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Pol ysul fide Used in Ethylene Steam Cracker 5 Field of Invention SnaldCT 2005
anmpunts of sul fur containing chemcals are used as additives in ethylene
steam crackers to prevent coking and ot her undesired chem cal reactions.
The sul f UWOSR0816%s are typically characterized as sul fPEI/BYHEGEts. Low

nol ecul ar 10 wei ght sul fur containing agents present fire and toxi col ogi cal
hazards due to their wvolatility. The polysulfidic sul fur containing agents
have | ower volatility and lower flammbility. Background ntion
The use of sul fur conpounds in feed streans to ethylene sﬂﬁ%ﬂﬂ@ﬂmﬁﬂ@w(both
15 thermal and catalytic) has been known for nmany years t I ng
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required extvadatidity Theipplystlfidiseniiunnontgining agents have dowdrerolatilitylapd lowenl so as
nor e sophi Stﬁe&x%?cﬁlit atal ysts were made with greater. hydrogenating and
cracki ng power, ey’ benefited from higher degrees of sulfurization than
was possible with the feedsto®@ackgftmdpf the Ervesiibn30 | nexpensi ve odi f erous

sul fur conpounds . ncl ude S (di et hyl disul fide) or DMS (di hyl
Ul f1de) - DVDS. hatieeq Tlauihrggmapindy i St o SRl SERPIGREE D & st rong
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reduce CO (carbon monoxide) production in the pyrolysis section of steamcracker

furnaces. Others characterize the contribution of the sulfur compounds with
improved reaction speed and product selectivity along with delaying or decreasing
the frequency of de-coking of the reactors (lengthening the time between de-coking

20 procedures). The sulfur sources are called sulfiding agents and are believed to
decompose to form sulfidic surfaces on the insides of the reactors.

Sources of sulfur compounds have included 1) naturally occurring sulfur in
feed (i.e. use of sour feed), 2) inexpensive odiferous sulfur compounds, which are
also used for hydrotreater catalyst sulfiding. In particular the natural sulfur in good

25  feedstocks has worked well with Co/Mo catalysts. As poorer quality feedstocks
were used the sulfur content had higher thermal stability and required extremely
high temperatures to activate the catalyst. Also as more sophisticated catalysts were
made with greater hydrogenating and cracking power, they benefited from higher
degrees of sulfurization than was possible with the feedstock. The preferred

30 inexpensive odiferous sulfur compounds include DMDS (dimethyl disulfide) or
DMS (dimethyl sulfide).

DMDS has a flash point of 15°C, a boiling point of 110°C, a strong odor and
is a powerful solvent for many polymers. DMS has a flash point of <-18°C and a

boiling point of 36-39°C. Both compounds have strong odors, require grounded
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boiling pg ,a36-39C. Bot h conpounds have strong od iT?ﬁdEéuﬂH%d
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require operators in contact or potential contact with the chemcals to
have goggl es, gloves, and an air supplied respirator. Sunmary of the

I nvention It has been discovered that | ow viscosity relatively nonvol atile
polysulfides 5 can be used as sulfiding agents in gas fed al kene
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vapor pressuwimply therm@radkemg t he | ow nol ecul ar wei ght organi ¢ conpounds
with relgtively hjgh anoun of the active._ sulfur conponents one can

i dent i fy%di met hylf.%I ?@Feﬁilﬁb?fl.tﬁeqﬁfﬁéf‘tﬁwe%?‘?"raB«?" 9%9_@?‘0‘%"8%‘ sul fi de, carbon

di sul fi de, et hyl ner capt an,Detailed DesgriptionefithgInventign

Di met hyl di sul fidey| ﬁsepgfggﬂrrcgﬂpmpﬁ tﬁé?ﬁﬁleand catalytic crackers is well known.
The sulfur compounds are thermally decomposed and act as sulfiding agents. In the

past there have been conflicting objectives with these sulfur compounds. It was

20 desirable to use volatile sulfur compounds with low thermal decomposition
temperatures such as dimethyl disulfide. While such compounds that were easily -
volatilized and thermaily decomposed to achieve the objective, they also hacI low
flash points, extremely objectionable odor, and toxicity (the toxicity was esbecially
troublesome as these compounds have high vapor pressures). | '

