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REPLACEMENT * SHEET -1-

METHOD TO VAPOR- PHASE DELI VER HEATER ANTI FOULANTS . BACKGROUND

OF THE | NVENTI ON : A met hod for reducing fouling on the

surfaces of eqw DR VUIN t enperature Ré’

petrol eum fl ui ds corrprl 5| ng treat| ng high tenperature refiner éﬁ]gj
ery

o Bren " e petof Rl WM@%%W hetigl | "

;glrrrmj;yll !ohnglrr]hosghate est er ruqemna u&rrpound uaaunglughgav' ng n&nery

.  equipment o the petroleum fiuid being processed in high temperature refinery equipment
5 with at Jeast about 5 parts per million of tri-t-butyiphenol phosphate ester or of a compound

having the formula I:

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:

; Thls She,
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wherein Qis Z or Rwith the- prowsothat * VOISR BOREanBes of Qare Z, Ris

hydr ogen, a straight or branched al kyl group having froml to 7
and nost .preferably from1l to 4 carbon atons, and only one or two
occurrences of R may be al kyl, Zis repregented by the fornula
Il L ﬂt - [err]
Ry (*] . ,l- 2]
R K o
2 X
R %

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

and R, R, and R, represent hydrogen.

INTRODUCTION

10 This invention relates to a method of treating high temperature refinery equipment
or petroleum fractions processed at high temperatures in such equipment to minimize 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

15 " boiling cracked products or 1o improve the handling of the material so freated.
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wherein R2. and R3 are the sanme as R and only one 0

tv® beccurrences of each
of RR or R3 ’ )

Likewise, the additives of this invention may be successfully used to reduce fouling
mcokempymlys:sorcrachngﬁnacesusedtommufacm cthylene from the various
. gaseous and liquid petrofeum fluldz. The additives of this invention are m-t-bm)"lphenol
-y phosphate ester or mono- and di- aikyl, aryl, alkaryl, cycloalkyl, alkenyl, and aralkyl
5 . phosphateestassmhasphenolphosphneem;nﬁmmmdbytheabwgformul& 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
10 ' '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;zns, hydrotreaters/hydrocrackers, and other
processes. Depending on deposition rate, furnaces used for cracking petroleum fluids”
15 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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may be al kyl, and "n" is a whol e nunber r(gnrﬁﬂnfﬁgg,'"p?eférably 1to 5, -and
nost preferably "n" Is 1 to 3. In an especially preferred enbodi nent of

the inventa [abor stahdpolni, andoard tipicatly cerded But sither smethahicdiiyy by a spalling
| NTRODUCTI ON i nvention relates to a nethod of treating high
t enper at urdt %ﬂhﬁé‘?"@@ burping step- petrol eum fractions processed at high

tenperatures iy %ﬂeﬁﬂbmmani& operh nz%lsro*}%ferféarM§ éﬁrgi Wg@ﬂ%ﬁ and

coke in the equi pnent term “petrol eum fractions' aces oil,
crude oil sredrdkred orscratohed acotmrwise mhwpnmlw mnm«edgeomltbgnsutfnw obns

such o2 385 shleribHe et ol ok el P G e praligepce, of ygrogen i
handling of theheasiedning methcd refdérfetl 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.

5
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successfully used to reduce,f L NOyend ' et-butylphenakc ki ng
f ur naces ggyad7;91 Sydtied April, 28, g##%‘ﬂgﬂﬁé‘&reﬁﬁ? hde“'.Q vdgﬁe_ggs gaseous and |iquid

petrol eum fl uj ds. Theﬁ%ﬁ%m Ol Halk Slsondiscuvierad that the Qmpﬁvﬂ‘gﬁ phenol
== an

phosphat whosphate s15tef5 I - alkyl, aryl, alkaryl, cycloal kyl, al kenyl,
and aral kydying the formula I | :
e _
Q Q
Q Q
Q 1
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PASE B

phosphat e esters such as phenol phosphate e(sP o -'fﬁﬁypré'ée’nt ed by the above
formula. The phenol phosphate esters of this invention nay bg nononeric or
may be oligoneric as where "n" in the above fornmula is a whol e nunber

great er t han abowhebin Qis Z, or R willthé povish W D 8e0irbhdss B¢ QI ey @ioge, e

oil or its fractions, and the like, fouling occurs on furnace coils,

transfer lines," mﬂ%mﬁﬁm‘ﬂ&@?i Eﬁ; of ot | The
fouling problem ?.gﬁgﬁgj or oper orta #lglcﬁﬁ?y&g%erl eﬁ%gﬁ I n ggﬁn ng
et hyl ene plants, apd in processes ere heav des, of . petrol eumyare
treated to reduc@”%%??gm?@@apa?"’ é’ﬁ?‘mﬁP"V‘Fg{ﬁmmé’kﬁhel r handl i ng
characteristics including but not imted to visbreakers, delayed or fluid
coki ng operations, hydrotreaters/hydrocrackers, and other processes.
Dependi ) on dep@ds teprenented by the formulsdk used for cracki ng petrol eum fl ui ds

i ncl'udi ng et hyl ene plants, visbreakers, and the tike, all nust be
periodically shut down for

: o
R, R; "

R, / \ 0— p——0
R; R

R, \ R;
R? Ry

n I

10
wherein R; and R; are the same as R and only one or two occurrences of each of R; or Ry

: inay be alkyl, and “n" is 8 whole nﬁnbet from 1 to 9, preferably 1 to 5, and most
preferably, “n” is 1 to 3 are good antifouling agents. In an especially preferred

embodiment of the invention, “n™is 1, and R, R, and Ry Wt hydrogen.
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cleaning. The termfluid as used hereln i s intepdedEt ¥ ihcl ude the term
f eedst ock. In addition to periodic schedul ed cl eani ng,, shut downs
are sonetines required due to sudden increases in pressure or tenperatures

") o e Bt e

exchangers. C eaning opeta ma time and

mechani cai )y, or WA ot e 0 Pebl e Rl °§ﬁr§¢%8&?wm°m i

t he nechani cal cI eani ng operation, also referred to as |a? , ,dep03| ts
are brushed or sd¥intredvees WihesaupmiRtas e yapermylmized with astewa of 85, 9%‘%
surfaces of

_ such as nitrogen, hydrocarbon gases, or a mixture thercof. If the antifoulant features g high -

5 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,

10 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.

15 . 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,

i /7
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. nm:n
t he equi pnent that is contact with the fl ui ds kd Teat?ibn products.
The cl eaning nethod referred to as "spalling" V\/nerel n the tenperature of
the heater tubes is raised and | owered several tinmes. Due to the difference

in the contraction anﬁ@xm&meﬂh{ﬂm&ﬁoﬁnﬁd@%Mh&ﬂﬁeﬂﬁaﬁﬂiﬂhﬁﬁﬁﬁi

t he coke deposits, the coke deposits break up, allowng themto be bl own

Ol o e L0 g n O Bk OGRS BRat lf EI Lnfist°P

equi pment. During this step, the equiprment is naintained at tenpenatures
typically bet wee%‘ﬁ‘l!ﬁﬂit 500[err] C and about 600 C. Typically, steamis
first injected. The steamreacts with the coke deposits, burning off the
depasits by converti nltisyesagsiSutherobiest efthis inventionde provide tocthe ard a method for
treatment with the steam nost of the coke is normally burned off. To

renove t8e renai ipreveatingfoulingin thehighrtemipaniting sectios 6f petroleinn pricessing equipment,
Various additives have been used to attenpt to mnimze the formation of

foulants in the hhdtitgviEioeake] dulayed cokess] cliyléle fierhatd Prehiedters, a6 thiedike, usihgan g

the materials that have been suggest ed |ncI ude nono- and di- al kyl, aryl

| k I | oal
erﬁpr:)%/i fi géci gaul's . Patent' é?f gﬂ%%ﬁédg’#] mat er| af%%@ been used

i ncl ude di al kyl acid phosphate or phosphgate esters in conbination with

t hi odi propi onates, such as these exenplitied in U S. Patent 4,226,700, and
t he nmono- and di - phosphate and phoqzh < rs disclosed in U S. Patents
4,024,048, 4,024,049, 4,024,050 and ~ Wi | e these phosphate
materjals, in general, have been succe

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

Z is represented by the formula II:

“ﬁﬁ'iimi’iirﬁﬁi“um
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enpl oyed in sonme operations, use of these matervals h&Vé proven
unsatisfactory, leading to the occurrence of corrosion in units which have
been so treated. It is theorized that while effective as antifoul ants, the
mono- and di -, phosphate and phosphite estersgsuggested by the prior art

hydrol yze at high te per Rl Ur es yi el ding acidyc corrosion products. In ny
copendi ng rel ated appl2eati on, Serial No. l -5
- 08/ 427,915, filef 26, 1995,11 discllosed thg use of certain.
t - butyl phenol phggplat 2SH) i SBETELS BATSTET TS SN al so digscovered that-
t he conpounds havi*ng\the fArmula I: err] _ _
R R A
0o .
RPN F R
Ry

n - 1
\;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:

-10-
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-6 -. wherein Qis Z, or Rwith the proviso t rlzlf"‘l"ﬁ/{)‘%icl:urrences of Qare
Z, Ris hydrogen, or a straight or branched al kyl group having froml to 7
and nost preferably froml to 4 carbon atons, and only one or two
occurrences of R may be al kyl; Zis reQresented by the formula I1I:
REPLACEMENT SHEET [err]

LT

Q N\ A "
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
R; Ry
Rz (9] P 0
Ry Ry
.0
Ry X, Rs
R3 / R3
. R;
n 0
10

whersin R, and R, arc 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

~11.
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wherein R2: and R3 are the sane as R and only one" ortt 48 Joccurrences of each
of R2 orR3 may be alkyl, and "n" is a whole nunber from1 to, 9, ‘preferably
1 to 5, and nost

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

and R, R; and Ry represent hydrogen.

DESCRIPTION ON THE PREFERRED EMBODIMENTS
5 Ihisinvmﬁonisamrdinglydhec@dtoamﬂhodofpmmﬁngfoulinganﬂwke
* 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 hydsocarbon processing equipment an

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

10 - . Q I
wherein Q is Z, or R with the proviso that two occurrences of Q are Z, 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 alkyl;

15
Z is represented by the formula II;

e
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preferably, "n" is 1 to 3.are good antll%o!t}l ‘lmr'lmg’(gd@?ﬁ g5 In an espeC| ally
prefrred * embodi ment of the invention, "n" is 1, and R, R2 and R3 present
hydr ogen. J7

The phosphate esters act as passivators under cerfgain injection conditions.
Once the netal surfaces ofy tlRe hydrocarbon proceHS| ng equi prent are free’

of deposits, the antifoula s introduced to thf§ equi pnrent as a vapor and
mxed wth a streamof ai m inert gas sucll as nitrpgen, hydrocarbon
gases, or a mxture tf‘ﬂr | allay—-al-i gh 1

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
5 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

11V 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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oxi dative sta Iﬁlty, hydrolytic st BT | 6? edent in the streamin

the formof a diluted vapor, the antlfoul ant decorrposes or degrades at the
high tenperatures in a specific pattern when contacted with the netallic

t ube surface. The deconposition fragnents build up a filmwth coke
suppressing features (in the formof*a passivator film. The antifoulant is
generally injected as a mxture with.the streamof ajpr, steam inert gas

l? (PRlIlTED Pﬁ

such as nitrogen, hydrocarbon gases, d xture tMereof. The ect.i on
of the.antifoulant nay be contifjued wi g)i ntroddicti on of
hydr ocar bon f 1 uiz. I'addition t he inje tof theYantifoul d be
started and nuai/t ai ney Qm’_j,gg..I.h@-q—m € gTRE T droearbo -
wi t hout first vating tHe surface>0f the equi pnrent tha_ca¥e into
contact with the\hydibOcarbon fluid. i s twherefore an object of
th|5|nvent|onto prowdetoth? art a nethod f’or I

m

5

f\’\ |~

—---c—--ll"-—0 _-o—-ll’-_-o-_\ /

. 4
-LDP-301 is stated by its manufacture to be usefil as a fire resistant base fluid or

highly stable antiwear additive. LDP-301 is also trecommended for use as an additive in

«14-
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preventing and inhibiting the formation of FUNTER Fese d® durfaces in contact
with" hydrocarbon fluids defined herein as |iquid, gaseous, qQr nmixtures
t hereof - of hydrocar bons. -8 -

It is a furthercabbm&eaérmlmmnmmopﬁwmmbdemm@h@ﬁ propitiéwg f or

inhi-biting fouling in the high tenperature processing of "hydrocarbon

fluids, especialg\.ard4eo] bejow:

TABLE 1 o
TYPICAL PROPERTIES 'IESI_ME‘IHOD ASTM METHOD
Appearance Visual clear to amber
: . . viscous liquid
Odor Olfactory None
Color APHA - 500 max.
Viscosity, ¢St @ 100°F DS _140-155
es:%zm"r 10-12
Total Acid bermgKOHIE o 1L 0.20 max.
Spesific Gravity @ 20/20°C "D1298 120-1.35
Water Content ) Di744 0.1 max.
~ Flash Pomt, °C(°F), COC ) >300 >572)
Fire Point, °C(°F) ' D92 >300 5572)
Autoignition Temp., °C(°F) ' “E659 640 (1180)
Onset ofaiduﬁon by DSC,*C(*F) D3350 >350 (>644) ‘
Weight Loss by TGA “C(F) 3850 T
5% weight loss 365 (690)
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-301 _ 044
Diester reference fluid 0.92
. Diester + 2% LDP-301 : 045
s .
-15.
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fractions. It is yet a still turther OB 68 W Xnis invention to
provide to the art a method for preventing fouling in the high tenperature -
section of petrol eum processing equi prent, including visbreakers, del ayed

K ot T} et e B B Hahd) ohosp it cleliinkd L QG inRfisire Ve
amount of tri-t-but y?%giﬁo : ospﬁat esters orlhgg ounds havi ng the
formula I: [err ein Q. or .R i, | ta t WO
occurrences of @!&P@@‘ﬂ%’ﬁ%ﬁb‘%ﬁ“@@%&?ﬁ%ﬁ%g‘?% ancﬁ% al kyl
havi f 1 7 ' f I 5
group aving T om el sold by FMC Corporavon undes e Yade nsine Duradl 6208, Tble Ilists

" 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 are 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 1ofthe

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

phase injection.
-16-
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carbon atoms, and only one or two occurrences oF Iﬁ'i"mﬂ?’tie alkyl; . Zis

represented by the formula I1I: -9
- Jerr] : .
One’embodiment of the invention is a method of preventing fouling and coke
formation on the high temperature sections of hydrocarbon processing equipment which
- comes into contat with & hydrocarbon fluid. The method comprises adding t0'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 selected from the group consisting of

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

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:

This Sheet Hag
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wheréin R2 and R3 are the same as R 5#% 6%“""8@%’6? #Ho3 occurrences of each
of R2 or 'R3 may be akyl, and "n" is a mhole nunber from1l to, 9, preferably
1to 5 and nost preferably, "n" is 1to 3. In an especially preferred

enbodi nent of the invention, "n" is 1, and R R2 gnd R3 represent
hydr ogen.

R, R
R, / \ 0 P 0] 3
- Rz—_iz 0
Ry R
RN~ R
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.

5 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;

10 _ 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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SUMVARY OF THE | NVENTI ON - This invention«s accordingly directed to a
met Hod of* preventing fouling and coke formation on the high tenperature

sections of hydrocarbo ocessi.h nent J4n contact bon
f1uid which conprises M{"ﬁb‘”ﬁ%ﬁ%’?w #nﬁmsam%fmw T8t -
with the high tenperature sections of suc hydrocar bon pro ssi ng, equi prrent
an effective anp formation gg the spriacss:o Qfﬁ‘ a"'eg'hﬂbund

having the fornula I:
processiap eqmpment which comes into eontact witha hydrocarbon ﬂmd. The'

processing equipment and/or carricr must be operated thereof at a temperature of at least
5 * gbout 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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[err] wherein Qis Z or.Rwith the provi o TEAP*Fwiokcurrences of Q are
Z, Ris hydrogen, or a straight or branched alyl group having from1l to 7
and nost preferably froml to 4 carbon atons, and only one or two

occurrences of R may be allyl; Z is represented By the formula I1:
| R; R;
®, 0 P 0 ¢
~ R: R
0
RS \ Ry
R N~ R
R
n 11

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 |
S 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
10 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 hydmcarbon fluid,

-20-
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PAGE

[err] wherein R2 and R3 are the sane as I;{ (md"%rﬂ“?’ ddt lor two ocgcurrences
of each of R2 or R3 may be alkyl, and "n" is a whole nunber froml to 9,
preferably 1 to 5, and nost

10

15

The addition of the antifoulant, in or out of the presence of a liydrocarbon fluid, may be
injected into the high temperature sacﬁons of the hydrocarbon processing equipmentona
continuous basis or ou an intermittent basis, '

The processing equipment that may be benefited by the'pmsent invention includes |
visbreakers; dolayed cokers; preheaters; furmaces; ‘transfer lines; exchangers; fiuid
catalytic crackers; hydrotreaters; hydrocrackers; and, furnace coils, speciﬁcally, but not
limited to those units in front of catalytic units (including FCC and hydrocrackers). The
antifoulant may be added to the carrier stream of air, steam, or mixtures thereof prior to
the introduction of the carrier into an ethylene furnace or a visbreaker.

Another emEodiment of the invention is a method for inhibiting the formation of
coke on the surfaces of i;igh temperature sections of hydrocarbon processing equipmcn't
in contact with hydrocarbon fluid which comprises:

a .decoking tl'1e hydrocarbon processing equipment;

b.  priorto processing a hydrocarbon fluid, adding to the processing
equipment an antifoulant iix its vapor phase selected from the group
consisting of:

1 tri-tertiary-butylphenol phosphate esters;

2 compounds having the formula I:

. -21-
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- 11 Bf‘ *ns# is 11632 MR &cﬁea’afl y preferred

enbodi rrent of the |nvent|on "n" is 1, and R R2 and R3 represent

hydr ogen. DESCRI PTI ON ON THE PREFERRED EMBCODI MENTS
Q
Q Q
%
Q Q
Q 1

whminQi§ selected from the group consisting of: Zmd&Mnm
| occurrences of Q are Z, and wherein R is hydrogen, or a straight of
branchédal’kyl group having from 1 to 7 ca:bonatoms,anc_lonlyoneor

two occurrences of R may be alkyl;

5
Z is represented by the formula I1:
)
R; R . “

R: .Rg !
R3 R;
Ry Ra

R;
o II
-22-
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This invention is accordingly directed ta & HIERBYEoFS'pt eventing. foul i ng
and-coke- formation on the high tenperature sections of hydrqcarbon
processi ng equi pnent in contact wth a hydrocarbon fluid which conprises

adding to the hydrocar bonwhirin®,RAd RS ark heiskfie a0 Bty Sielon twdiecchiresices of
tenperature sections of such hyarocar bon proce55| ng equi pmrent an effective

amount of tri-t b SiRfh D819; iad! he
formula I: I‘Pﬁﬁ&ﬁmﬁ&aﬁnﬂg ﬁad;‘ﬁ ﬁr WI the proviso that two
occurrences of Qare Z, Ré tr% [ r a straight or. branched al kyl
group havingfromlt‘o? éﬂ'%r mbly from1l to 4.

