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BACKGROUND OF THE INVENTION Wp!g “’Fj
Amethodforreducmgfoulmgonthesmfausofeqxﬂpmentusedmthehgh
tnnpmuementofpeunlcmﬂuidsmmpﬁsingmﬁnghighwmpmnﬁnery
 equipment or the petroleum fiuid being processed in high temperature refinery equipment -

.5 with at least about 5 parts per million of tri-t-butylphenol phosphate ester or of a compound
having the formula I:
Q
Q Q
Q Q
Q1

wherein Q is Z, or R with the proviso that two occurrences of Q are Z, R is hydrogen, ora
10 straight or branched alky! group having ﬁomltohnﬁmostpmfmblyﬁom 1to4

carbon atoms, and only one ar two occurrences of R may be alky!;

Z is.rcpresented by the formula II:
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fR; or R
herein R, and R, are the same as R and only one or two occurrences of each of R, or R,
Wi 2 : .
, and most
may be alkyl, and “n” is a whole number from 1 t0 9, preferably 1 t0 §, _
" | i invention, “n” is 1,
preferably, *n"is 1 to 3, Inanespedﬂlyprefenedembod:mﬂofﬂlemmt n,

and R, R, and R, represmt hydrogen.

INTRODUCTION

This invention relates to a method of treating high temperature refinery equipment
or petroleum fractions processed at high temperatures in such equipment to mm:mm the
formation of foulants and coke in the equipment. The term "petroleum fractions" embraces
crude oil, crude oil residues such as vacuum residue, and other petroleum fractions such as
gas oil which are heated in the presence or absence of hydrogen in a manner to obtain lower
beiling cracked products or to improve the handling of the material so treated.
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Likewise, the additives of this invention may be successfully used to reduce fouling
mcokempymlyﬂsormchngﬁnnacesusedmmmmcm:thylmeﬁomﬂwvmom

. gaseons and liquid petrojeun flw'iz. The additives of this invention are M-t-bm}"lphenol

phosphate ester or mono- and di- aikyl, aryl, alkaryl, cycloalkyl, alkenyl, and aralkyl

. phosphateestmsmhasphenolphosphnemmmmdbytheabwgformula The

phenol phosphate esters of this invention may be monomeric or may be oligomeric as

where “n" in the above formula is 2 whole number greater than about 1.
Inthehightempm:retremnentofcmdboilor'itsﬁwﬁons. and the like, fouling

occumonﬁnnaccooﬂs,mfulins.mdexchaﬁgmduewcoki-ngmdpolymer

deposition. The fouling problem is a major operational difficulty experienced in running
. ethylene plants, and in processes where heavy grades of petroleum are treated to reduce

their molecular weight or to improve their handling characteristics including but not limited
to visbreakers, delayed or fluid coking Operaﬁ;ans, hydrotreaters/hydrocrackers, and other
processes. Depending on deposition rate, furnaces used for cracking petroleum fluids”
including cthylene plants, visbreakers, and the like, all must be periodically shut down for
cleaning. The term fluid as used herein is intended to include the teym feedstock.

In addition to periodic scheduled cleaning, shut downs are sometimes required due
to sudden increases in pressure or temperatures resulting from deposit build-up on furnace

coils and transfer line exchangers. Cleaning operations are expensive, both from a time and
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a labor standpoint, and are typically carried out sither mechanically, or by a spalling
or spalling steam/air burning step.

In the mechanical cleaning operation, also referred to as “pigging”, deposits
are brushed or scratched or othe;'wise mechanically removed from the surfaces of
the equipment that is contact with the fiuids and reaction products.

The cleaning method referred to as “spalling” wherein the temperature of the
heater tubes is raised and lowered several times, Due to the difference in the
contraction and expansion coefficients of the tubing material and the coke deposits,
the coke deposits break up, allowing them to be blown out of the tubes. '

The spalling procasé might be followed by a step in which a stream of air,
steam, or a mixture thereof is blown into the equipment. During this step, the
equipment is maintained at temperatures typically between about 500° C and about
800° C. Typically, steam is first injected. The steam reacts with the coke
deposits, burning off the deposits by converting the deposits to carbon oxides.
After hours of treatment with the steam, most of the coke is normally burned off.
To remove the remaining coke, air is gradually added to the steam.

Various additives have been used to attempt to minimize the formation of
foulants in the high temperature processing of crude oil fractions. Among the
materials that have been suggested include mono- and di- alkyl, aryl, alkaryi,
c.ybloalkyl, alkenyl, and aralkyl phosphate esters, such as those exemplified in U.S.
Patent 4,106,540, Other materials which have been used include dialky! acid
phosphate or phosphate esters in combination. with thiodipropionates, such as
these exemplified in U.S. Patent 4,226,700, and the mono- and di- phosphate and
phosphate esters disclosed in U.S. Patants 4,024,048, 4,024,049, 4,024,050 and
4,024,051.

While these phosbhate materials, in general, have been successfully
employed in some operations, use of these materials have proven unsatisfactory,
leading to the occurrence of corrosion in units which have been so treated. it is
theorized that while effective as antifoulants, the mono- and di- phosphate and
phosphite esters suggested by the prior art hydrolyze at high temperatures ylelding
acidic corrosion products. In my-copending related application, Serial No.
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| disclosed the use of certam t—butvlphenoi

" _ filed April 26, 1995,
- | have also discovered that the compounds

phosphate esters a8 antifoulants.

having the formula I
84
¢ Q
. . )
Q 1
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. ' i ora
wherein Q is Z, or R with the proviso that two occurrences of Q are Z, R is hydrogen,
. ght bmnchedallqigroupbwingﬁnmlto7andmostpreferablyfroml?n4
straight or

t
carbon avoms, and only one or two occurrences of R may be alkyl;
5 Z is represented by the formula II:
- 8
R, R, "
R, / \ 0— pe———~0
R, R 5
Ry "X\ R
R3 P Ry
Ry
n I

hofRyorR
0 wherein R; and R; are the same 2s R and only one or two occurrences of eac 20r Ry

' - ost
L inay be alkyl, and “n™ is 8 whole number from 1 to 9, preferably 1 to 5, and m
preferably, “n” is 1 to 3 are good antifouling agents. In an especially preferred

i . drogen.
embodiment of the invention, “n™ is 1, and R, R, and Ry represent hydrog
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The phosphate esters act as passivators under cenain_injéctinh conditions, Once the
metal surfaces of the hydrocarbon processing equipment are free of deposits, the antifoulant

isinuoducedtotheequipmmtasavaporamlmixedvﬁthasumofair,stea'm.inengas, '

 such as nitrogen, hydrocarbon gases, or & mixture thercof. If the antifbulant features 8 high

oxidative stability, hydrolytic stability, and is present in the stream in the form of a diluted
vapor, the antifoulant decomposes or degrades at the high temperatures in a specific pattem
when contarted with the metallic tube surfice. The decomposition fragments build up a
film with coke suppressing features (in the form of a passivator film). The antifoulant is
generally injected as a mixture with the stream of air, steam, inert gas such as nitrogen,
hydrocarbon gases, or a mixture thereof. The injection of the antifoulant may be continued
with the introduction of 't.he hydrocarbon fluid. In addition, the injection of the antifoulimt
may be started and maintained during the injection of the hydrocarbon fluid, without first
prepassivating the smfaces of the equipment that come into contact with the hydrocarbon
fluid.

It is therefore an object of this invention to provide to tye art 2 method for
preventing and inhibiting the formation of foulants on surfaces in ebntact with
hydrocarbon fluids defined herein as liquid, gaseous, or mixtures thereof of

hydrecarbons,
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Itisaﬁmherobjectofthisinvenﬁontopmvidetoiﬁéirtn'methodforinhibiting
fouling in the high temperature processing of hydrocarbon fluids, especially cn:de oil |
fractions. |

It is yet a still further object of this invention to provide to the art a method for
preventing fouling in the high temperature section of petroleum proceséing equipment,
including visbreakers, delayed cokers, ethylene furnace preheaters, and the like, using an

i ula I:
effective amount of tri-t-butylphenol phosphate esters or compounds having the form |

Q I
wherein Q is Z, or R with the proviso that two oceurrences of Q are Z, R is hydrogen, ora
straight or branched alkfl group having from 1 to 7 and most preferably from 1 to 4
carbon atoms, and only one or two occurences of_ R may be alkyl;

Z is represented by the formula II:

. !
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\;wherein R, and R, are the same as R and only one or.two occwrrences of each of R; or Ry
may be alky], and “n" is a whole number from 1 6 9, preferably 1 to 5, and most

5 preferably, “n” is 1 to 3. In an especially preferred embodiment of the invention, “n” is 1,

and R, R; and R, represent hydrogen.

