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The invention relates to an antifouling process for treating heat
transfer surfaces which heat or cool various hydrocarbon feedstocks, often
in the presence of steam, at conditions tending to promote the farmation of
coke on the surfaces, and more particularly, to phosphoric triamides for use
as an antifoulant. :

BACKGROUND OF THE INVENTION

| Ethylene manufacture entails the use of pyrolysis or cracking
fumaces to manufacture ethylene from various gaseous and liquid
petroleum feedstocks. Typical gaseous fesdstocks include éthane,
propane, butane and mixtures thereof. Typical liquid feedstocks include
naphthas, kerosene, and atmosphericivacuum gas oil. When gaseous or
liquid hydrocarbon feedstocks are pyrolyzed in the presence of steam,
significant quantities of ethylene and other useful unsaturated compounds
are obtained. Steam is used o regulate the cracking reaction of saturated
feedstocks to unsaturated products. The effluent products are quenched
and fractionated in downstream columns, and then further reacted or
processed depending on need.

Fouling of cracking furnace coils, transfer line exchangers (TLEs)
and other heat transfer surfaces occurs because of coking and polymer
deposmon The fouling problem is one of the major operationat limitations
experlenced in running an ethylene plant. Depending on deposition rate,
ethylene furnaces must be periadically shut down for cleaning. In addition
ta periodic cleaning, crash shutdowns are sometimes required because of
dangerous increases in pressure or temperatures resulting from deposit
buildup in the furnace coils and TLEs. Cleaning operations are carried out
either mechanically or by passing steam and/or air through the coils to
oxidize and burn off the coke buildup. '

A major limitation of ethylene furnace run length is coke formation in
the radiant section and transfer line exchangers (TLEs). The coke is
narmally removed by introducing steam and/or air to the unit which in effect
burns off carbonaceous deposits. Since coke is a good thermal insulator,
the furnace firing must be gradually increased to provide enough heat
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signi fi cant quanti.ties of. ethylene ‘and ot her .useful -Unsaturated conpounds,
are obtained. Steamis used to regulate the cracking reaction of saturated
f eedst ocks to unsaturated products. The effluent products are quenched and
fractienated in downstream colums, and then further reacted or 20
processed dependi ng on need. Fouling of cracki@g furnace coils, transfer
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four months depending in part upan the rate of fouling of the furnace coils
and TLEs. This fouling rate is in turn dependent upon the nature of the
10 feedstock as well as upon furnace design and operational parameters. in
general, however, heavier feedstocks and higher cracking severity results in
an increased rate of furnace and TLE fouling, A process or additive that
could increase run length would lead to fewer days lost to decoking and
lower maintenance costs.
15 Significant effort has been exerted over the past twenty vears in
developing phosphorus, in numerous forms, as a coke inhibitor. See U.S.
Patents 3,531,394 to Koszman (phosphoric acid); 4,105,540 to Weinland
(phosphate and phosphite mono and diesters); 4,542,253 and 4,842,716 to
Kaplan et al. (amine complexes of phosphate, phasphite, thiophasphate and
20 thiophosphite mono and diesters); 4,835,332 lo Kisalus (triphenyl
phosphine); and 4,900,426 to Kisalus (triphenyl phosphine oxide).
Compared with other element-based additives, many of these phaosphorus-
based antifoulants have performed extremely well with respect to coke
suppression in both lab simutations and industriai applications; however,
25 some have yielded detrimental side effects preventing prolonged usage in
many situations, e.g., contributing to corrosion, impairing catalyst
performance, or the like.
Convection section corrosion has been a problem with many
phosphorus-based anticoking additives of the prior art. Along the path cf
30 the convection section tubing, conditions are constantly changing. Heated
steam and hydrocarbon are typically introduced to the section separately
and then mixed well before entering the radiant section. Duting the
numerous passes that the streams experience, separated or mixed, there
can be temperatures, pressures, and compositions which enhance the
35 conversion of antifoulants to detrimental corrosive by-products. A product
which is an excellent coke suppressant may also be an extremely corrosive
species if it accumulates in the convection section.
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A major 1imtation of ethylene furnace run length is coke formation in the
radi ant section and transfer |ine exchangers (TLEs). The coke is normally
renoved by introducing steamand/or.air to the unit which in effect burns
of f carbonaceous deposits.- Since coke is a good3thermal insulator. 35 the

furnace firing nust be gradugddeyaddifesarees mfeu@-rqm @Onidtei) ratigdl and fLE
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shorten the tube life
Additional Iy, coke for n%(leWoHe%cPf‘E%‘é@‘E%B"@F f’b@?lpﬁ@aﬁ’rf&%‘?@é‘&t VEFQueRsba
of the process gas, whi ¢dwerncausticslower érel/qircompiessor dnogk-adt doss, white tharigatee

and TLES- Not S onl g i gompdricals! fe Maosbagied G cblbdﬁﬁs kewhstrdbhi g Ghd Bempdgssedsi ng
operation, but also the sBEeafiklioh f'tokd!HRiohsS Wl vk Lol s R dchlted
y S mainly by their physical properties. Briefly, inhibitor by-products with high
boiling points are condensed early in the fractionation process while lighter
ones progress to the later stages.

10 Accuraulation of antifoulants andfor their by-products in the cadiant
and TLE coke, primary fractionator, or water quench tower, is for the most
part acceptable. These sections process and collect many other héaw
praoducts which are quite impure and thus, trace amounts of an additive
generally do not have a significant impact,

15 In contrast, additives and/or by-products that go past the caustic
lower and compressor sections can be a significant problem, Past these
sections, purity becomes an important issue since the downstream
fractionation generally separates the unsaturated products into high purity
chemicals. The presence of phosphorus-containing products which might

20 adversely affect the performance of catalysts used to process these lighter
components is unacceptable.

Many phosphorus-containing products are good ligands and can
adversely affect the catalyst performance. The phosphorus by-product
which is of greatest concern is phasphine (PH3). This by-product is

25  extremely low-boiling (-88°C). In fagt, it has basically the same boiling point
as acetylene (-84°C), a hydrocarbon by-product which is often catalyticatly
hydrogenated to the more desired ethylene.

Accordingly, there remains a need for a phosphorus-based
anticoking additive for cracking furnaces which is essentially free from

30  contributing to corrasion and from forming catalyst impairing by-praducts.

SUMMARY OF THE INVENTION

The present invention is a method for the use of a new antifoulant
and coke suppressant, a phospnoric triamide, to reduce fouling in various
high temperature applications, including steam cracking furnaces. The

35 phosphoric triamide is used to treat heat transfer surfaces used to heat ot
cool a petroleum feedstock at coke-forming conditions. The heat transfer
surfaces are contacted with an effective amount of a phosphoric triamide of
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et hyl ene yi.el d. Run | engt hs f‘or ethyl-ene furnaces- average from one week to
four nonths depending in part upon the rate of, fouling of the furnace cbils

and TLEs. This fouling rate is in turn dependept upon the nature of the 10
feedstock as well as upon furnace design and o'ger ational paraneters. In
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coke inhibitor. See U. S‘Nh e X #94ndl €0gKRS prateratiip Boifphand Gspeiatly |
4,105,540 to Weinla

4542, 253 and 4, 842, 16"%% e"e%p F “ﬁe‘%@? iltco S T b b

phosphi te, thi ophosphatsé"%[ﬁ'cf" emt"fﬁ”&dﬂ% % %’ﬁ tr a&p%g{ézh
4,835,332 to Kisal us sufatesipsonth hpatingonceating mrmtrwe@o@edﬁecft sowwswf
(triphenyl phosphine oxh@&dittentty adding a trace amount of the additive to the petroleum
feedstock as it is being heated or cooled, adding the phasphoric triamide to
10 steam feed which is then mixed with the petroleum feedstock, to the
petroleum feedstock itself, or to a feed mixture of the petroleum feedstock
and steam, and the iike. S

Where the petroleum feedstock being heated or cooled is treated

with the phosphoric triamide, the additive is preferably added at a rate from

15 about 0.1 to about 1000 ppm, on a basis of elemental phosp‘hdrus in the
additive, more preferably from abeut 1 to about 100 ppm, by weight of the
petroleum feedstock.

Each R4 and RS in the foregaing phasphoric triamide formula is
preferably alkyl, aryl, alkylaryl, or arylalkyl, wherein the phosphoric triamide

20 preferably has from 3 o about 48 carbon atoms, and more preferably, each
of g4 and RS have from 1 to 8 carbon atoms, More preferably, each
heterocyclic moiety has from 4 to 12 carbon atoms and is selected from
pyrrolyl, pyrrolinyl, pyrrolidinyt, piperidino, dihydropyridittyi,
tetrahydcapyridinyl, azepinyl, indoly!, indolinyl, isaindolinyl, carbazolyl and

25 thelike.

For the purposes of this invention, coke formation is defined as any
buildup of coke or coke precursors on the heat transfer surfaces, including
convection coifs, radiant furnace coils, transfer line exchangers, quench
towers, or the fike. Other phosphorus-containing compounds have been

30 disclosed in various pafents and other references as effective coke
formation inhibitors. However, none of the phosphorus compounds provide
the same performance as the presently preferred phosphoric triamides.
Performance is based nat only on the anticoking agent's ability to suppress
and inhibit coke formation, but just as importantly, on being essentially free

35 from causing any harmful side effects associated with many of the prior art

additives, such as contributing to corrosion or impairing catalyst
performance,
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Conpar ed-'wi-t-h-.ot-fer- |- erent - based ‘addi ti ves, many-of these phospherus-= -- -~
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BRIEF DESCRIPTION OF THE DRAWINGS

10 Fig. 1 is a graph of coking rates abtained by inhibition with
tripiperidinophosphine oxide over a typical cracking furnace operating
temperature range according to the present invention.

