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FORMATI ON | N THERMAL CRACKI NG FURNACES REFERENCE TO RELATED APPLI CATI ONA
| R 36301 v' P [0001] This application clainms the benefit of U S. Provisional

Applicatio ' . 601221,304 filed July 28, 2000. BACKGROUND OF THE
| NVENTI ﬁm ﬂ\“@ ‘ he I nvention [0002] This invention relates to

conposi t i nations of conpounds that mtigate c ”“mn in
t hermal crac¢®®¥y furnaces. Description of the Prior Art [m m ‘MN\\M‘
production of olefins, ethylene in particular, a TYPI CAL hydrg%%%bon stream

| i ke ethane, propane, butane, naphtha and gas oil, is pyrolyzed at high
tenperatures in a thermal furnace. The product is a mxture of olefins

whi ch are separated downstream 1In the production of ethylene, typically
water is co-injEcted with the hydrocarbon feed to act as a heat transfer
medi um and as a pronoter of coke gAsification. TYpically, a m nor but
technol ogically i nportant byproduct of hydrocarbon steam cracking is coke.
Steam fromthe water coinjected reacts with the coke to convert it
partially to carbon nonoxide - 1 28 February 2003 and hydrogen. Because
of the accunul ative nature, coke deposits build up on the &ﬁgg&ﬁh,walls
thus increasing both the tube tenperatures and the pressure drop across the
tube. This requires sRQNMPQJITAOMS RORMITHEABING GOKdecoki ng. This periodic
shutdown results i i i Ll i I producti on per
year. In addition ﬁ?@&éﬁ?ékgﬁgﬁﬁggﬁAgéﬁgﬁggﬁgﬁ#ﬁhgééﬁggn t he amount of
coking and the yield of the olefin, indicating that the coke is forned at

t he expense of product oIefin.,{0004] It is conmon practice in comerci al

et hyl ene production tBE TR APRLEARIENocar bons, smal | anounts
of sulfur containing conpounds such as hydrogen sul fide (H2S), dinethyl
sulfide (DM5) or dinethyl disulfide (DVDS) to mnimze coke formation. It
has been proposed that the sul fur passivates the active netal surface known
to be a catalyst for coke formation. In addition, the sulfur conpounds are

known t P%0tHuce tHds smpheationsleiras the henshofidno Freasipmbpprlicstiomerisy t he
reacti 0910930/5%%’09%%&%&%8?506‘(9“ W th steam again by psssivating the
of the

catalyrtic action et al surface and by catal yzing the water gas
shift reaction which converts the CO to carbon dioxide (CO2). M ninm zing
t he amount of CO forne Aﬁxﬁﬁ&ﬁﬂ5b%h?{QEI§UENHE8ﬁer functioning of

downstream r educti on opEratHoRHs:
Field of the Invention

- [0002] This invention relates to compositions or combinations of compounds that

mitigate coke formation in thermal cracking furnaces.

Description of the Prior Art

[0003] In the production of olefins, ethylene in particular, a typical hydrocarbon
stream like ethane, propane, butane, naphtha and gas oil, is pyrolyzed at high temperatures
in a thermal furnace. The product is a mixture of olefins which are separated downstream.
In the production of ethylene, typically water is co-injected with the hydrocarbon feed to
act as a heat transfer medium and as a promoter of coke gasification. Typically, a minor
but technologically important byproduct of hydrocarbon steam cracking is coke. Steam

from the water coinjected reacts with the coke to convert it partially to carbon monoxide

- 1 -



[0005) US Patent 4,404,087 discloses that pretreating cracki ng2g8 Fbeauanyt2003
conpasitions containing tin (Sn) conpounds, antinony (Sb) and gernmani um
(Ge) reduces the rate of coke formation, during the thermal cracking of
hydr ocar bons. [0006] Conbi nations of Sn, Sb and Si are disclosed to do the
sanme in U S. Patent 4,692,234. [0007] M xtures of chrom um and anti nony
conpoundsndfydfogeh Becal@ XAy @cafnlat ez, cOke ¢poFiadiulld @psn teactdrso been
clainmed to_reduce coke formation, as neasured by a_time weighted CO

sel ect i virels hayisgrepsre bogh the sube tepparatures AR PEEtHEF &IoP pHes HORSEs and sul fur

conpound i 1 OR | 1 : 1 d Sb
conpound g’ﬁ 1? ?%ugé’st %9@,3% @égx} %gﬁ&%ﬁ?@g gééé%gglg—é%%mﬁ?%é%ggﬁﬁ% mtq he coke
fornmed i an tyichaed 2 bilhompipretyee prddur ticnges yedr OG0AIditlon thppasraalirectpat ent s U. S.
4,507,196; 4,511, 405; 4,552,643; .4,613,372; 4,666,583, 4,686, 201;