SUMMARY OF THE INVENTION
This invention is accordingly directed to a method of preventing fouling and coke
10 . formation on the high temperature sections of hydrocarbon processing equipment in contact
with a hydrocarbon fluid which comprises adding to the hydrocarbon fluid prior to its
contact'with the high temperature sections; of such hydrocarbon processing equipment an

effective amount of tri-t-butylphenol phosphate ester or a compound having the formula I:

Thﬁlsiiiﬁt li{ii"BeelnIieﬂlil‘:Ed .
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Q
Q7 TN

A Q '
Q I
wherein Q is Z, or R with the proviso that two occurrences of Q are Z, R is hydrogen, ora

straight or branched alkyl group having from 1 to 7 and most preferably from 1 10 4

5 carbon atoms, and only one or two occurrences of R may be alkyl;

Z is represented by the formula II: .
0

Rz R;

Rz (9] P 0
R; R
2 Ry o
R3 / R3
. R;
n 0
10

wherein R; and R, are the same as R and only one or two occurrences of each of R; or R,

. may be alkyl, and “n” is a whole number from 1 to 9, preferably 1 to 5, and most

~11.
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preferably, “o”is 1 10 3. In an especially preferred embodinsesit of the invention, “n™ is 1,
and R, R; and R, represent hydrogen,

DESCRIPTION ON THE PREFERRED EMBODIMENTS

This invention is accordingly directed to a method of praventing fouling and coke

* formation on the high temperature sections of hydrocarbon processing equipment in contact

with a hydrocarbon fluid which comprises adding to the hydrocarbon. fuid prior to its
contact with the high temperanire scctions of such hydrocarbon processing equipment an

cffective amount of tri-t-butylphenol phosphate ester or a compound having the formula I:

Q 1
wherein Q is Z, or R with the proviso that two occurrences of Q are Z, R is hydrogen, or a
straight or branched alky! group havin'g from 1 to 7 and most preferably from 1 t0 4

carbon atoms, and only one or two occurrences of R may be alkyl;

Z is represented by the formula II;

e
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0
R, Ry
R, R; o
Ry~ X\ R
R3 7 Ry
R,

wherein R, and R; are the same as R and only one or two occurrences of each of R, or Ry
may be alkyl, and “n” is a whole number from 1 to 9, preferably 1 to 5, and most
preferably, “n” is 1 to 3. .In an especially preferred embodiment of the invention, “n"is 1,

and R, R; and R, represent hydrogen.

The Invention

Compounds falling within the formula as disclosed above of the present invention
are commercially available. Among the available materials is a product designated LDP-
301 from the FMC Corporation. This product is believed, by chemical analysis tobe 8

compound having the Formula 11l with a small amount of the sructure of Formula [V,

-13-
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aﬁrensistantbaseﬂuidor

-LDP-301 is stated by its manufacture to be useful as

dditive in
highly stable antiwear additive. LDP-301 isalso .xeoonunended foruse asan a
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carboxylic ester base fluids. LDP-301 is stated to have the following physical properties as

set forth in Table ] below:
mauzr ‘
TYPICAL PROPERTIES TEST METHOD ASTM METHOD
Appearance ~ Visual clear to amber
: r . viscous liquid
Odor Olfactory None
Color APHA - 500 max.
Visconty, ¢t @ 100°F DS ~ 140-155
es:%zm"r 10-12
Total Acid ber mgKOH/g D94 - 0.20 max,
Specxﬁc Gravity ty @ 2020°C D1298 1.20-1.35
Water Content , DI 0.1 max.
Flash Pomt, °C(°F), COC D92 >300 (>572)
Fire Point, *C(’F) ' ~ D92 5300 (372)
Autoignition Temp., °C(°F) ' B659 640 (1180)
Onset ofaiduﬁon by DSC,°C(*F) D3350 >350 (>644) ‘
Weight Loss by TGA “C(F) 3850 T
5% weight loss 365 (650)
10% weight loss - 400 (752)
[ Four Ball Wear Data, wear scar in ~ D2266
mm (40kg, 1200 spm, 75°C, 1 hr) . :
“Polyol ester reference 0.76
Polyol + 2% LDP—SO! _ 0.44
Diester reference fluid 0.92
. Diester + 2% LDP-301 - 045
5 :
-15.
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The tri-t-butylpheno] phosphate esters used in the procass of this invention are

commercially available materials, In the practice of this invention, we prefet to use 2

 mategial sold by FMC Corporation under the trade name Durad” 620B. Table I lists

physical properties of this material as provided by the manufacturer.

5
TABLE II
PROPERTY TYPICAL VALUE ASTM WOD
Flash Point °F 490 D92
Auto Ignition °F 950 D-659
Viscosity 100°F cst 105-130 D445
Total Acid Number mg KOH/gm 0.05 D-974
Sp Gravity 2020°C 1124 D-1298
% Phosphorus (Xray F.) 0 —
10
While t-butyl and non-substituted trimer phosphate ester materials arc exemplified
in related application Serial No. 08/427,913, filed April 26, 1995 which is hereinafter
incorporated by reference into this specification, it has now been shown that other
compotnds such as cyclophosphazine (X-1P from Dow Chemical Company), and other
15 oligomeric phenyl phosphate ester materials such as those described in the Formula I of the

instant application alsc have superior activity as refinery antifoulant materials in vapor

phase injection.
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One embodiment of the invention is a method of pxevennng fouling and coke
formation on the high temperature sections of hydrocarbon processing aquipm-ent whfch
- comes into conta:t with & hydrocarbon fluid. The method comprises adding to‘a carrier,
typically a stream of air, steam, or a mixture thereof; prior to the carrier coming into
5 contact.with the high temperature sections of such hydrocarbon processing equipment, an
| effective amount of an antifoulant in its vapor phase sclected from the group consisting of

i I
tri-tertiary-butylphenol phosphate esters and compounds having the formula

Q
Q Q
Q Q
Q I
10 ' wherein Q is seleéted from the group consisting of: Z and R, wherein two

occurrences of Q are Z, and wherein R is hydrogen, or a straight or
branched alky! group having from 1 to 7 carbon atoms, and only one or
two occurrences of R may be alkyl;

Z is yepresented by the formula II:
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0
R; R; ‘
R2 / \ 0) P 0 %
R R 0
1‘3 ‘\\\. }!3
R} N2~ Rs
Ry

n o

wherein R, and R, are the same as R and only one or two occurrences of

each of R, and R, may be alkyl, and “n” is 2 whole number of from 1 t0 9,
and mixtures thereof. |

The high temperature section of the hydrocarbon processing equipment must be

op@d at a temperature of from at least about 240 °C to vaporize the antifoulant prior to
the amtifoulant contacting the surfaces of the processing equipment. The hydrocarbon
processing equipment that is benefited from this invention is selected from the group
consisting of: visbreakers; delayed cokers; preheaters; fumaces; transfer lines;
exchangers; fluid catalytic crackers; hydrotreaters; hydrocrackers; and, furnace coils,
specifically, but not limited to those units in front of catalytic units (examples of catalytic |

units aye fluid catalytic crackers (FCC) and hydrocrackers).

