METHOD F£OR PROMOTI NG THE SPALLI NG OF COKE PRODUCED DURI NG THE THERMAL
CRACKI:NG OF HYDROCARBONS The present invention relates to processes for the
t hermal cracking of hydrocarbons. Mre specifically, the present invention
relates to a nethod for pronoting the spalling of coke produced during the
5 \pyrolytlc cracking of hydrocarbons. In_aqprocess for producing an

ol efin conpound, a fluid stream containing a saturated hydrocarbon such as
et hane, propane, butane, pentane, naphtha, or m xtures of two or nore
thereof is fed into 10 a thermal (or pyrolytic) cracking furnace. A

di luent fluid such MgSHED eeRNPREMOTING! THE SPARIING DFWCOKE PReDUTERr ocar bon feed
mat eri al bei ng i ntrodDURING THE THERMAL' ERACKDRG foFr AYDRECARNONSI n t he furnace,

t he saturated hydrocarbon 15 is converted into an ol efinic conmpound. For
exanpl e, an ethane streamintroduced into the cracking furnace is converted
into ethyl ene and appreci abl e anounts of other hydrocarbons. A propane
stréam introduced into the furnace is converted to ethylene and propyl ene,
and 20 appreci abl e anounts of other hydrocarbons. Similarly, a mixture.
of saturated hydrocarbons containing ethane, propane, butane, pentane ad
naphtha is converted to a. mixture of ol efinic conpounds containing

et hyl ene, propyl ene, buten pent enes,, and napht ha] ene. ol efinic
conpounds are ~an |nportant%%?ag;§e’5ﬁ’n'l:rﬂ:fEl‘é‘F’i‘\":'a‘Fn éﬂﬁ%%ﬁs © RERCWBETH e,

ethyl ene is a nonfoertbe themmahecrdckimpkof chydigeiilybtee oot her
pol ymers. CASE: 3§3géif1cally, the present invention relates to a method
| for promoting the spalling of coke produced during the
.5 pyrolytic cracking of hydrocarbons.

]

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 furnace, 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 furnacé is converted to ethylene and propylene, and

20 appreciable amounts of other hydrocarbons. Similarly,

a mixture of saturated hydrocarbons containing ethane,
propane, butane, pentane ad naphtha is converted to a.
mixture of olefinic compounds containing ethylene,
propylene, butenes, pentenes, and naphthalene.

.

25, Jgefania compougdd*%re &ﬁ important class of industrial
T chemicaﬁs. For example,'ethylene is a monomer or
comonomer for making polyethylene and other polymers.
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-2- O her uses of olefinic conmpounds 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 contain appreciable quantities of hydrogen,

met hane, . acetyl ene, carbon nonoxi de, carbon di oxide, and - pyrolytic:
products other than the ol efinic compounds- Buring the thermal or pyrolytic
cracki ng of hydrocarbons, a sem -pure carbon which is ternmed as 10 "coke"
is formed. The cotkefouses of ohefinickeéompoundssareowell | knckpotsdt s upon

the surfaces of the crag i e&“9§ % ibe pyrolytic cracking furnace of
such process. The accunu 1 on O e upon the surfaces of the cracking

tubes ultimately requires the a5resuhntq©mhhefth¢mm%la@ma¢kpnmrm@o@ in
order to burn Offh}&?oé&kﬁoﬂepeﬁétér?gﬁﬁdaﬁfaéﬂﬁété€¥b§ﬁ &K EHOSi t'S

necessitates the periodic shutdown o e cracklng furnace due to the
excessive predsur@oRkaingppteciakle  guantities Rf hydrrgennmerkane gher

furnace "20 termeéatyleﬁereeﬂrbeﬂ A6ndxi@s)| éafbok "@idREdePl andsul ati ng
properties of the_de

been used to |nh|8¥fg£¥t1?o?ﬁ%%?ﬁﬁsaﬂ O%%L%@Q? gﬁogglﬁgﬁgq%b%ﬁ&$$igéﬁp?;§es
of cracking furnace tubes abdrimgtthke?thermal adr Spyfelysiofcxmoking cafh heat
exchangers and otfes, REQEESRs SN BURI putd SREDEN UnidE 18NLLLALE RSN the
10 "coke" is formed. The coke formed in the cracking
process normally deposits upon the surfaces of the
cracking tubes of the pyrolytic cracking furnace of
such process. The accumulation of coke upon the
surfaces of the cracking tubes ultimately requires the
15 shutdown of the cracking furnace in order to burn off
the coke deposits. The accumulation of coke deposits
necessitates the periodic shutdown of the cracking
furnace due to the excessive pressure drop across the
cracking furnace tubes and the higher furnace
20 temperatures required as a result of the thermal
insulating properties of the deposited coke.
Compositions known as antifoulants have been
used to inhibit the formation and deposition of coke
upon the surfaces of cracking furnace tubés and on the
25 metal surfaces of downstream heat exchangers and other
process equipment. In spite of the inhibition in the
formation of coke by use of such antifoulants, the coke
buildup during the cracking of hydrocarbons still
occurs but at a slower rate. It can be desirable for
30 there to be minimal buildup or deposition of coke upon
the cracker tube surfaces. A reduction in coke
accumulation on the cracking tubes will increase the
run length of a cracking furnace between shutdowns and
thereby improve the cracking operation.
35 In accordance with the present invention,
spalling of coke produced during the pyrolytic cracking
of a hydrocarbon stream is promoted by passing the



formati on of coke by use of such antifoul ants, the coke buildup during the
cracki ng of hydrocarbons still occurs but at a slower rate. It can be

desi rabl e for -30 there to be mnimal buildup or deposition of coke upon

t he cracker tube surfaces. A reduction in coke accunul ation on the cracking
t ub€s will increase the run length of a cracBing furnace between shutdowns

