METHOD FOR PROVI DI NG A TUBE HAVI NG COKE FORMATI ON_— ANDCGR
MONQOXI DE | NHI BI TI NG PROPERTI ES \WHEN USED FOR THE THERNAL CRACKING
HYDROCARBONS The present invention generally relates to
processes for the thermal cracking of hydrocarbons and, specifically, to a
met hod for providing a tube of a thermal cracking furnace having coke
formati on and carbon nonoxi de production inhibiting properties when used
for the thermal cracking of hydrocarbonss 1 = In a process for
produci ng an ol efin conmpound, a fluid stream containing a saturated

hydr ocar bon such_as etha ropane. butane ent ane a, or mxtures
of two or nor e MERED: Bﬁ‘ﬁl tWBg @%&M”’gbr Wﬂﬁ fﬁ@;“r&@rackl ng

furnace. A diluent fI'ui d such as steamis usually conmbined with the
hydr ocarbon feed material being introduced into the cracking furnace.

The present invention generally relates to
processes for the thermal cracking of hydrocarbons and,
specifically, to a method for providing a tube of a
thermal cracking furnace having cocke formation and

- carbon monoxide production inhibiting. properties when
used for the thermal cracking of hydrocarbons.

In a process for producing an olefin
compound, a fluid stream containing a saturated
hydrocarbon such as ethene, propane, butane, pentane,
naphtha, or mixtures of two or more thereof is fed into
a thermal (or pyrolytic) cracking furnace. A diluent
fluid such as steam is usually combined with the
hydrocarbon feed material being introduced into the
crecking furnace.

' Within the furnace, the saturated hydrocarbon
.is_convertéd 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 appreciable amounts of other
.hydrocarbons. Similariy, a mixture of saturated
hydrocarbons containing ethane, propane, butane,
pentane and naphtha is converted to a mixture of
olefinic compounds containing ethylene, propylene,
butenes, pentenes, and naphthalen_e;. Olefinic compounds

are an important class of industrial chemicals. For
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Wthin the furnace, the saturated hydrocarbon is conve

furnace is converted into ethylene and appreci abl e anount

hydrocarbons. A propane streamintroduced into the fur nac

conpeund. For exanple, an ethane streamintroduced |ntoT%Q§h ﬁcF gﬁel ’
lﬂé? ﬂz Hpmm

Simlarly, a mxture of saturated hydrocarQons cont ai ni ng et hane, propane,

ethylene and propyl ene, and appreci abl e anounts of ot her

but ane, pentane and naphtha is converted t0 a m xture of

oIeflnlc conmpounds
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A efinic conpounds are an inportant class of jndustrial
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As a result of the ther crack| a# ¥d ocareg ce cracked product
stream can al so containnghpf%0|%ﬂ) dﬁ%. ? y?%ﬁ |6gpr dlicts ot her
t han the olefihmﬁnﬂnﬁxhnnk;thﬂﬂqnh¢ﬁpdfnrOGn@mmﬁtxeGQJQEm abeoxide. It is

undesirabl e toé@ﬁﬁﬁfﬂ‘ PSS Ml P&l CONEENS £ ff%&f@;&?ﬁ gpgoxide in
a cracked product str 5 cause |t can cause. the olefinic_product to be
"of f-spec” due ¥TEU (oL fipd iptc 1FRRPOWR ?s‘%ﬁ%ﬁ¢%&ﬂe £°® i nportant

to maintain th@xm:mu red iieon Glioaebdd. Mpo x4, sleunde sd eilble cto (have Can

streanlas low‘%§é¥§§§J4f§ high concentration of carbon monoxide in a
cracked product stream; because, it can cause the
olefinic product to be “"off-spec®" due to such
concentration. Thus, it is desirable and important to
maintain the concentration of carbon monoxide in a

cracked product stream as low as possible.

Another problem encountered in thermal
cracking operations is in the formation and laydown of
carbon or coke upon the tube and equipment surfaces of
a thermal cracking furnace. This buildup of coke on

the surfaces of the cracking furnace tubes

can result

in an excessive pressure drop across such tubes thereby
necessitating costly furnace shutdown in order to
decoke or to remove the coke buildup. Therefore, any
reduction in the rate of coke formation and coke
buildup isxdesirable in.that it increases the run
length of a'cracking furnace between decokings.

The present invention provides an improved
process for cracking saturated hydrocarbons to produce

olefinic end-products.

The invention also prevides a process for

reducing the formation of carbon monoxide and coke in a
process for cracking saturated hydrocarboans.

The invention further deals with improving

the econocmic efficiency of operating a cracking process

for cracking saturated hydrocarbons by providing a

" method for treating the tubes of a cracking furnace so
as to provide treated tubes having coke formation and
carbon monoxide production inhibiting properties.



- 2- Anot her probl em encountered in the

operations is in the formati on and | aydown of carbon or coke upon the t ube

and.equi prent surfaces of a thermal cracking furnace.
on the surfaces of the cracking furnace tubes can result
presSure drop across such tubes thereby necessitating c
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shutdown in order to decoke or to renove the coke buil dup. Therefore, any
reduction in the rate of coke fornation ant coke buildup is desirable in

that it increases the ru ecoki ngs.
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:
invention, a tube of a thermal cracklngrg)

oved process
urnace is

treated with an antifoulant composition so as to
provide a treated tube having propertiea which inhibit
the formation of coke when utilized in a thermal
cracking operat;on. The method for treating the
"thermal crack;ng tube includes contacting under an
atmosphere of a reducing gas, the tube with the
antifoulant composition which comprises a compound
selected from the group consisting of a tin compound,

silicon compound, and combinations thereof.

Another embodiment of the invention includes
a method. for reducing a concentration of carbon

monoxide present in a cracked gas stream produced by
passing a hydrocarbon stream through a tube of a
thermal cracking furnace. This method includes
treating the tubes of the thermal cracking furnace by
contacting it with a hydrogen gas containing a sulfur
compound thereby providing a treated tube having
properties which inhibit the production of carbon
monoxide during the thermal cracking of hydrocarbons.
The hydrocarbon stream is passed through the treated
tubes while maintaining the treated tubes under
suitablé cracking conditions to thereb¥ produce a
cracked gas&stream having a reduced concentration of
carbon monoxide below the concentration of carbon

monoxide that would .be present in a cracked gas stream

produced by an untreated tube.

In the accompanying drawing:

FIG. 1 provides a schematic representation of
the cracking furnace section of a pyrolytic cracking
process system in which the tubes of such system are
treated by the novel methods described herein.

FIG. 2 is a plot of the weight percent of

carbon monoxide in a cracked gas stream versus the time
of on-line cracker operation for tubes treated in
accordance with an inventive method described herein
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for cracking saturated hydrocarbons to produce ol efm

Anot her obj ect of the invention is to provide a proceggssheeHas Betn 4 he

formati on of carbon nonoxi de and coke in a process for ‘ r-at ed
hydr ogcar bons. A still further object of D ' is to
| nprove the econom c efficiency of operating a crackin ocess for

cracki ng saturated hydrocarbons by providi gg a nethod for treating the

tubes of a cracking furnace so as to provT Treated tubes having coke

formation and c 0 i gg r | Q. inhipiting properties.
I n accordance WIQ%E %ﬁg;og%o |rrt§'r?t%%g’fcltyt %erela%vee&n)_tq . a _tu._be of a thermal
cracki ng furnace is treat &penpriecesmmf fadul s imventhasi timwilseastho
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reduci ng gas, tae chbeged lta Mﬁ‘mldﬁﬁclﬁ?{@@?z&im \Maaﬁi(}s Qgﬁ&éﬁs a
compound, ~and- copi Baarsse=ed BiaUial ¥4 Waedbdd T AR e idBD! (e
i nvention i ncl uUBEFPETAENRG enyi nozmes th ¢ Resdnere eracked fgageehon T oXi de
present in a Cregiedcadbol stH8a QAH Ybuidrise 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,
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
Testing Materials (ASTM). |
. The cracking furnace means of the inventive
method can be any suitable'therﬁal 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 suitablé'cracking
furnace for use in a cracking process is generally a
matter of-ﬁieference. Such cracking furnaces, however,
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 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 the
cracking reactions therein. Each cracking tube can
have any geometry which suitably defines a Qolume in
which cracking reactions can take place and, thus, will
have an inside surface. The term "cracking

temperature® as used herein is defined as being the



passi ng a hydrocarbon streamthrough a tube of a thernma

This.nethod includes treating the tubes of the ther nmls sa&pGi ur nace by
contiacting it with a hydrogen gas containing a sul fur|
providing a treated tube having properties which inhi ” _

carbdn nonoxi de during the thermal cracking of hydroc

ace.
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hydrocarbon streamis passed through the-trgated t ubes whil e mai ntai ni ng

the treated tubes under suitable cracking conditions
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cracking tube can, thus, be higher than the cracking
temperature and possibly substantially higher due to
heat transfer considerations. Typical pressures within

the cracking zone will generally be in the range of
from about 5 psig to about 25 psig.and, preferably from

10 psig to 20 péig.