'3'

~ c. forming a thin coke Jayer on the surfaces of the processing equip
S 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

10 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,

15 residue. The antifoulant is added to the processing equipment in a carrier selected 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

20  processing hydrocarbon fluid, more preferably in a range of from about 0.001 % to less
-3.
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carbon atons, and only one or two occurrence “ﬁ"nﬁ’/ e al kyl s Zis
represented by the formula I1I:

-12 -

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, the
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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[err] wherein R2 and R3 are the sane aszsR(Pglr'\'am Pr'\‘F’S/ Bha or two .occurrences
of each of R2 or R3 may be allyl, and "n" is a whol e nunber from1 to 9,
preferably 1 to 5, and nost preferably, "n" is 1l to:3. In an especially

preferred enbodi menjyaf, me@&mﬁpmﬁsoﬁw&mw

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

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

two occurrences of R may be alkyl;
5 _ Z is represented by the formula IT:
O
R, Ry
R, R
2 Ra 0
R3 \ Rg
R3' 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 2 whole number of from 110 9; 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 I nvention Conpounds fal | ing W T KPR LM 2P as di scl osed
above of ‘the present invention are comercially avail able. Anpong the
avail able materials is a product designated LDP- 301 fromthe FMC

corbound avi g+ R HBAA i Ve Rl Ay e Mg Rt Snb R 7

Formita 1V. g drocarbon fluid or continnously during the processing of the hydrocarbon fluid. The
hydrocarbon iluic may coatain at least one fraction selected from the group cotisisting 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 least
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-

—————
——

This Sheet Has

Tl lil/



[. RECEIVED 10/16 @3:37 1897 AT 535186!

PAGE 2B (PRINTED PABE 29) ]
g
[err]

. 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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L DP- 301 Is stated by its manufacture to bzg TINERPOES 3D i re resi stant base
flui'd or- highly stable antiwear additive. LDP-301 is al so recpmended for
use as an additive in

. 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. mitures thereof: _ :

c. forming a thin coke layer on the surfaces of the processing cquipment in
5 . 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.

10 ' 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

15 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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&ﬂm"“ ‘%’éﬁ Baoﬁay PLAL T ase f10Tds, ‘[“[')l%r_ﬁgd"i“, S st ated to have the

foIIovm ng physical properties as set forth in Table [ bel ow

TABLE | TYPI CAL PROPERTI ES TEST METHOD ASTM
METHCD Appear ance . . Q Vi sual _
clear to anber viscous liquid
Qdor ' A fact oy
None Col or ;
500 max. Vi scosity,cSt[err]100[err .
10-12 _
| si : in two
whereinQisselectedfromtbcgroupeons:sﬁngof. Z and R, wherein
occurrmcesonareZ.andwhminRishydmgm,orastraightor
brmcheda]lwlgrouphavingﬁomltohnbonatoms,andonlyoneor
5 . two occurrences of R may be alkyl;
Z is represented by the formula II:
0
R; Ry
Ry RZ. o
R; | \ Rs
Ry
n I
-29.
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Total Acid -Nunber ngKOH-g D974

0. 20 max. Specific Gravity [err] 20/200C )
D1298 : : 1 20 1.35 Wat er Cont ent

D1744 © g R Sy e Bine 6 il @cences of
D92 >300 (> R, R’.Ig:é)re Po?%fn errﬁ% [err]F)

D92 t Ol,Ghy L1 Q

E659 - %Sb‘é‘igaﬁgj‘ bl G fsa °EFW€°§{% e’rr] =)
D3350 >350(>644) Wi ght Loss by TGA C([err]F)

3850 - 5% wei ght | 3ss miztures thereof;

365 (690) 10% wei ght | oss . )
400 (752) Four Ball g\\éar fonning a thinzokedayer on the surfaces of the processing equipment in
D2266 nm (40kg, 1200 rpm 75[err]C, | hr) Pol yol ester reference
0.76¢ ¢ Polyol + 2% L Diméidod with the hydrocarbon fluid; and then,

0. 44 Di ester reference fluid

8' Zg Diester +42% LiggaiRQthe 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 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 are gmerally addedtoa
petroleum fraction that wlllbe 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 I or the tri-t-butylphenol
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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- 15 - The ti-t-burylp enc%'lmnppr?ggspﬁéte esters used in the
process.of this invention are comercially available materials. In the
practice of this invention, we prefer to use a material sold by FMC

o L0 b A5 DR R e il ot
" fluid 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

- mtroductlonmtothe system. Surprisingly, the material acts as mannfoulantmﬂie high
5 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 s dded to bydrocarbon fuids which will be subjected to
temperatures in excess of about 330 °C, (about 626 °F) at atmospheric pressure, the

10 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

15 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

20 fluids are processed at or heated 10 high temperatures, The additives may further be added

«31-

—————
—_—

This Sheet Has B

i Illﬁll



[ RECEIVED 10/16 83:39 1997 AT 5354g6Y

TABLE I} . - PROPERTY PAEE 33 (RROMSEACIEE VY U .
ASTM METHOD Fl ash Point [err]F 490
D-92 Auto Ignition [err]F 950

D- 659 \ﬁscosit . .

D445 Total Acl W “m“mmg&g&@? 6 the sbove described operations

D974 Sp Gavi ty 20/ 20[ err

D 1298 % Phosp ﬂ“ﬁ%mdmthmlwé‘mt“‘mmepm%wwngut yl and

non- substituted tiner phosphate ester materials are exenplified n rel ated
appl i cation Ser fupackiptiaigey assoriatesyittrstnesshenip rd vapgum digtijlatl Wﬂ“&'ﬁ"l%“‘h?‘ﬂ&?t er

I ncorporated by reference into this specification, it has now been shown
that other congatbeisths cnide it beforelitipproessiad.zi ne (X— 1P from Dow Cheni cal

Conmpany), and ot her _ .

S The addition of the claimed materials, tri-t-butylphenol phosphate 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

10 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

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 crude oil
material at a lower level of from about 5 ppm total weight basis to about 2,000 ppm total
weight basis as the upper limit. It should be pointed out the upper limit will be limited by

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

-32.
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ol i goneri c- phenyl phosphate ester naterial s«such as those described in the
Formula | of -the instant application also have superior activity as
refinery antifoulant materials in vapor phase injection.

-16 - the additive may be added. Preferably, the total amount of the additive of this invention
| addedduringthecluningstepmwthehydmubonﬂlﬁdmamﬁﬂmgsﬁomabOM§w
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
5 - generally in the range of sbout from & few seconds'to several hours, though longer 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
10 apl;reciably altered through the use of distillation or pyrolysis. Exampl&s of erude 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
15 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

20 mineral salts present in a starting crude oil is reduced typically to a salt content not above 5

-33.
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One enbodi nent of the I nvention is A merhS8 S MP&\3Bhtli ng foul i ng and coke

formation an the high tenperature sections of hydrocarbon processing
equi prent which cones into contact with a hydrocarbon fluid.  The nethod

it ur ot her eof  Pappef 900 Rarels, Hpish e ol i Smtind - S Ee Bin fy
tenperature sections of such hydrocarpon processing equi pnent, an
ef fective amuntWWY#ﬁmmmm?Fm%mﬁmﬂMWéw&m%w

group consisting of tri-tertiary-butylphenol phosphate esters and,
conpounds havi ngweihdefied.nBreseutly prafer-ed arsde il starting ff. ids for the nresent inventioh include

< battery limit crude oil, degassed crude oil, and desalted crude oil.
5 .~ Similarly, asused 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 gen_erélly 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 removmg material therefrom by
10 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
15 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

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

-34-
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wherein Qis selected fromthe group consisti kg T 7’ dnd R, wherein two
occurrences of Qare Z and wherein Ris hydrogen, or a straight or
branched al kyl group having from1l to 7 carbon atons, and only one or

T\INO occurrences of Rﬁ%mﬁk Kﬂ:rixde oil matexial% ,ﬂ §m§§$§ §§%§&Flm&edwm a
Characteristically and usually, the processing of crude petroleum comprises a successive
. series-of steps. These steps characteristically and preferably are as follows:
T | | A heatingacrude oil in at least one heat exchanger to a temperature typically
5 in the range from about 100 °F to about 200 °F,
B.  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
10 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,

73
0

further heating the resulting crude oil in at least one post desalter heat
exchanger to a temperature typic.-;lly in the range from about 200 °F to about
500 °F, -

D.  still further heating the resulting crude oil in a firnace 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.

-36-

————

- This Sheet Has B

T



- L R_EBBIVED 18/16 83:41 1997 AT 5354@
wherein R2 and R3 are the sg!rré as R"gt?\daaom'vm@npé"%r”fv?o occurrences of

each of . R2 and R3 may be alkyl, and "n" is a whole nunber of from1l to 9,
and m xtures thereof. The "hi gh tenperature section .of "the

hydr ocar bon processi equi n , e t gm Eﬁmm from
at | east about 240 [@%ﬁ%ﬁ%%ﬁ@m&%‘?%&a%%or o%“tIj e )

antifoul ant contacting the surfaces of the progessing equi i .Jhe

hydr ocar bon prmwﬁﬂﬁﬂfﬁ%ﬁm%%ﬁﬁﬁ%w&ﬁm‘ﬁﬁ%ﬂ%n i s

sel ected fromthe group consisting of: visbreakers; delayed cokers;

preheaters; f ur ogiteeted, il xfabsolid residus is cbtzi tdawhjch is a cokie, Inithe sasg pfa thgrmal
crackers; hydrotreaters; hydrocrackers; and, furnace coils, specifically,

buE._ POE i mi t ed cfafking'ame, theirboess iftvdlved i tertried vishabaling tanidiihd distilletesarp caliected
o ;C 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 typically
extends for periods of time more than about 10 seconds with common coking times mngiﬁg
fromm about 45 minutes to about 4 1/2 hows, Residence imes of starting pitchina.
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. Ifacoker zone, residence time in such zone is prolonged and pyrolysis occurs.

20 If a visbreaker zone, residence time is brief and cracking occurs, giving rise to naphtha and

-37. This Sheet Has Been Replace

LD



[ RECEIVED 18/16 83:%1 1997 AT 5354864 P 3 (PRI
units dre fluid catalytic crackers (B SR RaF Phdker s) . ,
- 18 - Anot her enbodi ment of the present invention is a

met hod of preventing fouling and coke formation on the surfaces of high

tenperature sectlon OT"&&%‘d wﬁﬂmgm%wmm“%mmmo

contact with a h
stock.

‘These crude ofl and reduced crude oft processing steps, as indicated, are Well known
s ' mthem'tofpen'o!cmnreﬁningmddonotoonsﬁuneassuchpanofthepresentinVenﬁon. .
5 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 loﬁps, and the like, The above sumunary is merely representative, but
characteristic, of the sequence of steps typically found ina reﬁnu-y when processing crude
oil. Pétroleum 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 - 554; and, chapter 19, pp. 678 - 693, All such crude oil
processing steps chmctqisﬁcally 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
15 200 °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

20 * masses which convent 10 coke-like masses at elevated temperatures. Inorganic portions of
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processi ng equi pnent and/or- carrier nust be opera’f e thereof at a

tenperature of at |least about 240 [err]C The met hod conprises addi ng an
effective anmount of an antifoulant in its vapor phase selected fromthe

group consi st i ngmﬁa@&ﬁﬁﬁﬁym&uﬁ%ﬁm&ﬂ.ﬁ%&ﬁdmmwmm

compounds of the foll'omng formula | to a carrier streamprior to its
Wherein Qs sol BLMER SHFER b B RARHRP S PR siondy sl sofm xide, shamine,
sodinm sulfats, copper oxides, copper salts, and the lie, These deposits ars not feadily
- . solubilized by common organic solvents ar.ld these deposits arc distinguishable from the
5 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 is characteristically not carried over in

10 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

15 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

20 . wherein hydrocarbon fluid (hydrocarbon feedstock) are heated to 2 minimum temperature
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occurrences of Q are Z, and wherein Ris hyaragamr % %a straight or

branched al kyl

group haV| ng from1l to 7 carbon atons, and only one or

tvvo occurrences of R may be al kyl; Z is represented by the fornula

10

15

of about 240 °C within the thermal units, Such equiphtbnf includes, but iS 1Rt limited to,
crude heaters, vacuum heaters, visbreaker heaters, and delayed cokers, The fluid is
heated i ihe heater sectior: cf th= rquipment to a preselected temmerature. .

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

amount of cracking takes place in the heater and leads to the undesired deposit formation
(coking). The cracked light ends leave the coke drum through 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 maintain the heater outlet temperature. However, the equipment has a critical
operating temperature, about 1,250 F to about 1,350 °F, above which the equipment
cannot 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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wherein R2 and R3 are the same as R and only one or two occurren.ces of
each of R2 and R3 may be alkyl, and "n" is a whole nunber of -from1 to 9,

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
tempesature of the heater must be maintained at a temperature sufficient to maintain the
5 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 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
10 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 amifoulants of the instant invention. A typical air flow is about 2,000
IS f*/hour. 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 pressuré in the system
will be about 40 lbs. The trcaunent materials, in this case, the claimed antifoulants, are
injected thmugb the quill at a concentration &low about 10 volume percent (mole %),

20 " The antifoulant is vaporized in the quill. As the vaporized antifoulant reacts with the
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and m xtures thereof. The antifoul ant 18 _Qﬁfd_éﬁl’ #o the hydrocarbon
processi ng equi pnment in a carrier selected fromthe group consi'sting of:
steam air; hydrocarbon gases; inert gases such as nitrogen; and,

?d)c;tegrteg grﬁ;érocar boweﬂ or to |ts con%ﬁnf%ﬂﬁgﬁm?gfure
fﬁgt 'QE’SE ?gnéefslawﬁ%j% %ggwmwww L el ptin%m'aiggn
hi gh {chéérit“urm%mia%@ Hoficiopctt SO v Frgm b Cpon Eoast B BV Dot h

prlor to and during the proceSS|ng of a hydrocarbon fluid.

Temperature Surfaces” by James Makki and Earl Graham and published in the Journal of
5 the Society of Tribologists and Lubricatiou Engineers , vol. 47, 3, 199-206, incorporated
herein by reference.

The antifoulant i fod into the heater at 2 rate of from about 0.5 gallon/dsy 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 gall;mslday, for from about 5

10 minutes to about 30 minuies, more preferably from about 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 cleaning process, the hydrocarbon process to be employed, the type
of cquipnient being treated, and the condition under which the bydrocarbon ptbcess isto

15 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 rate 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

20 gallons/day to about 1.8 gallons/day. This increased feed rate for the antifoulant to the

_

——
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- 20 - " The addition of the antifoul ant "Tmﬁﬁ%:r *8u? of the presence of
a hydrocarbon fluid, may be injected into the high tenperatyre sections of
the hydrocarbon processing equi pment on a continuous basis or on an

intermttent basheter should be malit@inGd fof Sldst Work Qbtud NPMinuted % abighy1 hourtesref i t ed
by the present invention includes visbreakers; delayed cokers; preheaters;
furnaces; transfgeel Ay of a5t Y1850t 2 bl & sbout 3 hours, and most preferably from
about 4 hours 10 about $ hiours. As discusead above, longer period of times may be
r employed, such as up to 3 days or longer, depending upon & variety of factors including
5 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. '
h&neﬂﬁnonehﬂuﬂonqmﬂhmnbeuuﬁlnﬂﬁspmmuhna.Nhﬂﬁmbhﬁuﬁbn
quills promote a more even treatment and coating of the surfaces of the equipment. An
10. additional quill could be Jocated 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
15 240 °C. The quill needs to be positioned such ihat 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, 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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catal ytic crackers; hydrotreaters; hydI’OCI‘aClk(gEI’ES A& 8’ If ur nace coil s,
specifically, but not limted to those units in front of catalytic units
(i ncluding FCC and hydrocrackers). The antifoulant may be added to the

carrier stream of aifye it f6W)deftbcdds s floWebdiSirf & miVe!thY hyldeocaibis fluid and
I ntroduction of the carrler into an ethylene furnace or "a visbreaker.

format on of o BaepHEoRdHER e céﬁ&mﬂﬁ"“ﬁ% B4 2R PRI el oo

hydr ocar bon proceSS| ng eagé tact with h droca{vﬁ%n fluid which
conpri ses: ﬁ O intd contact lHment
b. prior to proceSS|ng a hydrocarbon fluid, adding to the proceSS|ng

equi prent an anmatesialsaneh #snbs antifoulapts of b instantiovention. (The typical jais figwds about
const st I5 o o 2,000 f*/hour. The temperature oftheairflowisdmemely important if condensation of
the treatment materials 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 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 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 gndutxlly 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§ 10 about 1.9 gallons/day, and most preferably from about 1.4

- “ -
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1. ti-tertiary-butyl phenol -phosphat%mges? ers, < FAEE 47) ) 2..
conpounds having the fornula I: - 21 - [Jerr]
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

-45.
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wherein Qis selected fromthe group cons7| ‘s"{""F@ Fofe "2’ dnd R wherein two
occurrences of Qare Z, and wherein Ris hydrogen, or a strai ght” or
branched al kyl group having froml| to 7 carbon atoms, and only one or

two occurrences Mm 23 SheAdn uiantsof the iRt m&»&d’rﬂ’wﬁi@ afr Pois sbokut -

[err]
2,000 f*/howr. The temperature of the air flow is extremely important if condensation of

. the treatment materials is to be gvoided. ‘The hydrocarbon fluid feed is started.’
Ongce the air flow, hydrocarbon fluid feed and the temperatures are stabilized, the
5 . pressure in the system will be about 40 Ibs. The asitifoulant is injected through the quill
at a concentration below about 10 volume percent (mole %). The antifoulant vaporizes in
the quill. Asthe vgporized 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 1 gallon/day to about
10 = 100 gallons/day, more preferably from about 4.0 gallons/d#y to about 7.0 gallons/day,
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 about 1 day to abﬁut 180 days, and most preferably from
about ] day to about 120 days. Longer or shorter times may be employed, depending on
15 2 variety of factors including the type of hydrocarbon processig 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 would mpl;:nish the coating
formed during the prepassivation process or creates a coating as the antifoulant vapor

20 reacts with the surfaces of the of refinery 'eqﬁpmmL However, this continuous treatment
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- 22 - wherein R2 and B3 % ¢®{ He sane as. R and
only one or two occurrences of each of R2 and R3 may be al kyl, and "n" is
a whol e .nunber of from1l to 9; and, m xt ures thereof;

gdw pn{eg{ mng a ﬁ&aﬁ%nwm@%wb&%ﬂmmmm 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
3 the claimed antifoulant during an on-line despalling procedure. On-line despalling is
5 where ome of more lines (pessages) of the heater art shut down and treated with steam
and/or condensate to remove coke deposits i 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
10 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 pxechanism. To maintain the quill wmpéram 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.