and thereby inprove the cracking operation. 35 I n accordance

with the present hydrstarbon spiedéan gtinfouwsik ea prulsiel oxfi a yrwlytice pyrol ytic

cracking of a hydr rb [

hydr ocar bon st rea?ﬁ?%?’b’?x%hférf@%;e %R&-é)%ﬁ, ‘?n#)l%p%?%% gh%frcna:éeg oper at ed
under suitable cremﬁdi@ﬁqmmdt¢|th§rehytpmndngerﬁcﬂkﬁﬂkQ§(9:ndunFrﬁtﬂkﬁm
stream An antif oyl a% ﬁ&tc'y Fér oﬂca;}%’ﬂé&m heded e ﬂ*ﬁgg’lrg | Albrabseace of

silicon is added to on strea In an anount sufficient to

pronote the shal |abgerse cokesbligrr ctP RAGPY thcEh Rydrecarhor BHELHR  he

hydrocarbon streafp #£%04heineSHEEtidfedtctd Yedthd e tmlsgsmm; of ‘coke

contactlng an anti f oul an onfaining tin ut haV|n a su nt|aI absence
of silicon with &P¥ ‘é"%‘g ‘guﬁ’y?%lﬁ}??q %ﬁ’c‘égtﬁ‘fi Quitable

treat ment conditiBpdrocatien coyreamy i de a treat ed tube. A hydrocarbon
streamis passed through t fnééﬁgéegséé@i? &P thMﬁ«Peﬁél&Pe{z?éf@dwder

sui tabl e cracki ng conditions
10 contacting an antifoulant containing tin but having a

. substantial absence of silicon with a tube of a
pyrolytic cracking furnace under suitable treatment
conditions to thereby provide a treated tube. A
hydrocarbon stream is passed through the treated tube

15 which is operated under suitable cracking conditions to
thereby produce a cracked product stream having therein
spalled coke.

The invention will now be described with
reference to the accompanying drawings in which:

20 FIG. 1 is a schematic diagram representing
the portion of an ethylene cracking process that
includes pyrolytic cracking furnace means and other
elements of the novel process;

FIG. 2 is a bar chart showing the amount of

25 coke spalled during ethane cracking from an HK4M alloy
tube treated with dimethylsulfide, tin, or a
tin/silicon mixture; and

FIG. 3 is a bar chart showing the amount of
coke spalled during ethane cracking from an HP Modified

30 alloy tube treated with dimethylsulfide, tin, or
tin/silicon.

The process of this invention involves the
pyrolytic cracking of hydrocarbons to produce desirable
hydrocarbon end-products. A hydrocarbon stream is fed

35 or charged to pyrolytic cracking furnace means wherein
the hydrocarbon stream is subjected to a severe, high-
temperature environment to produce cracked gases. The



t her eby produce a cracked product stream having therein spalled coke. The

i nvention will now be described with reference to the acconpanyi ng draw ngs
i n which: 20 FIG 1 is a schematic diagramrepresenting the
portion.of an ethyl ene cracking process that includes pyrolytic cracking
furnace neans and other elenents of the novet process; FIG 2 is a bar
chart show ng the anobunt of 25 coke spalled during ethane cracking from
an HK4M al | oy t ubydnog@arben)iatiredmcany comprige, anyntype aft hydsiocarbon

mxture; and Fl G h%e %ﬁé@fha‘ﬂl@”ﬁ@?&x@%y%g% m]uﬁ&&n% £60K3 ¥R | ed

during ethane cracking froman HP Md be treated with
di met hyl sul fi de, compouRda. n/Pxraferaplyrh&oyeyexss t&P hydrocarben gfrean

i nvol ves the pyr glav iconfpra®d hralf #1%dhyarideaibong aeq@u%%dde%hal&h% |
hydr ocar bon Snd products. % hédroc rbon streamis fed 3 or char ed to

pyrol ytic cracki SFHR FER8 ePIﬂ?EPBGar Bb‘r’faé‘ﬁ'egﬁﬁ
subjected to a sa\a@m,hdm @gind mmroef em\yl reos TRt nb&eplthdureefcracked

?ﬁZtesl s;Tgﬁl tabl e 2% gq’ag,t r§c cra |Ynget [érlt"%% %ﬁp %8?%55%?;?;(61{5?n '

however, the hydhwdmomarrbgn avmteae d‘!@tmngsa poddfingn rapgeocodr from sel ect ed

from the about 180°F. to about 400°F. as determined by the

10 standard testing methods of the American Society of
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

15 prior to entering pyrolytic cracking furnace means.
This diluenﬁ can serve several positive functions, omne
of which includes providing desirable reaction
conditions within pyrolytic cracking furnace means for
producing the desired reactant end-products. The

20 diluent does this by providing for a lower partial
pressure of hydrocarbon feed fluid thereby enhancing
the cracking reactions necessary for obtaining the
desired olefin products while reducing the amount of
undesirable reaction products such as hydrogen and

25 methane. Also, the lower partial pressure resulting
from the mixture of the diluent £fluid helps in '
minimizing the amount of coke deposits that form on the
furnace tubes. While any suitable diluent fluid that
provides these benefits can be used, the preferred

30 diluent fluid is steam.

The cracking reactions induced by pyrolytic
cracking furnace means can take place at any suitable
temperature that will provide the necessary cracking to
the desirable end-products or to give a desired feed

35 conversion. The actual cracking temperature utilized
will depend upon the composition of the hydrocarbon
feed stream and the desired feed conversion.