DESCRIPTION OF THE INVENTION

The coking inhibitor of the present invention is a phosphorus-based

16 compound which is preferably essentially non-carrosive and is preferably

essentially free from phosphine formation under general conditions for

hydrocarbon cracking. The present anti-coking agent has the following
general formula:

ll

R'-—p —R3 (L)

RZ

20 wherein X is chalcogen, preferably sulfur, and especially oxygen; and
wherein each R1 through R3 is independently an amino moiety of the
formula:

—N
\R5

wherein gach R4 is independently hydracarbyl, such as, for example, alkyl,
aryl, alkylaryl, arylaikyl, or the like, and each RS is independently hydrogen
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species-i'f it-accunulates in the convection section. 3 Once additives
pass through the convection, radiant, and TLE sections, they are subject to
ef fl uent quench conditions. In a very sinplified view, heavy products
concentrate in the primary fractionator, water quench tower, caustic tower
and/ or® conpressor knock-out druns, while the lighter 5 conponents are

fractionated i n col ums oelgirseain laahd)tﬁ"thER&&Rﬂ{ﬁg&ﬁér&anMﬂWé@bl'meoﬂh acoke

i nhi bit d thei i
physi cal pr oper ties. B ?%Ff%gvéﬁ%fﬁﬁ‘“%?%ﬁ *Sm*’ e Syl ng H;id?i:;i
nes

points are condensed eaPP§ iHe, Wdfqpé'&dt‘qybﬁ qhg F‘G@é‘sgz%‘ﬂy?é“
progress to the |ater sisaigeelinyllGarbazolyl am:bdurﬂheat Tols cidssaoft nikreganeaeSIningd/ or
their by-products insthendspHor@®tcompounds is referred to generally herein as phosphoric
triamides, but are sometimes aiso known as phosphoramides or

triaminophosphine oxides or sulfides.
The phosphoric triamide preferably has from 3 to about 48 carbon
atoms, and more preferably from 12 to 24 carbon atoms. Each hydrocarbyl
10 group R4 and RS (where they do not form a heterocyclic amino moiety}
preferably comprises from 1 to 15 carbon atoms. Each heterocyclic amino
moiety (where R4 and RS taken together form the heterocyclic moiety)
preferably has fram 4 to 12 carbon atoms. If the number of carbon atoms in
the amino moleties is excessively large, the economics of the additive are
15 less favorable, the additive can lose volatility and miscibility to mix properly
in the petroleum feedstock being lreated, or can lose the desired stability.
The hydrocarbyl groups c¢an be substituted with or contain a heteroatom
such as a chalcogen, pnicogen, or the like, but this is generally less
preferred because of the concomitant instability imparted by the heteroatom.
20 However, in scme situations, where the heteroatom will impart solubility in
steam or water, for example, the presence of a heteroatcm can be useful,
especially where the heteroatom is in a terminal portion of the hydrocarbyl
group spaced from the aminc moiety, so that any cleavage or other reaction
of the heteroatom will leave the triaminophosphine maiety substantialiy

25 intact for anticoking effectiveness.

The hydrocarbyl groups can be the same or different in each amino
moiety, for example, where the phosphoric triamide is formed from a mixture
of different amines, and/or reacted with different amines in a stepwise
fashian. In many instances, it is not. necessary that the phospharic triamide

30 be completely pure, and the reaction product obtained by using isomers or
mixtures of amines, which may be more economically available than the
pure amines, are generally suitable.

. Specific representative examples of the anticoking additives include
tripiperidinophosphine oxide, hexamethyl phasphoramide, hexaoctyl

35 phosphoramide, hexaphenyl phosphoramide and the [ike. Phosphoric
triamides wherein the amino moieties are cyclic groups, particularly
piperidino and pyrrolidinyl, are preferred for the characteristics of non-
carrosivity and being essentially free of phosphine farmation, as well as
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and TLE coke, 'primary fractionator, or water quench tower, is for the nost
part acceptabl e. These sections process and col |l ect many ot her heavy
products which are quite inpure and thus, trace anounts of an additive
generally do not have a significant inpact. 15 I n contrast,

addi tives and/or by-products that go past the cgustic tower and conpressor

sections can be a signi féogggggfgé\%ggbg%r ﬁ??gr nggsbg céﬁ@té'ngrggmeméhj:gv)én@ﬁ&gges
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¢ ?ﬁf, e sph

adversely affect the Tatal yst rmance. us - praduc i.ch
is of greatest concern i§ Bh3SpFINE LERFPSESTHE SR %‘&LFCVPP%Séé?Z%e“er;"y\'A@‘e

extrenmely | owboiling (-@8seharecCriamices faatde PrepREs Pyudhe paq)ion (Rf Rhgaghorus

boi I'i ng poi nt oxyhalide, e.g. phosphorus oxybromide or phosphorus oxychioride, with an

excess of the desired amine, e.g. piperidine, in a suitable soivent such as

10 heavy aromatic naphtha, toluene, benzene, etc.,, with evolution of the

corresponding hydeohalide. Other bases which are less nucleophilic (e.g.

pyridine) may also be incorporated to help drive the desired transformation.

Alternatively, the phosphoric triamide can be prepared from the

corresponding phosphorus triamide which is oxidized oc sulfurized. In some

15 cases, it may be possible to effectively convert phosphorous triamide to the

corrasponding phosphoric triamide in sitv in the cracking furnace, in

2ccordance with the prasent invention.

The TPyPO is used to inhibit coke formation on heat transter

surfaces used most often to heat, but sometimes to cool, petroleum

20 feedstocks at coke-forming conditions, by treating the surfaces with an

effective amount of the TPyPQ. The surface can be effectively treated, for

example, by introducing the TPyPO into the petroleum feedstock before the
feedstock comes into contact with the heat transfer surfaces.

In general, the TPyPO can be used in an amount effective to obtain

- 25 the desired inhibition of coke formation, usually at least 0.1 ppm by weight
in the hydrocarbon, preferably at least 1 ppm, on a basis of elemental
phosphorus. There is usually na added benefit in using the TPyPQ in a
relatively high concentration, and the economics are less favorable.
Preferably, the TPyPO is used in an amount from about 0.1 to about 1000

30 ppm, more preferably from about 1 to about 100 ppm, by weight in the
hydrocarbon, on an elemental phosphorus basis.

The addition to the petroleum feedstock is preferably continuous, but
it is also possible to use the petroleum feedstock treatment on an
intermittent basis, depending on the coke inhibition which is desired in the

35 particular application. For example, where there is a scheduled shutdown of
the heat transfer equipment for maintenance, other than for the build up of
coke deposils, the continuous addition of the TPyPO to the petroleum
feedstock could be terminated in advance of the shutdown. Or, the anti-
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as acetyl'ene (-84[err] €, .a hydrocarbon-by-product which:is.often.. -~ - .
catalytically hydrogenated to the nore desired ethylene. Accordingly, there
remai ns a need for a phosphorus-based anticoking additive for cracking
furnaces which is essentially free from30 contributing to corrosion and

fromformng catalyst inpairing by-products. SWWARY OF THE | NVENTI ON The
resent inventionis a hod for th se . W, | n o]
guppressant, a phospnor‘i‘o 'Ingrﬁﬁ?ﬂ?dg?u' ob reuag%e'ﬁlf g‘%l P%ngél%np\%ﬁ%ccg %l‘?i;h!ﬁg
tenperat ure applicati ondevelop@enidpng BEEWR GFoRc KIroHgNf &Pn%??és‘fa“#%é %%gmem
phosphoric triam de is indieative of takeddrmiatiat thereiansf er surfaces used to heat or
cool a petroleum feedstock gfs AakSodsPleth BatdKHak irfridter slthatel baforel theyrtaimer
surfaces are contactgd it D, @ Qfithefb ! peioRiR Y0ashkx, oP RAFHIC byC abdifiyTiride Of
TPyPO as a pretreatment or as a treatment between production runs. As 3
pretreatment, the TPyPO can be circulated through the heat transfer
equipment, preferably in a suitable diluent. The heat transfer equipment
can also be filled with the TPYyPO solution and allowed to soak for a period
10  of time to form a protective film on the heat transfer surfaces. Similarly, the
petroleum feedstock can be dosed at a relatively high iitial rate, for
example, at the beginning of a run, e.g. 0.5 to 2.0 weight pércent, and after
a period of time, e.g. 1 to 24 hours, reduced to the continuous dosage rates
described above.
15 ~ Where the petroleum feedstock being heated or cooled is being
treated on a generally continuous basis, the TPyPO is preferably added as
a sclution in 2 master batch. The mode of blending the TPyPQO with the
feedstock is not particularly critical, and a ‘vessel with an agitator is all that
is required. However, most conveniently, @ master batch of the TPyPO in a
20 suitable salvent, such as aliphatic or aromatic hydrocarbon, is metered into
a stream of the feedstock and intimately mixed therein by turbulence in the
processing equipment. Also, the TPyPO can be added to a steam or water
stream which is injected or otherwise added to the petroleum feedstock
stream, or the TPyPQO c¢an be added to a mixed stream of the petroleum
25 feedstock and steam or water.

The TPyPQ should be added to the feedstack upstream of the heat
transfer surfaces being treated. The TPyPO addition should be sufficiently
upstream to allow sufficient mixing and dispersion of the additive in the
feedstock, but preferably not too far upstream in order to aveid or minimize

30 any significant decomposition or degradation of the TPyPO before it
reaches the surfaces being treated.

The invention is illustrated by way of the following examples.

EXAMPLES

In the following examples, various phosphorus compounds were
35 evaluated and compared for coke inhibition, corrasivity and phosphine
formation. The additives used are designated as indicated in Table 1.
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the formula..Rlerr], Rlerr], Rlerr} P=X wherein-each R efr] through Rlerr} is’
an amne noiety of the fornula -NR[err]R[err] wherein R err] is hydrocarbyl
and Rlerr} is hydrogen or hydrocarbyl, and Rlerr] and R err] taken together
can, and preferably do, forma heterocyclic noiety; and wherein X is

chal cogen, preferably sulfur, and especially 5¢ oxygen. The heat transfer
surfaces can be contacted mnth t he |nh|b|torTAéLéqeveral di fferent ways,
including, for exanple, pretregt+rg—thejreat—transter—surfaces prjor to
heating or cooling the petrol eum fogewst oLk cONIACTNEGOMEONENTYr | ntorimi ttent |y
adding a trace anount of the ditiye to}thg.nflklesd feedstock s it is
bei ng heated or cool ed, addi ng € ospphoric triamde to 10 ,steamfeed
which is then nmixed with the p e e
feedstock itself, or to a feedimxtéire o

steam and the |like. Were the| petrgl eum fead&&m&& ' weﬂ{ gd of cool ed
is treated with the phosphoric|triagm de, thg!gﬂg%ﬂ;‘ V&-is preferably added
at arate from -

7 Triohenylohosohine

¢ Sorare trivutyiohosotine comlex

H Tﬂmmﬂmoﬂde

*Alkyl greups ware C4+Cy g paraffing; neutratized with morpholing,
** Neutralzed wilh marpticline,

For coke suppression data, a laboratory reactor was used to simulate.
conditions used in a typical ethylene furnace. The reactor is described in
U.S. Patent 4,835,332, which is hereby incorporated herein by reference.  °
All weights and percentages are on a weight basis unless otherwise

S indicated.

Example 1

Tripiperidinophosphine oxide (TPyPO) was evaluated for coke
suppression at 200 ppm and 500 ppm in n-hexane. The hexane was fed
into the test reactor at 38-40 g/hr with steam dilution at 0.5 kg/kg hexane,
and a VIF, value of 41-43 hsec/mol, where V is the equivalent reacter

10 volume (in liters) and Fo is the initial molar flow rate of hexane (in
moles/sec). The results illusirated in Fig. 1 show that Additive A reduces
the asymptotic coking rate over a range of temperatures above about
770°C. This performance is comparable to the performance of other

phosphorus-based additives repor‘ed in U.S. Patents 4,842,716; 4,835,332.
15 and 4,900, 426.

