METHOD FOR TREATI NG THE RADI ANT TUBES OF A FI RED HEATER I N A THERVAL
CRACKI NG PROCESS The present invention relates to the treatnment of the
radi aft section tubes of a fired pyrolysis heater with an antifoul ant for
inhibiting the formati on and deposition of carbon on the surface of 5 such
tubess In a process for producing an olefin ?ogpound, a fluid stream
contai ning a saturated hydrocarbon such as ef’hane, propane, butane,

pent ane, naphtha, or mxtures of two or nore thereof is fed into 10 a
thermal (or pyrolytic) cracking furnace. A diluent fluid such as steamis

usual |y conbi nedméd bE }{R’t&e qr carbon feed material being introduced into
the cracking furfEED RER; ;{E%&E&Wéém THRES QF LA FURED WEATERcarbon 15 s
converted into an ol efinic o MAL C%‘F“é’ﬁa?ﬁqpﬁs an et hane stream
i ntroduced into the cracking furnace is converted into ethyl ene and

appreci abl e anounts of other hydrocarbons. A propane streamintroduced into
the furnace is converted to ethylene and propyl ene, and 20 appreci abl e
anounts of other hydrocarbons. Simlarly, a mxture of saturated

hydr ocar bons cont ai ni ng et hane, propane, butane, pentane and naphtha is
converted to a m xture of ol efinic conmpounds containing ethyl ene,

propyl ene, butenes, pentenes, and naphthal ene, 25 A efinic _conpounds are
an inportant class of indusTRRaPTeseRt Lp¥ention xalates tQ khene is a

nonomer or CoNDNOEBeatfénfBYE NEheOL¥E1i ANt Ch6et LIt ctubée oPfa Fidud 33275
-2 - pyrolysis heater with an antifoulant for inhibiting the
formation and deposition of carbon on the surface of
- 5 such tubes.

In a process for producing an olefin
compound, a fluid stream containing a saturated
hydrocarbon such as ethane, propane, butane, pentane,
naphtha, or mixtures of two or more thereof is fed into

10 a thermal (or pyrolytic) cracking furnace. A diluent
fluid such as steam is usually combined with the
hydrocarbon feed material being introduced into the
cracking furnace. _

Within the furmace, the saturated hydrocarbon

15 is converted into an olefinic compound. For example,
an ethane stream introduced into the cracking furnace
is converted into ethylene and appreciable amounts of
other hydrocarbons. A propane stream introduced into
the furnace is converted to ethylene and propylene, and

20 appreciable amounts of other hydrocarbons. Similarly,
a mixture of saturated hydrocarbons containing ethane,
propane, butane, péntane and naphtha is converted to a
mixture of olefinic compounds containing ethylene,
propylene, butenes, pentenes, and naphthalene.

25 Olefinic compounds are an important class of industrial
chemicals. For example, ethylene is a monomer or
comonomer for making polyethylene. Other uses of
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ol efinic conpounds are well known to those skilled in the art. As a result
of the thermal cracking of a hydrocarbon, the cracked product stream can
also 5 contai n appreci able quantities of hydrogen, mnethane, acetyl ene,
car bon nonoxi de, carbon dioxide, and pyrolytic products other than the

ol efipi c conpounds. Antifoul ants have been prpposed for use in thermal or
pyrol ytic cracking processes to inhibit the 10 formati on and deposition
of coke on the waldiefdnildhe d8Jakeb@811NkhBAnCE3CkhB8ef BkDBL8d0LR Ot her
metal surfaces assqQciated with such cracking processes. One probl em
encountered in th& &iStent of the tubes of a cracking furnace of a

pyrol ytic cracking process iAs aheestilt ofiabhki thetrmahr opackingrefitat he
radi ant tubes in re t C g ctions
take place. In atpgﬁ%gggggopVeggg‘Qggkﬁgggngdggg Egrggﬁuéégceiﬁﬁth an
antifoul ant c8nposiontain apprecigbdeoquantithas pﬁehrdaogqn.tmgbbanere not
being 20  proper Ly dlthAahRd %a%oasmanaﬁiubt : chBSoflagEkilel Sgilaas (he

anti foul ant conpositign was- not. effecti vel é elng used as an I nhi bitor of
e

coke formation. |PYFlyFisHpredusts; ptberntbani shet 8lpfiniaccamrPripdaved
cracking process by providi patifeatanes n£v85beehhprspaskangofuhes #h the

di ant t f Ki f i t h tif t f
[ Phi bl ting the T oERRERAL A7 PYERSYELFoR 8P X EBRoPETREERPRS S LPATEHE: BR® s a
nethod for td@ati fprmaticmiandndepobésion dliccokdi ant thecwadbhsobfatBe
fired pyrolysis heghohnglhapkls! Qg Eﬁ&%ﬁbﬁiﬁ%ﬁ mkéeaai‘ StRagahdedyred

heat er” suitable for use &s a cracking furnace ch 1 ncl udes a convecti on
zone and a radi anBurdaces\asgesiatedcwhtbcsnch gsaeking pracessesn (Omes

whi ch define a prghonlliell ehtd@ndeded in the treatment of the tubes of a
cracking furnace of a pyrolytic cracking process is the
15 inability to properly treat the radiant tubes in which

the predominant amount of the cracking reactions take

place. In attempts to treat a commercial cracking
furnace with an antifoulant composition, it was
discovered that the radiant tubes were not being
20 properly treated and, as a result, the material used as
the antifoulant composition was not effectively being
used as an inhibitor of coke formation.
It is an object of this invention to provide
an improved cracking process by providing treatment of
25 the cracking tubes of the radiant section of a cracking
furnace with an antifoulant composition for inhibiting
the formation and deposition of coke.
The present invention is a method for
treating the cracking tubes of the radiant section of a
30 fired pyrolysis heater. The fired pyrolysis heater is
any standard fired heater suitable for use as a
cracking furnace which includes a convection zone and a
radiant zone. Within the convection zone are
convection tubes which define a preheating ione and
35 within the radiant zone are radiant tubes which define
a cracking zone. Fluid flow communication between the
preheating zone and the cracking zone is provided by