4! 687, SoatghREIBEEn (4 A ainh S50k I LR AL B F PR B b, o,
Ce, Si | ke sorrfdh atFhe &Eglsgigfp%@@&memprgani c and organic derivatives,

i ndividually - 2 28 February 2003 or as m xtures will function as

anti f oul §604] f or tlhie corauhan praghicegh comknerainl ethilgn prodecsian hoecimygetelopgi s. [ 0010]

Phosphorj ¢, aci,d.and, phosphorous. aci d.mono_and di-rsters.or.their am ne
oot itk T RO T PR RS e TP Rl kb S e BBk, Showed
a si gni f kA (HLS)CABRER] sulfide DM NG ety MxaliiE (DMIE) 10 peialiie@okger f or med

wi thout the additives (US 4,1 U5,540). [0011] Pretreating furnace tubes at
hi gh t enfopaonr & hap bepndrencasd thatd hERssiygfehthy activgatal syrfacs kBRM enes,

napht hal , ! t.Q. 9&%1' ing feed
has beenl%s%ﬁgv(\:m% (S)Hrgg ugg&é‘gﬁgﬁyltn ?(E:w]{ggll](’etﬁ)ef %)urrpﬁr%gtl on %&L)Jsrshrgfm?éé’%ﬁg%?%a acki ng
a heavy thy trrmegerbafivarbpn efoeexifd (CQ), fringhdby tie edacnorsofihydrocgbomsrorcokebr i ngi ng on
t he | ower. hydrocar.bons, has been shown to reduce.cokin U S. .4, 599, 480).
| bot h WA GEHRER PRy B re Capty ten e PE MRl Efe® Sk BRHERE on 1 he
tube surdhaGatet SasGhdl reRMoh WhichRblVelts tHReC @ kO@aghatdiondeaCos P Keidiaizimt | on.

[0012] Several patents disclose the use of various S conpounds to |ay down

a cer ani e prgwt obROfemed it epsediabion thepreper Baeingrf dewrErepmTaRigtioh

pyr ol ysi%emggl%pounds such as sil oxanes, silanes and sil azanes have been
used to deposit a silica layer on the netal alloy tubes (U S. 5,424, 095;

5, 413, 818003, 208, U6Parentidl404 A8 distiasce thae pretreate prnkiegtubys withi ned to do t he

i t .S NL. 7804585:. (B 1552284. d 281 9219. | t 11 of
ha” xR go s Coip B I P, TSR et g g A Eerpapa (O Rl o ©

during tthera@asflcpkes fageson Hufy Bk iehtal cAckiaf 6Nkydrddertdh22588) , teaches the
use of a silicon conpound and a sul fur conggund as a mxture_that contains
c

Si /S ratlPe0&df 1/ Combimptions®f fntShpad S1 atsidisciossdiadp & sapom H1S- Refstther
approacly (g yxgduce coking is to passivate the active netal surface of
pyrol ysi $ tibes by formng a surface alloy, conprising of netal s/oxides of
nmet al s t[B@A7jar e kNbwnres of cloomimat akdyanemomkenippundstaf @rethyHhepandieapdr at ur e

Al | oys are a group of aystenitig, stainless steels used in. industrial
process%é’l_q?ﬁ‘épéf’ﬁnﬂ%s s ?V&ﬁéﬁ"é&eﬁ ﬁ‘fﬁfﬁé‘f U’?%%e RbolrImEs. ?f.melaﬁ‘érggbi’ ypical |y
cont ai n 2 k8nSRUpkkd CORREWIN indM(EP 184835b|isance being Fe and al | oyi ng
additives. Iron and N ckel are known catalysts for the formati on of

fi | ament[@Q8] car borSevrnliphgsphptops enlesulfirpmporhcoaminatoes e diseieedpyr ol ysis in

gener al . [ . Q] 1 d are known
to be i %ﬁz?%?g@éP %%mﬁnﬁgsggg%&%sw4§g?%??iﬂ@ ?:)%Egg’flgr tion and

t hus ar efou8eslesbng fHeabReforhbkmaydiobayen pyfolptieitrnases. usi Nng t hese oxi des have
to be carefully engineered so_that physical racteristics.and properties
of the FRWO)such BeerslepripisPst éﬁez,lgél‘*élM@@oﬁ%ﬁééﬁ%@&ﬁzﬂd t he oxide

| ayer i %,@%,%g%;ez;,és% 20 Be7Rdk RO QNS B £.619, 358 REA UL MeGhths SRYEr ocar bon
p5~rol ysis. at AlToy’ I's & technol ogy devel oped by Surface Engi neered

