METHOD FOR | MPROVI NG THE YI ELD OF HEAVY HYDROCARBONS | N A THERMAL CRACKI NG
PROCESS The present invention generally relates to processes for the

t Her mal cracki ng of hydrocarbons and, specifically, to a nethod for
|m§)ea3|ng the yield of hydrocarbons having five or nore carbon atons in a
5, process for the thermal cracking of hydrodarbons. In a process for
produci ng an ol efin conpound a fluid stream contai ning a saturated

hydr ocar bon such adMEEHGIRRER IMPRQWING, THEIYAEd) OpcHBAXY ¢YDROGARBANS or mi xtures
of two or nore thereof is felNiATHERMAL CRACKENG RBOCESSr pyrol ytic) cracking
furnace. A diluent fluid such as steamis usually conbined with the
hydr.ocarbon feed material being introduced into the-cracking furnace.
Wthin the furnace, the saturated hydrocarbon 15 ° is converted into an

ol efi nic compound. For exanple, an ethane streamintroduced into the
cracking furnace is converted into ethylene and appreci abl e anounts of

ot her hydrocarbons. A propane streamintroduced into the furnace js
converted to ethylene and propyl ene, and 20 appr eci abl e amounts of ot her-
hydrocarbons. Simlarly, a m xture of saturated hydrocarbons .contai ni ng
et hane, propane, butane, pentane and naphtha is converted to a m xture of

ol efinic conpounds contalnlnghgtpygggﬁt PhOSNLESR  gbhb ? §f 4 €88 Sgoand
napht hal ene. 25 definic conpounds are an |nportant cl ass of industrial

chemical s. For exdpfpeesgefyfercthe thermaterrackingad bydrerarhensgand,
polyethylene Q hespestfioally, to a method. for increasing the yield of

hyﬂroqarbons having five or more carbon atoms in a
- 5 process for the thermal cracking of hydrocarbons.
' | In a process for producing an olefin
N 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 furnéce is converted to ethylene and propylene, and
20 appreciéble amounts of other hydrocarbons. Similarly,
a mixture of saturated hydrocarbons containing ethane,
propane, butane, pentane and naphfha_is converted to a
mixture of olefinic compounds containing ethylene,
propylene, butenes, pentenes, and naphthalene.
25 Olefinic compounds are an important class of industrial
chemicals. For example, ethylene is a monomer or
‘comonomer for making polyethylene. Other uses of
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‘CASE: 33276 -2- olefinic compounds are well known to those skilled in
the art. As a result of the thermal cracking of a hydrocarbon, the cracked
‘pFoduct stream can also 5 contain appreciable quantities of hydrogen,

nmet hane, acetyl ene, carbon nonoxi de, carbon dioxide,- and pyrolytic products
of her than the olefinic conpounds. In thermal2o& pyrolytic cracking
processes, saturated hydrocarbons, particularly hydrocarbons 10 havi ng

| ess than five caclefinicnwomronndsn e aelilr dmdung ter thidsec wkdilled i
conpounds to | owel Il | ar wei ght conpounds. In the case of ethane
cracking, ethane is converted to | ower nol ecul ar wei ght ethylene. But, the
cracki ng of ethane aI so resdis § mesuﬂé'- ¥ theothermiadn mm@ﬁ @ such

undesirabl e |ight g gﬁﬁkﬂﬁﬁp Y a9y
Desirabl e conpounds ot her than the ethylen pro uce he cfﬁcklng of
et hane are hydroc o ARRReciahle; quantit t?genBe&ﬂH\?’{ﬁ' t.he

| ower val ue of th&c%yleﬂaiessarwanedduaﬁﬂe,cwmwsaﬂoedmd Vand
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conpounds at the expense ofIn1hhﬁnm§h|qq;puamlﬂnun1anadﬁiagppmﬁgana:m.of

- _ saturated hydrocarbons, particularly hydrocarbons

10 having less than five carbon atoms, are converted from
higher molecular weight compounds to lower molecular
weight compounds. In the case of ethane cracking,
ethane is converted to lower molecular weight ethylene.
But, the cracking of ethane also results in the

15 conversion of ethane to such undesirable lighter
compounds as hydrogen, methane, and acetylene.
Desirable compounds other than the ethylene produced by
the cracking of ethane are hydrocarbons having at least
five carbon atoms. Because of the lower value of the

20 undesirable_lightér compounds relative to hydrocarbons
having at least five carbon atoms, it is preferred and
can be economically beneficial to increase the

production of the more desifable'cdmpounds at the
expense of an offgetting reduction in the production of
25 the undesirable lighter compounds. '
In accordance with one aspect of the
~invention, a tube of a cracking furnace is contacted
with a composition containing a tin compound and a
silicon compound to theréby provide a treated tube.
30  The treated tube is charged with a saturated
| hydrocarbon stream while thé treated tube is being
operated under suitable conditions for cracking the
saturated hydrocarbon stream to produce a product
stream having a concentration of;hydrocarbon compounds
35 having at least five carbon atoms. A portion of the
concentration of hydrocarbon compounds having'at_leaat
five carbon atoms is recovefed.



25 the undesirable |ighter conpounds. In accordance with one aspect of
the invention, a tube of a cracking furnace is contacted with a conposition
containing a tin conpound and a silicon conmpound to thereby provide a
treated tube. 30 The treated tube is charged with a saturated hydrocarbon
streamwhile the treated tube is being operaBed under suitable conditions
for cracking the saturated hydrocarbon streamto produce a roduct stream
having a concentration of hiRPEher apPeskpefinthes G%Ei?ﬂg eludestarf ve

carbon atons. A Rethé@n£éf ih6éremescalipt mereisbuglresar?ﬂemoapounds
havi ng at | east L*ﬁg carbon atons is_regc ot her gect of
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hydr ocar bons havin | east five carbon_atons |S t erea ter
recovered. The |H¢%ﬁ%¥%ﬂ°ﬁPFkiB$ upder cfvlitabhet pEagking pendhtipnene A
invention with repéredér 6f thé incremental yield of hydrocarbons having

10 at least five carbon atoms is thereafter recovered.
The invention will be apparent from the
description of the invention with reference to the
- drawing in which: ’ _
FIG. 1 is a schematic diagram representing
- 15 the portion of an eth&lene cracking process that
includes pyrolytic cracking furnace means;
| FIG. 2 includes plots of the Cg+ yield in the
cracked product at a substantially fixed ethane
conversion for an untreated cracking tube and a
20 cracking tube treated in accordance with the novel
methods described herein; and

FIG. 3 includes plots of the acetylene yield
in the cracked product at a substantially fixed ethane
conversion for an untreated cracking tube ﬁnd a

25 cracking tube treated in accordance with the novel
methods described herein.