As an optional feature of the inveﬁtion, the
hydrocarbon feed being charged to pyrolytic cracking
furnace means can be intimately mixed with a diluent
prior to entering pyrolytic cracking furnace means.
This diluent can serve several positive functions, one
of which includes providing desirable reaction
conditions within pyrolytic cracking furnace means for

producing the desired reactant end-products.

The

diluent does this by providing for a lower partial
pressure of hydrocarbon feed £luid thereby enhancing
the cracking reactions necessary for obtaining the
désired olefin products while réducing the amount of
undesirable reaction products such as hydrogen and
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 tuﬁes. While any suitable diluent fluid that
provides these benefits can be used, the preferred

diluent fluid is stream.

_ 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 the desired
feed conversion. 'The actual cracking temperature

utilized will depend upon the composition of the

. hydrocarbon feed stream and the desired feed

conversion. Generally, the cracking temperature can
range upwardly to about 2000°F. or greater depending
upon the amount of cracking or conversion desired and
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dr awi-ng: FIG 1 provides a schematic reppesentatio of—t.he
cracki ng furnace section of a pyrolytic cracking proce S Qm&mhgthhich
t he tubes of such systemare treated by the novel neth ' dein.
FIG "2 is a plot of the weight percent of carbon nonoxi jy) d gas
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furnace means will generally be a mixture of
hydrocarbons in the gaseocus phase. This mixture of
gaseous hydrocarboné can comprise not only the
degirable olefin compounds, such as ethylene,
propylene, butylene, and am&lene; but, also, the
cracked hydrocarbon stream can contain undesirable

: contaﬁinating components, which include carbon
monoxide. .

It is genmerally observed that at the
beginning or start of the charging of a feedstock to
either a virgin cracking tube or a cracking tube that
has freshly been regenerated by .decoking, the
concentration of undesirable cafbon monoxide in the
cracked hydrocarbon.stream.willxbe higher or reach a
maximum concentration peak, whi¢h will herein be
referred to as peak concentration. Once the carbon
monoxide concentration in the cracked hydrocarbon
stream.reaéhes'its peak or maximum concentration, ovexr
time it will gradually decrease in an almost asymptotic
fashion to some reasonably uniform concentrationmn.
While the asymptotic concentration of carbon monoxide
will often be sufficiently low to be within product
specifications; often, the peak concentration will
exceed specifications when there are no special efforts
taken to prevent an excessive peak concentration of
carbon monoxide. In untreated tubes, the peak
concentration of carbon monoxide can exceed 9.0 weight
percent of the cracked hydrocarbon stream.
Conventionally treated tubes provide for a peak

concentration in the range from about 6 weight percent
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The novel cracker tube treatment methods
described herein provide for a reduced cumulative
production of carbon monoxide in the cracked
hydrocarbon stregﬁ‘during the use of such treated
cracker tubes, and they provide for a lower peak
concentration and asymptotic concentration of carbon
monoxide. It has been found that the use of cracker
tubes treated in accordance with the novel methods
described herein can result in a reduced peak
concentration of carbon monoxide in a cracked
hydrocarbon stream below that of conventionally treated
tubes with the peak concentration being in the range of
from about 3 weight percént to about 5 weight percent.
The asymptotic concentration of carbon monoxide in a
cracked hydrocarbon stream from cracker tubes treated
in accordance with the novel methods described herein
also can be lower than that.of éonventionally treated
tubes with such asymptotic concentration being less
than 1 weight percent. 1In addition to preventing |
.an off-agpec olefin product, another advantage from
having a lower carbon monoxide production in the
cracking of\hydrocarbons is that the hydrocarbons are
not converted to carbon monoxi&e, but they are
converted to the more desirable olefin end-products.

A critical aspect of the inventive method
includes the treatment or treating of the tubes of ‘a
cracking furnace by contacting the surfaces of such
tubes with an antifoulant composition while under an
atmosphere of a reducing gas and under suitable
treatment conditions. It has been discovered that the
coke formation inhibiting properties of a cracking tube
are improved by treating such cracking tube with the

antifoulant composition in a reducing gas atmosphere as
opposed to treatment without the presence of a reducing
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cracking operation. . The preferred reducing gas,

however, is hydrogen.

The antifoulant composition used to treat the
tubes of the cracking furnace in the presence of a
reducing gas such as hydrogen can be any suitable
compound that provides for a treated tube having the
desirable ability to inhibit the rate of coke formation
and carbon monoxide production as compared with an
untreated tube or a tube treated 'in accordance with
other known methods. Such sultable antifoulant
compositions can comprise compounds selected from the
group consisting of tin compounds, gilicon compounds
and mixtures thereof.

Any suitable form of silicon can be
utilized as a silicon compound of the antifoulant
compositior. Elemental.silicon, inorganic silicon
compounds iﬁd organic silicon (organosilicon) compounds
as well as ndituree of any two or more thefeof are
suitable sources of silicon. The term "silicon
compound” generally refers to'any one of these silicon
sources. '

Examples of some inorganic silicon compounds
that can be used include the halides, nitrides,
hydrides, oxides and sulfides of silicon, silicic acids
and alkali metal salts thereof. Of the inorganic
silicon compounds, those which do not contain halogen
are preferred.

Examples of organic silicon compounds that
may be used include compounds'of the formula
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The hydrocarbyl and oxyhydrocarbyl radicals can have
from 1.to 20 carbon atoms which may be substituted wi

. halogen, nitrogen, phosphorus, or sulfur. Exemplary

hydrocarbyl radicals are alkyl, alkenyl, cycloaikyl,
aryl, and combinations thereof, such as alkylaryl or

th

alkyleycloalkyl. Exemplary oxyhydrocérbyl radicals are

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

.phenyltrimethylsilgne, tetraphenylsilane,

ethyltrimethoxysilane,'propyltriethoxysilane,
dodecyltrihexoxysilane, vinyltriethyoxysilane,
tetramethoxyorthosilicate, tetraethoxyorthosilicate,

polydimethylsiloxane, polydiethylsiloxane,

polydihéxylsiloxane, polycyclohexylsiloxane,
polydiphenylsiloxane, polyphenylmethylsiloxane, 3-
chloropropyltrimethoxysilane, and 3-
aminopropyltriethoxysilane. At present
hexamethyldisiloxane is preferred.

Organic silicon compounds are particularly
preferred because such 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 appeér to have less of a tendency towards
adverse effects on the cracking process than do
inorganic silicon compounds.

Any suitable form of tin can be utili;ed as
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hydr ocarbons in the gaseous phase. This m xture of ga
conprise not only the desirable ol efin conpounds, suc

propyl ene, butylene, and anyl ene; but, alsq, the cracked hydrocarbon stream
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cracki ng tube tﬁ@gmgg;q}1§ﬁn¢/1norgan1c tin compounds and organic tin
(organotin) compounds as well as mixtures of any two or
more thereof are suitable sources of tin. The term

"tin compound®” generally refers to any one of these tin
sources. '

from pyrolytic cracking furnace neans w | | generally
ﬂﬂ ons can

Examples of some inmorganic tin compouhas
which can be used include tin oxides such as 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
halides such as stannous fluoride, stannous chloride,
stannous bromide, stannous iodide, stannic fluoride,
stannic chloride, stannic bromide and stannic iodide;
tin phosphates such as stannic phosphate; tin
oxyhalides such as stannous oxychloride and stannic
oxychloride; and the like. Of the inorganic tin -
compoﬁnds those which do not contain halogen are
preferred as the source of tin.

