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A method for reducing fouling on the surfaces of equipment used in the high 

tmlperature tmmneat ofpet'Oleum fluids'°~ mating high tempaatUre rtfinel)' 

eqmpment or the petroleum fluid behig processed iD high temperalUlC rdimy equipment · 

with at least about 5 parts per millicm oftri·t-~1phcaol phosphato ester or of a compound 

having the fonnula I: 

Q 

QO'Q 
.Q #Q 

Q I 

wherein Q is z. or~ with the proviso that two occun:enccs of Q are Z, R. is hydzogen, or a 

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

carbon atoms, and only one or two occuucnces ofR may be alkyl; 

) 
Z is represented by the fonnula II: 

... 

REPLAc 
. ED SHEETS 

urOescriot· '> SG .. • 1cm : Pa!Jed· r.-: 
,t:;n):aim(s) • ·c:· .. to PB.gad 4o 

. • "'"-.. (?!ad ..J•Q •• ! , I. 
frl)n.1winr:(", ,. '·'.1 .. .. • .. • • • to paged I !L. 
-./ ·~ o>J : paged .b.1 .• 
tt'.I Abstract • • j; · · • · to Paged 

• Pa.zied 0?:_ · • • • • ·.. · 
""' • • •• to paged ......... 

.. 2-



-: -

L KIU;IUVED 11/16 13· ..... 1....., AT . • ; -~· ~~' 535•86• PAGE If CPRJNTED PAGE ... 5) l 

.. 0 

I 
Rs 0 ,-o--

I ': 

Rs Ri 0 

IJ 

., 
., 

A u 

wherein R2 and R3 are the same as Rand only one or two occurrences of each ofR2 or R3 

S may be alkyl, and '"n" ls a whole number from 1 to 9, pieferably 1 to 5, IUld most 

preferably,. '"n" is t to 3. In an especially preferred embodiment of the invention, 1111'' is l, 

JO 

~· 

JNIBQDUC]lON 

This Uwention relates to a method of treating high tempenture refinery equipment 

or petroleum hctions processed at high temperatures in such equipment to minimize the 

fonnation of foulants and coke in the equipment. The term "petroleum fractions" =braces 

crude oil, crude oil :residues such as vacuum JCSidue, and other petroleum :fi'actiOPS sw:h as 

gas oil which are heated in the presence or absence of hydrogen in a manner to obtain lower 

IS boiling cracked products or to improve the handling of the material so 1reated. 
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Likewise, the additives of this invention may be~ used to ieduce foWing 

in cob iD pyrolysis or cracking 1Umaces used 10 manufacture ethylene from the various 

gaseoUs and liquid petzolcwn tl\i.t.. The additivu of this invention arc tri-t«ltYlphenol 

phosphate ester or mono- and di· allcyl, aryl, alkaryl, cycloallcyl, alkenyJt and '1'1lkyl 

. phosphate esteis such as phenol phosphate esteJs represented by the above formula. The 

phenol phosphate esters oftlUs invcmion may be monomeric or may be olfgomcric as 

where "n" in the above ~ula is a whole number greater than about 1. 

Jn the high temperature treatment of CtUdC oil or its ttactions, and the like, fouling 

occms on ibmacc coils, 1ranSfer lines, and excbqeis due to coking and polymer 

10 deposition. The fouling problem is a major operational difficulty experlenced m numing 

ethylene planW. and in processes where h~vy grades of petroleum arc tieated to reduce 

their molecular weight or to improve their handling characteristics including but not limited 

to visbieakers, delayed or fluid coJdna operations, hydrotreaters/hydrocrackers, and other 

processes. Depending on deposition tate, furnaces used for cracking petioleum fluids· 

t 5 including ethylene plants. visbreak.crs, and the like. all must be periodically shut down for 

cleaning. The term fluid as used herein is intended to include the term feedstock. 
•. 

In additi~ IO periodic scheduled cleaning, shut downs are sometimes required due 

to sudden increases in pressure or temperatmes resulting from deposit build-up on furnace 

coils and transfer line exchangers. Cleaning operations are expensive, both from a time and 

•.4-
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a labor standpoint, and are typi~ally carried out either mechanically, or by a spalllng 

or spalllng steam/air burning step. 

In the mechanical cleaning operation, also referred to as •pigging", deposits 

are brushed or scratched or otherwise mechanically removed from the surfaces of 

the equipment that is contact with the fluids and reaction products. 

The cleaning method referred to as •spalling• wherein the temperature of the 

heater tubes is raised and lowered several times. Dt1e 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 spelling process 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 ~t temperatures typically between about 500° C and about 

600° 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, alkaryl, 

cycloalkyl, alkenyf, and ar:alkyl phosphate esters, such as those exemplified in U.S. 

Patent 4, 105,540. Other materials which have been used include dlalkyl acid 

phosphate or phosphate esters in combination with thiodiproplonates, such as 

these exemplified in U.S. Patent 4,226,700, and the mono- and di- phosphate and 

phosphate esters disclosed in U.S. Patents 4,024,048, 4,024,049, 4,024,050 and 

4.024,051. 

While these phosphate materials, in general, have been successfully 

employed in some operations, use of these materials have proven unsatlsf actory, 

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 yielding 

acidic corrosion products. In my.copending related application, Serial No. 

5 
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08/427 ,915, flied April 26, 1995, I disclosed the use of certain t·butylphenol 

phosphate esters as antifoulants. I have also discovered that the compounds 

having the formula I: 

6 
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wherein Q is Z, or R with the proviso that two occmrences of Qare Z, Jl is hydrog~ or a 

straight or branched alkyl group having &om 1 to 7 and most preferably ftom 1 !O 4 

carbon atoms. and only one. or two ocetmnces of ll may be alkyl; i 

s z is iepresented by the f'cmnuJa ll: 

10 

0 

II 
·>---O--'----p·-~o- -

I 
0 

R3 "R3 

I 
Rl 

R3 

D II 

wherein R2 and R3 are the same as Rand only one or two occurrenc:es of each ofR2 or R3 
. . 

may be alley!, and "'n" is a whole number from J to 9. preferably 1 to S, and most 

preferably, "n•' is l to 3 are good antifoulin1 agents. In an especially prdctred 

embodiment of the invention. "'n" is 1, and R. Rz and R3 rcprcscnthydrogen. 

-7-
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The phosphate esters act as passivators under certain injection conditions. Once the 

metal smfaces oftbc hydrocarbon ~g equipment am nee of deposits. the antifoulant 

is introduceci to tho cquipm::nt as a vapor and mited with a stzemn of air, steain. inert gu. · 

such as mtrogen, hydrocarbon gases, or a mixture thereo£ Jf tbC antitoulant faltures a high · 

S oxidative stability, hydrolytic stability, and is present in the stream in the fonn of a diluted 

vapor, the antifoulant decomposes or degrades at the high tcmpcratures in a specific pattcm 

wh= contacted with the metallic tube sudace. 1bc decomposition '8paents build up a 

film with coke suppressing features (in the fmm of a passivator film). The antifouJant is 

generally injected as a mixture with the st?eam of air. steam. jnert gas such as nitrogen, 

10 hydrocarbon gases. or a mixture thereof The injection of the antifoulant may be continued 

15 

with the introduction of the hydrocarbon fluid. In addition, the uuection of the antifoulant 

may be started and maintained during the injection of the hyd:ocarbon fluid, without first 

prepassivating the surfac:es of the equipment that come into contact with the hydrocarbon 

fluid 

It is therefore an object of this invention to provide to the art a method for 

preventing and in!uoiting the fonnation of foulants on surfaces in contact with 

hydrocarbon fluids defined herein as liquid, gaseous, or mixtures thereof of 

hydrocarbons. 

-8-
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It is a ftuther object of this iJlvc:ntion to provide to ihd art a method for inhibitin1 

fouling in the high temperature processing othydrocmbon fluids, especially crude oil 

fractions. 

It is yet a still 1\utber object of tbis lnvendon to provide to the art a method for 

preventing fouling in the high tempemture section of petioleum processing equipment, 

inclumna vislm:akers, delayed cokers, diylene fUmace preheaters. and the like. using an 

effective amount of tri·t·butylphenol phosphate esters or compounds having the fonnula I: 

Q 

Qo~Q 
Q #Q 

Q I 

wherein Q is z, or R with the proviso that two occurrences of Q are Z, R is hydrogen, or a .. 