Pr oduct SboGa,Abd) &1, f1g AlCan Rdand Crhtheir pnooganiternd argangcles watives, ndividuelly al | oy t he

i nside of a HTA tube for use in an ethylene furnace. C-Ti-Si and A -Ti Si
fornul ated products are coated on,a base alloy surface and heat treated to
formeither a diffusion protective layer only or a diffusion |ayer and a
enrichment pool layer next to it. In both cases, oxidizing gases are passed
to activate the layers by formation of alumna and or chroma along with
titania and silica. The treated tubes have been clained to significantly
reduce catal ytic coke formation, mnimze carburization of the base alloy
tubes, exhibit inproved erosion resistance and thermal shock resistance (
u' O 9741275, 1997) . The ethane gas streamused to test the effectiveness
of the coating contained 25-30 PPM of sulfur. [0014] Reduction of coking
rates on both quartz and Incol oy surfaces by the use of | ow concentrations
of hexachloroplatinic acid (H,L Ptdb ) in the steamused for ethane

e o o - T T T T



(0015] These previous approaches have involved either netal pas28 ¥abruary 2003
techni ques with various additives like sulfur, silicon, phosphorous, etc.,

or the use of special alloys which reduce coking. Al these are surface
treatments. [0016] The objective of this invention was to devel op i nproved
technol ogy for reducing the formati on of coke in commercial thernmal

cr acki ng of asrmixaess. wiBdantien ac akfollmreios the rteductioanbd okt duriny loydrdcgiden et hyl ene
yi el ds and the reduced downtime for decoking of the unit will also allow

hi gher pPYaLESion rates. - 4 28 February 2003 SLrMVARI' OF I NVEI\TTION

[0017] Thgibpvent impohing a6 Th PshRRotsSRid noh8bnd UGG Rir REGYENt i Ng

coke formation in thermal cracking furnaces such as ethyl ene steam

cr acker s saltsiehanonisechwith the fesd to baprackeddfoo exqmply, atimee,chowet esigfipmtnd of t he
1to 24

formula RRSx-R wherein R & R~ .are independently . L), ==]. Wi

car bons %Feﬁ?edﬂprg]ﬁﬁgtﬂs PPRRFA AR ﬁ’éﬁ?er%}' ?Ipegﬁﬂneéi):lw@wgh)é Fd%lH}SFSéQ one or nore
conpound4ges.eqhed fromthe follov~~ing group: R- N.OH, R~ wherein R and R
are inde endently H allyl with 1 to 24 carbons straight chain or branched,
aryl (e. EP.O,thydr ox¥ictedting §ymaqatuberat ligh tempprange with\grspasic soRpends R~ ar e

epen b b 0 SRS (IR AT
and R & Bickaigefead kaglbeaf shbwh o Rdu@aabinicabbaorhetian (USH, 138l438y.yl ani ne

oxi des). Cracking a heavy hydrocarbon, preferably a higher olefin stream prior to bringing on the
lower hydrocarbons, has been shown to reduce coking (U.S. 4. 599,480). In both cases, a
thin layer of catalytically inactive coke formed on the tube surface is claimed to inhibit the
propagation of coke formation.

[0012] Several patents disclose the use of various Si compounds to lay down a
ceramic layer on metal tubes and thus reduce the coke formed in pyrolysis. Compounds
such as siloxanes, silanes and silazanes have been used to deposit a silica layer on the
metal alloy tubes (U.S. 5,424,095; 5,413,813, 5,208,069). Silicates have been
independently claimed to do the same in patents NL. 7804585; GB 1552284 and DE 281
9219. In almost all of the examples the coke minimization is of catalytic coke, formed
mainly during the early stages of pyrolysis. A patent (WO 9522588), teaches the use of a
silicon compound and a sulfur compound as a mixture that contains Si/S ratio of 1/1 to 5/1
to mitigate coke formation.