s . 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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and t hen, d. feedi ng the hydr%c‘gpggﬂ PRGELIS® 20 the processing
equi pnent- " The addition of the antifoul ant may be di sconti nued

during the pr.ocessing of the hydrocarbon fluid or dlscontlnued prior to

the processing %"mfm 'uﬂder gm“lﬁ% AFFoe
intermttently prior to the proce55| ng o E{J%mﬁ% ocar on wg%ﬂd
conti nuously pr| Loce arbon flyid. The
anti foul ant nay ‘Qtﬂﬂtﬁgﬁ’gﬂwﬁﬁﬁ%ﬁﬁﬁqﬂé’ﬁ E%?‘%Wﬁﬂbcesm ng of the .
hydr ocarbon fluid or contji nuousl% during the processi ng of the t%gr ocar bon
f1 uid. The hykhe 88 ditotetined astos o necessgrysomous the hydrosaghonfh
fraction selected fromthe group consisting of: ethane; propane; butane;
napht ha; ker osemam|mwmmdmumammmamm t he
pr OCESSI ng equipnment in a carrier selected from
S 240 °C before it enters the heater or comes into contact 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 reatment
materials is to be avoided.
Once the temperatures are stabilized, the pressure in the system will be about 40 |
10 - 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, 2 film of coke 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 1.2 gallons/day, for from about 5
minutes 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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the group consi st ng of: steam air; hydrocarbo#n P@%Fséé’, linert gases; and,

m xt ur es

t her eof . The antifoulant is added, preferably, in a range

of from about 0.0005 %to |less than about 10 % on the basis of % by vol une

or % by nol e of
nore preferably

- 23 -

10

B 8 kg SRS i i i
the process is carried out. . ' :
Thefeedmteoftheanfifou!antcmbegrndudlyincrmedsoasnotto interfere
with the air flow through the equipment or otherwise shocking the system. The feed rate
is increased o from about 1 gailon/day to about 2 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 antifoulant to the

heater should be maintained for at least from about 30 minutes to about 1 hour, more

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

about 4 hours to about 5 hours.
Changes can be made in the composition, operation and arrangement of the
methad 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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t han about 10 % on the basi s vol ume % of hydrecarbon H uid mass flow during

the processing of the hydrocarbon fl ui and nost preferjﬂmu Imummmm [
fromabout 0.005 %to |less than about on the basis "
volune % or nole % during the prepassivation and from about about *

gt (r)ggmpglr“t%s gtf h?%%n%{gé‘g‘mmmms Hﬂ%%i]ta t, asa(r:hbg(r:]ussed

above, that during the addition of the antifoul ant, the proce55| ng

equi pnrent is Lntained at a t rature C The
processi ng ecfg%iﬂ'?éﬂ#gﬁ' %@Wg%%%ﬁt‘r@% :Jrrpix era ur es of
about 20.0 J ercro] %nzger;d abou&e%yﬁoo ! ehudc ior o its with the high

sections of such hydrocarbon processing equipment an effective amount of an antifoulant
6 inits vapor phase selected from the group consisting of tri-tertiary-butylphenol phosphate
esters and c;ompomds having the formula I:
: 0 :
Q Q

Q Q
8 Q 1

wherein Q is selected from the group consisting of: Z and R, wherein two
10 oceurrenccsoi'QareZ,andwhereinRishydrogen,_orastnightor
branched alkyl group having from 1 to 7 carbon atoms, and only one or
12 two accurrences of R may be alkyl;
Z is represented by the formula Il:

14

e e———
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Anot her enbodi nent of the invention is a %0?8?053’ ]nhl“b‘r*r-rng~{—h9\

formation of coke on the surfaces high terrperature secti rocar bon -
processing equi pnent in contact wth hydrocarQ)on fluid vmm (”! ﬂlm

a. processing of a H}qdﬂhcar bon fluid in thd| presence of+* al

inits

pophase selected fr mthe gr pup con5|st| ng of

1. tri-tertiary- uf phen ph(izphat ester o
conmpounds having tHhe X A rr] P
: | |
* 0
R; R;
R3 R;
R;
n u
16
whereinkzandR,mthesameaskandonlyoneormobccunencesof
18 each of R; and R; may be alkyl, and “n” is a whole number of from 1 to 9,

and mixtures thereof.

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

2 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 about 5 parts

4  per million to about 2,000 parts per million based on the mass of the hydrocarbon fluid.

ll llll
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- 24 - wherein Q'is selected fromthe group cQnsisiing of: Z
and R, wherein two occurrences of Q are Z, and wherein Ris

hydrogen, or #,st rPieghéthodaccording to Claim 1, whesitrthe bydrbdistion gropessing eqiipertr om 1

to 7 carbon atons, and only one or two occurrences of R may be
al kyl ; Zis represented by the fornula I1:

2  is sclected from the group consisting of: visbreakers; delayed cokers; preheaters;

fcmacec trau:sfer lines; exchangers; fluid catalytic crackers; hydrotreaters; .
\

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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er el n and " nn | S

|
E)ﬁ[;] one or two, OCW f@mg:hngerﬁ?t%m& undgoﬁew&?% her eof ;

a whol e nunbetertigry-

and. 6 mxiusmampnortomeonucungﬂxehydrparbonpmeesﬂngeqmpmm. |
Q .
\
Q ' Q .
R
Q Q LY B e
Q [
8 wherein Q is selected from the group cousisting of: Z and R, wherein two
oceurrences of Q are Z, and wherein R is hydrogen, or a straight or
10 branched alkyl group having from 1 to 7 carbon atoms, and only one or
two occurrences of R may be alkyl;
12 Zis represcntedbylthcfo':mulan:
. 0
Ry Ry
R, o P o)
R Ry o
R; Ry
Ry R;
R;
n i1
4
e TS b
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b. ©  forni ng a thin coke layer on the surfaces of the processing-

equi pnent, jgnher eby the GhértiaRgandR, ird theBihs ST indbnBoiile RFRRS okinfencsytythi t ed
agai nst formation of additional coke during the processing of- a

hydrocarbon fluid. each of R, and R; may be alkyl, and " is 2 whole number of frozh 149,
v \

O g

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

18  and mixtures thereof.

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

4 b.  air
c. hydrocarbon gases;

6 d. inert gases; and,

e. mixtures thereof,

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

2  antifoulant is added to 2 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

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

added.

-54- This Sheet Has Been
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The’antifoul ant may be added intermittently dwing the processing 6f the

hydr ocar bon fl uiglgor continuously during the praoc I ng, of the, hydfipocarbon
fiuid: The hydr& M&#mﬂr&%&mﬁ Hbﬂ%kmﬂe%fmwwﬂé@m%
fromthe group consisting of: ethane; propane; butane; naphtha; kerosene;
gas oil; and, residue. The anitfoulant nmay be added in a range of from
about 5 to aﬁoums)mdmm@ummvfbmmmwm BUFE | ow
during the processing of the hydrocarbon fluid. During the addition of the
anti f oul ant, . t hqurpsces;eamisfeg it exchrnparsifinid damlytie crathkers, diydmtreatersienper at ur e
of at |least about 240 [err]C. Anot her _enbodi nent of the present

i nvention is4a Kpidadckers ahdFirmaceictis.t he run tﬁﬁth of hydrocarbon '

processi g equiprentused o pracessa hyeracar i I ANIAY )

14. The_meﬂxodamrdingtoClaim9,whmin“n”isawholemmbuofﬁ-om 1105,

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

2 hydrogen.

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

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

This Sheet Has Been Reﬁ
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conpri ses: : decoki ng processi ng egui pment; “ b.m-" prior

to .processing a rocarbon fluid, adding to the processing
equi prent an antiﬁulmmdﬂ@ @MMMM&%Wu

consi sting of: . tri-tertiary- butylphen%
esters; 2. corrpounds havi ng the fornula |

2 sram pio 1o vodusion otown ahyle froace Y O o

20. The method according 1o Claim 9, wherein the antifoulsxt 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 hydrocarbon processing equipment in contact with hydrocarbon fivid 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 the 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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- 26 - [err] wherein Q is«sel ected fromthe group
consisting of: Z and R, wherein tvvo

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.

-57.
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occurrences of Qare Z, and wherein R is hydregen, or a straight™or
branched al kyl

[err]

group havi ng from 1—-t—9~7-cari)ms; and onl y one or
two oecurrences of R ma

represented e formula I1I:

lllllﬁ! I imm s

22. mmmhodmdingmcmm.wnmmad&ﬁonofmmﬁfoumig

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.
-58-
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wherein R2 and R3 are the sane as R and onl y=6he or two occurrences of
each  of R2 and R3 may be alkyl, and "n" is a whole nunber of from1 to 9;

and, 3. m xtures thereof; C. forming a thin
coke | ayer on the surfaces of the proceSS|ng eqU|pnent in

contact with the rogar bon, fl ui mmfduhntﬁakleﬂwly
hydr ocar bon f1 ui m Tﬁ@ &Bg‘@gﬁdﬁ‘&é ul rrent

V\/nereby the surfaces of

sai d processing equi pnent are inhibited agal nst formation of additi onal
coke during the processing of the hydrocarhon, fluid thereby increasin
ot g 2 pdunns thcp:g.ﬁsmg of the bz\/'gloweontfpmd.

28. mmemodmﬁmgmmﬁmzl,w&xanmhymﬂmmmn

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. steam,;
. This Sheet Has Been Re
e AR i
: c. hydrocarbon gases;
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|l ength of the brocessi ng equi p?rent Anotfier enbodi nent of the

present invention is a nethod for increasing the product- yield fromthe

processi ng of a hydrocarbon fluid through hydrocarbon processing equi pnent
b.

whi ch conpri ses: a. decoki ng processing equi pnent;

prior to proces¢ing a hgdr odmsriyasestand, d, adding to t ssin

equi pnent an antifoulant in its vapor phase selected f t he group
consi sting of: e.  mixilwesthekdof-tertiary-butylp % "mmﬂﬁmﬂﬁ
esters; 2. conpounds having the form A L "’

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

2 from about 0.0005 % by volume o sbout 10% by volume on the basis of carrier 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

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.

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

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

200 °C 1o about 1,200 °C.

——
—
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- 28 - [err] ' -

H* c. L M S *

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

-6] -
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whert ei n'_Q Is selected fromthe group consistirg-of: Z andw
occurrences of Q are Z, and wherein R is hydrogen, or a straight or

?\r,\gnic)rcmggrﬁlleﬁxcllesg(r)?u% 2:;' Bg ;[ Eg} s t; Tscf”egfgsgtnfgg bsn?hi’"ﬂmﬂmﬂﬂllﬂm
Lerr

Ry R;

Ro -0 - P 0
" Rz R:

2 o
R "Ry b
RN\~ R
Ry
n o
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 Sheet .

iy i
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wherein R2 and R3 are the sane as R and only ore or two occurreéences of -

A A | T T

coke layer on the surfaces of the processing equi pnent in

contact with the ogar | ui d;, andg_th edi

hydr ocar bon f1 ui drzgr ﬁgemﬂg’eé M&WQF&B& ﬁﬁf‘gg@?"m"’”
sai d processing equi pment are inhibited against formation of additional.

coke during the proceSS|ng of the hydr ocar bon_ fl uid thereby |ncreaS|ng t he
¢ duringthe pmcessmgo )‘:ydmcnrbonﬂmd

37. The method according to Claim 34, wherein the hydrocarbon fluid contains at

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. The method 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. ~ ———— —
This Sheet Has Been Re
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product yield fromthe processitng of the hydroearbon fl ui'd t hredgh- t-he

processi ng equi nt - In the process of this.inygnti t he'
antifoul ant mate swmb?@gﬂﬁﬁvyﬁﬂﬂ“m%%%&qﬂmkﬁ he
tri-t-butyl phenol phosphate ester are generally added to a petroleum

fraction that will be subjected to a high tenperature processing operation
in an amuntZtothmemﬁnmﬂg tives,

preferably fromabout 5 ppmto about 1,000 ppm of actives, nore preferably
fromabout 5 ppmto about 500 ppm of actiives, and nost preferably from
about 5 ppmto about 100 ppm of actives of the antifoulant, or rixtures

t hereof, as repr nted by Fornmula | or the tri-t-butyl phenal phosphate
ester. as added t 8WsheA Ryrthod farincseasing thexwn lsagth of hydracarbon prosesHng squinment used o
stream into the high tenperature processing area of the hydrocarbon
processi ng eqiji pment where

process a hydrocarbon fluid which comprises: '
PR A L
a °  decoking processing equipment; e msor
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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the'streamw | |

to the formation of
pol ymers or coke.

PABE 66 (PRINTED PAGE 67) A

be subjected to relatively severe condi ti ons that can | ead
4] 30
The addi tk ) of this inventi onHare general |l y- soluble in

the hydrocarbon fluid to yi A it is applied, an¢f in order for ease of
application, may be dil ut / W t common s¢tvent st such as| kerosene, heavy
aromatic napht ha, or tRg ¥i ke pri-or—=t@®— ' roA-TITt"0 t he system
Surprisingly, the material\ acts/as an antl oul ant |in the h| gh
Rz R2.
o)
R Y
' RN\ _# R
"Ry
16 n o
wherein R, and R, are the same as R and only one or two occurrences of
18  each of R, and R, may be alkyl, and “n” is & whole number of from 1 t0 9; and,
3. mixtures thereof;
20 c. forming a thin coke layer on the surfaces of the processing equipment in
contact with the hydrocarbon fluid; and then,
n d. feeding the hydrocarbon fluid to the processing equipment,
whereby the surfaces of said processing equipment are inhibited against formation of
hl

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

length of the processing equipment.

e r———

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

e

o~

through hydrocarbon processing equipment which comprises:

-65- This Sheet Has Been Re|;ilaced

R




{ RECEIVED 10/16 B3:50 1997 AT 5354864 PAGE 67 (PRINTED PAGE 68) 3
t enper at-ure processing of petroleumfractionsgto which it may be added.

What is neant by high_t erat ur. ing is tenperatures ranging from
as low as about®100 W I ng point of water to about 1,000

[err]C or higher. Generally, the i tihve tﬂpaﬁ%@ﬁg jcesding equipident ah o
hydr ocar lgon f1 ui bis Wmm%ﬁﬁmﬂ@g’ eftper a uresmlgn excess of
about 330 [err]C, (about 626 [err]F) at atnosbhegi ife of NE

approxi mat e t enper at UMIGMMMF‘IW%%@’%&?m i I at Eed. As
stated earlier, the antifoul ant process of this invention is applicable to

a wide range of petr gl eurgigertiaydaiyipghcegl gheph8t e Hhat are conducted at high
tenperature. Anong the hydrocarbon processing operations to which this

invention may find appli cakmpohndsaiving thefmmulader at i ons where—high mol ecul ar
wei ght materials are cracked to produce |ower nolecul ar ' ' I“:m‘
or to decrease their viscosity. These opegatiofs include Vﬁ“ﬂ ﬂ“mlmr““l

.. * [ L M ] *

Q Q
Q Q
Q I
s -
whereinQisselectedﬁomthegroupconsisﬁnzof:landR,whereintwoocc\mencesof
10 " Qare Z, and wherein R i hydrogen, or a straight or branched alkyl group baving
ﬁ:om1to7carbonatoms,andonlyoncormooccumncesofkmaybealkyl;
12 Z is represented by the formula IL:
0
Ry R;
R, 0- p—0O
Ry Ry o
Ry~ X Rs
R3 / R3
R;
14 n I

-66- —
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hydrotreating, hydrocracking, " coking, visbreaking, steam cracking; "~
refornming, and the |i kehereilf ReamtRcare the sanneas Rodnd @nlyone setwol accurtencésax dach of
mat er i-al s goi ng to pyrolysis or cracking furnaces to manufacture-ethylene

and the '%ke bé A8, 478V B s WHeRGubBe b R 0 D) s

f ur naces, nery Eﬁi%l ng,ﬂﬂ'overhead l'i nes, and ot her slgg'tj'l 0 mm BEW'}IIUU””"I

hydr ocar bon fluids arg p or heat ed to high terrp h .
ro % ag@g@&@%ﬁ | s

additives may further
31

18 c. forming e thin coke layer on the surfaces of the processing equipment in contact
with the hydrocarbon fluid; and then,
20 d  feeding the hydrocarbon fluid 10 the processing equipment,

whereby the .sx:;fim of said processing equipment are inhibited against formation of additional
22  coke during the processing of the hydrocarbon fluid thefeby mrusmg the product yield from the
processing of the hydrocarbon fluid through the processing equipment.

24

-

cen Replaced

i i
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to the hydrocar bon fluid effl uent com ng out of-any of the above descri bed

operations. Al so, operation unltswmyt fromtreatnment with
the present invention is furnaces that are assocl ated with atoospheric and
I AL e S A B e

| and 11t Ui B ik Proceééﬁ%%&‘%w i .r“ﬁé&%‘hé%eaﬁi‘*%“”

b am
1P g G i Uk
itTs ?LSLSM{PE SR o #M@%%&?fé@%%@%&“ﬁ“@% @%W‘éﬁaﬁ |
fﬁ?‘é"’:‘ﬁceﬁt B acf“?%&%%@é*ﬁﬁ'%‘éﬂ*"ﬁwﬁﬁsﬁh%ﬁ. i ﬂ%ﬁ%ﬂéﬁ**ﬁm

32 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

34  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:

R: Ry 0
|
R, / \ o P o
— J,
Ry Ry
. R R
36 B Yo @

wherein Rz and R; are the same as R and only one of two occurrences of each of R; and R, may be

38  akyl, and “n" is 8 whole number of from 1 to 9, and mixtures thereof,

—
————

—
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. equi prréni sections that are:contacted with the hot hydr ocar bon fl uids as

they:exit the heated sections. . The prespT ] -
charactgri‘stically may be practiced advant ageousl hkpﬁ-é\d@ﬁgﬁgﬁﬁ&% oi |

mat eri“al , such as one selected fromthe group conkifting of crudg dils and
reduced crude oils. Typi cal |y, 1t-he phosphiat 2 £IA® 1998t grijal s of
this invention are added to a crude oi =™ Tmateri al a lower |evdl fof from
about 5 ppmtotal weight basis to about 2,000 ppn}t adi s as
the upper linmit. It should be pointed out the uppgr_Limt will be lfimted

by econom cs

t han about 2, Oﬂiyﬁ'?\,;é

8h, To°vAPUEPHASE BEriVER HEA TR AR AR 9" ©2t ©f

Amethodforreducing’fouﬁngonmemfacaofeqﬁpmentmdinthehigh
wmpmuunimtofpémleumﬂiﬁdsmmpﬁﬁnguuﬁnghighmmpmimfeﬁnay

) Wﬁﬁepmlemﬂmdbangpmc&dmhghmmmﬁmxqupm

thha:lusr.aboutspamPermﬂhonofm-t-bmylphenolphosphaemorofacompomd
havmgﬂiefomulalz

wherein Q is Z, or R with the proviso that two occurrences of Q are Z, R is hydrogen, ora
Sﬂish"rbmchefialkylgmuphavingﬁomlem;imstpwfaabliﬁomlb4
arbonmmmdénlyoneortwooccwofkmaybeaﬂtyk

ta ”':‘ded viseans

Z is represented by the formula II:
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the additive may be added. Preferably, the total anount of the

addi tiz=ve of this invention added during the cleaning step or to the

hydrocarbon fluid material ranges fromabout 5 to about 2,000 ppm (sane
basi s).

In the processing of crude oils, heat
enornously, as those skilled in the art, of pe}r H%Wgﬁgg

i1l feadily
appreci ate, but are general ly in th&2Fange pf|about from a
several hours, though longer and shorter tile|c2M JAN 1998] v
As used herein, the term"crude oil" can be cpngidered to hav
material s : - '

2

N
1

[*]

,
O
|
|

=
»~
~
)

(=]

Ry

wherein R; and R; are the same as R and only one or two occurrencss of each of R; or R;
may be alkyl, and “n” is 2 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.