JO straight or branched alkyl group having tiom 1 to 7 and most preferably tiom 1 to 4 

. 
" 

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

Z is represented by 1he fonnula II: 

-9-
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n ll 

wherein R2 and R3 are the same as R. and only one or two occurrences of each of Ra or R.i 

may be alkyl, and "n" is a whole number ft:om 1 to 9, preferably 1 to S, and most 

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

and R. ~ and R3 represent hydrogen. 

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

fonnation on the high temperature sections of hydrocarbon processing equipment~ contact 

with a hydrocarbon fluid which comprisrs adding to the hydrocatbon fluid prior to its 

contact'with the high temperature sections of such hydrocarbon processiDg equipment an 

effective amounJ of 'lzi-tpburylphcnol phosphate cstei or a compound having the formula I: 

-10-
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wherein Q is Z, or R with the proviso that two oc:cUmnces of Q am Z. R. is hydrogen. or a 

S1Dight or branched alkyl group having from 1 to 7 and most preferably from 1 to 4 

5 carbon atoms, and only one or two occunences ofR may be alkyl; · 

z is represented by the ronnulll ll: 
0 

II 
,__-0--i----p-O- -

I 
.. o 

n n 

10 
wherein R2 and R3 are the same as Rand only one or two occmrenccs of each ofR2 or R3 

. may be alkyl. and ~" is a whole number from 1 to 9. prefcrahly 1 to 5, and most 

-11-
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pefcrably, "n" Is 1 to 3. In an especially prefcmd embodip:ieut of the invention, "11 .. Js 1, 

and R, R2 and R.,, represent hydrogen. 

DESCJUPTION ON IDE PREFEBBED.IMBODJMENTS 

This invention is accordingly di=tcd to a method of preventing fouling and coke 

· fonnatien on the high tempcntUrC sections of hydrocarbon processing equipm~ in contact 

with a hydrocarbon fluid which comprises adding to the hydrocarbon.1luid prior to its 

contact with 1he hip temperaiure sections of such° hydrocarbon process1ng equipmcm·an 

effective amount of tri-t""1>ulylphenol phosphate ester or a compound havma the fonnula I: 

Q 

QO'Q 
Q ~Q 

Q l 

wherein Q is Z, or R. with the proviso that two occumnces of Q arc Zt R is hydrogen, or a 

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

carbon atoms, and only one or two occurrences of R. may be allc;yl; 

Z is represented by the fonnula ll: 

---
_. __ __ 

-12-
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R2 llz I 
0 

n n 

wherein~ and R3 are the same as Rand only one or two occurrences of each ofR2 or R3 

S may be alkyl, and '~" is a whole number hm 1 to 9, preferably 1 to S, and most 

preferably, "n" is 1 to 3 •. In an especially preferred embodiment of the invention, "n" is 1, 

JO .:· 

and R, R2 and R3 represent hydrogen. 

Ibe lnycqtign 

Compounds falling within 1he :fonnula as disclosed above of the present invention 

are commercially available. Among the available materials is a product designated LDP-

301 fi'oin the FMC Corporation. This product is believed, by chemical analysis to be a 

compound having the Formula m with a small arnoWtt of the r.ructure of Pmmula IV. 

-13-
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· LDP-301 is stated by its manufacture to 'be useful as a fite ICSistant base tluid or 

highly stable antiwear additive. LDP-301 is also m:ommcmded for use as ~ additive in 

• 14-
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carboxylic ester base fluids. LDP-301 is stated to have the foliowing physical p!Operties as 

set forth in Table I below: 

TABLE I 
., 

TYPICAL PROPER.TIES 'tESTMETHOD ASTMM£THOD 
Apparuce Visual clartounbcr 

vlseous licruid 
Odor • .. None 
Color APHA .500max. 

ViscomlY, di@ 100'f D44S 140-155 
cSl ta! 2JO"f 10-12 

Total AcidNUmbermgJ(.OH/11 D974 . 0.20Jl'8X. 
Specific Gnvity rill 20/20-C D1298 l.20-1.35 

Waw Content 017-44 O.l max. 
Flash Poiu. °C(oP), COC Im >300(>572) 

Fire Point, °C('F) D92 >l00(>572) 
Autoimition Temp., 0C("F) W9 640(UIO) 

Onset of Oxidation by DSC, •CC4'fl D3350 >350(>644) 
Wcipt Loss by TGA "CrF) 38'0 

5% weishi loss 365(690) 
10% weight loss 400(752) 

four Ball Wear Data, wear scar in 02266 
mm (40ka, 1200 rpm, 1s•c. 1 hr) 

Polyol ester reference 0.76 
Polyol + 2% LDP-301 0.44 
Diestel' reference fluid 0.92 
Diestcr + 2% LOP-JOI 0.4S 

s 

-15. 
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The tri--t-butylphmoJ phosphate c:stas used in tbs pn>eeSs ofdds invention aro 

commeJdally available materials. In the practice of this invention. we pref ct to use a 

• . material sold b) FMC Coqxmttio11 under~ trade name Dmad', 620B. Table Hlists 

physical properties of 1his snaterial as provided by _1he manufacbnr. 

TABLE U 

PROPERTY TYPICAL VALUE 
. 

ASTMMETBOD 

Fluh Paint °F 490 D-P2 

Auto Jpltion "F 950 D-659 

Yiscosit)' 1009F est 105·130 D-445 

Total Acid Number mg KOH/gm o.os D·!174 

Sp Gravity 20/20-C 1.114 D-1298 

% Phosphorus (X:ay F.) 7.0 -

While t-butyl and non-substituted trimer phosphate ester materials are exemplified 

in related application Serial No. 08/427,91 S, filed April 26, 199S which is hereinafter 

inco1porated by reference into this specification. it has now been shown that 01het 

compounds such as cyclophosphmne (X· lP from Dow Chemical Company), and other 

15 oligomeric phenyl phosphate ester materials such as those described in the Foxmula I of the 

instant appHca1ion also have supc:rior activity as reftncry antifoulant materials in vapor 

phase injection. 

-16-
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One'embodiment of the invention is a method of preventing fouling and coke 

formation on the high tcmJ)e?ture sections of hydrocarbon processing equipment which 

· comes into CODta:;t wi1h a hydrocarn !bud. The method comprises adding to'a carrier. 

typically a stream of air, steam, or a mixture therco( prior to the carrill' coming into 

cont.act 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 compounds having the-formula I: 

wherein Q is selected iiom the group consisting of: Z and R, wherein two 

occurrences of Q are Z, and wherein R is hydrogen, or a straight or 

branched alkyl group having ftom I to 7 carbon atoms, and only one or 

two occurrences of'R may be alkyl; 

Z is represented by the f'onnula II: 

-17-
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- I . Ri R.2 
0 

n n 

wherein R2 and~ are the same as Rand only one or two occurrences of 

each of R2 and RJ may be alkyl, and "n" is a whole number of from 1 to 9, 

and mixtures thereof. 

The high temperature section of the hydrocarbon processing equipment mun be 

operated at a temperature of fi'om at least about 240 °C to vaporia the antifoulant prior to 

the antifoulant contacting the surfaces of the processina equipment. The hydrocarbon 

processing equipmCAt that is benefited from this invention is selected from the group 

consisting of visbreakers; delayed cokers; preheatas; fbmaccs~ 1ranSfcr lines; 

l 0 exchangers; fluid catalytiG crackers; hydrotteatm; hydrocrackers; and, fUmacc coils, 

specifically, but not limited to those units in front of catalytic units (examples of ca~ytic 

units are fluid catalytic crackers (FCC) and hydrocracbrs). 

-18- . 
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Another embodiment of the piesent invention is a method of preventing fouling 

and coke formadon on the surfaces· of high temperature sections of hydrocarbon 

pror.r.ssi::Jl! equipment which comes into contact with a hydrocarbon fluid. Tbcit 

processJng equipment and/or cmicr must be operated theteof at a temperature of at least 

5 about 240 °C. The method compriaes adding an. ~ve amount of an antifoWan.t in its 

vapor phase selected from the group consisting of tri-tatiary .. butylphenol phosphate 

10. 

15 

esters and compounds of the followina fomiula I to a carrier stream prior to its contacting 

the hydrocarbon processing oquipment: 

Q 

Qo~·Q 
Q ,?Q 

Q I 

wherein ·Q is selected ti'om the group consjsting of. Z and R, wherein two 

occurrences of Q arc Z, and wherein R is hydrogen, or a straight or 

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

two occurrences of R may be alkyl; 

Z is represented by the formula II: 

-19-
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wherein R2 andR, are~ same as Rand only one or two occurrences of 

each of R2 and R3 may be alkyl. and "n" is a whOle number of from 1 to 9. 

and mixtures thereof'. 

