;] "~e3elLl, . zZ66]1 TO7$WO 02/ 081595 5 | 0 wei ght sul fur containing agents e
present fire and toxicol ogical hazards due to their ethylene steam crackers:- -

to preverWOd®2Kk$1395 and ot her undesired cheni cal reactions. P'ﬂ“leusniz,lotmls N~
sources are typically characteri WH‘M“EI ng agents. Low nol ecul ar
volatility. The polysulfidic sul ﬂ‘ﬂﬂﬂmﬂ ‘ H g agents have lower volatility
and | ower flammability. Background ofséifve | nvention ~~,.~~! PCT/ DS02/ 03918

Title: Atom zed Pol ysul fide Used in Ethylene Steam Cracker Field of

I nvention Smal |l anounts of sul fur T chemi cal s are used as
additives in The use of sulfur c4|umummmmmmm eed streans to ethyl ene

st eancrackers (both 15 thermal and c xtic) has been known for many years
‘to reduce coking rates and to reduce (carbon nonoxi de) production in
.the pyrolysis sectTitier Atomized Polysalfide Usedriadtthylenk [Seéin Cracket eri ze t he
contri butsion of the sulfur conmpounds with inproved reaction speed and
‘product selectivity along with del ayddgf Biveftgsd €asi ng the frequency of

de- coking of the t I i i - het wee -0 o)
procedures). The %ﬁ@?u@ﬁ@gﬁ ?ggﬁlg{?g cggﬁaﬂglgg s"t‘?@f%?sn\éﬁag%%fé‘ga@&ng’r% n

bel i eved t o dfiedengpsisam tovadkersnospitfendicokiag rahd atieramdedired ¢lendes redctiohs
reactors. S rcei of sul fur coppQunds have jncluded 1) naturally occurring

sul fur in f FYlfug soprges ge %’Bl??ﬁff’é ypctenzed sreplidiarageni flearp moleqlaryr

conpoundg, ki : f n
parti culdlz)r mgﬁafﬁ{ﬁrﬁéﬁbgﬁffﬁug qigérllﬁsgg%\égggh?gaggg? é@glts?%kég h&%? Se%@v\e{qgfhe%/{/i th
Co/ Mo cat al ywilatilitps The pobysulfidid sulfpr tewdinimpigentsdrase loee: tdiailiybhd toveant ent
had higher thermal..stability and required extrenely high tenperatures to
activate th 36%‘?‘31?19&‘ Al so as nore sophisticated catal ysts were made with
greater. hydrogenating and cracki-RerRANBE thellRGhtiagnef i ted from hi gher
degrees of sulfurization than was possible wih the feedstock. The
preferred 30 i nexPenssews selfirfcomposndsinffoed stomapsuo dthylene|stedechioRS s (bothret hy|

di sul fi i h | fi . S has. a flash point of -15C, a
boi 11 ng 5o neerght phOEREE] brheen Sabn o Famh i QPR R GRany
pol ymers. DNedkRsCo (thdsh métioridePprodusBén ﬂnﬁqeapﬁaysisrsacm B st@hm3@cRIC.
Bot h conpounds have strong odors, require grounde WO 02/ 081595

PCT/ US02/ O6Jumagsefui patiers chardctedzpithee copteibation sofi thec swlfierc compoynsisewithal

contact wt em cal have goggles. . al oves). and, an air_ supplied

respirator Nmtpgl@lfﬁr}%g@)}loﬁfs%?%(g a?cgggoﬁgftg%llecﬁvu? aPong \)vuﬁ%elaymg or decrd%gmg
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 (dirriethyl 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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feed prior to. addition to the steam cracker. Since the polysulfides are
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st eam crackemamtsh ofisthe active sulfur components one can identify dimethyldisulfide,

dimethylsulfide, hydrogen sulfide, carbon disulfide, methylmercaptan,
ethylmercaptan, and n-butylmercaptan. Dimethyldisulfide is preferred among these
compounds for a variety of reasons, including its low thermal decomposition
temperature, relative to the others, and the fact that it produces very little unsaturated
30  hydrocarbon compounds on thermal decomposition. These unsaturated hydrocarbon
compounds are thought to be significant contributors to coking in crackers, which is

undesirable. All of these low molecular weight compounds have significant vapor
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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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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 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

SulfrZol 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

30 and possible some of the conjugated dienes such as butadiene 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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or 0.9 g/cc. Gases typically have densities below those such as less than 600 g/liter,
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.
30 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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10 10 a steam cracker including prov1d1ng a hydrocarbon gas stream , heating the gas
stream to at least 750°C to thermally crack the hydrocarbon gas stream, and
recovering the alkene reaction product wherein the improvement comprises adding
at least 10 ppm of an organic polysulfide in the form of dispersed droplets to said

10 steam cracker based on the weight of said hydrocarbon gas stream.

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-S,-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-S4-R is a blend of compounds where
X varies between 1 and 8.

20 |
4. In aprocess according to claim 3, wherein R varies between 3 and 10

carbon atoms.

5. Inaprocess according to claim 3, wherein R is a z-butyl group.
25
6. Ina 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
30  such as nitrogen or argon or a hydrocarbon gas stream having a number average

carbon chain length of less than 4.
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15 compound has 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 between 3 and 8 or R-S,-R is a blend of

compounds where x varies between 1 and 8

12. A process according to claim 11, wherein R varies between 3 and 10.
20
13. A process according to claim 12, wherein R comprises at least 50 %

t-butyl groups.

14. A process according to claim 8, wherein said liquid polysulfide

25  compound is added as an aerosol dispersion using a gas assisted spray nozzle.

15. A process according to claim 15, wherein said liquid polysulfide
compound is added in an amount of at least 10 or 50 ppm based on the weight of

said hydrocarbon gas.