INTRODUCTION

This invention relates to a method of tro%ting high temperature refinery equipment
or petroleum fractions pméessed at high temperatures in such equipment to minimize the
formation of foulants and coke in the eqdp@t 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 2 manner to obtain lower

boiling cracked products or t0 improve the handling of the material so treated.

W seconds to

eference to



used as:-starting fluids for a petroleumcrude oil refining operation, such
as. a petroleum having a -substantially naturally occurring conposition and
whi ch cofposition has not been appreciably altered through the use of

di stirll ation or pyrolysis. Exanples of crude oils include many materi al s,
such as refinery battery limt crudes ($.9. a prpg EﬁT@%E@fS I n

storage vessels preceding refining), degassed gr crude
whi ch has been stripped at tenperatures typichl i n excess rom about
75 [err]F to about 125 [err]F to renove therefr mz‘bmmibmng

hydr ocar bons, such as | ower al kanes and other |op volatiles), r sand

crudes (e.g., a product obtained froma destrugtive distill at-i’o of a tar
sand), condensate crudes (e.g., a crude obtai L.on of heavy
ends froma natural gas well), shale oils, (e.g., a crude oil obtained
froma natural BGkewias|teaddisives thknsixwpnt(omgaybmc:fausﬁllymd toaieduei fording r om oi |
shal e by destruction distillation followed by hydrotreating), desalted

in coke in pyrolysis or cracking furnaces used to manufacture ethylene from the various

gaseous and liquid petroleum fluids. The additives of this invention are tri-t-butylphenol
~ phosphate ester or mono- and di- alkyl, aryl, alkaryl, cycloalkyl, alkenyl, and aralkyl
. phosphate esters such as phenol phosphate esters.reprsented by the above formula. The
phenol phosphaté esters of this invention may be monomeric or may be oligomeric as
where “n” in the above formula is a whole number greater than about 1.

In the high temperature treatment of crude ol or its fractions, and the like, fouling
occurs on furnace coils, transfer lines, and excha:;gers due to coki.ng and polymer
deposition. The fouling problem is a major operational dificulty 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 operations, hydrotreaters/hydrocrackers, and other
processes. Depending on deposition rate, fiurnaces used for aackmg petroleum fluids’
including ethylene plants, visbreakers, and the like, all must be periodically shut down for
cleaning. The term fluid as used herein is inten;ied to include the term feedstock.

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

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



crude oils (e.g., a crude oil which has beeg
whereby the content of nineral salts prese
reduced tiypically to a salt content not abo
. pounds per 1,000 barrels, although-t
de-salted crude can vary wdely as those s
soneti nes overlap on one anot her and aLé_
preferred crude oil starting fluids for the

' 21 ocedur e
tREPLAGEMENT: 8HERS dr ude oi | is

e

el a Wal remaining in
[ Iggvp%’f e arft |of petrol eum
dat |

wel-—det+net Hresently
present invention include

—t

no

a labor standpoint, and are typically carried out either mechanically, or by a spalling
or spalling steam/air burning step.

In the mechanical clear_ling 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. Due to the difference in the
contraction and expansion coefficients of the tu'bing material and the coke deposits,
the coke deposits break up, allowing them to be blown out of the tubes.

The spalling process might be followed by a step in which a stream of air,
sfeam, 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
600° C. Typically, steam is first injected. The steam reacts with the coke -
depasits, 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,
c\jcloalkyl, alkenyl, and aralkyl phosphate esters, such as those exemplified in U.S.
Patent 4,105,540. Other materials which have been used include dialkyl acid
phosphate or phosphate esters in combination with thiodipropionates, such as
these exemplified ih 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 unsatisfactory,
leading to the occurrence of corrosion in units which have been so treated. It is
theorized that while effective as antifoul_ants, 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.



battery }imt crude oil, degassed crude oil, and desalted crude oil.
Simdarly, as used herein, the term"reduced crude oil" can be consi dered
to have reéeference to a starting crude oil fluid which has been subjected
to distillation at tenperatures which are generally above those enpl oyed
for maki ng a degassed crude oil using tenperatures as above indicated,
such as a residual crude oil (usually a“fliquid) which has not been
substantially altered except as a result of heating and renoving nateri al
therefromby distillation of pyrolysis. Exanples of reduced crude oi
include a w dogy427.81%5, hal a illed. in the refinery art
will appreciate r eagiTFy?ﬁes% ﬁggat ggggtj?g%g%éggiﬁg usg qf certain trhytyehenghi ch
resul ts aft er PBagphate estars las mntifoulans. rlange o HieE\, at ¥ L:SlrnF)l)En&Q

about 575 [egfLl: been .removed froma crude oil by tfractiona
distillation) FE‘JgFﬂgg%ﬁ%'ﬁ'@arlesi dues (e.g., a product which results from

the fractional distillation of a crude oil in an atnospheric
Q
Q Q
Q Q
Q I

REPLACEMENT SHEET

21 JAN 1998




pi pe still and which boils above a tenperature in the range of from about
350 [err]F to about 650 [err]F), viscous pitches (e.g., a product which
results froma fractional distillation of an atnospheric residue in a

vacuum still and which boils above a tenperature in.the range from about
1,000 [err]F to about 1500 [err]F at pressures of fromabout 1 to about 5
psig). Viscous pitches can be considered=to include coker fluids..

Presently preferred reduced crude oils’include topped crude oils,
at nospheric residues and viscous pitches. .
34 wherein Q is Z, or R with the proviso that two occurrences of Q are Z, R is hydrogen, ora

. straight or branched alky! 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 alkyl;

Z is represented by the formula II:
REPLACEMENT SHEET
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wherein R; and R; are the same as R and only one or two occurrences of each of R; orRy
may be alkyl, and “n”™ is 2 whole number from 1 to 9, preferably 1 to 5, and most
preferably, “n” is 1 to 3 are good antifouling agents. In an especially preferred

embodiment of the invention, “a™ is 1, and R, R, and R represent hydrogen.



The processing of crude oil materials in a refinery is a relatively well
devel oped art. Characteristically and usually, the processing of crude
petrol eum‘conpri ses a successive series of steps. These steps

charaeteristically and preferably are as foll ows: A heating a
crude oil in at |east one heat exchanger_to a tenperature typically
in the range fromabout 100 [err]F to abbut 200 [err]F, B.

desalting the crude oil typically and preferably by the substeps o

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

heated as above indicated as typically fromabout 3 to_about 8 parts

by wei ght of wat erlhf BROSEBAHCSIATHIcH AT RassIyHorsuadgheerain injgetipncondiions; Onggthe

forman enul sion of the water in oil type,
metal surfaces of the hydrocarbon processing equipment are free of deposits, the antifoulant
is introduced to the equipment as a vapor and mixed with a stream of air, stc:t.m, inert gas
such as nitrogen, hydrocarbon gases, or a mixture thereof. If the antifoulant features a 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 pattern
when contacted with the metallic tube surface. The deéomposiﬁon 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 gitrogen,
hydrocarbon gases, or a mixture thereof. The injection of the antifoulant may be continued
with the introduction of the hydrocarbon fluid. In addition, the injection of the antifoulant
may be started and maintained during the injection of the hydrocarbon fluid, without first

' ﬁrcpassivating the surfaces 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 inhibiting the formation of foulants on surfaces in contact with

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

hydrdcarbons.
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(2) breaki ng said enul sion through the use of chem cal agents, electrical
means, ' or sone conbi nation thereof, and (3) separati ng

t he resuliti ng aqueous phase fromthe resulting crude oi

phase, C. further heating the resulting crude oil in at |east
one post desal ter heat xchanger to a tenperature typically
in the range from about 200 [err] F t o-aBsut _ 500 [err]F,

D. still further heating the resulting crude oil in a furnace to a
tenperature typically in the range from about 500 [err]F to
about 700 [err]F,

It is a further object of this invention to provide to the art a method for inhibiting
fouling in the high temperature processing of hydrocarbon fluids, especially crude oil
fractions.

Itis 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 processing equipment,
including visbreakers, delayed cokers, ethylene ffx:_na.cc preheaters, and the like, using an

effective amount of u'i-t-butylphcnol_ phosphate esters or compounds having the formula I:

Q I
wherein Q is Z, or R with the proviso that two occurrences of IQ are Z, R is hydrogen, ora
straight or branched alky! 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 alkyl;

Z is represented by the formula II:

REPLACEMENT SHEET
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- 35 - E. charging the so-heated crude oil to an atnospheric still

wher ei’n such crude oil is progressively fractionally distilled at
ténperatures typically in the range from about 300 [err]F to about
650 [err] F under pressures typically ranging from and incl uding
atmospheric up to about 50 p.s.i.a. andgcollecting the distillates

until an atnospheric residue results whiel boils above a _
tenperature typically in the range fromabout 300 [err]F to about 650F, F
heati ng said atnospheric residue in a vacuum furnace to a tenperature

O
R, R
R; R,
0 | REPLACEMENT SHEET
11 21 8
R N\ Ry ., JAN 199
R3 / R
R;

o I

wherein R, and R; are the same as R and only one or two occurrences of each of RyorR;
may be alkyl, and “n” is 2 whole number from 1 to 9, preferably 1 to 5, 2nd most
preferably, “n” is 1 to 3. In an especially preferred embodiment of the invention, “a” 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
formation on the high temperature sections of hydrocarbon processing equipment in contact
with 2 hydrocarbon fluid which comprises adding to the hydrocarbon fluid prior to its
contact with the high temperature secﬁoné of such hydrocarbon processing equipment an

effective amount of tri-t-butylphenol phosphate ester or 2 compound having the formula It



typically in the range fromabout 650 [err]F to about 800[err]F while

mai_ntai ning a subat nospheric pressure of fromabout 5 to about 14
p.s.i.a. typically, G chargi ng the so-heated atnospheric residue to a
vacuum still wherein such at rmspheri c residue is progressively
fractionally distilled at a terrperatu typically in the range
fromabout 800 [err]F to about 1,100 F_L]LB.der pressure typically
rangi ng fromabout 1 to about 5 p s.i.a. and colll gep T tTates
until a viscous pitch results typically boiling]i lhﬂmghzeﬂ &nf about
1, 000 [err]F to about 1,500 [err]F at +1 ub- at nospherit pressure
of typically fromabout 1 to about 5 p{s i Zal ,JMMD%H
progressively heating the viscous pQch in a zope at t enper at urjes) typically
rangi ng fromabout 860 [err]F to a 900 [err F at pressures—t \pi cal L.y
ranging Q Q

Q 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 alky! group having from 1 to 7 and most preferably from 1 to 4

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

Z is represented by the formula II:

o
R; Ry
R, R,
.0

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



from about 50 to about 350 psig for a time ranging fromabout 1 second to
about 1/2 hour. - 36 -

In the case of step (H), the heating can in a cokre zone or in a thermnal
cracking zone. In the case of a coker zone, the heating is pyrolytic, and

the distillates are collected, -until finga s obt ai ned
which is a coke. In the case of a thek -W hEﬁﬂdEﬂ]EN‘?%ﬁﬁ?
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preferably, “a" is 1 to 3. In an especially preferred embodiment of the invention, “n" is |,

-and R, R, and R, represent hydrogen.

N h) MEN
This invention is accordingly direc:gd to a method of preventing fouling and coke
fo.rma.tion on the high temperarure 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 hydrbparbon processing cquipmcnt-an

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

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 alkyli group haviz;g from 1 to 7 and most preferably from 1 to 4

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

Z is represented by the formula II:



cracking zone, the process involved is terned "visbreaking” and the
distillates are collected wthout changing the fluid nature of the
starting viscous pitch (as by formng coke). Resp e
charged material (initially viscous pitch) in a colf&EPLAGEMENTy SHEET I}y
extends for periods of time nore than about 10 sgcqnds w T commn :coki ng
times ranging fromabout 45 mnutes tQ 12bout 4 g Iﬁﬁgd nge timnes
of starting pitch in a visbreaking operation inja therng'ﬁ % zone

typically are shorter than about 10 seconds nax
oi | processing steps above described, a coker furnace can fol I ow s ep (G
and precede step (H) so that after step (G thg folTOW Ng pr
sequence occurs after st (G inplace of stef (H): (H) heating
said viscous pitch in @2iRnace to a tenperatuffe in the range from about

R, ¢ \ 0 P Q—|—

R3 X B3
R3 S Ry

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 w:thm 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 tobea

compound having the Formula Il with a small amount of the structure of Formula Iv.



1,000 [err]F to -about 1,500 [err]F (about 538 [err]C to about 816 [err] C
at near atnospheric pressure and passing said so heated pitch into a flash
zone at tenperatures typically in the range from about 860 [err]F to about
900 [err]F at pressures typically of fromabout 50 to about 350 p.s.i.qg.
Such flash zone can either be a coker zgne or a visbreaking zone, as above
I ndi cated. If a coker zone, residence tilde in § S nged and
pyrolysis occurs. 1f a visbreaker zone, resi e'm}ﬁ%mss éﬁ‘fe ~and

cracking occurs, giving rise to naphtha and .
37 21 JAN 198
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LDP-301 is stated by its manufacture to be useful as a fire resistant base fluid or

highly stable antiwear additive. LDP-301 is also recommended for use as an additive in



gas oil_ as lighter products and producing a residuumwhich is |ess viscous
than the charge stock. These crude oil and reduced crude oi
processi ng steps, as indicated, are well known to the art of petroleum
refining and do not constitute as such part of the present invention.

Those skilled in the art will appreciate, hat many variation, etc., can be
used in any given hydrocarbon processidd operation, involving, for
exanpl es, additional steps, substitute steps, recycle |oops, and the.liKke.
The above summary is nerely representative, but characteristic, of the

sequence of giBBRylickREdatd Mé@LLI’Di:_:B@l @s{,ﬁﬁirtg egmﬁo%igl%%g@‘%gcrude oil.

. : . [
Petrol eum processing is discussed in suc rence wor ¥ nﬁ)ﬂﬁ“'f\lel son

entitled Pe £ . Engi neering, see, for exanple, chapter 7, pp.
248 - 260; c%*?a‘g{’@?@ﬁ@%é?m

TABLE [

TYPICAL PROPERTIES TEST METHOD ASTM METHOD ]
Appearance Visual : clear to amber
viscous liquid
Qdor Olfactory None
Color APHA - 500 max.
Viscosity, cSt @ 100°F D445 140-155
cSt@ 210°F 10-12
Total Acid Number mgKOH/g ) D974 - 0.20 max,
Specific Gravity @ 2020°C D1298 1.20-1.35
Water Content Dl1744 0.1 max.
Flash Point, °C(°F), COC D92 >300 (>572)
Fire Point, )CCF) D92 . >300(>S72)
Auroignition Temp., °C(°F) - E659 640 (1180)
Onset of Oxidation by DSC,°C{°F) D3350 >350 (>644)
Weight Loss by TGA °C(°F) 3850
_ 5% weight loss 365 (690)
10% weight loss T 400 (752)
Four Ball Wear Data, wear scar in - : D2266
mm (40kg, 1200 rpm, 75°C, 1 hr)
Polyol ester reference 0.76
Polyol +2% LDP-301 0.44
Diester reference fluid .0.92
Diester + 2% LDP-301 0.45

REPLACEMENT SHEET
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265 - 268; chapter 17, pp. 547 - 554; and, chapter 19, pp. 678 - 693. A
such crude oil processing steps characteristically cause fouling of

hydr ocar ben processi ng equi pment in absence of an additive or the like, as
those.skilled in the art well appreciate. Foul i ng deposits

apparently occur nost frequently at te ratures between about 200 [err]F
and about 1,800 [err]F (about 93 [err]E:t)dg about 982 [err]C), or even
hi gher such as in, for exanple, certain ethylene furnaces. The

types of equipnment affected nost frequently include heat exchange surfaces,
such as indicated above. The fouling deposiis _thenselves are typically and
principally polynerization products and rﬂ{pp_hggm-,ers Ef dally black in
color. Some are initially gumry masses whi cdke-1i ke masses
at el evated tenperatures. lInorganic portipn

of
2'1 JAN 1998

The tri-t-butylphenol phosphate esters used in the process of this invention are
commercially available materials. In the practice of this invention, we prefer to use a
material sold by FMC Corporation under the trade name Durad” 620B. Table I lists

physical properties of this material as provided by the manufacturer.

TABLE II

PROPERTY TYPICAL VALUE ‘ASTM METHOD
Flash Point °F 490 D-92
Auto Ignition °F 950 D-659
Viscosity 100°F est 105-130 D-445
Total Acid Number mg KOH/gm ©00s . D-974
Sp Gravity 20/20°C 1L.124 D-1298
% Phosphorus (Xray F.) 7.0 —_

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

in related application Serial No. 08/427,915, filed April 26, 1995 which is hereinafter

incorporated by reference into this specification, it has now been shown that other

compounds such as cyclophosphazine (X-1P from Dow Chemical Company), and other

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

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

phase injection.



38 such deposits frequently contain conponents, such as silica,

i ron-oxi des, sul fur oxides, iron sul fi des cal ci um oxi de, magnesi um oxi de,
i norgani ¢ chl oride salts, sodi um oxide, alum na, sodi um sul fat e, copper
oxi des, copper salts, and the |ike. These deposits are not readily

sol ubilized by common organi c sol vents dt ' -
di stingui shable fromthe corrosion a?ngé_]élu gBERLAG li mes
occurring in finished products. Conventi onal antioxraants,}stabilizing
chem cals, and the |like are characteristical jy|r t  npffective as
anti f oul ants. : 2 1 ‘MWW

One embodiment of the invention is 2 method of preventing fouling and coke
formation on the high temperature s-gctions of hydracarbon processing equipment which
comes into contact with a 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
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 compounds having the formula 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 from 1 to 7 carbon atoms, and only one or
two occurrences of R may be alkyl;

Z is represented by the formula II:



During a distillation or pyrolysis carried out with a crude oil material
containing formula (1) and/or (2) material, this additive material is
characteristically not carried over in the vapors evol ved, but renains
instead with the residue (reduced crude oil) involved. Chemnical and

physi cal changes may occur, of course, in such additive material during a
given distillation or pyrolysis oper ~but it is now theorized (and
there is no intent herein to be found by theory)_that by-products,
degradati on products, and the |ike, are not appfemg er with
a vapor phase streamrenoved during a distillatipn F?hbﬂ@@@f§bﬁ dper ati on
froma reduced crude oil. The follow ng prjpcedures are grgsented to
descri be preferred enbodi nents and utilities. of he2ihJANt998 dnd are not
meant to limt the invention unless otherw se stjatled in the cl dins
appended hereto.

—

0
R, Ry "
R, / \ 0] P o—l—
R, R, 1
R; X\ R:
R3 S Rg
R3

n I
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 to 9,
and mixtures thereof.