5 ~ Among the low molecular weight organic compounds with relatively high
amounts of the active sulfur components one can identify dimethyldisulfide,
dimethylsulfide, hydrogen sulfide, carbon disulfide, methylmercaptan,
ethylmercaptan, and n-butylmercaptan. Dimethyldisulfide is preferred among these
cbmpounds for a variety of reasons, including its low thermal decomposition |

3 o‘ temperature, relative to the others, and the fact that it produces very little unsaturated
hydrocarbon compounds on thermal decomposition. These unSé.turated hydrocarbon

| . compounds are thought to be significant contributors to coking in crackers, which is

undesirable. All of thesé low molecular weight compounds have significant vapor
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cracker such as . an ethylene steam cracker. Desirable palysulfides for this
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system on th%mpo ysul fide to add the correct 20 anobunt of polysulfide and a
nozzl e or atORRIEO8%Mawi ng fromthe polysulfide source and inserted in

the hydrocarbon gagasStdef ASRIRWAR! SrBefrAhe 1ekd) Gis@huk POFsB@RMuck rl8cker .
Desirably the nozzle or atomzer is inserted a fewinches or a few feet

(about 11% o SEdel Botiwputybeplysallidy. hssing eeiscerdty ehit ers|2H29T¢an prffBdY at el y
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proxi mty of € Nnozz mzer to the nmani can mnimze the
time that tha dthylenediteaperaiken Ddsirable polysulfides for this purpose have viscosities

between 1 and 50 cps at 20°C as measured by a Brookfield viscometer. This can be
accomplished by inserting a metering system on the polysulfide to add the correct
20 amount of polysulfide and a nozzle or atomizer, drawing from the polysulfide source
and inserted in the hydrocarbon gas stream somewhere before the alkene steam
cracker. Desirably the nozzle or atomizer is inserted a few inches or a few feet
(about 1 to about 50 or 100 feet) before the manifold that immediately precedes the
various reactor tubes of the alkene steam cracker. The proximity of the nozzle or
25 atomizer to the manifold can minimize the time that the fine dispersion of |
polysulfide needs to stay suspended in the gas stream before the polysulfide enters
the reactor tubes where it is almost simultaneously volatilized and decomposed. If
the nozzle or atomizer is moved further upstream from the manifold the quality of
the dispersion of polysulfide would advisably be increased to minimize the amount
30  of polysulfide that is deposited on the walls of the pipe used to feed the manifold.
The polysulfides of interest would typically have the formula R-S,-R where

R is a linear or branched alkyl of 3 to 15 carbon atoms and x is either an integer
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and more typically at ambient outside temperature (e.g. 10-40°C). Multiple spray

nozzles or atomizer tips may be used to increase the efficiency of forming the
20 dispersion. A diluent may be added to the polysulfide to further reducing the
viscosity of the polysulfide. A supercritical liquid may be added to the polysulfide
to both reduce the viscosity and to volatilize from any droplets formed, further
reducing their size.
It is anticipated that the dispersidn of polysulfide in the gas stream would
25  exist for about 1 to about 30 seconds, more preferably from about 5 to about 20
seconds before the polysulfide reached the warmer zones of the reactor tubes where
it would be volatilized and thermally decomposed. The spray droplet sizes would be
determined based upon this time and the calculated flow rate in the hydrocarbon gas
stream to the alkene steam cracker.
30 The amount of polysulfidic compound added to the hydrocarbon feed to the
alkene steam cracker would depend on the amount of sulfur already existing in the

hydrocarbon feed and the sulfur requirements of the particular alkene steam cracker.
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the thermal decomposition temperature for dimethyldisulfide (DMDS) according to

the same method is about 200°C and that for dimethylsulfide (DMS) is about 250°C

20  so there is actually a desirable decrease in the thermal decomposition temperature

using this particular polysulfide. The vapor pressure of SulfrZol 54 is only 0.015

psia while that of DMDS is 0.54 and that for DMS is 14.9 so there is a decrease in

the worker exposure to airborne sulfur compounds. Further the flash point of

SulfiZol 54 is 100°C while the flash point of DMDS is 15°C and the flash point of

25 DMS is <-18°C. ‘Therefore there is a significant decrease in the hazards of shipping

and storing the sulfur source for the sulfiding reaction.