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

30 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

35 compounds . Pfeferably, however, the hydroéarbon stream
can comprise paraffin hydrocarbons selected from the
group consisting of ethane, propane, butane, pentane,



drawing in which: FIG 1 is a schematic diagramrepresenting 15 the
portion of an ethyl ene cracking process that includes pyrolytic cracking
f@irnace neans; FIG 2 includes plots of the [err] yield in the cracked
product at a substantially fixed ethane conversion for an untreated
cracking tube and a 20 cracking tube treatetl +n accordance with the novel
nmet hods described herein; and FIG 3 includes plots of the acetylene yield
in the cracked pr3aphtha, ang mixtwries of mnyedws: oam goren tivesienf .f or an
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t he novel nethods_déscribed herein. The process of this iInvefition invol ves
the pyrolytic crabVOFPorbeR)mdxture, having: aibodldag rapge WfdExem bon

end- products. A huicata 1o Fit teaEbout G0IF. a@ deteredsedO bRy thleytiC
cracking, (011802 JRANAMNP S Lhe sl i hest Mol 2o AChST 1 °
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group consi sting Weightshydrocasbeas ot dowerpavlecular weight
. hydrocarbons can be referred to as conversion. The
10 terms "conversion”, "feed conversion”, and similar such .
terminology, as used throughout tﬁis specification, are
defined as the ratio of the difference between the mass-
- of saturated hydrocarbons charged to a cracking zone
and the mass of unconverted saturated hydrocarbons
: 15 leaving, as an effluent, such cracking zone divided by
the mass of saturated hydrocarbons charged to the
cracking zone. The numerical value for conversion can
be reported as a fraction (ratio) or as a percentage.
Conversion can also be reported on an individual
20 compound basis such as, for example, ethane conversion,
propane conversion, butane conversion, and the like.

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

25 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

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

35 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



napht ha, and m xtures of any two or nore thereof. Naphtha can generally be
descri bed as a conpl ex hydrocarbon m xture having a boiling range of from
about [err] to about [err] as deternmined by the 5 standard testing nethods
of the Anerican Society of Testing Materials (ASTM. The pyrol ytic cracking
of higher nol ecul ar wei ght hydrocarbons to-l &wer nol ecul ar wei ght

hydr ocarbons can be referred to as conversion. The 10 terns "conversion",
"feed conversi on"fugnace kubes. suWhiler anyvopuitable diluent Elyiduthati s

specification, argr89iaesdtAésbhBenatiesotahBedibéd] ctEe préreeredhe mass
of saturated hydrégirbons ihgrggd to a cracking zone and the mass of
unconverted sat ur&ttBeRtfipidpdfssE8am.| o5ying, as an effluent, such

cracki ng zone divided by thehenepackingt veateiohydindacédnsy chprgkgtio the

cracking zonex The_n rical _val ue f C ersion beg, r r
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of the invention, the hydrocarbon feed being charged to gzrolytl gra Ki ng
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end- products. TheGenerally, 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,
- 15 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
range from 1500°F. to 1800°F. |
The cracked hydrocarbon effluent or cracked
20 hydrocafbons or cracked hydrocarbon stream from
pyrolytic cracking furnace means will generally be a
mixture of hydrocarbons in the gaseous phase. This
mixture of gaseous:hydfocarbons can comprise not only
the desirable olefin compounds, such as ethylene,
25 propylene, butylene, and amylene; but, also, the
cracked hydrocarbon stream can contain undesirable .
contaminating components, which include both oxygenated
compouhds and acidic compounds, and light ends such as
hydrogen, methane -and acetylene.

. 30 - The craéking 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

35 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



30 di luent does this by providing for a |lower partial pressure of
hydrocarbon feed fluid thereby enhancing the cracking reactions necessary
fror obtaining the desired olefin products while reducing the anpunt of
undesirabl e reaction products such as hydr ogen and: 35 nmet hane. Al so, the
l.ower partial pressure resulting fromthe mGtare of the diluent fluid
hel ps in nminimzing the ampunt of coke deposits that formon the -5-
furnace tubes. Wile Wmltm fepdakonk rig ichargad an fedks (Thee
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reactions i nduce cracki ng furnace neans ¢ n tak P ace at

any suitable terrpﬂé?%ﬁ ned within the fxracking fumace, Rt he
desirabl e end- pr oflissddcerid hﬁ:ﬂmwcté ansll e ctlse (hhaﬂ'fmagwdecmmﬂd ng
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f eedst ock being cra however cracki ng
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preferably, the GLaCk NErdSEDES o ddt Lfovs NGah N"tdke place and, thus, will

10 have an inside surface. The term "cracking
temperature®” as used herein is defined as being the
temperature within the cracking zone defined by a

- cracking tube. The outside wall temperature of the
cracking tube can, thus, be higher than the cracking

- 15 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-s psig to about 25 peig and, preferably from
10 psig to 20 psig. '

20 The inventive method includes the treatment
or treating of the tubes of a cracking furnace by
contacting the surfaces of such tubes with a Cg+
production enhancing composition. The'term:"C5+“ as
used herein is defined as being hydrocarboné having at

25 least £ive carbon atoms. The use of the Cg+
production enhancing composition provides for or
induces an incremental increase in the production of
hydrocarbons having at least five carbon atoms, or Cg+,
in a cracked product stream above the amount of Cg+

30 produced where the'C5+ production enmhancing campositibn
is not utilized to treat the cracker tubes used to
produce the cracked product stream. Therefore, for
similar cracking conditions, the concentration of Cg+
in the cracked product gtream from cracker tubes which