5 group consi sting of ethane, propane, butane, pentane, naphtha, and

m xtures of any two or nore thereof. Naphtha can generally be described as
a conpl ex hydrocarbon m xture having a boiling range of from about 180[err]
to about, 400[err]. as determ ned by the 10 standard testing nethods of

t he” Ameri can Soci ety of Testing Materials (ASTM. As an optional feature of
the invention, the hydrocarbaon feed being charged to pyrolytic cracking

f urnace neans camd&&ﬁaﬂtliy‘mttﬂiey dBacking tﬂmeﬁdm cEn raﬁfg@ﬁ:ﬁvﬁﬁﬂye“ ng
pyrol ytic cracki rnac This di Serve se ositive
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“Also, the lower partjal pressyre resul t|n fromthe m xture of the diluent
fl-uid hel ps in mBR %ﬁ-‘fﬁl %ﬁrﬁﬁﬁc Tes Gam, & FBNHL t he

f urnace tubes. V\Vra:sgeartsrcmmsadﬂw dldwantoo“'lmi d that provides these
benefits can be used, the eferre di | uent | s ,steam__The
cracking reactions i nduced p q‘ﬁ:%)&l’éﬁ?(ﬂaﬁb@nf L#té&?nr’fegﬁs EET eaﬂ<e

pl ace at anyOsui thatdrocarhunsmion exnarkedipdoduaty istereare frege pymolytdacki ng
to the desirabl e SodalifiUehSfle Mralls’ Wil 19GUdH L1115 be a mixture of

hydrocarbons in the gaseous phase. This mixture of

gaseous hydrocarbons can comprise not only the
desirable olefin compounds, such as ethylene,

15 propylene, butylene, and amylené, but also, this
cracked hydrocarbon stream can contain undesirable
contaminating components that include both oxygenated
compounds and acidic compounds and light ends such as
hydrogen and methane.

20 The cracking furnace means of the inventive

- method can be any suitable thermal cracking furnace
known in the art. The various cracking furnaces are
well known to those skilled in the art of cracking
technology and the choice of a suitable cracking

25 furnace for use in a cracking process is generally a
matter of preference. Such cracking furnaces are
equipped with at least one cracking tube to which the
hydrocarbon feedstock is charged or fed. The cracking
tube provides for and defines a cracking zone contained

30 within the cracking furnace. The cracking furnace is
utilized to release the heat energy required to provide
for the necessary cracking temperature within the
cracking zone in order to induce cracking reactions
therein. Each cracking tube can have any geometry

35 which suitably defines a volume in which cracking
reactions can take place and, thus, will have an inside
surface. The term "cracking temperature®" as used



35 conversion. The actual cracking tenperature utilized wll depend upon
the conposition of the hydrocarbon feed streamand the desired feed

conver si on. General ly, the cracking tenperature can range upwardly to
about 2000[err]. or greater depending upon the anount of cracking or
conversion desired and the nol ecul ar wei ght gf.the feedstock being cracked.

Preferably, 5 however, the cracking tenperature will be in the range of
Irom ab?ut 1200ngé:§bﬁbﬁlﬁ d@ﬂﬂié& rds mo[ mf&af é&.‘aﬁthﬁé GF A khe
enperature can be i e ran om err err],.. The cr_a ked
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propyl ene, byl a@smtmﬂjlmrbigm @%cﬁo theat &m&ﬁ#mydrocar bon st ream
can cont'ai n undesidsd] fefLE M natwm&w%&m UtEi?e b:%ibking

oxygenat ed conpounds and. aci di ¢ conpounds "and |ight ends_such as hydrogen

and nethane. 20 Zzone will gepgrally beqin Lﬁ%m%f Aramakortef i ve
met hod can be anyp&igted| fbéher100 Ieis kddd, préfexaddy rdem 0 iseiy tto The

various cracking furnaces are well known to those skilled in the art of
cracki ng technol oYy Bft¥t he choice of a suitable cracking
10 The inventive method provides for or promotes

the spalling of coke produced during the pyrolytic
cracking of a hydrocarbon stream. It has been
discovered that the treatment or treating of the tubes
of a cracking furnace with a tin compound only or, more

15 specifically, with a composition having an absence of
silicon but comprising tin, coke spalling is promoted.
Coke spalling occurs when the coke formed in the
cracking tubes during the cracking of hydrocarbon
either fails to adhere to the tube surfaces thereby

20 forming a layer of coke or when it is deposited upon
the tube surfaces and thereafter chips, flakes or
breaks off such surfaces. .

Coke spalling for many cracking operations

can be undesirable if the spalled coke results in

25 damage or plugging of equipment located down stream
from the cracking furnace. However, in situations
where the downstream equipment can handle the fragments
of spalled coke or, alternatively, where means is
provided which can suitably remove the spalled coke

30 contained in a cracked product stream, the promotion of
coke spalling can result in increasing the length of
time between decoking of the cracker furnace tubes;
because, coke is removed from the tube surfaces by
spalling, or it is prevented from depositing or

35 adhering to the tube surfaces. By increasing the
length of time between cracker tube decokings, the
furnace production down time is reduced thereby



25 f.urnace for use in a cracking process is generally a matter of _
preference. Such cracking furnaces are equipped with at |east one cracking
tube’to which the hydrocarbon feedstock is charged or fed. The cracking
tube provides for ‘and defines a cracking zone contained 30 wthin the
cracking furnace. The cracking furnace is.ugili zed to rel ease the heat
energy required to provide for the necessary cracking tenperature within
t he -cracki ng zoneimpr mﬁsg d:nad:lnthgef\ﬁ:ﬁw&' rﬁ#‘ﬁmti & WSy 148 o 5 ?re -
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tube. The outside wall tenperature tHe crac |ng tu % hus, be
hi gher than tthe FeRIFHELIR ARARA (FQr FRNQGRG Bty l&aw.bs am:rtaldrydfgﬂ'm
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Z00C proferably. 9HMER Bieriasds Kt cokp spalling ‘camike idaRiRadic ot hod
provi des for or pronotes trre it d caly ﬁpé&ﬁ(bﬂ)rﬁwqﬁbﬁﬂﬁ NGhvidit i34 Glg/t i C
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10 compound but comprising a tin compound. It has been

discovered that the treatment of the tubes of a
cracking furnace in accordance with the methods