18-
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Another embod:mant of the present invention is & method of preventing fouling
and coke formation on the surfaces-of high temperature sections of hydrocarbon
processiap equi;ﬁment which comes into eontact with a hydrocarbon fluid. The'
processing equipment and/or carricr must be operated thereof at a temperature of at least

5 " about 240 °C. The method comprises adding an effective amount of an antifoulant in its
vapor phase selected from the group consisting of tri-tertiary-butylphenol phosphate

esters and compounds of the following formula 1 to a carrier stream prior to its contacting

the hydrocarbon processing equipment:
Q
Q Q
Q _ Q
e 1
10. wherein Q is selected from the group consisting oft Z and R, wherein two

occurrences of Q are Z, and wherein R is hydrogen, or a straight or
branched alkyl group having from 1 to 7 carbon atomé, and only one or
two occurrences of R may be alkyl;

2 is represented by the formula 11:

-19-
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(0]
R; R;
%, 0 P o ;
R; R o
R? Ry
R;

n I
wherein R, and R, are the same as R and only one or two occurrences of
each of R; and Ry may be alkyl, and “n” is a whole number of from 1109,
and mixtures tqureoﬁ |
The antifoulant is added to the hydrocarbon processing equipment in a carrier
selected from the group consisting oft steam; air; hydrocarbon gases; inert gases, such
as nitrogen; and, mixtures thereof. The carrier stream containing the antifoulant may be
added to a hydrocarbon fiuid prior to its contacting the high temperature sections of the
hydrocarbon processing equipment, it may be injected into the high temperature sections
of the hydrocarbon processing equipment when a hydrocarbon fluid is not bdﬁg
processed or it can be injected into the high temperature sections of the hydrocarbon

processing equipment both prior to and during the processing of a hydrocarbon fluid.

-20-
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s Hydrt fluid, may be
The addition of the antifoulant, in or out of the presence of a hydrocarbon fluid, |
. i ipment on &
injected into the high temperature sections of the hydrocarbon processing equipm .
N 3
continuous basis or on sa intermitteat basis.i "
. . . os
The processing equipment that may be benefited by the'pmsent invention inc
. : ines; exchangers; fluid
5 - visbreakers; delayed cokers; preheaters; furpaces; “transfer lines; ‘ .
ils, , butn
catalytic crackers; hydrotreaters; hydrocrackers; and, furnace coils, specifically,
i . The
limited to those units in front of catalytic units (including FCC and hydrocrackers).
m | -
i to
antifoulant may be added to the carrier stream of air, steam, or mixtures thereof prior
the introduction of the carrier into an ethylene furnace or a visbreaker.
inhibiting tion of
Another unl;odiment of the invention is a method for inhibiting the forma '
10 : - . t
ke on the surfaces of high temperature sections of hydrocarbon processing equipmen
coke o
in contact with hydrocarbon fluid which comprises:
a decoking tl'1e hydrocarbon processing equipment;
b prior to processing a hydrocarbon fluid, adding to the processing
15 equipment an antifoulant in its vapor phase selected from the group
consisting of:
1 tri-tertiary-butylphenol phosphate esters;

2 compounds having the formula I:

. -21-

—_—
This Sheet Ha,

uml/um/u/mmiﬂ“



] [ RECEIVED 18/16 B2:36 1997 AT 5354864 PAGE 23 (PRIIITE(_) PAGE Z:U |

wherein Q is selecwdﬁommegroupconsisﬁng of: ZandR,wh#eln

Z, and wherein R is hydrogen, ora su'ai_ght or

occurrences of Q are
. 4
branched alkyl group having from 1 to 7 ga:bonatoms,anc_lonlyoneo
two occurrences of R may be alkyl;
5
Z is represented by the formula I1:
0
Ry R . “
| R, 0 I" s ) = |
R; .Ry | o
Ry Ry
R3 Ra
Rs
n II
-22-
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wherein R, and R, are the same as R and only 6ne or two occurrences of
each of R, and R; may be alkyl, and “a™ is a whole number of from 1 t0 9; and,
3. n‘tixt.nres thereof; '

c. forming a thin coke Jayer on the surfaces of the processing equipment;

and then,

d.  feeding the hydrocarbon fluid to the processing equipment.

The addition of the antifoulant may be discontinued during the processing of the
hydrocarbon fluid ar discontinued prior to the processing of the hydrocarbon fluid. The
antifoulant may be added intermittently prior to the processing of the hydrocarbon fiuid
or continuously prior to the processing of the hydrocarbon fluid. The antifoulant may
also be added intermittently during the processing of the hydrocarbon fluid or |
continvously during the processing of the hydrocarbon fluid.

The hydrocarbon fluid typically contains at least one fraction selected from the
group oonsisﬁng of: _ethanc; propane; butane; naphtha; kerosene; gas oil; and,
residuc. The antifoulant is added to the processing equipment in a carrier sclected from
the proup consisting of: steam; air; hydrocarbon gases; inert gases; and, mixtures
thereof,

The antifoulant is added, preferably, in a range of from about 0.0005 % to less

than about 10 % on the basis of % by volume or % by mole of the carrier flow prior to

- processing hydrocarbon fluid, more preferably in a range of from about 0.001 % to less

T
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than about 10 % on the basis volume % of hydrocarbon fiuid insss flow during the
* processing of the hydrocarbon fluid, and most preferably in a range of from about 0.005
% to les3 thias about 10 % or, the basis of casrier gas volume % or mole % during the
prepessivation and from about § to about 2,000 parts per million (ppra) on the basis of
5 mass of the hydrocarbon stream during the maintenatice dosage.

" Itisimportant, as discussed above, that during the addition of the antifoulant, te
processing equipment is maintained at a temperature of at least about 240 °C. The
processing equipment is typically operated between the temperatures of about 200 °C and
about 1,200 °C.

10 Another embodiment of the invention is a method for inhibiting the formation of
coke on the surfaces high temperature sections of hydrocarbon processing equipment in
contact with hydrocarbon fluid which comprises:

a. processing (;f a hydrocarbon fluid in the presence of an antifoulant in its
vapor phase selected from the group consisting of;

15 1. tri-tertiary-butylphenol phosphate esters;

2. compounds having the formula I:
Q

—_—
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wherein Q is selected from the group consisting of: Z and R, wherein two
occurrences of Q are Z, and wherein R is hydrogen, or a straight or -

Leznched alkyl group having from 1 to 7 carbon atoms, and only one or

two occurrences of R may be alkyl;
5 _ kamMWﬁeMaﬂ:
o)
R; R;
Rz \ 0 P O]~
R: R o
R3 \ Rg
RN R
R, .

n I
wherein R, and Ry arc the same as R and only one or two occurrences of
each of R; and Ry may be alkyl, and “n" is a whole number of ﬁom 1t09; and,
3. mixtures thereof, and,
10 : b. forming a thin coké Iayer on the surfaces of the processing equipment,
whereby the surfaces of the processing equipment are inhibited against formation of

additional coke during the processing of a hydracarbon fluid.

- 25 -
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 The antifoulant may be added intermittently during the processing of the
hydrocarbon fluid or continuously during the processing of the hydrocarbon fluid. The
hydrocarbon iluid may coatain 2t lesst one fraction selected from the group cofisisting of:
cthane; propane; butane; naphtha; kerosene; gas oil; and, residue. The anitfoulant
5 | may be added in 2 range of from about 5 to about 2,000 ppm on the basis of hydrocarbon
| fluid mass flow during the processing of the hydrocarbon fluid, During the addition of
the antifonlant, the processing equipment must be maintained at a temperature of at lecast
about 240 5C.
Another embodiment of the present invention is a method for increasing the run
10 length of hydrocarbon processing equipment used to process a hydrocarbon fluid which
comprises: | |
a. decoking processing equipment;
b. prior to prorjessing a hydrocarbon fluid, adding to the processing
equipment an antifoulant ia its vapor phase selected from the group
15 consisting of;
| L tri-~tertiary-butylphenol phosphate esters;

2. compounds having the formula I:

-26-~
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a . -

. Q .

Q¢ V0

e\ F ¢
. Q i

wl;areinQissclectedﬁ'omthegmupconsi'sﬁng.of: Z and R, wherein two
occurrences of Q are Z, and wherein R is hydrogen, or a straight or

branched alkyl group having from 1 to 7 carbon atoms, and only one or

5 two occurrences of R may be alkyl;
" Z ia represented by the formula II: ‘| i"i T ﬁi’i‘f ﬂ mi‘eﬁi‘ced
0
Rz Ry I
Rg O ? Oﬁ-._

R, Ry o

R3 \ R3

R3 /// R;
Ry

n I
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wherein R, and R, are the same as R and only one or two occurrences of
each of R, and Ry may be alkyl, and “n” is a whole pumber of from 1 to 9; and,
3.  mbrturesthereof; | :
c. forming a thin coke layer on the surfaces of the processing cquipment in
contact with the hydrocarbon fluid; and theo, .
‘4 feeding the hydrocarbon fluid 1o the processing equipment,
whereby the surfaces of said processing equipment are inhibited against formation of
additional coke during the processing of the hydrocarSOI: fluid thereby increasing the run
length of the processing equipment.