35 have been treated with the c5+_production enhancing
composition is greater than the concentration of Cg+ in
the cracked product stream from cracker tubes which



range from[err] to [err]. The cracked hydr.ocarbon effluent or cracked 20
hydrocarbons or cracked hydrocarbon stream from pyrolytic cracking furnace
neans Wi || generally be a mixture of hydrocarbons in the gaseous phase.
This m xture of gaseous hydrocarbons can conprise not only the desirable
ol ef i n conmpounds, such as ethyl ene, 25 progkl-ene, butylene,. and amnyl ene;
but, also, the cracked hydrocarbon stream can contai n undesirable

contani nati ng conbavwennot heeshtrestede hHThe 6xpgpraductionpenhancing
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provide for the nggegaalyas’ adktitescBBChdyUtRo or more thereof are
10 suitable sources of silicon. The term "silicon"
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
“ 15 and alkali metal salts thereof. Of the inorganic
 silidon compounds, those which do not contain halogen
are preferred. .
Examples of organic silicon compounds that
may be used include compounds of the fdrmula

25 wherein Ry, Ry, R3, and R, are selected independently
from the group comnsisting of hydrogen, halogen,
hydrocarbyl, and oxyhydrocarbyl and wherein the
compound’s bonding may be either ionic or covalent.

The hydrocarbyl énd'oxyhydrocarbyl radicals can have

30 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

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



Wi thin the cracking zone in order to induce the cracking reactions therein.
Each cracking tube can have any geonetry which suitably defines a volune in
whi ch cracking reactions can take place and, thus, w.ll 10 have an i nsi de
surface. The term "cracking tenperature as used herein is defined as being
the tenperature within the cracking zone defifhed by a cracking tube. The
outside wall tenperature of the_cracking tube can, _thus, be higher than the
cracking 15 tenpReRYirrimpshydsilang. stesranbeaylyihaBRer due to heat
transfer consider athplérih¥RhoiysRlate) peopyl Brlethoxgsdtlihag zone Wil |
generally be in tae rangg gg fron1g90ut-5 pSLg to ggout 25.psi g and,
preferably from 18°feFyLEribgxp¥ygilsge, vinyltrie ¥8x¥ﬁ§éﬁPFVe net hod -

i ncl udes 't he treatetnamethbxgerthgstlitate} ubetraéthoxyarkhagiliicateg by
contacting thg su : ] ' i on enhancin '
conposi tion. $he #é?g§§g§%P§§§Eaéggﬁﬁér%%gygékg%¥%ﬁg%gggﬁ%éing hydroca?bons
having at 25 | epolyfibhexyispdoxanesspolyTwclobexpylsilexpnes] production

enhanci ng conposi h529aRpR¥KYEs118%kafk, | plighReay1naeh kah8Gr8ase in
t he production ofbh gro%arbgns havi ?'Iggs? ?ivé cggﬁg%aa?gns,,dr [err],

ng a
in a cracked prodﬁbi°§PPE89Y&56§§°thx¥ﬁ§aﬂPeofafgr?r 30 produced where
the [err] product aninepkopeilegiechpRysilane.s Retppesehted to treat the

cracker tubes,used_t cked_pr stream Therefore, for .
simlar cracipng gSﬁg?FﬁgﬁﬁgiF%ggggégeﬁgrggfgggg%d[err] i'n the cracked
product stream from cracker Orgbsicwgidhicon compounds are

particularly preferred because such compounds are

v - soluble in the feed material and in the diluents which
) are preferred for preparing pretreatment solutions as
» 15 will be more fully described hereinafter. Also,

organic silicon compounds appear to have less of a
. tendency towards adverse effects on the cracking.
process tﬁan'do'inorganic silicon compounds.
Any suitable form of tin can be utiiizeﬂ in
20 the Cg+ production'enhancing composition comprising tin
and silicon. Elemental tin, inorganic 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" generally refers to any
25 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
30 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;
35 tin phosphatés such as stannic phosphate; tin
oxyhalides such as stannous oxychloride and stannic
oxychloride; and the like. Of the inorganic tin



35 have been treated with the [err] production enhancing conposition is
greater than the concentration of [err] in the cracked product streamfrom
cracker tubes which -7- have not been treated. The [err] production
enhanci ng conposition is a conbination or mxture of tin and silicon; thus,
the conposition will conprise, consist essent®atly of, or consist of tin
and silicon. 5 ~ Any suitable form of S|I|con can be utilized in
the [err] productFﬂﬁpeﬁﬁéﬁthQ whdsh; donnednsontmin bajogen swe con. -

El enental silicon prieferiad @ssithieC @dutede#ndingnd organic silicon
(organosi licon) conpounds as wel | as xtures of wo or nore thereof
are 10 suitable sources o%x§FP' &n © ?ﬁ?atQFﬁan a8 cogeR | ¥highe, s
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conmpounds of the formul a err whérein [err] are Sel ect e
i ndependent | y t iocarboxy ates such as stannous thiocacetate and

- stannous dithiocacetate; dihydrocarbyltin
10 bis (hydrocarbyl mercaptoalkanocates) such as dibutyltin
' bis (isococylmercaptoacetate) and dipropyltin bis(butyl
mercaptoacetate); tin thiocarbonates such as stannous

s O-ethyl dithiocarbonate; tin carbonates such as
stannous propyl carbonate; tetrahydrocarbyltin
- 15 compounds such as tetramethyltin, tetrabutyltin,

tetraoctyltin, tetradodecyltin, and tetraphenyltin;
dihydrocarbyltin oxides such as dipropyltin oxide;
dibutyltin oxide, dioctyltin oxide, and diphenyltin
oxide; dihydrocarbyltin bis(hydrocaibyl mercaptide)s

20 such as dibutyltin bis(dodeéyl mercaptide); tin salts
of phenolic compounds such as stannous thiophenoxide;
tin sulfonates éuch as_stannouS'benzenesulfonate and
stannous-p-toluenesulfonate; tin carbamates such as
stannous diethylcarbaméte; tin thiocarbamates such as

25 gtannous propylthiocarbamate and stannous
diethyldithiocarbamate; tin phosphites such as stannous
diphenyl phosphite;'tin'phosphates such as stannous
dipropyl phoéphate; tin thiophosphates such as stannous
0,0-dipropyl thiophosphate, stannous 0,0-dipropyl

30 dithiophosphate and stannic 0,0-dipropyl
dithiophosphate, dihydrocarbyltin bis (0, 0-dihydrocarbyl
thiophosphate)s such as dibutyltin bis(0,0-dipropyl