[0013] Another approach to reduce coking is to passivate the active metal surface
of pyrolysis tubes by forming a surface alloy, comprising of metals/oxides of metals that
are known to not catalyze coke formation. High Temperature Alloys (HTA) are a group of
austenitic stainless steels used in industrial processes operating at elevated temperatures
above 650°C. These typically contain 18-38% Cr, 18-48% Ni, with the balance being Fe
and alloying additives. Iron and Nickel are known catalysts for the formation of

filamentous carbon during ethylene production and hydrocarbon pyrolysis in general. An

oxide layer of Chromium or Aluminum on the other hand are known to be inhibitors of



[0018] The invention is also an inproved process for producing ol28f Fedr@ary 2003
materials |ike ethylene or propylene by the introduction of the above
mxture to the hydr ocarbon feed streamto be cracked or to another feed
stream such as water/steamprior to either of the streans entering the

t hermal cracking furnace. - 5 28 February 2003 DETAI LED DESCRI PTI ON OF
THE | ?~~catiiftic dolkOfdrmiafibild thinedre usddao bitech aibeCallops NBxotestich dsdip thése formation
of coke in et hyl ene furnaces, catal and_non-catahnr. In _catal ytic coke
f or mati ofX! Wawe)@ahetfawfq ly enginsrrE &0 élﬁt piiysistloharaptprstionand neperiesf theat al yzes

t he deco d SER on

diff usespﬁﬁ‘r2 %)‘%JCS%E'? %%F%pé@?’?f:&gﬁbré@gcé pI ta% ?%lﬁg%ngﬁétaﬁlgr 1fclgzﬁgﬁ\iapor
occur s bemditons tipeabyedcameerad dh brizoaaetoalpypdysts. doatAlipyads uwthdvlogyi fted of f

fromthe surfa Thi oce of, car di ffusj and .precipitation occurs
over - anqSIOPE . SiFiof FREIRGRTH FOPI o s P (P paBEP PSPt on et ol
particl edufte %rytimnaa@offmm%m& Be ih B @GR ilde Of-Ti-HfangAcKI NG tubes.
Sul fur and phosphorous derivatives have been used to reduce the anmount of
cat al yt i & foukdattdprededtoare peasederabbase plloypsusiape/andihaef trepted tefoai efberfaace to
reduce o I|mn t,he _phenomen [ nthe I‘ITB.tI nof t he
car bon fiﬁl asr%%?]Pm%cf %Pﬁ’ oﬁgﬁi—%}a 5,1315 T co%inm? OF 00 yerne)&r%étar bons
deconposk toth dabe, @aslzim@ @s42s hieqranat hyactivete &Heeeyeww fbﬁhatfo@aﬂh]um an¥liny of
these reactions result in the formation of useful nlgounds l'i ke ethyl ene,
F

propy| en®cheomia alopg b fitanipgngd §ilisa @E%W“fﬁlatt“i’eéﬁa\‘ee}%?é? Haeddan result in the
formati o é?ngﬁca'nQ?Qe%ceccﬂ@a'lﬁlc%gﬁﬁfo‘%ﬁlaﬁJlﬁhxﬁﬂﬁze%rbhﬁ?a%ﬁ@f iHd v ég}edngyrface car bon
filaments oes on ese coke precursors grow and becone

full fl edges, odidet m@dfved eﬂoelngr@iseame spkibergsl gwnk asIStancd(eWIOéb?éﬂb’/rS and

condense C oI|n ectio e ese non ytic
Cenct 1 onoT) RSB aa TERPORSL R i e hERe o Br sh e Lo le B B st e
bot h of r¥NMGhsiaft to reduce et hyl ene. [00Z1] Previous art has addressed
preventi n only the formation of catal gl c coke _by passivation of the netal

surf ace. 063 pr es@ﬁ@”qnﬂ‘&@ﬁqu&ﬂ T3i§81 P BUB QUi ARd {RQI QY SHHRges B thefseak al 5ni ¢
and non r s of total
coke fOrlﬁﬁ%ﬁ%&é&%ﬁﬁ??ﬁé&%ﬁ@%@?&@dtw slt:tFll%g@g%%ltgadlg%@ fcrnleﬁi% i n decreased
dov~nt i reeacking, hdve becnrremored findusmialk Englﬁeenng 28ermistyy RaseparcB0WE:IAB22) I n the

br oadest ention co urface tre assivate the
o O T lhREL ol Ty o o SRR 3R ey HeCamb B aR T o SufBRE L ot ok

f or mat i GRoreabbdl the&BdthdJémaO&emﬁb 4daitiva ashiYiasr eenifRtadreSatlp b €aBati N
conjunction with conpounds known to scavenge free radicals |ike phenol

der i vat itherrimafg inspast efiBe addjiéveayasiaghe prGeAokn Egmadeneprocest-e within the scope
of this ntion R Dghid {ungtions nentioned
above i e\éz sul fﬂ?éégﬁtkg’?‘ﬁ%@gﬁ %Shoxy nglrgr%vhe& erx?l\(;%ﬁu\%sél échE%ul d al so be

