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The present invention generally relates to
processes for the thermal cracking of hydrocarbons and,
specifically, to a method for saving energy in the
thermal cracking of hydrocarbons.

5 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 pyrolytic) cracking furnace. A diluent

10 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,

15 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,

20 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 naphthalene.

Olefinic compounds are an important class of industrial

25 chemicals. For example, ethylene is a monomer or
comonomer for making polyethylene and other polymers.
Other uses of olefinic compounds are well known to



ot her _hydrocarbons. A propane streamintroduced into the furnace is
converted to ethylene and propyl ene, and :: appreci abl e anounts of other
Rydrocarbons. Simlarly, 20 a mxture of saturated hydrocarbons
cont ai ni ng et hane, - propane, butane, pentane and naphtha is converted to
a m xture of olefinic conpounds contajin ng ethyl ene, propyl ene,

but enes, pentenes, and napht hal ene. A efinic conpounds are an inportant
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total energy cogkackifgesaltu?@dtadd hydrocarbons to an olefin end-
product is highly energy intensive. Typically, 70 to

10 95 percent of the total energy cost of operating a
cracking process unit or olefins plant is fuel consumed
in the cracking furnaces of such cracking process unit.
Generally, depending upon the molecular weight of the
feedstock and the desired feed conversion, the energy

15 consumption per pound of olefin produced by a cracking
process unit can range from about 7000 Btu per pound
olefin produced upwardly to about 15,000 Btu per pound
olefin produced. Typical olefin plants have annual
olefin production capacities ranging upwardly to one

20 billion pounds and, in some instances, more than one
billion pounds. Thus, the energy requirements for
operating an olefins plant constitute a major element
in the cost of operating and producing cracked olefins.
Because the fuel requirements for operating a cracking

25 furnace are so large, even a small incremental
improvement in the energy requirements to produce an
olefin end-product can result in large cost savings in
the per unit production cost of the olefins.

It is thus an object of this invention to

30 provide an improved process for cracking saturated

hydrocarbons to produce olefinic end-products.
Another object of this invention is to

provide a method for-improvingnthe energy efficiency of
a cracking process without loss of product yield.

35 A 8till further object of this invention is
to provide a method of reducing the required cracking
temperature to crack a hydrocarbon feed stream without



cracking process unit or olefins plant is fuel consuned in the
cracki ng furnaces of such cracking process unit. Ceneral |l y, dependi ng
upon the nol ecul ar wei ght of the f eedst ock and the desired feed
conversion, the energy 15 consunption per pound of olefin produced by a
cracking process unit can range fromgbout 7000 Btu per pound
ol efin produced upwardly to about 15,000 Btu per pound olefin
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hydr ocar bon fee
conversion when untreated tubes of a pyrolytic cracking

furnace are used.
N Another aspect of the invention includes a

15 method of reducing a required cracking temperature for

i a given feed conversion in the operation of a cracking
furnace of a thermal cracking process for cracking a
hydrocarbon stream. The cracking furnace is equipped
with a cracking tube having a surface. The method

20 includes contacting the surface of the cracking tube
with a composition comprising a tin compound and a
silicon compound so as to provide a treated cracking
tube. A hydrocarbon feed stream is charged to the

_ treated cracking tube, which is maintained at a’

25 temperature so as to provide a cracking temperature
below that required for the given feed conversion when
the untreated cracking tube is used.

A final aspect of the invention includes a
method of reducing energy consumption for a given feed

30 conversion in the operation of a thermal cracking
process for cracking a hydrocarbon stream. The method
includes adding to the hydrocarbon stream in an amount
effective for enhancing feed conversion for a given
cracking temperature a composition comprising a tin

35 compound and a silicon compound. The enhanced feed
conversion at the given cracking temperature permits
the reduction of the cracking temperature. This



- 3- - aloss in the percent conversion of the hydrocarbon feed
streamto ol efin end- product. I n accordance with one aspect
of the i nvention, the tubes of a pyrolytic cracking furnace 5 are
treated with a conposition containing a tin conmpound and a silicon
conpound to provide treated tubes. The greated tubes are utilized in
t’he cracking of hydrocarbons under cracking conditions. Due to the
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15 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-

20 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

25 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

30 standard testing methods of the American Society of
Testing Materials (ASTM).

The pyrolytic cracking of a higher molecular
weight hydrocarbons to a lower molecular weight
hydrocarbons can be referred to as conversion. The

35 terms "conversion", "feed conversion", and similar such
terminology, as used throughout this specification, are
'defined as the ratio of the difference between the mass



effective for enhancing feed conversion for a given cracki ng
tenperature a conposition conprising a tin 35 conpound and a silicon
canmpound. The enhanced feed conversion at the given cracking
tenperature permts the reduction of the cracking tenperature. This
-4- " reduction in cracking tenperaturg gesults in a reducti on
fuel or energy consunption. QG her objects and advant ages
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10 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

15 of which includes providing desirable reaction
conditions within pyrolytiec 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

20 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

25 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 steam.