'_dithiophosphate); and the like. At present

tetrabutyltin is preferred. Again, as with siliconm,

35 organic tin compounds are preferred over inorganic
compounds. _ '

'Any of the listed sources of tin can be



fromthe group consisting of hydrogen, hal ogen, hydrocarbyl, and

oxyhydr ocar byl and wherein the conpound's bonding may be either ionic or
coval ent. The hydrocarbyl and oxyhydrocarbyl radicals can have 30 from1
to 20 carbon atons which may be substituted with hal ogen, nitrogen,
phosphorus, or sul fur. Exenplary hydrocarbyl1l0adi cals are al kyl, al kenyl,
cycl oal kyl, aryl, and conbinati ons thereof, such as al kyl aryl or :
al kyl cyci oal kyl-. eecuhpradywidkhhaavoesr he Listed| sourcegsof gikdgpueto
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such conpounds arg@an-be in the range of from about 1:100 to about 100:1.
10 ' Preferably, the molar ratic can be from about 1:10 to
about 10:1 and, most preferably, it can be from 1:4
to 4:1.
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- The Cg+ préduction enhancing composition is
utilized in the treatment of the surfaces of the
- 15 cracking tubes of a cracking furnace. The Cg+
production enhancing composition is contacted with
‘surfaces of the cracking tubes either by pretreating
the cracking tubes with the composition prior to
_ charging the tubes with a hydrocarbon feed or by adding
20 the camposition to the_hYdrocarbon feed in an amount
effective for incrementally increasing the yield of Cg+
above the yield when none of the composition is added
to the hydrocarbon feed.
Any method can be used which suitably'tfeats
25 the tubes of a cracking furnace by contacting such
tubes with thelcs+ production enhancing composition
under suitable treatment conditions to thereby provide
treated tubeé. The treated tubes will provide for an
incremental increase in the yield of Cg+ in the cracked
30 product stream above the yields of Cg+ which will
result from untreated tubes under similar cracking
conditions.
_ The preferred procedure for pretreating the
tubes of the cracking furnace, includes charging to the
35 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



soluble in the feed material and in the diluents which are preferred for
preparing pretreatnent solutions as 15 wll be nore fully described
-hereinafter. Also, organic silicon conmpounds appear to have | ess of a
tendency towards adverse effects on the cracking process than do inorganic
silicon conpounds. Any suitable formof tim ¥ln-be utilized in 20 the
[err] production enhanci ng conposition conprising tin and silicon.

El enental tin, ineraeking: furaaagoiadfized whiiei charging theotuhes with

conpounds as VVe"i:ﬁé Btshi' 88 QE EBYpE&Giaé HDEGPEPEESEEdaEEeEH'%ﬁb&ﬁ
sources of tin. igtern1"t| gener al one of t hese

eépre ers to an ;
tin sources. ExanP¥ 'thgoEEbPﬁoFﬁaﬁle ﬂrﬁﬁﬁﬁﬁuﬂﬁgeéﬂ Bg thatpef the
include tin OXIdesﬁaah ﬁﬁtﬁbaﬁaaas1ﬁxbdehandn$éanBECtné|ﬂabeth sul fides

such as stann ul fi de,and tan ic_su u eg

st annous sul f éﬁﬂ°§?§ﬁﬁrct llkg fgm ?%g%ﬁg%ta0|é§ suc% gﬁgfc
aci d and thlostanupwaadly toi abbuti @860008Fch ﬁhustahheutréauéngde st annous
chlori de, StannOUégngeghéﬁresaaﬂnﬁus1h0égeemﬁganarcf£woawﬁt §baapl Cto -

chl oride, stannic d stannic io ates such as
stanni ¢ phosphat eabppk 39995FrdeBrSﬁEHaB§YstﬁﬁﬁBUSbeﬁchPBr detan®Peu&nni ¢

oxychloride; and jpeokFkcan@ mbsti peegarably, Nfrom- 800°F. to 1600°F.
10 It is desirable for the steam to be charged to the
' convection section of the cracking furnace therefore
first passing through the convection section tubes
: followed by passing through the radiant section tubes.
The Cg+ production enhancing composition can
15 then be admixed with the steam being charged to the
cracker tubes. The Cg+ production enhancing
composition can be admixed with the steam as either a
neat liquid or as a mixture of the Cg+ production
enhancing composition with an inert diluent. It is
20 preferred, however, to first vaporize either the neat
liquid or the mixture prior to its introduction into or
admixing with the steam. The amount of Cg+ producfion
enhancing composition admixed with the steam can be
such as to provide a concentration of the Cg+
25 production enhancing composition in the steam 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 ﬁpmw.
The admixture of steam and Cg+ production
30 enhancing composition is contacted with or charged to
the cracker tubes for a period of time sufficient to
provide for treated.tubes, which when placed in
cracking service, will provide a cracked product stream
having a relative concgntration of hydrocarbons, having_
35" at least five carbon atdms, greater than that of a
cracked pfoduct stream from untreated cracker tubes.
Such time period for pretreating the cracker tubes is



conpounds those which do not contain hal ogen are preferred as the source of
tin. Exanples of sone organic tin conpounds which can be used include tin
cdr boxyl ates such an stannous 5 formate, stannous acetate, stannous
butyrate, stannous octoate, stannous decanhoate, stannous oxal ate, stannous
benzoate, and stannous cycl ohexanecarboxyl at @2 t-i n t hi ocar boxyl ates such as
st annous thi oacetate and stannous dithioacetate; dihydrocarbyltin 10

bi s( hydr ocar byl r’rd-nfd{metdamm spectific (ﬁdm%ﬂrtyi wf the cracking
bi s(i soocyl nmer capttﬁaqﬁt‘%t r’éﬁﬂﬁ It fate); tin
t hi ocar bonat es such as stannous gietﬁw I thiocar #a at&a'&t car%onat es
such as stannous Pr@RFeatdns, tdme Heé’c P TANSE ma;_slly G&mlﬁjch
as tetranethylti " boktld, alalﬁd/'lfd 2 Qi aQchilddd] By, agREEed
n |
i’e &g‘b&'m t| n

tetraphenyl ti di h droc t| n OXI des such as pro

di butyl tin oxrq’de °t‘J'|3 tgﬂ? (&%/’d

bi s( hydrocar byl nbtﬁczﬂrtande)mu’&oo Jsmdurms td:l lulﬁoyitt 12 iomirdo medy | most
mercaptide); tin té %B WBQ? U rannous