The term ethylene steam cracker is used herein to describe the more general

alkene steam crackers. The primary alkenes generated from these types of crackers

are well known and characterized. They include ethylene, propylene, isobutylene

36 and possible some of the conjugated dienes such as butadiéne or isoprene. The

preferred embodiment for this application is an ethylene steam cracker, which would

produce primarily ethylene but possibly some other reaction products such as
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less than 300 g/liter or less than 100 g/liter even under relatively high pressures.
The alkenes derived from steam cracking can be used to make polyolefin
20 polymers or can be further reacted to make other chemicals including the various
ethylenically unsaturated monomers. The chemistry of “ethylene” is better
described in the Kirk-Othmer Encyclopedia of Chemical Technology, 3 edition
volume 9 under the heading “ethylene”. Pages 400 through 431 of that book
discusses various methods of manufacturing ethylene including hydrolysis of
25  hydrocarbons in tubular reactors, design of pyrolysis heaters, typical once through
pyrolysis yields for various feedstocks (showing the recoverable hydrocarbons from
cracking various feedstocks), table 5, pyrolysis heater characteristics (showing the
operating conditions for a 20,000-70,000 ton per year ethylene production heater
unit), and recovery and purification.
36 The ethylene steam crackers can be studied used quartz reactor tubes
partially enclosed in a furnace to achieve the desired operating temperatures,

Articles exist in the published literature where individuals study a variety of reaction
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- 6 OCT 2006 What is clainmed is: 1. in a process for converting ag 6 OCT 205
‘Hydrocarbon gas streamto an al kene using -a steam cracker including

provi ding a hydrocarbon gas stream, heating the gas 5 streamto at | east
750C to thermally crack the hydrocarbon gas stream and recovering the

al kene reaction product wherein the inprovenent conprises adding at |east
10 ppm of an organic polysulfide in the formof dispersed droplets to said
hydr ocarbon gas stream at a hydrocarbon gas streamtenperature of |ess than
100 C befogg aggg'ﬁﬁ&p@1cracker based on the weight of said hydrocarbon
gas stream B i process according to claim1l, where said organic
polysul fide has a viscosity fron1about 1 to about 50 cps at 20C neasured

wi th a Brookfi el VI sconet er rocess _accordjn claim1l,
wherei n sai d or gani c"FoPPEEH f?rocémﬁ%{%mg @ngdfogpfmpgkstga:m k’ %}n%lg%neﬁ“l‘% a
l'inear or braaEEEJﬂﬁdcrﬁ’élJ‘éV|1nc@ﬁd1§%tp@oxl§mg6t{ REdToadroe® gafBleatn | Shelid elic gns

i nteger between 3 and X-Ris a b end of conp ounds where x varies

bet ween 5 arstre@n t20at4leastn730°6r ot%ﬁ@ffaﬁ:lbbtcfﬁchgthﬁohﬂ%aﬁhog gohetirednh dari es
between 3 and 19 B%Cl?ﬂqbﬂﬂer%t Bipo %'ohllrﬂct%v}%rfé?ﬁ?ﬁesm?ﬁrg%rg%ﬂ riSb et

reCoverl
wherein Ris % grou rocess accor o claim

wher ei n sai cht pedsy $®l|pbmd@f AISo@dHEQ)olysalﬂt@ 1arthe11f<nm aﬁmsmrsdd drongs memidst . 7.
In a process according to claim®6, wherein the gas assi st lfﬂ)né gas
SUCh As. ni t MSGEAFIBIONAREBHEAsH alch RPN Sti&am LetrRessiHicaRf R theth

average 30 a0 BB (GRANrh&RObIeBlon BSReilsRAGE did Bdrocarbon gas stream.
10
2. In a process according to claim 1, where said organic polysulfide has a
viscosity from about 1 to about 50 cps at 20°C measured with a Brookfield

viscometer.

15 3. In a process according to claim 1, wherein said organic polysulfide has
the formula R-Sx-R where R is a linear or branched alkyl of 3 to 15 carbon atoms
and x is either an integer between 3 and 8 or R-S,-R is a blend of compounds where

x varies between 1 and 8.

20 4. 1n a process according to claim 3, wherein R varies between 3 and 10

carbon atoms.
5. Ina process according to claim 3, wherein R is a f-butyl group.

25 6. In a process according to claim 1, wherein said polysulfide is added

using an atomizer with a gas assist.

7. In a process according to claim 6, wherein the gas assist is an inert gas
such as nitrogen or argon or a hydrocarbon gas stream having a number average

30  carbon chain length of less than 4.