35 within the radiant zone are radi ant tubes which define a cracking
zone. Fluid flow communication between the preheating zone and the cracking
zone s provided by -3- crossover conduit means. An antifoul ant
conposition is introduced into crossover conduit nmeans and is contacted
wth $he radiant tubes under conditions suitable for the treatnent of the
radi ant tubes. 5 O her objects‘aﬁd'advantages of the invention

will be apparent fromthe_descrkipfion of t i nvent i nd t he ended
cl ai ns t her eof ascﬁBFFmégrf?ﬁﬂﬁE’l"ﬁ}é BeIR?t ed e ‘?’Ir]’ip?‘*ojgﬁ*‘%fc?%"%f hg % n
which: FIG 1 is angtrbduuedcintagerosseperseonduit hikang fendyatg i on of an
et hyl ene cracki ng t i . 0, | i nmeans
and illustrates tﬁgﬁgggg?dn‘gﬁ%deﬁ%r éléﬁ%lé ng&%%ée: 1% [ an"{&féu%ge{ﬁ) such
pyrol ytic cracki nguibahiecfasathe theapmentsaf gthe (Hadiantertubesi nvol ves

the 15 pyrogytic cracki ngogheRYdbPEEHO3d | LAVl 651 1| Bavention
hydr ocar bon end-products. A hydrocarbon streamis fed or_charged t

; dto
pyrol ytic cracki nfifdr RECAPRASSRE FEPR| the riessriRlin ff dhedRvention
subj ected to a segfdeth8i gbpehds@etPaime thetéoh s iwdXl (= Hifin Cilig ked
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however, the hydrocarbon stF&@m tahsconpechematie didgrany drapredanisinge| ect ed
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described as a cohPrivdagPHERIVRIC fTacking furnaqe maansm@ndinge of from
illustrates the novel method for treating the radiant
tubes of such pyrolytic cracking furnace means.

The process of this invention involves the

15 pyrolytic cracking of hydrocarbons to produce desirable
hydrocarbon end-products. A hydrocarbon stream is fed
or charged to pyrolytic cracking furnace means wherein
the hydrocarbon stream is subjected to a severe, high-
temperature environment to produce cracked gases. The

20 hydrocarbon stream can comprise any type of hydrocarbon
that is suitable for pyrolytic cracking to olefin
compounds. Preferably, however, the hydrocarbon stream
can comprise paraffin hydrocarbons selected from the
group consisting of ethane, propane, butane, pentane,

25 naphtha, and mixtures of any two or more thereof.
Naphtha can generally be described as a complex
hydrocarbon mixture having a boiling range of from
about 180°F. to about 400°F. as determined by the
standard testing methods of the American Society of

30 Testing Materials (ASTM).

As an optional feature of the invention, the
hydrocarbon feed being charged to pyrolytic cracking
furnace means can be intimately mixed with a diluent
prior to entering pyrolytic cracking furnace means.

35 This diluent can serve several positive functions, one
of which includes providing desirable reaction
conditions within pyrolytic cracking furnace means for



about 180[err]. to about 400[err] as deternined by the standard testing

net hods of the Anmerican Society of 30 Testing Materials (ASTM. As an
optional feature of the invention, the hydrocarbon feed being charged to
pyrolytic cracking furnace neans can be intimtely mxed with a diluent
prigr..to entering pyrolytic cracking furnace means. 35 This diluent can
serve several positive functions, one of mhlﬁh’includes provi di ng desirable

reaction conditions rackln eans for
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diluent £fluid is steam.
- The cracking reactions induced by pyrolytic
cracking furnace means can take place at any suitable

15 temperature that will provide the necessary cracking to
the desirable end-products or the desired feed
conversion. The actual cracking temperature utilized
will depend upon the composition of the hydrocarbon
feed stream and the desired feed conversion.

20 Generally, the cracking temperature can range upwardly
to about 2000°F. or greater depending upon the amount
of cracking or conversion desired and the molecular
weight of the feedstock being cracked. Preferably,
however, the cracking temperature will be in the range

25 of from about 1200°F. to about 1900°F. Most
preferably, the cracking temperature can be in the
range from 1500°F. to 1800°F.

The cracked hydrocarbon effluent or cracked
hydrocarbons or cracked hydrocarbon stream from

30 pyrolytic cracking furnace means will generally be a
mixture of hydrocarbons in the gaseous phase. This
mixture of gaseous hydrocarbons can comprise not only
the desirable oclefin compounds, such as ethylene,
propylene, butylene, and amylene; but, also, the

35 cracked hydrocarbon stream can contain undesirable
contaminating components, which include both oxygenated
compounds and acidic compounds, and light ends such as



of cracking or conversion desired and the nol ecul ar wei ght of the feedstock
bei ng cracked. Preferably, however, the cracking tenperature will be in the
range 25 of from about 1200[err] to about 1900[err]. Most preferably,-
the cracking tenperature can be in the range from 1500[err] to 1800[err].
The cracked hydrocarbon effluent or cracked siydrocarbons or cracked

hydr ocar bon stream from 30 pyrol ytic cracking furnace neans w ||
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convection zone are convection tubes which define a
preheating zone and within the radiant zone are radiant
tubes which define a crécking zone. Fluid flow

15 communication between the cracking zone and preheating
zone is established by crossover conduit means which is
operatively connected to the outlet of the convection
tubes and the inlet of the radiant tubes and provides
for the conveyance of fluid from the convection tubes

20 to the radiant tubes.

A typical fired heater is equipped with
burners for burning fuels such as gas oil and natural
gas. The burners are installed either in the walls or
the floor of the fired heater and release the heat

25 energy required to provide for the necessary cracking
temperature within the cracking zone in order to induce
cracking reactions therein. The burners are installed
in the radiant section of the fired heater where their

_ firing results in the release of energy. The energy

30 transfer from the energy released by the firing of the
burners to the fluid within the cracking zone contained
in the radiant zone is principally by radiative
transfer. The combustion gases released by the firing
of the burners pass through the radiant section and

35 then the convection section of the heater. 1In the
convection section, the transmission of energy from the
hot combustion gases passing therethrough to the £fluid