Example 2 _ _

A high temperature wheel box was used to determine the degradative
properties of various additives over long periods of time, To accelerate
corrosion effects, Additive A was used at a concentration of S percent in
heavy aromatic naphtha, and other additives were used at an equivalent -

20 phosphorus content. The additive was added to a high alloy vessel along
with hydrocarbon, an equal amount of water and preweighed coupons
constructed of carbon steel. The contents were rotated continuously at

Nalco Casc 4665-A/13-A/ndm ’ osp yms |

Sheet Has Been Reﬂlaced

T




15 about' 9, _’L to abou{ 1000 ppm--on- a‘ basi s-of el enent al thsphorus in the
additive, nore preferably fromabout 1 to about 100 ppm by wei ght of "the
petrol eum feedst ock. Each R err] and R err] in the foregoi ng phosphoric
triamde fornmula is preferably alkyl, aryl, alkylaryl, or arylalkyl,
wher ei n. t he phosphoric triam de 20 preferably hﬁ from 3 to about 48

b t d f bI ch d 1t
o carbon aloms. Nore. pr otGiARGHFe e o bpa ROy Ergh Rasionh an A 2

carbon atonms and is sel edureatef thermiging easused that ibylcp'éﬂoﬂﬁwmﬂd behg¥posed gibeyn 2
pi peridino,  dihydropyr lhd.nﬂ')ﬁhd agad prdsy Wornpyseddr wiler ariigRiratatoon). rEkpbsidg the
i ndolinyl, 1soindolinyl, @ﬁ Razey ¥|l ha%gééturé 6 el tE 3ugérxéd§eoﬂo'ﬂﬁ1@°l§§ﬁ wak

t hi t ke f
precur Sor 8. on tho. heats { PAIEGHALdeSRHER %ﬁrm?ﬂcynm@o it oy 18 LT s

radi ant furnace coils, tsimddtedamorse cane Beangea ivolying:Adairly bighcanceptrationef an
i ke. Ot her phosphor us- ceadigveninnthe conatiordssctian witlb eesntual accumulation/degradation

(e.g. thermolysis, hydrolysis, dispropartionation, etc.) to by-products which

may or may not be corrosive, Additionally, the appearance of corrosion may
10 not be the direct result of degradation, but may be an inherent propecty of
an additive. In Table 2, test data for Additive A is compared against three
other compounds, two of which were amine-neutralized phosphate esters
mono- and di-substituted with alkyl groups, known coke suppressants with
aggressive corrosivity. As can be seen, the tripiperidinophosphine oxide (A)
15  exhibited excellent performance. The same was not true for the other

phosphorus-based compounds. '

TABLE 2
ADOITIVE WEIGHT LOSS (ma)
A (TPyPO) 9.2
8 _ sa
c 118
D 120
NONE 1.6

Example 3
A lab unit was constructed which would simulate the dynamic (i.e.
erosive and corrosive) conditions of a lypical convection section of an
ethylene furnace. Corrosion is-more likely to occur at or near the
20 bends/elbows of the convection sections because of high erosion due to the
velocity of the stream. Steam, generated from one vessel, was mixed with
hydrocarbon (hexane and toluene at 50-50 weight percent} from a second
vessel (steam:hydrocarbon weight ratio 0.5-0.6). Heating to the desired
temperature was accomplished by passing the mixture through two
25 independent fumaces held at specified temperatures (100-600°C). Bath
furnaces were monitored and controlled via two separate temperature
controllers. Preweighed corrosion coupons, made of carbon steel, were
situated at the bends within the furnace coil. Coupon A was situated in the
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30 dischosed in various patent$s-and other - eferences-as .efif ective coke . -
formation inhibitors. However, none of the phosphorus corrpounds provi dé t he
same performance as the presently preferred phosphoric triam des.
Performance is based not only on the anticoking agent's ability to suppress
and inhibit coke formation, but just as inportantly, on being essentially
free 35 from causing any harm‘ul side effects ssomated W th ny of the
prior art additives, suéfpcesssfionn subiedied fofge efasive Gnd Seeiive RAtup rrg] ARG SS
catal yst performance. strgen, usstiedre rapd gt qobweoltmatmree(@m\@ckﬁwﬁ) (elative to
refer to any hydrocar bogoggstes HHioh hﬁ@%ﬂﬁt&rdmh@éﬂn at atHighenashperatan sfees

surfaces, regardless of tﬁanesog?gr eﬁle °£J&¥%ﬁ% LBE:??eI%%Hthe @H@SW&P“&@ Iy

when used in reference to an crac fur ers to
t he 5 coupons as wi l as both furnace sections.

The additives were added to the hydrocarbon feed and tested under
conditions identical to a blank (without additive). Coupon weight loss for
several additives is given in Table 3. Tripiperidinophosphine oxide (A), at
2.4 weight percent in the hydracarbon, gave excellent resuits compared to

10 the others tested, at an equivalent phosphorus content.

TABLE 3
ADDITIVE WEIGHT LOSS (mq) :
COUPON A couroN B
A (TPvPOY 13 4.7
B 43 _ad .
] _2s 5.2
g 1.4 313
NONE 12 1.2

Example 4
To determine the propensity of various phosphorus-based products
to yield PH3, a known catalyst poison, additives were evaluated in the
16  apparatus described in Exampie 3. Additive A was used at 5 weight percent
in the hydrocarbon, and all other additives were used at an equivalent
phosphorus content. To achieve the proper cracking temperature, a radiant
section (750-850°C) was added just after the convection section. To more
accurately simulate a typical ethylene furace downstream quenching
20 process, the effluent gases were passed through several vessels
maintained at low temperatures {Q*C and ~78°C), a caustic scrubber, and a
dryer containing 3A molecular sieves. Phosphine production levels given in
Table 4 below are relative to each other (Additive F reading = 100) and
were determined by the colorimetric reading taken from a gas detectar
25  situated downstream of all the condensers. A low value indicates little PH3
was praduced while higher values indicate larger levels were produced. As
a second confirmation that PH3 was being produced by the phosphorus
based chemicals, the cracked gas effluent was bubbled through deuterated
chioroform at low temperatures (-78°C) and analyzed by 3'PNMR at -60°C.
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5 hydrocarbon before processing, -as well..as the- hydrgcar bon during and
after processing i'n the furnace itself, in the TLE, i'h the quench secti on,
etc. The feedstock can include ethane, propane, butane, kerosene, naphtha,
gas oil, conbinations thereof, and the |ike. BRI EF DESCRI PTI ON OF THE

DRAW NGS 10 Fig. 1 is a graph of coking rates obtained by inhibition
with tripiperidinophosphine oxide over a typict cracking furnace operating
tenperature range accorfengedtunt SitaiRscemtdhed PH-EMGM o2 litddBlE(ER-23RI gph, QhartBHE

| NVENTI ON The coking i %Q Hgéwﬂ the present inventionis a

phosphor us-based 15 conpoﬁ I'ch is prefera? sentially non-corrosive

and is preferably essentially free fromphosphi under gener al
conditions for hydrocarbon cracking. Tke_gbmnt antmssKi Nlg agent has-the
foll ow ng general formula: [err] A(TPYPO) o7 :
F 100
G >250
H 20
NONE NONE

From the foregoing data, it is seen that the tripiperidinophosphine

- § oxide was as effective in coke suppression as the prior art phosphorus-
based additives, but was gssentially free from contributing to corrosion and
from {forming phasphine. [t is further seen that the other phosphorus-based
additives evaluated either contributed to corrosion or formed phosphine .
under coking conditions.

10 The foregeing description of the invention is illustrative and
explanatory thereof, and not intended in any limiting sense, Various
changes in the materials, apparatus, steps, procedures and particular parts
and ingredients will accur to those skilled in the art. It is intended that all
such variations within the scope and spirit of the appended claims be

15  embraced thereby.
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20 wherein X.is chal cogen, preferably sul fur, and especi-ally oxygen; and
wherein each Rierr] through Rlerr] is independently an am no noiety of the

kD, Byl al Kyl aryl | Saryiakyl o the | ?ﬂﬂlfﬂ”ﬂllﬂlﬂﬂllﬂﬂﬂllm

f or mul a:
exanpl e,

I ndependent |y hydrogen 6 or hydrocarbyl anq Rlerr] and Rrerf] taken

toget her can, and prefera
exanpl e, pyrrolyl,

,do forma heterocycllc noi ety, such as, for
, pyrrolidinyl, piperidino, dlhydropyrld&%
Iyl

p
t et rahydr opyri di nyI ¥asz| n@lmemcﬁof@l‘ lywbltinsw%mfwﬁtwnu ogmqaamnsmsurfasaw
and the like. This c.‘Eass of tnheéat cgenwek a rpeloirum deddstopk @b phics-fosmiog rprxditits, | S
referred to general ly herei Borgrisigosphori c ‘

4
5

N AN =2 W AN SR ~AN-A N« a0
(2]

contacting the heat transfer surfaces with an effective amount of a
phosphoric triamide of the formula:

X
R1— l]-! —R3 ( 1)
X
wherein X is chalcogen and each R1 through R3 is an amino moiety
of the formula;
N/IR4
AN RS

wherein R4 is hydrocarbyl, and RS is hydrogen or hydrocarbyl, and
R4 and RS taken together can form a heterocyclic maiety.

The method of claim 1, whergin X is oxygen or sulfur.

The method of claim 2, wherein the phosphoric triamide comprises

from 3 to 48 carbon atoms.

The method of claim 3, wherein the hydracarbyls are free of

heteroatoms.

The method of claim 4, wherein each of R4 and RS is independently

alkyl, aryl, alkylaryl or arylatkyl having from 1 to 15 carbon atoms.

The method of claim 3, wherein the amino moieties comprise

heterocyclic moieties having from 4 to 12 carbon atoms.

The method of claim 8, wherein the aminc moieties are selected from

pyrrolyl, pyrralinyl, pyrrolidinyl, dihydropyridinyl, tetranydropyridinyl,

piperidino, azepinyl, indolyl, isoindolinyf, indolinyl, and carbazciyl.

The method of claim 1, wherein the phaspharic triamide comprises

tripiperidinophosphine oxide.

The method of claim 1, wherein the petroleum feedstock being

heated or cooled is treated with from 0.1 to 1000 ppm on a basis of
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triam.des, but are sonetinmes al so known as phosphor
tri am nophosphi ne oxi des or sulfides. The phosphori ¢ m m ,Hg ,H!&bl y
has from 3 to about 48 carbon atons, and nore preferab oM.

carbom atons. Each hydrocarbyl 10 group R err] and R[err] (where they do
not forma heterocyclic amino noiety) preferabl4 conprises froml to 15
carbon atons. Each h&t er ocyelementahphospisus inythe ihespinofRE dnanjidenbygl weoar of thtaken
together formthe he4erocycleeéstdari ety) preferably has from4 to 12 car bon

atonms. |f the nunberq ofqgar
| arge, the econom cs1 of fhe?%qt%ﬁ‘aw %%?‘ ?@VEE&%?M %?%&glg}e{n

can lose volatility 4nd i sk§ qleg isi tre Q PRIt PR IRRAR

f eedst ock being treated, oreleaﬁntabg@spmﬁmhemommm trianyide Weveiu}'ldpbtbar byl
groups can be substi4ut ed Weetistask. cont ai n a het eroat om such as a chal cogen,

pni cogen, or the Ibl lkﬁ, AUt tHhe Felidd AR NEiR | 1 BWHePet'ﬁ'ﬁtﬁérﬁ‘é(tﬂ%fe@ﬁxdfeggﬁé’&slﬁclﬁ’éest he
concom tant i nst abi Jty | rrpgﬂ;‘% aﬁ} %%F%#e gutﬁsroa 58'{)@“3 | %O?%ewes\’/a%r oul n.sqme

situations, where the het Ol Somblnation thereot.”
e

1 12. The method of claim 1, wherein the heat transfer surfaces compnse
cracking furnace coils,

13.  The method of claim 1, wherein the hea! transfer surfaces comprise
transfer line exchangers.

14. The method of claim 1, wherein the heat transfer surfaces are
pretreated with the phosphoric triamide before héating or cooling the .
petroleum feedstock.