'The cracking reactions induced by pyrolytic

30 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

35 feed stream and the desired feed conversion.
Generally, the cracking temperﬁture can run upwardly to
about 2000°F. or greater depending upon the amount of
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.hydrocarbon stream can conprise any type of hydrocarbon ‘that is

suitable for pyrolytic cracking to olefin conpounds. Preferably,
however, the hydrocarbon stream can conprise paraffin hydrocarbons
setected fromthe 25 group consi sting of ethane, propane, butane,

pent ane, naphtha, and m xtures of anygwo or nore thereof.
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di fference betwegnighgogaSS ' of saturated hydrocarbons

charged to a cracking zone and the mass of unconverted saturated:- .
hydr ocar bons | eavi ngThascrrcked | hydrocaxhbon ceffkuent zonccrackedd by
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mixture of gaseous hydrocarbons can comprise not only
the desirable olefin compounds, such as ethylene,
propylene, butylene, and amylene, but also, this
cracked hydrocarbon stream can contain undesgirable

15 contaminating components that include both oxygenated
compounds and acidic compounds and light ends such as
hydrogen and methane. |

The cracking furnace means of the inventive

method can be any suitable thermal cracking furnace

20 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 sguitable cracking
furnace for use in a cracking process is generally a
matter of preference. Such cracking furnaces, however,

25 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

30 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 volume in
which cracking reactions can take place and, thus, will_

35 have an inside surface. The term "cracking _
temperature®" as used herein is defined as being the
temperature within the cracking zone defined by a
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conversion enhancing composition provides for or

induces an increase in the conversion of the

hydrocarbon feedstock to a cracking furnace for a given

15 cracking temperature. This enhancement in feed
conversion permits the reduction in the cracking
temperature below that required to give the feed
conversion which results from utilizing untreated
cracker tubes. The feed conversion enhancing '

20 composition is a combination or mixture of tin and
silicon, thus the composition will comprise, consist
essentially of, or consist of tin and silicon.

Any suitable form of silicon may be utilized
in the feed conversion enhancing composition comprising

25 tin and silicon. Elemental silicon, inorganic silicon
compounds and organic silicon compounds as well as
mixtures of any two or more thereof are suitable
sources of silicon. The term "silicon" generally
refers to any one of these silicon sources.

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

35 are preferred.

Examples of organic silicon compounds that
may be used include compounds of the formula



- 6- ., cracking or conversion desired and the nol ecul ar wei ght of

the feedstock being cracked. Preferably, however, t he cracking
tenperature will be in the range of from about [err] to about [err]
Most preferably, the 5 cracking tenperature can be in the range from/[err]
to [err] = The cracked hydrocarpgp effluent or cracked

hydr ocar bons or cracked hydrocarbon stream from pyrol ytic cracking
furndce neans will generally be a 10 Rgixture of hydrocarbons in the
gaseous phase. This m xture of ¢dseous hydrocarbons can conprise not
only t he desirable olefin-conn&usdsn such as et hyl ene, propyl ene,
butyl ene, and anyl ene, but also, this| cracked hydrocarbon stream can

contai n undesi Babl e 15 contani nati ngRgonponents that include both
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necessary cracking tenmperatare
aryl, and combinations thereof, such as alkylaryl or
: 15 alkylcycloalkyl. Exemplary oxyhydrocarbyl radicals are
. alkoxide, phenoxide, carboxylate, ketocarboxylate and
diketone (dione). Suitable organic silicon compounds
include trimethylsilane, tetramethylsilane;
tetraethylsilane, triethylchlorosilane,

20 phenyltrimethylsilane, tetraphenylsilane,
ethyltrimethoxysilane, propyltriethoxysilane,
dodecyltrihexoxysilane, vinyltriethyoxysilane,
tetramethoxyorthosilicate, tetraethoxyorthosilicate,
polydimethylsiloxane, polydiethylsiloxane,

25 polydihexylsiloxane, polycyclohexylsiloxane,
polydiphenylsiloxane, polyphenylmethylsiloxane, 3-
chloropropyltrimethoxysilane, and 3-
aminopropyltriethoxysilane. At present
hexamethyldisiloxane is preferred. Organic silicon

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

35 a teﬁdency towards adverse effects on the cracking
process than do inorganic silicon compounds.

Any suitable form of tin may be utilized in
the feed conversion enhancing composition comprising
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untreated 10 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;

15 tin phosphates such as stannic phosphate; tin

y 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.

20 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

25 thiocarboxylates such as stannous thiocacetate and
stannous dithioacetate; dihydrocarbyltin
bis (hydrocarbyl mercaptoalkanoates) such as dibutyltin
bis (isoocylmercaptoacetate) and dipropyltin bis(butyl
mercaptoacetate); tin thiocarbonates such as stannous

30 OQethyl dithiocarbonate; tin carbonates such as
stannous propyl carbonate; tetrahydrocarbyltin
compounds such as tetramethyltin, tetraoctyltin,
tetradodecyltin, and tetraphenyltin; dihydrocarbyltin
oxides such as dipropyltin oxide; dibutyltin oxide, '

35 dioctyltin oxide, and diphenyltin oxide;
dihydrocarbyltin bis (hydrocarbyl mercaptide)s such as
dibutyltin bis(dodecyl mercaptide); tin salts of



cracker tubes. The feed conversion enhancing 20 conposition is a

conbi nation or m xture of tin and silicon, thus the conp05|t|on\MII
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[err] err]
ite; tin phosphates such as stannous

. diphenyl p
dipropyl phosphate; tin thiophosphates such as stannous
0,0-dipropyl thiophosphate, stannous 0,0-dipropyl

10 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 _

o tetrabutyltin is preferred. Again, as with silicon,

15 organic tin compounds are preferred over inorganic

- ’ compounds. Any of the listed sources of tin may be
combined with any of the listed sources of silicon to
form the feed conversion enhancing composition

" comprising tin and silicon.