15  conmuni cation between the cracking zone and preheating zone is
establ i shed by crossover conduit neans which is operatively connected to
the eutlet of the convection tubes and the inlet of the radiant tubes and
provi des. for the conveyance of fluid fromthe convection tubes 20 to the
radi ant tubes. A typical fired heater is equipped with burners for burning
fuel s such as gas oil and natural gas. The-b@rmers are installed either in
the walls or the floor of the fired heater and release the heat 25 ener gy
required to provi wathdp the pzebeahipngcrerfi 48 PEipeiraliv By (¢sPRveskive
cracking zone in eidagfle.i nduce cracking reactions therein. The burners
are installed in the radiant_section of the fired heater, where thejr firing
results in the rel ease of emBPgyemPREALHERGHE3Bhe f?§%§?%rz??567* ener gy
rel eased by the figenegaliiyt be linr ehesrangéheff Exom abolt L30@°Er akbdi ng zone

contai ned in the radian B8 | S,hLkNgl |y L akl rans . The
conbusti on gaSes rg ségagysfhepgfkfﬁagg ’tﬁgxbgégégéé%ggé ¥$h%€éh t he
radi ant section amddisnt zhse tas beniscthenrangei fromfl§0R°Reak@r. In the
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will generally begeperl21i2pac1ebal ERERARBELE 12600 2P (] at@, SppdPetably,
2800[ err]. Prgfer bly, %ge ﬁg gﬁature in the radiant zone can be in the
range from 1680F. 1882568Pe ?Ba d, nost preferably, it can be from
1800[err] to The critical aspect of the inventive method

requires the introduction of an antifoulant composition
into the crossover conduit which connects the outlet of
the convection tubes with the inlet of the radiant

15 tubes. It has been discovered that, in order to
properly treat the radiant section tubes of a cracking
furnace with an antifoulant composition, it is
important to introduce the antifoulant composition into
the crossover conduit. Introduction of the antifoulant

20 composition into the crossover conduit assures that the
antifoulant compounds decompose therein rather than
within the preheating zone so as to properly coat the
radiant tubes with the antifoulant decomposition '
products.

25 In prior attempts to treat the radiant tubes
of a commercial cracking furnace, the antifoulant was
introduced into the inlet of the convection section
tubes. Unexpectedly, the radiant section tubes, in
which most of the cracking of the hydrocarbons occur

30 and where a predominant amount of coke is formed, were
not receiving proper treatment so as to be effective in
inhibiting coke formation and deposition.

Without wanting to be limited by any
‘particular theory, it is theorized that by first

35 introducing the antifoulant into the convection section
tubes, as opposed to the radiant section tubes, a
predominant amount of the antifoulant decomposes within



2400[err]. The tenperature of the convection zone will generally be |ess

t han about 1600F. and, preferably, 10 | ess than 1500[err]. The critical
aspect of the inventive nmethod requires the introduction of an antifoul ant
conposition into the crossover conduit which connects the outlet of the
convection tubes with the inlet of the radiagt 15 tubes. It has been

"di scovered that, in order to properly treat the radi ant section tubes of a
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Unexpectedly, the I'an I n-whi c e crac |ng of
t he hydrocarbons btubes of a anackﬁegefnrpa@gOnt¢mnwonsxlvntxﬁatombe|s

formed, were not 55&%&@%2&93&%&5&&&@& ERe Agnt DedELAAE OLE 14 11

|nh|b|t|ng coke formation and deposition. Wthout wapting to be limted by
any particul ar t hESfpired ﬁgrtﬁEﬁr?&Eﬁf?“%?nByt?|P%t1%ﬁF°d??ﬂ4ckﬁﬁﬁrﬁPQhe
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this, the distance within the fired heater tubes that
the antifoulant must traverse before decomposing and
thereby depositing upon the tube surface is minimized.
15 The antifoulant composition utilized in the
inventive method is any material or composition or
compound which when properly applied in accordance with
. this invention to the radiant tubes of a fired
pyrolysis heater suitably inhibits the formation and
20 deposition of coke upon the tube surfaces during the
thermal cracking operation. Thus, such antifoulant
compositions can comprise compounds containing an
element selected from the group comsisting of
phosphorus, aluminum, silicon, gallium, germanium,
25 indium, tin and any combination of two or more thereof.
The preferred antifoulant comprises tin and silicen.
Any suitable form of silicon can be utilized
in the antifoulant composition comprising tin and
silicon. Elemental silicon, inorganic silicon
‘30 compounds and organic silicon (organosilicon) compounds
as well as mixtures of any two or more thereof are
suitable sources of silicon. The term "silicon",
generally refers to any one of these silicon sources.
Examples of some inorganic silicon compounds
35 that can be used include the halides, nitrides,
hydrides, oxides and sulfides of silicon, silicic acids
and alkali metal salts thereof. Of the inorganic



t he convection section tubes prior to entering the radiant tubes. Thus, the
antifoul ant does not reach the radiant section tubes which, as a result,
are not properly treated by the antifoul ant conmposition. 5

Because of the problens associated with introducing antifoulant into the
convection section tubes of a cracking furnace, to properly treat the

radi ant section tubes with the antifoul ant- i& =i s required for the

antifoulant to be introduced into the 10 crossover conduit between the
radi ant section #idiceR compeupdss sheseowhirhide metcreRtainrhategemy
doing this, the dire! preEewtred.n the fired heater tubes that the antifoul ant

must traverse before deconposing and_thereby de Iting upon the tube
surface is mnimzed. 15 "Examples °fTﬂ€9§ﬁ¥FfBgigﬁ?ncgﬁﬁggV?éﬁntﬁ?Flized
in the inventivemayt bedusedadnciater campoundsnpfstheofiogmutanpound whi ch
when properly applied in accordance W thgthis invention to the radiant
tubes of a fired pyrolysis heater suitabF? i nhibits the formation and 20
deposition of coke upon the tube surfgcegydgring the thermal cracking

operation. Thus, such antifoul ant conpasgtioﬁs can conprise conpounds

containing an elenent selected fromthe 5 0up consi sting of phosphorus,

al um num silLicon nium _25 i i nation

al.l i ym ger ndi u tin ang any_co
of two or nBPe tH@Fg n %ﬂe gﬂef BreﬁnQnFifﬁﬁFaﬂPféﬁﬁﬁai%%geP? dently
silicon. Any sui fxbme ther groipscbnsdsting b€ hirdrogen, i Raldgenpnt i f oul ant
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npounds an rgani ¢ sitrcon (ofganosilTcon) conmpounds as
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silicon. The ter fheShiliz8RarbytNahal B*rhﬁﬁ%&i-ﬂyﬁ”i‘a&ﬂéai’é &R SRavd! | CON
sources. Exanples of Sone inofganic silTiCon conpounds

15 from 1-20 carbon atoms which may be substituted with
halogen, nitrogen, phosphorus, or sulfur. Exemplary
hydrocarbyl radicals are alkyl, alkenyl, cycloalkyl,
aryl, and combinations thereof, such as alkylaryl or
alkylcycloalkyl. Exemplary oxyhydrocarbyl radicals are