15.  The methad of claim 6, comprising;

. adding the phosphoric triamide to a petroleum feedstock; and
passing the resulting admixture through convection and radiant
sections of a cracking furnace.

16.  The methad of claim 15, further comprising fractionating the furnace
effluent and catalytically treating a fraction thereof.

17.  The method of claim 6, comprising:
adding the phosphoric triamide to a petroleum feedstock or ethylene

furnace effiuent upsiream from a transfer line exchanger; and
passing effluent from the cracking furnace containing the phosphoric
triamide through the transfer line exchanger.

18.  The methed of claim 17, further comprising fractionating the furnace
effluent and catalytically treating a fraction thereof.

19,  The method of claim 6, comprising:
adding the phosphoric triamide to steam:
mixing the steam with a petroleum feedstock;
passing the admixture of feedstock and steam containing the

phosphoric triamide through a cracking furnace.

20. The method of claim 6, comprising:
adding the phosphoric triamide ta a mixture of steam and a petroleum

feedstock; and
passing the resulting admixture through a cracking furnace.

SN SR WON AN SO S WR 2 N A PRAWN 2O AN AN
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steam or water, for exanple, the presence of a heteroatom can be useful

especially where the heteroatomis in a termnal p ' rocar byl
group spaced fromthe am no noiety, so thafs any cl ;M’@g@@ﬂ!ﬂﬂ@t‘mmeam i on
of the heteroatomw || |eave the trism nophosphi ne L Wlhally 25
i ntact for anticoking effectiveness. The hydrocarbyl groups can be the sane
or different in each amno noiety, for exanple, where $l\e REsANOric
triamde is forned froma mxture of different am nes, and/or reacted with
different amines in a stepwise fashion. In many instances, it is not.
necessary that the phosphoric triam de 30 be conpletely pure, and the
reacti on product obtained by using isonmers or m xtures of am nes, which may
be nore economically avail able than the pure am nes, are generally

sui tabl e. Sp@di-fi cAhepntifarbant and sokecsuRPPresfanintrsokphiphking o%es
i ncl ude tri pireRhicdngorBasPhy NendXddie £herattémydn Meatplheanstde, shreparesd vl

35 phospho ru%rg'dd %’o -%)a(.%pgg nc\fclao]? hao Sﬂjer%.%ro.al. @ﬁxg ef ggéjséoro}:?c p | ioggionffff pxj}xo rﬂ.h(\é
presence of steam, comprising as an active agent at least one
phosphoric triamide of general formula (I), optionally dis-~
solved or dispersed in a hydrocarbon compound, '

X
I

FU—Fl’—R3 . (1)

RZ

wherein X is chalcogen and each R? through R? is an amino
moiety of the formula:

wherein R? is hydrocarbyl, and R® is hydrogen or hydrocarbyl,
and R* and R® taken together can form a heterocyclic moiety.

22, The antifoulant and coke suppressant of claim 21, wherein
in formula (I) X is sulfur or oxygen; R? is alkyl, aryl, al-
kylaryl or arylalkyl having from 1 to 15 carbon atoms, and R
is hydrogen or alkyl, aryl, alkylaryl or arylalkyl having from
1l to 15 carbon atoms, or R* and R® taken together form a hete-
rocyclic moiety having from 4 to 12 carbon atoms selected from
pyrrolyl, pyrrolinyl, pyrrolidinyl, dihydropyridinyl,
tetrahydropyridinyl, piperidino, azepinyl, indolyl, indolinyl,
isoindolinyl, and carbazolyl. .
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triam des:wherein the am no noieties are cyclic groups, particularly
pi peridino and pyrrolidinyl, are preferred for the tharacteristies—oef—non-
corrosivity and being essentially free of phosgphine ;ﬂﬁﬂgmion as well as

7 coke suppression. For the purposes of clarity and Itﬂ“ﬂﬂﬂﬁmﬂunot by
1y as
L *

way of limtation, the anti-coking agent is referred
the preferred tripiperidi nophosphi ne oxide (TPyPO w th the understanding
that this is just one exanple of the phosphoric triam des of the present

invention. 5 23. The Iekindant apfafPkrR SuRpressapsr ef atabr R hgvherein

nmet hods known tRet pRo&plior it ttriianider i g atetp et iadNoPhosph L e ayRidab! €.
Cenerally, the phosphoric triam des can be prepared by the reaction of

phosphorus oxyhal i de, e.g. phosphorus oxybrom de or phosphorus oxychl ori de,
with an 24. Use of at least one phosphoric amide (I) of claims 21 to

23 as an antifoulant and coke suppressant for inhibiting or re-
ducing fouling and coke formation on heat transfer surfaces
used to heat or cool a petroleum feedstock, optionally in the
presence of steam.

25. The use of tripiperidinophosphine oxide for the purpose
stated in claim 24. '

26. The use of at least one phosphoric amide according to
claim 24 or 25 in an amount of from 0.1 to 1000 ppm, preferably
from 1 to 100 ppm, on a basis of elemental phosphorus in the
phosphoric triamide by weight of the feedstock.
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excess of the desired amine, e.g. piperidine,”in a suitable sol'vent such’as”’
10 heavy aromatic naphtha, toluene, benzene, etc., wth evolution of the
correspondi ng hydrohalide. Qther bases which are [ess nucl eophilic (e.qg.
pyridine) may al so be incorporated to help drive the desired
transformation. Alternatively, the phosphoric t¥% ani de can be prepared from
t he correspondi ng phos%ﬁ&éf%?%ﬁ%ﬁ%%ﬁbhé oxi di zed or sulfurized. In
sonme 15 cases, it may HBe p ely convert phosphorous
triam de to the correspondi ingibitihg spkeoformation icartiedetransfesisutfadas usbe te heatkarng
fuL ngcte IE a]g:cor dfmce dﬁb{télpém?@ﬁ feB8tbe a\@né-roﬂﬂmgiaﬁdnmp%%édﬁﬁﬁ‘s?é? |
i nhibit coke formation r S

gk h‘%%ﬂ i 3 AR BnGl 7B BhhERhEE Bhie

but sometinmes to coaq f roI ?

by treating the surfhce eF‘?’@c q’Wé""erB’ihrfFed'feaf H@“?fPS/ cFﬁe §GFf ace
can be effectively trea'ﬂ%@leﬂdfﬂsph@ﬂhlnﬁamss!e isessentially diee i mhhabﬂtmmqrm&nt he
petrol eum f eedst ock befantigrotrodieiog shialyk-impamisg byWroduent act with the heat

transfer surfaces.
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I n general®, 'the TPyPO can be used in an anmobunt effective to obtain 25 the
desired inhibition of coke formation, usually at |east 0.1 ppmby weight in-
the hydrocarbon, preferably at -least 1 ppm on a basis of el emental
phosphorus. There is usually no added benefit in using the TPyPO in a
relati'vely high concentration, and the econonmcs are | ess favorable.
Preferably, the TPyPO is used in an anount from about 0.1 td.about 1000 30
ppm nore preferably fromabout 1 to about. 100 ppm by weight in the

hydr ocarbon, on an el enental phosphorus basis. The addition to the
petrol eum feedstock is preferably continuous, but it is also possible to

use the petrol eum feedstock treatnment on an intermttent basis, depending

on the coke inhibition which is desired in the 35 particular applicatjon.
For exanple, where there is a schedul ed shutdown of the heat transfer

equi pnment for maintenance, other than for the build up of coke deposits,

the continuous addition of the TPyPO to the petrol eum feedstock coul d be
term nated in advance of the shutdown. O, theg antr-

~ BLANK
-+ TPyPO 200 ppm
* TPyPO 500 ppm
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'8 coking agent could be used in the petrol eum feedstock after %4fm4> 3fes

devel opnent of a pressure drop through the heat transfer equi pnent

isndi cati ve of coke formation therein
transfer surfaces before they cone 5
for exanpl e,
treat nent between production runs.
circulated through the heat transfer equi pnent,
di luent. The heat tr 2HGSRMORER(TRPANIDE COKINGI BWIBE
solution and allowed to soak for a period 10
filmon the heat transfer
be dosed at a relatively high initial

f eedst ock,

10

18

20

25

30

35

It
into contact with the petrol eum
by applying the TPyPO as a pretreatnment or as a
As a pretreatnent, the TPyPO can be

_lpreferabl y in a suitable
ORSIled with the TPyPO
surfaces. Simlarly,
rate, for
FIELD OF THE INVENTION

The invention relates to an antifouling process -for treating heat
transfer surfaces which heat or cool various hydrocarbon feedstocks, often
in the presence of steam, at conditions tending to promote the formation of
coke on the surfaces, and more particularly, to phosphoric triamides for use
as an antifoulant.

BACKGROUND OF THE INVENTION

Ethylene manufacture entails the use of pyrolysis or cracking
furnaces to manufacture ethylene from various gaseous and liquid
petroleum feedstocks. Typical gaseous feedstacks include sthane,
propane, butane and mixtures thereof. Typical liquid feedstocks include
naphthas, kerasene, and atmospheric/vacuum gas oil. When gaseous or
liquid hydrocarbon feedstocks are pyrolyzed in the presence of steam,
significant quantities of ethylene and other useful unsaturated compounds
are obtained. Sleam is used to regulate the cracking reaction of saturated
feedstocks to unsaturated products. The effluent products are quenched
and fractionated in downsiream columns, and then further reacted or
processed depending on need.

Fouling of cracking furnace coils, transfer line exchangers (TLEs)
and other heat transfer surfaces occurs because of coking and polymer
deposition. The fouling problem is one of the major operational limitations
experienced in running an ethylene plant. Depending on deposition rate,
ethylene furnaces must be periodically shut down for cleaning. in addition
to periodic cleaning, crash shutdowns are sometimes required because of
dangerous increases in pressure or temperatures resulting from deposit
buildup in the furnace coils and TLEs. Cleaning operations are carried out
either mechanically or by passing steam and/or air through the coils to
oxidize and burn off the coke buildup.