The antifoulant is added to the hydrocarbon processing equipment in a carrier 

selected from the group consisting of: steam; air; hydrocarbon gases; inert gases, such 

as nitrogen; and, mixtures thereof. The carrier stream containing the antifoulant may be 

added to a hydrocarbon fluid prior to its contacting the high temperature sections of the 

hydrocarbon processing equipment, it may be iqjectcd into the high temperature sections 

l O of tho hydroc.arbon proccssin1 equipment when a hydrocarbon fluid is not being 

processed or it can be injected into the high temperature sections of the hydrocarbon 

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

-20-
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The addition of the antifouJant, in or out of the presence of a" hydrocarbon fJuid, may be 

iJVectcd into the high temperature sections of the hydrocarbon processing equipment on a 

continuous basis or 01, &a intmnitttnt ~~s. 

'Ibe processing equipment that may be benefited by the present invention includes 

visbreakers; dcJayed cokers; prcheaters; fumaces; "transfer lines; cxcbanprs; fluid 

catalytic aackm; bydrotreaters; hydrocrackcrs; and, fumaco coils, specifically, but not 

limited to those units in ti'ont of catalytic units (including FCC and bydrocrackers). The 

antlfoulant may be added to the cmier stream of air, steam, or mmmu thereof prior to 

the introduction of the canicr into an ethylene furnace or a visbreaker. 

Another embodiment of the invention is a method for inhibiting the fonnation of 

coke on the sunaces of high temperatUre sections of hydrocarbon processing equipment 

in contact with hydrocarbon fluid which comprises: 

a. . decoking the hydrocarbon processing equipment; 

b. prior to processing a hydrocarbon fluid, adding to the processing 

15 equipme~t an antifoulant in its vapor phase selected from the group 

consisting of: 
... 

1. tri-tertiacy.butylphenol phosphate esters; 

2. compounds having the formula I: 

.• 21-
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QO'Q 
Q ~Q 

i 

Q I 

wherein Q ts selected from tho group consisting 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 l to 7 C8lbon atoms, and only ono or 

two occurrences ofR may be alkyl; 

z is represented by the formula n: 

R2 

R1 ' 0 

R.2 . R2 

-22-
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wherein R2 and R3 are the same as Jl and only one or two occurrmcas of 

each of R2 and R3 may be alkyl, and "ii" is a whole number of from 1 to 9; and, 

l. 

c. fonniug a tlUn coke Jayei ~the surfaces of the processing equipment; 

and• 

d. feeding the hydJocarbon fluid to the processing equipment. 

The addition of the antifoulant may be discontinued during the processing of the 

hydrocarbon fluid or discontinued prior to the processing of the hydrocarbon fluid. The 

antifoulant may be added intennittently prior to the procusina of the hydrocubon fluid 

10 or continuously prior to the processing of the hydrocarbon fluid. The antifoulant may 

also be added mtenniuently durins the processing of the hydrocarbon fluid or 

continuously during the processing of the hydrocarbon fluid. 

The hydrocarbon fluid typically contain! at least one fraction selected from the 

group consisting of: ~c; propane; butane; naphtha; kerosene; gas oil; and, 

J ~ residue. The antifoulant is added to the processing equipment in a cmier selected from 

&he group consisting of: steam; air; hydrocarbon gases; inert gases; and. mixtures 

\hereof. 

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

than about 10 % on the basis of o/o by volume or% by mole of the canier flaw prior to 

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

-23-
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than about 10 % on the basis volume % ofhydrocarbon fluid 1111115 flow during the 

· processing of the hydrocarbon_lluid_ and most pzeferabJy in a nmgc ofi'om about 0.005 

% to less~ &bout 10 % o::. tb.o htdis of carrier au volume% or mole% duriitg the 

prcpassivadon and ii'om about S to aboUt 2,000 parts per million (ppm) on the basis of 

mass of the hydrocarbon stream during the maintenaitce dosage. 

It is important, as discussed above, that during the addition of the antifoulant, the 

processing equipment is maintained at a temperature of at leut about 240 •c. The 

processing equipment is typically operated between the temperatures of about 200 °C and 

about 1,200 °C. 

Another embodiment of the invention is a method for inhibiting the fonnation of 

coke on the surfaces high temperature sections of hydrocarbon processing equipment in 

contact with hydtocarbon fluid which comprises: 
' 

a. processing of a hydrocarbon fluid in the presence of an antifoulant in its 

vapor phase selected bom the group consisting of: 

1. 1ri-tertiary-butylphenol phosphate esters; 

2. compounds having the f'onnula l: 

Q 

QO'Q 
Q ~Q 

Q I 

----

· ii ff If 1i1ii1Hr 
-24-
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. 
whc!ein Q is selected from the aroup consisting of: z and R, wherein two 

occmrences of Q are Z. aocl wherein R. is hydrogen. or a straight or · 

~..ncbcd alkyl group having 1i'om 1 to 1 carbon atoms, and onl~ one or 

two occuamces of R. may be alley]; 

Z is npresented by the f'onnula n: 

0 
R.2 Rz 

II ' R2 0 p-o- -
R.2 R2 · I 

0 

D II 

wherein R2 and R3 rue the same as Rand only one or two occurrences of 

each of R.2 and Rs may be alkyl, and "'n" is a whole numbor of from l to 9; and, 

3. mixtures thereof, and, 

b. fonning a thin coke layer on the surfaces of tho processing equipmen~ 

whereby the surfaces of the processing eqldpment me inhibited against formation of 

additional coke during the processing of a hydrocarbon fluid. 

----------·--
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The aatifbulant may be added intermittently dmin11hc piocessina of the 

hydrocarbon fluid or continuously ~I the processing of the hydrocarbon fluid. The 

hydrocarbon iluici may COilu.in at le2.st one bictio:i selected ftom the SfOuP &:Oftsisting Of. 

ethane; propme; butanei naphtha; lccrosene; gas oil; and, residue. The anitfoulant 

may be added in a range of from abouts to about 2,000 ppm on the basis of hydrocarbon 

fluid mass' flow durlna the processing of the hydroearbon fluid. During the addition of 

the antifoulant. the processing equipment must be maintained at a tempaatme of at least 

about 240" •c. 

Another embodiment of the present invention is a 1nethod for increasing the nm 

I 0 length of hydrocarbon processing equipment used to process a hydrocarbon fluid which 

15 

comprises: 

L decoking processing equipmenti 

b. prior to processing a hydrocarbon fluid, adding to the processing 

equipment an antifoulant in its vapor phase selceted from· the group 

consisting of. 

1. lri-tertiary•butylphenol phosphate este.rs; 

2. compounds having the fomrula I: 

-26-
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. Q . QOQ 
Q -~Q 

.. 

.Q I 

wherein Q is selected from the group consiitiag of. Z and R, wherein two 

occunm:es of Q are Z, and wherein ll is hydrogen. or a straight or 

_branc:.h;ed alkyl group havinl hm 1 to 7 carbon atoms, and only one or 

two occuncnces of R may be alkyl: 

· Z is represented by the fonnula II: 

0 

II 
•>----O--+----p-o- -

I 
0 

R3 R, 

R, I Rl 

R1 

D II 

..... 
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wherein Ri and lt3 are the same as Jt and only one or tw0 ocamences of 

each of~ and lt3 may be alkyl, and "n" is a whole number of fiom 1 to 9; and, 

3 . ·~ 

. 
c. forming a thin coke layer on - surfaces of the processing equipment ill 

contact with the hydrocarbon fluid; and then, 

d. feeding the hydrocarbon fluid to the processing equipment, 

whereby the swfaces of said processin1 equipment arc inhibited against fonnation of 

additional coke during the processing of 1hc hydrocarbon fluid thereby increasing the nm 

length of the processing equipment. 

Another embodiment of the present invention is a method for incieuing the 

product yield ftom the processing of a hydrocarbon tluid 1h!Ough hydrocarbon processing 

equipment which comprises: 

a. decoking processing equipment; 

b. prior to processing a hydrocarbon fluid, adding to the processing 

equipment an antifoulant in its vapor phase selected fi'om the group 

consisting of: 

t. tri-teniary-butylphenol phosphate esters; 

2. compounds having the fonnula I: 

-28-



: 

.C RECEIVED 11/16 13:38 1997 AT 535•&6• rAGE 31 <PRINTED PAGE 31) .l 

s 

' •. 

.,. 