20 alkoxide, phenoxide, carboxylate, ketocarboxylate and
diketone (dione). Suitable organic silicon compounds
include trimethylsilane, tetramethylsilane,
tetraethylsilane, triethylchlorosilane,
phenyltrimethylsilane, tetraphenylsilane,

25 ethyltrimethoxysilane, propyltriethoxysilane,
dodecyltrihexoxysilane, vinyltriethyoxysilane,
tetramethoxyorthosilicate, tetraethoxyorthosilicate,
polydimethylsiloxane, polydiethylsiloxane,
polydihexylsiloxane, polycyclohexylsiloxane,

30 polydiphenylsiloxane, polyphenylmathylsiioxane, 3-
chloropropyltrimethoxysilane, and 3-
aminopropyltriethoxysilane. At present
hexamethyldisiloxane is preferred. Organic silicon
compounds are particularly preferred because such

35 compounds are soluble in the feed material and in the
diluents which are preferred for preparing pretreatment |
solutions as will be more fully described hereinafter.
Also, organic silicon compounds appear to have less of



35 that can be used include the halides, nitrides, hydrides, oxides and
sulfides of silicon, silicic acids and alkali netal salts thereof. O the
i norgani c silicon conpounds, those which do not contain hal ogen are
preferred. Exanples of organic silicon conpounds that may be used i ncl ude
conpounds of the formula 5 [err] 10 wherein [err] and [err] are selected
i ndependent |y fronlthe group- consi sting of h rogen, hal ogen, hydrocarbyl

and oxyhydrocar byl ereln th conpound’ EV$P be ei |on|c
or coval ent. The h?/ 4:\1,“ g%&ﬁ%'e&sfr el‘%& %&In? a1 from
1-20 carbon atons ptnqﬁssmgh&nadnﬂinnnganit\aﬁﬂidum @gmppundbnogen
phosphorus, or sulfur. Exe é%ll l.Gal r ldkeqyl ,
cycl oal kyl, aryl, and conblnatlons ereo su?ﬂtgg a ﬁa LFXHIZQd 18

al kyl cycl oal kyl . M#Wmt%.mxg@gam andogiiddcon.
phenoxi de, caroxygBdantel 0@ b RRE e it ¢ 19 RmPolnddl aRe) oréuh&%bh:.e.n

organic silicon co&$ounds jnclude tripethylsilane, tetranethylsilane,
tetraet hyl sil ane, | TR ﬁ#: ' Faff€, any two or

t et raphenyl si | ane_,mﬁe tlﬁéﬂ@dﬂ rdree tdubaatilled BouredD Wit tiathorhe h:am,
dodecyl rinoxonysid it A SRS ey Rl bR og L edle
pol ydi hexyl si | oxane, polycydﬁﬁhm@ﬂﬂmdﬂnagma in@rgapoby&iphsnppgnhd»ane,
pol yphenyl netfly| sidipan’ be UL AN eTh RPi%els' 30en 389 stannous
oxide and stannic oxide; tin sulfides such as stannous
sulfide and stannic sulfide; tin sulfates such as
stannous sulfate and stannic sulfate; stannic acids
such as metastannic acid and thiostannic acid; tin

15 halides such as stannous fluoride, stannous chloride,

' stannous bromide, stannous ilodide, stannic fluoride,
stannic chloride, stannic bromide and stannic iodide;
tin phosphates such as stannic phosphate; tin
oxyhalides such as stannous oxychloride and stannic

20 oxychloride; and the like. Of the inorganic tin
compounds those which do not contain halocgen are

- preferred as the source of tin.
Examples of some organic tin compounds which
can be used include tin carboxylates such as stannous

25 formate, stannous acetate, stannous butyrate, stannous
octoate, stannous decanoate, stannous oxalate, stannous
benzoate, and stannous cyclohexanecarboxylate; tin
thiocarboxylates such as stannous thicacetate and
stannous dithioacetate; dihydrocarbyltin

30 bis(hydrocarbyl mercaptoalkanocates) such as dibutyltin
bis(iscocylmercaptoacetate) and dipropyltin bis(butyl
mercaptoacetate);'tin thiocarbonates such as stannous
O-ethyl dithiocarbonate; tin carbonates such as
stannous propyl carbonate; tetrahydrocarbyltin

35 compounds such as tetramethyltin, tetrabutyltin,
tetraoctyltin, tetradodecyltin, and tetraphenyltin;
dihydrocarbyltin oxides such as dipropyltin oxide;



am nopropyl triethoxysilane. At present hexamethyldisiloxane is preferred.
Organic silicon conpounds are particularly preferred because such 35
conmpounds are soluble in the feed material and in the diluents which are

preferred for preparing pretreatment solutions as will be nmore fully
descri bed hereinafter. Also, organic silicomgonpounds appear to have |ess
of ° a tendency towards adverse effects on the cracking process than do

i norgani c siliconqeBupeleds. oRisesudisdteltdinoeidé) rnmmmhmﬂtfmd in

the anti foul ant co siti C, E tin,
nor gani ¢ ti n confBuRes BrBvargarreviPia B8 thedres v aen ettty .

m xtures of ialny t wachr aspdébubyledh his(dadeednlensmapeiada)‘. ttin gxktaerm
"tin" generally refe Ya h t gﬁgggﬁ one
inorganic tin con%%uég h§6§8 mﬁﬁgﬁQ%%% gﬁgﬁsé ude trn oxl egegﬁ% as
st annous oxi d& anuistaniﬁenexpaesushnasustaa@@usubﬁnasnseu%ﬁemet%Lﬂ4¢de and

stanni c sul fide; hhaniuh‘sabe%oiusﬁeaﬁlzbﬁaaakIStwI é@iﬁmﬂi‘ﬁ’e:ﬁtmcasul fate;
stanni c aci ds suc

as netas and thiostapnic acid; tin
hfllides sycg_ gs Spimﬁys;t} Egi panabes EHFoFﬁg% azhapabeR %‘F% i 32,
stannous Ig h e, t% anfbasf propyllehistarbanatsl anddetasheusi ¢ brom de and
stanni ¢ iodide; ti;n _pho ScSif i e X gg#ﬁ
such as stannous 8%95&?@??%@ -tk fks ?mﬁﬁfé ggﬂ 8%§€§%¥€§%d%uéﬁ ¢ % %&é
Of the inorgani ¢ tipheoylophdsphhbee mﬁncphdaphateeoﬂuahnahaﬁhg@h°%§e
preferred as the §9§5P§g9~fp ' hEasamJLga Eﬁ;ugﬂssﬂiﬂé&écsﬁéﬂ £6"PEARESus

whi ch:can be used I boxylates s as st annous
0,0~ dipropyl thiophosphate, stannous O0,0-dipropyl

dithiophosphate and stannic 0,0-dipropyl
dithiophosphate, dihydrocarbyltin bis(0,0-dihydrocarbyl
15 thiophosphate)s such as dibutyltin bis(0,0-dipropyl
dithiophosphate); and the like. At present
tetrabutyltin is preferred. Again, as with silicon,

organic tin compounds are preferred over inorganic
compounds.