-

described herein with a tin compound only, as opposed
to a compound containing both a tin compound and a
15 silicon compound, unexpectedly promotes the spalling of
coke. When a composition containing a combination of
tin and silicon is used to treat cracker furnace tubes,
on the other hand, excessive spalling of coke is not
. observed; rather, the formation and deposition of coke
20 appears to be inhibited. Thus, by combining tin and
silicon certain antifoulant benefits and properties are
obtained that are different from those of an
antifoulant containing a tin compound only or,
alternatively, a material having an absence of silicon
25 but comprising tin.
Any suitable form of tin may be utilized in
~ the antifoulant composition having an absence of
silicon and comprising tin. Elemental tin, inorganic
tin compounds and organic tin compounds as well as
30 mixtures of any two or more thereof are suitable
sources of tin. The term "tin" generally refers to any
one of these tin sources.
Examples of some inorganic tin compounds
which can be used include tin oxides such as stannous
35 oxide and stannic oxide; tin sulfides such as stannous
sulfide and stannic sulfide; tin sulfates such as
stannous sulfate and stannic sulfate; stannic acids



"of a cracking furnace with a tin conmpound only or, nore 15 specifically,
with a conposition having an absence of silicon but conprising tin, coke
spal I'ing is pronoted. Coke spalling occurs when the coke forned in the
cracki ng. tubes during the cracking of hydrocarbon either fails to adhere to
the tube surfaces thereby 20° forming a | aygr-of coke or when it is
deposited upon the tube surfaces and thereafter chips, flakes or breaks off

such surfaces. Cdsmbmﬂlﬁe@étmnﬁwd&dﬁmgzhmm &dPein

undesirable if t P_sm € amage or pl uqgqj ng of
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Thus, if the equi'pnent used to process the cr Atcker
10 Examples of some organic tin compounds which

) can be used include tin carboxylates such as stannous
formate, stannous acetate, stannous butyrate, stannous
octoate, stanndus decanocate, stannous oxalate, stannous
benzoate, and stannous cyclohexanecarboxylate; tin

15 thiocarboxylates such as stannous thioacetate and
stannous dithioacetate; dihydrocarbyltin'
bis (hydrocarbyl mercaptoalkanocates) such as dibutyltin
bis (isoocylmercaptoacetate) and dipropyltin bis (butyl
mercaptoacetate); tin thiocarbonates such as stannous

20 O-ethyl dithiocarbonate; tin carbonates such as
stannous propyl carbonate; tetrahydrocarbyltin
compounds such as tetramethyltin, tetraoctyltin,
tetradodecyltin, and tetraphenyltin; dihydrocarbyltin
oxides such as dipropyltin oxide; dibutyltin oxide,

25 dioctyltin oxide, and diphenyltin oxide;
dihydrocarbyltin bis(hydrocarbyl mercaptide)s such as
dibutyltin bis(dodecyl mercaptide); tin salts of
phenolic compounds such as stannous thiophenoxide; tin
sulfonates such as stannous benzenesulfonate and

30 stannous-p-toluenesulfonate; tin carbamates such as
stannous diethylcarbamate; tin thiocarbamates such as
stannous propylthiocarbamate and stannous
diethyldithiocarbamate; tin phosphites such as stannous
diphenyl phosphite; tin phosphates such as stannous

35 dipropyl phosphate; tin thiophosphates such as stannous
0,0-dipropyl thiophosphate, stannous 0,0-dipropyl
dithiophosphate and stannic 0,0-dipropyl



f urnace product stream can handl e the spalled coke without detrinent, or,
I f suitable renoval or 5 separation means for renoving at |east a portlon
of the spalled coke contained in the cracked product stream can be
provi ded, then coke spalling can be desired. A critical aspect of the
I nst‘ant invention is the use of a conpositiog having an absence of a
silicon 10 conpound but conprising a tin conpound. It has been
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sour ces.
cracking tubes of a pyrolytic cracking furnace. The

' composition is contacted with surfaces of the cracking
tubes either by pretreating the cracking tubes with the
15 antifoulant prior to charging the tubes with a
hydrocarbon feed or by adding the antifoulant to the
hydrocarbon feed in an amount effective for treating
the cracker tubes.
Any method can be used which suitably treats’
20 the tubes of a cracking furnace by contacting such
tubes with the antifoulant under suitable treatment
conditions to thereby provide treated tubes.
The preferred procedure for pretreating the
tubes of the cracking furnace, includes charging to the
25 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 tubes with
the steam so as to provide a superheated steam which
30 exits the tubes at a temperature exceeding that of the
steam introduced into the inlet of the tubes.
Generally, the steam effluent will have a temperature
upwardly to about 2000°F. Thus, the treating
temperature can be in the range of from about 300°F. to
35 about 2000°F., preferably, from about 400°F. to about
1800°F. and, most preferably, from 500°F. to 1600°F.
It is desirable for the steam to be charged to the