The high temperature section of the hydrocarbon processing equipment must be
operated at a temperature of from at least about 240 °C to vaporize the antifoulant prior to
theanﬁﬁnﬂmnceummﬁngthemnﬁmesof&m;nomsﬁngemﬁpnmmt The hydrocarbon
processing equipment that is benefited from this invention is selected from the group
consisting of: visbreakers; delayed cokers; preheaters; furnaces; transfer lines;
exchangers; fluid catalytic crackers; hydrotreaters; hydrocrackers; and, ﬁunace coils,
specifically, but not limited to those units in front of catalytic units (examples of catalytic

units are fluid catalytic crackers (FCC) and hydrocrackers). - -



One procedure in which the clainmed materials could be applied is hot
heaters wherein hydrocarbon fluid (hydrocarbon feedstock) are heated to a

m ni num t enper at ur e 39
-of about 240 [err]C within the thermal units. Such equi prent includes, but
Is not limted to, -18 -

——————
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Another embodiment of the present invention is a method of pwvmtﬁg fouling
and coke formation on the surfaces of high temperature sections of hydrocarbon
processing equipment which comes into contact with a hydrocarbon fluid. The'
processing equipment and/or cz_arrier must be operated thereof at a temperature of at least
about 240 °C. Thg method comprises adding an effective amount of an antifoulant in its
vapor phase selected from the grou;l: éonsisting of tri-tertiary-butylphenol phosphate
esters and compounds of the following formulaI to a carrier su'eam prior to its contacting

the hydrocarbon processing equipment:

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

Z is represented by the formula II:



crude heaters, vacuum-heaters, visbreaker heaters, and del ayed cokers. The
fluid i's heated in the heater section of the equipnent to a preselected

t enper at ur e. In the case of a del ayed coker heater, the heater
charge is heated so that cracking occurs in the downstreamreactor (also
referred to as the coke drum. However, @ certg~R—anpunt of cracking takes
place in the heater and leads to the un.d@sl red déﬂﬁBmagM‘m (coki ng).
The cracked |ight ends | eave the coke drumthrqu

and are charged as recycle back into the fractijopatpr bottom
conbined with wunrecycled material and recharge¢d]i AN 1998t
As the coke fornms in the heater, the coke acts}as.an_jnsul ator} fhereby
decreasing the heat transfer process in the efuipnment. As a resjult, the
equi pnment nust be fired harder to nmaintain theteeter~autlel tdgnperature.
However, the equi pnent has a critical

efhead |ine
heére it is
;

(o]
R, Ry . I
R, R,

0

n I
wherein R; and R; are the @e as R and only one or two occurrences of
each of R; and R; may be alkyl, and “n” is a whole number of from 1 to0 9,
and mixtures thereof.

The .a.ntifoulant 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 temper;.m 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 being
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.



operating tenperature, about 1,250 [err]F to about 1,350 [err]F, above

whi ch the equi pnent cannot be safely operated. At that tine, the equi pnent
nust be shut down and one or nore of the cleaning nethods, as described
above, is carried out. Atypical run on high tenperature refinery

equi pnent between cl eani ng procedures is between 6 days and 4 years in

| ength, with the average run being ab ne ~y-e-ad— A

pre- passivation step can be carried out on theRERLADEMENDSHEETrle refinery
equi pnment which involves treating the surfacgspof—tte cqakp1e t hat

typically comes into 21 JAN 1998

The addition of the antifoulant, in or out of the presence of a hydrocarbon fluid, may be
injected into the high temperature sections of the hydziocarbon processing equipment on a
continuous basis or on an intermittent basis.

The processing equipment that may be benefited by the present invention includes
visbreakers; delayed cokers; preheaters; furnaces; transfer lines; exchangers; fluid
catalytic crackers; hydrotreaters; hydrocrackers; and, ﬁnnape coils, specifically, but not
limited to those units in front of catalytic units (including FCC and hydrocrackers). The
antifoulant may be added to the carrier stream of air, steam, or mixtures thereof prior to
the introduction of the carrier into an ethylene fumace or a visbreaker.

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

a. . decoking the hydrocarbon 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:

1. tri-tertiary-butylphenol phosphate esters;

2. compounds having the formula I:



40 contact with the hydrocarbon fluid when the equi pment is
off-1ine, when the hydrocarbon fluid is not being processed. The
refinery -equi pment can be passivated using the foll ow ng procedure. The
tenperature of the heater nust be mamintained at a tenperature sufficient to
maintain the tenperature of an injectiqgn quill |ocated upstream of the
heater inlet at at |east about 240 [er:.@]l_Q ‘The quill needs to be
positioned such that it can be naintained at a t M ﬁé& east
about 240 [err]C due to the radiant heat fromthg I A@NTbWEﬁTm ot her
mechani sm -

21 JAN 1998

Q I
wherein Q is selected from the group consisﬁng of: Z and R, wherein two
occurrences of Q are Z, and wherein R is hydrogen, or a straight or

branched alkyl group havmg ﬁom 1 to 7 carbon atoms, and only one or

two occurrences of R may be alkyl

Z is represented by the formula II:
O
R: Ry
Rz \ (o) P Q—|—
R, . R,
O
R3 / R3
Ry




To maintain the quill tenperature at at |east about 240 [err]C, the heater,
including the tubes in that location, typically must be maintained at at

| east about 300 [err]C, nore preferably at about 400 [err]C The
air f.low, defined as the flow necessary to nove the hydrocarbon fluid and
other materials through the tubes, nust,al so be maintai ned preferably
heated to at |east about 200 [err] re it enters the heater or cones
into contact with treatnment materials such as the antifoulants of the
instant invention. A typical air flowis about 2,000 ft[err]/hour. The
tenperature of the air flowis extrenely |nportant | f condensation of the
treatment materials is to be avoi ded. ~Te a|| fFhow and t he
tenperatures are stabilized, the pressure i tﬂaﬂ£§E¢ be about 40
| bs. The treatnent materials, in this case, 1e cl ar med antlfculants, are
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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 a whole number of from 1 to 9; and,
3. nhxnnesﬂuueoﬁ

c. forming a thin coke layer on the surfaces of the proces#ing 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 ﬂ\;id or discontinued prior to the processing of the hydroc'a:bon fluid. The
antifoulant may be add;d intermittently prior to the processing of the hydrocarbon fluid
or continuously prior to tl;e processing of the hydrocarbon fluid. The antifoulant may
also be added intermittently during the processing of the hydrocarbon fluid or
cox;tim_xously during the processing of the hydrocarbon fluid. _

The hydrocarbon fluid typically contai‘xis at least one fraction selected from the-
group consisting of: _ethane; propane; butane; naphtha; kerosene; gas oil; and,
residue. The antifoulant is added to the proc.essing equipment in a carrier selected from
the group 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 molé of the carrier flow prior to

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



i njected through the quill at a concentration bel ow about 10 vol une percent
(mole Y. The antifoulant is vaporized in the quill. As the vaporized
antifoul ant reacts with the

41 . surface of the refinery equipnent, a filmof coke suppressing
material is formed on the surfaces of éhe refinery equi pnment. A nore

det ai |l ed description of the mechani smis _present in the article "Formation
of Solid Filnms Fromthe Vapor Phase on Hi gh REPLACEMENT SHEET

21 JAN 1998

than about 10 % on the basis volume % of hydrocarbon ﬂtﬂd mass flow during the
processing of the hydrocarbon fluid, and most preferably in a range of from about 0.005
% to less than about 10 % on the basis of carrier gas volume % or mole % during the
prepassivation and from about 5 to about 2,000 parts per million (ppm) on the Easis of
mass of the hydrocarbon stream during the maintcnapce dosgge. |

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

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

vapor phase selected from thé group consisting of:
1. tri-tertiary-butylphenol i:hosphate esters;

2. compounds having the formula I:



Tenper at ure
Jour nal  of
3, 199-206,

gal | ons/ day,
gal | ons/ day,
gal | ons/ day,

Surfaces" by Janmes Makki and Earl G aham and published in the

the Society of Tribologists and Lubrication Engi neers, vol.
i ncorporated herein by reference. The anti f oul ant
fed into the heater at a rate of fromabout 0.5 gallon/day to

nore preferably from about 0 5 gal | on/ day to about 2

about 3

47,
is

and nost preferably fr t about 1.2
for fromabout 5 mnutes to aljo IFBIS%,, MENI'I @"&Tm re preferably

fromabout 5 minutes to about 20 minutes, 4nd nost pref era f rom about

mnutes to about 15 minutes. Longer period ¢f |ti2gsja eTpI oyed,”

such

as up to 3 days or |onger, depending upon ajvariety of act br 5 i ncl udi ng

the type of

cl eani ng process, the hydrocarbgn process—to—be’ ehpl oyed,

type of equipnent being treated, and the c¢ndition under whifth the

hydr ocar bon

process is to

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 from 1 to 7 carbon atoms, and only one or

two occurrences of R may be alkyl;

Z is represented by the formula II:
o]
R; R;
R, R
2 0
R3 \ R3
R3 S Rs
R;

n 1
wherein R, and R; are the same as R and only one or two occurrences of
each of Rz and R; may be alkyl, and “n” is a whole number of from 1 to 9; and,
3. mixtures thereof} and,
b. forming a thin coke layer on the surfaces of the processing equipment,

whereby the surfaces of the processing equipment are inhibited against formatiori of

“additional coke during the processing of a hydrocarbon fluid.

t he

5



be carried out. The feed rate of the antifoul ant can then be
gradually increased so as not to interfere with the air flow through the
equi pnent or ot herw se shocking the system The feed rate is increased
fromabout 1 gallon/day to about 2 gallons/day, nore preferably from about

1.2 gal lons/day to about 1.9 gallons/dgy, and nost preferably from about
1.4 gallons/day to about 1.8 gallon y. This increased feed rate for the
antifoulant to the . 42

REPLACEMENT SHEET
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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 fluid may contain at least one fraction selected from the group' corisisting of:

- ethane; propane; butane; naphtha; kerosene; gas oil; and, residue..The anitfoulant
may be added in a range of from about 5 to about 2,000 ppm on the ?asis of hydrocarbon
fluid mass flow during the processing of the hydrocarbon fluid. During the addition of
the antifoulant, the processing equipment must be maintained at a temperature of at least
about 240 °C.

Another embodiment of the present invention is a method for increasing the run
length éf hydrocarbon processing equipment used to process a hydrocarbon fluid 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 from the group
consisting of®
L tri-tertiary-butylphenol phosphate esters;

2._ compounds having the formula I:



heater should be maintained for at |east fromabout 30 mnutes to about 1
hour, nore preferably for at |east fromabout 2 hours to about 3 hours,
and nost preferably from about 4 hours to about 5 hours. As discussed
above, | onger period of tinmes may be enployed, such as up to 3 days or

| onger, depending upon a variety of factors including the type of cleaning
process, the hydrocarbon process to bezéaployed,.the type of equi pnent
bei ng treated, and the condition under which the hydrocarbon process is to
be «carried out. More than one injection quill can be used in this
procedure. Multiple injection

REPLACEMENT SHEET
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Q I
wherein Q is selected from the group consisting of: Z and R, wherein two
occurrenceé of Q are Z, and wherein R is hydrogen, or a straight or
branched alkyl group having from 1 to 7 carbon atqnis, and ;:nly one or

‘two occurrences of R may be alkyl;

" Z is represented by the formula II:
0,
R; R;
R, R
0
.R3 \ R;
RBNAF R
R;




quills pronote a nore even treatnent and coating of the surfaces of the
equi pnent. An additional quill could be |ocated downstream of the
convectian section of the refinery equipnent such as at the shock tubes;
the tubes that connect the convection section to the radiant section.
The heater nust be maintained at a tenperature sufficient to maintain the

tenperature of the an injection quill i%tat ed up er inlet
at at |least about 240 [err]C. The quill needs toRlEmegNrrost ch t hat
it can be maintained at a tenperature of at |edst e '] C due to
the radi ant heat fromthe heater or by sone ot hgr mai nt ai n
the quill .tenmperature at at |east about 240 [err]] q, ifncl udi ng
the tubes in that |ocation, typically nmust be ngi eqst about -
300 [err]C, nore preferably at about -400 [err] Q.

wherein R; and R; are the same as R and only one or two occum:nccs.of
each of R, and Ry may be alkyl, and “n” is a whole number of from 1 to 9; and,
3. mixtures thereof;

c. forming a thin coke layer on the surfaces of the processing equipment in
contact with the hydrocarbon fluid; and then,

d. feeding the hydrocarbon fluid to the processing equipment,

whereby the surfaces of sgid processing equipment are inhibited against formation of
additional coke during the processing of the hydrocarbon fluid thereby increasing the nm'
length of the processing equipment. .

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

a. decoking processing equipment;

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

i. ~ tri-tertiary-butylphenol phosphate esters;

2.  compounds having the formula I:



43 The air flow, defined as the flow necessary to nove the
hydr ocarbon fluid and other materials through the tubes, nust al so be

nei ntai ned at or preferably heated to at |east about 240 [err]C before it
enters the heater or cones into contact with treatnent naterials such as
the antifoulants of the instant invent |2§n The typical air flow is about

| REPLACEMENT SHEET
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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 from 1 to 7 carbon atoms, ahd only one or

two occurrences of R may be alkyl;

Z is represented by the formula II: -
o
Rz Rz '
Ry 0 P o—|—
R R,
O
R; X Rs
R3 / R3
R;




2,000 ft[err]/hour. The tenperature of the air flowis extrenely inportant
I f coridensation of the treatnent materials is to be avoi ded. Once
the air flow and the tenperatures are stabilized, the pressure in the -

system wll be about 40 Ibs. The antifoulant is injected through the quill
at a concentration bel ow about 10 volyme percent (nole 9% . The antifoul ant

vaporizes in the quill. As the vapaliZed antifoulant reacts with the
surface of the refinery equipnent, a filmof coke suppressing material is
formed on the surfaces of the refinery equi pmept= The anti f oul ant
is fed into the heater at a rate of from about| (REPLACEMENY ¢ ¥t d about 3
gal |l ons/day, nore preferably fromabout 0.5 g de—t-e—aﬁu 2

gal | ons/day, and nost preferably from about .8 1(1n/d tq gbout 1.2
gal | ons/day, for .fromabout 5 mnutes to aboyt Ne nmygr¢ preferably
fromabout 5 m nutes to about 20 m nutes,

wherein R; and R; are the same as R and. only one or two occurrences of
cach of R; and R; may be alkyl, and “n™ is a whole number of from 1 to 9; and,
3. mixtures thereof;
c. forming a thin coke layer on the surfaces of the processing equipment in
contact with the hydrocarbqn fluid; and then,
d. feeding the hydrocarbon fluid to the processing equipment,
whereby the surfaces of said processing equipment are .inhibited againit formation of
additional coke during the processing of the hydrocarbon fluid therebf increasing the
product yield from the processing of the hydrocarbon fluid through the processing
equipment. |
In ﬁe process of this invention the antifoulant materials represented by Formula [
and the description of the tri-t-butylphenol phosphate ester are generally added to a
petroleum fraction that will. 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
5 ppm to about 1,000 ppm of actives, more preferably from about 5 ppm to about 500 ppm
of aétives, and most preferably from about 5 ppm to about 100 ppm of actives of the
antifoulant, or mixtures thereof, as represented by Formula I or the t'i-t-butylph;nol
phosphate ester as added to the hydrocarbon stream prior to the inp'oduction of the stream
into the high temperature processing area of the hydrocarbon p}oeessing equipment where

the stream will be subjected to relatively severe conditions that can lead to the formation of



and nost preferably fromabout 5 minutes to about 15 mi nutes. The
feed rate of the antifoul ant can be gradually increased so as not to
interfere wth the air flow through the equi pnent or ot herw se shocking

the system

44

The feed rate is increased to fromabout | gallon/day to about

2 gallons/day, nore preferably from ahqut 1.2 gT'l-I-oﬂs-/-el-a-)u.La_a.b.Q_u't_ 1.9
gal | ons/ day, and most preferably from.dHout 1.4 | REPLACEMENT SHEET 4 S

2 1 JAN 1998

polymers or coke. The additives of this invention are gexluzﬂy—:el-ublcm.th:.hxﬁp_carbon

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

common solvents, such as kerosene, heavy aromatic naphtha, or the like prior to its
introduction into the system. Surprisingly, the material acts as an antifoulant in the high
temperature processing 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? Generally, the
additive of this invention is added to hydrocarbon fluids which will be subjected to
tefnperannes 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 petroleum processing operations that are conducted at high temperature. Among
the hydrocarbon processing operations to which this invention may find applicability are
those operations where high molécular weight materials are cracked to produce lower
molecular weight materials or to decrease their viscosity. These operations include
hydrotreating, hydrocracking, coking, visbreaking, steam cracking, reforming, and the like.
The materials may also be used in the feed materials going to pyrolysis or cracking furnaces
to manufacture ethylene, and the like, The additives may be added to delayed cokers,
preheaters, furnaces, reﬁnery tubing, overhead lines, and other sections where hydrocarbon

fluids are processed at or heated to high temperatures. The additives may further be added



gal l ons/day to about 1.8 gallons/day. This increased feed rate for the
antifoulant to the heater should be maintained for at |east from about 30
m-nutes to about 1 hour, nore preferably for at_|east fromabout 2 hours
to about 3 hours, and nmost preferably from abolutpeplR t 5 hours.
Anot her | ocation of an injection quill js at th I gnt
section. Using the "reversed flow burrﬁlng", wherkin air is forjcdd in
through the outlet of the radiant section. Usihg|tKi%JMMoBS8urle,! t he

reaction of the vaporized antifoul ant and the surfaces of the reffinery
equi pnent . In addition, a continuous tr | f-oul ant

can be used gl dtdiGrbon fluid effluent coming out of any of the above described operations.

Also, operation units that could benefit from treatment with the present invention is
furnaces that are associated with atmospheric and vacuum distillation towers or dther untis
that heat the crude oil before it.is processed.

The addition of the claimed materials, tri-t-butylphenol phosphate ester or the
compound represented by Formulas I and I, to the hydrocarbon procéssing 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
équipment 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 matex;ial, such as one selected ﬁ'om 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 Jower level of from about 5 ppm total .weight basis to about 2,000 ppm total
weight 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



antifoulant is injected with the hydrocarbon fluid. As described above, the
heater nmust be mintained at a tenperature sufficient to maintain the
tenperatur'e of the an injection quill Iocat;-ed-—u-p&trnnm of fhe heater inlet
at at 'l east about 240 [err]C. The quill needsRE AﬂEMEMSSsHEEqm d such that .
It can be nmaintained at a tenperature of at Ie -[ rr]C due to

the radi ant heat fromthe heater or by 3%ne | of hezr m}ﬂ@ 0 maintain
the quill tenperature at at |east about 24 err r, including
‘the tubes in that |ocation, typically nust bﬂ—m-n.t.a.l_n.e.d_at t | east about
300 [err]C, nore preferably at about 400 [efr]C. ~Thet air flow,

defined as the flow necessary to nove the hy nd ot her
material s t RReAsiditive mayibgpdded. Mm@lys&balmomﬂeﬂheddchnvemfﬂps inveriohl v
heated to at |east about 240 [err]C before it enters the heater or cones

i nto cont actaddéd during éetcleaning step or to the hydrocarbon fluid material ranges from about § to

about 2,000 ppm (same basis). In the processing of crude oils, heating times can'vary
enormously, as those skilled in the art of petroleum refining will readily appreciate, but are
generally in the range of about from a few seconds to several hours, though longer and
shorter time can be involved.