20 Any of the listed sources of tin can be
combined with any of the listed sources of silicon to
form the antifoulant composition comprising tin and
silicon.

The antifoulant composition can have any

25 molar ratio of tin to silicon which suitably provides
for the cracker tube treatment as required hereunder.
Generally, however, the molar ratio of tin to gsilicon
of the composition can be in the range of from about
1:100 to about 100:1. Preferably, the molar ratio can

30 be from about 1:10 to about 10:1 and, most preferably,
it can be from 1:4 to 4:1.

The antifoulant composition is utilized in
the treatment of the surfaces of the radiant section
cracking tubes of a cracking furnace. The

35 antifoulant composition is contacted with surfaces of



25 formate, stannous acetate, stannous butyrate, stannous octoate
stannous decanoate, stannous oxal ate, stannous benzoate, and stannohs

cycl ophexanecar boxyl ate; tin thiocarboxyl ates. such as stannous thioacetate
and stannous dithioacetate; dihydrocarbyltin 30 bi s( hydr ocar byl

mer capt oal kanoat es) such as di butyltin bis(isoocyl nercaptoacetate) and

di propyltin bis(butyl nercaptoacetate) tih Yhivcarbonat es such as stannous

O et hyl dithiocarbponat e; carponat es_such sLanh r | carbonate;
t et r ahydr ocar byl ch%Sad"Eﬁ Baf §°§u‘5ﬁ33 ing: FaRe 1 ﬁ&f o l%)’g%/r abutyltin,

tetraoctyltin, tepfadaéacyhglauchndubebrwphbnyhelanttﬁ¢qkhnkmﬂQﬂ@Q$ 98 des

such as dipropyltin | n FalfTeToin I d
and di phenyltin oRF §é g gyF??npgéﬁ %ed?%%% yl nercé%%|d59X|sﬁéh
as dibutyltin b|sbﬁddecyrbnaréapdlGE)bYt#ﬂdsﬁgt%h%fcﬁmﬁﬁﬂﬁ?¥9%dﬂ%'émﬂs such

as stannous tE'Op Qéhﬂﬁb A EbBassYf Phetedus € EhEdNERS
benzenesul fonate a g stanngus- -tolgenegu ?%ngfg tin carbanéii%iiﬁxﬁf

st annous d|ethylc&PBéﬁﬁFe°ftFhetﬁFSEE#BSnﬁPE%agﬁcﬁnagns?%m ective
propyl t hi ocar barratferaadeataagouneduaba;| got Asotar inhibit the Hinasatioms

such as stannous 10 phas hosphat es such as stanno
di pr opyl phosphaténdtfiﬁp géﬁﬁ Bﬁagg SUC%rQoR b us

as Stannous 0, O-di
t hi ophosphat e, stannous 0, OAdwpmepbbddcahlbghb!pﬂavbiehdsﬁiﬁihf greata
0. 0-d} propyl 4§l thiaRhesRlahe. tquédﬁﬁc?r BhEking HhthR:-di by déoseioyingS

t hi ophosphat
t he Flkep At p?ezggphtépbasuv9ﬁb:ghgggﬁFéf@PFéég ﬂé%?hgggg ?ﬁQS%F?coﬁnd

suitable treatment conditions to thereby provide
treated radiant tubes. The preferred procedure for
pretreating the radiant tubes of the cracking furnace,

15 includes charging to the inlet of the cracking furnace
tubes a saturated or slightly superheated steam having
a temperature in the range of from about 300°F. to
about 500°F. The cracking furnace is fired while
charging the convection tubes with the steam so as to

20 provide a superheated steam which exits the radiant
tubes at a temperature exceeding that of the steam
jntroduced into the inlet of the convection tubes.
Generally, the steam effluent will have a temperature
upwardly to about 2000°F. The treating temperature in

25 the radiant tubes can be in the range of from about
1000°F. to about 2000°F., preferably, from about
1100°F. to about 1800°F. and, most preferably, from
1200°F. to 1600°F.

The antifoulant composition can then be

30 -admixed with the steam being charged to the cracker
tubes by introducing the antifoulant into the crossover
conduit connecting the radiant section tubes and
convection section tubes of the fired heater. The
antifoulant composition can be admixed with the steam

35 as either a neat liquid or as a mixture of the



organict-tin conpounds are preferred over inorganic conpounds. 20

Any of the |isted sources of tin can be conbined with any of the |isted
sources of silicon to formthe antifoul ant conposition conprising tin and
silicon. The antifoul ant conposition can have any 25 molar ratio of tin
-to silicon which suitably provides for the.cgacker tube treatnent as

requi red hereunder. Generally, however, the nolar ratio of tin to silicon
of the conpositioantifondant chmppaigionf withmaabbnert: dDDueatabont 180: 1.