20 The feed conversion enhancing composition can
have any molar ratio of tin to silicon which suitably
provides for the cracker tube treatment or enhanced
cracker feed conversion as required hereunder.

' Generally, however, the molar ratio of tin to silicon

25 of the composition can be in the range of from about
1:100 to about 100:1. Preferably, the molar ratio can
be from about 1:10 to about 10:1 and, most preferably,
it can be from 1:4 to 4:1.

The feed conversion enhancing composition is

30 utilized in the treatment of the surfaces of the
cracking tubes of a cracking furnace. The 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

35 by adding the composition to the hydrocarbon feed in an
"amount effective for enhancing feed conversion for a
given cracking temperature.



ﬁheréLn [err] [err] [err] and [err] are selected independently from

t he group consisting of hydrogen, hal ogen, hydr ocar byl , and
oxyhydrocar byl and wherein the conmpound' s bonding may be either ionic
or. covalent. 10 The hydrocar byl and oxyhydrocarbyl radicals can have
from 1-20 carbon atons which nmay be substlifted W th hal ogen,

ni trogen, phosphorus, or sulfur. Exenplary hydrocarbyl radicals are
al’kyl, al kenyl, CyC|Oa|thny methBEYEanaBQ ﬁggﬁ' ﬁnﬁuigﬁ?igf rﬁu g as
aIkyIaryI or 15 | kyl cycl oal kyl l'ary oxy rocar 5lca S are

al koxi de, phenoﬁpﬁe &Fb&fyPaFEackéPSc§P56§9PaP¥ aﬁatactlnﬂlﬁngne
(dione). Suitabkabesgeiith thel ¢eedCcesnvepdson enhhﬂéiﬁgecéﬁbaﬁihibﬁl|ane1

hyl si | hyl si hyl chl I
e Preshy T Bargse st bR LA fe EppaRccoba L Ll PRS0t g
_propyltrietBoxysreated tubesdodEh;Itrehe;dxy&bhsnﬁzlylpybvtdetbyﬁX;SIIane
“tet th t .
pol v met yl of | Soner E86fickd, BRERPAYCLIUBSER LGRS sor 8 ghupn gERERer

polycyclohexylsﬁﬁeﬂanenverSiop@IydlphenyIS|onane
pol yphenyl et fyl si| oxane, rfs prefegPbd’ fpoeadiks fgi'heféﬁféﬁgxa%a{?ﬂe?"

am nopropyl triethoxysil ane. gresen di si els
preferred. C}gaﬁPPe§|PFCGH°36ra° LRgoERERAGRe bﬁ?%?éﬂ?a???rﬁiﬁseF?eﬁhe
because sutb inleenp@uBHe arecnﬂhgbfernacaheuseedana&eﬁrateandrln t he

di | ts which f d t t

W1 b more. f uPHIBELY PRESTREPEPA PERra nEvERG S Pombararure tH bRS° *°
conpounds_appearangehaiefremsabbuBSB00artehdeahqutoﬂanﬂm.adnhese effects on
the cracking craH#@ﬁ?sfuLQQEedPs ?gfggn%ﬁifél&ﬁ?ﬁgf@%pgugdéubes with

Any suitable formo utilrze conversi on
enhanci ng Conp0§h9|gﬁe§5n§p|ggn§o provide a superheated steam which

15 exits the tubes at a temperature exceeding that of the
steam introduced into the inlet of the tubes.
Generally, the steam effluent will have a temperature
upwardly to about 2000°F. Thus, the treating
temperature can be in the range of from about 300°F. to

20 about 2000°F., preferably, from about 400°F. to about
1800°F. and, most preferably, from 500°F. to 1600°F.

It is desirable for the steam to be charged to the
convection section of the cracking furnace, therefore,
first passing through the convection section tubes

25 followed by passing through the radiant section tubes.

The feed conversion enhancing composition can
then be admixed with the steam being charged to the
cracker tubes. The feed conversion enhancing
composition can be admixed with the steam as either a

30 neat liquid or as a mixture of the feed conversion
enhancing composition with an inert diluent. It is
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 feed conversion

35 enhancing composition admixed with the steam can be
such as to provide a concentration of the feed
conversion enhancing composition in the steam in the



-9- _-_ tin and silicon. Elenental tin, inorganic tin conpounds and

organic tin conpounds as well as m xtures of any two or nore thereof
are suitable sources of tin. The term"tin" generally refers to any
one of these tin 5 sources. ' Exanpl es of sone inorganic tin
conpounds whi ch can be used include tin oihdes such as stannous

oxi de and stannic oxide; tin sulfides such as™Stannous sul fide and
stanni c sul fide; t| 0 n ubhahaaa anni c

sul fate; stannic acids Eﬁt%?ﬁ %ggﬁﬁé?é Pgﬁ%?% §§?3ﬁa23 Pﬁ°o§ anili ¢ aci d;
tin hal i des s@@ﬁf£§a?ﬂdhn6%§m¥P@Gﬂﬁdéo PPEWN 505 abpusr 1880 ppmw and,
stannous brom de, so@t PR gggﬂpgg ftbu2biodBpmw stanni c chlori de,

stanni ¢ brom de and stannlc é@ tin phos Eat s _such as stannic
phosphate; tin oxyhal i d G@W‘é§“§ﬁaﬁﬁo&§° BRALFPAE SRBVEXSARR:

oxychl ori de; asd t leaahlankd ngOcommpesitdogaisC contacted wﬁnhound&hhhg&a Wi ch
do not contain hal n referred as the s ce o ST
PR <BaBrer, suBel Bok TR BRriod SF RiRe muthleitPbuso i n .