Examples of some organic tin compounds which
can be used include tin carboxylates such as stannous
. formate, stannous acetate, stannous but?rate, stannous
octoate, stannous decanocate, stannous oxalate, stannous
benzoate, éhd stannous cyclohexanecarboxylate; tin .
thiocarboxylates'such as stannocus thiocacetate and
stannous dithiocacetate; dih&drocarbyltin
bis (hydrocarbyl mercaptoalkanocates) such as dibutyltin
bis(isoocylmercaptoécetate) and dipropyltin bis(butyl
mercaptoacetate); tin thiocarbonates such as stannous
O-ethyl dithiocarbonate; tin carbonates such as
stannous propyl carbonate; tetrahydrocarbyltin
compounds such as tetramethyltin, tetrabutyltin,
tetraoctyltin, tetradodecyltin, and tetraphenyltin;
dihydrocarbyltin oxides such as dipropyltin oxide;
dibutyltin oxide, dioctyltin oxide, and diphenyltin
oxide;_dihydrocafbyltin bis (hydrocarbyl mercaptide)s
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treated cracker_t ubes, ar%.t e¥ g[o%de Lgr g Iovveé geak ﬁoncentratlon and
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stannous, 0,0-dipropyl thiophosphate, stannous 0,0-
dipropyl dithiophosphate and stannic 0,0-dipropyl
dithiophosphate, dihydrocarbyltin bis (0,0-dihydrocarbyl
thiophosphate)s such as dibutyltin bis (0,0~
dipropyldithiophosphate);.and the like. At present
tetrabutyltin is preferred. Again, as with silicon,

organic tin compounds are preferred over inorganic
compounds.

The tubes treated with the antifoulant
composgition in the presence of a reducing gas will have
properties providing for a significantly greater
suppression of either the rate of coke formation or the
amount of carbon monoxide production, or both, when .
used under cracking conditions than tubes treated
exclusively with the antifoulant composition but
without the\presence of a reducing gas. A preferred
procedure for prétreating the tubes of the cracking
furnace includes charging to the inlet of the cracking
furnace tubes a reducing gas such as hydrogen
containing therein a concentration of the antifoulant
composition. The concentration of antifoulant
composition in the reducing gas can be in the range of
£from about 1 ppmw to about 10,000 ppmw, preferably from
about 10 ppmw to about 1000 ppmw and, most preferably,
from 20 to 200 ppmw.

Another embodiment of the invention includes
treating the tubes of a cracking furnace by contacting
such tubes with a reducing gas, such as hydrogen,



found that the use of cracker tubes treated in accordance with the novel
met hods descri bed herein can result in a reduced peak concentration of
carbon nonoxide in a cracked hydrocarbon stream behm;vshéehHisBaénReplaced !

conventionally treated tubes with the peak concentrmugﬁlmg the range
of from about 3 weight percent to about 5 . The
asynptotic concentration of carbon nonoxide in a cr rocarbon stream
from cracker tubes treated in accordancéW&%kfthe novel nethods descri bed

Stch asymptot | EETNTS T dbaR SrmeeF b ket e BErERAe 2 additi on
to preventing &restedprube| of Tine pswlifrer, cmm waledningeokbinahdvnng a
| ower with the reducing gas to treat the cracking furnace

tubes can be any suitable sulfur compound that provides

for a treated tube having the desirable ability to

inhibit the production of carbon monoxide when used in
cracking operations.

Suitable sulfur compounds utiiizéd'include,
for example, compounds selected from the group
consisting of sulfide compounds and disulfide
compounds. Preferably, the sulfide compounds are
alﬁylsulfides with the alkyl subsgtitution groups having
from 1 to 6 carbon atoms, and the disulfide éompounds
are dialkylsulfides with the alkyl substitution groups
having from 1 to 6 carbon atoms. The most preferred
alkylsulfide and dialkylsulfide compounds are
respectively dimethylsulfide and dimethyl disulfide.

The tubes treated with a reducing gas having'
a concentration of a sulfur compound will have the
ability to inhibit the amount of carbon monoxide
produced when used under cracking conditions. Also,
both the peak concentration and the asymptotic
concentration of carbon monoxide in the cracker
effluent stream are reduced below those of a cracked
effluent stream from untreated or conventionally
treated cracker furnace tubes. Specifically, for the
tubes treated with the reducing gas having a
concentration of a sulfur compound, the peak
concentration of carbon monoxide in the cracker
effluent stream from such tube can be in the range of
from about 3 weight percent to about 5 weight percent
of the total effluent stream. The asymptotic
concentration approaches less than 1 weight percent of
the total effluent stream.

The tubes treated with the reducing gas
containing a sulfur compound will have properties
providing for a reduction in the production of carbon



car bon nonoxi de production in the cracking of hydéggggo_ng_is_mm_t_he
hydr o- carbons are not converted to carbon nonoxi but they are converted

to the nore desirable ol efin end-products. ThlsSheetmsBeenRﬁ atkd aspect
of the inventive nethod includes the treatnment or tr tubes of
a cracking furnace by contacting the surfaces of sucﬁ

anti'foul ant conposition while under an atm) phere of e UCI ng gas and

under suitabl e treatnment condi tions. It ﬁa been di scovered t hat the coke

ot o0, O U] Sl R S S MR LD e 1
at nosphere as opfosadeso mqwiemxbh tahld.lﬁur[ mm@w b edudm@ gas.

Thus, the use oi,rglgeenrce,_dlgf rg%d,_%ga@démortant aspect of the inventive
nethod he reduci ng gas ‘'used in the inventive nmethod can be

any gas which can sui tabl e & REeferneshiioh faRGRch tihe ke wmistnt
conposi tion dur B&Q.t:‘all'ﬂai rﬁﬁ&amzﬂs ddhdiftﬁ\ddiﬁvﬂltwrﬁmaemmgﬂ gawe ability

of the treated r i_o oke e oducti on of
.tn Crac etm'.t et:l.o rgaé (5: F?I'.rhe

car bon nonoxi de ur| operat i on. e pre ec reducing gas,
however, is hydreg@wing gas. w ich cnn;amnﬁ1hhﬁagulﬁunnaﬂmgquadﬂnnnbdo

treat the t ubes ¢@f ttﬂl%tcr%'dﬁéwxf‘%éd" 1 SIS, Hydr-duitt! G, Jas
SUCh as hydroge%hgggégzéiééaéion of the sulfur compound in the
hydrogen gas used for treating the cracker tubes can be
in the range of £rom about 1 ppmw to about 10,000 ppmw,
preferably, from 10 ppow to about 1000 ppmw and, most
preferably, from 20 to 200 ppmw.

The temperature conditions under which the
reducing gas, having the concentration of the
antifoulant composition or the sulfur compound, is
contacted with the cracking tubes can include a
contacting temperature in the range upwardly to
about 2000°F. In any event, the contacting temperature
must be such that the surfaces of the cracker tubes are
properly passivated and include a éontacting
temperature in the range of from about 300°F. to about
_2000°F., preferably, from about 400°F. to about 1800°F.
and, most preferably, from 500°F. to 1600°F.

' The contacting pressure is not believed to be
a critical process condition, but it can be in the
range of from about atmospheric to about 500 psig.
Preferably, - the contacting pressure can be in the range
of f£rom about 10 psig to about 300 psig and, most
preferably, 20 psig to 150 psig.

The reducing gas stream having a
concentration of antifoulant composition or sulfur
compound is contacted with or charged to the cracker
tubes for a period of time sufficient to provide
treated tubes, which when placed in cracking service,
will provide for the reduced rate of coke formation or

carbon monoxide production, or both, relative .to

»




conpound that provides for a treated tube having the desirable ability to
inhibit the rate of coke formation and carbon nDnodee~prUﬁUETT?ﬁﬁi;f
conpared with an untreated tube or a tube treated |n COk Sanak eh ot her
known nethods. Such suitable antifoul ant conpositi “ ot m

compounds sel ected fromthe group consisting of tin con
conpounds and m xtures thereof. 'Aﬂ¥ sui t abl I con can
be'utilized as a silicon conpound of the~afitifoul ant conp05|t|on El emrent al
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conpounds as as mxtures o nore thereof are su
sour ces of S|I|Q%#P°qﬁet¥ErHFegPPFeoﬁfcénﬁ&éﬁ&ingeﬁéﬁalI§“°h time

7 - period for pretreating the cracker tubes is influenced
by the specific geometry of the cracking furnécg
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'cén be in the range of from
about 0.1 hours to about 12 hours and, most preferably,
from 0.5 hours to 10 bours.