i ncl udedechpﬂﬁﬁs(ﬂ'nhTMOumc@nﬂues)hktt sulfat,sdicam phogphoves) epr,ocgssisé of pr oduci ng

ol efinic mate I|k vl en ropyl.en t he introduction of the
above cdRY bahéﬁ?ys”t htrﬁ Cﬁﬁg}rl%a‘ggg}f'f‘ ?E&&Xf&‘?gﬁﬁ?ﬁfﬁf be cracked or to anot her
feed stnegs)such ame MY 61 BATHRAES whdo/eddle inPkovied @cBidi6sfer entering the

t hermal cracking furnace. [0024] The_ sul fur-containing conpounds useful in
t he pr esedveingfhecamnasion hgeketineomyengisl Beruabcapking Byegees. Redumdgpke

i ndepen I nched,

aryl %@3}5 mléamgitg%%%?g}é%éi&ls g%lég Qggﬁe@%%do%élsn %pﬁllc#uﬁgem%% met hyI

et hyl - ,ﬂanﬂmyhﬂahbuﬂyhamﬂmhnqhenomﬁmsaptans aryl nercaptans, dinethyl

sul fide, diethyl sulfide, unsymetrical sulfides such as nethyl et hyl

sul fide, dinethyl disulfide, diethyl disulfide, nethylethyl disulfide,

hi gher disulfides, m xtures of disulfides |ike nmerox, sulfur conpounds
naturally occuring in hydrocarbon streanms such as thiophene,

al kyl t hi ophenes, benzot hi ophene, di benzot hi ophene, polysul fides such as
t-nonyl polysulfide, t-butyl polysulfide, phenols and phosphines. Preferred
are al kyl disulfides such as dinefhyldisulf de and nost preferred is

di rethyl sulfide. Preferred ranges of material are from5 ppmrelative to

t he hydrocarbon feed streamto 1000ppm More preferred is 25 - 500 ppm and
nost preferred is 100 - 300 ppm Ratios of the sulfur-containing materi al
to the free-radical -scavengi ng conponent range from1l - 0.1

(wei ght-to-weight) to 1 - 100. 28 February 2003 (0026] Component B
conpounds are selected fromthe group having the follow ng fornul as:



R~ 1~-OH, R~~ v~~herein R and R~ are independently H, alkyl w th 28tFeb24ary 2003
carbons straight chain or branched, aryl (e.g., hydroxylamnes); H- ~R-
NN R~ H wherein R and R~ are independently H, alkyl with 1 to 24 carbons
straight chain or branched, aryl (e.g., alkyl hydrazines); and R~ R-N-~O
R'~ wherein Ris H all 'yl and R~ & R'" are al)cyl of 1 to 24 carbon atons
(e.g., alkyl/aryl am ne oxi ﬂAﬁiqoéf]IN@Ei bgls of such conpounds include
hydr oxyl am ne, nonoi sopropyg‘ﬁy#oxy'mrrre——d@efh | hydr oxyl am ne,
di butyl hydroxyl am ne, hydrazine, nethylhydrazine, dimethylhydrazine,
triethyl mneOX|d Preferred i s _hydrazi preferred is
hydr oxyl E’r‘H H%Ve%@’tlsﬁrcg?’gﬁgﬁ’ ??Rﬁlf‘éftrﬁ‘i}{"ﬁﬁd’? BWF%H‘&?@I‘C Preferred
ranges ofonﬂmo%rlh ﬁlen%l%r&lfcﬂg‘ﬁﬁn%%ﬁc%la@%ih‘!f‘enE Creh RraRNAL VAL RMNAiBRE St ream
to 1000ppm Mre preferred’is 25 - 0 ppm and most pref errecfls 100 - 300
ppm Ratmmaméd he material to the sul fur-containing conponent range from1l
ht - t 0- wei %’612 i [0028] This combination is useful for
redu0| ngAQ 5 PeRPEIT P &‘6 & ﬂ?e Pﬁﬁ??on in thermal cracking furnaces such as
et hyl ene steamcrackers. _ g _ R-B8rFebruary 2003 [0029] Also, the use of
t he conbi nati ons descri bed above v~ith various surface treatments,
pr et r eat Wesmeis R SsRars infensndepiis H, alkall wite d tap4 earbrnssoaightsgeingescri bed in t he
prior I he,s€0 of this invention. [0030] The present
i nventi ﬁraﬁcfig%viaégégd% gf/n% 4 bet ween sul fur chemicals |ike DVS or DVMDS
(v~~hi ch(Bpassortadre cbzhﬁoumﬂtsdbctsdjfrbmabe)foﬂawhnfgrmpr adi cal scavengers, like
DEHA, which inhibit coke formation in the gas phase by scavengi ng nev~~ly
form ng coke prec@hsors | ndependent of the mechanism the synergy
exhi bited between t\iggabovenentioned conmpounds which results in |ower