Exanpl es of sonme organi in conpoun
car boxyl at es such psoytidendes treathdrMabea,swhunhuwhanepaaepdsuannous

butyrate, StannouscrackiﬂﬁtQ@Egacéta@ﬁgﬂsrqgggggake g%k éu%eﬂéﬁ%gEﬁre

st annous benzoat e, and stannols cycl ohéxanecar
t hi ocar boxyl at es sHOF 539§P§ﬁnée§dtﬁp§&€6ﬁépﬁ hedow thagtgﬁnoggtreated

dit EI oacgt gt e:LIodl hyébesar bgichn time pliribhy ¢oeCprltred®iagPtae! kaaoRbes)
such as dibuty tlntubes is influenced by the specific geometry of the
cracking furnace including its tubes; but, generally,

the pretreating time period can range upwardly to about

)

12 hours, and longer if required. But, preferably, the
15 periocd 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.
In the case where the feed conversion
enhancing composition is directly admixed with the
20 hydrocarbon cracker feed, it can be added in such an
amount to be effective in enhancing the feed conversion
above that which occurs when no feed conversion
enhancing composition is added. Due to the memory
effect resulting from the application of the feed
25 conversion 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 feed conversion
enhancing composition in the hydrocarbon cracker feed
30 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.
Now referring to FIG. 1, there is illustrated
35 by schematic representation cracking furnace section 10
of a pyrolytic cracking process system. Cracking
furnace section 10 includes pyrolytic cracking means or



" bi s'( i soocyl nercapt oacetate) and dipropyltin bi s(butyl
nmer capt oacetate); tin thiocarbonates such as stannous 30 0- et hyl

dithiocarbonate; tin carbonates such as st annous propyl carbonate;
tetrahydrocarbyltin conpounds such as tetranethyltin, tetraoctyltin,
tetradodecyl tin, and tetraphenyl tin; di Rgdrocarbyl tin oxi des such

-as dipropyltin oxide; dibutyltin oxide, 35 di octyltin oxide, and

di phenyl tin oxidgkicking Sidgbiechy beds iprdviding e Rdery GRituited suc
as di butyltin bi _Ld.odec | nerc tidg' tin salts of :

- 10 - iR AR R Apgkiag Q5 Avsiredan ofERERing,

sul fonat es su?:rfmadammlﬂemmnf@mtenﬁmh zone 14 and radiant
stannous-p-to on gy r .

di et hyl car barratt%%}?%ﬂhg’t h%)%?%&a%a{%f%ﬁ}s%%}#f&?g iiketion
propyl t hi odar baamitls @Al tubkemd® and radianty|anila esrtvhes &0+ n

phosphi tes such as St annQyShydrocdiiliftdediiRRNIdX a il iQS RIB dtpaiiCh a5

stannous di propyl. phosphate; tin thi ophosphates, such as stannous
0, O-dipropyl 3P EIEowzhe keedakefhidhAonarctes (4 dfosphat e and
E't a?nl c g_, g- gu p{,pp%& lof coﬁé&xgﬁnq&?ﬁ €8 d.'iyhﬁﬂpcifﬁ ddduit 22 which
I s( 0, o-di hydrogcar . | ophos te)s, suc s dibutyltin
bi s(0, 0- di pr opyt® 1 ﬂd’f"tq‘li%% sﬁ)‘?ﬂ'ﬁ‘&ai:c%wq ey I?eo.nvﬁé/tﬁ"roé’setfﬁbes
tetrabut yl10 n I8 pr eherimgl. thedireataent tdf tile dcothes of cracking
furnace 12, the admixture of steam and the feed

conversion enhancing composition can also be conducted
to the inlet of convection tubes 18 through conduit 22,
: The feed passes through the tubes of cracking furnace-
15 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. To
20 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.
During the treatment of convection tubes 18
25 and radiant tubes 20, the feed conversion enhancing
composition is conveyed to cracking furnace 12 feed
stream through conduit 30 and admixed prior to the
resulting mixture entering cracking furnace 12.
Interposed in conduit 30 is heat exchanger 32 which
30 provides heat exchange means for transferring heat
energy and to thereby vaporize the feed conversion
enhancing composition.
The following example is provided to further
illustrate the present invention.
35 EXAMPLE
This example demonstrates the energy savings
of a tube treated with tin and silicon compared to an



15 organic tin conpounds are preferred over inorganic conpounds.
Any of the |isted sources of tin may be conbi ned wth any of the

| isted sources of silicon to formthe feed conversion enhancing
conposition: conprising tin and silicon. 20 The feed
conver si ori enhanci ng conposition can - havggany nolar ratio of tin to
silicon which suitably provi des for the cracker tube treatnent or
enhanced crackmerbgedaceqmsar si on as required hereunder

General |y, however, the nolar ratio of tin to silicon of the

conposi tion can be in the rafgd-3f" i ¥obr HBriiodified. EBbﬁtEhinﬂ?slbé 1.