Once the tubes of a cracking furnace are
treate§ in accordance with the procedures described
herein, a hydrocarbon feedstock is charged to the inlet
of such treated tubes. The tubes are maintained under
cracking conditions 80 as to provide for a cracked
product stream exiting the outlet of the treated tubes.
The cracked product stream exiting the tubes wﬁich have
been treated in accordance with the inventive methods
has a reduced concentration of carbon monoxide that is
lower than the concentration of'carbon monoxide in a
cracked product stream exiting cracker tubes that have
not been treated with an antifoulant composition or a
sulfur compound or that have been treated with an
ant:foulant composition or a sgulfur compound but not
with the critical utilization of a reducxng gas. As
earlier described herein, the concentration of carbon
monoxide in the cracked product stream from tubes
treated in accordance with the novel methods can be
less than about 5.0 weight pércent. Preferably, the
carbon monoxide concentration is less than about 3.0
weight percent and, most preferably, the carbon
monoxide concentration is less than 2.0 weight percent.

Another important benefit that results from
the treatment of cracker tubes by the inventive method
utilizing an antifoulant composition is a reduction in
the rate of coke formation in comparison with the coke
formation rate with untreated tubes or tubes treated



refers to any one of these silicon sources. ——— Exanples of sone
i norgani c silicon conpounds that can be used include the hal i des, nitrides,

hydr.i des, oxi des and sulfides of silicon, silicic a m&h&ﬂblmﬁeta
salts thereof. O the inorganic silicon conpounds

contai n hal ogen are preferred. Exanples Ilcon
conpounds that may be used incl ude conpoung of the fornula r

wherein Rlerr], R2, R3, and R4 are sel eciel”i ndependently fron1the group

consi sting of hystgogn Bhagegﬁ&anh}ygo&g%rg 1on?BEOPIRAC P | _and

wherein the conpound’s I'oni c or The
hydr ocar byl andP§§9ﬁ98906§rByFeﬁ&&F§§I§a@aﬁuﬁévs {ush tnestaEntar boThis ons
whi ch may be supslubuied wht hhaa&a&anofnbbwq%m%@.&h YeliSni 1Y t‘ﬂéfur
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before decoking is requzred.
Now referrzng to FIG. 1, there is illustrated
‘by schematic representation a 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
furnace 12 defines both convection zone 14 and radiant
zone 1l6. Respectively within such zones are convection
coils as tubes 18 and radiant coils as tubes 20.
A hydrocarbon feedstock is conducted to the
inlet of convection tubes 18 by way of conduit 22,
which is in £fluid flow communication with convection
tubes 18. Also, during the treatment of the tubes of
cracking furnace 12, the mixture of hydrogen gas and
antifoulant composition or sulfnr compound can also be
conducted to the inlet of 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 Qhere the tubes are undergoing treatment, to
the required treatment temperature. The effluent from
cracking furnace 1l2. passes downstream.through conduit
24 where it is further processed. To provide for the
heat energy necessary to operate cracking furnace 12,
fuel gas is conveyed through conduit 26 to burners 28
of cracking furnace 12 whereby the fuel gas is burned
and heat energy is released.
The following examples are provided to
further illustrate the present invention.
EXAMPLE 1 .
This example describes the experimental
procedures used to treat a cracking tube and provides



al kyl cycl oal kyl . Exenpl ary ‘oxyhydrocarbyl radicals are_al koxi de, phenoxi de,

car boxyl ate, ketocarboxyl ate and di ketone (dione). Suitable organic silicon

conpounds include trinethylsilane, tetranethyIS|Iane1h$ém&mﬂ$mw&ﬁIT
! Ilcate

triethylchlorosilane, phenyltrinethylsilane, tetraphen
et hyl'tri met hoxysi |l ane, propyltriethoxysil ane, dodecylt
vinyl triethyoxysil ane, tetranethoxyorthosii'cate tetrae oxyor
pof ydi met hyl si | oxane, pol ydi et hyl si | oxane, %oTydlhexyIS|onane

pol yeyel ohexy! S oxpRgw pal ¥OLANGALk SbL0KaRE: o8O yﬂhsgﬁggmgbz' gane.

3-chl oropropyl tri met hoxysi | ane am nopropyl trie ane.
pr esent hexaneﬁﬁwﬁd$%|+ﬁxahélvg EFEfEPFédPerformed with gaﬁﬁéuéﬁblcon

Cﬁnp?ungs are ggfiﬁg Qéh&ngégf%ﬁrgﬂgbGQQUﬁe such c?npound? are soluble in
the feed material an il uent ic referred,for .preparing
pretreatment sol utions askmi?lfﬁﬁtnn e’ PutR§ dﬁsﬁrlﬁgauﬁ +ERREF £YPe Al so,

organi c S|I|conmcmnpnenﬂeaapﬁewithoshaﬂarltnsthé ﬁotnndéanOtppamds adver se
effects on ihe &1A6kPIsRISEaRSshhan f8-188" 9BNEA-gk! hGREaCOTPOUNS.

Any SU|tabIe formo can e tin conpound af. the
Dimethylsulfide (DMS) was introduced with 26.4 lb/hr-

steam and 18.3 1b/hr nitrogen at 400°F. and 12 psig
several feet upstream of the electric furnace which
enclosed the reactor tube. The average temperature in
the reactor tube was 1450°F. during pretreatment.
Ethane was then charged to the experimental unit at a
rate of 25.3 lb/hr, and steam was charged at a rate of
7.6 1lb/hr while continuing to inject DMS at a
concentration of 500 ppmw. - Ethane conversion to
ethylene was held consgtant at 67%. DMS injection was
continued at 500 ppm for 9 hours into cracking, then
was reduced to 125 ppm for the remainder of the run.
Carbon monoxide production in the cracked gas, which is
an indirect measure of the degrée of coking, was
monitored throughout the run.

In a subseguent run, the same tube was
pretreated with. a DMS/hydrogen mixture at a 1:1 (mole)
ratio. Thé DMS concentration during pretreatment was
500 ppmw aﬁa all other conditions were the same during
the pretreatment.and during the cracking run.  The
carbon monoxide production in the cracked gas was
monitored. _

The carbon monoxide concentrations in the
cracked gas for both of the runs are shown in FIG. 2.
Carbon monoxide concentration showed a peak of 8.3 wt.
% for the DMS only run while a peak of only 4.5 wt. %
was obtained for the DMS/hydrogen run. The carbon
monoxide concentration in the cracked gas remained
higher in the DMS baseline run for several hours until
the coke formed on the tube surface minimized reactions

to carbon monoxide. ‘These results clearly demonstrate



-8 - antifoul ant conposition. Elenental tin, inorgani T T conpotnds—and-
organic tin (organotin) conpounds as well as mxtures ef; &lﬁs of nore
t her.eof are suitable sources of tin. The term"tin conp ﬁ&”ﬁfﬂ’, Wed

refers to any one of these tin sources.
i norganic tin conpounds which can be used include tin o
st annous oxi de and stannic oxide; tin sul fjges such as stannous sul fi de and

stannic sulfide; tin sulfates such as stanhous sul fate and stannic sul f at e;

stanni c aci ds sy Ak JHland Wi&ﬁiﬁ@g%ﬁgimt@%&ﬁﬁg; tin halides
such as stannous fluoride,” stannous chloride, stannous brom de, stannous
i odi de, stanni EFIHFFFRRE st annic chloride, stannic bronmi de and stannic