A major limitation of ethylene furnace run iength is coke formation in
the radiant section and transfer line exchangers (TLEs). The coke is
normally removed by introducing steam and/or air to the unit which in effect
burns off carbonaceous depaosits. Since coke is a good thermal insulator,
the furnace firing must be graduzlly increased to provide enough heat

is al so possible to treat the heat

of time to forma protective
t he petrol eum f eedst ock can
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exanple, at the beginning of a run, e.g. 0.5 to 2.0 weight percent, and
after a period of tine, e.g. 1 to 24 hours, reduced Lhuous
dosage rates described above. 15 Where the p REHLA@ S
heat-ed or cooled is being treated on a generally copt [nuoTs—Bass

TPyPO is preferably added as a solution in a master]bhtch, Ehe node
bl endi ng the TPyPO with the feedstock is not particlljarlh 11994
vessel with an agitator is all that is required. '

e AN S |
conveniently, a master batch of the TPyPOin a 20 |[suitable solvent,

as aliphatic or aromatic hydrocarbon, is netered i ntTo a stream-oi—thd
feedstock and intimately m xed therein by tuybul ence in the processing

Chieoted or ot herwi CEErE AR RSBl I FAT|0h: “Histler \REREIY 0 L,
can be added to a nfhasendhe Wheditss aqdbprare Quite gxeensivede irRIaseKk AfdEoRa¥am or
wat er. The TPyPO shcakedoimatiad diedretses the effectivetoads-septionat armaodf thé erocesst
gas, which increases the pressure drop across the furnace and TLEs. Not
5 only is valuable production time lost during the decoking operation, but also
the pressure buildup resulting from coke formation adversely affects
ethylene yield, Run lengths for ethylene furnaces average from one week to
four months depending in part upon the rate of fouling of the furnace coils
and TLEs. This fouling rate is in turn dependent upon the nature of the

10 feedstock as well as upon furnace design and operational parameters. in
general, however, heavier feedstocks and higher cracking severity results in
an increased rate of furnace and TLE fouling. A process or additive that
could increase run length would lead to fewer days lost to decoking and
lower maintenance costs,

15 Significant effort has been exerted over the past twenty vears in
developing phosphorus, in numerous forms, as a coke inhibitor. See U.S.
Patents 3,531,394 to Koszman (phosphoric acid); 4,105,540 to Weinland
(phosphate and phosphite mono and diesters); 4,542,253 and 4,842,716 to
Kaplan et al. (amine complexes of phosphate, phosphite, thiophosphate and

20 thiophosphite mono and diesters), 4,835,332 to Kisalus (tripheny!
phosphine); and 4,900,426 to Kisalus (triphenyl phosphine oxide).
Compared with other element-based additives, many of these phosphorus-
based antifoulants have performed extremely well with respect to coke
suppression in both lab simulations and industrial applications: however,

25 some have yielded detrimental side effects preventing prolonged usage in
many situations, e.g., contributing to corrosion, impairing catalyst
perfarmance, or the like.

Convection section corrosion has been a problem with many
phosphorus-based anticoking additives of the prior art. Along the path of

30  the convection section tubing, conditions are constantly changing. Heated
steam and hydrocarbon are typicaliy introduced to the section separately
and then mixed well before entering the radiant section. During the
numerous passes that the streams experience, separated or mixed, there
can be temperatures, pressures, and compositions which enhance the

35 conversion of antifoulants to detrimental corrosive by-praducts. A product
which is an excellent coke suppressant may also be an extremely corrosive
species if it accumulates in the convection section.

such




transfer surfaces being treated. The TPyPO addition should be sufficiently
upstreamto allow sufficient mxing and di spersion-of the additive in the
freedst ock, but preferably not too far upstreamin order to avoid or
mnimze 30 any significant deconposition or degradation of the TPyPO

before it reaches the surfaces being treated., The invention is illustrated

by way of the follow ng exanpl es. EXAMPLES | r‘P the foll owi ng exanpl es

various phosphorus conpo@nte egditvesspassetidusht e sRAveSHImarsiznt o Jike

i nhi bition, corrosi videyoms)they e Blibje td el iqoench Kaaditidas. t In\eeeery siegliftade

cégf/:agr\\g\ﬁ_d as I nd ca\t,igvg. Ilnenav;r ap%a%cl]s conceang‘ELi'r:T tler 'S‘EPE&I f}g%::ionator, water quenAc,qT | VE

tower, caustic tower and/or compressor knock-out drums, while the lighter

5 components are fractionated in columns downstream of the compressors.
Accumulation of coke inhibitors and their cracked by-products is dictated
mainly by their physical properties. Briefly, inhibitor by-products with high
boiling points are condensed early in the fractionation process while lighter
ones pragress to the later stages.

10 Accumulation of antifoulants andfor their by-products in the radiant
and TLE coke, primary fractionator, or water quench tower, is for the most
part acceptable. These sections process and collect many other heavy
praducts which are quite impure and thus, trace amounts of an additive
generally do not have a significant impact.

15 in contrast, additives and/or by-products that go past the caustic
tower and compressor sections can be a significant problem. Past these
sections, purity becomes an important issue since the downsiream
fractionation generally separates the unsaturated products into high purity
chemicals. The presence of phosphorus-containing products which might

20 adversely affect the performance of catalysts used to process these lighter
components is unacceptable. i

Many phosphorus-containing products are good ligands and can
adversely affect the catalyst performance. The phosphorus by-product
which is of greatest concern is phosphine (PH3). This by-product is

25 extremely low-boiling (-88°C). In fact, it has basically the same boiling point
as acetylene (-84°C), a hydrocarbon by-product which is often catalytically
hydrogenated o the more desired ethylene.

Accordingly, there remains a need for a phosphorus-based
anticoking additive for cracking furnaces which is essentially free from

30 contributing to corrasion and from forming catalyst impairing by-products.

SUMMARY OF THE INVENTION

The present invention is a2 method for the use of a new antifoulant
and coke suppressant, a phospnoric iriamide, to reduce fouling in various
high temperature applications, including steam cracking furnaces. The

35 phaosphoric triamide is used to treat heat transfer surfaces used to heat cr
cool a petroleum feedstock at coke-forming conditions. The heat transier
surfaces are contacted with an efective amount of a phosphoric triamide of
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A Tri pi per odonophosphi ne oxi de B Am ne-neutralized

t hi ophosphat e nonodi ester C O O O Trishen phosphate D
Am ne-neutralized phosphate nonodiester E Di phenyl phosphinic acid
Tr.i phenyl phosphine G .. Borane-tri butyl phosphi ne conplex H

Tri phenm phosphi ne oxide * Al kyl groups were Cferr]-Clferr] paraffins:
neutralized with norpholine. ** Neutralized wth norpholine For coke
suppression data, a laboratory reacttor was used to sinulate conditions used

in a typical ethylene f T r | j ' )
4,835, 39:22 naiks °F§‘uﬁ3r iﬁ;}?ﬁg r%@r %?‘%%te érée;;%rgggc;g?gg hcn%y %Ifr\%teaf t'}cs
and per cent ageietyr efobhe fermita AR R uWhessintherds dydsocarhyl cand R
is hydrogen or hydrocarbyl, an_d R* and RS
taken together can, and preferably do, form a heterocyclic
moaiety; and wherein X is chalcogen, preferably sulfur, and especially
5 oxygen. The heat transfer surfaces can be contacted with the inhibitor in
several different ways, including, for example, pretreating the heat transfer
surfaces prior to heating or cooling the petroleum feecstock, continuously or
intermittently adding a trace amount of the additive to the petroleum
feedstock as it is being heated or cooled, adding the phosphoric triamide to
10 steam feed which is then mixed with the petroleum feedstock, to the
petroleum feedstock itself, or to a feed mixture of the petroleumn feedstock
and steam, and the like,

Where the petroleum feedstock being heated or cooled is treated
with the phosphoric triamide, the additive is preferably added at a rate from

15 about 0.1 to about 1000 ppm, on a basis of elemental phosphorus in the
additive, more preferably from about 1 to about 100 ppm, by weight cf the
petroleum feedstock.

. Each R4 and Rr5 in the foregoing phosphoric triamide formula is
preferably alkyl, aryl, alkylaryl, or arylalkyl, wherein the phosphoric triamide

20 preferably has from 3 to about 48 carbon atoms, and more preferably, each
of g4 and Rs have from 1 to 8 carbon atoms. More preferably, each
heterocyclic moiety has from 4 to 12 carbon atoms and is selected from
pyrrolyl, pyrrolinyi, pyrrolidinyl, ~ piperidino, dihydropyridinyi,
tetrahydropyridinyl, azepinyl, indolyl, indotinyl, isoindolinyl, carbazolyl and

25 the like.

For the purposes of this invention, coke formation is defined as any
buildup of coke or coke precursors on the heat transfer surfaces, including
convection coils, radiant furnace coils, transfer line exchangers, quench
towers, or the like. Other phosphorus-containing compounds have been

30 disclosed in various pafents and other references as effective coke
formation inhibitors. However, none of the phosphorus compounds provice
the same performance as the presently preferred phosphoric triamides.
Performance is based not only on the anticoking agent's ability to suppress
and inhibit coke formation, but just as importantly, on being essentially free

35 from causing any harmful side effects associated with many of the prior art
additives, such as contributing to corrosion or impairing catalyst
performance.
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Exarrpl e 1 Tripi.peridi nophosphine oxide (TPyPO was eval uated for coke .
suppreSS| on at 200 ppm and 500 ppmin n-hexane. The hexane was fed into the
t'est reactor at 38-40 g/hr with steamdilution at 0.5 kg/ kg hexane, and a
VI Flerr] value of 41-43 sec/nol, where V is the equivalent reactor 10
volume (in liters) and F[err] is the initiag nolar flow rate of hexane (in

The. asymproti o coking i3 Goo8 SALRL deboelit fe *—'Ld%aw b 1ted 00 tetetlid ahpauces
770[er 1] C. Thi's pePYapramben. aeaeraliyfartis) or F6°' 2 b { Rt s tes SR
phosphor us- based atkfardiessof thepdagresiofiprevios. prﬁcﬁselngsanq Kezifically. whends8d 332:

15 and 4,900, 42f réfsmnpé to2ar dth@énd FPRAGT WrRkGCRINAGX rdREs Usaflet O
e o 80" AfPbYGaPhORR drb sl SYLOHR héawo EX 880 Wi LR ! 0dS

of time. To accelerate c¢ory
concentration of S5PEPEING injthe furnace itself, in the TLE, in the quench section, etc. The

feedstock can include ethane, propane, butane, kerasene, naphtha, gas oil,
combinations thereof, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

10 Fig. 1 is a graph of coking rates abtained by inhibition with
tripiperidinophosphine oxide over a typical cracking furnace operating
temperature range according to the present invention.