Q 

Qo~~ 
Q .,.p Q 

. Q J 

wherein Q is selected. hm the group coniisting of: Zand R, whc:rein two 

occurrences of Q arc Z, and wherein R. is hydmpn, or a straight or 

branched alkyl aroup having nom 1 to 7 carbon atoms, and only one or 

two occurrences ofR. may be alkyl; 

Z is represented by the fonnula U: 

0 

Rz II 
' R.2 0 P-0- -

- .1 
R2 R2 0 

R1 . 
n II 
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wbcrem ~and R3 are the same as R. and only one or two occmrences of 

each ofR2 and R3 may be alk>'l, and "n" is a whole number of fiom l to 9; and. 

c. 

d. 

3. mfa1mes thereof; 

fozming a dmi coke layer on the surfaces of the processjng equipment in 

contact with the hydrocarbon fluid; 8Dd then, 

feeding the hydrocarbon fluid to the processing equipment, 

whereby the surfaces of said processing equipment are inhibited against fonnation of 

additional coke during tbe processing of the hydrocarbon fluid thereby increasing the 

product yield iiom the processing of the hydrocarbon fluid tlu:ouah the processing 

l 0 equipment. 

In the process of this invention the antifoulant materials re.presented by Formula I 

and the description of the tri-t-butylphenol phosphate ester me generally added to a 

petroleum fracticm that will be subjected to a high temperature processing opemtion in an 

amount to "provide from about S ppm to about 2,000 ppm of actives, pieferably from about 

1 S S ppm to about 1,000 ppm of actives, more prefembly iom about S ppm to about SOO ppm 

of actives, and most preferably &om about 5 ppm to about l 00 ppm of actives of the 

antifoulant, or mixtures thereof, as represented by Founula I or the tri-t-'butylphenol 

phosphate· ester as added to the hydrocarbon stream prior to the introduction of the Stram 

into the high tcmpciature processing area of the hydrocarbon processing equipment wh~ 

20 the stream will be subjected to relatively severe conditions that can lead to the formation of 
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polymers· or coke. lhc additives of this invention are genezally soluble in the hydroearbon 

· fluid to ~ch it is applied, and in order for ease of app1ication, may be diluted with 

CODUDOA solvmu, such as kerosene, beavy !'!Ommc naphtha, or the like prior to lts 

in110duction into the system. Surprisingly, the material acts as an antifoulant in the high 

tcmp=ature pracessin1 of petroleum ftactions to Which it may be added. 

What is meant by high temperature proceuing is temperatures nmging &om as low 

as about 100 °C, the boili:Dg point of waser to about 1,000 °C or hip. Generally, the 

additive of 1his invention is added to hydrocarbon fluids which will be subjected to 

temperatUres in excess of about 330 °C, {about 626 Df) at atmospheric prr:ssmc; the 

10 approximate temperature at which thermal craekmg is initiated. 

As stated earJier, the antifoulant process of this invemion is applicable to a wide 

range of petroleum processing operations that are conducted at high temperature. Among 

the hydrocarbon proeessing operations to which 1bis invention may find applicability ate 

those operations where high molecular weip materials are craeked to produce lower 

1 S molecular weizbt materials or to decrease their viscosity. These operations include 

hydrotreating, hydrocracking, coking, visbreakina, steam cracking, reforming, and the like. 

The materials may also be used in the feed materials going to pyrolysis or mcldng fUmaces 

to manuActure ethylene, and the like. The additives may be added to delayed cokers, 

prchca.ters, furnaces. refineey tubing, overhAd lines, and other sections where hydrocarbon 

20 Ouids are processed at or heated to high temperatures. The additi"es may further be added 

• 31-

-------·--~~-

.> 



s 

PAGE- 33 <PRINTED PAGE 3•> l ..,.. 

to the h)'drocarbml fluid dlluent co~ out of any of'tbe abOve described operations. 

Also, operation units that could ~t iom tleatmelit ~th the present invention is 

f~ tLat 61.lll assoclded with at?Msphmc and vacuum distillation toWen 'or Other untis 

that beat tho crude oil befoie it is processed. 

The addition of the elaimed materials, tri-t-lNtylphenol phosphate ester or tho· 

compound repzese.ntcd by Foxmulas I and JI, to the hydrotarbon 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 cmuent Dom a high tempetatmc 

process section is thought to be particularly bencficja} since it is thought that the high 

1 O temperature sections destabilize certain components in the hydrocarbon fluids so tmltcd and 

that the additive of this invention acts to preftnt coke and foulant fonnation on. the 

eqwpmcnt sections that are contacted with the hot hydrocarbon fluids as they exit the 

heated sections. 

The present invention characteristically may be pmdiced advant8geously with any 

15 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 exude oil 

material at a lower level of from. about S ppm total weight basis to about 2,000 ppm total 

weiaht basis as the upper limit. It should be pointed out the upper limit will be limited by 

20 economics, and not the effect of this additive, and quantities greater than about 2,000 ppm of 
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the additive may be added. Preferably, the total amount of the additive of this invention 

added durina the clcaning step or to the hydrocarbon fluid material nnges fiom about S to 

zbout 2,000 ppm {same bais). In th: processing cf crude oils, heating times can:Yary 

encmnously, as tbose skilled in the art of petrole_um. JCfiDiDg will readily appreciate, but arc 

S · generally in the~ of about &om a few seconds·to sevetal hours,~ longer and 

shorter time can be involved. 

As used hcrcJn, the tenn 11cnid1 oil" can be considered to have reference to materials 

used as srarting fluids for a petroleum crude oil nmnms opention, such as a petroleum 

having a substannally naturally occurring composition and which composition has not been 

10 appreciably altered through the use of distillation or pyrolysis. Examples of crude oils 

include many materials, such as tefineiy battCJy limit crudes (e.g. a crude as it exists in 

storage vessels preceding refining), degassed crude oils (e.g., a crude which has been 

stripped at temperatures typically in excess of ftom about 75 °F to about 125 °F to remove 

therefrom low boiling hydrocarbons, such as lower alkanes and other low volatiles), tar 

15 sand cnides (e.g., a product obtained from a destructive distillation of a tar sand), 

condensate crudes (e.g., a crude obtained by condensation of heavy cncls from a natural gas 

well), shale oils, (e.g., a CJUdc oil obtained &om a natural gas well). shale oils, (e.g., a crude 

oil obtained from oil shale by destruction distilJation followed by hydrotreating), desalted 

aude oils (e.g., a crude oil which has been subjected to a procedure whereby the content of 

20 mineral salts present in a starting crude oil is reduced typjcally to a salt content not above S 

-33-

-------

... 



.C RECEIVED 18/16 B3:•a 1997 AT S3S•B6• PAGE 35 CPRI NTED PAGE 36) J 

s 

. -· 
pounds pc:r 1,000 bartels, although the amount of~ iemaimng in deo-salted crude can vuy 

widely as those skilled in the azt of petroleum sometimes overlap on one another and are BC?t 

well defbawl Ptcsemly ptefer.ed er~ oil st.a..'1in& fk~ds for the pteSCDt ir.t'mtiob include 

baUery limit cmdc oil, degassed cn1de oi~ and desalted crude oil. 

Similarly, as \1sed herein, the term "reduced c:ruc1e oil" can be considered to have 

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

which are generally above 1bose employed for making a degassed crude oil using 

temperatures as above Indicated, such as a residual crude oil (usually a licluid) whiCh has not 

been substantially altered except a. a result of heating and removing material therdi'om by 

10 distillation of pyrolysis. Examples of reduced crude oil include a wide variety of materials, 

as those skilled in the refineey art will appreciate readily, such as topped crude oils (e.g., a 

product which results after gu oils boiling in the range of iiom about 400 °F to about 575 

°F have been removed ftom a crude oil by fractional_ distillation), atmospheric residues 

(e.g., a product which results &om the hctional distillation of a crude oil in an atmospheric 

15 pipe still and which boils above a temperarure in the range of from aboUt 350 °F to about 

650 °F). viscous pitches (e.g., a product which results i'om a fractional distillation of an 

atmospheric residue in a vacuwn sliU and which boils above a temperature in the range 

from about 1,000 °F to about lSOO °F at pressures of from about 1 to about S psjg). 

Viscous pitches can be considered to include cokct fiuids. Presently preferred reduced 

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

.34. 
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. lbc processing of crude oil materials in a zefinay is a relatively well dcvclopt.d mt. 

Characteristically and usually, the pmcessing of csudc petroleum comprises a successive 

series-of' *P'- nae steps chmacteristically and prt!'e!ably are as follows: 
': 

A. 