i odi de; tin phosphates such as stannicg gage; tin oxyhalides such as
st annous oxychl ori de. and tlz_;lsnnei aﬁ)xyghéggigﬁ,egn&é hee Ié#&egaihe
I norgani c tin conpounds t'HoSe e Yoo ot *P
procedure used to obtain data pertaining to the
" addition of hydrogen (reducing atmosphere) with an
antifoulant during pretreatment injection onto a
crackiﬁg coil. ' ' |
The experimental apparatus included a 14°‘
long, 8 pass coil made of 1/4® 0.D. Incoloy 800 tubing
which was heated to the desired temperature in an
electric tube furnmace. In one run, 50 ppmm tetrabutyl
tin (TBT) wae injected with steam (37.5 mol/hr) and
nitrogen for a period of thirty minutes at an
isothermal temperaé&re of 1300°F. in the furnace. The
injection was then discontinued and ethane was charged
to the reactor at a rate of 745.5 g/hr. Steam was
charged with the ethane to the reactor at a rate of
223.5 g/hr. Carbon monoxide in the cracked gas and
pressure drop across the reactor coil were monitored
continuously throughout the run of eighteen minutes.
Coke production in the cracking coils was then measured
by analyzing the carbon dioxide and carbon monoxide
produced when burning out the coil with a steam/air
‘mixture. Inh.a subsequent run, 50 ppmm tetrabutyl tin
was injected with 1.7 standard liters per minute
hydrogen at identical conditions as the previous run.
This injection was then stopped and ethane was charged
to the reactor at identical conditions as the previous
run. Again, carbon monoxide production in the cracked
gas was monitored and coking rate in the furnace
determined for this run which alsoc lasted eighteen
minutes. The coking rate as measured by the carbon
dioxide produced on burning out of the reactor coil was
585 g/hr, which was substantially less than the 1403
g/hr measured for the run that injected TBT only. The
carbon monoxide produced in the cracked gas during the



contain hal ogen are preferred as the source of tin. Exanpl es
of some organic tin conpounds which can be used include tin carboxylates

such as stannous f_orrrate, st annous acet ate, stannous b mﬁ B;e
oct oate, stannous decanoate, stannous oxal ate, stannpus l

st annous cycl ohexanecar boxyl ate; tin thiocarboxylates s

t hi dacetate and stannous dithi oacet ate; ~dill8ydrocarbyltin b| s( hy rocar byl

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

di propyl tin bi s@bgt pasmalagedardifiteantly dadd doawr Mhmtxen sthat as st annous
O et hyl dithiog ?Q@@;@ tHd TERHAIRFeh G Ece IR EPYd &g bonat e;

t et rahydrocarb in corrpounds such as tetranmethyltin, tetrabutyltin,
tetraoctyltin, CRIFEYR ¢ i TR earﬁf%‘@t?“a;ﬂ‘%ﬁrt‘?‘ﬁ‘ in MARIR & B53% i n oxi des
such as dipr Op)bbltlhl’l ratige; dibutyltin oxide, dioctyltin oxide, and

di phenyl tin oxi de; dihydrgcarby. S droca rc ch as

di butyl tin bis(dodecyl rre%:ap Acf‘esa' %%}ﬁ“sm} ‘%‘f%rﬁ’r"r ?%%%El%)‘h?ﬁ such as.
st annous t hi opkdmoxickpourid in - M\wmlcﬁnwmewbbnzenesul fonate

and .St annous- P 3l sUBNasIE I Na{Kundd r\:zf@ré@a{?é@foéw i§!§e5é %
di et hyl carbamate;_tin thiogcar bamat%t_s such as stanpn 1(Eglthl ocar bamat e

and stannous d&¢h JIRE B T3P RIFE
di phenyl phosplgat£ tin phosphates such as stannous di propyl phosphate; tin
t hi ophosphat es 'such as

Table I ' Pl
CO in Cracked Gas (Wt. %)
Time (min.) TBT Only TBT/Hydrogen
| 6 0.024 0 ,
| .9 0.09  0.076
[ 12 1.232 0.514
15 .. 2,35 2.4 |




stannous, 0, O-di propyl thiophosphate, stannous 0, O- dlpropyl dlthlophosphate
and stannic 0, O-di propyl dithiophosphate, dlhydroc royltin

Phlséghgsghgilg; ZCZILEKI as dibutyltin bis(O Odi propylldmnmuuusmux“mmmm the
like. At present tetrabutyltin is prggecrred. Again, as§ wthtsiiconp

organic tin conpounds are preferred®iekIMBrganic corrpounds
The tubes _ treated with the antifqul ant corrpQS|t| on in the@gresence of a

reducing das will hdvBSHP 6@@%%%? 5%03{1%@1% cgrbop mqnoxidg presgniinga; er
suppr essi gR.Riq tsﬂeamlfpp(gd ﬁd afd% dn%ﬂre&a tﬁﬂaﬁ%ﬂgﬂ;@ of @théHaPOn
en ti an

monoxi de produc cracking ons
tubes tr eertaekingfminaea, \muynemhdd“cdtﬁmsmg.

treating said tube of said thermal cracking furnace by contacting said tube

with a reducing gas containing a sulfur compound to thereby provide a treated tube having
carbon monoxide production inhibiting properties; and

subsequently passing said hydrocarbon stream through said treated tube
while maintaining said treated tube under s-suitable cracking conditions tﬁereby producing
said cracked gas stream having a reduced concentration of carbon monoxide below said
concentration.
2. ' A method as recited in claim 1, wherein said sulfur compound is
dimethylsulfide.
3. A method as recited in claim 1, wherein the concentration of said sulfur
compound in said reducing gas is in the range of from about 1 ppmw to about 10,000
ppmw. _
4, A method as recited in claim 1, wherein said redﬁced concentration of
carbon monoxide is such that the peak carbon monoxidé concentration in said cracked gas
stream is in the range of from about 3 weight percent to about § weight percent of said

cracked gas stream.

S. A method as recited in claim 1, wherein said reducing gas comprises
hydrogen. N
6. A method as recited in claim 5, wherein said sulfur compound in said

reducing gas is in the range of from about 1 ppmw to about 10,000 ppmw.
7. A method as recited in claim 6, wherein said reduced concentration of
carbon monoxide is such that the peak carbon monoxide concentration in said cracked gas

stream is in the range of from about 3 weight percent to about 5 weight percent of said

cracked stream.
8. A method as recited in claim 7, wherein said sulfur compound is
dimethylsulfide.
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ant i f oul ant conposi tion but w thout the pr. esence of a feduci ng gas. A’
preferred procedure for pretreatjng the ‘tubes of the cracki ng furnace

i nci‘udes charging to the inlet of the cracking furnace tubes a reduci ng gas
such as hydrogen containing therein a concentration of the antifoul ant
conposi tion. The concentration of antifoulant conposition in the reducing
gas can be in the range of fromabout 1 ppnw to about 10, 000 ppnw,
preferably fromabout 10 ppmw to abou®R01000 ppnw and, nost preferably, from
20 to 200 ppnmw. Absthnoithesf et dieslomirdé he i nventi on incl udes
treating the tubes of a cracking furnace by contacting such tubes with a
reduci ng gas, SMETHOBSFORyAREAJENG Ac JUBE:ORi A FHERMAL CRACKIMADTURNACE 0 t her eby
provide a treated tybe -Jbg Sl L-aemgeﬂ;geuee H%@Qohnoﬁombnéhk‘égc‘ést g he

reduci ng gas tq treat he crackin urnace tubes can _be any suitable sulfur
conpound t?‘ﬁff“aﬂr ’F%r tyubes e&’t“édt’c"a bRr AGYF RioR h@fd€§FP88'I ponsride, t
i nhi bit dueriprodilodimal oéraaking SBNRYdd6ckbPonsysadei inhibltied) bypaihad | ons

Sui t abl e f elelyefe] ngl ud r_exa .Sel ect ed
fromt heuélrgofplg consi stlﬂg tH%ésuﬁ@gﬁle: ‘go‘rﬁl) ﬁn g gBLEFﬁ% gggog‘glajﬁ't%
Pr ef er ablttn mmmqldesebhﬁennesmmendl Rr}dsaulf’dmcmpnunﬁé dikhe

substit uw&a{&r RSE NaVi8guéify dakOsfchahBORyaLegEn . aNAdhie idnadhfi, de

co ounds are
P the concentration of carbon monoxide in a pyrolytic cracking

process product stream is reduced by the treatment of the
thermal cracking tubes of such process with a reducing gas
having a concentration of a sulfur compound.