| evel s of total coke formation than either of the conponents used alone is
surprising and un&(pect ed. [0031] A preferred nethod to practice this

inventiaon is cQs' nj.e yols to eth m xture of DMS or
DS, ant Bl TS B R a e O Lk 3 SR PO ST T BT PD 1 1o

i Nt r odudrirRRed, eryl (¥6s. fHyaRAGRmidPY I mal treat | evel s will depend on the
operational variables of Individual commercial furnaces, but |evels between
S ppm and 1000 ppHnof /Bach conponent shoul d cover the majorit)~ of
comercial situati CN'I% [ 003Z] An advantage of the present invention is that
the treat |evels of éach conponent can be tailored and optim zed for each
commercial unit dRpendHng on its operational variables. j0033] In theory,

it is desirable that nmniml deconpgsition of the disclosed materials

occurs pYeEn forndifs aieridepeRAcEoN: dIBVIFHR kioddirmgnt st g2t ¢fe f ur nace.
Thus, tlggangggdhggl ((); |m3gq,w%nwiégdt he furnace is likely to have a nmjor
i mpact on thi$. ems v~=hich’allow rapid injection with little
preheati ng shoul ngl ve better results. (0034] This invention could al so
have utility in cg%u ction with the devel opnment of new alloys or tube
coatings being deVél d to reduce or elimnate the formation of catalytic
coke. [0035] Manygrlydrocarbon feed streans contain naturally occurring
sul fur compounds |i ke thiophenes, benzot hi ophenes, di benzot hi ophenes,
sul fi deshewird Rdé ublkylded R 3R ansalkplfol il e 24 aarberadtdms tecgiallnil/agy] sminkur
corrpounds wi.t h the abovenentioned free-radical scavengers is within the
scope of* 1tFﬁ)s invention. - 9

[0018] The invention is also an improved process for producing olefinic materials

like ethylene or propylene by the introduction of the above mixture to the hydrocarbon
feed stream to be cracked or to another feed stream such as water/steam prior to either of

the streams entering the therma) cracking furnace.



28 February 2003 [0036] The follow ng Exanple is offered to il bgstabatig %;Qggg
i nvention, and the nodes of carrying out this invention. Exanple 1 [0037]

D net hyl sulfide (DMS), dineth5~1 disulfide (DVDS), and anhydrous

di et hyl hydr oxyl am ne (DEHA) were purchased from Al drich Chem cal Conpany.
Resear ch-grade iron-ni ckel powders were obtained from Johnson Matthey Inc.
[ 0038] Powder ed Fe- NppyaSphasescriPTIOR drotrtemNefenariogr am ¢ boat in the
center of the quartz™Teactor (40nm LD. and 90 cm Il ong) which was jacketed
by a conV¥ifi onal Therrse o h@idmmhala’smﬂmﬁmfemirm ofredkelin pbwedre was t hen
reduced i.n_a or our t he reactor was
pur ged wﬁfrﬂacﬁselcftﬁlﬁ%san? R ?"’3%&’ In catgpgﬁ]c lbe f3 aberBU}b‘ﬁifoctarg’oP fe desired

t enper at udBrbed BF a Gttal EHOVAS e '&d‘é&] bm@ﬁe@rthadece@pmmnt&&my@méaﬂbeﬂw ated with
MS mass flow controllers. After the desired tenperature was reached, the
r eact ant ClAnREacerheBtheraPorydidses Hepaghahnmetel parficlpaBrepinithtinanat & by t he use
of mass oW GRSl el feadNtl LADR e Sl B SPRCI AR Kb BRoleT

i ntroducéd usi g a A syringe punp. T Irons wetre typically carrled
out for thwmfd&euifms@messvdﬁicmboﬂ ﬁxﬁnsibinendepcnectlpmnmmm&iethﬁmﬁ\rmme anal yzed
by gas chronat ogr aphy. ter, the reacti t he reactor was again
pur ged wi HCSHEF}IE“&%{%%HWSI(C"EBBPW Wi ?@Bﬁfﬁaéﬁﬁ@r‘gtcﬁrpén e JeFAH OF S amount  of
catal yti fseasbene Bpﬂhgechlﬂg huB6s. SR marbho@p%o%ts QEFRAGEL }Q)ée E&E%Eéd Vel ghing
of the ceram c boat which contained the netal powder and the forned