Asused herein, the term "crude oil" can be considered to have re:ference to materials
used as starting fluids for a petroleum crude oil refining operation, such as a petroleum
having a substantially naturally occurring composition and which composition has not been
appreciably altered through the use of distillation or pyrolysis. Examples of crude oils
include many materials, such as refinery battery limit crudes (e.g. a crude as it existsin
storage vessels preceding refining), degassed crude oils (e.g., a crude which has been
stripped at temperatures typically in excess of from ebout 75 °F to about 125 °F to remove
therefrom low boiling hydrocérbons, such as lower alkanes and other low volatiles), tar
sand crudes (e.g., a product obtained from a destructive distillation of a tar sand),
condensate crudes (e.g., a crude obtained by condensation of heavy ends from a natural gas
well), shale oils, (e.g., a crude il obtained from a natural gas well), shale oils, (e.g., a crude
oil obtained from oil shale by destruction distillation followed by hydrotreating), desalted
crude oils (e.g., a crude oil which has been subjected to a procedure whereby the content of

mineral salts present in a startipg crude oil is reduced typically to a salt content not above 5



45 . materials such as the antifoulants of the instant invention. The
typical air flowis about 2,000 ft[err]/hour. The tenperature of the air
flowis extrenely inportant if condensati on pf—thottroatamai-materials is
to be avoi ded. The hydrocarbon fluid feed i § RERLAGEMENT SHEET | Once the air
flow, hydrocarbon fluid feed and the teﬁperat res—are stabiyi 2ed, the
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pounds per 1,000 barrels, although the amount of salt remaining in de-salted crudé c;an vary

| widely as those skilled in the art of petroleum sometimes .ovcrlap on one another and are not
well defined. Presently preferred crude oil starting fluids for the present invention include
battery limit crude oil, degassed crude oil, and desalted crude oil.

Similarly, as used herein, the term "reduced crude oil" can be considered to have
reference to a starting cfude oil fluid which has been subjected to distillation at temperatures
which are generally above those employed for making a degassed crude oil using
temperatures as above indicated, such as a residual crude oil (usually a liquid) which has not
been substantially altered except as a result of heating and remov;ng material therefrom by
distillation of pyrolysis. Examples of reduced crude oil include a wide variety of mé.ferials,
as those skilled in the refinery art will appreciate readily, such as topped crude oils (e.g., 2
product which results after gas oils boiling in the range of from about 400 °F to about 575
°F have been removed from a crude oil by fractional distillation), atmospheric residues
(¢.., a product which results from the fractional distillation of a crude oil in an atmospheric
pipe still and which boils above a tempel'-ature in the range of from about 350 °F to about
650 °F), viscous pitches (e.g., 2 product which results from a fractional distillation 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.



pressure in the 'system wi |l be about 40 I bs. The antifoulant is injected

through the quill at a concentration bel ow about 10 vol une rcent (nole
% . The antifoul ant vaporizes in the quill. Want i f oul ant
reacts with the surface of the refinery equi1) A % > f lcoke

suppressing material is fornmed on the surface ' equi pnent .
The antifoulant is fed into the heateLjﬂL.a 1 gal | on/ day
to about 100 gallons/day, nore preferably fi about 4.0 gall pns/day to
about 7.0 gallons/day, and nost preferably firomraboul 4.5 géL&OﬂS/day to
about 6.5 gallons/day. The feed rate for thg antifoul ant is—sdintained for
at least fromabout 1 day to about 3 year, nore preferably for at | east

o about 120 day e pRRSSne b e maBfill BRI aBR L RR AT A on

' f f L nel udj h f '
vari ety of Tghalteldiy 4l Mty e RSBl oA SR, B eResd AR sS eur e

series of steps. These steps characteristically and preferably are as follows:
A heating a crude oil in at least one heat exchanger to a temperature typically
in the range from about 100 °F to about 200 °F,
B.  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 emulsiqn through the use of chemical agents, electrical
| means, or some co:ﬁbinaﬁon thereof, and |
(3)  separating the resulting aqueous phase from the resulting crude oil
phase,
C. further heating the resulting crude oil in at least one post desalter heat
exchanger to a temperature typically in the range from about 200 °F to about
500 °F,
D.  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,



the type of equi pnent being treated, |length of the run, and the conditions
under which the process is carried out. The antifoul ant vapor in
t he hydrocarbon fluid would replenish the ¢o formed—eey i Ng t he
prepassi vati on process or creates a coati ng ] é@%@”ﬁﬁhhﬂ&&ram vapor
reacts with the surfaces of the of refiger/ Bqui pnment . Wever, this
continuous treatnment -3 - 21 JAN 1998 46

E. charging the so-heated crude oil to an atmospheric still wherein such crude
oil is progressively fractionally distilled at temperatures typically in the
range from about 300 °F to about 650 °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 a

- temperature typically in the rangé ﬁom- about 300 °F to about 650°F,

F heating said atmospheric residue in a vacuum furnace to a temperature
typically in the range from about 650 °F to about 800°F while maintaining a
subatmospheric pressure of from about 5 to about 14 p.s.i.a. typically,

G. 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.L.a. and collecting distillates
until a viscous pitch results typically boiling in the range from about 1,000
°F to about 1,500 °F at a sub-atmospheric pressure of typically from about 1
to about 5 p.s.ia., and |

H 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 50 to about 350 psig for a time ranging from about 1 second to

about 1/2 hour.



procedure can not be used in fluid catalytic crackers, hydrotreaters,

hydr ocrackers, or any other refinery equipnent that contains a catal yst
bed downstream of the heater unit. Anot her application of the
clainmed antifoulants includes injecting one or nore_of Qe cl ai ned
antifoul ant during an on-line despallingqf NT §HEE“ e despalling is
where one or nore |ines (passages) itre e mt }ddown and treated
with steam and/or condensate to renove ¢oke deposits injthe line while the
hydrocarbon fluid continues to be proce sid;:hnuugﬁ¢¥%e ot her lines of the
heater. After the coke deposits have beénirenoved, the fegperature of the
heat er nust be nmintai ned at a tenperaturle ai ntain the

tenperature of an injection quill | ocated upstreamao H eat er
the case of step (H), the heating can otcuréither in a coker zone or in a thermal -

cracking zone. In the case of a coker zone, the heating is pyrolytic, and the distillates are
collected, until a final solid residue is obtained which is a coke. In the case of a thermal
cracking zone, the process involved is termed "visbreaking” and the distillates are collected
without changing the fluid nature of the starting viscous pitch (as by forming coke).
Residence times of the chafged material (initially viscous pitch) in a coker zone typically
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 a
visbreaking operation in a thermal cracking zone typically are shorter than about 10 seconds
maximum, |

In the crude' oil processing steps above described, a coker furnace 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 step (H):

(H) heating said viscous pitch in a furnace to a temperature in the range from about
1,000 °F to about 1,500 °F (about 538 °C to about 816 °C) at nér atmospheric pressure
and passing said so hatgd 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
ps.i.g. Such flash zone can either be a coker zone or a visbreaking zone, as above _
indicated. Ifa coker zone, residence time in such zone is prolonged and pyrolysis occurs.

If a visbreaker zone, residence time is brief and cracking occurs, giving rise to naphtha and



inlet at at

nore clainmed antifoulants.being injected i
Many of the COhTTEI’CI ally available antifoul ants
or 8agioil ag lighter-praductsagd pendpeingas esidaum widehsii lhgs vistidie ihan e chdrgd| ens

steanfair,

t | east about 240 [err]C. The quill needs to be positioned such
that it can be nmintained at a tenperature of at Ieast about 240 [err]C
due to the radiant heat fromthe heater or -
maintain the quill tenperature at at |east abo
i ncluding the tubes in that |ocation, tygl calfl
| east about 300 [err]C, nore preferabl

obviously at the tenperatures that the spaII _

0 the I|ne that

wi t hout i nhi biti ng or preventing coke dep03| ts. The cl ai ned

stock.

These crude oil and reduced crude oil processing steps, as indicated, are well known

to the art of petroleum refining and do not constitute as such part of the pmseﬁt invention.
Those skilled in the art will appreciate that many variation, etc., can be used in any given
hydrocarbon processing.operation, involving, for examples, additional steps, substifute
steps, recycle loops, and the like. The above summary is merely repre‘sentative, but
characteristic, of the sequence of steps typically found in a refinery when processing crude

oil. Petroleum 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 or the like, as those skilled in the art well appreciate.

Fouling .deposits apparently occur most frequently at temperatures between about
200 °F and about 1,800 °F (about 93 °F to about 982 °C), or even ﬂighﬂ 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 conyen to coke-like masses at elevated temperatures. Inorganic portions of

ifs of f-1ined.
0 Jt he st eam

'S



47 antifoul ants are nmuch nore stabl e under the harsh conditions of
despal ling and should be able to at |east mni prs eposi ti on of coke
in refinery equipnent. The air flow, W necessary
to nmove the hydrocarbon fluid and other nat t ubes, nust
al so be maintained at or heated to at Ie3asst '

a—

such deposits frequently contain components, such as silica, iron-oxides, sulfur oxides, iron
sulfides calcium oxide, magnesium oxide, inorganic chloride salts, sodium oxide, alumina,
sodium sulfate, copper oxides, copper salts, and the like. These deposits are not readily
solubilized by common _orgapic solvents and these deposits are distinguishable from the
corrosion and sludge fomaﬁon sometimes occuniﬂg in finished products. Conventional
anﬁoxidam;, stabilizing chemicals, and the like are characteristically relatively ineffective
as antifoulants. |

During a distillation or pmlysis carried out with a crude oil material containing
formula (1) and/or (2) material, this additive material 1s characteristically not carried over in

~ the vapors evolved, but remains instead with the residue (reduced crude oil) involved.
Chemical and physical changes may occur, of course, in such additive material during a
given distillation or py}olysis operation, but it is now theorized (and there is no intent herein
to be found by theory) that by-products, degradation products, 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
utilities of the invention and are not meant to limit the invention unless otherwise stated
in the cla;_'rhs appended hereto. |

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

wherein hydrocarbon fluid (hydrocarbon feedstock) are heated to 2 minimum temperature -



240 [err]C

before it enters the heater or comes into contact with treatnent

materials such as the antifoulants of the instant invention. A typical air
flow is about 2,000 ft[err]/hour. The tenperature-of the air flowis

extrenely i
avoi ded.
systemw | |

claimed antifoulants, are injected through
bel ow about 10 vol ume percent (nmole % . Th

the quill.

tls wi url
refinery equipnent, a fil'mof coke suppres|si ngyr?;péw@P I g
surfaces of the refinery equipnent. '

t he heater

nportant if condensation of the treatnment materials is to be
Once the terrperatureségre stabilized, the pressure in the
be about 40 |bs. The tr t o M-I Ls case, the
tREPLACEMENTaSHBETcdncent rat i on
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it [is fed into
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As the vaporized antifoul ant re

at a rate of fromabout 0.5 galljon/day to

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 the heater section of the equipment to a preselected temperature. '

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

amount of cracking takes place in the heater and leads to the undesired deposit formation
(coking). The cracked light ends leave the coke drum through the coker overhead line |
and are charged as recycle back into the ﬁ'acﬁon;ator bottom. There it is combined with
unrecycled material and recharged into the heater.

As the coke forms in the heater, the coke acts as an insulator, thereby decreasing'
the heat transfer process in the equipment. As a result, the équipment must be fired
harder to maintain the heater outlet temperature. However, the equipment has a critical
ope_rating temperature, about 1,250 °F to about 1,350 °F, above which the equipment
cannot be safely operated. At that time,I the equipment must be shut down and one or
more of the cleaning methods, as described above, is carried out. A typical runon high-
temperature refinery equipment between cleaning éroccdures is between 6 days and 4
years in length, with the average run being about one 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



about 3 gall
gal | ons/ day,
gal’l ons/ day,

fromabout 5 m nutes to about 20 ni nutes,

ons/day, nore preferably fromabout 0.5 gallon/day to about 2

and nost preferably fromabout 0.8 gallon/day to about 1.

2

for fromabout 5 mnutes to about 30 m nutes, nore preferably

m nutes to about 15 m nutes. The dosages and the treatnent tines wll

48

mar kedl y dependi ng on a variety of f.ac@rs lLacludi ng the tvpe of
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contact with the hydrocarbon fluid when the equipment is off-line, when thc' hydrocarbon.

* fluid is not being processed.

The refinery equipment can be passivated using the following procedure. 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 r:nechanism.
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 necessary to move the hydrocarbon fluid and
other materials through the tubes, must also be maintained preferably heated to at least
a;bout 200 °C before it enters the heater or comes into contact with treatment materials
such as the aptifoulants of the instant invention. A typical air flow is about 2,000
ft'/hour. 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
will be about 40 Ibs. The treatment materials, in this case, the claimed antifoulants, aré

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

and nost preferably from about 5

vary



process being used, the type of equipnment being treated, and the conditions

under whi ch
ant’i f oul ant

fl ow t hrough the equi prent or otherw se shockiln

the process is carried out. Ihe feed rate of the

can be gradually increased so as notREPPACEMENT Jith the air
g—t—h-e-sy:;mzegn hg¢ feed rate

I's increased to fromabout 1 gallon/day,to abdut Z_Q%al | ons/ day, |nore
1.

preferably from about 1.2 gallons/da boyt

gdANJAS8 day | and nost

preferably fromabout 1.4 gallons/day to aboyt {1.8 gallons/dayy This

i ncreased feed rate for the antifoulant to th

heat er shoul d b¢ nmi nt ai ned

for at |least fromabout 30 mnutes to about 1 . ably for at
| east from about 2 hours to about 3 hours, and nost preferably from

surface of the refinery equipment, a film of coke supprcésing material is formed on the
surfaces of the refinery equipment. A more detailed description of the mechanism i.s
present in the article “Formation of Solid Films From the Vapor Phase on Highi
Temperature Surfaces” by James Makki and Earl Graham 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 ihe heater af a rate of from about 05 gallon/day to
about 3 gallons/day, more preferably from about 0.5 gallon/day to about 2 gallons/day,
and most preferably from abt;ut 0.8 gallon/day to about 1.2 gall;:\nslday, for from about 5
minutes to about 30 minutes, more preferably from about 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 cleaning process, the hydrocarbon process to be employed, the type
of equipment being treated, and the condition under which the hydrocarbon process is to
be carried out. |

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

interfere .wit.h the air flow through the equipment or otherwise shocking the system. The
feed rate 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

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



about 4 hours to about 5 hours. Changes can be made in the

conposi tion, operation and arrangenent of the nethod of the present

i nvention described herein w thout departing fromthe concept and scope of
the invention as defined in the follow ng cl ains: 49 CLAI M5

1. A method of preventing fouling and igke
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heater should be maintained for at least from about 30 minutes to about 1 hour, more
preferably for at least from about 2 hours to about 3 hours, and most preferably from
about 4 hours to about 5 hours. As discussed above, 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 cleaning process, the hydrocarbon process to be employed, the type of
equipment being treated, and the condition under which the hydrocarl;on process is to be
carried out.

More than one injection quill can be uséd 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 maintained at a temperature sufficient to maintain the
ter;pemnne of the an injection quill located upstream of the heater inlet at at least about
240 °C. ﬁe 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 location, typically must be maintained at at least about 300 °C,

more preferably at about 400 °C.



formati on on the surfaces of high tenperature sections of hydrocarbon
processi ng equi pnent in contact with a hydrocarbon fluid which conprises
addi ng to said hydrocarbon processi ng equi pnent an effective anount of an
antifoulant in its vapor phase selected fromthe group consisting of
tri-tertiary-butyl phenol phosphate este43 and coreewras—hasng.the, formla

| [err] wherein Qis selected fromthe chEﬂ.AﬂEMENitSHBETO r Z and
R, wherein two occurrences of Qare Z, and vvherelan RTs—tydrog br a
straight or branched al kyl group having from1l t¢ ] b and only
one or two occurrences E‘PKNW

The air flow, defined as the flow necessary to move the hy&rocarbon fluid and
other materials through the tubes-, must also be maintained at or preferably heated to at
least 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
2,000 fi’/hour. The temperature of the air flow is extremely important if condensation of
the treatment materials is to be avoided. _

(_)nce the air flow and the temperatures are stabilized, the pressure in the system
will be about 40 Ibs. The antifoulant 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 surface of the refinery equipment, a film of coke’
suﬁprcssing 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, more preferably from about 0.5 gatlon/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 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 gradually 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

about 1.2 gallons/day to about 1.9 gallons/day, and most preferably from about 1.4 '



of Rmay be alkyl; Zis represented by the forrmula Il: - [err]

wherein R2 and R3 are the sane as R and only one or two occurrences of
each of R2 and R3 may be-alkyl, and "n" is a whole nunber of from1l to 9,
and m xtures thereof, wherein said antifoulant is added to said hydrocarbon

4
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gallons/day to about 1.8 gallons/day. This increased feed rate for the antifoulant to the

" heater should be maintained for at least from about 30 minutes to about 1 hour, more
preferably for at least from about 2 hours to about 3 hours, and most preferably: from
about 4 hours to about 5 hours.

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 ourIe_t of the radiant -
section. Using this procedure, the radiant section is most heavily coqt‘cd with the film
resulting from the reaction o;‘.' the vaporized antifoulant and the surfaces of the refinery
equipment.

| In addition, a continuous treatment of the antifoulant can be used where the
antifoulant is injected with 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 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 [east 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 atleast 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

least about 240 °C before it enters the heater or comes into contact with treatment



equi pnent, either on a continuous or intermttent basis, through an

I njecticon quill, wherein said injection quill is maintained at a
tenperature of at |east about 240[err]Cin order to vaporize the
antifoulant prior to the antifoul ant contacting the surfaces of the
processi ng equi pnment, and wherein said _hydrocarbon processing equi pnent is
mai ntai ned at a tenperature of at IeasﬁgLabout 240[ err] C during addition of
said anti foul ant. 2. The net hod accordi fig sy fl,' ein said
antifoulant is added to a carrier selected fron1tﬁ bg@ OHEET s ing of:

steam air,; hydrocarbon gases; and inert gases;|apd, m xtures eof ,
wherein said antifoulant is added to said carripr|t2PpJaN §o8 tion
quill, wherein said injection quill is maintaipefd at a tenper re of at

| east about 240[err]C to vaporize said antifoul pnt—amt—wreret+

materials such as the antifoulants of the instant invention. The typical air flow is aBout
2,000 ft*/hour. The temperature of ghé air flow is extremely important if condensation of
the treatment materials is to be avoided. The hydrocarbon fluid feed is started.

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

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

at a concentration below about 10 volume percent (mole %). The antifoulant vaporizes in
the quill. As th§ 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 1 gallon/day to about
100 gallons/day, more preferably from about 4.0 gallons/day to about 7.0 gallons/day,
and most 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 about 1 day to _about 180 days, and most preferably from
about 1 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 would 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



said carrier containing said antifoulant is either added to a hydrocarbon
fluid prior to said hydrocarbon fluid contacting the high tenperature
sections of the hydrocarbon processing equi pnment or said carrier is
injected into the high tenperature sections of the hydrocarbon processing
equi pnent when a hydrocarbon fluid 1is not being processed or said carrier
Is injected into the high tenperature_s&éLLons of the hydrocarbon
processi ng equilp >~ 4o and during the processing of a

hydr ocar bon fl W i gh tenperature section of the hydrocarbon
processing equijpnent is at a tgngerature of at |east about 240[err]C
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procedure can not be used in fluid catalytic crackers, hydrotreaters, hy&ocmckem, or any
other refinery equipment that contains a catalyst bed downstream of the heater unit.