DESCRIPTION OF THE INVENTION

The coking inhibitor of the present invention is a phosphorus-based

15 compound which is preferably essentially non-corrosive and is preferably

essentially free from phosphine formation under general conditicns for

hydrocarbon cracking. The present anti-coking agent has the following
general formula:

lI

R'—p —RS (T)

R2

20 wherein X is chalcogen, preferably sulfur, and especially oxygen; and
wherein each R' througn RS is independently an ammo moiety of the
formula:

—N
\Rs

wherein each R4 is independently 'hydrocarbyl, such as, for example, alkyl,

aryl, alkylaryl, arylalkyl, or the like, and each RS is independently hydrogen
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heavy aromati c naphtha, and other additives were used at an equival ent 20
phosphorus content. The additive was added to a high alloy vessel along
wrt h hydrocarbon, an equal anount of water and prewei ghed coupons
constructed of carbon steel. The contents were rotated. continuously at

10 tenperatures representative of a typical convection section of an

et hyl ene furnace; the m xing ensured that the coupons woul d be exposed to
both a liquid and a gas phase (conposed of wafer and hydrocarbon). Exposing
the additives to hi ghyrhpdieedrbyilasd RaneRE eaxda dogeter oats anfl préfembiyeoriormtad 5

potential deconposit ih%&réc&cﬁ@% I g&}gﬁ %P%P%%émpl ,”p%ﬁﬁO'i‘ﬁRi pyrfanbRAd
simul ated a worse cas€ sCé&nari o 11ivolving a tair| | concentratign of an
addi tive in the conveiRErginos SEYHORYHIN ByaEwRYr b FRFPIY. d ‘%’édf‘% ¥ on
isoindolinyl, carbazolyl and the like. This class of nitrogen-containing
5 phosphorus compounds is referred to generally herein as phosphoric
triamides, but are sometimes also known as phosphoramides or
triaminophosphine oxides or sulfides.
The phosphoric lriamide prefersbly has from 3 to about 48 carbon
atoms, and more preferably from 12 to 24 carbon atoms. Each hydrocarbyl
10 group R4 and RS (where they do not form a heterocyclic amino moiety)
preferably comprises from 1 to 15 carbon atoms. Each heterocyclic amino
moiety (where R4 and RS taken together form the heterocyclic moiety)
preferably has from 4 to 12 carbon atoms. If the number of carbon atoms in
the amino moieties is excessively large, the economics of the additive are
less favorable, the additive can lose volatility and miscibility to mix properly

in the petroleum feedsteck being treated, or can lose the desired stability.

The hydrocarbyl groups can be substituted with or contain a heteroatom

such as a chalcogen, pniccgen, or the like, but this is generally less
preferred because of the concomitant instability imparted by the heteroatom.

20 However, in scme situations, where the heteroatom will impart sclubility in
steam or water, for example, {he presence of a hetercatcm can be useful,
especially where the heteroatom is in a terminal portion of the hydrocarbyl
group spaced from the amino moiety, so that any cleavage or other reaction
of the heteroatom will leave the triaminophosphine moiety substantialiy

25 intact for anticoking effectiveness.

The hydrocarbyl groups can be the same or different in each amino
moiety, for example, where the phosphoric triamide is formed from a mixture
of different amines, and/or reacted with different amines in a stepwise
fashion. In many instances, it is not necessary that the phasphoric triamide

30 be completely pure, and the reaction product obtained by using isomers or
mixtures of amines, which may be more economically available than the
pure amines, are generally suitable,

Specific representative examples of the anticoking additives include
tripiperidinophosphine oxide, hexamethyl phosphoramide, hexaoctyl

35 phosphoramide, hexaphenyl phosphoramide and the like. Phosphoric
triamides wherein the amino moieties are cyclic groups, particularly
piperidino and pyrrolidinyl, are preferred for the characteristics of non-
corrosivity and being essentially free of phosphine formation, as well as
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(e.g. thernolysis, hydrolysis, disproportionation, etc.) to by-products
which may or may not be corrosive. Additionally, the appearance of
corrosion may 10 not be the direct result of degradation, but may be an

i nherent property of an additive. In Table 2, test data for Additive Ais
conpared agai nst three other conpounds, two of which were ami ne-neutralized
phosphat e esters nono- and di-substituted with al kyl groups, known coke
suppressants with aggressive corrosivity. As can be seen, the

tripi peridi nophosphi ne oxide (A) 15 exhibited excellent performance. The
same was not true for QoKe SURRIBISIQ IR REPIRES Of CRBMASIE RPSYeri(seEans not by
ADDI Tl VE VIEI GHT L OSfay( dsttipnitatidqn] BhePdnti-coking agent is referred toche2eiB generally as the

%0 C prefeﬂréé trBiperidinopho‘sphiné oxide (TPyF“é’)Qvith the understanding that
this is just one exampie of the phosphoric triamides of the presant invention.

5 The phosphoric triamides are prepared according to methods known

in the art, and in some cases are commercially available. Generaily, the

phaspheric triamides can be prepared by the reaction of phosphorus

oxyhalide, e.g. phosphorus oxybromide or phosphorus oxychioride, with an

excess of the desired. amine, e.g. piperidine, in a suitable solvent such as

10 heavy aromatic naphtha, toluene, benzene, etc.,, with evolution of the

corresponding hydrohalide. Other bases which are less nucleophilic (e.g.
pyridine) may also be incorporated to help drive the desired transformation.
Alternatively, the phosphoric triamide can be prepared from the
corresponding phosphorus triamide which is oxidized or sulfurized. In same

15 cases, it may be pessible to effectively convert phosphorous triamide to the
corresponding phosphoric triamide in situ in "the cracking furnace, in

accordance with the present invention,

The TPyPO is used to inhibit coke formation on heal transfer
suriaces used most often to heat, but sometimes to cocl, petroleum

20 feedstocks at coke-farming conditions, by treating the surfaces with an
efiective amount of the TPyPO. The suriace can be effectively treated, for
example, by introducing the TPyPO into the petroleum feedstock before the
feedstock comes into contact with the heat transfer surfaces.

In general, the TPyPO can be used in an amount effective to obtain

25 the desired inhibition of coke formation, usually at least 0.1 ppm by weight
in the hydrocarbon, preferably at least 1 ppm, on a basis of elemental
phosphorus. There is usually no added benefit in using the TPYyPO in a
relatively high concentration, and the economics are less favorable.
Preferably, the TPyPO is used in an amount {rom about 0.1 tc about 1000

30 ppm, more oreferably from about 1 to about 100 ppm, by weight in the
hydrocarbon, on an elemental phospherus basis.

The addition to the petroleurn feedstock is preferably continuous, but
it is also possible to use the petroleum feedstock treatment on an
intermittent basis, depending on the coke inhibition which is desired in the

35 particular application. For example, where there is a scheduled shutdown of
the heat transfer equipment for maintenance, other than for the build up of
coke deposits, the continuous addition of the TPyPO to the petroleum
feedstock could be terminated in advance of the shutdown. Or, the anti-
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NONE 1.6 Exanple 3 A lab unit was constructed which
woul d simul ate the dynamc (i.e. erosive and corrosive) conditions of a
typi cal convection section of an ethylene furnace. Corrosion is nore
likely to occur at or near the 20 -bends/el bows of the convection sections
because of high erosion due to the velocity of the stream Steam generated
fromone vessel, was m xed wi th hydraqcarbon (hexane and tol uene at 50-50
wei ght percent) froma second vessel (steam hydrocarbon weight ratio

0.5-0.6). Heating to the desired terrperaturﬁ was acconpli shed by passing
the m xture through two 25 independent furna

ces held a ecified
t enper at ures (100- GOKINGr 2geD} . cWEE hbg LySedc &S tﬂ%r%e‘FPg?Hr‘? o#eéagta'ﬁ‘d Bt | ed
via two separate tepassthetteofC@anpresbrer drop Rheowgh gﬂn_edhgmrtramifesne%iﬂ!}mhs_, :
made of carbon st e%d&pa%é Gﬁdk’élf@?nﬁ%ﬂhe}éﬁ bends within the furnace coil.
Coupon A was situated l? istalgo possible to treat the heat transfer surfaces befare they come
5 into contact with the petroleum feedstock, for example, by applying the
TPyPO as a pretreatment or as a treatment between production runs. As a
pretreatment, the TPyPO can be circulated through the heat transfer
equipment, preferably in a suitable diluent. The heat transfer equipment
can also be filled with the TPYPO solution and allowed to soak for a period
10  of time to form a protective film on the heat transfer surfaces. Similarly, the
petroleum feedstock can be dosed at a relatively high initial rate, for
example, at the beginning of a run, e.g. 0.5 to 2.0 weight percent, and after
a period of time, e.g. 1 to 24 hours, reduced to the continuous dosage rates
described above.
15 Where the petroleurn feedstock being heated or cooled is being
treated on a generally continuous basis, the TPyPO is preferadly added as
a sclution in a master batch. The mode of blending the TPyPO with the
feedstock is not particularly critical, and a‘vessel with an agitator is all that
is required. However, most conveniently, a master batch of the TPyPQ ina
20 suitable solvent, such as aliphatic or aromatic hydrocarbon, is metered into
a stream of the feedstock and intimately mixed therein by turbulence in the
processing equipment. Also, the TPyPO can be added to a steam or water
stream which is injected or otherwise added to the petroleum feedstock
stream, or the TPyPQO can be added to a mixed stream of the petroleum
25 feedstock and steam or water.

The TPyPO should be added to the feedstack upstream of the heat
transfer surfaces being treated. The TPyPO addition should be sufficiently
upstream to allow sufficient mixing and dispersion of the additive in the
faedstock, but preferably not too far upsiream in order to avoid or minimize

30 any significant decompositicn or degradation of the TPyPQ before it
reaches the surfaces being treated.

The invention is illustrated by way of the foliowing examples.

EXAMPLES

in the following examples, various phosphorus compounds were
35 evaluated and compared for coke inhibition, corrosivity and phosphine
formation. The additives used are designated as indicated in Table 1.
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process flow, subjected to the erosive and corrosive natu
stream upstreamand at a | ower tenperature (above 100[er
Coupon B which was situated downstream at a higher tenperfatjure (less tha
600[err] C). Thernmocoupl es were used to record the tenpergtyrelFDOOHYos
coupons as well as both furnace sections. The additives e added to th
hydr ocarbon feed and tested under conditions identical t¢ a blank {wthelt
addi tive). Coupon weight |oss for several addPtives is glkwen ip Table 3. |
Tri pi peri di nophosphi ne oxide (A). at 2.4 WaABLE percent in the hydrocaibon,

gave excellent results conpdre 0 [The others tested, at an ¢quival ent
phosphorus content TABLE 3 W WMPO\I A
COUPON B A Trivioeridinophaschine oxde

8 Amine-neutralized thioshesphats mono’diester’

[ 0.0.0-Tiighenyt shiosohate

o] Aming-neutrailed phosohete mono/clester

H __Diphenyl shoschinic acid™

7 Trio hosohine

S Sorane-iributylohosohine eomblex

H Trionenvi ohosohine oxide

*Alkyl graups were Cg-Cqq paraifing; neunratized with macphaling,
** Neutralized wiht morpholine,

For coke suppression data, a laboratory reactor was used to simulate
conditions used in a typical ethylene furnace. The reactor is described in
U.S. Patent 4,835,332, which is hereby incorporated herein by reference. :
All weights and percentages are on a3 weight basis uniess otherwise

S indicated.