Another embodiment of the present invention is a method for increasing the
product yield from the processing of a hyfirocarbon fluid through hydrocarbon processing
equipment which comprises:

a. decoking proc;ssing equipmém;

b. prior to prc;céssing a hydrocarbon fluid, adding to the processing
equipment an antifoulant in its vapor phase selected from the group
consisting of:

i. tri-tertiary-butylphenol phosphate esters;

2. compounds having the formula I:

<28 -
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whereinQissetemdfrommmpeonéisﬁngoﬁ Z and R, wherein two
occurrences of Q arez.andwhminkishydmgm,orastraightor

brmcheda]lwlgrouphavingﬁomlto7cubonatoms,andonlyoneor

5 . two occurrences of R may be alkyl;
Z is represented by the formula II:
0
R; Ry
Rz Rz | ' o
R; | X Rs
Ry
n I
-29.
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wherein R, and R; are the same as R and only one or two occurrences of
each of R; and Ry may be elkyl, and “n” is a whole number ofﬁom 1to9; and,
3 mihures thereof; v
c forming a thin coke layer on the surfaces of the processing equipment in
5 contact with the hydrocarbon fluid; and then,
d. feeding the hydrocarbon fluid to the processing equipment,
whereby the surfaces of said processing equipment are inhibited against formation ot;
additional coke during the processing of the hydrocarbon Suid thereby increasing the
product yield from the processing of the hydrocarbon fluid through the processing
10 equipment.
In the process of this invention the antifoulant materials represented by Formula [
and the description of the tri-t-butylphenol phosphate ester arc generally added to a
petroleum fraction that Wlll be subjected to a high temperature processing operation in an
amount to provide from about 5 ppm to about 2,000 ppm of actives, preferably from about
15 5 ppm to about 1,000 ppm of actives, more preferably from about 5 ppm to about 500 ppm
of actives, and most preferably from about 5 ppm to about 100 ppm of actives of the
antifoulant, or mixtures thereof, as represented by Formula ] or the tri-t-butylph;nol
phospﬁate' ester as added to the hydrocarbon stream prior to the intrbducﬁon of the stream
into the high temperature processing area of the hydrocarbon processing equipment where

20 the stream will be subjected to relatively severe conditions that can lead to the formation of
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polymers or coke. The additives of this invention are generally soluble in the hydrocarbon

" fiuid to which it is applied, and in order for ease of application, may be diluted with

common solvents, such as keroscne, heavy sromatic naphtha, or the fike prior to its
mtroductxon into the system. Surprisingly, the material acts as an annfoulant in the high
temperature processmg of petroleum fractions to which it may be added.

What is meant by high temperature processing is temperatures ranging from as low
as about 100 °C, the boiling point of water to about 1,000 °C or higher. Genetally, the
additive of this invention is added to hydrocarbon fluids which will be subjected to
temperatures in excess of about 330 °C, (about 626 °F) at atmospheric pressure, the
approximate temperature at which thermal cracking is initiated.

As stated earlier, the antifoulant process of this invention is applicable to a wide
range of petroleumn processing operations that are conducted at high temperature. Among
the hydrocarbon proéess:’ing operations to which this invention may find applicability are
those operations where high molecular weight materials are eracked to produce lower
molecular weight materials or to decrease their viscosity. These operations include
hydf;mﬁn& hydrocracking, coking, visbreaking, steam eracking, reforming, and the like.
The materials may also be used in the feed materials going to pyrolysis or cracking funaces
to manufacture ethylenc, and the like. The additives may be added to delayed cokers,
preheaters, fumaces, refinery tubing, overhead lines, and other sections where hydrocarbon

fluids are processed at or heated 10 high temperatures, The additives may further be added
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to the hydrocarbon fluid effluent coming out of any of the above described operations,
Aiso, operation units that could benefit from treatment with the present invention is

furnaces (Lt sre associzted with atmospheric and vacuum distillation towers or cthier untis

that heat the crude oil before it is processed.

The addition of the claimed materials, tri-t-butylphenol phosphats ester or the
compound represented by Formulas I and IJ, to the hydrocarbon processing equipment
during the cleaning steps when the equipment is off:line (the feed of the hydrocarbon
stream has been stopped) or to the hydrocarbon stream or effluent from a high temperature
process section is thought to be particularly beneficial since it is thought that the high
temperature sections destabilize certain components in the hydrocarbon fluids so treated and
that the additive of this invention acts to prevent coke and foulant formation on the
equipment sections that are contacted with the hot hydrocarbon fluids as they exit the
heated sections. |

The present invention characteristically may be practiced advantageously with any
crude oil material, such as one selected from the group consisting of crude oils and reduced
crude oils. ‘ |

Typically, the phosphate ester materials of this invention are added to a crude oil
material at a lower level of from about 5 ppm total weight basis to about 2,000 ppm total
ﬁﬂt basis as the upper limit. It should be pointed out the upper limit will be limited by

economics, and not the effect of the additive, and quantities greater than about 2,000 ppm of

-32.
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the additive may be added. Preferably, the total amount of the additive of this invention
added during the cleaning step or to the hydrocarbon fluid mateﬁalmgesﬁomabmt? to
ot 2,000 ppm (same basis). In the processing of crude ils, heating times can'vary
caommously, as those skilled in the art of petroleum refining will readily appreciate, but are
generally in the range of sbout from & few seconds'to several hours, though longes and
shorter time can be involved. _

As used herein, the term "crude oil* can be considered to bave reference to materials
used as starting fluids for 2 petroleum erude oil refining ;pemion, such as a petroleum
having a substantially naturally occurring composition and which composition has not been
apl;reciably altered through the use of distillation or pyrolysis. Exampla of crude oils
include many materials, such as refinery battery limit crudes (¢.8. 2 crude as it exists in
storage vessels preceding refining), dcgassec"l crude oils (¢.g., & crude which has been
stripped at temperatures typically in excess of ffom about 75 °F to about 125 °F to remove
therefrom low boiling hydrocaerns, such as lower alkancs and other low volaﬁles), tar
sand crudes (e.g., & product obt;ined from a destructive distillation of a tar sand),
condensate crudes (e.g., a crude obtained by condensation of heavy ends from a natural gas
weil), shale oils, (¢.g., a crude oil obtained from a natural gas well), shale oils, (e.g-, 2 crude
il obtained from oil shale by destruetion distillation followed by hydrotreating), desalted
crude oils (.., a crude oil which has been subjected to a procedure whereby the content of

mineral salts present in a starting crude oil is reduced typically to a salt content not above 5
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pounds per 1,000 barrels, although the amount of salt remaining in de-salted cruds can vary
widely as those skilled in the art of petroleurn someﬁmcs overlap on one another and are not
well defined. Preseutly preferzed crude ofl starting fix ids for the nresent inventioh include
battery limit crude o, degassed crude oil, and desalted crude oil.

Similarly, as vsad herein, the term "reduced crude oil" can be considered to have

* reference to a starting crude oil fluid which has been subjected to distillation at teraperatures

which are generally abtﬁe those employed for making a degassed crude oil using
temperatures as above indicated, such as a residual crude oil (usually a liquid) which bas not
been substantially altered except as a result of heating and removing material therefrom by
distillation of pyrolysis, Examples of reduced crude oil include a wide veriety of matesials,
as those skilled in the f;:ﬁnery art will appreciate readily, such as topped crude oils (e.g., a
product which results after gas oils boiling in the range of from about 400 °F to about 575
°F have been removed ﬁ';m..a.crude oil by fractional distillation), atmospheric residues
(e.g., a product which results from the fractional distillation of a crude oil in an atmospheric
pipe still and which boils above a !empex;anxre in the range of from ﬁbout 350 °F 1o about
650 °F), viscous pitches (c.g., a product which results from a fractional distillatiqn of an
atmospheric residue in a vacuum still and which boils above a temperature in the range
from about 1,000 °F to about 1500 °F at pressures of from about 1 to about 5 psig).
Viscous pitches can be considered to include coker fluids. Presently preferred reduced

crude oils include topped crude oils, atmospheric residues and viscous pitches.