catal yti t@dwﬂb@ﬁnouﬁhef %&Mlcmhgfmat@nmﬁewmbbéamawvm theamedal isurfache trap
wer e def e |c carbon an e aI are hed. The tota
carbon i § Eﬁj I ﬂr egxmgatﬁ] ePélﬁI?ﬁr%efm t}here(s:a |fcsc3m<:§1a(r%11 n[())yr %rtblo%hggle%h - 10
28 Febr u@o0)2003 [DR&DEatfiptic ddke forRatibd, &ydxaba:bcaisedcdmio@em thé fi8 phadel owi ng
conditions were, used Et hane flow rate: 140 cc/mn. Steam Flow rate: 35
cc/ nin. Peraelly Vi frep-radieal peagiienso Many of these 1eaqiions reapliiarthy ioFmatiop P ¢ Fe- N

al loy: 2Q89:4Qhhis ﬁﬂaeetmum% dp,ﬁa{e Gat Bbvtie, \eﬁsa%eormﬁﬁbncar bon, and

et hyl ene represent yiel ds base total carbon bal ance. Table 1 Effect of
DVS and BEHanoean@aulomthedemmatipoof langer€haiy spacies tiaetad bEdrapped(iCjHOVS ( ppm) DEHA

(ppm Cat s%lrf‘yaéel Sarbon filaments. As time goes on, these coke precursors grow and become full-

fledged coke. Other long-chain species can exit the reactor and condense in the cooling
section. The end result of these non-catalytic reactions is the formation of additional coke
and/or heavy condensates, both of which act to reduce ethylene.

[0621] Previous art has addressed preventing only the formation of catalytic coke
by passivation of the metal surface. The present invention addresses both the formation of
catalytic and non-catalytic coke. This approach will lead to lower levels of total coke
formation than those previously described and will result in decreased downtime for the

commercial units.
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S30003. 134.117. 6815015021. 546. 517. 481 5030014. 735.917. 08151
~01506. 2219. 320.6 - 11 28 February 2003 Table 2 Effect of DVDS and DEH. A

on Carbon Formation and Ethylene Yield Tenp. (C)DVDS (ppn) DEHA
(ppm) Catal ~rtic CarbonTot al

Car bonEt gw,gpes15qg1%%3%%3;5@11@%59‘%&?%03&&%% 3004 3% 917. 0815253001

8.929.128.6°710042] T out the specification, the inventors refer to
vari ous pusiontcdiesnetslgd radnce ¢egdlytid qoke firmetioramdadietionnf gaephasemokonponent s,
and i ntend that {rhey contain substanti al l se .conmponents, or..that these

th
cormponent @ e% i TR &P PRRIENG e “BAQ RAsgy Wéﬁtsgrf?cﬁs DRBWRHgnaith | s [ 0043]

It will bénARR& 18RI sdabasR fekiddia 1ike phb®] aédvatibat mérbpems nodi fications
and variations can be nmade to the conposition and process of the invention

wi t hout Hedseginesyrhosphines.tate, @pWithin thy scopoplthisfinvenson. n\isgle compounds i s i nt ended
that t he\swﬁicg?n%ileie %gtthifgxg]c%ogsn z%entioned above like a sulfur-containing hydroxylamine
derivative should also be included.
[0023] The invention is also an improved process for producing olefinic materials
like ethylene or propylene by the introduction of the above components to the hydrocarbon
feed stream to be cracked or to another feed stream such as water/steam prior to either of
the streams entering the thermal cracking furnace.
[0024] The sulfur-containing compounds useful in the present invention have the
formula
R-S,-R
wherein R & R are independently H, alkyl with 1 to 24 carbons straight chain or
branched, aryl and x=1to 5.
[0025] Examples of such compounds include H,S, methyl-, ethyl-, propyl-, butyl-
and higher mercaptans, aryl mercaptans, dimethyl sulfide, diethy] sulfide, unsymmetrical
sulfides such as methylethyl sulfide, dimethyl disulfide, diethyl disulfide, methylethyl
disulfide, higher disulfides, mixtures of disulfides like merox, sulfur compounds naturally
occuring in hydrocarbon streams such as thiophene, alkylthiophenes, benzothiophene,
dibenzothiophene, polysulfides such as t-nonyl polysulfide, t-butyl polysulfide, phenols
and phosphines. Preferred are alkyl disulfides such as dimethyldisulfide and most
preferred is dimethyl sulfide. Preferred ranges of material are from 5 ppm relative to the
hydrocarbon feed stream to 1000ppm. More preferred is 25 - 500 ppm, and most preferred
is 100 - 300 ppm. Ratios of the sulfur-containing material to the free-radical-scavenging

component range from 1 - 0.1 (weight-to-weight) to 1 - 100.