B. 

heating a crude oil in at least one heat exchanger to a temperature typically 

in the nnge from about 100 •p to about 200 oP. 

desalting the crude oil typically and prefembly by the substeps of 

(1) turbulently mixing the crude oil which bas been preferably first pre· 

heated u above indicated as typically from about 3 to about 8 parts 

by weight of water for each 100 parts by weight of such CJUde oil to 

JO foim an emulsion of the '\\'&ter in oil type, 

c. 

(2) breaking said emulsion through the use of chemical agents, electrical 

means, or some combination thereof, and 

(3) sepamting the resulting aqueous phase from the resulting crude oil 

phase, 

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

cxchanaer to a temperature typically in the range from about 200 8F to about 

soo•F, · 

D. still fUrther heating 1he resultin& crude oil in a fbmace to a temperature 

typitally in the range from about 500 8F to about 700 °F. 
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20 

.,.. 

E. charging the so-heated crude oil to an atmbSpberic still wherein such crude 

oil is progressively Dactionally distilled at tcmpcratlD'OS t)-pically in the _ 

m3'! ~about 300 oP to about SSO oP under pres~s typically mging 

ftom and including atmospheric up to about SO p.s.j.L and collecting the 

distillates until an atmospheric residue results which boils above a 

temperature typically in the ran1e from about 300 °F to about 6S0°F, 

F. heating said a1mospheric residue in a vacuum tumate to a lCDlperature 

G. 

H. 

typically in the range fiom about 6SO Of to about 800°F while maintaining a 

subatmospheric pressure of fi'om about S to about 14 p.s.i.a. typically, 

charging the so .. heated atmospheric. residue to· a vacuum still wherein such 

atmospheric residue ls progressively fractionally distilled at a tempeiature 

typically in the nmgc iom about 800 °F to about t. JOO ~under prmurc 

typically ranging ftom about l to about S p.s.i.a. and collecting distillates 

until a viscous pitch results typically boiling in the range &om about 1,000 

°F to about l,SOO °Fat a sub-atmospheric pressure of typically from about 1 

to about S p.s.i.a., and 

progressively heating the viscous pitch in a zone at temperatures typically 

ranging from about 860 °F to about 900 °F at pressures typically ranging 

from about SO to about 350 psig for a time ranging ftom about 1 second to 

about 1/2 hour. 
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In 1be case of step (H), the hc:adna can occur either in a coker zone or hi a thermal 

·mckinl mne. In the case of a colter zone, the heatin1 is pyrolytic, and 1he distillates are 

GOllccted. \ll1til il &ul solid residue is obtair.::d which is s r.oke. In 1he ca.!C of a tliamal 

cracking zone, the process involved is tamed "visbrealdng" and the distillates are collected 

S without changing tho fiuid nature of the starting visCOus pitch (as by fomdng coke). 

Residence times of the chqed material fmitially viscous pitch) in a c:olcer 20ne typically 

extends for periods of time more than llbout 10 seconds with common coking times ranpg 

from about 45 min\1teS to about 4 1/'l houn. Residence times of starting pitch in a 

visbrealdng operation in a thermal Crackiz1i :zone typically are shorter than about 10 seconds 

10 maxhnwn. 

ln the crude oil processing steps above described, a coker funiace can follow step 

(G) and precede step (H) so that after step (G) the following processing step sequence 

occurs after step (G) in place of Mep (H): 

(H) heating said viscous pitch in a furnace to a temperatufe in the range ftom about 

15 1.000 °F to about l,SOO °F (about S38 ac to about 816 •c) at near atmospheric pressure 

and passing said so heated pitch into a flash zone at tempezatures typically in the range 

ftom about 860 ap to about 900 °F at pn:ssures typically of :&om about SO to about 350 

p.s.i.g. Such flash zone can either be a coker zone or a visbteaJcing z.one, as above 

indicated. If a cokcr zone, residence time in such zone is prolonged and pyrolysis occurs. 

20 If a visbreaker zone, residence time is brief and cracking OCCm1, giving rise to naphtha and 
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ps oil as lighter products and producing a nsiduum which is Jess viscous than .the charge 

.. rhesc= CNde oil 1111J reduced cruJe os1 proce=!ing ~ u inclitltcd. arc Wen bowri 

to the art of petroleum rcfinjng and do not constitute as such part of the present invention. 

Those skilled in the art will appreciate dJat many Variation, etc., can be used in any given 

bydl'Ocalbon processing opmtion. involving, for examples, additional steps, substitute 

steps. recycle loops, and the like. The above summary is merely representative, but 

cbamcteristic, of the sequence of mps typically found in a refinery when processing crude 

oil. Petroleum processing is discussed in such reference works as that by Nelson entitled 

10 Petroleum Refinery Engineering, see, for example, chapter 7, pp. 248 - 260; chapter 8, pp. 

265 - 268; chapter 17, pp. 547 - SS4; and, chapter 19, pp. 678 - 693. All such aude oil 

processing steps cbaracteristically cause fouling ofhydrocarbon processing equipment in 

absence of an additive or the like, as those skilled in the art well appreciate. 

Fouling deposits apparently occur most fi-equently at temperatures between about 

15 200 11F and about 1,800 °F (about 93 °F to about 982 °C), or even higher such as in, for 

•, 

example, certain ethylene furnaces.. 

The type5 of equipment affected most frequently inelude heat exchange surfaces, 

such as indicated above. The fouling deposits themselves are typic:ally and principally 

polymeri7.ation products and arc characteristically black in color. Some are initially gummy 

20 masses which conven to coke-like roasscs at elevated temperatures. Inorganic portions of 

---·---·----·---
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such deposits fiequen1ly contain compoDCD1S, such as silic8, iron-c>Xides. sulfbr oxides, hon 

sulfides calcium oxide, mapesium oxide, inorpnic chloride salts, sodium oxide. alumina.. 

sodium S"tll&t:., copper oxides, copper salts, ud the Ul:e. These deposits ~not Wly 

solubiJiad by CODUDOD organic solvents and these deposiU arC distinguishable from the 

cmrosion and slud1e fmmation soindimcs occurring in finished products. Conventional 

amioxidants, stabilbing chemicals, and the like are characteristically relatively ineff'ective 

During a distillation or pyrolysis carried out with a CIUde oil material containing 

formula (1) and/or (2) material, this additive material is characteristically not c:auied over in 

10 the vapors evolved, but remains iDstead with the residue (reduced crude oil) involved. 

Chemical and physical changes may occur, of coune, in such additive material during a 

given distillation or pyrolysis operation. but ·it is now theoriz.ed (and there is no intent herein 

to be found by theor:)') that by-products, degradation products, and the like, are not 

appreciably carried over with a vapor phase stream removed during a distillation or 

15 pyrolysis operation from a tcduced crude oil. 

The following procedures are pre~ented to describe preferred embodiments and 

utilities of the invention and are not meant to limit the invention unless otherwise stated 

in the claims appended hereto. 

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

20 whc:rein hydrocarbon fluid (hydrocarbon feedstock) are heated to a minimwn temperatun: 
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of about 240 °C within the thermal ~ts. Such equipm~nt includes. but Is not limited to, 

cnide heaters, vacuum heaters, visbJeaker heaters, and delayed cokers. The fluid is . . 

hmed m &he heater sectlcr. ~f ft! rquipment to a ~lected tem~tme. 

In the case of a delayed coker heater, the heater chup is heated so 1hat cracldng 

occurs in the downstream reactor (also n:fcrrcd tO ·as the coke drum). However, a certain 

amount· of cracking takes place in the heater and leads to the undesired ~posit formation 

(coking). The cracked light ends leave the coke dmm tbrouab the cobr overhead line 

and are charged as recycle back into the frm;tionator bottom. There it is combined with 

unrecycled material and :recharged into the heater. 

As the cake fonns in the heater, the coke acts as an insulator, thereby decreasing 

the heat transfer process in the equipment. As a result, the equipment must be fired 

harder to maintain the heater outlet temperature. Howevert the equipment has a critical 

operating tempera~ about 1,250 aF to about 1.350 °F, above which 'Che equipment 

cannot be safely operated.· At that time, the equipment must be shut down and one or 

1 S more of the cleaning methods, as described above, is carried out. A typical nm on high 
. 

temperature refinery equipment between cleaning procedures is between 6 days and 4 

years in length. with the average run being about one year. 

A pre-passivation step ~an be canicd out on the high temperature refmery 

equipment wJ.Uch involves treating the surfaces of the equipment that typi~Jy eomes into 
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contact with the hyclrocarbon fluid when the equipment is oft:.iine, when the hydrocarbon 

fluid is not bciq processed. 