-34-
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The processing of crude oil materials in a refinery is a relatively well developed art,

Characteristically and usually, the processing of crude petroleum compriscs a successive

A,

. series.of steps. These steps characteristically and preferably are as follows:

heating a crude oil in at least one heat exchanger 10 a temperature typically
in the range from about 100 °F to about 200 °F,

desalting the crude oil typically and preferably by the substeps of

(1)  turbulently mixing the crude oil which has been preferably first pre-

. heated as above indicated as typically from about 3 to about 8 parts
by weight of water for each 100 parts b.y weight of such crude oil to
form an emulsion of the water in oil type,

(2)  breaking said emulsion through the use of chemical agents, electrical
ﬁxcans, or some combination thereof, and

€)] sei:maﬁng the resulting aqueous phase from the resulting crude oil
phase,

further heating the resulting crude oil in at least one post desalter heat

exchangerto a temperature typic.-;lly in the range from about 200 °F to about

500 °F, -

still further heating the resulting crude oil in a furnace to a temperature

typically in the range from about 500 °F to about 700 °F,
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charging the so-heated crude oil to an atmoipheric sill wherein such crude
oil is progressively fractionally distilled at temperatures typically in the
rang= G~m about 300 °F to about 550 °F under pressures typically ranging
from and including atmospheric up to about 50 p.s.i.a. and collecting the
distillates until an atmospheric residue results which boils above 2
temperature typically in the range from about 300 °F to about 650°F,
heating said atmospheric residue in a vacuum furnace to a tcmpeme
typically in the range from about 650 °F to about 800°F while maintaining a
subatmospheric pressure of from about 5 to gbout 14 p.s.i.a typically,
charging the so-heated atmospheric residue to'a vacuum still wherein such
atmospheric residue is progressively fractionally distilled at a temperature
typically in the range from about 800 °F to about 1,100 °F under pressure
typically ranging from about 1 to about 5 p.s.a. and collecting distilates
until a viscous pitch results typicatly boiling in the range from about 1,600
°F o about 1,500 °F at .a subvaunqsphe:ic pressure of typically from about 1
to about 5 p.s.ia, and

progressively heating the viscous pitchina Zone at temperaturcs typically
ranging from about 860 °F 10 about 900 °F at pressures typically ranging
ﬁ'Om about 50 to about 350 psig for a time ranging from about 1 second to

about 1/2 hour.
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In the case of step (H), the heating can oceur either in a coker zone or in a thermal
'cmcking zone. In the case of a coker zone, the heating is pyrolytic, and the distillates are
collected, wntl 2 final solid residuc is obtair:=d which is a coke. In the casc of & thermal
cracking zone, the process involved is termed "visbreaking™ and the distillates are collected
5 without changing the fluid nature of the starting viscous pitch (as by forming coke).
Residence times of the charged material (initially viscous pitch) in a coker zone typiwlly_
extends for periods of time more than about 10 seconds with common coking times ranging
from about 45 minutes to about 4 1/2 hours, Residence times of starting pitchin e
visbreaking operation in a thermal czackmg zone typically are shorter than about 10 seconds
10 maximurm. '
In the crude oil processing steps above described, a coker fummace can follow step
(G) and precede step (H) so that after step (G) the following processing step sequence
occurs after step (G) in pl;u of step (H): |
(H) heating said viscous pitch in a furnace to a temperature in the range from about
15 1.000 °F to about 1,500 °F (about 538 °C to about 816 °C) at pear atmospheric pressure
| and passing said so heated pitch into a flash zone at temperatures typically in the range
from about 860 °F to about 900 °F at pressures typically of from about 50 to about 350
p.si.g. Such ﬂaﬁh zone can either be a coker zone or a visbreaking zone, as above

indicated. If a coker zone, residence time in such zone is prolonged and pyrolysis oceurs.

20 1f a visbreaker zone, residence time is brief and cracking occurs, giving rise to naphtha and
o il
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gas oil as lighter products and producing a residuum which is less viscous than the charge
:
These crude oil und reduced crude oit procszsing stevs, as indicated, are well known

mthem'tofpetm!emnreﬁninganddonotoonsﬁﬂneassuchpanofthepresentin\éenﬁon. .

Those skilled in the art will appreciate that many variation, efc., can be used in any given
hydrocarbon processing operation, involving, for examples, additional steps, substitute
steps, recycle loéps, apd the like, The above summary is merely representative, but
characteristic, of the sequence of steps typically found in a refinery when processing crude
oil. Pétroleum processing is discussed in such reference works as that by Nelson entitled
Petroleum Refinery Engineering, see, for example, chapter 7, pp. 248 - 260; chapter 8, pp.
265 - 268; chapter 17, pp. 547 - 554; and, chapter 19, pp. 678 - 693. All such crude oil
processing steps characteristically cause fouling of hydrocarbon processing equipment_ in
absence of an additive o? the like, as those skilled in the art well appreciate.

Fouling deposits apparently occur most frequently at temperatlircs between about
200 °F and about 1,800 °F (about 93 °F to about 982 °C), or even higher such as in, for
example, certain ethylene furnaces.

The types of equipment affected most frequently include heat exchange surfaces,
such as indicated above. The fouling deposits themselves are typically and principally
polymerization products and are characteristically black in color. Some are initially gummy

masses which convert to coke-like masses at elevated temperatures. Inorganic portions of
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such deposits frequently contain components, such as silica, iron-oxides, sulfur oxides, iron

" sulfides calcium oxide, magnesium oxide, inotpanic chloride salts, sodium oxide, alumina,

sodinm sulfats, copper oxides, copper salts, and the lie, These deposits ars not feadily

- solubilized by common organic solvents and these deposits arc distinguishable from the

corrosion and siudge formation sometimes occurring in finished products. Conventional
antioxidants, stabilizing chemicals, and the like are characteristically relatively ineffective
asantifoﬂant;. | _

During a distillation or pyrolysis carried out with a crude oil material containing
formula (1) and/or (2) material, this additive material i.s characteristically not carried over in
the vapors evolved, but remains instead with the residue (reduced crude oil) involved.
Chemical and physicaf changes may ocewr, of course, in such additive material during »
given distillation or pyrolysis operation, but it is now theorized (and there is no intent herein
to be found by theory) that by-produets, degradation produc;ts, and the like, are not
appreciably carried over with a vapor phase stream removed during a distillation or
pyrolysis operation from a reduced crude oil.

The following procedures are presented to describe preferred embodiments and
wilities of the invention and are not meant to limit the inveation unless otherwise stated
in the claims appenaed hereta.

One procedure in which the claimed materials could be applied is hot heaters

wherein hydrocarbon fluid (hydrocarbon feec_istock) are heated to 2 minimum temperature

-39-
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of about 240 °C within the thermal units, Such equipment includes, but is not limited to,
crude heaters, vacuum heaters, visbreaker heaters, and delayed cokers, The fluid is
heated in ihe heater sectior. of th equipment to a preselected temnerature.

In the case of a delayed coker heater, the heater charge is heated so that cracking

. occurs in the downstream reactor (also referred to as the coke drum). However, a certain

arﬁount- of cracking takes place in the heater and leads to the undesired deposit formation
(coking). The cracked light ends leave the coke drum ﬂnough the coker overhead line
and are charged as recycle back into the ﬁ-action.ator bottom, There it is combined with
varecycled material and recharged into the heater.

As the coke forms in the heater, the coke acts as an insulaior, thereby decreasing
the heat transfer process in the eqmpmcnt As a result, the equipment must be fired
harder to malntam the heater outlet temperature. However, the equipment has a critical
operating temperature, about 1,250 °F to aboﬁt 1,350 °F, above which the equipment
can.not be safely operated. At that time, the equipment must be shut down and one or
more of the cleaning methods, as described above, is carried out. A typical run on high
temperature refinery equipment betwec':n cleaning procedures is between § days and 4
years in Jength, with the average run being about onc year.

A pre-passivation step can be carried out on the high temperature refinery

equipment which involves treating the surfaces of the equipment that typically comes into
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contact with the hydrocarbon fluid when the equipment is off-iihe, when the hydrocarbon
fluid is not being processed. |

The -efinery equipment can be passivated using the following proceduré. The
terperature of the heater xﬁust be maintained at a temperature sufficient to maintain the
temperature of an injection guill located upsueam- of.the heater inlet at at Jcast about 240 -
°C. The quill needs to be positioned such that it can be maintained at a temperature of at
least about 240 °C due to the radiant heat from the heater or by some other mechani_sm.
To maintain the quill temperature at at least about 240 °C, the heater, including the tubes
in that location, typically must be maintained at at least about 300 °C, more preferably at
about 400 °C.