Another application of the claimed antifoulants includes injecting one or more of
the claimed antifoulant during an on-line despalling procedure. On-iine despalling is
where one or more lines (passages) of the heater are shut down and treated with steam
and/or condensate to remove coke deposits in the line while the hydrocarbon fluid
continues to be processed through the other lines of the heater. Aftexthe coke deposits
have been removed, the temperature of the heater must be maintained ata terhperature |
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 posiﬁonéd 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.

It is obviously 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 temperatures,

causing additional problems without inhibiting or preventing coke deposits. The claimed



3. The nethod according to claim2, wherein said carrier containing said
antifoulant is added to a hydrocarbon fluid wherein said antifoulant is
added to said hydrocarbon fluid in an amount of from about 5 parts per
mllion to about 2,000 parts per mllion based on the nass of the

hydr ocar bon f1 ui d. 4. The nethod, according to claim1, wherein said
hydr ocar bon processing equi pnment is sgﬁzpted fromthe group consisting of:
vi sbreakers; del ayed cokers; preheaters; furnRaeses—- f I hes;
exchangers; fluid catalytic crackers; hydrotr aﬂEPH“EN&Hidgi kérs; and,
furnace coils.
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antifoulants are much more stable under the harsh conditions of despalling and should be
able to at least minimize the deposition of coke in refinery equipment.

The air flow, defined as the flow necessary to move &m hydrocarbon fltid 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 contact with treatment materials such as
the antifoulants of the instant invention. A typical air flow is about 2,000 ft'/hour. The
temperature of the air flow is éxtremely 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
Ibs. The u'eaﬁnent materials, in this case, the claimed antifoulants, are injected through
the quill at a concentration below about 10 volume percent (mole %). The antifoulam: is
vaporized in the quill. As the vaporized antifoulant reacts with the surface of the refinery
equipment, a film of coke suppressing material is formed on the surfaces of thg refinery
equipment. |

The anﬁfoulént is fed into the heater at a rate of from about 0.5 gallon/day to
about 3 gallons/day, more preferably from abbut 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 minutes, more preferably from about 5 minutes to about 20 minﬁtes,
and most preferably from about 5 minutes to about 15 minutes. _The dosages and the

treatment times will vary markedly depending on a variety of factors including the type of



5. The nethod according to claim1l1, wherein "n" is a whole nunber of from

1to5 6. The nethod according to claim5, wherein "n" is a whole
nunber of from1l to 3. 7. The nmethod according to claim6, wherein
"n" is 1. 8. The nethod according to claim7, wherein each

occurrence of R R2, and R3 is hydrogen. 9. The nethod according to

claim1, wherein Ris a hydrogen or an a"r&(yl group containing from1 to 4
carbon atoms with at |east one occurrence of R bep e@g 10. The
met hod according to claim2, wherein said antifpu &B&@éﬂo t he
carrier streamprior to the introduction of saifl farrier streamijnto an

et hyl ene furnace. - 11. The net hod accordiphg t&‘bUAimg@g ?ﬁerei n said

process being used, the type of equipment being treated, and the conditions under which
the process is carried out.

The feed rate of the antifoulant can be gradually 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 g;allon/day to about 2 gallons/day, more preferably from
about 1.2 gallons/day to about 1.9 gallons/day, and most preferably ﬁ:om about 1.4
gallons/day to about 1.8 gallons/day. This increased feed rate for the _antifoulant to the

. heater should bt; maintained for at least from about 30 minutes to about 1 hour, more
preferably for at least from about 2 hours to about 3 hours, and most preferably from
about 4 hours to about 5 hours.

Changes can be made in the composition, operation and arrangement of the:
method of the pres.ent invention described herein without departing from the concept ;nd

scope of the invention as defined in the following claims:



antifoulant is added to the carrier streamprior to the introduction of
said carrier streaminto a visbreaker. ' 52 12.
A method for inhibiting the formati on of coke on the surfaces of high
tenperature sections of hydrocarbon processing equi pnment in contact with

hydrocarbon fluid which conprises: a. decoking the hydrocarbon

processi ng equi pnent; b. prior thbLocessing a hydrocarbon fluid,

addi ng :
—_—
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Claims
1. A method of preventing fouling and coke formation on the high temperature

sections of hydrocarbon processing eqﬁipment 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 an antifoulant
in its vapor phase selected from the group consisting of tri-tertiary-butyiphenol phosphate

esters and compounds having the formula I:

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

Z is represented by the formula I1:

—
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to the processing equi pnent an antifoul ant in Its vapor phase,

wherein said antifoulant is added to sai d hydrocarbon processing
equi prent t hrough one or nore injection quills with said
injection quills being maintained at a tenperature of at | east
about 240[err]Cin order to vapori ze said anfifoul ant, and wherein
e e e R
of : IREPLIACEMENT tSHEEY - fout yl phenol phosphat e estu“
conmpounds. hayi § I} [err] wherein Qts ‘selected® from
the group co
}
o)
R; R; I
R, Ry
0]
R; X Rs
T RN F Rs
heet Has Been Re laced .
LI v
[ | .

‘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 to 9,

and mixtures thereof.

2.  The method according to Claim 1, wherein the high temperature séction 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 about 5 parts

per million to about 2,000 parts per million based on the mass of the hydrocarbon fluid.



and R, wherein two occurrences of Qare Z, and wherein R is hydrogen, or a

straight or
one or two occurrences of R may be alkyl; Z is represented by the fornula

fl

branched al kyl group having from1l to 7 carbon atons, and only

53 [ err]
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4. Themethod according to Claim 1, wherein the hydrocarbon processing equipment

is selected from the group consisting of: visbreakers; delayed cokers; preheaters;
furnaces; transfer lines; exc_hangers; fluid catalytic crackers; hydrotreaters;

hydrocrackers; and, furnace coils.

5. The_ method according to Claim 1, wherein “n™ is a whole number of from 1 to 5.
6.  The method according to Claim 5, wherein “n” is a whole number 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 Ry is

hydrogen. This Sheet Has Been Replaced

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

‘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

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



wherein R2 and R3 are the sane as R and only one or two occurrences of
- each of R2 and R3 may ‘be al kyl, and "n" is a whole nunber of from1 to 9;

and, 3. m Xt ures thereof;
L AR O R A
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tertiary-butylphenol phosphate esters and compounds of the following formulalto a

carrier stream prior to its contacting the hydrocarbon processing equipment:

174

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 alky! group having from 1 to 7 carbon atoms, and only one or

two occurrences of R may be alkyl;

Z is represented by the fommh I:
o .
R / \ o p——0
RZ Rz
0
Ry X Rs
Sheet Has Been Re laced Ry / .
3
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c. formng a thin coke |layer on the surfaces of t he processing
equi pnent; and then, feeding the hydrocarbon fluid to the processi.ng

equi pnent . 13. The nethod according to claim 12, wherein-the addition
of the antifoulant is discontinued during the processing of the hydrocarbon
fluid. 14. The met hod ing to claim12, wherein the addition of

the antifoul a ' S -mtsméd prior t(§3t he processing of the hydrocarbon
fluid. 15. ?ﬁg‘- aeeqrding to cIa|m12 wherein the antlfoulant |s

added intermt

P21 Rawiash® || |7 Processing of the W’IIIIIIHWI‘II’IIIIIIIIWIIII

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

each of R; and R; may be alkyl, and “n” is a whole number of from 1 to 9,

and mixtures thereof.

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

processing equipment in a carrier stream selected from the group consisting of:
a, - steam,;
b. air
c. hydrocarbon gases;
d. inert gases; and,

e. mixtures thereof,

11. 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.

This Sheet Has Been R
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54 16. The method according to claim 12, wherein the antifoulant is
added continuously prior to the processing of the hydrocarbon fluid.

17. The nethod according to claim 12, wherein the_‘aﬂLLLQnggi\Li\igg?d
intermttently during the processing of the hydrocal flui . The
met hod according ta-claimd2 wherein the antlfoulah@@r

nuously
during the procesgi Rgp[_cﬁcemml‘m{&mc rhdfh fl uid : b
according to claip ¥2r—wherern—the phydrocarbon fluid cont él n§ st one

fraction selected{ fjr t pljcpnsi sting of: _ : et hane;
b. propane; Q%n“ ‘P&ﬁtqé%

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

is selected from the group consisting of: visbreakers; delayed cokers; preheaters;
furnaces; transfer lines; exchangers; fluid catalytic crackers; hydrotreaters;

hydrocrackers; and, furnace coils.

14. The_ method according to Claim 9, wherein “n” is a 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. The method according to Claim 16, wherein each occurrence of R, Ry, and Ry is

hydrogen.

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

containing from 1 to 4 carbon atoms with at least one occurrence of R being alkyl.
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d. naphtha; e. kerosene; f. gas oil; and, g.
resi due. 20. The nethod according to claim 12, wherein said
antifoulant is added to the processing equipment in a carrier stream
wherein said carrier streamis selected fromthe group consisting of:

a. steam b. ai r' hydr ocar bon gases; d.
| nert gases; g#e- xturess_sx_hereof 217 The met hod accordi ng
to claim 20, _vaEElACEMENTGSHEEfIOJl ant is added in ar mll ﬁﬁmt
0. 0005% by voljufe~tToatout—+6%0 by vol une on the basiglmu I'!Ems
* c L *

21 JAN 1998

19 « The method according to Claim 9, wherein the antifoulant is added to the carrier

stream prior to its introduction into an ethylene furnace.

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

stream prior to its introduction into & visbreaker.

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

sections of hydrocarbon processing equipment in contact with hydrocarbon fluid whi<':h
comprises: |

a. decoking the hydrocarbon processing equipment;

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. tri-tertiary-butylphenol phosphate esters;
2. compounds having the formula I:

Q Q —
This Sheet Has B
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volune flow prior to the processing of the hydrocarbon fluid. 22.
The nmethod according to claim 12, wherein the antifoulant is added in a
range of from about 5 ppmto about 2,000 ppmon the basis of hydrocarbon

fluid mass flow during the processing of the hydrocarbon fluid 23.
The nethod according to claim 12, wherej during th f the
antifoul ant, the processing equi pnment I nt ai ned IIWH & of at
| east about 240[err]C. 24. The nmet hod accor di n erei n,
during the addition oﬁ g Icur - the processing equi prrent S

mai nt ai ned at a tenpeg é‘?ﬂMI 5 §Tr dm about 200[ err] C to about
1,200[err]C 25.] Tlhe net hod for iphibiting the formation of coke

21 JAN 1998

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 alky! 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:
(o)
R, Ry
R; R,
o)
R R
R3 Ry
Rs
n ; I
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 a whole number of from 1 to 9; and,
3 ' 3. mixtures thereof;
C. forming a thin coke layer on the surfaces of the processing equipment;
and then,

. . Th1s Sheet Has Been Replaced
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on the surfaces of high tenperature sections of hydrocarbon processing

equi pnent in contact with hydrocarbon fluid which conprises: a.
processi ng of a hydrocarbon fluid in the presence of an

antifoul ant, wherein said antifoulant is in TtsS vapor phase,
wherein said antifoulant is added to said m

equi pnent, either on a continuous or 57 I'nt erl Emrlmﬂml "I“ rough
an injection quill, wherein said injection Qui9l ti s"maf nt'ai ned at
a terrperature of at |east about 240[err]Cin order to

vapori ze the antifoulant prior to the antifoul ant contacting the
surfaces of the process ) erein said hydrocarbon
processi ng equi prent is maintai nedeﬁé 'Lgéﬁhgm gHEET tlenperature of at |east

about 240[err]C during
21 JAN 1998

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

discontinued during the processing of the hydrocarbon fluid.

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

discontinued prior to the processing of the hydrocarbon fluid.

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

prior to the processing of the hydrocarbon fluid.

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

prior to the processing of the hydrocarbon fluid.

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

during the processing of the hydrocarbon fluid. ///"

i



56 antifoul ant being selected fromthe group consi sting
of : 1. " tri-tertiary-butyl phenol phosphate esters; 2.
conpounds having the forrmula I: [err] wherein Qis selected fromthe
group consisting of: Z and R wherein tw occurrences of Qare Z, and
wherein R is hydrogen, or a straight or branched al kyl group having from1l
to 7 carbon atons, and only one or t wo_@8currences

|

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

during the processing of the hydrocarbon fluid.

28. The method according to Claim 21, wherein the hydrocarbon fluid contains at

least on-e fraction selected from the group consisting of:

a. etha.t_le;

b. propane;

¢. butane; REPLACEMENT SHEET

d. htha; .
naphtha; 2 1 JAN 1998

e. kerosene;

f. gasoil; and,

g. residue.

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

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

a.  steam;
b. air
c. hydrocarbon gases;

This Sheet Has Been Replaced
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of Rmay be alkyl; Zis represented by the forrmula Il: [err]
wherein R2 and R3 are the sane as R and only one or two occurrences of each
of R2 and R3 may be al kyl, and "n" is a whole nunber of from1 to 9; and,
3. mxtures thereof; and, b. formng a thin coke layer on the
surfaces of the processing equi pnent, whereby the surfaces of il
processi ng equi pment are inhibited agai® formati OF—REPLACEMENT SHEET

21 JAN 1998

-_—

R A T

e. mixtures thereof,

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

from about 0.0005 % bj volume to about 10% by volume on the basis of carrier 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 fluid 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 to about 1,200 °C.
This Sheet Has Been Re[ilace




addi ti onal coke during the processing of a hydrocarbon fl uid. 26. The
nmet hod according to claim25, wherein the antifoulant is added

intermttently during the processing of the hydrocarbon fluid. 27. The
met hod according to claim25, wherein the antifoul ant is added conti nuously
during the processing of the hydrocarbaon fluid. 28. The net hod
according to claim?25, wherein the hxégpcarbon fluid contains at |east one
fraction selected fromthe group consisting of: a. et hane;

b. pr opane; c. butane' d. napht ha; e.

ker osene; f. gas oil; and, g. resi due. 29. The

nmet hod according to claim?25, wherein the antifoulant is added in a range

of from about 5 ppm .
REPLACEMENI SHEET . |

21 JAN 1993]
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34. A method for inhibiting the ojrmation of coke on the surfaces of high temperature

sectioﬁs of hydrocarbon processing equipment in contact with hydrocarbon fluid which
comprises: |
a ‘processing of a hydrocarbon fluid in the presence of an antifoulant in its
vapor phase selected from the group consisting of:
I. tri-tertiary-butylphenol phosphate esters;

2. compounds having the formula I:

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

Z is represented by the formula II:

- This Sheet Has Been Rerlaced
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about 2,000 ppmon the basis of hydrocarbon fluid mass flow during the
processi ng of the hydrocarbon fl uid. 30. The nethod according to claim
25, wherein during the addition of the antifoulant, the processing

equi pnrent is nmaintained at a tenperature of at | east_about 240fprr1F

31. A nethod for increasing the run |ength of hydrocarbon

equi pnent used to process a hydrocarbo 4 ui d which c u&ﬁﬁ U
decoki ng ‘processi ng equi pnent ; b. prior to proce

fluid, adding

REPLACEMENT SHEET
21 JAN 1998
R, R,
R; R,
o
Ry 7 Rs
RN~ R
Rs
, a om
‘ wherein R, and R, are the same as R and only one or two occurrénc_:e_s of

each of R, and Ry may be alkyl, and “n” is a whole number of from 1 to 9; and,
3. mixtures thereof, and,
6. forming a thin coke layer on the surfaces of the processing equipment,
whereby the surfaces of the processing equipment are inhibited agains;c formation of

additional coke during the processing of a hydrocarbon fluid.

35. The method according to Claim 34, wherein the antifoulant is added mterxmttently

during the processing of the hydrocarbon fluid.
is Sheet Has Been Rerlaccd
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to the processing equi pnment an antifoul ant in _ Its vapor phase

wherein said antifoulant is added to said hydrocarbon equi pnent,
ei t her on a continuous or intermttent ‘basis, through an
injection quill, wherein said injection quill is maintained at a
tenperature of at |east about 240[err]Cin order to vaporize the
anti f oul ant prior to the anti f &l ant contacting the

surfaces of the process equi pnment, and wherein sai d hydrocarbon
processi ng equi pnent is mai ntai ned at a téﬁﬁ§rature—ei~aL_ngst

about 240[err] C during addition of said ant ,
wherein said antifoulant is selected fromthe Imzlm[,!gﬁﬂ Jﬂng of :
1. tri-tertiary-butyl phenol phosphate esters;

having the forrmula I: J[err]

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

during the processing of the hydrocarbon fluid.

37. The method according to Claim 34, wherein the hydrocarboh fluid contains at

least oxie fraction selected from the group consisting of:
| a. ethane;
b. propane;
c. butane;
d. naphtha;
e. kerosene;
f. gasoil; and,

- 8. residue.

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

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

the processing of the hydrocarbon fluid.

his Sheet Has Been Replaced
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wherein Qis selected fromthe group consisting of: Z and R, wherein two
occurrences of Q are Z, and wherein R is hydrogen, or a straight or

branched al kyl group havi ng from1l to 7 carbon atonms, and only
one or two occurrences of R my be alkyl; Zis reprwm

I1: [err]

- ) O

39 o The method according to Claim 34, wherein during the addition of the anti.foulant,

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

40'. A method for increasing the run length of hydrocarbon processing equipment used

to process a hydrocarbon ﬁuid which comprises:

a. -~ decoking processing equipment;

b. prior to processing a hydrocarbon fluid, adding to the processing
equipment an antifoulant in its vapo'r phase selected from the group
consisting of:

1. tri-tertiary-butylphenol phosphate esters;

‘2. - compounds having the formula I:

. REPLACEMENT SHEET

2 1 JAN 1998

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 from 1 to 7 carbon atoms, and only one or

two occurrences of R may be alkyl;

Z is represented by the formula II:
Sheet Has Been Reﬂlaced
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0
R; R; l
R, R, —
0 | REPLACEMENT SHEET
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RI N R; T
Ry

n - 0
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 a whole number of from 1 to 9; and,
| 3. mixtures thereof;
c. forming a thin coke layer on the surfaces of the processing equipment in
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 of
additional coke during the processing of ﬁ:e 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 fluid

through hydrocarbon processing equipment which comprises: T TTTT———
' : ~ This Sheet Has
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wherein R2 and R3 are the sane as R and only one or two occurrences of each
of R2 and R3 may be alkyl, and "n" is a.whole nunber of from1l to 9; and,
3. mxtures thereof; c. formng a thin coke Fayer—on—+the surfaces of

t he processing equi prment in contact with the hydr ocagmﬁfggm - and t hen,
L

d. feeding the hydrocarbon fluid to the processing mwfﬂﬂny t he
of

surfaces of said processing equipnentnéﬁe I nhi bited agal b
addi tional coke during the processing of the hydrocarbon fluid thereby
i ncreasing the run I ength of the processing equi prment.