Exanpl es of sone inorganic tin conpounds which can be used include tin

oxi des such as stannous 35 oxi de and stannic oxide; tin sulfides such as
stannous sul fide and stannic sulfide; tin sulfates such as stannous sul fate
and stannic sulfate; stannic acids such as netastannic acid and
thiostannic acid; tin halides such as stannoyg £l uoride, stannous chloride,
stannous brom de, stannous iodide, stannic fluoride, stannic chloride,
stanni c brom de agdnveckibn sedtden bft thepbBoaphihgsfavfilicas thepsEére,
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Exanpl es of some organic t'QhSOHBQE?QﬁlﬁghcﬁaﬁaﬂhQﬁ ﬂ?egdh£§LHd$iE%the
e, S S utyrate,

carboxyl ates such as stannous forna annous acet ate, annous
stannous oct ofit e, sseamnbedngechasged, tot thmoesagkeratubest an®bes benzoat e,

and stannous cycl ghex#8a3ahROo¥khabe; akimixéd with' £REM BRYUMaBSestRarad
stannous t hi oacet ate a&d st.annous di t hi,oacet at ¢; dlhydrgcarsztln,
& t with an

bi s(hydrocar byl nBfa&plduidngn: 88) aspiKxtuseqrbuthe: preifoul

bi s(i'soocyl mer capineeet didhentd dIAr apyl eirénbi sfbeuiyl ppreceppedaestate); tin
t hi ocar bonat es such_as.stanno dithio arbggate'

us_20 - et hyl tin
car bonat es such agagpﬁﬁﬁgugrpFSﬁVFrEangﬁagg;afg?ﬁg ya? 3Fb§??iﬁ835npounds

such as tetrafret hjigudd ogt thecmiktiune prior to its introduction into or
’ admixing with the steam. The amount of antifoulant
admixed with the steam can be such as to provide a
concentration of the antifoulant in the steam in the
range of from about 1 ppmm to about 10,000 ppmm,
15 preferably, from about 10 ppmm to about 1000 ppmm and,
most preferably, from 20 to 200 ppmm.

The admixture of steam and antifoulant is
contacted with or charged to the cracker furnace tubes
for a period of time sufficient to provide for treated

20 tubes, which when placed in cracking service, will
provide or promote.an amount of coke spalling exceeding
that which occurs when the antifoulant includes
silicon. Such time period for pretreating the cracker
tubes is influenced by the specific geometry of the

25 cracking furnace including its tubes; but, 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

30 preferably, from 0.5 hours to 10 hours.

In the case where the antifoulant composition
is directly admixed with the hydrocarbon feed to the
cracking furnace, it can be added in such an amount to
be effective in promoting the spalling of coke produced

35 during the pyrolytic cracking of the hydrocarbon feed.
Due to the memory effect resulting from the application
of the antifoulant the mixing with the hydrocarbon



tetradedecyl tin, and tetraphenyltin; dihydrocarbyltin oxides such as

di propyltin oxide; dibutyltin oxide, 25 dioctyltin oxide, and di phenyltin
oxi de; di hydrocarbyltin bis(hydrocarbyl mercaptide)s such as dibutyltin

bi s(dodecyl mnercaptide); tin salts of phenolic conpounds such as stannous

t hi ophenoxi de; tin sulfonates such as st annoyg henzenesul fonate and 30

st annous- p-t ol uenesul fonate; tin carbamates such as stannous

di et hyl car banat e; driatid¥ m&&@%&&h@%ﬁ%@&&&%ﬂd hHedpaeymat e
and st annous dletéxidlthlo ar nate |255hosph|tes syuch as st annous

di phenyl phosphi t Yas T0Fc outyi propyl
phosphat e; tin t hildpheapsat emmmmw& &hds mﬁfloullhmph.ﬁsm e,

stannous 0, O-di pr annlc O

di t hi ophosphat e, %9#ﬁﬁa)4§4¥”%§§% a%%% el aﬁbc§?5§ﬁ h| pﬁ&?phate)s
such as dibutylti mzb@(mg}ﬁﬁqnaqwlt@dshmhbypm &¢he xaggehefl ifrem Or ganic
ti'n conpounds are 4 | gﬂﬁp :
tetrabutyltin is ﬁggﬁﬁﬁﬁé?&}re tep#?OS?FP on ggé%g@%ﬁﬁgneln refers_
to -silicon source@bSith 10 REEHER élb%ﬁtl 1008, PPESY 384, c IwiEt pFefegabdVnds

and organi c sili c@ErdadBOWE 2005 . as mxtures of any two or nore

t hereof. 10 The _ant i | ant conpo itiqQn scrl ed rein is
utilized in the treatnment o QWufégéqr & & here i iustrated

10 by schematic representat;on cracking furnace section 10
of a pyrolytic cracking process system. Cracking
furnace section 10 includes pyrolytic cracking means or
cracking furnace 12 for providing heat energy required
for inducing the cracking of hydrocarbons. Cracking

15 furnace 12 defines both convection zone 14 and radiant
zone 16. Respectively within such zones are convection
coils as tubes 18 and radiant coils as tubes 20.