Preferably, the I 150 f a 1.10 o] 10: 1. _and,
nost prefgrably,ngk gg%ékg'f?%%F%gi’tgg4%igg#hgggéff?su?%ﬁ?ggoﬁéﬁs???ﬁn S
utilized in the t2idguidnorothehaixturecef shtifeuladtascmpesitiboncandking
tubes of a crackiggebls’ d39%ent"Briar t8NikEOtheRbag EPQﬁ!%gérS' %.;?/ contact ed

w th surfaces of t he radi ant “section cracElng tuges ei r
pretreating sfch AdRd¥ipg: Withe thet pFeamant Thenpdeurt onf panbifewlanmtr gi ng

the radi ant secti compeetivht Admiftedr @€8hbeRel 8€dafl cY BIUsHERI4S to
conposition to the 5 ,

SRR SR TR IR H R NG R
treating the tubednsthassteamniinbthet hanger ofit £pomaaboudepbsppmwntofalsoke
ereon, AT L 94,588 Bk GeUebEinty BHL SR ek TEol BAE1
conposi ti on &Ader 1900t pprw apdat MeAt poaferabhy. t Sreme?@byo p2 Qi Pmw s eat ed
radi ant tubes. The preferregnar 98Rd%E8rb06f steam and antifoulant
’ composition is contacted with or charged to the radiant
tubes for a period of time sufficient to provide for
treated radiant tubes, which when placed in cracking
15 service, will provide for a coke formation and
deposition below that which is produced with untreated
radiant tubes. Such time period for pretreating the
radiant tubes is influenced by the specific geometry of
the cracking furnace including its tubes; but,
20 generally, the pretreating time period can range
upwardly to about 12 hours, and longer if required.
But, preferably, the period of time for the pretreating
can be in the range of from about 0.1 hours to about 12
hours and, most preferably, from 0.5 hours to 10 hours.
25 In the case where the antifoulant composition
is directly admixed with the hydrocarbon cracker feed,
it can be added in such an amount to be effective in
inhibiting the formation and deposition of coke, but it
must be introduced into the crossover conduit of the
30 fired pyrolysis heater. Due to the memory effect
resulting from the application of the antifoulant
composition, mixing with the hydrocarbon cracker feed
at the crossover conduit of the heater is conducted
intermittently as required but, preferably, for periods
35 up to about 12 hours. The concentration of the



pretreating the radiant tubes of the cracking furnace, 15 I ncl udes
charging to the inlet of the cracking furnace tubes a saturated or slightly
super heat ed steam having a tenperature in the range of from about 300[err]
to about .500F. The cracking furnace is fired while charging the convection
tubes with the steamso as to 20  provide_ g guperheated steam which exits
the radi ant tubes at a tenperature exceeding that of the steam i ntroduced

into the inlet Ofaﬁﬁﬁféﬁmiﬁﬁti@ﬂ%ﬁﬂ@@ﬁoxb%@%?&|l¥%cie£§€aez§c§?r@ didiE e dy ! !

have a tenperature upwardly to about 20 Ing tenperature in
25 the radiant ‘ﬁ‘dﬁgggcﬁﬁzﬁﬁjo-Fﬁ ehethangadiant rythemsan dooimrthie t o about

2000[ err], preferpahge éfoﬁéh%odﬂoﬂ#ﬂ to e 1YY dgmiind. nost

preferably, from e antifoul ant conposition can then

200F. 1600[err] .

be 30 adm xed wit r?g%”%%g%m g’é% FAE by BRIV heP Abuke 19/ epmy, and,
i ntroduci ng the amostoprefierably, t fusont 20 sty 20 @phews connecting the ]
radi ant section tubes and ; tl b f; the fir, heat er.. The
anti foul ant conposition caﬁﬁ eeg%fn%(%%?% %‘ﬁq‘t‘%&e S 'egiﬁes%e ig, 414y tedieat
liquid or as a nikyusehematie representatinn fandcking dposidd meatiidn &0
inert diluent. |togs Slvefe RN [ JSt é}w_iz ' t he neat

tre b Y g Pededs s% | ner?ﬁﬁtﬂl}gﬂ

liquid or the mxture of antifoul ant, conposition prior to

its introduction THRRYP BRCEiRMiLY ripcdudes myzalsgsic crackimsuimeass or
antifoul ant T®npofitedrheaitenxclk Wdh gheridisnuait Wherdih raquitdd Ryde a

o boat o oomitEudie | Ehd Uha SOHY B2 'l dbdbors .5 bty A9¢ O
_ furnace 12 defines both convection zone 14 and radiant
zone 16. Respectively within such zones are convection
tubes 18 and radiant tubes 20. Convection tubes 18,

15 which are contained within convection zone 14, define a
preheating zone and include a first inlet 22 and first
outlet 24. Radiant tubes 20, which are contained in
radiant zone 16, define a cracking zone and include a
second inlet 26 and a second outlet 28. Flow

20 communication between convection tubes 18 and radiant
tubes 20 is established by crossover conduit 30 which
is operatively connected to first outlet 24 and second
inlet 26.

A hydrocarbon feedstock or a mixture of steam

25 and such hydrocarbon feedstock is conducted to first
inlet 22 of convection tubes 18 by way of conduit 32,
which is in fluid flow communication with convection
tubes 18. During the treatment of the tubes of fired

- heater 12, the antifoulant composition is introduced

30 into radiant tubes 20 through conduit 34, which is
operative connected and is in fluid flow communication
with crossover conduit 30. The feed passes through
convection tubes 18 of fired heater 12 wherein it is
preheated by combustion gases passing through -~

35 convection zone 14 and depicted by arrows 36a and 36b.



10, 00D 'pprmw, preferably, from about 10 ppnmw to about 10 1000 ppnrw and,
nost preferably, from 20 to 200 pprmw. The adm xture of steam and
anti.foul ant composition is contacted with or charged to the radi ant tubes
for a period of time sufficient to provide for treated radi ant tubes, which
when placed in cracking 15 service, wilL pgovide for a coke formati on and
deposition below that which is produced with untreated radi ant tubes. Such
time period for pretreatin@hhh@rﬁhéh&&ﬁ feledSpassedf Evencadnhucthenspecific

f th di I ts,t Iy,
Phe pretreating Graey, 3% HBE (R5eutra choaldBiln BS' safiane “EiReE
| onger if requir@d®. WB&FBiprGheratheathd feedodisoheatad toratbeapkihgeati ng
can be in the rapg@pabraitiad aReut tﬂai: EQ%%&:.&& %Qo!ﬂﬁd&gfﬁoyﬁ? @Rdn gﬁere

preferably, fromO0.5 hours tg 10 hours he case
the antifoul ant &HﬁﬁﬁbPFeoHnﬂ§raPFEStFyea&npaéd #Pt Rbehseayiredar bon

cracker feed, it t@ﬁ@e&ﬁt&&dedforn t&uabm&atazmuaadianeeteséectove The
be i ntroduced

i nhibiting the foration ion coke it
into the crossovgﬁgg %ngp F% k@ FFFEBCBy}3I9§F§°ﬁe ?@?Strfﬁﬁ to the
nmenory effect reshhbmgy coadutiite 38pphecat ienisf prbeeasédf 8ol fahove
conposi ti on. M Xiyignil Wi de Syt IEgCARANLCL G  nleRdng! o RLRSRHE'

