat. No. 6960279 to Merrill, which is herein incorporated by reference.

[0021] Specific examples of quinone methides that can be useful in the present
invention include 2,6-di-tert-butyl-4-(4-nitrobenzylidene)-cyclohexa-2,5-dienone, 2,6-
di-tert-butyl-4-(3-nitrobenzylidene)-cyclohexa-2,5-dienone, 2,6-di-tert-butyl-4-(4-
cyano-benzylidene)-cyclohexa-2,5-dienone, 2,6-di-tert-butyl-4-(4-
dimethylaminobenzylidene)-cyclohexa- 2,5-dienone, 2,6-di-tert-amyl-4-benzylidene-
cyclohexa-2,5-dienone,  2,6-di-tert-butyl-4-(4-methoxybenzylidene)-cyclohexa-2,5-
dienone, and 2,6-di-tert-butyl-4-(3,5-di-tert-buty14-hydroxybenzylidene)-cyclohexa-
2,5-dienone, and 2,6-di-tert-butyl-4-benzylidene-cyclohexa-2,5-dienone, 4-
benzylidene-2,6-di-tert-butyl-cyclohexa-2,5-dienone, and 2,6-di-tert-butyl-4-((3,5-di-
tert-butyl-4-hydroxy-benzylidene)-cyclohexa-2 ,5-dienone.

[0022] In yet another embodiment, the quinone methide is any compound

according to any of the preceding five paragraphs, excluding those compounds that

contain nitrogen atoms, as these compounds may potentially be able to produce
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ammonia. Substituent groups such as amino, nitro, cyano, pyridyl, pyrryl, imadizolyl,
pyrrolidinyl, piperidinyl, azepinyl, indolyl, isoindolyl, and any others that include

nitrogen are excluded in this embodiment.

[0023] Many chemical compounds of the basic structure in figure 1 are available
to use in the present invention, for the stabilization of pygas in storage. The quinone
methide of choice may be added at several different stages in the processing of pygas,
downstream of the steam cracker, or at the time of pygas storage. A single quinone
methide compound can be used, or a plurality of different quinone methide
compounds can be used. The amount of quinone methide added to the pygas can be
from 1 ppm to 10,000 ppm, optionally from 10 ppm to 1,000 ppm, or optionally from
50 ppm to 100 ppm. The conditions of storage of pygas are not limiting within the
present invention and can be at any pressure or temperature, although the storage is

typically at a temperature of less than 200 °F.

[0024] The term “alkyl” refers to a functional group or side-chain that consists

solely of single-bonded carbon and hydrogen atoms, for example a methyl or ethyl
group.
[0025] The term "aryl" is meant to include optionally substituted homocyclic

aromatic groups, which may contain one or two rings and 6 to 12 ring carbons.

Examples of such groups include phenyl, biphenyl, and naphthyl.

[0026] Depending on the context, all references herein to the “invention” may in
some cases refer to certain specific embodiments only. In other cases it may refer to
subject matter recited in one or more, but not necessarily all, of the claims. While the
foregoing is directed to embodiments, versions and examples of the present invention,
which are included to enable a person of ordinary skill in the art to make and use the
inventions when the information in this patent is combined with available information
and technology, the inventions are not limited to only these particular embodiments,
versions and examples. Other and further embodiments, versions and examples of the
invention may be devised without departing from the basic scope thereof and the

scope thereof is determined by the claims that follow.
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CLAIMS
What 1s claimed is:

1. A method for stabilizing pyrolysis gasoline in storage comprising: the addition
of an effective inhibiting amount of quinone methide to said pyrolysis gasoline,

the method not requiring the addition of oxygen.

2. The method of claim 1, wherein the quinone methide is of the formula

[

wherein R1, R2, and R3 are independently selected from the group
consisting of H, an alkoxy, -NH,, alkyl of 4 to 18 carbon atoms, cycloalkyl
of 5 to 12 carbon atoms, phenylalkyl of 7 to 15 carbon atoms, tert-butyl,
tert-amyl, tert-octyl, cyclohexyl, alpha-methylbenzyl, and alpha,alpha-
dimethylbenzyl.

3. The method of claim 2, wherein R1, R2, and R3 contain no nitrogen atoms.

4. The method of claim 2, wherein R1 and R2 are independently selected from
the group consisting of tert-butyl, tert-amyl, tert-octyl, cyclohexyl, alpha-
methylbenzyl, and alpha,alpha-dimethylbenzyl, and R3 is an aryl group.

5. The method of claim 4, wherein R1, R2, and R3 contain no nitrogen atoms.

6. The method of claim 1, wherein the quinone methide comprises 2,6-di-tert-

butyl-4-benzylidene-cyclo-2,5-dienone.
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7. The method of claim 1, wherein the quinone methide is added to the pyrolysis

gasoline downstream of a naphtha steam cracker.

8. The method of claim 1, wherein the quinone methide is added to the pyrolysis

gasoline during storage of pyrolysis gasoline.

9. The method of claim 1, wherein the quinone methide is added to the pyrolysis
gasoline in the amount of from 1 ppm to 10,000 ppm.

10. The method of claim 1, wherein the quinone methide is added to the pyrolysis
gasoline in the amount of from 10 ppm to 1,000 ppm.

11. The method of claim 1, wherein the quinone methide is added to the pyrolysis
gasoline in the amount of from 50 ppm to 100 ppm.

12. A method for stabilizing pyrolysis gasoline in storage with reduced
ammonia by-product production comprising: the addition of an effective

inhibiting amount of quinone methide to pyrolysis gasoline, wherein the quinone

O

methide has the formula

where R1, R2, and R3 are independently selected from the group
consisting of H, an alkoxy, alkyl of 4 to 18 carbon atoms, cycloalkyl of 5
to 12 carbon atoms, phenylalkyl of 7 to 15 carbon atoms, tert-butyl, tert-
amyl, tert-octyl, cyclohexyl, alpha-methylbenzyl, and alpha,alpha-

dimethylbenzyl and R1, R2, and R3 contain no nitrogen atoms.

13. The method of claim 12, wherein the quinone methide comprises 2,6-

di-tert-butyl-4-benzylidene-cyclo-2,5-dienone.
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20.

14. The method of claim 12, wherein the quinone methide is added to the

pyrolysis gasoline downstream of a naphtha steam cracker.

15. The method of claim 12, wherein the quinone methide is added to the

pyrolysis gasoline during storage of pyrolysis gasoline.

16. The method of claim 12, wherein the quinone methide is added to the
pyrolysis gasoline in the amount of from 1 ppm to 10,000 ppm.

17. The method of claim 12, wherein the quinone methide is added to the
pyrolysis gasoline in the amount of from 10 ppm to 1,000 ppm.

18. The method of claim 12, wherein the quinone methide is added to the
pyrolysis gasoline in the amount of from 50 ppm to 100 ppm.

19. A composition for inhibiting the premature polymerization of a

pyrolysis gasoline in storage comprising:

an ecffective inhibiting amount of a compound of the formula

where R1, R2, and R3 are independently selected from the group consisting of
H, an alkoxy, -NH,, alkyl of 4 to 18 carbon atoms, cycloalkyl of 5 to 12 carbon
atoms, phenylalkyl of 7 to 15 carbon atoms, tert-butyl, tert-amyl, tert-octyl,
cyclohexyl, alpha-methylbenzyl, and alpha,alpha-dimethylbenzyl.

The method of claim 19, wherein R1, R2, and R3 contain no nitrogen atoms.
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21.  The use of an effective inhibiting amount of the composition of claim 19 for

the inhibition of polymerization of pyrolysis gasoline in storage.
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111

FIG. 1
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