A hydrocarbon feedstock or a mixture of steam
and such hydrocarbon feedstock is conducted to the

20 inlet of convection tubes 18 by way of conduit 22 which
is in fluid flow communication with convection tubes
18. During the treatment of the tubes of cracking
furnace 12, the admixture of steam and the antifoulant
composition can also be conducted to the inlet of

25 convection tubes 18 through conduit 22. The feed
passes through the tubes of cracking furnace 12 wherein
it is heated to a cracking temperature in order to
induce cracking or, in the situation where the tubes
are undergoing treatment, to the required treatment

30 temperature. The cracked product stream from cracking
furnace 12 passes downstream through conduit 24 to
separator 26 which defines a zone and provides means
for removing at least a portion of the spalled coke
contained in the cracked product stream. The spalled

35 coke removed from the cracked product stream passes
from separator 26 by way of conduit 28, and the cracked
product stream having at least a portion of the spalled



cracking tubes of a pyrolytic cracking furnace. The conposition is
contacted with surfaces of the cracking tubes either by pretreating the
cracking tubes with the 15 antifoulant prior to charging the tubes with a
hydr ocarbon feed or by adding the antifoulant to the hydrocarbon feed in an
anount effective for treating the cracker 2uyhes Any nethod can be used
which suitably treats 20 the tubes of a cracking furnace by contacting
such tubes with tdukerdodtaimed thekeirs itdnidibed (Hinddidm GE¥Edd Ofsont O

t her eby provide t

wJhe preferred npr dure for pretreating the
tubes of the crac e%zeﬁéryng%ée,b r?%arﬁa"egs ﬁ#‘@%?‘fo the 25 inlet of the

cracki ng furnace tubes a sffarptadide £ix gild yheatp cadeantye chexdeammaia\idlg a

tenperature int ,faﬂgée OQ[err 0 t_ 500 err The
cr-ggki ng fur nacehf\%é Ireﬁ%‘%’f%%&% g'hzg' tétfbéels %ﬁoﬁ'st r?g’%évteeé’aérﬁ SO as to
provi de a sufer hdthzngh Qerdiitt BB (ko hurners 34 tabharacking dumnaatelrle

exceedi ng that ofwHdwelsy aHR | AU YL A d Bukddi drd Hedt drii-dyiles
General ly, the ste%en; effluent will have a tenperature upwardly to about -.
2000[ err]. Thus, &%eP33%¥5ting tenperature can be in the range of from about

300[err]. to 35 about 200Bjmeimg ,thy afrsatiaent (o Bt [tRibds 18 about

1800 ert] and. sl MAIALA0 o dd OB S0k b RUNLSHY lionklodit41° 120! ©

for the steamto be
10 conveyed to cracking furnace 12 feed stream through

conduit 36 and admixed prior to the resulting mixture
entering cracking furnace 12. Interposed in conduit 36
is heat exchanger 38 which provides heat exchange means
for transferring heat energy and to thereby vaporize
15 the feed conversion enhancing composition.
The following example is provided to further
illustrate the present invention.
EXAMPLE
The following two comparisons illustrate the
20 promotion of coke spalling by the addition of a tin
compound without the addition of a silicon compound.
, An experimental ethane cracker equipped with
a HK4M alloy tube feeding 44 lb/hr ethane and 13.2
lb/hr steam was fed 300 ppmw sulfur as dimethyl sulfide
25 during cracking, a common treatment in current
crackers. Conversion was kept constant at 65% and
residence time at 120 milliseconds. Spalled coke
collected after the reactor in a dead leg zone upon
completion of the 70 hour run amounted to 4 grams/day.
30 This same tube was treated with 100 ppmm tetrabutyl
tin, without silicon, for six hours prior to charging
ethane. Spalled coke collected after a 70 hour run
amounted to 14.5 grams/day. In a separate run, the
HK4M tube was treated with 100 ppmm each of
35 tetrabutyltin and hexamethyldisiloxane for six hours
prior to charging ethane. Spalled coke was collected
over a 100 hour period at a rate of 2.5 grams/day.



convection section of the cracking furnace, therefore, first passing

t hrough the convection section tubes foll owed by passing through the

radi ant section tubes. The antifoul ant can then be admixed with the 5
steam being charged to the cracker tubes. The antifoul ant can be adm xed
with the steamas either a neat liquid or _.agza.m xture of the antifoul ant
with an inert diluent. In any event, it is preferred to vaporize or convert

into an aerosol Qjéﬂherféf‘%itﬂf‘tofl(the |hded éﬂ&dﬂﬁﬂlur:%dﬁ wltH GHd S
introduction into or admn Xin th the steam Theiaa unt "of _anti foul a

admi xed with the BER4GFubs, ﬁf(ﬁ?e&tqﬂo in £FGte &7 B apaarv

antifoulant in thErcu eainddalysd g I ah ddtﬁm aheuttin pmm ttremtmentl0, 000
ppmm 15 pr ef er abl fro about 10 p about

pref erabl y, frompﬁ?‘%/’tf" O‘gn dﬁ’ r &% oﬂ‘at]ﬁ eam an r*ltjlcf%tﬁ ant is
cont act ed. wi t8h orsn&ia]r:ig:@ than pem aiiieert:lin/rmalas:qmbss the dimedhydd of tine
sufficiént to pro&q é)rc Jﬁﬁﬂ 20 t ubes, which when placed in cracking -
service, will provide or & an anount of coke spalllng exceedln t hat
whi ch occurs when the antlf%lﬁmeﬂmfm?és ehhane, T q?bo

pretreating the GfRoksdi#idfSaltoy rﬁduemllag e, §IQ.Q$}4H:* f‘etﬂﬁi’ia?tdﬂd of the
25 cracki ng furnace }J]cl uding its t be ut 9 nﬁr?lly the pretreating
time period can r & ffer if required.
But, preferay, dih&tflfarlmﬁfdé | e ifray d:hfclﬂmg.r eomeeHprbevaa Rept r ange
of from about 0.1 hows,d 0, h0H e adiith B ik 2Ry eferably, from

0.5 hours to 10 Kt
milliseconds. Spalled coke collected after the reactor

in a dead leg zone upon the completion of a 55 hour run
amounted to a daily rate of 2 grams/day. This same

15 tube was treated with tetrabutyltin, without silicon,
for six hours prior to charging ethane. Spalled coke
collected after a 65 hour run amounted to 24 grams/day,
an increase of twelve times compared to the sulfur-
treated run. In a separate run, the HP Modified tube