ea s conduct e term

conduit of the h tently as requirte
preferably, 0or pdeféias 3ze rGGOVGraﬂeutTQZPHQUiQG fonetbenbeat ranengyof

the - 13 - anhebedsaryy Q%”B?%kht@nfiEeHhﬁegfgfofﬁrbfﬂefréigeérffﬁgl
during treating of, _the radi ant .tupes c be .in the range of "from about 1
ppmw to about 10°66015p eyed throug conduzt 40 to u;ners 42 of
cracking furnace 12 whereby the fuel is burned and heat
energy is released.
15 During the treatment of radiant tubes 20, the
antifoulant composition is conveyed to crossover
conduit 30 through conduit 34 whereby it is contacted
with radiant tubes 20. Interposed in conduit 30 is

heat exchanger 44, which provides heat exchange means

20 for transferring heat emergy and to thereby vaporize

the antifoulant composition.
The following example is provided to further
illustrate the present invention.
E LE

25 A 1.3 inch I.D. Incoloy 800 tube was treated
with 100 ppmm tetrabutyl tin for a period of four hours
between temperatures of 1000 to 1500°F. Injection of

- the antifoulant was in the convection zone of the

experimental furnace (temp. = 400°F.). Ethane was then

30 charged to the experimental unit at a rate of 17.0
kg/hr with a steam to hydrocarbon ratio of 0.3. Ethane
conversion to ethylene was held constant at 65%.
Pressure drop and carbon monoxide production, which are
measures of coking in the furnace, were monitored

35 throughout the run. Selected data are presented in
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preferably, from about 10 ppnw to about 1000 pprw and, 5 nost preferably,
from20 to 200 ppnw. Now referring to FIG 1, there is illustrated by
schemati c representati on cracking furnace section 10 of a pyrolytic
cracki ng- process system Cracking furnace section 10 includes pyrolytic
cracking nmeans or 10 fired heater 12 for psovi ding heat energy required
for inducing the cracking of hydrocarbons. Cracking furnace 12 defines both
convection zone Tabdied L.adi ant zone 16. Respectively within such zones are
convection tubes 18 and ra b 0 t e whi ch
are contained within convegF?ghagg %Efé waSDQiSS EQ %ggtﬁ%éﬁ %&é

include a first GRtEFRPEEYINEiR for éuPP§€°é4°fRﬁdvanhounsebegeeenhtbh are

contained in radi e&en@rae oéeﬁooe anarasbbns Zaﬂehaaﬂt%gggggﬁtggﬁsg .

inlet 26 and 52 Si tﬁﬁé %2 %P ni cation

t ubes 18 and rad| abs cEQF&BVPEh@B“ﬂ?‘ErBSSBQGrfEEﬁﬂﬁ?t 30 which
is operatively c@umewMe@ tdarobi antl oarbeh AénarildecppodueOish wéreA

fredorock 1's contbaiboted® shrblidhbnd cBhCRh7 eofBdkad aab 48E0 V0

conduit 32, mhlcPﬁQ§eP#eﬂ dird Tabdey é@nnanueaalnazanoﬁ thevdataon tubes 18.

During the treatﬁ&@be&&e&h&nI!HS§e0i Eh&ﬁﬂ Eﬁﬁ%eﬁhéziniggtfﬁﬁ seul ant

corrp05|t|on IS InterléHS' into radiant tu rou condui t 34
whi ch is opéPati ®Bta epéd ig,4hpscraspeves PPBGP%Bni%n?EE?F%ﬂ tptat

crossover condui thd0cohvectded ﬁaﬁaeieh’an.eughnC?é&&éédoﬁréﬂbﬁe 8o fired
heater 12 wherein |t |s reheateg9 ypggagugtlon gases passing through 35

convection zone f& B’EPE&* a 38and 36b.

15 Table 1

Comparative Test Data for Convection Zone Injection
(Run A) versus Crossover Injection (Run B)

20 Pressure Drop (psi) CO (wt%)
. Runtime (hrs)|{ Run A Run B Run A Run B-"

0. 0.2 0.2

25
5 0.4 0.3 0.3 0.06
10 1.1 0.3 0.55 0.12

30 15 3.3 0.4 0.22 0.12
20 16.8 0.5 0.16 0.12

35

Reasonable variations and modifications are
possible by those skilled in the art within the scope
of the described invention and the appended claims.
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- 14 - ‘The preheated feed passes from convection tubes I8 through crossover
conduit 30 to radiant tubes 20 wherein the preheated feﬁm“ mmnﬁﬂmﬁm
cracking tenperature such that cracking is induced or, .
are undergoing treatnment, to the Hmuyedtemmrmurefort?aﬁn&u of *
radi ant tubes 20. The effl uent fromg@@mgg furnace 12 passes downstream

through cogduit 38 wheheilod FoB! EB3REHg'Q LEARNRL! LAY gBU5 3ychans

hydr ogen and net hane” an I'nS~are recovere ¥8dpr0V|de
for the heb@a§ﬁ6hg§aﬁécé§§sﬂyhpetepecamprisnsq heater 12, fuel gas or fuel

oil is conveyed t hr o4gkopaetibndubs bﬂieﬁr aeéznes £f§£§§EQt§H§”§8ﬁe

wher eby the f, I s burned apd heat energy.is release
During t he8gt aFﬁBﬁF°5F°Pa& ﬁt19u88§t26ne§h815h%FfBuFSﬁYGEBHﬁSSFPPQn i s

conveyed t definedober sacmduu.h:eaOhbateuganaoaduat caﬂv&BEiehytubel s contact ed
wi th radiag erposed_inn co heat exchanger 44, which
provi des hé%?iggg%angglnsg %ggﬁg anratEg %e?P Cheat ener gy and to
t hereby vaporize thesadd frediant cuhpowhichndefhneéohlomhcgzngaﬂuhe,is

provi ded tg?igrEPaEarklﬁég%ais EQﬁtQiﬁﬁ&”ﬁiEﬂXﬁ”ﬁ §881§§€Ngke?rasu%n?dt N

A 1.3 inch nco ube was trea
for a peri®¥ Sﬁlﬁoﬁirﬁéuh§a§6Fwé§ﬁ gaifdcradiant subeobaclndesoe[egcynd

I nj ection Qﬁlbheaaatafeghaﬁa vaelbB;t Agdaconvection zone of the experlnental
furnace (tenp. = 400[err was t hen 30 i§Ed to the

. _Et hane
experi ment al unit at 5°F£P%°5f°?9aBiEgPﬂFnﬁn?H°§?§%¥3 tgorpected, 58n ratio
of 0.-3. Et bahd Edrmser sutdetoantihgbesaidasebohd LabéetaghdawhHER0is in

£fluid flow communication with said convection tube and gaid
¥ radiant tube; said method which comprises:

(a) introducing an antifoulant into said
crossover conduit means so that the antifoulant contacts said
radiant tube in said cracking zone under conditions suitable
for the treatment of said radiant tube without first passing
through the preheating zone.