Thé air flow, defined as the flow necessary to move the hydrocarbon fluid and
-Other materials through the tubes, must also be maintained preferably heated to at least
z.ibout 200 °C before it enters the heater ar comes into c&n&ct with treatment materials
such as the antifoulants of the instant invention. A typical air flow is about 2,000
f*/hour. 'I'ht; temperature of the air flow is extremely important if condensation of the
treatment materials is to be avoided. |

Once the air flow and the temperatures are stabil%zed, the pressure in the system
will be about 40 lbs. The trcaunent materials, in this case, the claimed antifoulants, are

injected through the quill at a concentration below about 10 volume percent (mole %).

" The antifoulant is vaporized in the quill. As the vaporized antifoulant reacts with the
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surface of the refinery equipment. a film of coke suppressing material is formed on the
surfaces of the refinery equipment, A more dctmled description of the mechanism is '
present in the article “Fonation of Solid Fitms Frora the Vapor Phase on HiBH
Temperature Surfaces” by James Makki and Ear] Grabam and published in the Journal of
the Society of Tribologists and Lubrication Engineers , vol. 47, 3, 199-206, incorporated
herein by reference. | |

The antifoulant is fed into the heater at a rate of from about 0.5 gallon/day to
about 3 gallons/day, more preferably from about 0.5 gallon/day'to about 2 gallons/day,
and most preferably from about 0.8 gallon/day to about 1.2 gallons/day, for from about 5
minutes to about 30 mm, more preferably from a§out 5 minutes to about 20 minutes,
and most preferably from about 5 minutes to about 15 minutes, Longer period of times
may be employed, such as up to 3 days or longer, depending upon a variety of factors
including the type of cleaxﬁng process, the hydrocarbon process to be mployeé, the type
of cquipnient being treated, and the condition under which the bydrocarbon process is to
be carried out.

The feed rate of the antifoulant can then be gradually increased so as not to
interfere with the air flow through the equipment or otherwise shocking the system. The
feed r;ite is increased from about 1 gallon/day to about 2 gallons/day, more preferably
from about 1.2 gallons/day to about 1.9 gallons/day, and most preferably from about 1.4

® : th
gallons/day to about 1.8 gallons/day. This increased feed rate for the antifoulant to the

_
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heMsmmdudehahmmm30Mwahm 1 hour, more
preferably for at least from aboﬁt 2 houys to about 3 hours, and most preferably from
about 4 hours 10 about $ hiours. As discusead above, longer period of times may be
employed, such as up to 3 days or longer, depending upon & variety of factors including
the type of cleaning process, the hydrocarbon procéss to be employed, the type of
equipment being treated, and the condition und?r which the hydrocarbon process is to be
carried out.

More than one injection quill can be used in this procedure. Multiple injection

quills promote a more even treatment and coating of the surfaces of the equipment. An

additional quill could be located downstream of the convection section of the refinery
equipment such as at the shock tubes, the tubes that connect the convection section to the
radiant section.

The heater must be maintaihed at a temperature sufficicnt to maintain the
temperature of the an injection quill located upstream of the heater inlet at at least about
240 °C. The quill needs to be positioned such ihat it can be maintained at a temperature
of at lcast about 240 °C due to the radiant heat from the heater or by some other
mechanism. To maintain the quill temperature at at least about 240 °C, thelheater..
including the tubes in that location, typically must be maintained at at least about 300 °C,

more preferably at about 400 °C,
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- Theair flow, defined as the flow necessary to move the hydrocarbon fluid and
other materials through the tﬁbes, must also be maintained at or preferably heated to at
Jeast about 240 °C before it enters the heater or comes into contact with treatment
 materials such as the antifoulants of the instant invention. The typical air flow is about
5 2,000 ft'/hour. The temperature of the air flow is extremely important if condensation of
the treatment materigls is to be avoided. |
anetheairﬂowandthetemperaturesmmbiﬁzed,thepressmﬁnthc system
will be about 40 1bs. The antifoulant is injected through the quill at a concentration
below about 10 volume percent (mole %). The antifoulan't vaporizes in the quill. As the
10 vaporized antifoulant reacts with the Surface of the refinery equipment, a film of coke
suppressing material is formed on the surfaces of the refinery equipment,
The antifoulant is fed into the heater at a rate of from about 0.5 gallon/day to
about 3 gallons/day, mor; preferably from about 0.5 gallon/day to about 2 gallons/day,
| and most preferably from about 0.8 gallon/day to about 1.2 gallons/day, for from about 5
15 minutes 1o about 30 minutes, more preferably from about 5 minutes to about 20 minutes,
and most preferably from about 5 minutes to about 15 minutes.
The feed rate of the antifoulant can be gnduﬁly increased so as not to interfere
with the air flow through the equipment or otherwise shocking the system. The feed rate

is increased to from about 1 gallon/day to about 2 gallons/day, more preferably from

20 about 1.2 gﬂlonslda§ 1o about 1.9 gallons/day, and most preferably from about 1.4
<44 - o
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gallons/day to about 1.8 galloris/day. This increased feed rate for the antifoulant to the
" heater should be maintained for at least from about 30 mintes to sbout 1 hour, more
prefcrably for at least fror abott 2 howns to about 3 haurs, and most preferably from
zbout 4 hours to about 5 hours. |
5 - " Another location of an injection quill is at the end of the radiant section. Using
the “reversed flow burning”, wherein air is forced in through the outlet of the radiant
section. Using this procedure, the radiant scction is most heavily coated with the film
resulting from the reaction of the vaporized antifoulant and the surfaces of the refinery
equipment.
10 | In addition, a continuous treatment of the antifoulant can be used where the
| antifoulant is injected wnth the hydrocarbon fluid. As described above, the heater must be
maintained at a temperature sufficient to maintain the temperature of the an injection quill
located upstream of the l;eater inlet at at least about 240 °C. The quill needs to be
positioned such that it can be maintained at 1 temperature of at least about 240 °C due to
15 | the radiant heat from the heater or by some other mechanism. To maintain the quill
temperature at at least about 240 °C, the heater, including the tubes in that location,
typically must be maintained at at-Jeast about 300 °C, more preferably at about 400 °C.
The air flow, defined as the flow necessary to move the hydrocarbon fluid and

other materials through the tubes, must also be maintained at or preferably heated to at

20 " least about 240 °C before it enters the heater or comes into contact with treatment
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materials such as the antifoulants of the instant invention. The typical air flow is about

2,000 f*/howr. The temperature of the air flow is extremely important if condmsatig of

_ the treatment materials is (0 be gvoided. The hydrocarbon fluid feed is started.

Ongce the air flow, hydrocarbon fluid feed and the temperatures are stabilized, the

. pressure in the system will be about 40 Ibs. The aritifoulant is injected through the quill

at a concentration below about 10 volume percent (mole %). The antifoulant vaporizes in
the quill. As the vaporized antifoulant reacts with the sgrface of the refinery equipment, a
film of coke suppressing material is formed on the surfaces of the refinery equipment.

The antifoulant is fed into the heater at a rate of from about 1 gallon/day to about
100 gallons/day, more preferably from about 4.0 gallons/d#y to about 7.0 gallonsldgy,
and mﬁst preferably from about 4.5 gallons/day to about 6.5 gallons/day. The feed rate
for the antifoulant is maintained for at least from about 1 day to about 3 year, more
preferably for at least from sbout 1 day to about 180 days, and most preferably from
about ] day to about 120 days. Longer or shorter times may be employed, depending on
a variety of factors including the type of hydrocarbon processing procedure being used,
the type of equipment being treated, length of the run, and the conditions under which the
process is carried out. | ' |

The antifoulant vapor in the hydrocarbon fluid weuld replenish the coating
formed during the prepassivation process or creates a coating as the antifoulant vapor

reacts with the surfaces of the of refinery equipment. However, this continuous treatment
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procedure can not be used in fluid catalytic crackers, hydrotreaters, hydrocrackers, or any
other refinery equipment that contains a catalyst bed downstream of the heater unit.
-Another applicaﬁt;n of the claimed artifoulants includes injecting one or more of
the claimed antifoulant during an on-line despalling procedure. On-line despalling is
where one or more lines (passages) of the heater aré shut down and trested with steam
and/or condensats to remove coke deposits in the line while the hydrocarbon fluid
continues to be processed through the other lines of the beater. After the coke deposits
have been removed, the temperature of the heater must be maintained at a temperature
sufficient to maintain the temperature of an injection quill located upstream of the heater

inlet at at least about 240 °C. The quill needs to be positioned such that it can be

_maintained at a temperature of at least about 240 °C due to the radiant heat from the

heater or by some other mechanism. To maintain the quill temperature at at least about

+ 240 °C, the heater, including the tubes in that Jocation, typically must be maintained at at

least about 300 °C, more preferably at about 400 °C.