Preferably, the anaétrﬁhlmeﬁgﬁh was bﬁeiﬁad1ﬁbﬁut5601§bﬁﬁ about 10:1 and,
nost preferably, The feed

.
conver si on enhanC|ﬁbmﬁgh§g }Pbﬁe g°§0f°uﬁgy??§5daFnl¥%% Fteatment of the
surfaces of theg Dimethyksugfidbewaafintzodnkedgwiﬁhn&&e4 Ihéhnoapeamtlon

Is contacted with §H&f§C§519/h§hﬁiﬁ%8%5£n9ttE@@SFe'%ﬂ& V?EGS%Q atlng:”

t he cracking tubes Wt he ‘conposi rior
with a hydrocarbonf¢e§duBFt8§amb9fa§%|ﬁbe@h§1€0ﬁ$65$?¢dﬁh%%htﬁéchyaﬁécbhﬁon

feed in an anpgabe8if eabbYe TRE £808NFAPE dESIRONVEEShSEdf 06 85,3

iven cracking te thod can be
8sed whi ch su?tabri ggagghane and 7.6 1lb/hr steam at f? psig and ah

10 temperatures in the furnace were brought up to cracking
conditions in a period of one hour. Residence time in
the reactor tube was held at 270 milliseconds. The
dimethylsulfide injection was reduced to 125 ppmw at

- twenty hours after the ethane charge was introduced and

15 injection was continued for the remainder of the 56
hour test run. The steady-state coil ocutlet
temperature was maintained at 1770°F. to hold ethane
conversion constant at 67% throughout the test run.

A pretreatment of six hours with 100 ppmm

20 tetrabutyltin and 50 ppmm hexamethyl disiloxane at
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
dimethylsulfide with 26.4 lb/hr steam and 3.5 lb/hr

25 nitrogen. The feed was then changed to 25.3 lb/hr
ethane and 7.6 lb/hr steam and the temperatures in the
furnace were brought up to cracking conditions in a
period of one hour. Residence time in the reactor
tube was held at 270 milliseconds. Four hours after

30 the ethane charge was brought in, the concentration of
the tin/silica mixture was reduced to 50 ppmm
tetrabutyltin and 25 ppmm hexamethyl disiloxane. Eight
hours after the ethane charge was brought in, the
injection of the tin/silica mixture was discontinued

35 for the remainder of the 103 hour test run. The steady
state coil outlet temperature was maintained at 1615°F.
to hold ethane conversion constant at 67% throughout



.the-tubes of a cracking furnace by contacting such tubes with the feed

conver si on enhanci ng conposition under suitable treatnent conditions
to thereby provide 5 treated tubes. The treated tubes will provide for
a. | ower required cracking tenperature for a given cracker feed
conver'si on. The preferred gocedure for pretreating the
“tubes of the cracking furnace, includes charging to the 10 inlet of t he
cracking furnagget ¢aat inﬁatum&%digr 155°F, SMQ Pﬁ.tipﬁﬁ egbgd

havi ng a tenper % re.in froma to abou [err]
The cr ack Wi GPﬁaBQtF§aFPﬁe&“hﬁl blehasépﬁglvhéepeae§rapea the the

steam so as tOenbggydeaﬁ:.&gﬁelthﬁ&t ednsbeasbvhialalby tﬁéh&in&hﬁnt ubfs atfa
t enper ature excegdi t ha uced into.the inlet o

t he tubes. %Egﬁ QVFﬁinﬁg §PB§HV@F$IﬂeEinzfﬁggﬁ3v8°ﬁpPéﬁﬁéPﬁture
upwardly t8& about [err] Sb&eptbﬂedhtaapomgts obthﬂnadrﬁtumethanthe in the
range of from r o rabl about 40QF.

t o about ? #]rhﬁ heEQ %Fgfgga ?ﬁLﬁgﬁ fe B¥F8 ? 9 It is-
desirable for Fﬁb1§téan1ﬂbe§e dn&aganetpreaented 1nohhecp10h oECFIGn Of the
cracking furnage, thBEbﬁkison of Eh&SHaEQSébeglﬁQEOEQthEﬁecgﬂxeﬁé

section tubes 25 fol | owed % passi ng _throu adl ant _section %ubes
The feed conveFSP8nSBRWENEPRPEBRELS PEOR easnificavﬁéx pedyaadxedidi th t he

st eam bei Bg cheugdtt eeinperaturecthaketebulles £ tR@OuSENEEr EhEN
enhanci ng xed W t e steamas either a 30

o] n, be, ad
neat |iquid ornéggR 3&5 Ere PthEr?E eﬁsﬁvspé?g enhanci ng
conposition w d_h
vaporize eithe
i ntroductggn

to first

t he neat liquid g ﬁB ﬁe gmXxture prior to I'ts
to or adm xing with the steam The anpbunt of fee

conversion 35 f enhancing conposition adm xed with the steamcan be
such as to proyi dempaeaBsest pathOBo2f cbhPeh€LEnal Dimethylsulfide
. (DMS) Treatment of Cracker Tubes Versus the
Inventive Treatment of Cracker Tubes With
20 Tin/Silicon (Sn/Si) Compound
Run Time (Hrs) DMS Run Sn/Si Run Difference
25
10 1738 1626 112
30 11 1768 1621 147 "
15 1766 1620 146
20 : 1772 1616 156
35
25 1772 1614 158
30 1775 1612 163
40 35 1772 1612 160
40 1775 1615 150
45 1774 1612 162
45 -
50 1777 1613 164 Jl
| 55 1777 . 1614 163