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

1. tri-tertiary-butylphenol phosphate esters;

"2 compounds having the formula I:

Q REPLACEMENT SHEET

Q Q 2 1 JAN 1998

Qe 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 alky! group having

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

Z is represented by the formuia I
| _ * This Sheet Has Been Replaced
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A nmethod for increasing the product yield from the processing of a
hydrocarbon fluid through hydrocarbon processing equi pnment which conprises:

a. decoking processing equi pnent; b. prior to processing a

hydr ocar bon fl uid, adding to the processing equi pnent an :
~antifoulant in its vapor phase wherein sai ﬁ"m”m,ﬂmmm '

added to said hydrocarbon-equi pnent, eiéher on 18 Jum or

intermttent basis, through an i nj ection qui 19, "Whérefn $said

injection quill s maintained at a tenperature of at |east

about 240[err]Cin order to vaporize the antifoul ant prior to the

antifoul ant contacting the surfaces of the process equi pnent, and

wherein sai d hydrocarbon processing equi pnent is

.wherein R; and R; are the same as R and only one or two o@ences of each of
R; and R; may be all.cyl,. and “n” is a whole number of from 1 to 9; and,

3. mixtures thereof;

©C. forming a thin coke layer on the surfaces of the processing equipment in 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 of additional
coke during the processing of the hydi'ocarbon fluid thereby increasing the product yield from the

processing of the hydrocarbon fluid through the processing equipment.

REPLACEMENT SHEET
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nainpained'at a tenperature of at |east about

- is hydrogen, or a straight or branched al kyl group

carbon atons, and only one or two occurrences of
repr esent ed bWQR—PHASE DELIVER HEATER

OAnrgrr
addition of said antifoul ant, ~ " wherein saifl BERLIACEMEHFBHEETS | ect ed
fromthe group consi sting of: 1.
tri-tertiary-butyl phenol phosphate esters; i ng
~the formula I: [err] wherein Q4.s sel ected
consisting of: Z and R, wherein two nces of erei n R

Abatract of the Invention_

The present invention is a method of preventing fouling and coke formation on the high
temperature sections of hydrocarbon processiqg equipment which comes into contact with a hydrocarbon
fluid. The method comprises adding to a carrier prior to the carrier coming into contact with the high
temperature sections of such equipment, an effective Qmount of an antifoulant in its vapor phase selected
from the group consisting of tri-tertiary-butylphenol phosphate esters and compgunds having thg formu-la.
I

Q D
wherein Q is Z, or R with the proviso that two occurrences of Q are Z, R is hydrogen, ora straigtn; 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; |

R: Ry
A
R R, ) - o

This Sheet Has Been Re
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wherein R; and R are the same as R and only one or two accurrences of each of R; and R; may be

alkyl, and “n" is a whole number of from | to 9, and mixtures thereof.
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1. A method of preventing fouling and ¢oKe

5G

formation on the surfaces of high temperature sections of
hydrocarbon processing equipment in contact with a
hydrocarbon fluid which comprises adding to said

hydrocarbon processing equipment an effective amdunt of

~an antifoulant in its vapor phase selected from the group

-consistihg of tri-tertiary-butylphenol.phosphate esters

and compounds having thg formula I:
. ‘Q
Q Q
Q Q
) Qg

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 branchéd alkyl group having

from 1 to 7 carbon atoms, and only one or two occurrences

of R may be alkyl; 2z :i,_s represented by the formuia II:

(0]
Ry Ry
—_ . REPLACEMENT SHEET
R; R . :
o] , 12 FEB 1999
R3 l \ R3
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wherein R2 and R3 are the sane_as R and only one or two occurrences of each
of R2 and R3 may RE?LA@E'MEN?%E'E'T" Is a whol e nunber of from 1 .to 9; and,
q L ra¥

3.. mxtures therle

ming a thin cok ces of

t he processing equijpnent in contdct with the |Uld
and t hen, d. | fleed2nBEBHBhydr ¢car bos0 f 1 ui d to“mHWﬂmmﬂm

~ equi pnent,

wherein K, 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

a whole number of from 1 to 9, and mixtures thereof,
wherein said antifoulant is added to said hydrocarbon
equipment, either on a continuous or intermittent basis,
through an injection quill, wherein said injection quill
is maintained aﬁ a temperature 6f at least about 240°C_in
order to vaporize the antifoulant prior to the
antifoulant contacting the surfaces of the processing

equipment, and wherein said hydrocarbon processing

equipment is maintained at a temperature of at least

about 240°C during addition of said antifoulant.

2. The method according to claim 1, wherein said
antifoulanﬁ is added to a carrier selected from the group
consisting of: steam; air; hydrocarbon gases; and inert
gases; and, mixtures thereof, wherein said antifoulant is
added to sa;d carrier through an injection quill, wherein
said injection quill is maintained'at a temperature of at-
least about 240°C to vaporize said antifoulant and wherein
said carrier containing said antifoulant is either added
to a hydrocarbon fluid prior to said hydrocarbon fluid
contacting the high temperature sections of the
hydrocarbon processing equipment or said carrier is
injected into the high tempefature sections of the
hydrocarbon proceséing equipment when a hydrocarbon fluid
is not being processed or said carrier is injected into
the high temperature sections of the hydrocarbon
processing equipment both prior to and during the
processing of a hydrocarbon fluid, wherein said high

temperature section of the hydrocarbon processing

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



mhereby t he surfaces
formation of additio aRERhNEEMENT'
t hereby increasing the[produet—ye

fluid through the pr CDSS,I{!%EWMWEW-
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equi prent are inhibited against :
processi ng of the hydrocarbon f|UId
om t he processing of -the hydrocarbon

R DR

3.. The method according to claim 2, wherein said
carrier containing said antifoulant is added to a
hydrocarbon fluid wherein said antifoulant is added to
said hydrocarbon fluid in an amount of from about 5 parts
per million to about 2,000 parts per million based on the
mass of the hydrocarbon £luid.

4. The method according to ciaim 1, wherein said
hydrocarbon processing équipment is selected from the
group consisting of: visbreakers; delayed cokers;
preheaters; furnaces;.transfer lines; exchangers; fluid
catalytic crackers; hydrotreaters; hydrocrackers; and,
furnace coils.

5. The method according to claim 1, wherein “n” is
a whole number of from 1 to 5.

6. The method according to claim 5, wherein *n” is
a whole number of from 1 to 3. |

7.  The method according to claim 6, wherein *n” is
— - 8. - The method according to claim 7, wherein each
occurrence of R, R,, and R; is hydrogen.

9. The method according to claim 1, wherein R is a
hydrogen or an alkyl group conéaining from 1 to 4 carbon
atoms with at least one occurrence of R being alkyl.

10. The method according to claim 2, wherein said
antifoulant is added to the carrier stream prior to the
introduction of said carrier stream into an ethylene
furnace.

1l1. The method according to claim 2, wherein said
antifoulant is added to the carrier stream prior to the

introduction of said carrier stream intoc a visbreaker.



36. .The nethod according to Caim34, wherein the antifoul ant i s added

continuously  durirgREPEA S&l f the hydrocarbon fluid. . 37. The
~method accordi ng to ]Clga 'n{the hydrocarbon fluid—Tontai ns at
| east one fraction gellected fromthe

o AR

12. A method for iﬁhibiting the formation of coke
on the surfaces of high temperature sections of
hydrocarbon processing equipment in contact with
hydrocarbon fluid which 6omprises:

a. decoking the hydrocarbon processing equipment;

b. - prior to processing a hydrocarbon fluid, adding

to the processing equipment an antifoulant in

its vapor phase, wherein said antifoulant is

g“j added to said hydrocarbon processing equipment
through one or more injeétion quills with said
injection quills being maintained at é
temperature of at least about 240°C in oxder to
vaporize said antifoulant, and wherein said
antifoulant is selected from the group
consisting of: |
1. tri-tertiary-butylphenol phosphate esters;
2.; compdunds having the formula I:
| Q
p‘ . - Q Q
Q Q
. Q I

wherein Q is selected from the group consisting of: 2

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 two occurrences

of R may be alkyl;.z is represented by the formula II:



d. napht ha; e. kerosene; f. gasoil; and, g. residue.

38. The nethod according to C aim 34, wherein the anitfourant—s—added in -a -

(100 Tass 1 ow aur EPLRREMENTLGHEE: o of t he hydr ocar ool 1"
i ifhi
. . o * c *
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R; R, l
R, 0 P Q|-
R; R; o
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n I
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
a whole number of from 1 to 9; and,

3. mixtures thereof;
c. forming a thin cocke layer on the surfaces of
\ .

the processing equipment; and then,
feeding the hydrocarbon fluid to the processing
equipment.

13. The method according to claim 12, wherein the
addition of the antifoulant is discontinued during the
processing of the hydrocarbon fluid.

14. The method according to claim 12, wherein the
addition of the antifoulant is discontinued prior to the
processing of the hydrocarbon fluid.

15. The method according to claim 12, wherein the
antifoulant is added intermittently prior to the

processing of the hydrocarbon £luid.



39. .The nethod according to d ai m 34, wherein during the addition of the

anti f oul ant, t he processing equi pnment is naintained at a tenperature of -
af- | east about 240 [err]C ~ 40. A method for |hE?EE§Tﬁ§“Tﬁ‘“TUﬂ‘#en th
ol Tydfocarhon processing equiprent used o HIIIIIHHIHIIIHMI!HHIII

16. The method accordihg to claim 12, wherein the
antifoulant is added continuously prior to the processing
of the hydrocarbon fluid. |

17. The method accerding'to.claim 12, wherein the
antifoulant is added intermittently during the processing
of the hydrocarbon fluid. B

18. The method according to claim 12, wherein the

antifoulant is added continuously during the .processing

- of the'hydrocarbon'fluid. _

19. The methed according to claim 12, wherein the
hydroearbon fluid contains at least one ffaction selected
from the group consisting of:

a. ethane;
b. propane;
c. butane;
- d. naphtha;
e. - kerosene;
£. gas oil; and,
D, 'g, residue.

20. The method according to claim 12, wherein said
antifoulant is added to the processing equipment in a
carrier stream, wherein said carrier stream is selected

from the group conszstlng of:

a. steam;

b ' air;

c hydrocarbon gases;
d. inert gases; and,
e mixtures thereof.

21. The method according to claim 20, wherein the
antifoulant is added in a range of from about 0.0005% by

volume to about 10% by volume on the basis of carrier



to process a hydrocarbon flui conpri ses: a. decoki ng

processi ng equi pmen EPLACEMENI SHEEbrlor to processing_a hydrocarbon fluid, -
adding to the proce‘s$ equi prent an antifoul ant TN

o e e L e o AT
: . M5 x

conpounds having thg fiornul g Il edr

volume flow prior to the processing of the hydrocarbon
fluid.
| 22. The method according to claim 12, wherein the
antifoulant is added in a range of from about 5 ppm to
about 2,000 ppm on the basis of hydrocarbon fluid mass
flow during the processing of the hydrocarbon fluid.
23. The method according to claim 12, wherein,
during the addition of the antifoulant, the'processing
p equipment is maintained at a temperature of at least
about 240°C. ' |
| 24. The method according to claim 12, wherein,
during the addition of the antifoulant, the processing
equipment is maintained at a temperature ranging from
about 200°C to about 1,200°C.

25. The method for inhibiting the formation of coke
on the surfaces of high temperature sections of
hydrocarbon processing equipment in contact with
hydrocarbon fluid whlch comprises:

T a. process;ng of a hydrocarbon fluld in the

' presence of an antifoulant, whereln said
antifoulant is in its Qapor phése, wherein said
antifoulant is added to said hydrocarbon
equipment, either on a continuous or |
intermittent basis, through an injection quill,
wherein said injection quill is maintained at a
temperature of at least about 240°C in order to
vaporize the antifoulant prior.to the
antifoulant contacting thé surfaces of the
prdcess'equipment, and wherein said hydrocarbon
processing equipment is maintained at a

temperature of .at least about 240°C during



wherein Qis selected fromthe group consisting of: Z and R wherein two.. .

occurrences of Qare Z, and wherein Ris hydrogen, or_a straight or

branched al kyl group haV|ng from1l to 7 carbon atons,
two occurrences of

a ~and only-one—ef——
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antifoulant being selected from the group

consisting of:

1. tri-tertiary-butylphenol phosphate esters;
2. compounds having the formula I:
Q .
Q Q
W,
Q Q
L
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
from 1 to 7 carbon atoms, and only one or two occurrences
of R may be alkyl; 2 is represented by the formula II:
: ' 0
. R; Ry
N\ : / \
R, : o P o
R, R,
0O
R3 \R3
R3 /R3
R;




wherein R2 and R3 a eﬁéﬁﬁ(}mﬁm ZHER and only one or two occurrences of .

e || | R

whereiﬁ 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
a whole number of from 1 to 9; and, '

3. mixtures thereof; and,

b. forming a thin coke layer on the surfaces of
the processing equipment, whereby the surfaces of the
processing equipment are inhibited ;gainst formation of
additional coke during the processing of a hydrocarbon

L £luid. |

26. The method according to claim 25, wherein the
antifoulant is added intermittently during the processing
of the hydrocarbon fluid.

27. The method according to claim 25, wherein the
antifoulant is added continuously during the processing.
of the hydrocarbon fluid.

28. The method according to claim 25, wherein the
hydrocarbon fluid contains at least one fraction selected
from the gréup consisting of: .

a. ethane;

~ b. propane;
c. butane’
d. naphtha;
e. kerosene;
£. gas oil; and,

.residue. ‘

29. The method accord;ng to claim 25, wherein the
antifoulant is .added in a range of from about 5 ppm to
about 2,000 ppm on the basis of hydrocarbon fluid mass
flow during the processing of the hydrocarbon fluid.

30. The method according to claim 25, wherein

during the addition of the antifoulant, the processing



each of R2 and Rj and "n" is a mhole nunber of frbn11'to 9. ...

and, REPL:ACEMENmsp[EgTe thereof formng a thin
coke layer on thé¢ processi ng equi pment “[II“”"IM! Ullﬁglll
contact with thefh .ﬁzzﬁﬁf Iu dy and then,

hydr ocar bon fl ui ssj ng equiBnent , wher eby T hé slrfaces of
sai d processing €q 'nnnnr are_inhifpited against fornmation of addi tional -

coke during the nroce55|ng of the jhydrocarbon fluid thereby increasing the
run | eaqibpme & SB8ain gicqti prbemperature ofmthdedsk i ncreasing
t he product yleld fg n1the proce55|ng of a hydrocarbon fluid - through
hydr ocar bo# ﬁPEcgégl g. equi pnrent whi ch conpri ses:

31. A method for increasing the run length of
hydrocarbon processing equipment used to process a
hydrocarbon £luid which comprises:
a. decoking processing equipment;
b. prior to processing a hydrocarbon fluid, adding
to the proceséing equipmenﬁ an antifoulant in
U its wvapor phase wherein éaid antifoulant is
added to said hydrocarbon equipment, either on
a continuous or intermittent basis, through an
injection quili, wherein said injection quill
is maintained at a temperature of at least
about 240°C in order to vaporize the antifoulant
' prior to the antifoulant contacting the
surfaces of the process equipment, and wherein
said hydrocarbon processing equlpment is
maintained at a temperature of at least about
240°C during addition of said antifoulant, .
wherein said antifoulant is selected from the
group consisting of:
1. tri-tertiary-but?lphenol phosphate esters;

2. compounds having the formula I:

Q
Q Q'
Q Q
Q f
wherein Q is selected from the group éonsisting of: 2

and 'R, wherein two occurrences of Q are Z, and wherein R

is hydrogen, or a straight or branched alkyl group having



é. decoki ng processLng_equLpnenLj b. prior to processing a hydrocarbon. -
fluid, adding to {tREPDAGEMENTI SEBEEIQYi prent an antifoulant i.n its vapor -

phase selected frp sijsting of: —_—

2w | s

from 1 to 7 carbon atoms, and only one or two occurrences

of R may be alkyl; 2 is represented by the formula II:

O

wherein R,'énd‘R3 are the same as R and only one or two
occurrences of each of R; and R, may be alkyl, and “n” is
N\ aiwhole number of from 1 to 9; and,
3. mixtures thereof;

c. forming a thin coke layer on the surfaces of
the processihg equipment in contact with the hydrocarbon
fluid; and then,

d. feeding the hydrocarbon fluid to the proceséing
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 iength of the processing

equipment.



1. .tri-tertiary-butylphenol phosphate esters; : conpounds having

t he fornula | : SHEEﬁhereln Qis selected fr6ﬁ+%he—gLLHUL________

consi sting of: ZR wo occurrences of

wherein R is hjddogen, or a sttalght or branched al kyl "ﬂﬂ # l"""
dn 220PEB 99 ¢n y one or60t wo occurrenc

alkyl; Z is rdgpriesented by thé flormula I1:. [err]

froml-to 7 carlb

L32-——2A-method for increasing the product yield from
the processing of a hydrocarbon fluid through 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 wvapor phase whereiﬁ-said antifoulant is
added to said hydrocarbon -equipment, either on
N - a continuous or intermittent'basis, through an
' . injection quill, wherein said injection quill
is maintained at a temperature of at least
about 240°C in order to vaporize the antifoulant
prior to the antifoulant contacting the
surfaces of the process equipment, and wherein
said hydrocarbon processing. equipment is
maintained at a temperature of at least about
240°C during addition of said antifoulant,
wherein said antifoulant is selected from the
group consisting of:

1. tri-terfiary-butylphenol phosphate esters;

_2. compounds having the formula I:
Q
Q Q
Q Q
Q I

wherein Q is selected from the group consisting of: 2
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 two occufrences

of R may be alkyl; Z is represented by the formula II:



b6 wherein R2 and R3 are the sane as R and onIy one-or..

two occurrences of each of R2 and R3 nmay be al kyl, a -a_whol e
nunmber of from1l to 9;. and, 3. n1xt reof
C. formng a thin coke Iayer on the surfaces of th H ‘ﬂ ment
I n cont act : W|th t he hydro6hkrbon fl uid; a W”r

R, R; l
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n 1

wherein R, and R; are the same as R and only one or two
occufrences of each of R, and R; may be alkyl, and “n” is
a whole number of from 1 to 9; and,

’ 3. mixtures thereof;

o 1 c. forming a thin coke layer on the surfaces of
the processing equipment in 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 of additional coke during the
processing of the hydrocarbon £fluid thereby increasing
the product yield from the processing of the hydrocarbon

fluid through the processing equipment.



-

d. "feeding the hydrocarbon fluid to the processing equi pnent, whereby -
thé surfaces of said processing equipnent are inhibited-against formation -
of additional coke during the processing of the hydrocarbon fluid thereby

i ncreasing the product yield fromthe processing of the hydrocarbon fluid
t hrough the processing equi pnent.

METHOD TO VAPOR-PHASE DELIVER HEATER ANTIFOULANTS

Abstract of the Invention
The present invention is a method of preventing fouling and coke formation on the high
temperature sections of hydrocarbon processing equipment which comes into contact with a hydrocarbon
fluid. The method comprises adding to a carrier prior to the cartier coming into contact with the high

temperature sections of such equipment, an effective amount of an antifoulant in its vapor phase selected

o from the group consisting of tri-tertiary-butylphenol phospha_m esters and compounds having the formula
" . 1" REPLACEMENT SHEET
o NQ 12FEB B9 | |
Q Q
O |

wherein Q is Z, or R with the proviso that two occurrences of Q are Z, R is hydrogen, orasu-aightoi'
- 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:

Ry Ry o
Il
N, S
— |
R: Ry o
R; R,
_k’ R’-
b n (I

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 a whole number of from | t0 9, and mixtures thereof.