t hi ophenoxi de; i’ su ne;lp&s sﬁ %annoJ's% (g'rebn%z’r'i%sul fonate and
st annous- p-t ol uenesul f onat e;In mhecmh@;%m &5 +s produgtion

di et hyl car bamat e; ehﬂ&rfél'dﬁc%fmﬁiﬂoﬂl@b Wrevt ystamm with the

propyl t hi ocarbamat e and stannous di ethyl dithi ocarbamate; tin phosphl tes

such as stanffus GVSFOFATbom SHmaker faedyhddyean. bes addess

di propyl phosphat amdunt ttt wmwtﬂsresu@ maﬁowﬁgottmd)agmwda%dtion

t hi ophosphat e, st QAU t:%aQ:

ccurs when no Cg+ production
s enhancing compos;tion is added. Due to the memory
effect resulting from the applicgtion of the Cg+
15 production enhancing composition, the mixing with the
hydrocarbon cracker feed is conducted intermittently as
required but, preferably, for periods up to about 12
hours. The concentration of the c5+ production
enhancing composition in the hydrocarbon cracker feed
20 during treating of the cracker tubes 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.
_ The cracked product stream from the treated
- 25  cracker tubes can further be processed to recover the
Cg+ contained therein and to #eparate the components of
the cracked product stream. Thus, the cracked product
stream can be passed to separation means for separating
the components of the cracked product stream. This
30 separation generally includes the removal of light ends
such as hydrogen and methane from the olefins and the
recovery of the heavier Cg+. Any suitable recovery
means can be used to recover the incremental increase
in Cg+ yield that results from the use of the Cg+
35 production enhancing composition; but, generally, it
includes, for example, flash éeparation, fractionation
and solvent extraction. Fractionation is the preferred



30 di t hi ophosphat e and.stannic O, O-di propyl dithiophosphate,

di hydrocarbyl tin bis(0, 0-di hydrocarbyl thiophosphate)s such as dibutyltin
"bfs(0, O-di propyl dithiophosphate); and the |ike. At present tetrabutyltin
is preferred. Again, as with silicon, -:35 organic tin conpounds are
preferred over inorganic conpounds. Any of~th2 +isted sources of tin can be
- 10 - conbined with any of the |isted sources of silicon to formthe [err]
production enhancheghednpyswhich tbepincrempentalafig+syietdnofThbelerr]

production enhanciR¢enfiV8Sin % cgg 5e33¥3r38¥ molar ratio of tin to
silicon which suitably provi or t he cracker tube treatnent_or enhanced

C production as required heN@UnHeferréﬁﬁeFalF;G-hﬁmeﬁbFretﬁé idlupstrated of

tin to silicon Ofbirhﬁcﬁeﬁﬁeibt repraaanbatiant BeatRiflg sﬁrﬁaem sbetion: 190
t o-about 100: 1. Prefei E pol ar rati o can, be f 8 aggut 1: 10 to
e Taf

Aoyt 10: 1 anf, nBE 2 PEFR cFRSkIRT,brPReRe SR LTS . 1 Perr]
producti on enhancfugnacepsection 10 ihtluded pyrobyticearackingfmeans or

surfaces of the 1§raciin%kfﬂ LHQei?OEO?a@?ggEaEgﬂfﬂég aner%? f%gﬁcracklné

producti on enhancing conposition i3 con sur aces
tubes either by pferréadnging the cracking of hydrocarbons. Cracking

- furnace 12 defines both convection zone 14 and radiant
10 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 .
inlet of convection tubes 18 by way of conduit 22 which
15 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 Cg+

L3

production enhancing composition can also be conducted
to the inlet of convection tubes 18 through cbnduit 22.
20 ’ 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
25 furnace 12 passes downstream through conduit 24 where
it is processed to remove light ends such as hydrogen
and methane and where.the olefins and the incremental
yield of Cg+ are recovered. To provide for the heat
energy necessary to operate cracking furnace 12, fuel
30 gas is conveyed through conduit 26 to burners 28 of
cracking furnace 12 whereby the fuel gas is burned and
heat energy is releésed. '
During the treatment of convection tubes 18
~ and radiant tubes 20, the Cg+ production enhancing
35 composition is conveyed to cracking furnace 12 feed
stream through conduit 30 and admixed prior to the
resulting mixture enterihg_cfaqking furnace.lz.



the cracking tubes with the conposition prior to charging the tubes with a
hydrocarbon feed or by adding 20 the conposition to the hydrocarbon feed
in an amount effective for incrementally increasing the yield of C above

t he yield when none of the conposition is added to the hydrocarbon feed.
Any nethod can be used which suitably treatsl45- the tubes of a cracking
furnace by contacting such tubes with the 5err] producti on enhancin |
conposi ti on under Intierpbeed: inacandAnitodli iBoheatoexnbangprpddvwhichs eat ed

tubes. The treateﬂrBUQaﬁs“hhhtpEﬁ&hﬂﬁg&oﬁeﬁﬂl'QﬁieﬁﬁﬂhékekﬁiﬁgaﬁSatn the
yield of [err] in"the cracked 30 pr oduct strean1above ds of [err]

el
whi ch wil | resultePPESYuﬁPﬂe§PeGhFEEP¥ YRReF §PnFPSrc5FaEEPﬁé°§6ﬂE|tlons
The preferred progateheih cahgbggaﬁbag t he tubes of the cracking furnace,

i ncl udes charging to the of,_t he crag furnace .t ube

saturated or Slightly superﬁ@&tgﬂiéfgaﬂghgﬁfﬂﬁ SgnBEngﬁfg %% ?Hgtpgﬁge
of from about [erillustratet ther pkesént inwen&dbnng furnace is fired while
charging the.tubes with the steamso as tgg igle a superheated steam

which”exits the tubes at a tenperature ex that of the steam
i ntroduced into the inlet offhileexgmple §°m°B§ﬁ€F§PPythPhé“PPE&ﬁF@FM @&nt