Itis obviéusly at the temperatures that the spalling process is carried out at, there
would not be any concerns with proper vaporization of the one or more claimed
antifoulants being injected into the line that is off-lined, Many of the commercially
available antifoulants hydrolyze in the steam, steam/air, or air at despalling temaperatures,

causing additiona] problems without inhibiting or preventing coke deposits, The claimed
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able to at least minimize the deposition of coke in refinery equipment.
The aix flow, defined as the flow necessary to move the hydrocarbon fitid and
other materials through the tubes, must also be maintained at or heated to at least about
5 240 °C before it enters the heater or comes into confact with treatment materials such as
the antifoulants of the instant invention. A typical air flow is about 2,000 f”/hour. The
temperature of the air flow is extremely important if condensation of the weatment
materials is to be avoided.
Once the temperatures are stabilized, the pressure in the'system will be about 40
io - Ibs, The treatment materials, in this case, the claimed antifoulants, are injected through
the quill at a concentration below about 10 volume percent (mole %). The antifoulant is
vaporized in the quill, As the vaporized antifoulant reacts with the surface of the refinery
equipment, a film of eoke: suppressing material is formed on the surfaces of the refinery
equipment.
15 The antifoulant is fed into the heater at a rate of from about 0.5 gallon/day to
about 3 gallons/day, more preferably from about 0.5 gallon/day to about 2 gallons/day,
and most preferably from about 0.8 gallon/day to about 12 gallons/day, for from about 3
minﬁtes to about 30 minutes, more preferably from af:out S minutes to about 20 minutes,
and most preferably from about 5 minutes 10 about 15 minutes. The dosages and the

20 treatment times will vary markediy depending on a variety of factors including the type of
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- which
process being used, the type of equipment being treated, and the conditions under
is carried out. | |

tlmpm:‘::fi:etirateoftheant.ifou!antcanbegndnnnyim:reasedsu»asnotto interfere
with the air flow through the equipment or otherwise shocking the system. The feed rate

5 | is increased to from about 1 g'allon_lday to about;z gallons/day, more preferably from
about 1:2 gallons/day to ab§m 1.9 gallons/day, and most preferably from about 1.4
gallons/day to about 1.8 gallons/day. This increased feed rate for the anufoulanttfs the
heater should be maintained for at least from about 30 mirtes to about 1 hour, more
preferably for at least from about 2 hours to about 3 hours, and most preferably from

10 | about 4 hours to about 5 hours. |
Changes can be made in the composition, operation and arrangement of the |

methaod of the present invention described herein ﬁthout departing from the concept and

scope of the invention as defined in the following ¢laims:
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1. A method of preveating fouling and coke formation on the high temperasre

sections of h}"ﬁocaibon procsssing equipment in contact with a hydrocarbon ﬂuid.;which
comprises adding o the hydrocarbon fluid prior to its contact with the high temperature
sections of such hydrocarbon processing equipment an effective amount of an antifoulant
in its vapor phase selected from the group consisting of tri-tertiary-butylphenol phosphate
esters and c;ompo\mds having the formula I:
: 0 :
Q Q
Q Q
Q I
wherein Q is selected from the group consisting of: Z and R, wherein two
occurrences oi'Q are Z, andwhereinRishydrogen,_orastnightor
branched alkyl group having from 1 to 7 carbon atoms, and only one or
two accurrences of R may be alkyl;

Z is represented by the formula Il:
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R3 Ry

wherein R, and R; are the same as R and only one or two occurrences of
eachbe,a.t;dksmaybe'alkyl,and“n”isawholenumberofﬁoml_to9,

and mixtures thereof.

2.  Themethod according to Claim 1, wherein the high temperature section of the

hydrocarbon processing equipment is at a temperature of at least about 240 °C.

3. Themethod according to Claim 1, wherein the antifoulant is added to a stream

selected from the group consisting of: air; steam; and, mixtures thereof prior to the
addition of the antifoulant to the hydrocarbon fluid in an amount of from ebout 5 parts -

per million to about 2,000 parts per million based on the mass of the hydrocarbon ﬂuid.'
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4. ncmethodwcordingmmaiml,whminﬂnhydme&bdnpmmsipgeqﬁipmmt

" 2 isselected from the group consisting of: visbreakers; delayed cokers; preheaters;

fcmacec trax:sfer lines; exchangers; fluid catalytic crackers; hydrotreaters; _
R

0 o

8.  The method according to Claim 1, wherein “n” is a whole numbes of from 1 to 5.

4 hydrocnckers and, furnace coils,

6.  The method according to Claim 5, wherein “n” is a whole mumber of from 1 to 3.
7.  The method according to Claim 6, wherein “n” is 1.

8.  The method according to Claim 7, wherein each occurrence of R, Ry, and R; is

[38)

hydrogen.

9. Amethodof preventing fouling and coke formation on the surfaces of high

2 temperature sections of hydrocarbon processing equipment in contact with a hydrocarbon
fluid at a temperature of at least about 240 °C, which comprises adding an effective

4 amount of an antifoulant in its vapor phase selected from the group consisting of tri-

-52-
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tertiary-butylphenol phosphate esters and compounds of the following WI w0a
6 mﬁummMWmimwnmmgﬁehyMnmmgmmm.

Q _ .
Q ' Q \ |
. Q ,_ LT ]

Q I

wherein Q is selected from the group cousisting of: Z and R, wherein two

8 .
oceurrences of Q are Z, and wherein R is bydrogen, or a straight or
10 bmnchdallcylgrouphavingﬁomlto?carbonmﬁs,andonlyoneor
two occurrences of R may be alkyl;
12 Z is represented by the formula II:
- 0
R, Ry
Ry 0 P 0
R Ry o
Ry R;
Ry R,
Ry
n 1l
i4
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wheremR;md&mthemasRandmlyoneortwooecmencesof

eachofRzandR;maybellkyl.

and mixtures thereof.

“n” is a whole number of from 1 t0 9,
_—

O g

10. The method according to Claim 9, wherein the antifoulant is added to the

processing equipment in & carrier stream selected from the group consisting of:

a

b.

steam;

air

hydrocarbon gases;
inert gases; and,

mixtures thereof,

1 1 « The method according to Claim 9, wherein the carrier stream containing the

antifoulant is added to a hydrocarbon fluid prior to its contacting the high temperature

sections of the hydrocarbon processing equipment.

12. . The method according to Claim 9, wherein from about 0.0005 % by volume to

about 10 % by volume based on the volume of the stream to which the antifoulant is

added.
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13. The method according to Claim 9, wherein the hydrocarbon processing equipment

is selectad from the group consisting of: visbreakers; delayed cokers; preheaters;
fornaces; transfer lines; exchangers; fiuid catalytic crackers; hydrotreaters;

e I

14. The method according to Claim 9, wherein “n” is 2 whole number of from 1 to 5.

15, The method according to Claim 14, wherein “n™ is a whole number of from 1 to 3.
16. The method according to Claim 15, wherein “n™ is 1.

17. Themethod according to Claim 16, wherein cach occurrence of R, R;, and Ry is

hydrogen.

18. The method according to Claim 15, wherein R is a hydrogen or an alkyl group

2 containiné from 1 to 4 carbon atoms with at least one occurrence of R being alkyl,

This Sheet Has Been Reﬁl,
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19. The method according 1o Cleim 9, wherein the antifoulant is added to the carrier
| T

2 siream prior 1o ts imvoduction ioto an ethyleve furace | '"l"c’ Iﬂl{l llljl ”,ll I llli .

20. The method according to Claim 9, wherein the antifoulsnt is added to the carrier

2  stream prior to its introduction into & visbreaker.