. a

conver si-on enhancing conposition in the steamin the

- 12 - range of from about 1 ppmw to about 10, 000 ppnw,

preferably, fromabout 10 ppnmw to about 1000 ppmw and, nost '
preferably, from20 to 200 ppnmw. The adm xture of steam and
feed conversion 5 enhancing conposition is déntacted with or charged to
the cracker tubes for a period of tinme sufficient to provi de for
treated tubes, which when placed in cracking service, will require a

cracking tenperature f Reasogable vexdatdons: and,modificatdonsoare

untreated 10  tubes sib‘iléclbyt Iﬁﬂ%d&erdﬁd.lfﬂ iR %Heeiyt”%ittmncﬁ:i%k%"co?nace

tubes is influence i ¢ geonetry of crackin
including its tub %&ﬁ 'ﬁiﬁ% 4 Jnvention,ang the appended ¢ d can

range upwardly to about 12 hours, and longer if required. But,
preferably, the 15 period of tine for the pretreating can be in the range
of fromabout 0.1 hours to about 12 hours and, nost preferably, from
0.5 hours to 10 hours. " In the case where the feed conversion
enhancing conposition is directly adm xed with the 20 hydrocarbon cracker’
feed, it can be added in such an amount to be effective in enhancing
the feed conversion above that which occurs when no feed conversion

enhanci ng conposition is added. Due to the nenory



ef fect “resulting fromthe ap'plication of the feed 25 CQIV T y .
conposition, the mxing wth the hydr ocar bon crache?ﬂﬁe 3 H% Eﬁ%?t

intermtt i'red but, preferably, for peLiads 1.0 ~dh il |
hour s. Thimlmmmmmllnmp ‘the feed nver si on enhanci ng conposition
in the hydrocérbbn %ratker feed 30 c-l.é PGt eating of the cracker tubes
can be in_the range_of from abou to about 10, 000 ppnw,
preferabl §+ from abdulRethoghpf redusdng aocraghingatemperaturest

pref er abl yeqhi@@d2¢ok0 a’@dvieRMFeed conversion inNeWe' 8hekhit?dnl @eFLG 1.
there is |Ilui&rat%d 35 g%_schenatlc representation Cracking furnace
|

section 1§¥acking; Iurpace of a therpatqcyackisg pyoress Epzcrragking a
fur gace shyah-eaakgohn@][wdem miltgl:l?t hc::s»aareghgg tﬁbaninobaid furnacea
- 13 - . CF L0 rnace 1 or providing heat energy require
for inducrﬁﬁcﬁhggmp gﬁfﬁg of hydrocarbons. Cracking furnace 12 defines
bot h convection zondal4cengacsdngnthe inteenallBurBaepecofi salig within such.
zones are i 2 @ihSad a ' oj.k 20:
A hydroca?%gﬁksggdgﬁgckggr aan?g#%PEES%ggtggﬁéggkgﬂéng Eﬁéh@§§§§§§§rbon
f eedst ockapd @ofddéren FemPRENd;  inlet of convection tubes 18 by way of
condui t 22 which  (b)i ghaikghing QaihOW{QQHEHBbBﬁt BePekh! BoCBAYQCL I ON tubes
10 18. Durkgg t he trsgt nt of the ubea of cracking

crac g tube during or after said contacting; and

{c) maintaining said given feed conversion at a

g
d
2

cracking temperature below the cracking temperature which
would have been required to achieve said given feed

- conversion if step (a) had not been practiced.
2. A method according to claim 1, wherein said tin

- compound is an organotin compound and said silicon compound
is an organosilicon compound. -
3. A method according to claim 1 or 2, 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.
4. A method according to any one of the preceding
claims, wherein the contacting step further includes
utilizing said composition in an admixture with steam at a
concentration in the range of from about 1 ppmw to about
10,000 ppmw.
5. A method according to any one of the preceding
claims, wherein the contacting step is conducted at a
temperature in the range of from about 300°F. to 2000°F.
6. A method according to any one of the preceding
claims, wherein the contacting step is conducted for a time
period upwardly to about 12 hours.
7. A method according to any one of the preceding
claims, wherein said organotin compound is tetrabutyltin an&
said organosilicon compound is hexamethyldisiloxane.
8. A method according to any one of the preceding

is Sheet Has Been Replaced
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i nace 12, the adnixture of steamand the feed wg@sgﬁﬁgﬁgr‘gﬁﬂg; :

f
fﬁrrazr'csﬂdaﬁﬂlﬂlj TS ocsei®reusn ot of [EoReerdnctates

~J

furnace 15 12 wher&in"it’is heat ed _a cracking tenperature in

order todladue Wiy guid Idbﬂ&ﬁt& 13ld UELUMAIS TP addind Wiks_are.
-under goi ng treatnent, to th ui re ' treat,nent terrperat ure. The

ef f | uent %ﬁ dfih a1 ARt @ffiectdiei t
24. To 2®or runhaxﬂﬂ.:fg:)rfédtb dbiﬂie:@iﬂtg)fdie@WQﬁ eraikdng e cracki ng

furnace fyel ' t hrou ondui 6 to ers 28 of
cracking Tu neal*e%et%své?zdr é%'}‘é%é%‘{ "F%‘@ta&é’sl e&ﬂ#} % energy is
. rel easedconversion at belpaw ithe tdrackisg rua:nperxratmrrwemmvtaﬁds hbtre?5
and radi e %’ t rsi [ nis
conveyed to crac uﬁi@%ﬁgﬁgé gq'Q’e%{]ream {&%r c‘)rueghslco g%st and
adni xed g@loh %been Rranficed) te thenebyhmeduse enexgyng f urnace; 12.