w 'l have a tenpepagube ¢RéRtedy withaRau! ahd Bi11£64S ovekecal conventional
- 10 furnace treatment of dimethylsulfide in enhancing the
. concentration of Cg+ in the cracked product stream in a
process for the thermal cracking of hydrocarbons.
A 1.52" I.D. HP-Modified tube that was 12
feet in length was treated with 500 ppmw
15 dimethylsulfide for four hours at 1250°F.
Dimethylsulfide was introduced with 26.4 1lb/hr steam
and 3.5 lb/hr nitrogen at 400°F. and 40 psig several
feet upstream of an electric furnace which enclosed the
reactor tube. The feed rate was then changed to 25.3
20 1b/hr ethane and 7.6 lb/hr steam at 12 psig and the
temperatures in the furnace were brought up to cracking
conditions in a period of one hour. Residence time in
the reactor_tﬁbe was held at 270 milliseconds. The
- dimethylsulfide injection was reduced to 125 ppmw at
25 twenty hours after the ethane charge was introduced and
injection was continued for the remainder of ‘the 56
~ hour test run. Conversion of the ethane was mairtained
at 67%. Cracked gas produced from this test showed a
Cg+ yield thet avereged 0.9 wt% of the product gases
30 but decreased to 0.8 wt% at the end of the test run.
Acet?lene yield alsoc averaged 0.9 wt% of the product
gas. | _
A pretreatment of six hours with 100 ppmm
tetrabutyltin and 50 ppmm hexamethyl disiloxane at
35 .temperatures from 1200°F. to 1500°F. and 40 psig was
done on the same tube described above. This mixture
was also injected at the same location as the



tenperature can be in the range of fromabout [err] to about [err]
preferably, fromabout [err] to about [err] and, nost preferably, from
[err] to [err] 10 It is desirable for the steamto be charged to the
convection section of the cracking furnace therefore first passing through-
t he convection section tubes followed by pasdisng t hrough the radi ant
section tubes. The [err] production enhanci ng conposition can 15 t hen be

adnmi xed with the stimethyxiswliide geith 26+ IAvkateamand T [Milr

producti on enhanci ﬁ.&g}p_si t.?;g] ' ] lygﬂr#b X lther a
neat liquid or as Ig!g:m ure of the e?ﬁég%%ﬁ%t | Q eén%nggralgyﬂc?rr/p%si tion
with an inert dil fifhane jand Th 132# dtean apdthe tempexatyires in jthe

ei ther the neat |ifiiddhed weéka Brdudht rip Mo tdrddiing) idenlitiicHb iaHd 67%
e

adm xing with fhe eam The anpunt of rr oduction enhangjn
conposi ti on a(#n' XC% % SIRYRAAGR A é’?}l‘c‘ﬁ{ af%lt%ﬁ)a’(ﬂﬁﬁe ;ies%.dence

concentration of ttisnd cim [tKE. regutmit ctivilem vﬁm&xﬂdigitcmsﬂi;IHBédonde. —
steamin the rang f ety }ﬁ ap | ferally, -
from about 10 ppm%ch%r gg%é%zlpmm.ang, m%ﬁaﬁ% %&I Y, Hﬁ(}rm%fg' f“oﬂ%oo
ppmv. The adni xt ureongentratiom®f the YiiRickiam Wacture, war ingduced to

conposi tion is COH@Ggim Wdtrdbuty ¥ GE hrid 35 Gpmind Hedianiettda fOr a period
of time sufficient_ to provide for treated tubes, whi ch when "pl aced in

cracki ng ser ite, Hat1q¥ane de BlahtAQNFY the £HRaRR iTRRTES 2R ve
concentration of Iyt biohs, the\injecthion A | e ttifn Aerl liadeh il 68 e \was

greater than that égsé%ntinued for the remainder of the 103 hour test
run. Cracked gas produced from this test showed a Cg+
yield that averaged 1.9 wt% throughout the test with no
15 drop in coﬂéistency. Acetylene yﬁeld averaged 0.5 wt%
of the product gas. :

Selected data points obtﬁined from the two
test runs described in this Example are presented in
Table I. These data are presented in the plots of FIG.

20 2 and FIG. 3.

A comparison of the data obtained from the
two test runs clearly demonstrates an increase in Cg+
vield (1 wt%) for the tin/silica treated tube and a
decrease in the undesirable acetylene yield (0.4 wt%).

25 Apparently, the inventive treatment method provides for
a produdt shift with a reduction in the undesired
acetjlene yield contributing to an increase in the
desired Cg+ yield. |



cracked product streamfromuntreated cracker tubes. Such tine period for
pretreating the cracker tubes is - 12 - influenced by the specific
geonetry of the cracking furnace including its tubes; but, generally, the
pretreating time period can range upwardly_ ﬁg about 12 hours and longer if
required. But, preferably, the 5 period of " ti°n® for the pretreating can be
In the range of fromabout 0.1 hours to about 12 hours and, npst

preferably, l[fromO. ‘hours td[I0Thodgrs.]Tn d cage pherje e fern| .
production ¢nhanci ng corrpositi bn s qirectly aqm xed Wth the 1 :
hydrocarbonjcracker feed, it can be gdded ip sych pn anoynt fo be gffective

I n enhanC|nu the*i rr proqpct onjabdqve fhat w|ichl oc¢urq when.ho [ferr]
production { nhanmmg conpog tilpn I 9 dddeda Due |t@ | Be| werjosy| & | @€t

resul ting fifom t¥egapplFcay o of [1hd Tef P [ F5 | Vpr (R i|dB eRhaing
conposi tion} the®§@ X|ng§ i ¢h tlhe hyRirloSay Bon riefkeR | &d Ps| Sonpdudt ed
intermttenffl y a® required*but efdrab] y, [for| periofls yp tjo apout| 12 :
hours. The ¢oncewtoati og o t err]| prpdugti gn enhapci g conp)srlion in’

t he hydrocalbon ErBckergf eed dudingttreatilng of Yhelcrack bes can

be in the rgnge ﬁﬁ*fromﬂ bout pnw [t 0 pboyit 10, 000 ppmy, preferalfll y, from
9, 3
about 10 pp toﬁﬁout 3og;§ 1Qg, Jobk br‘@fe‘;' LYl of nofn 29 19, 400 ppnw.
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The cracked product streamfromthe treated 25 cracker tubes can further
be processed to recover the [err] contained therein and to separate the
conmponents of the cracked product stream Thus, the cracked product stream
can be passed to separation neans for separad® ng the conponents of the
cracked product stream This 30 separation generally includes the renoval
of light ends such _as hydrogen_and net hane fromthe ol efins and the
recovery of the jeavier [err Any[sullt abl e ffecovery neans can be used to
recover the incrfnmental incregge {n [lerr] ylleld that results fromthe use
of the [err] 35 ‘ producti on ghhapcing cpnppsition; but, generally, it