Example 1

Tripiperidinophosphine oxide (TPyPO) was evaluated for coke
suppression at 200 ppm and 500 ppm in n-hexane. The hexane was fed
into the test reactor at 3840 grhr with steam dilution at 0.5 kg/kg hexane,
and a V/Fe value of 41-43 Lsec/mol, where V is the equivalent reactcr

10 volume {in liters) and F, is the initial molar flow rate of hexane (in
moles/sec). The results illustrated in Fig. 1 show that Additive A reduces
the asymptotic coking rate over a range of temperatures above abaut
770°C. This performance is comparable to the performance of other

phosphorus-based additives reported in U.S. Patents 4,842,716; 4,835,332:
18 and 4,800, 428. ’

Example 2 .

A high temperature wheel box was used to determine the degradative
properties of various additives over long periods of time, To accelerate
corrosion effects, Additive A was used at a concentration of 5 percent in
heavy aromatic naphtha, and other additives were used at an equivalent -

20 phosphorus content. The additive was added to a high alloy vessel along
with hydrocarbon, an equal amount of water and preweighed coupons
constructed of carbon steel. The contents were rotated continuously at



A (TPyPO 1.3 4.7 B 4.3
15.2 1.4 31.3 NONE : 1.2 . .. 1.2 Exanplp 4 To dere
t-he propensity of various phosphorus-based products to i
known cat al yst poi son, additives were evaluated in.the [15
described in Exanple 3. Additive 'A was used at 5 wei ght
hydr ocarbon, and all other additives were used at an e&
content. To achi eve the proper cracking tenperature, a radiant se

(750- 9§0|[ err] Q) | w?s adglgry éra;é.kesfffﬁb@seﬁtaf@vecwwcepeomeaﬁdrpeeczﬂsﬁ r?mheem fene
rocees. The efffuent Hbee e e anred PECHe BUBEH FOTH HCPEar 1 ot 2
at | ow tenperatures (oplqm:d]amdamasphasg (comp@%asism Wéf%@ﬂdbb!@ftoca@ﬁl) aExposing the
additives to high temperature for extended periods of time permitted

5 potential decomposition to harmful by-products. In essence, this method

simulated a worse case scenario involving a fairly high concentration of an

additive in the convection section with eventual accumulation/degradation

(e.g. thermolysis, hydrolysis, dispropartionation, etc.) to by-products which

may or may not be corrosive, Additionally, the appearance of corrosion may

10 not be the direct result of degradation, but may be an inherent property of

an additive. In Table 2, test data for Additive A is compared against three
other compounds, two of which were amine-neutralized phosphate esters
mono- and di-substituted with alkyl groups, known coke suppressants with
aggressive corrosivity. As can be seen, the tripiperidinophosphine oxide (A)
15 exhibited excellent performance. The same was not true for the other

~ phosphorus-based compounds.

TABLE 2
AODITIVE WEIGHT LOSS (ma)
A (TPYPO) g2
8 80
c _ 1S
D 120
NONE _ 1.6

Example 3
A lab unit was constructed which would simulate the dynamic (i.e.
erosive and corrosive) conditions of a typical convection section of an
ethylene furnace. Corrosion is-more likely to occur at or near the
20 bends/elbows of the convection sections because of high erosion due to the
velocity of the stream. Steam, generated from one vessel, was mixed with
hydrocarbon (hexane and toluene at 50-50 weight percent) from a second
vesse| (steam:hydrocarbon weight ratio 0.5-0.6). Heating to the desired
temperature was accomplished by passing the mixture through two
25 independent fumaces held at specified temperatures (100-600°C). Both
furnaces were monitored and controlled via two separate temperature
controflers. Preweighed corrosion coupons, made of carbon steel, were
situated at the bends within the furnace coil. Coupon A was situated in the



oiryer contai ni ng 3A nol ecul ar sieves. Phosphi ne prof vels given in
Table 4 below are relative to each other (Additive EH@AEEME pl ~nd

were determ ned by the calorinmetric reading taken f o T gas ok | 25
situated downstream of all the condensers. A low v r&i cates lifttfl e
PH err] was produced while higher values indicate Iarge &611996were
produced. As a second confirmation that PH3 was beifn ed by th
phosphorus based chem cals, the cracked gas effluemt was bubble r pugh

deut erated chloroformat |ow tenperatures (-78[err]
[err] PNMR at - 60[ er rgrécess flob? siibjecte ¢x theuerosive and cdrpsive newiIrep] Be rPIO FHOm
the literature (-2344paMm " PYREddiant hiha 16w lehibRcdiéte (aboi F0d"C) relative to
Coupon B which was situated downstream al & higher temperature (less
than 600°C). Thermocouples were used to record the temperature of both
5 coupons as well as both furnace sections.

The additives were added to the hydrocarbon feed and tested under
conditions identical to a blank (without additive). Coupon weight loss for
several additives is given in Table 3. Tripiperidinophosphine oxide (A), at
2.4 weight percent in the hydrocarbon, gave excellent results compared to

10 the others tested, at an equivalent phosphorus content.

TABLE 3
ADDITIVE WEIGHTLOSS (mg) |
COUPON A CouPON 8
A (TPvPO) 13 47
13 o
P 28 152
- 1.4 313
NONE 12 1.2

Example 4
To determine the propensity of various phosphorus-based produc‘s_
to yield PH3, a known catalyst poison, additives were evaluated in the
15 apparatus described in Example 3. Additive A was used at 5 weight percent
in the hydrocarbon, and all other additives were used at an equivalent
phasphorus content. To achieve the proper cracking temperature, a radiant
section (750-950°C) was added just after the convection section. To more
accurately simulate a typical ethylene furnace downstream quenching
20 process, the effluent gases were passed through several vessels
maintained at low temoeratures (0*C and -78°C), a caustic scrubber, and a
dryer containing 3A molecular sieves. Phosphine production levels given in
Table 4 below are relative to each other (Additive F reading = 100) and
were determined by the colorimetric reading taken from a gas detectar
25 situated downstream of all the condensers. A low value indicates little PH3
was produced while higher values indicate larger levels were produced. As
a second confirmation that PHg was being produced by the phosphorus
based chemicals, the cracked gas effluent was bubbled through deuterated
chioroform at low temperatures (-78°C) and analyzed by S1PNMR at -60°C.



ADDI Tl VE PH err] RATE A ( TPyPO) 4.7 F
>250 H ' 20 NONE NONE From the for
t-hat the tripiperidi nophosphine 5 oxi de was as effectivezi
suppression as the prior art phosphorus- based additfv
essentially free fromcontributi-ng to corrosion and ]
It is further seen that the other phosphorus-based Lves eval uate
either contributed to corrosion or fornmed phagsphi ne under coKi
conditions. 10 The foregoi ng descri ptéon of the invention is
illustrative and expTtensgestrymtdbtaieed matched R fiom baditatature &RAY4 ppmi quangt
sense. Various changﬁ&jﬂﬁ{dﬁﬂpterials, appar atus, steps, procedures and
particul ar parts

TABLE 4
ADDITIVE "PHo RATE
A (TPYPO) 47
£ 100
G >250
H 20
NONE NONE

From the foregoing data, it is seen that the tripiperidinophosphine

5 oxide was as effective in coke suppression as the prior art phosphorus-

based additives, but was essentially free from contributing to corrosion and

from forming phosphine. lt is further seen that the other phosphorus-based

additives evaluated either contributed to corrosion or formed phosphine
under coking conditions.

10 The foregoing description of the invention is illustrative and
explanatory thereof, and not intended in any ﬁmiting sense, Various
changes in the materials, apparatus, steps, procedures and particular parts
and ingredients will occur to those skilled in the art. It is intended that all

such variations within the scope and spirit of the appended claims be
15  embraced thereby,



and ingredients will occt

all such variations wthi
L5 enbraced thereby.
formati on on heat transfg
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and each Rl through @gaigsan am no noi ety

A method for inhibiting coke formalion on heat transfer surfaces used

to heat or cool a petroleum feedstock at coke-forming conditions,

comprising:

contacting the heat transfer surfacas with an effective amount of a
phosphoric triamide of the formula:

1 1
2
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X
R1 —_p — R3 ( 1)
R2
wherein X is-chatcogen and each R1 through R3 is an amino moiety
of the formula;
R4
/
—N
\Rs

wherein R4 is nydrocarbyl, and RS is hydrogen or hydrocarbyl, and
R4 and RS taken together can form a heterocyclic moiety.

The method of claim 1, wherain X is oxygen or sulfur. _

The method of claim 2, wherein the phosphoric triamide comprises

from 3 to 48 carbon atoms.

The method of claim 3, whersin the hydrocarbyls are free of

heteroatoms.

The method of claim 4, wherein each of R4 and RS is independently

alkyl, aryl, alkylaryl or arylzlkyl having from 1 to 15 carbon atoms.

The method of claim 3, wherein the amino moieties comprise

heterocyclic moieties having [rom 4 to 12 carbon atoms.

The method of claim 6, wherein the amino moieties are selected from

pyrrolyl, pycrolinyl, pyrrolidinyl, dihydropyridinyl, tetranydropyridinyl,

piperidino, azepinyl, indolyl, isoindolinyl, indolinyl, and carbazolyl.

The method of claim 1, wherein the phosphoric triamide comprises

tripiperidinophosphine oxide.

The method of claim 1, wherein the petroleum feedstock being

heated or cooled is treated with from 0.1 to 1000 ppm on a basis of



hydrocarbyl, and R errj s~y
Rlerr] and R err] take oget her can

a heterocyclic ' 2.
The method of claim 1, [wherb3DEC #coxfygen or sul f“ﬂmm““iﬂ“mmnﬂhet hod of
claim2, wherein the pho oric triamjdg conpri seg 'RER MR EEET to 48
carbon atons. 1 4. he net ho aifjm 3, wherein the hydrocarbyls are
free of 2 het er oatewe—1 The meghpod of claim4, wherein each

o, .

having from 1 to15 car bgATEthgnosphops”in k. pribors WA b WllonfRk AL 1Y/

the ami no noieti ds conpriegeéstock. het erocyclic noieties having from4 to

12 carbon atons. 11 10. THéenetrddha@d aéimcl aiwnefein vthe rpstnoleiire feadstook rheingt | es

are sel ected from 2 heatéy bF @b¥lkd iPXeb@bi i fro@V (PhOE iR on a basis of

di-hydropyridinyl 3 tet rahglerrnggt\éf Ipﬂc':sna"llo'rus in the phosphoric triamide by weight of the
[eedstock. '

11. The method of claim 1, wherein the petroleum feedstock includes
ethane, propane, butane, naphtha, kerosene, gas oail, or a
combination thereof.