20 was treated with 100 ppmm each of tetrabutyltin and
tetraethylsilane for six hours prior to charging
ethane. Spalled coke was collected over a three day
period at a rate of 2 grams/day. Data for each of the
three experimental runs are presented in FIG. 3. As

25 can be observed from the data, the tin only treatment
provides for a significantly greater amount of coke

- spalling than does the tin/silicon or the

dimethylsulfide compounds. '



R +he case where the antifoul ant conmposition is directly adnixed with the
hydr ocarbon feed to the cracking furnace, it can be added ~such an anopunt

to be effective in pronoting the spalling of coke prod”ml]mﬂl ﬂml[m“ t he
pyrolytic cracking of the hydrocarbon_fged. Due to the “Il | '
resulting fromt he appl [ cat | on of thg gNAi foml gnt the ntxihg 'wi t*h €he*

hydrocar bo rac f ed i s conducted intermttently as required
but ,. pref e;&a‘ol Y, for Ig T PTIREInG the apaiding /& Sa%ation of the

ant i Loul aPtpﬁddudmd tdmlr:tmgrtklm pyvelserid Qﬁhﬂn@gﬁ raeaiyd)g;dgrgc?f 5b t
crackin of, from o abou

10, 000 gpml#‘!%er era% y%{#}%’nﬁia {J:{]ud_l.{? %ﬁﬁﬂ?%@&ﬁ@%y&f%f CIRA

pr ef er abl y,thrmm(htmooi)mymtm arragiing furRads dﬁima:e&_undelzé f
illustrate SEERRLd &s&% C n o]
a pyrolyti %Jc#aﬁ%g procesésq':scglrgé em i%ﬁé&(%&sﬁ{%ﬁc%%ﬁl udes
pyrol ytic @%RN%Hy Hegamorand Adding fan mntd foukant mﬁaﬁmgmmn &t gy -
required f avil! i) GaBdéndd aKi g1 dor el %ﬁ!&%ﬁré&ﬁ%ﬁm&&%m iH nace

12- defi pes both conv zone 14 and r.adi ant zone 16, Respectiyvely wthin
such zones 3R ﬁﬁ#%ﬁe‘b% ¥ BECMQRRe L q‘ﬁa Iing &% ke Pradugaiks 20.
A hydr ocar kbrrifree dsie @yrolytin xrackinig if daiah hydrdvdnbbn Gidedin to

feedStOCkiéié?ﬁﬁg"ﬁfﬁbf&étggid cracked product stream having therein
spalled coke.

2. A method according to claim 1, wherein the amount

- of said antifoulant added to said hydrocarbon stream iz such
as to give a concentration in said hydrocarbon stream in the
range of from about 1 ppmm to about 10,000 ppmm.
3. A method of promoting the spalling of coke produced
during the pyrolytic cracking of a hydrocarbon stream, said
method including contacting an antifoulant containing tin but
having an absence of silicon with a tube of a pyrolytic
cracking furnace under suitable treatment conditions; and
passing said hydrocarbon stream through the thus treated
tube, said tube being operated under suitable cracking
conditions to thereby produce a cracked product stream having
therein spalled coke.
4, A method according to claim 3, wherein the
antifoulant is used for contacting in an admixture with a
diluent at a concentration in the range of from about 1 ppmm
to about 10,000 ppmm.
5. A method according to claim 3 or 4, wherein the
contacting is conducted at a temperature in the range of from
about 300°F. to about 2000°F.
6. A method according to claim 5, wherein the
contacting is conducted upwardly to about 12 hours.
7. A method according to any one of the preceding
claims, which includes removing at least a portion of said

CASE: 33294



20 4nlet of convection tubes 18 by way of conduit 22 whi ch— id flow
communi cation with convection tubes 18. During the treatnen f the tubes
of c¢racking furnace 12, the adm xture of steam and the antwﬂn "‘”MIM
conpositjon can al so be conducted to thg Lnlet of 25 con lﬂ

t hrough Ccopgaill ed? cokBExica Gaidh Haadiddd Podudt gtheagP! Cracki ng f'ur flace
12 wherein_t is heated gc%hcracklng temperature in order to induce

cracking of: in the & ing. to 3y sre efidheoPreceddimgrent, to
the requirelaimsgt mbeirei® theergiey digiad or o@&&cle%ﬁ%&@ct stream from
cracki ng fgrnace 12 Q?%Eﬁ- gemnstr n1throuq2éﬁg duit 24 to separator 26
whi ch defifiés a zone®a %P |ﬁﬁ§? s %% irnRerein, 8212 hortion of
t he spal | eorganetionicompenind) itshdetrabutyltinjuct stream The spalled 35
coke renmoved fromthe cracked product stream passes from separator 26 by
way of conduit 28, and the cracked product stream having at |east a portion
of the spalled - 12 - coke contained therein renoved therefrom passes
from separator 26 by way of conduit 30. To provide for the heat energy -.
necessary to operate cracking furnace 12, fuel gas is conveyed 5 through
conduit 32 to burners 34 of cracking furnace 12 whereby the fuel gas is

burned and heat energy is released. During the treatnent. of convection
tubes 18



anérradiant tubes 20, the antifoul ant conposition is 10 conveyed to
cracking furnace 12 feed streamthrough conduit 36 and admi xed prior to the
resul-ting mxture entering cracking furnace 12. Interposed in conduit 36 is
heat exchanger 38 which provides heat exchange nmeans for transferring heat
energy and to thereby vaporize 15 t he feed conversi on enhanci ng
conposition. The following exanple is prbtd@ded to further illustrate the
present invention. EXAMPLE The followi ng two conparisons illustrate the 20
pronoti on of coke spalling by the addltlo of a tin compound m‘thout t he
addi tion of a silicon conpound. An exp& tal ethane cracked|®mhui pped
with a HX4M al | oy tube feeding 44 Ib/k@%&hﬁne and 13.2 | b/ hidgXeam was fed
300 pprmw sul fur as dinethyl sulfide 2 ing cracking, a gﬂ n
treatment in current crackers. Cbnvers s kept constant af % and
residence tinme at 120 mlliseconds. S dncoke collected afX ger the
reactor 'in a dead | eg zone upon conpl e@r of the 70 hour ruf?prounted to.4
grans/ day. 30 This sanme tube was treateq with 100 gpmm tetraputyl tin,