The :-efinery equi)>riient can be passivated using the following procedure. The 

temperature of the heater must be maintained at a tempemture sufficient to maintain the 

S temperature of m injection quill located upstzeam of.the heater inlet at at least about 240 

°C. The quill needs to be positioned such that it can be mamtained .i a temperature of at 

least about 240 ~C due to the ractiant heat 1iom 1be healer or by some other mechanism. 

To maintain. the quill temperature at at least about 240 °C, the beater. including the tubes 

in that location, typically must be maintained at at least about 300 °C. more preferably at 

10 about 400 °C. 

The air flow. defined as the tlow necessary to move the hydrocarbon fluid and 

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

about 200 °C before it enters the heater or comes mto contact with treatment materials 

such as the antifoulants of the instant invention. A typical air flow is about 2,000 

I$ ftJAtour. The 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 stabilized. the pressure in the system 

~ill be about 40 lbs. The treatment materials. in this case, the claimed antifoulants, are 

injected through the quill at a conceniration below about l 0 volume percent (mole %). 

20 · The: antifoulant is vaporized in the quill. As the vaporized antifoulant reacts with the 
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smf'acc of the refinery equipment. a film of coke suppressing material is tonncd on the 

surfaces of the refineiy equi~ent. A more detailed description of the mechanism is 

present in tbc article "Fon.ilition oi Solid Films From the Vapor Phase on HiaJf 

Temperature Sur&ccs" by James Matti and Earl Graham and published in tho Journal of 

5 th1 Society of Tribologlsts and Lubrication Englneus • vol. 47. 3, 199-206, incorporated 

heiein by reference. 

1be antifouJant is fed into the heater at a rate of from about O.S gallon/day to 

about 3 1allonslday, more preferably from about O.S gallcm/day to about 2 gallonslday, 

and most preferably fi:om about 0.8 gallon/day to about 1.2 gallons/day, for from about S 

10 minutes to about 30 minutes, more preferably from about S mJnutes to about 20 minutes. 

and most preferably fi'om about S minutes to about 1 S minutes. Longer period of times 

may be employed, such u up to 3 days or lon1er, depending upon a variety of factors 

including the type of cleaning process. the hydrocarbon process to be employed. the type 

of equipment being treated, and the condition under which the hydrocarbon process is to 

1 S be: canied out. 

The feed rate of the antifoulant can then be gradually increased so as not to 

interfere with the air flow through the equipmcmt or otherwise shocking the system. The 

feed rate is increased &om 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 

20 gallonsfday to about l .B gallons/day. This increased feed rate for the antifoulant to the 
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heater should be maintained for at lust 6om about 30 minutes to about 1 hour, mpre 

preferably for at least from about 2 houn to ahaut 3 hours, and most preferably fi'om. 

about 4 hours w abuut S hours. As discus~ecl above, Ionacr period of times·m.By be 

employed, such as up to 3 days or longer, depending upon a variety of factors including 

the type of cleaning process, the hydmcarbon process to be employed, the type of 

equipment being treated, and the condition under which the hydrocarbon process is tO be 

carried out. 

More than one injection quill can be used In this procedme. Multiple injcCtion 

quills promote a more even ttea1ment and coating oftbe surCaces of the equipment. An 

10 · additional quill could be located d0wns1ream 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 maintained at a temperature sufficient to maintain the 

temperature of the an injection quill located upstream of the heater inlet at at least about 

1 S 240 °C. The quill needs to be positfoned 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 location, typically must be maintained at at least about 300 °C, 

more preferably at about 400 °C. 
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The air flow, dcfincc:l u the t1ow necc:ssary to move the hydrocarbon. fluid and 

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

least about .24(1 °C before ~ cnttrs 1he berv or oomes intG contact with treatment 

materials such as the andfoulanu of the iDstaDt invention. The typical air flow is about 

2,000 ~lb.om. 1be temperature of the air ~w is eXtrc:mely important if condensation of 

the trmtment materials is to be avoided. 

<?nee the air flow and the temperatures are stabilized, the pressure in the system 

will be about 40 lbs. The antifoulant is injected through the quill at a concentration 

below about 10 volume percent (mole%). The antifoulant vaporizes in the quill. As the 

10 vaporized antifoulant reacts with the surface of the refinery equipment. a film of coke 

suppressing material is fonned on the surfaces of the refinery equipment. 

The antifoulant is fed into the heater at a rate of from about 0.5 pllon/day to 

about 3 gallons/day, more preferably from about O.S 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 S 

1 S minutes to about 30 minutes. more preferably ftom about S minutes to about 20 minutes, 

and most preferably from about S ~inutes to about IS minutes. 

The feed rate of the antifoulant can be gradually increased so as not to interfere 

with the air flow through the equipincnt or otherwise shocking the system. The feed rate 

is increased to from about l gallon/day to about 2 gallons/day~ more preferably from 

20 about 1.2 gallons/day to about 1.9 gallons/day, and most preferably from about 1.4 
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C RECEIVED ~B/16 83:•• 1997 AT 53S•B&• 
PASE •& CPRJNT~ PAGE •7> l 

s . 

10 

I 

pitons/day to about I.8 gaDorislday. 'Ibis increaed feed rate for the antitoulant to the 

· heater should be maintained for at least fiom about 30 minutes to about l hour, more 

preferably for at least mm: ab01..i 2 hams to about 3 h!>UrS, and most pre!crablf &om 

about 4 hours to about S hours. 

Another location of an h\ieciion quill is at the end of the zadiant section. Using 

the "reversed flow buming", wherein air is forced in 1hrouah the outlet of the radiant 

section. Using Uiis procedU?ey the radiant section is most heavily coated with tho film 

resulting from 1he reaction of the vaporized antifoulant and tho surfaces of the refinery 

equipment 

In addition., a continuous treatment of the antifoulant can bo used where the 

antifoulant is injected with the hydrocarbon fltdd. ~described above, the heater must be 

maintained at a temperature sufficient to maintain the temperature of the an injection quill 

located upstream of 1he 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 

lS the radiant heat from the heater or by some other mechan.iSIJ\. 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. 

The air flow, defined as the flow neccssmy to move the hydrocarbon fluid and 

other materials through the tubes, must aJso 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 antifoubmts of the instant invention. The typical air flow is about 

2,000 ft/hour. The temperature of~ air flow is extremely impottant if condensation of 

the trea1mcnt materials is to be c.voided. 'fho hydrocarbon fluid feed Is started..' 

Once the air flow, hydrocarbon fluid feed and the temperatures are -1>llized. the 

pressure in the system will be about 40 lbs. The mmfoulant is injected ~ough the quill 

at a ~tion below about 10 volume pen=i (mole%). The antifoul~t vaporizes in 

the quill. As the vaporiz.ed antifoulant tacts with the surface of the refinery equipment. a 

film of coke suppcssms material is fomied on the surfaces of the re:fincry equipment. 

The antifoulant is fed into the heater at a rate of from about 1 gallon/day to about 

10 100 gallons/day, more preferably from about 4.0 gallons/day to about 7.0 gallons/day, 

and most preferably fiom about 4.S gallons/day to about 6.S gallons/day. The feed rate 

for the amifoulant is maintained for at least from about l day to about 3 year, more 

pref'erably for at least from about 1 day to about 180 days, and most preferably from 

about l day to about .120 days. Lonaer or shorter times may be employed, depending on 

1 S a variety of factors including the type of hydrocarbon processing procedure being used, 

the~ of equipment beine treated, length of the rim, and the conditions under which the 

·' 
process is carried out. 

The antifoulant vapor in the hydrocarbon fluid would replenish the coating 

formed during the prepassivation process or creates a coating as the antifoulant vapor 

20 reacts with the surfaces of the of refmery·cquipment. Ho~er, this continuous treatment 

----·--- ---



procedure can not be used in fluid catalytic crackers» hydrotrcaters, bydrocrackers. or my 

01bct refinery equipment that contains a catalyst bed downstream of the beater unit 

·Another application of the cla:med ar.tifoul&9'.ts includes uvcctina one or more or 
the claimed antifoulant during an onMline d~g procedure. On-line dcspalling is 

S where one or more lines (passages) of the heater me shut down and treated with steam 

and/or condensate to remove coke deposits in the line while the hydrocarbon tluid 

continues to be processed throu&h the other lines of the beater. After the coke deposits 

have been ~ved, 1hc tempcnume of the heater must be maintained at a temperature 

sufficient to main~ the temperature of an injection quill located upsiream of the heater 

10 inlet at at least about l40 °C. The quill needs to be positioned such that it _can be 

1~ 

. maintained at a temperature of ar 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 location. typically must be maintained at at 

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

It is obviously at the temperatures that the spallin& process is carried out at, lherc 

would not be any concerns with proper vaporization of the one or more claimed 

antifoulants being injected into 1he line that is off~lined. Many of the commercially 

a~ailable antifoulants hydrolyze in the steam, steam/air, or air at dcspalling tempera.tum, 

causing additional problems without inhibiting or preventing coke deposits. The claimed 
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antifoulants are muc:h more stable under the harsh conditions of despalling and should be 

able to at )east minimize the ~don of coke in refinery equipment. 