CASE: 33326 —
et Has Been Rep|laced

TN



dlaI\T(yI sulfides with the al kyl substitution groups having from1l to 6

carbon atons. The nost preferred al kyl sulfide and di al kyl sul fi de conpounds
are respectively dinethylsulfide and di nmethyl disulfide.
tubes treated with a reduci ng gas having a concentration of a sul fur

compound wi || have the ability to inhihi{_the anpunt of carbon nonoxide

produced when used under cracking conditions. Also, both the peak
concentrati on apMETHODABORIPROVIDING € TUBE HAVING CORR FORMANIOR i n the

cracker

ef fl uent stream

. The
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- are reduced bel ow ANDsCARBQN MANOQXIDE INGEHTING RROPERTHESINt r eat ed or

conventional ly
treated with

The present invention generally relates to processes for the thermal
cracking of hydrocarbons and, specifically, to a method for providing a tube of a
thermal cracking furnace having coke formation and carbon monoxide production
inhibiting properties when used for the thermal 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 a thermal (or pyrolytlc)
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 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 appreciable amounts of other hydrocarbons. Similarly, a mixture of
saturated hydrocarbons containing ethane, propane, butane, pentane and naphtha is
converted to a mixture of olefinic compounds containing ethylene, propylene,
butenes, pentenes, and naphthaléne. Olefinic compounds are an important class of
industrial chemicals. For example, ethylene is a monomer or comonomer for
making polyethylene. Other uses of olefinic compounds 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 contain appreciable quantities of pyrolytic products other

than the olefinic compounds including, for example, carbon monoxide. It is
undesirable to have an excessively high concentration of carbon monoxide in a
cracked product stream; because, it can cause the olefinic product to be "off-spec”
due to such concentration. Thus, it is desirable and important to maintain the
concentration of carbon monoxide in a cracked product stream as low as possible.
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for cracking saturated hydrocarbons to produce olefinic end-products.

Another object of the invention is to provide a process for reducing |
the formation of carbon monoxide and coke in a process for cracking saturated
hydrocarbons. _

A still further object of this invention is to improve the economic
efficiency of operating a cracking process for cracking saigurated hydrocarbons by
providing a method for treating the tubes of a cracking furnace so as to provide
treated tubes having coke formation and carbon monoxide production inhibiting
properties. -

In accordance with one embodiment of the invention, a tube of a
thermal cracking furnace is treated with an antifoulant composition so as to provide
a treated tube having properties which inhibit the formation of coke when utilized in
a thermal cracking operation. The method for treating the thermal cracking tube

~ includes contacting under an atmosphere of a reducing gas, the tube with the
antifoulant composition which comprises a compound selected from the group |
consisting of a tin compound, silicon compound, and combinations thereof.

Another embodiment of the invention includes a method for reducing
a concentration of carbon monoxide present in a cracked gas stream produced by
passing a hydrocarbon stream through a tube of a thermal cracking furnace. This
method includes treating the tubes of the thermal cracking furnace by contacting it
with a hydrogen gas containing a sulfur compound thereby providing a treated tube
having properties which inhibit the production of carbon monoxide during the
thermal cracking of hydrocarbons. The hydrocarbon stream is passed through the

treated tubes while maintaining the treated tubes under suitable cracking conditions
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FIG. 1 provides a schematic representation of the cracking furnace
section of a pyrolytic cracking process system in which the tubes of such system are
tréated by the novel methods described herein.

FIG. 2 is a plot of the weight percent of carbon monoxide in a
cracked gas stream versus the time of on-line cracker operation for tubes treated in
accordance with an inventive method described herein and for conventionally treated
tubes.

Other objects and advantages of the invention will be apparent from
the following detailed description of the invention and fhe appended claims thereof.

The process of this invention involves the 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 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, 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 Testing
Materials (ASTM).

- 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 furnace for use in a cracking process is generally a matter of
preference. Such cracking furnaces, however, are equipped with at least one

cracking tube to which the hydrocarbon feedstock is charged or fed. The cracking
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production, or both, relative to untreated tube§ 0T tuoes trepted with the
antifoulant without the presence of a reducin qa? M gqsrre period for
pretreating the cracker tubes is influenged by th é ]JIC geopetry of the
cracking furnace including its tubes; bu gehertabby—the—pretrpating tine
period can ﬁﬂi&@iﬁoﬂﬁ%fdi|a)idfd%ﬁﬁ$’s0éléraélan§%ﬁéco _ But,
preferably, the period of time for the pretre e range of
from about @he crasking furnagd iruvtiliZed o ueleasa bk hcabsnergyeécpnmﬂlty,préwderf@' 5 hours
to 10 hours ce the tuhe .cracking fur are treated
in accor dant® chﬁaﬁyh‘ga‘a?%g] Laturg 3 nglé ing pn%l%VgFB@ﬁBW Ti’@edstock
is charged tRcking redbtishs tHerdinlC Eath eAkKiHg itihesan HRE ahyR8SmetP WMt ai ned
under cracking conditions so as to provide for a cracked product stream
exiting t heswipblsedefires mnvoleme i wiich eyeckingrreactionssian dalisr plakecands thusawilkxi t i ng

t he tubes h =\d |,n accor.dance, wi,t h the,i nvent t hods
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concentr at i goibéihg &l m[pef@m@xmdﬁnlﬂib érabling ket QMY Vy $Erasian tubel | THe
outside wall temperature of the cracking tube can, thus, be higher than the cracking

temperature and possibly substantially higher due to heat transfer considerations.
Typical pressures within the cracking zone will generally be in the range of from
about 5 psig to about 25 psig and, preferably from 10 psig to 20 psig.

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. This diluent can serve several
positive functions, one of which includes providing desirable reaction conditions
within pyrolytic cracking furnace means for producing the desired reactant end-
products. The 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 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 diluent fluid is stream.

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

1200°F. to about 1900°F. Most preferably, the cracking temperature can be in the
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It is generally observed that at the beginning or start of the charging
of a feedstock to either a virgin cracking tube or a cracking tube that has freshly
been regenerated by decoking, the concentration of undesirable carbon monoxide in
the cracked hydrocarbon stream will be higher or reach a maximum concentration’
peak, which will herein be referred to as peak concentration. Once the carbon
monoxide concentration in the cracked hydrocarbon stream reaches its peak or
maximum concentration, over time it will gradually decrease in an almost
asymptotic fashion to some reasonably uniform concentration. While the asymptotic
concentration of carbon monoxide will often be sufficiently low to be within
product specifications; often, the peak concentratioh will exceed specifications when
there are no special efforts taken to prevent an excessive peak concentration of
carbon monoxide. In untreated tubes, the peak concentration of carbon monoxide
can exceed 9.0 weight percent of the cracked hydrocarbon stréam. Conventionally
treated tubes provide for a peak concentration in the range from about 6 weight
percent to about 8.5 weight percent and an asymptotic concentration in the range of
from 1 weight percént to 2 weight percent. |

The novel cracker tube treatment methods described herein provide for a
reduced cumulative production of carbon monoxide in the cracked hydrocarbon
_ stream during the use of such treated cracker tubes, and they provide for a lower
peak concentration and asymptotic concentration of carbon monoxide. It has been
found that the use of cracker tubes treated in accordance with the novel methods
described herein can result in a reduced peak concentration of carbon monoxide in a
cracked hydrocarbon stream below that of conventionally treated tubes with the

peak concentration being in the range of from about 3 weight percent to about 5
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cracking . with such asymptotic concentration being less than 1 weight percent. In addition to

preventing an off-spec olefin product, another advantage from having a lower
carbon monoxide production in the cracking of hydrocarbons is that the hydro-
carbons are not converted to carbon monoxide, but they are converted to the more
desirable olefin end-products.

A critical aspect of the inventive method includes the treatment or
treating of the tubes of a cracking furnace by contacting the surfaces of such tubes
with an antifoulant composition while under an atmosphere of a reducing gas and
under suitable treatment conditions. It has been discovered that the coke formation
inhibiting properties of a cracking tube are improved by treating such cracking tube
with the antifoulant corﬁposiﬁon in a reducing gas atmosphere as opposed to
treatment without the presence of a reducing gas. Thus, the use of the reducing gas'
is an importént aspect of the inventive method.