i ncl udes, for exdnpl e, flagh Jepaf atijon,| frjctionation and sol vent
extraction. Fracflionati on igs tlhe: preflanriee - 13 - method by which the
incrernental [err] vyiel dglof §f hel ™y &htli e Mefhod is recovered. Now referring
to FIG 1, therelis illstgat giSoy SqEnpfi f representation cracking
furnace section 30 5 ®p olytiq crpck||ng process system Cracking
furnace ‘section .O_i nclwdea pyifol ytid cripckling neans or cracking furnace 12
for providing hegt energy requlretifdr ihdulting the cracking of
hydrocarbons. Crgcki ng fjur nacef 12 deij nel bfpth convection zone 14 and -

radi ant 10 zond 16. S gt_ %l e W 4,0 B fuch zones are convection coils
as tubes 18 and fjadi antg o2 ™ { vibgse20n ~
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. <R _ e
A ‘hydrocarbon feedstock or a m xture of steam and such

- bon
f eedstock is conducted to the inlet of convection tubesnm@!’”mu“m
conduit 22 which 15 isin fluid flow communication w't es
18. During the treatnent of the tubes 18f-cracking furnace 12, the o
adm xture of steamand the [err] pro@uétiBod MBanci ng conposition can al so -

be conducteg, to the igl ghrRbaCPOYCERbABvIHICEndByibIQUSE RoRGyi t 22. 20

The feed passes through the tubeS'of_cracklng furnace_12 ereinit is
heated to éh%@%&%?ﬁ5°?§ntﬁrEPﬁrEh?ﬁmB1d€?an Pﬂdﬁﬁeh$¢52??ﬁ3°%?,W#%°¥he
si tuation whemsribestubes are undergoing treatnent, to the required
treatnment tenperature,_ Jhe_ef

. |l uept fro racki ng_25 furpace 12 pa
downst r eam t hr ough coﬁﬁbitcﬁﬁLﬁﬁgfﬁgi? Pﬁgﬁrsgegg%ﬁa?%i?% 9%“??3H$1€ﬁ3§
sycrdasfh{dco?poshnﬂonechnhainhdgmhet#ntbempbuﬁdnsndnd sibiconreompowhd;
yi e o] err] are re er rov _ ssar
operate cracking furnggg 1§Q§Fé§?838_LQE%%2§§&2§%§§§%%P?ﬁégﬁﬁﬁgﬁﬁngui?hég
'to burners Q@uaftc¢a§kdngr¢akﬁasetghemmgiebyiehepenetegasnﬂerbﬁ#ﬁ%ﬂbhﬁd

heat ‘ener gycbsdieli6asctor MEhaRih§Cshl@2bAREEaEd CRPALEbASPoR UBEEeds; aNd.
radi ant tubes_20, the [err] production enhancing 35 conposition is

conveyed toaﬁ¢acking furnace 12 feed streamthrough conduit 30 and adm xed
prior to the resultingeh xppodueihgr angrodacki atréamnhaeing. a

concentration of hydrocarbon compounds having at least five
carbon atoms greater than that of said product stream when
the treatment of step (a) is not performed.
2. - A method according to claim 1, wherein the

- contacting of said composition is carried out in an admixture
with steam at a concentration in the range of from about 1
ppmw to about 10,000 ppmw.
3. A method according to claim 2, wherein the
contacting is conducted at a temperature in the range of from
about 300°F. to 2000°F. |

4, A method according to claim 3, wherein the
_contacting is conducted for a time period upwardly to about
12 hours. S .
5. A method for improving the yield of heavy
hydrocarboné in the thermal craéking of hydrocarbons} said
method comprising:

(a) adaing a composition containing a tin compound
and a silicon compound to said hydrocarbon stream in an
amount effective for enhancing the production of hydrocarbons

| having at least five carbon atoms when said hydrocarbon
stream undergoes cracking under said suitable cracking
conditions; ) _

(b) subjecting said hydrocarﬁon stream containing
said composition to said suitable cracking conditions; and

(¢) ' incrementally increasing the yield of

-~ /

i

CASE: 33276



- 4" "Interposed in conduit 30 is heat exchanger 32 M”MMHHEHME
exchange neans for transferring heat energy and to th

[err] production enhancing conposition. 5 The foll ow ng exanpl e
is provided to further illustrate the-d9esent |nvent|on EXAMPLE Thi s
exanpl e denbydrocarbonkchasvpugi ati lpast Livebecarbent atiomst abowe &he silicon
Over 2 convgibiangk Mien hyaBagarboid! BrakuabaliiEhMbathy! deep” (89"28C) N0
t he concent I'on of e cracked product stream rocess for

t he thernalnetapﬁrﬁgrvﬂdhydrocarbons A 1.52" |.D. HP-Mdified tube that

was 12 feet g, n Iength Aemetheal séc%ahnéoﬂopem&ws, dha?&hml sukif dRchat
four hours at [err]. D net hélsulfld was i | b/ hr am
bnd 3"l b/ AE RALALGERPABLELPR] added,bo, epid. BydEararben GETeRmoiPoFah
elhect ric fuaBaee pkovidenal esndenlttatdant dn I:hberailibe 6£eﬁrbnt 2 eas then
changed to : O_Lb/Lhr,etha 7. Ib/ apd the
tenperatureiE ﬁ hEaF&FnEXé ﬁ@?& ggu&% gngéggc oﬁ%???o% in a -
period of oweigbtr ofResidehydrocasbon thenuactor tube was hel d at 270

mllisecondg, The dingt msltsuhf a%o&auagl €8N 1@ m sdus-eé t @héfeiAPBwiaAl 25
twenty hours after the ethane charge was introduced agﬂn&abggtlon was

continued f8rackingekamRezatyre 48 30 kber rppge Pinfr the
et hane was popoegi.ned at 67% Cracked gas produced fromthis test showed a

8. A method according to any one of the preceding

claims, which includes recovering at least a portion of the

incremental increase in production of Cg+ resulting from the
- method. S '

9. " A method according to any one of the preceding

claims, wherein said tin compound is an organotin compound

and said silicon compound is an organosilicon compound.