The a.it ilow, defined as tile tlr.iw~ to move 1hc hydrocarbon f!Uid and 

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

240 °C before it enters the heater or comes into CODf&ct with treatment materials such as 

the antifouJanrs of 1he instmit mvmtion. A typical air flow is about 21000 ff /hour. lbc 

temperature of the air flow is cxtrcmely important if condensation of the treatment 

materials is to be avoided. 

Once the temperatures are stabilized, the pressure in the system will be about 40 

10 lbs. The treatment materials, in this case, the claimed antifoulants, arc izdcctcd through 

15 

the quill at a concentration below about 1 O volume perceDt (mole %). The antifoulant is 

vaporized in the quill. As the vaporized antifoulant reacts with the swface of the refinery. 

equipment, a film of coke suppressing material is formed on the surfaces of the refinecy 

equipment. 

The antifoulant is fed into the heater at a rate of from about O.S gallon/day to 

about 3 gallons/day, more preferably from about O.S gallon/day to about 2 gallons/day, 

and most preferably from about 0.1 galloIJlday to about 1.2 gallons/day, for ti'om about S 

minutes to about 30 minutes, more preferably from about S minutes to about 20 minutes, 

and most preferably front about 5 minutes to about 1 S minutes. The dosages and the 

20 treatment times will vary markedly dcpendin1 on a variety of factors inc:luding tho type of 

-41- . 
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process bcinl used. the type of equipment beina treated. and the conditions under.which 

the process is carried out. 

lhc feed rate of the antlfoulant can be gmdually lncteased so as not to ihtcrferc 

with the air flow tbroup the equipmeat or otherwise shockina the system. The feed rate 

is increased to from about 1 gallon/day to about 2 gallons/day, mo.re preferably fiom 

about 1:2 gallons/day to about 1.9 gallonslday, and most pnfe.rably from about 1.4 

gallons/day to about 1.8 gallons/day. This Increased feed na for the antifoulant to the 

. heater should be maintahied for at least 1iom about 30 minutes to about l hour, m0re 

preferably for at least from about 2 hours to about 3 hours, and most preferably from 

10 about 4 hours to about S hours. 

Changes can be made in the composition. operation and mran1ement of the 

method of the present invention described herein without departing from the concept and 

scope of the invention as defmed in the following claims: 

--------------
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2 1. A method of preventing fouling and coke fmmation on the hip u:mpcnmre 

sec:t:om c.f!i)~n p.~ equipment in contact wida a hydrocarbon tluid which 

4 comprises addiog to the hydrocarbon fluid prior to its contact with the high temperamre 

sections of such hydrocarbon proGCSSing equipment 111 eft'ective amount of an antifoulant 

6 in its vapor phase selected from the group consisting of 1ri-tcrtiary-butylphenol phosphate 

8 

10 

12 

14 

esters and compounds having the fomulla I: 

Q 

QO'Q 
Q ,,? Q 

Q I 

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 

branched alkyl group having fmm 1 to 1 cmbon atoms, aml"only one or 

two occurrences of R may be alkyl; 

Z is represented by the formula~: 

----
------~-
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0 

II 
·>---·O--..---p-0- -

I 
0 

R3 

I 
R3 

R.' R.3 

R3 

n II 
16 

wherein R2 and R3 me the same as R. an4 only one or two occmrences of 

18 each of R2 and R3 may be atlcyl, and "n" is a whole number of from 1 to 9, 

and mixtures thereof. 

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

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

3. The method according to Claim l, wherein the antifoulant is added to a meam 

2 selected from the group consisting of: air; steam; and, mixtures thereof prior to the 

addition of the antlfoulant to the hydrocarbon fluid in an amount of from about S parts · 

4 per million to about 2,000 pans per million based on the mass of the hydrocarbon tluid. 

-St· 

.> 
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4. 1bc method accordina to Claim t, whmdn the hydroclttm processipg equipment 

2 is selected &om the group consisting~· Yisbteakers; delayed cob:rs; pehaters; 

., 
4 hydrocrackers; and. flmlBce coils. 

I If llllJ 1111~ 11~111111111111 
s • 

5. The method according 10 Claim 1, wherein "n" is a whole number of from 1 to S. 

6. The method according to Claim S, wherein "'n" is a whole numbcrofiom 1to3. 

7. The method according to Claim 6, wherein "n" is 1. 

8. The method according to Claim 7, wherein each occurrence of R, R2, and R:1 is 

2 hydrogen. 

9. A method of preventing fouliq and coke formation on the surfaces of high 

2 temperature sections of hydrocarbon processing equipment in contact with a hydrocarl>on 

fluid at a temperatun of at least about 240 °C, which coinprises adding an effective 

4 amount of an antifoulant in its vapor phase selected from the 8JOup consisting of tri-

-52-
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tcrtiary-butylpbenol phosphate cstm and compounds of the following formula I tri a 

6 earlier stream prior to its cootacting 1hc bydrocarDoD processing equipment: 

I If lllll II/II/ lllll lll/1111111 
C L H S * 

8 wherein Q is selected ft-om the group c:omisting of: Z and R, wherein two 

10 

occunmces 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 

two occurrences of R may be alkyl; 

12 z is represented by the formula n: 

0 

II 
>---o---+---p·-o- -

t 
0 

n II 

-53 • 
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each ofR.2 and~ may be alkyl, ad "'It" is a whole number of ftmit 1 to 9, 

18 and mixtures thereo£ 

I If Ill~ 1111~ 11~1111(1 I/ If II 
1 O. The method according to Claim 9, wbmeia the antifoulant is added to the 

2· proccssin1 equipment in a carrier stream selected from the group consisting of 

a. steam; 

4 b. air 

c. hydrocarbon gases; 

6 d. inert gases; and, 

e. mixtures thereof. 

11. The method according to Claim 97 wherein the carrier stream containing the 

2 antifoulant is added to a hydrocarbon t1uid prior to its contacting the high temperature 

sections of the hydrocarbon processing equipment 

12. . The method according to Claim 9, wherein from a~ut O.OOOS % by volume to 

2 about 10 % by volume based on the vol\Dlle of the stream to which the antifoulant is 

added. 

·---~--------·---··---·--·-
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2 is seleeted ftom the group consislinf of. •'breabrs; delayed cobrs; preheaters; 

furnaces: miufer lines; exchanprs; fluid cataJytic crackeis; hydrotreatcis; 

1111111111111111111 11111111111 
* C L M S * 

15. The method according to Claim 14, wherein "n ... is a whole number of from l to 3. 

16. The :method according to Claim IS, wherein "n" is 1. 

17. The method according to Claim 16, wherein each o"1JD'eJ1Ce ofR, ~' and R3 is 

2 hydrogen. 

18. The method according to Claim 1 S, wherein Risa hydrogen or an alkyl group 

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

---- ··-·-----·----------------··-
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19. 1be method aceording to Claim 9, w1-cin the atifo1JlaDt is added t9 the carrier 

2 stream prior to its bmoduction into an ethylene tbmace. 
I lllllll llll/111111 /llll /fllll 

C L M S * 

20. The .method acconling to Claim 9. wherein the antifoulant is added to the carrier 

2 stream prior to its introduction into a 'Yisbrcaker. 