| nt er pos @éngimpidat 30 i s heat exchanger 32 which 30 provi des heat -

exchange neans for transfer hegt nergy and to  thereb vaporr ze
the feed®conversion?® hé’r%ér?% gla caaaﬂl 8, wherein sa:.cf/

fol | ow n@ﬁemrml eapaEitiiceddded wd Baid hydriddaibiondistridag [ise Rith
i nventio This exanpl e

denonst ra es t J"‘oevnledre%a scé’\?cnentrat“n f"n @ME%%PF t°5d f\ﬂ"t“h 1[ |tr? and silicon
Y

conpar ed 10p 099 parts welght of said composition per parts by
weight of said hydrocarbon stream.

10. A method according to any one of claims 1-7,
wherein the charging of said hydrocarbon stream to said
cracking tube is effected after said contacting.

11. A method according to any one of the preceding
claims, wherein the cracking temperature at whicﬁ cracking is
carried out is in the range of from 1200°F. to 2000°F.

* This Sheet Has Been Rep
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- 14 -, untreat ed tube. Aferr] I.D. HP-Modified tube
that was 12 feet .in length was treated with 500 ppnmw

di ret hyl sul fide for four hours at [err] 5 Dinethylsulfide was introduced
with 26.4 | b/hr steam and 3.5 I b/hr nitrogen at [err] and 40 psig
several’ feet upstream of an electric furnace which enclosed the
reactor tube. The feed rate was then changed to 25.3 | b/ hr et hane and
7.% | b/hr steamat 12 psig and the 10 gsptenperatures in the furnace were
brought up to cracking conditions in a period of one hour. Residence
tinme in the reactor tube was held at 270 .m|liseconds. The

di net hyl sul fide injection was reduced to 125 ppnw at twenty hours
after the ethane charge was introduced and 15 injegiion was conti nued for
t he remai nder of the 56 hour test run. The steagy-state coil outlet
tenperature was nmaintained at [err] to hoId ethane 2 conversion constant
at 67% t hroughout the test run. A preﬁ?eatnent of six hours
wi th 100 ppnm 20 tetrabutyltin and 50 ppnn1hexanetLy di si | oxane at
tenperatures fromf[err] to [err] and 40 psig was done on the sane tube
descri bed above. This m xture was al so injectedfat the sane | ocation
as the dinmethylsulfide with 26.4 | b/hr steamand 3.5 | b/hr 25
nitrogen. The feed was then changed to 25.3 | b/ hs# et hane and 7.6

| b/ hr steam and the tenperatures in the fur fchwer e brought up to
cracking conditions in a period of one hour. esi dence tinme in the
react or tube was held at 270 m | liseconds. JFour {hours after 30 t he
et hane charge was brought in, the concentrati onapf the tin/silica

m xture was reduced to §D ppmm t et utyl ti an? 25 ppnmm hexanet hyl
d|5|loxane Ei ght

/‘,—
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hours after the ethane charge was brought in, the i njection of the
tin/silica mxture was di sconti nued 35 for the remai nder of the 103 hour

test run. The steady state coill outlet tenperature was naintained at
[erc] . to hold ethane conversion constant at 67% t hr oughout
the test run. This is 155F. |lower than the test run with the
untreated tube which clearly denpnstrates the " energy savings that can
be obtained by treating an et hane pyrolysis tube with a tin/silica
conposition. 5 Sel ected daya points obtained fromthe two
test runs described in this Exanple are presented in Table I. These
data are presented in the plot of FIG 2. A conparison of the data
obtained fromtheytwo test runs.-sho the benefit of g significantly
reduced coil 10 outlet tenperature thatfresults from ihewuse of the
novel cracker tubpe treatnent rret hod. TABLE | .
15 Conparfptive Data Zconvent i ohal Di net hyl sul ffi de
(DVB) Tr eat nent Cracker b% Versus the Inve@,ti ve Treat nent
of Cracker Tubes Wth - 1 <
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20 . Tin/Silicon (Sn/Si) -Conpound Run Tine (Hrs) -DVB

Run Sn/Si Run  Difference 0 1575 1650
-75 25 5 1671 1639 32

10 1738 1626 112 30 11 1768
1621 147 15 1766 1620 146
20 1772 1616 156 35 25

1772 1614 158 30 1775 1612
163 40 35 Abgtract of the Dimrelosure 160 40
1775 1615 150 45 1774 1612
162 50 METHOD FOR REBUCING TEMPERAYLRE IN THERMAL 164 35
1777 1614 163CRACKING OF HYDROCARBONS

The energy required to achieve a given cénversion
in the thermal cracking of hydrocarbons is reduced by
contacting or treating the tubes of a thermal cracking
furnace with a composition comprising tin and silicon.
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-+ 16 - vari ations and.nodifications are possible by

t hose skill th|n the scope of "the described invention and
t he’ appendeﬁ ' mmuﬁl A nmet hod of reducing a cracking
t enperature feqw re |ven feed ddnver si on i Subdtiee shakt 017/9b/96

cracki ng furnace of a thernal crackI gg g gngi for cracking a hydrocarbon
streamw thin a cracking tube in s > whi ch conprises