10. A method according to claim 9, wherein said

organotin compound is tetrabutyltin and said organosilicon

compound is heﬁamethyldisiloxane.

11. - A method according to any one of the preceding

claims, wherein in said composition the molar ratio of said

tin compound to said silicon compound is in the range of from

1:100 to 100:1.

12. A method according to any one of the preceding

claims, which also_fesults in incrementally decreasing the

yield of acetylene in the product stream.



[err] yield that averaged 0.9 wt % of the product gases 30 but decreased to
0.8 W% at the end of the test run. Acetylene yield also averaged 0.9 W%
of the product gas. A pretreatnent of six hours with 100 ppmtetrabutyltin
and 50 ppmm hexanet hyl disiloxane at 35 tenperatures fromJ[err] to [err]
and 40 psig was done on the sane tube descri bed above. This m xture was
also injected at the sane |ocation as thel/3 dinethylsulfide with 26.4

| b/ hr steamand 3.5 | b/hr nitrogen. The feed was then changed to 25.3 | b/hr
ethane and 7.6 | b/hr steam and the tenperatures in the furnace were brought
up to cracking conditions and 67% 5 et hane conversion in a period of one
“hour. Residence tine in the reactor tube was held at 270 m | |iseconds. Four
hours after the ethane charge was brought in, the concentration of the
tin/silica mxture was reduced to 50 ppmmtetrabuty}tin and 25 ppmm
hexanmet hyl 10  disiloxane. Eight hours after the|gthane charge was
brought in, the injection of the tin/silica mxtur@was discontinued for

t he remai nder of the 103 hour test run. Cracked g produced fromthis
test showed a [err] yield that averaged 1.9 wt %t hgdughout the test with no
15 drop in consistency. Acetylene yield averagetd0.5 wt % of the product
gas. Selected data points obtained fromthe two ‘
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test runs described in this Exanple are presented in Table |I. These data
are presented in the plots of FIG 20 2 and FIG 3. . A conparison of the
data obtained fromthe two test runs clearly denonstrates an increase in
[err] yield (1 ww% for the tin/silica treated tube and a decrease in the
undesi rabl e acetylene yield (0.4 wt%. 25 Apparently, the inventive
treatnent method provides for a product sf¥t wth a reduction in the
undesi red acetylene yield contributing to an increase in the desired [err]
yi el d. - 16 - [err] - 17- Jerr] - 18- CLAI MS 1. A
met hod for inproving the yield of heavy hydrocarbons in the thernal
cracki ng of hydrocarbons which conpri ses:
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(a) contacting a tube of a cracking furnace with a conposition containing a
tin conmpound and a silicon conpound; (b) charging a saturated hydrocarbon
streamto the thus treated cracking tube which is operated under suitable
conditions for cracking said saturated hydrocarbon stream and (c)

. produci ng a product stream having a concentration of hydrocarbon conpounds
having at |east five carbon atons greater3fhan that of said product stream
when the treatnment of step (a) is not perforned. 2. A et hod
according to claim1l, wherein the contacting of said conmposition is carried
out in an adm xture with steamat a concentration in the range of from
about 1 ppnmw to about 10,000 ppmwv. 3. , A nmet hod according to claim?2
wherein the contacting is conducted at a tenperature in the range of from
about [err] to [err 4, A et hod agaording to claj¥d 3, wherein the
contacting is conduffted for a tine period upwardly to abopt” 12 hours. 5.

A nethod for inprovijng the yield of heavy hydrocarbons in|the thermal
cracki ng of hydrocarjbons, said method conpr{sing: (a) add]jng a conposition
containing a tin cofpound and a silicon cofffound to said hydrocarbon stream
in an anount effectfve for enhancing the preduction of hygdrocarbons having
at least five carbon| atons when said hydrocfrbon stream updergoes cracking
under said suitable fracking conditions;
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(b) subjecting said hydrocarbon stream containing said conposition to said
sui tabl e cracking conditions; and (c) increnentally increasing the yield of

CASE: 33276 - 19 - hydrocarbons having at |east five carbon atons above
the yield of such hydrocarbons produced when adding step (a) is not
performed: 6. A net hod accordlng to cIa|n15 wherein said anmount of

sai d conposition added to sai A FRARaS sugech as to provide a

concentration in thﬁmwgekthlﬁmmlmtwﬂsﬂu%m t AYBROCK!HONRt of said

conposi tion per parts by wei phia THERBAI JRACKINQOERODESE Stream 7. A
met hod according to claim5 or 6, wherein said cracking tenperature is in

t he range of fron1[err¥hcoi¥e¥¢$enﬁhl yield;bﬁnh&dmbcambandlhgwﬁngamuvene of
the precedin q&g& baNat A 2P t| of the

i ncrenental 1 ncr eaggciairﬁgpro u%ls%g%?a ierri d g’gﬂ%éngﬁtrbdnm th od. 9.

A et hod accerackingopangesfcisfineregmat &yt mpntiasting mertmentwlgdtbm
compound 1S ggnQkJ3804I EhEPHQPU@PaéHL Frfirdlde G@.f&hcam%g@s'i
organosi | i con conpound. 10. hod according to s m g wherein :
“sai d or ganot ¢ePRBRBERAEIEER !%@r%&k&%ﬂ%1|ﬁ and said organ05|llcon conpound is
“hexanet hyl di si | oxane.
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11. A net hod according to any one of the preceding clains, wherein in
sai d conposition the nolar ratio of said tin conmpound to said silicon
conmpound is in the range of from 1:100 to 100:1. 12. A et hod
according to any one of the preceding clainms, which also results in
incremental |y decreasing the yield of acetyl eneReplddement SHeet (20/Za8)

E e c a

METHOD FOR IMPROVING THE YIELD OF HEAVY HYDROCARBONS
- IN A THERMAL CRACKING PROCESS

The incremental yield 6f hydrocarbons having five
or more carbon atoms in a cracked product from a thermal
cracking process is increased by contacting or treating the
tubes of a thermal cracking furnace with a composition
comprising tin and silicon.

(Figure 1)
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