21. A method for inhibiting the fmmmon of coke on tha smfaces of high temperature 

2 sections of hydrocarbon processing equipment in contact with hydrocarbon tluid which 

comprises: 

4 a. · decoking the hydrocarbon processing equipment; 

b. prior to processing a hydrocarbon fluid, adding to the processing 

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

consisting of: 

8 1. tri-tcrtiary-butylphenol phosphate esters; 

2. compounds having the formula I: 

JO 

- S6 _. 
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14 

16 

18 

20 

22 

wherein Q is selected from the amup coDBistiDs of: Zand R, wherein two 

oCC1:inmccs of Qare Z, and when:ia R is hydrogen, or a stn.ight or 

branched alkyJ group havinc trom 1 to 7 carboll atom1:, 1114 only om. or 

two occmrences of R. may be aJkrl; 

Z is represented by the formula D: 

I If Ill~ 1111~ II(~ 111(111 IPI 
0 

R2 
II 

' Rz 0 p-o--
- I R1 R2 

0 

n n 

wherein R2 pd R, are the same as Rand only one or two occunences of 

each of R2 and R3 may be alkyl, and "ll" is a whole number of from 1 to 9; and, 

l. mixtures thereof; 

c. forming a thin coke layer on the swfac:es of the processiq equipment; 

and then, 

d. feedhlg the hydrocarbon fluid to the processing equipment. 

-------------· 
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I If Ill~ 1111~ 11~1111[111 ~II 
22. Tho method accordina to Claim 21, wherein lhe addition of the mtifoulant is 

2 cliscon1inued durina the processing of the~ fluid. 

23. The method ICQOrcling to Claim 21, whc:rein the addition of the antifoulant is 

2 disc:ontiuued prlor to the processing of the hydrocarbOn fluid. 

24. The method BC<X>rding to Claim 21, wherein the illtifoulallt is added intennittently 

2 prior to the processing of the hydrocarbon fluid. 

25. The method according to Claim 21, whmein the antifoulant is added c0Jltinuous1y 

2 prior to the processina of the hydrocarbon fluid. 

26. ~method according to Claim 21, wherein the antifoulant is added inteanittently 

2 during the processing of the hydrocarbon fluid. 

-------- ---------~-- -58-
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2 7. The method acconting to Claim 21, wherein the aatifoulant is added continuously 

111111111111111111111111111111 
* C L M ·S * 

. 28. The method accordin& to Clabn 211 wherein1he bychocmbon fluid contains at 

2 least one iaction selected from the poup consistina of 

L ethane; 

4 b. propane; 

c. butane; 

6 d. naphtha; 

e. kerosene; 

8 f. gas oil; and. 

g. residue. 

2 9. The method according to CiaiJn 21, wherein tho antifoulant is added to the 

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

a. steam; 

b. air 

c. hydroc!U'bon gases; 

-59-
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30. The method according to Claim 21. ~the amifoulant is added in a range of 

2 ftom ~ut 0.0005 % by volume to about 10% by volume on the basis of canier volume 

flow prior to the ptocessing of the hydrocarbon fluid. 

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

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

1he processing of the hydrocarbon fluid. 

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

2 antifoulant. the processing equipment is maintained at a temperatiR of at least about 240 

oc. 

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

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

200 °C to about l ,200 °C. 

-60-
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34. A method tor inhibiting 1he formation of coke on the surfaces of high temperature 

2 sections of hydrocarbon processing equipment in contact with ·hydrocarbon tluid which 

4 

6 

B 

10 

12 

14 

comprises: 

a. processing of a hydrocarbon fluid in th9 presence of 8D antifoulant in iU 

vapor phase selectlld iom the poup consisting of: 

t. tri-ta'timy-butylphenol phosphate esters; 

2. compo1111ds having the fonnula I: 

Q 

Qo~Q 
Q .,,:? Q 

Q I 

wherein Q is selected from 1he group consisting ot. Z and R. wherein two 

occurrences of Q are Z, and wherein R is hydrogen, or a straight or 

branched alkyl group having ftom 1 to 7 carbon atoms, and o~y one or 

two occurrences of R may be alkyl; 

Z is represented by the formula 11: 

• 61 -
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II 
-o--11o---p-o- -

I 
0 

R3 

I 
R.3 

RJ R.3 

ll3 

n n· 

16 wherein R2 and R3 are the same as R and only one or two occurre.nces of 

each of R2 and R3 may be alkyl, and "'n" is a whole nmnber of from 1 to 9; and, 

18 3. 

b. fmming a thin coke layer on the .surfaces of the proccssmg equipment. 

20 whereby the swfaces of the processing equipment are inhibiled against fonnation of 

additional coke during the processing of a hydrocarbon fluid. 

3 5. The method accordina to Claim 34, wherein the antifoulant is added intennittently 

---------2 during the processing of the hydrocarbon fluid. 

Thii11mn11miinr 
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3 6. The method accontina ro Claim 34, wberdn the andfoulant is added continuously 

2 dmiog the~ of the bydrocmbon fluid. •; 

3 7. The method accord.in& to Claim 34, ~the hydrocarbon fluid~ at 

2 least one fraction selected from the lfOUP consisting of: 

L ethane; 

4 b. propane; 

c. butane; 

6 d. naphtha; 

e. kerosene; 

8 f. gas oil; and, 

g. residue. 

3 8. The method according to Claim 34, wherein the anitfoulant is added in a range of 

2 from about 5 pj>m to about 2.000 ppm on the basis of hydrocarbon fluid mass flow during 

the processing of the hydrocarbon fluid. ---------- -----·-- - ·-----
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39. The method acc:onting to Claim l4, wherein during the addition of~ antifoulant. 

2 the processina equipment is mah>tained ·at a temperatUre of at least about 240 °C. 

40. A method for increasing the nm lqlh ~hydn>carbon pmcessina equipment used 

2 to process a hydrocmbon fluid which comprises: 
11111111 lllllUllll lllll II 1111 

4 

6 

8 

a. · decoking pror.wsing equipment; * C L M S * 

b. prior to processing a hydrocarbon fluid, adding to the processing 

equipment an antifoulant in its vapor phase selected from the group 

consisting of: 

1. 1ri-tertimy-butylphenol phosphate esters; 

2. compounds having the formula I: 

Q_ 

Qo~Q 
Q ,,,PQ 

Q I 

10 wherein Q is selected &om the group consisting of: Z and R. wherein two 

. occ~c;es of Q arc Z, and whcrebl R. is hydrogen, or a straight or 

12 branched a1kyJ group having from 1 to 7 carbon atoms, and only one or 

two occuncnces ofR may be alkyl; 

14 Z is represented by thl! formula Il: ---------
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1111111111111111111. 1.1111111111 
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'R.3 .. 

I 

16 D n 

wherein R2 and R, me the same u Rand only one or two occmrences of 

18 each of R2 and R3 JDay be alkyl, and "n" is a whole number of &om 1 to 9; and, 

3. mixtures thereof; 

20 c. fo.r:ming a thin coke layer on the smfaces of the processing equipment in 

contact with the hydrocarbon fluid; and then, 

.,., 
d . feeding the hydrocarbon fluid to the pmccssing equipment, 

whereby the surfaces of said processing equipment are inhibited against formation of 

::?.i addidonal coke during the processing of the hydrocarbon fluid thereby increasing the nm 

length of the processing equipment. 

41. A method for increasing the product yield from the piocessing of a hydrocarbon fluid 

., ... throup hydrocarbon processing equipment which comprises: 

-6S-
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L decoldng pmcessiag equipment; 

4 b. prior to processing a hydrocarbon fluid, adding to the processing equipment an 

antifoulant in its vapor phase selected from the aroup consistiq of: 

6 l. ili~··butylphmoJ. phcisphate clk:r$; 

2. compounds havina the bmuJa I: 

I lllllll llllll lllll lllll II llll 
* C ~ M S * Q 

QO'Q 
Q ,#Q 

8 
Q I 

wherein Q is se1ectecl from the group eonsisting of: z and R, wherein two occurrences or 

IO Q arc Z, and wherein R is by4rogen. or a straight or branched alkyl group having 

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

12 Z is represented by the formula Il: 

0 

R2 R2 II f ' R2 o. P-0--
I R2 R2 
0 .. 

14 
n II 
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.whaejn ~and R.3 ll'e the SllilC IS R. ad only one or two occurrences Of each Of 

16 R2 and~ may be alkyl. and "n" is a whole number of tom l to 9: and, 

3. mixtures thereof; 
I 11111111111111111111111111111 

* C L M S * 

18 c. f.?~ 2 thin coke layer on the surfaces of the processiug equipment ii) contact 

with the hydrocarbon fluid; and then, 

20 d. feeding the hydrocarbon fluid 10 !he proc::eSsing equipment, 

whereby the .s~ of said Processinc equipment are inhibited against formation of additional 

22 coke during tho processing of the hydrocarbon fluid thereby increasbig the J>?Oduct yield fi'om the 

processing of the hydrocarbon fluid through the processing equipment. 

24 

------_.:_.-
\\i i~i if 
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