The reducing gas used in the inventive method can be any gas which
can suitably be used in combination with the antifoulant composition during
treatment so as to provide an enhancement in the ability of the treated tube to
inhibit the formation of coke and the production of carbon monoxide during
cracking operation. The preferred reducing gas, however, is hydrogen.

The antifoulant composition used to treat the tubes of the cracking
furnace in the presence of a reducing gas such as hydrogen can be any suitable
compound that provides for a treated tube having the desirable ability to inhibit the
rate of coke formation and carbon monoxide production as compared with an
untreated tube or a tube treated in accordance with other known methods. Such
suitable antifoulant compositions can comprise compounds selected from the group
consisting of tin compounds, silicon compounds and mixtures thereof.

Any suitable form of silicon can be utilized as a silicon compouﬁd of the
antifoulant composition. Elemental silicon, inorganic silicon compounds and
organic silicon (organosilicon) compounds as well as mixtures of any two or more

thereof are suitable sources of silicon. The term "silicon compound" generally
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rate of
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R,

wherein R,, R,, R;, and R, are selected indeperidently from the group consisting of
hydrogen, halogen, hydrocarbyl, and bxyhydrocarbyl and wherein the compound’s
bonding may be either ionic or covalent. The hydrocarbyl and oxyhydrocarbyl
radicals can have from 1 to 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 alkoxide, phenoxide,

carboxylate, ketocarboxylate and diketone (dione). Suitable organic silicon

t

compounds include trimethylsilane, tetramethylsilane, tetraethylsilane,
triethylchlorosilane, phenyltrimethylsilane, tetraphenylsilane, ethyltrimethoxysilane,
propyltriethoxysilane, dodecyltrihexoxysilane, vinyltriethyoxysilane,
tetramethoxyorthosilicate, tetracthoxyorthosilicate, polydimethylsiloxane,
polydiethylsiloxane, polydihexylsiloxane, pdlycyclohexylsiloxane,
polydiphenylsiloxane, polyphenylmethylsiloxane, 3-chloropropyltrimethoxysilane,
and 3-aminopropyltriethoxysilane. At present hexamethyldisiloxane is preferred.

Organic silicon compounds are particularly preferred because such
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 a tendency towards adverse
effects on the cracking process than do inorganic silicon compbunds.

Any suitable form of tin can be utilized as the tin compound of the
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sources of tin. The term "tin compound" 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 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 halides such
as stannous fluoride, stannous chloride, stannous bromide, stannous iodide, stannic
fluoride, stannic chloride, stannic bromide and stannic iodide; tin phosphates such as
stannic phosphate; tin oxyhalides such as stannous oxychloride and stannic
oxychloride; and the like. Of the inorganic tin compounds those which do not
‘contain halogen are preferred as the source of tin.

Examples of some organic tin compounds which can be used include
tin carboxylates such as stannous formate, stannous acetate, stannous butyrate,
stannous octoate, stannous decanoate, stannous oxalate, stannous benzoate, and
stannous cyclohexanecarboxylate; tin tlﬁocarboxylatés such as stannous thioacetate
and stannous dithioacetate; dihydrocarbyltin bis(hydrocarbyl mercaptoalkanoates)
such as dibutyltin bis(isoocylmercaptoacetate) and dipropyltin bis(butyl
mercaptoacetate); tin thiocarbonates such as stannous O-ethyl dithiocarbonate; tin
carbonates such as stannous propyl carbonate; tetrahydrocarbyltin compounds such
as tetramethyltin, tetrabutyltin, tetraoctyltin, tetradodecyltin, and tetraphenyltin;
dihydrocarbyltin oxides such as dipropyltin oxide; dibutyltin oxide, dioctyltin oxide,
and diphenyltiﬁ 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 stannous-p-
toluenesulfdnate; 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 dipropyl phosphate; tin thiophosphates such as
stannous, O,0-dipropyl thiophosphate, stannous O,0-dipropyl dithiophosphate and
stannic O,0-dipropyl dithiophosphate, dihydrocarbyltin bis(0,0-dihydrocarbyl
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procedure for pretreating the tubes of the cracking furnace includes charging to the

inlet of the cracking furnace tubes a reducing gas such as hydrogen containing

therein a concentration of the antifoulant composition. The concentration of

- antifoulant composition in the reducing gas can be in the rangé of from about 1

ppmw to about 10,000 ppmw, preferably from about 10 ppmw to about 1000 ppmw

and, most preferably, from 20 to 200 ppmw.

Another embodiment of the invention includes treating the tubes of a
cracking furnace by contacting such tubes with a reducing gas, such as hydrogen,
containing a sulfur compound to thereby provide a treated tube. The sulfur
compound used in combination with the reducing gas to treat the cracking furnace
tubes can be any suitable sulfur compound that provides for a treated tube having
the desirable ability to inhibit the production of carbon monoxide when used in
cracking operations. '

Suitable sulfur compounds utilized include, for example, compounds
selected from the group consisting of sulfide compounds and disulfide compounds.
Preferably, the sulfide compounds are alkylsulfides with the alkyl substitution
groups having from 1 to 6 carbon atoms, and the disulfide compounds are
dialkylsulfides with the alkyl substitution groups having from 1 to 6 carbon atoms.
The most preferred alkylsulfide and dialkylsulfide compounds are respectively
dimethylsulfide and dimethyl disulfide.

The tubes treated with a reducing gas having a concentration of a
sulfur compound will haye the ability to inhibit the amount of carbon monoxide
produced when used under cracking conditions. Also, both the peak concentration

and the asymptotic concentration of carbon monoxide in the cracker effluent stream
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Agai n, car beoncentration of carbon monoxide in the cracker effluent stream from such tube can

be in the range of from about 3 weight percent to about 5 weight percent of the
total effluent stream. The asymptotic concentration approaches less than 1 weight
percent of the total effluent stream. |

The tubes treated with the reducing gas containing a sulfur compound

will have properties providing for a reduction in the production of carbon monoxide

when used under cracking conditions below that of tubes treated with sulfur

compounds but not in the presence of a reducing gas.

It is preferred to contact the tubes under suitable treatment conditions

with the reducing gas having a concentration of a sulfur compound. The reducing

gas, which contains the sulfur compound, used to treat the cracker tubes is

preferably hydrogen gas. The concentration of the sulfur compound in the hydrogen

gas used for treating the cracker tubes can be in the range of from about 1 ppmw to

about 10,000 ppmw, preferably, from 10 ppmw to about 1000 ppmw and, most
preferably, from 20 to 200 ppmw.

The temperature conditions under which the reducing gas, having the

concentration of the antifoulant composition or the sulfur compound, is contacted

with the cracking tubes can include a contacting temperature in the range upwardly

to about 2000°F. In any event, the contacting temperature must be such that the
surfaces of the cracker tubes are properly passivated and include a contacting
temperature in the range of from about 300°F. to about 2000°F., preferably, from
about 400°F. to about 1800°F. and, most preferably, from 500°F. to 1600°F.

The contacting pressure is not believed to be a critical process
condition, but it can be in the range of from about atmospheric to about 500 psig.
Preferably, the contacting pressure can be in the range of from about 10 psig to
about 300 psig and, most preferably, 20 psig to 150 psig.

The reducing gas stream having a concentration of antifoulant _
composition or sulfur compound is contacted with or charged to the cracker tubes

for a period of time sufficient to provide treated tubes, which when placed in

with
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1nc-{ud1ng its tubges, but, generally, the pretreating time perlod 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.

Once the tubes of a cracking furnace are treated in accordance with
the procedures described herein, a hydrocarbon feédstock is charged to the inlet of
such treated tubes. The tubes are maintained under cracking conditions so as to
provide for a cracked product stream exiting the outlet of the treated tubes. The
cracked product stream exiting the tubes which have been treated in accordance with
the inventive methods has a reduced concentration of carbon monoxide that is lower
than the concentration of carbon monoxide in a cracked product stream exiting
cracker tubes that have not been treated with an antifoulant composition or a sulfur
compound or that have been treated with an antifoulant composition or a sulfur
compound but not with the critical utilization of a reducing gas. As earlier
described herein, the concentration of carbon monoxide in the cracked product
stream from tubes treated in accordance with the novel methods can be less than
about 5.0 weight percent. Preferably, the carbon monoxide concentration is less
than about 3.0 weight percent and, most preferably, the carbon monoxide
concentration is less than 2.0 weight percent.