2. A method according to claim 1, wherein said
conditions suitable for the treatment of said radiant tube
include a temperature within the radiant zone between 1500Q°F.
and 2500°F. and a pressure within the radiant zone between 0
peig to 100 psig.
3. A method according to claim 1 or 2, wherein said
antifoulant comprises a compound éontaining an element
selected from the group consisting of phosphorus, aluminum,

- 8ilicon, gallium, germanium, indium, tin and any combination
of two or more thereof.
4. A method according to any one of the preceding
claims, wherein said antifoulant comprises tin and silicon.
5. A method according to claim 4, wherein said
antifoulant comprises tetrabutyltin and hexamethyldisiloxane.
6. A method according to claim 4 or 5, wherein the
molar ratio of tin to silicon in said antifoulant is in the

CASE: 33275
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Pressure drop and carbon nonoxi de production, which arm
I n the furnace, were nonitored 35 t hr oughout the run. t”m,mm“m;ﬂ e
presented in - 15 - Table 1. The same tube was al so ’ nlmlw

ppmm tetrabutyl tin for a period of_ ffyve hours between tHe fenpertt w es of

1000 and 1%aQige Idf Syduh abuutf QUI1DW triabeu 1oionjiected at the crossover

conduit of 7the f ur nage. ePres ure d ag_’d car bon nono roduGti on were
noni t or ed t'Hr oughout % M RSONE] é&g%(? S 22 &75y & ﬁ‘#‘@dp 1. An
anal ysi s ofc]ialmaiatﬁnq:himrdampnﬂsimbl e ihtylodue inkata Hﬂ.é.wen;tetfﬂ.ud.ﬂ dhtt0

ant | foul antydys (8 1955 Wbl SAM a-dBAAR YL Qol AR BAY BRIEONa10"

results in re pressure drop uction

Tabl e 1 Codparative Pesethad aquaor@;m@n cdatond .| Mntbmnmyntersus

goos\?\fger Rulomt eIy H’iﬂtﬂ%@an@ introduced into sa.:.dp"c?:%%‘éb%eg QB(:):.@B&":)
0. 2( A mnealnrtlg is r?;zaj: %‘i&at the @o,gcentratlion of gaid ang.lgoulantox% 10

1 1 said @iluent ﬂtﬁﬂ is GnlZh30 range of ZEE'om about 13ppmw to
16. 8 0. 16 0.12 35

Reasonabl eas’gﬁtatll% 39529 ad Nodi fi cations are possi bI e by those skilled in
the art wi tShin t he sdopetifod hechedingbds icladm 7oora8d whersipesddd

clai ms. diluent £fluid is steam.
10. A method according to any one of the preceding
~claims, wherein the radiant tube is used for the pyrolytic

cracking of hydrocarbons to form olefin compounds.



- 16 - CLAI MS 1. A nethod for treating a radiant tube of a
fired heater, said fired heater conprising: a convection tube which defines
a preheating zone, said convection tube is contained within a convection
zone defined by said fired heater and said convection tube includes a first
inlet and a first outlet; said radiant tube which defines a cracking zone,
said radiant tube is contained within 3 iadiant zone defined by said fired
heater and said radiant tube includes a/$econd inlet and a second outlet;
and crossover conduit means operatively connected to said first outlet and
to said second inlet and which is in fluid flow conmuni cation with said
convection tube and said radiant tube; said nethod which conprises: (a)
Jintroducing an antifoulant imo said crossover conduit ans so that the
antifoul ant contacts said radiant tube in said cracking Zone under
conditions suitable for the Eéeatnent of said radian{,tube w thout first

passi ng through the preheati zone. 2. A net ccording to claim
1, wherein 'said conditions su%table for the treatnment oMNsaid radiant tube
-include a tenperature w thin The radi ant zone between 15@00[err]. and
2500[err]. and a @ressure within the radiant ggne betweefp 0 psig to 100
psig. 3. A~met hod according to claim1 2, wher¢in said
antifoul ant conpri\ses a conpound containiniég’ € | ect fromthe

group consi sting oM phosphorus, alum num sifl ijcon, m mani um
indium tin and any conbi nati on of t@& or
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4. ' A met hod according to any one of the preceding clalns wherein
said antifoulant conprises tin and silicon. 5. A net hod accordlng to
claim4, wherein said antifoul ant conprises tetrabutyltin and
hexanet hyl di si | oxane. 6. A met hod according to claim4 or 5, wherein
the nmolar ratio of tin to silicon in said antifoulant is in the CASE 33275
-17 - range of fromabout 1:100 to about 100:1. 7. A net hod

according to any one of the p eq?ding cJ a,ns, . further conprising:
introducing a diluent fluid iéE5r¥§§E}Q£ag¥§4%}§§éﬁég§ﬁnuItaneously with

i ntroduction ste

d d 7, wh inth
amount of said wﬁﬁéﬂ6@Réﬁﬁ“fﬂﬁhggﬁ@@HANﬁﬂygggﬁk IQ%BE@J@Aﬂgnguit ﬁ;:hg rse
such that the concentratidN bfl b RACKINGUPROGESP n said diluent fluid is in

the range of from abnuﬁoéemﬁwm FoRUlrbd QG IEHQWraazLant tubed gEt4od
according tp cl,aim7. 0 wm# aid dilyent fluid is s;e am 10. A
net hod acc +H?ﬂgPYB°§K§15H%9 eﬁlﬁitgréEe&Fﬁé EF&Fﬁﬁ CRPRPELRLPRCEPE i ant
tube is useghipitihg theofytnaticmnaitidndepbsiydoacatbasret thépasnol efin
Conpounds.Such novel method includes introducing the antifoulant into
the crossover conduit between the convection tubes and

radiant tubes of the fired pyrolysis heater.

(Figure 1)