(a) contadting the Ametheld ofr kaducdhgsai @rackingnberpsratnre a
Conposi 11 pAqGLFRA! ToRJ adglvenC 2UkAUREn¥eTsdont! LhCERa cemweﬁoatoe a’

tenperature_ipn,ther e of [fro abou

char gi ng gﬁ?ﬁﬂﬁﬁar 88&?%83 ot 82 ; %r&g&éﬁﬁné"‘?ﬁge'dﬁ?fnﬁ:ﬁ g‘heﬂ' sai d
cont act i ngydresdrbon stream( er)i-tm:xnpacnnngism tdubpvin seitd furmaceion at a
cracking Leigsr ab%e_.,.lgghow t he cracking terrperature whi ch woul d have been

requ red o achieve o5l 0 BhdsRiLochhaonieiehdd aloshoR (B) el not becn
conpound ezaakingg anbbl wicbhnpoonapaad tiand conbrtohng captdm dcompo-und
and a silicon compound at a temperature in the range of f.z-om
about 300°F. to 2000°F.; :
{b) charging said hydrocarbon stream to said
cracking tube during or after said contacting; and . )
(c) maintaining said given faed conversion at a:
cracking temperature below the cracking temperature which:
would have been required to achieve said given feed ;
conversion if step (a) had not been practiced. H
2. A method mecording to claim 1, wherein maid ti.n
compound is an organotin compound and said silicon compomd '
is an ocrganosilicon compound. i
3. A method according to claim 1 or 2, wherein in said
compoaition the molar ratio of said tin compound to uaid '
silicon compound is in the range of f£rom 1:100 to 100:1. | :
4. A method according to any one of the p:ecoding
claims, wherein the contacting step further includes
utilizing said composition in an admixture with steam a.l.'. a
concantration in the range of from about 1 ppmw to anl:ouc=
10,000 ppmw. ;
5. A method according to any one of the precnding
claims, whereia the contacting step is conducted for a tlma
period upwardly to about 12 hours. i
g. A method according to any one of the prccnding
claims, wherein saild organotin compound is tetrabutyltin: and
said organosilicon compound is hexamethyldisiloxane. :
7. A method according to any cne of the pracoding
claims, wherein said contacting is sffected by adding the
- composition to said hydrocarbon stream in an amount eftcfctive
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i's‘an organosi |l i con corrpound' 3. - A method according to-claiml.or 2,
wheretn in said conposition the nol ar ratio of said tin conpound to said.
silfcon conpound is in the range of from 1:100 to 100:1. 4. A et hod

according to any one of the preceding cl® s, wher eigq gL

further includes utilizing said conposition in an agfxure— Wt Ub%h?uﬁoén@emsmgt a
concentration in the range of fromabout 1 ppmwto a

A met hod according to any one of the preceding clai i,tﬁL ,m
contacting step is conducted for a tinme period upwar ours.
6. A nmet hod according to any one of the preced| ng cl ai ns; V\,herel n
sai d organ t|n c e t|n con conpound is
hexamnet hyI P& P gﬁg,g&gg ﬁ‘& EERQH%E*, Add acc%r iv 19,[0 an hl(#m of the
precedi ng &emPREstwrer and sapaeeéheactmgnpsmmscwcﬂ wanifeed he -

conposi ti OkchPerdidnhuer Bed6WOthet cfAEkiNg atedfRrdtué Watlidl vould h&va o

REPLACEME HE
oCT 1992|Ie§ E quired to achieve said given t.ﬁ% conv-rsio%&bs e te
sheet - 7/ 1dmdchad not been practiced to thereby raduce enezgy :

consumption. P
8. A method accoxding to clnim 7, wherein said munt

of said composition added to said hydrocarbon stream is luch
as to provide a concentration in the range of from 1 to
10,000 parts by weight of aaid composition per parts by
weight of said hydrocarbén stream.

9. A method according to any one of claims 1-6,°
wherein the charging of said bydrocarbon stream to said
cracking tube is effectad after said contacting. :
16. A method according to any cne of the preceding |
claims, wherein the cracking temperature at which crack!.né is
carried out is in the range of from 1200°F. to 2000°F, !
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for enhancing feed conversion fer a given cracking tenperature and

t hereafter, nmintaining sai d gi ven feed conversion at bel ow the cracking
terrperature whi ch woul d have been required to achi eve nai d g ven, f
conversion if step (a) had not been prl&ticed Sttbstt'ﬁ'éﬂeeﬂye énﬁé‘%@
consurrptl on. 8. A nmet hod according to claim 7, V\/ner ei n said anount
of said conposition added to said hydrocarbon streamis such as to provide
a concentration in the range of froml to 10, 000 parts by weight of said
conposition per parts by petLrs of : g -

met hod according to any one of cI ainms 1- 6 \/\herel n the charging of said
hydrocarbon stream t MESHOD FOR REBUCTHG! TEMPERATURES BEtrRERMALt er sai d contacti ng.
10. A met hod accor di ngCRAGK EN&y 0P rHYDROCARBENDr ecedi ng cl ai ms, wherein
the cracking tenperature at wich cracking is carried out is in the range of
from[err] to [err]

The energy required to achieve a given conversion
in the thermal cracking of hydrocarbons iz reduced by
contacting or treating the tubes of a thermal cracking

furnace with a composition comprising tim and silicem.

(Fig. 2)

REPLACEMENT SHEET |

e e