Another important benefit that results from the treatment of cracker
tubes by the inventive method utilizing an antifoulant composition is a reduction in
the rate of coke formation in compariéon with the coke formation rate with
untreated tubes or tubes treated with an antifoulant composition but without the
presence of a reducing gas during such treatment. This reduction in the rate of coke
formation permits the treated cracker tubes to be used for longer run lengths before -
decoking is required.

Now referring to FIG. 1, there is illustrated by schematic representation a
cracking furnace section 10 of a pyrolytic cracking process system.. Cracking
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Waile this invention has been!désct I4b°é3f?§2 ﬁ%at erng of the

presently preferred enbodi ment, reasonable variatilons and.mpdii cptions are
possi bl e by those skilled in the art. Sugh variations and nodifichtions are
within the scope of the described i nvention and4Yhe—appended—ctains.

REPLACEMENT figrladeT section 10 includes pyrolytic trackifg haafs or cracking furnace 12 for

providing heat energy required for inducing the cracking of hydrocarbons. Cracking
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 is conducted to the inlet of convection tubes
18 by way of conduit 22, which is in fluid flow communication with convection
tubes 18. Also, during the treatment of the tubes of cracking furnace 12, the
mixture of hydrogen gas and antifoulant composition or sulfur compound can also
be conducted to the inlet of 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 temperature. The effluent from -
cracking furnace 12 passes downstream through conduit 24 where it is further
processed. To provide for the heat energy necessary to operate cracking furnace 12,
fuel gas is conveyed through conduit 26 to burners 28 of cracking furnace 12 .
whereby the fuel gas is burned and heat energy is released.

The following examples are provided to furthér illustrate the present
invention.
EXAMPLE 1

This example describes the experimental procedures used to treat a
cracldng tube and provides the results from such procedures. A comparative run
and an inventive run were performed with the results being presented in FIG. 2.

A 12 foot, 1.75 inch I.D. HP-Modified tube was pretreated with
sulfur in the form of 500 ppmw dimethylsulfide for a period of three hours.
Dimethylsulfide (DMS) was introduced with 26.4 Ib/hr steam and 18.3 Ib/hr
nifrogen at 400°F. and 12 psig several feet upstream of the electric furnace which
enclosed the reactor tube. - The average temperature in the reactor tube was 1450°F.
during pretreatment. Ethane was then charged to the experimental unit at a rate of
25.3 Ib/hr, and steam was charged at a rate of 7.6 Ib/hr while continuing to inject
DMS at a coﬁcentration of 500 ppmw. Etﬁane conversion to ethylene was held
constant at 67%. DMS injection was continued at 500 ppm for 9 hours into

cracking, then was reduced to 125 ppm for the remainder of the run. Carbon
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In a subsequent run, the same tube was pretreated with a
DMS/hydrogen mixture at a 1:1 (mole) ratio. The DMS concentration during
pretreatment was 500 ppmw and all other conditions were the same during the
pretreatment and during the cracking run. The carbon mono‘xide production in the
cracked gas was monitored.

The carbon monoxide concentrations in the cracked gas for both of
the runs are shown in FIG. 2. Carbon monoxide concentration showed a peak of
8.3 wt. % for the DMS only run while a peak of only 4.5 wt. % was obtained for
the DMS/hydrogen run. The carbon monoxide concentration in the cracked gas
remained higher in the DMS baseline run for several hours until the coke formed on
the tube surface minimized reactions to carbon monoxide. These results clearly
demonstrate the advantage of utilizing DMS in a reducing environment.

EXAMPLE 2

This example describes the experimental procedure used to obtain
data pertaining to the addition of hydrogen (reducing atmosphere) with an
antifoulant during pretreatment injection onto a cracking coil.

The experimental apparatus included a 14’ long, 8 pass coil made of
1/4" O.D. Incoloy 800 tubing which was heated to the desired temperature in an
electric tube furnace. In one run, 50 ppmm tetrabutyl tin (TBT) was injected with
steam (37.5 mol/hr) and nitrogen for a period of thirty minutes at an isothermal
temperature of 1300°F. in the furnace. The injection was then discontinued and
ethane was charged to the reactor at a rate of 745.5 g/hr. Steam was charged with
the ethane to the reactor at a rate of 223.5 g/hr. Carbon monoxide in the cracked
gas and pressure drop across the reactor coil were monitored continuously
throughout the run of eighteen minutes. Coke production in the cracking coils was
then measured by analyzing the carbon dioxide and carbon monoxide produced
when burning out the coil with a steam/air mixture. In a subsequent run, 50 ppmm
tetrabutyl tin was injected with 1.7 standard liters per minute hydrogen at identical
conditions as the previous run. This injection was then stopped and ethane was

charged to the reactor at identical conditions as the previous run. Again, carbon
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as compared to the TBT only run. The results are shown in Table I for both runs.

These data show that adding the tetrabutyl tin compound in a
reducing environment will significantly enhance the reduction of the coking rate and

the production of carbon monoxide in the cracked gas.

Table I
CO in Cracked Gas (Wt. %)
Time (min.) TBT Only TBT/Hydrogen
6 0.024 : 0
9 0.09 1 0.076
12 1.232 0.514
15 235 2.4 [

While this invention has been described in terms of the presently
preferred embodiment, reasonable variations and modifications are possible by those

skilled in the art. Such variations and modifications are within the scope of the

described invention and the appended claims.
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percfkent of said cracked stream 8. A nethod as recited in claim
7, wherein said sulfur conpound is di-net hyl sul fide. CASE: 33326- Dl |
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CLAIMS

1. A method for reducing a concentration of carbon monoxide present in

a cracked gas stream produced by passing a hydrocarbon stream through a tube of a
thermal cracking furnace, said method comprising:

treating said tube of said thermal cracking furnace by contacting said
tube with a reducing gas containing a sulfur compound to thereby provide a treated
tube having carbon monoxide production inhibiting properties; and

subsequently passing said hydrocarbon stream through said treated
tube while maintaining said treated tube under suitable cracking conditions thereby
producing said cracked gas stream having a reduced concentration of carbon

monoxide below said concentration.

2. A method as recited in claim 1, wherein said sulfur compound is
dimethylsulfide. |
3. A method as recited in claim 1, wherein the concentration of said

sulfur compound in said reducing gas is in the range of from about 1 ppmw to
about 10,000 ppmw.

4, A method as recited in claim 1, wherein said reduced concentration
of carbon monoxide is such that the peak carbon monoxide concentration in said
cracked gas stream is in the range of from about 3 weight percent to about 5 weight

percent of said cracked gas stream.

5. A method as recited in claim 1, wherein said reducing gas comprises
hydrogen. ' _
6. A method as recited in claim 5, wherein said sulfur compound in said

reducing gas is in the range of from about 1 ppmw to about 10,000 ppmw.

7. A method as recited in claim 6, wherein said reduced concentration
of carbon monoxide is such that the peak carbon monoxide concentration in said
cracked gas stream is in the range of from 3 weight percent to about 5 weight
percent of said cracked stream.

8. A method as recited in claim 7, wherein said sulfur compound is
dimethylsulfide.

CASE: 33326-D1
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METHOD FOR PROVIDING A TUBE HAVING COKE FORMATION
AND CARBON MONOXIDE INHIBITING PROPERTIES
WHEN USED FOR THE THERMAL CRACKING OF HYDROCARBONS
ABSTRACT OF THE DISCLOSURE |

The rate of formation of carbon on the surfaces of thermal cracking

tubes and the production of carbon monoxide during thermal cracking of hydro-
carbons are inhibited by the use of cracking tubes treated with an antifoulant,
including tin compound, silicon compound and sulfur compounds in the presence of
a reduéing gas such as hydrogen. Additionally, the concentration of carbon
monoxide in a pyrolytic cracking process product stream is reduced by the treatment
of the thermal cracking tubes of such process with a reducing gas having a

concentration of a sulfur compound.
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