21. A method for inhibiting the formstion of coke on the surfaces of high temperature

2  sections of h,;/drocarbon processing equipment in contact with hydrocarbon fluid which
comprises:
4 a.  decoking the hydrocarbon processing equipment; |
b.  priorto processing ; hydrocarbon fluid, adding to the processing

6 ' equipxhent an antifoulant in its vapor phase selected from t-he group
consisting of*
8 1 tri-tertiary-butylphenol phosphate esters;

2. compounds having the formula I:

Q
Q Q
Q Q
10 Q 1

.56
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wherein Q is selected from the group consisting of: Z and R, wherein two
12 occurrences of Q are Z, and wherein R is hydrogen, or a straight or
branched alkyl group having from 1 to 7 carbon atorss, &nd only one or

14 1wo occurrences of R may be alkyl;
Z is represented by the formula II: I —
. ) 0y Mimm
= |
R, 0 )
R, R, )
Ry o Xy Rs
R}~ Rs
R;
n 1
18 wherein R, and R, are the same as R and only ohe or two oceurrences of

cach of R, and R, may be alkyl, and “n" is a whole number of from 1 t0 9; and,
20 3. mixtures thereof;
¢ forming a thin coke layer on the surfaces of the processing equiﬁmcnt;
22 and then,
d feeding the hydrocarbon fluid to the processing cquipment.
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22. The method according to Claim 21, wherein the addition of the antifoulant is

2 discontinued during the processing of the hydrocarbon fluid.

23. The method according to Claim 21, wherein the addition of the antifoulant is

2  discontinued prior to the processing of the hydrocarbon fluid.

. 24. The method according to Claim 21, wherein the antifoulant is added intermittently

2  prior to the processing of the hydrocarbon fluid.

25. The method according to Claim 21, whercin the antifoulant is added continuously

2  prior to the processing of the hydrocarbon fluid.

26. The method according to Claim 21, wherein the antifoulant is added intermittently

2 during the processing of the hydrocarbon fluid.
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977, Tho method according to Claim 21, wherein the autifoulant is sdded coninuously

2 during theprocessing of the bydrocarbon fluid,

* c L ms *

28, The method sccording to Claim 21, wherein the hydrocarbon fiuid contains 2t

2 least one fraction selected from the group consisting of:
2. ethane;
4 b. propane;
¢. butane;
6 d. naphths;
| e. kerosene;
8 f. gasoil; and,

g. residue.

20. The method according to Claim 21, wherein the antifoulant is added to the

(8

processing equipment in a carrier stream selected from the group consisting of:

a. stean;
Lo Tl
c. hydrocarbon gases; " ,| ,Il III
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30. The method according to Claim 21, wherein the antifoulant is added in a range of

from about 0.0005 % by volume to aboht 10% by volume on the basis of carries volume

flow prior to the processing of the hydrocarbon fluid.

31. The method according to Claim 21, wherein the antifoulant is added in a range of

from about 5 ppm to about 2,000 ppm on the basis of hydrocarbon fiuid mass flow during

the processing of the hydrocarbon fluid.

32. The method according to Claim 21, wherein, during the addition of the

antifoulant, the processing equipment is maintained at a temperature of at least about 240

°C.

33. The method according to Claim 21, wherein, during the addition of the

antifoulant, the processing equipment is maintained at a temperature ranging from about

200 °C 1o about 1,200 °C.
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34. Amethod for inhibiting the formation of coke on the surfaces of high temperature

2 sections of hydracarbon processing equipment in contact with hydrocarbon fluid which

comprises:
4 a.  processing of a hydrocarbon fluid in the presence of an mﬁfoulmi:"iu
| vapor phase selected from the group consisting of: -
6 L tri-tertiary-butylphenol phosphate esters;
2, compounds having the formula I:
Q
Q Q
Q Q
8 Q i

wherein Q is sclected from the group consisting of: Z and R, wherein two
10 occurrences of Q are Z, and wherein R is hydrogen, or a straight or

branched alkyl group &ﬁng from 1 to 7 carbon atoms, and only one or

12 two occurrences of R may be alkyl;
Z is represented by the formula Il
14
-6l -
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Ry R, | '

Ro -0 - P 0
R; R
2 o

Ry R
RN\~ Rs

Ry

n 14
16 _ wherein R, and R, are the same as R and only one or two occurrences of

each of R, and Ry may be alkyl, and “n” is a whole number of from 1 t0 9; and,
18 3. mixtures thereof} and,
b. forming a thin coke layer on the surfaces of the proccssmg equipment,
20  whereby the surfaces of the processing equipment are inhibited against formation of

additional coke during the processing of a hydrocarbon fluid.

3S. The method according to Claim 34, wherein the antifoulant is added intermittently
—_—

2 during the processing of the hydrocarbon fluid. This Shee

i Wil
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36. The method according to Claim 34, wherein the antifoulant is added continuously

Z¢ during the processing of the hydrocarbon fluid.

37. mmethodacco:dingmcmm34,wheéeinmehymnﬂuideomat

2 lcast one Fraction sclected from the group consisting of:

a. ethane;
4 b. propane;
¢. butane;
| 6 d. naphtha;
¢. kerosene;

8 f. gas oil; and,

g. residue.

38. Themethod according to Claim 34, wherein the anitfoulant is added in a range of

2 from about 5 ppm to about 2,000 ppm on the basis of hydrocarbon fluid mass flow during

the processing of the hydrocarbon fluid. ~ — S
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39, The method according 10 Claim 34, wherein during the addition of the antifoulant,

2  the processing equipment is maintained at a temperature of at least about 240 °C.

3

40, Amethod for mcreaﬂngthcnmlength of hydrocarbon processing equipment used

. .ch - : " .
7 oo ahrloesbon Bl i o AR S HEN) T
a dmkingprou oS '|J |g lqﬂ'lpmenl; %* [ L M S * _
4 b. prior to processing a hydrocarbon fluid, adding to the processing

equipment an antifoulant in its vapor phase selected from the group
6 consisting of:

1.  tri-tertiary-butylphenol phosphate esters;

3 2. compounds having the formula I:
Q.
Q Q
Q Q
Q I
10 wherein Q is sclected from the group consisﬁng of: Z and R, wherein two

. occurrences of Q are Z, and wherein R is hydrogen, or a straight or
12 branched alky! group having from 1 to 7 carbon atoms, and only one or

two occurrences of R may be alkyl;

14 Z is represented by the formula II: .
- This Sheet Has Been Replaced
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0
R; R, !
R, o) P o
R; Ry !

R; . \ R.
R Y T Y

n n
whmhkzmdkgmthenmca;Ruidonlyommmoccmeneesof
each of R; and R, may be alkyl, and “n” is 8 whole number of from 110 9; and,
3. mixtures thereof;
c. forming a thin coke layer on the surfaces of the processing equipment in
contact thh the hydrocarbon ﬂui&; and then,
d. feeding the hydrocarbon fluid to the processing equipment,
whereby the surfaces of said processing equipment are inhibited against formation of
additional coke during the processing of the hydrocarbon fluid thereby increasing the run

length of the processing equipment.

41. A method for increasing the product yield from the processing of a hydrocarbon fuid

e

o~

through hydrocarbon processing equipment which comprises:
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a.  decoking processing equipment; | .
b.  priorto processing a hydrocarbon fluid, adding to the processing equipment an
antifoulant in its vapor phase selected from the group consisting of:

I ai-terticry-butylphenol phosphate esters;

3. compounds baving the formula I:
| Q | )0 A R
Q Q
Q Q
Q I
wherein Q is selected from the group consisting of: Z and R, wherein two occurrences of
| Queé,mdwhuemnhhydrogmor;suaightorbmchedamylgmuphaving

from 1 to 7 carbon atoms, and only one or two occurrences of R may be alkyl;

Z is represented by the formula IL:
0]
R; R;

R, 0~ p—O
R2 R o

Ry AN

R3 / R3
R;

n I
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.whereink,andk;mthcsam:askindonlyoneormoccmrenceséfeuchof

R, andR, may be alkyl, and and “n" is & whole number of from 1 10 9; and,
s st N 6
e.  forming e thin coke layer on the surfaces of the processing equipment in contact
with the hydrocarbon fluid; and then,
d  feeding the hydrocarbon fluid 10 the processing equipment,
whereby the surfaces of said processing equipment are inhibited against formation of additional
coke during the processing of the hydrocarbon fiuid thercby increasing the product yield from the

processing of the hydrocarbon fluid through the processing equipment.

-
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