wi t hout .silicon, for six hours prior to cHarging et h&he. Spallpd coke
collected after a 70 hour run amounted to {14.5 grans/d]y. In a|separate
run, the HK4M tube was treated with 100 pgm eag tetraputyltin and
hexanet hyl di si |l oxane for six hours prior tjo chprging ethdne. Spalled coke
was col |l ected over a 100 hour period at akﬁate of 2.5 gr
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- 13 - Data for each of the three experinental runs with the HKAM tube are
presented in FIG 2. As can be observed froman analysis of the data, the
tin only treatnment provides for a significantly greater anount of coke 5
spal l'ing .than does the tin/silicon or the dinmethyl sulfide conmpounds. An
expeki ment al et hane cracker equi pped with HP Mdified alloy tube feeding
25.3 I b/ hr ethane and 7.6 | b/hr steam wa/2ed 300 ppnw sul fur as 10

di methyl sul fi de during cracking. Conversion was kept constant at 67% and
residence tinme was 270 m|liseconds. Spalled coke collected after the
reactor in a dead | eg zone upon the conpletion of a 55 hour run anounted to
adaily rate of 2 grans/day. Th|s sang 15 t{be wad treatfed with
tetrabutyltin, wi thout siJlicon,|for s|{x houfs priqr t hgh 9i ng et hane.
Spal | ed coke col | ected affter a p5 houf run &nountgd t¢ 24Ngrans/day, an
increase of twelve tines |conparpd to fhe sulifur- tireafjed mmn. In a separate
run, the HP Modified tubg 20 vas trpated With 1Q0 p efth of
tetrabutyltin and tetraetlhyl silpne fof six hours grior tjo chargi ng ethane.
Spal | ed :coke was col |l ectgd over{a thrfpe day|periodq at a frate of 2
grans/day. Data for each |o € LNl ee exp —TUuns jare pvesented in
FIG 3. As 25 can be olsprved fromthe data, the tin gnjy &reatwent
provides for a significarit}ly greater anount of coke spal] rhg@than does the
tin/silicon or the .
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di met hyl sul fi de conpounds. 14 - CL. Al MS 1 A met hod for
pronoting the spalling of coke produced during the pyrola :
hydrocarbon stream said nethod including passing said qtﬂgg:gq@@pHagrmm
t hrough a tube of a pyrolytic cracking furnace operated [under rgpiagEDe
cracking conditions to thereby produce a cracked product
an antifoul ant containi-ng tin but having an absence of silicon to said

hydr ocarbon streamin an amu%ﬁgafdtcb%ntthgoggégggggrghe spal I i ng of coke
produced during the pyrolytic cracking o ydr o bon streamto
‘thereby provide sai dEFAGE: FOR| AROMSIING T L Ry bP % Eem cgpal | ed coke. 2.

A met hod according to QURING tHE ‘mERerCRtA INW@F”HYD CASRQD antl foul ant added
to said hydrocarbon streamis such as to give a concentration in said

hydr ocarbon streamin Spmllmmeai)fcdka)lpmiaﬂwed%dnﬁ&n‘gt ehabeagﬁo.iﬁlooo ppmﬂ
e r e .S in coke produced durin
yroI ytic Cl’éa%ﬂ ng OQ %grocar J(%ln * zfﬂ"%§ Bynﬁf’ﬁ‘ ﬁEFu&Fn&regtl :
- contacting aﬁhearﬂﬂh%l%ta ckhamal mg-‘athdwﬁuhraacagwanhahsebmpoeﬁtibhl con
Wi th a.tube yofygn PV alddndd adlé(ldlq_ g ggﬂ@%ﬁﬂhé p_%.ﬁ_ét r eat ment

conditions; and passi ng said hydrocar rea rou thus treated
tube, said tube being operated under SU|tabIe cracking conditions to

t hereby produce a cracked product stream having thw

as Been Re‘hced

"




4. . A nethod according to claim3, wherein the ot ant s -used.
for contactlng in an admixture with a diluent at a CO(ﬁﬁﬁhﬂﬁﬁﬁﬂwT§ﬁ¥%e

range’ of from about 1 ppmmto about 10,000 ppmm 5. |
according to claim3 or 4, wherein the contacting is |

tenperdture in the range of from about 300[err] to about ZOUQOF. ? . 1 g\
met hod according to claimb5, wherein the cont ac;2 %cblﬁenccogﬂ%b&t gg%).% %I 99
0 any on

to about 12 hours. 7. ;‘7gethod ,ccoro
claims, which includes renoviTe F ¥ ~o+=saj d CASE: 33294 -

15 - spalled coke A net hod
according to any oﬁ%ﬁg}l’u é%ﬁ%é%é?ﬁ %ﬁg’%}&%‘:qq nis an
organotin conpound. 9. % 8 & q= P 8, wherein said
organotin conpound i gpalliagubt! bbRe produced during the thermal
eracking of bhydrocarbon is promoted by contacting or treating

the tubes of althe:mal c¢racking furnace with a composition
having an absence of silicon and comprising tin.

edi ng

(Figure 1)