12. The method of claim 1, wherein the heat transfer surfaces comprise
cracking furnace coils. : '

13. The method of claim 1, wherein the heat transfer surfaces comprise
transfer line exchangers.

14. The method of claim 1, wherein the heat transfer surfaces are
pretreated with the phosphoric triamide before héating or cooling the .
petroleum feedstock.

15. The methaod of claim §, comprising;

. adding the phospharic triamide to a petroleum feedstock; and
passing the resulting admixiure through convecticn end radiant
sections of a cracking furnaca.

16.  The methad of claim 15, further comprising fracticnating the furnace
effluent and cataiytically treating a fraction thereof.

17.  The method of claim §, comprising:
adding the phosphoric triamide to a petroleum feedstock or sthylene

furnace effluent upstream from a transfer line exchanger; and
passing effluent from the cracking furnace containing the phosphoric
triamide through the transfer line exchanger.

18. The method of ¢laim 17, further comprising fractionating the furnace
effluent and catalytically treating a fraction thereof.

19. The method of claim 6, comprising: -
adding the phosphoric triamide to steam;
mixing the steam with a petroleum feedstock;
passing the admixture of feedstock and steam containing the

phasphoric triamide through a cracking furnace.

20. The method of claim 6, comprising:
adding the phosphoric triamide ta a mixture of steam and a petroleum

feedstock; and
passing the resulting admixture through a cracking furnace.
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é pi peri di no, azepinyl, indolyl, isoindolinyl, indoli

carbazolyl. 1 8. . The nethod of cIa|n11 wher ei n the phos JﬁEEAGEMENWQ%ﬂﬁn‘

conpri ses 2 tripi peridi nophosphi ne oxide. 1 9. thod of
claim11l, wherein the petrol eumfeedstock being 2 heate ﬁ-fﬁpled.)s
treated with fromO.1 to 1000 ppmon a basi s1of 14 3 el énent a
phosphorus in thé‘ﬁﬁBEﬁhorlc triam de by weight of the 4 ~eedsiock
1 10. The nethodTmiﬁehahﬂBﬁnR ei n the petroleum feedstdck being 2

heat ed or cool ed |s roml to 100 ppmon a basis o1 3
elenental phosphoru

o e o A

21. An antifoulant and coke suppressant for inhibiting or
reducing fouling and coke formation on heat transfer surfaces
used to heat or cool a petroleum feedstock, optionally in the
presence of steam, comprising as an active agent at least one
phosphoric triamide of general formula (I), optionally dis-
solved or dispersed in a hydrocarbon compound, '

R1—T—R3 (1)

RZ

wherein X is chalcogen and each R! through R3 is an amino
moiety of the formula:

wherein R? is hydrocarbyl, and R is hydrogen or hydrocarbyl,
and R? ana RS taken together can form a heterocyclic moiety.

22. The antifoulant and coke suppressant of claim 21, wherein
in formula (I) X is sulfur or oxygen; R? is alkyl, aryl, al-
kylaryl or arylalkyl having from 1 to 15 carbon atoms, and R
is hydrogen or alkyl, aryl, alkylaryl or arylalkyl having from
1l to 15 carbon atoms, or R* and R® taken together form a hete-
rocyclic moiety having from 4 to 12 carbon atoms selected from
pyrrolyl, pyrrolinyl, pyrrolidinyl, dihydropyridinyil,

-tetrahydropyridinyl, piperidino, azepinyl, indolyl, indolinyl,
isoindolinyl, and carbazolyl. .



1 11. The nmethod of claim 1, wherein the petrol eum f eedst.ock includes 2

et hane, propane, butane, naphtha, kerosene, gas oil, or a 3

conbi nation thereof 1 .12 The nethod of claim 1, wherein the heat
transfer surfaces co rlse cracklng f ur nrace-coits:- —1 13"—-The

met hod of claim1,T ansfer _surfaces conpri

transfer |ine excha The nethoasof CJ MHHUH H e heat
transfer surfaces a treated with th

bef ore heating or coollng the 3 petrol eum f eedst ock. "1 15

met hod of claim6, conprising: 2 addi ng the phosphoric trlan1de to a

petro'eu”‘fe§§StOC§heaQ§t§foulant &Hﬁsébﬁg éﬁﬁbféggﬂﬂﬂ RE 4Rt HiSwherough

convection afid radi ant f a.cra klng furhace. 1

16. The net kbe Dhoéphpﬁ$§5tr¥§H%4ﬁePsc5ﬁb?+%? JNaphasy, §%ef8: f ur nace

24. Use of at least one phosphoric amide (I) of claims 21 to
23 as an antifoulant and coke suppressant for inhibiting or re-
ducing fouling and coke formation on heat transfer surfaces
used to heat or cool a petroleum feedstock, optionally in the

presence of steam.

25. The use of tripiperidinophosphine oxide for the purpose
stated in claim 24.

26. The use of at 1eest one phosphoric amide according to
claim 24 or 25 in an amount of from 0.1 to 1000 ppm, preferably
from 1 to 100 ppm, on a basis of elemental phosphorus in the
phosphoric triamide by weight of the feedstock.
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2 effluent and catal ytically treatihg a fraction thereof. 1 17.

The nmethod of claim®6, conprising: 2 - addi ng the phosphoric triam de
to a petrol eum feedstock or ethylene 3 :+ . - furnace effl uent
upstreamfroma transfer |ine exchanger, and 4 passing effluent from
t he cracking furnace containing the phosphoric 5 triam de
through the transfer |line exchanger. 1 18. 7The nethod of claim 17,

further conprising fractionating the furnace 2 ef fl uent and
catalytically treating a fragtion ereo he nmet hod of claim®6,
conprising: 2 addi ngg%é@?'%ﬁs%@ﬁm@'thqkéﬂ@ dé'”i%”%@am 3

m xi ng the steamw th a petrol eum f eedst ock; 4 passi ng the adm xture
of feedstock and steam contai.ning the 5 phosphoric triam de

t hrough a cracking furnace. 1 20. The nethod of claim®6, conprising: 2
addi ng the phosphoric triamde to a m xture of steam and a petrol eum
ABSTRACT OF THE DISCLOSURE

Inhibiting coke formation on heat transfer surfaces used to heat or
cool a petrofeum feedstock at coke-forming conditions. The heat transfer
surfaces are treated with an effective amount of a phosphoric amide
(I)- to inhibit coke formation on the heat transfer surfaces., The
tripiperidinophosphine oxide is essentially free from contributing to corrosion
and from producing catalyst-impairing by-products. |

(8]
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t hrough a cracking furnace

for inhibiting or :
surfaces used to heat or cool a petrol eum feedstock,

active agent at |east one phosphoric triam de of gerf
wherein X is chal cogen and each R err] through R err )
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noi ety. 22. The antifoul ant and coke suppressant claim?21, whefe]ln in
formula (1) Xis sulfur or oxygen; Rerr] is alkyl,faryl,
having from1 to 15 carbon atons, and R[erf}

feedst ock; and 4 passing the resulting adm xture
21. An antifoul ant and coke suppressant
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. ' Porsia-2 Tos
hydr ogen—e+ wa.l.kyi,, aryl. . alkylaryl or arylalkyl having from1 to 15 carbon
atoms, Or _ E"H’X‘ENEI‘R[ 8HEETS akeggt oget her form a heterocyclic noiety
havi ng 1 Pasoription : pagedon. at pagedsel epted from pyrrolyl, W:' M@EMEM: SHEDT
pyrroli Ll""diﬁhydrpqigeﬂl di Y ba egetgrahydr opyridinyl, piperidino, azepl ny'T ,

I ndol yl 4 Pnidotvingk) : psedndolol hadeg and} car bazol yl . 23. The_anti f oul ant and

coke suppHessantt of : glgaiim 2, pé&ggrel n the phosphoric triamde is
tripipegidi nophosphl ne oxi de. Usé5of at | i c am de
(1) of ¢l pias: Ak Q%C%ﬁ?’fs amapntlfoul ant and cok‘elmﬂmmum 'Iw [

i nhi bi t FIg—or—reduerAg h'rrH'n'rr and.cgke formati on dn lKeat tfansfer surfaces
used to heat or cool a petrol eum f eedst ock. 25. The use of
tri pi peri di2dophdapdntificilat ankbcdke supipressqnt frashabitingomreducingtouling dhd coRéformatidne
use of at |east one phosphoric am de according to claim?24 or 25 in an
anount of fondreadtrinsfer shbfaCesnived to hedd as cool af petiotouemfeatstpdky spﬂnpnsmg iam ah letive
phosphoric triam de by wei ght

. agent at least one phosphoric triamide of general formula (I),

X

RI— P— R® 1))
i

wherein X is chalcogen and each R! through R® is an amino moiety of the formula:

N

RS

wherein R* is hydrocarbyl, and R? is hydrogen or hydrocarbyl, and R* and R? taken together can

_ form a heterocyclic moiety. |

22.  The antifoulant and coke suppressant of claim 21, wherein in formula (I) X is sulfur or
oxygen; R* is alkyl, aryl, alkylaryl or arylalkyl having from 1 to 15 carbon atoms, and R? is
hydrogen or alkyl, aryl, alkylaryl or arylalkyl having from 1 to 15 carbon atoms, or R* and R’
taken together form a heterocyclic moiety having from 4 to 12 carbon atoms selected from
pyrrolyl, pyrrolinyl, pyrrolidinyl, dihydropyridinyl, tetrahydropyridinyl, piperidino, azepinyl,

indolyl, indolinyl, isoindolinyl, and carbazolyl.

23.  The antifoulant and coke suppressant of claim 21, wherein the phosphoric triamide is

tripiperidinophosphine oxide.



of the feedstock. 27. The .antifoul ant and coke suppressant of claim 21
wherein the heat transfer surfaces used to heat or cool a petrol eum
feedstock are in the presence of steam 28. The anti foul ant and coke

suppressant of claim21 wherein the phosphoric triamde i olv
di spersed in a hydrocarbon corrpound 29. The use of thﬁ&ﬂﬁééf%“fg“ 7%)
2%

of claim24 wherein the heat t'ransfer surfaces used to heat or coot—a

petrol eum feedstock are in the presence ofiSsteam AR A

24.  Use of at least one phosphoric amide (I) of claims 21 to 23 as an antifoulant and coke
suppressant for inhibiting or reducing fouling and coke formation on heat transfer surfaces used

to heat or cool a petroleum feedstock.
25.  The use of tripiperidinophosphine oxide for the purpose stated in claim 24.

26.  The use of at least one phosphoric amide according to claim 24 or 25 in an amount of
~ from 0.1 to 1000 pm on a basis of elemental phosphorus in the phosphoric triamide by weight

of the feedstock.

27.  The antifoulant and coke suppressant of claim 21 wherein the heat transfer surfaces used

to heat or cool a petroleum feedstock are in the presence of steam.

28.  The antifoulant and coke 'suppressant of claim 21 wherein the phosphoric triamide is

dissolved or dispersed in a hydrocarbon compound.

29.  The use of the phosphoric amide of claim 24 wherein the heat transfer surfaces used to

heat or cool a petroleum feedstock are in the presence of steam.