variations of this invention are to be included as part of th28 iFeyeury02003
provi.ded they cone within the scope of the appended clains and their

equi valents. - 12 28 February 2003 CLAIMS 1. A conbi nation useful for
reduci ng or preventing coke formation in thermal cracking furnaces such as
et hyl ene steam crackers, the conbination being conprised of (A one or nore
conmpound [@i26] he f oCompaeRBoRbminds areRelRté&l fomnle gronlepeviteme! y H, al |yl
with 1 tq 24 carbons straight chain or branched, aryl and x= 1 to 5; and
(B) one &RlondreiogaMatund sel ected fromthe fol | ov=~i ng group: R~ N-OH R-
wherein R and R~ e independently H allyl with 1 to 24 carbons straight
chai n or branched, hryl; H- ;R ~T-N\v R~ Hwherein R and R~ are

i ndependently H, alNy0HWith 1 to 24 carbons straight chain or branched,
aryl; and R~ RRN-~O,R'~ wherein Ris H, allyl and R~ & R" are alkyl of 1 to
24" carbon atonms. R’ An i nproved process for producing olefinic materials by
the int rwﬂe&ergl RAn@R’ 4B EaeHIR ﬁlF}IH,Oaﬁ‘k}@fwitgl‘?%bQh%ax%gns?stﬂaéﬂf&?ﬂzrol?on feed stream
to be cracked or to another feéd streamprior to either of the streans

ent er i ngbiahehetleeylrtak., bydckyilagints)y nace. - 13 . A 2 .A3 . A3

H. R
N-N
R H

wherein R and R are independently H, alkyl with I to 24 carbons straight chain or

branched, aryl (e.g., alkyl hydrazines); and

Ry

R-N=0

Rn/
wherein R is H, alkyl and R & R" are alkyl of 1 to 24 carbon atoms (e.g., alkyl/aryl amine
oxides).
[0027] Examples of such compounds include hydroxylamine,

monoisopropylhydroxylamine, diethylhydroxylamine, dibutylhydroxylamine, hydrazine,
methylhydrazine, dimethylhydrazine, triethylamineoxide. Preferred is hydrazine, more
preferred is hydroxylamine, and the most preferred is diethylhydroxylamine. Preferred
ranges of material are from 5 ppm relative to the hydrocarbon feed stream to 1000ppm.
More preferred is 25 - 500 ppm, and most preferred is 100 - 300 ppm. Ratios of the
material to the sulfur-containing component range from 1 - 0.1 (weight-to-weight) to 1 -
100.

[0028] This combination is useful for reducing or preventing coke formation in

thermal cracking furnaces such as ethylene steam crackers.
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ca] ca] ca]c”a] ca] ca]c™a] c”a] ca] ca] ca] cTa] c”a] ca] ca] cTa] ca! g#n##! $- $$$$$$>%A%
H/&& -'...66688888G P; a;

CCC~ytoje [V]]ca]ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]ca]ca

] cal] ca] makega] call Lis@lise use of the combinations described above with various surface
a] ca] ca] ca] ca] ca] cal C3D=D<JFJW KKKKLLLL- MVI NNNNHOOOUPPPPP8RRR' S) Sr S| val gb\ W

111 caU] cByadmpas pealcamicats apragiad all ava] ad sees] 8 #ibe gperaige dyserdasdp sejrewy ca] cal cal ¢
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al ca] ca] mals(qa] ca] Cfal]s(fa&]sﬁﬁ]xﬁ@]l@@] dmb@deeaasilnhig&blehﬁeeﬂ@%h&1@1&19&&% h& ()- 10%
h& ( ) 10% h&' &ﬁ\_d 10% h&' ( Yo h& () -F% 10% h& ()-3dF-1"f 10% h& & 10%
h&' - "D¥go 123 (Whlfbwswteﬁ%q 1 w&%ze) 200 fogTrdice) scavsmedi ks - BHI JK\ G KI " f

4 IR M IR T ) o
10% &: ( )pr@u&som%d@eﬂw@f&hdm%}&m(sml @&Tib@,% f&'h(b)'te@ﬁk/bmh& = "f 10&
Lo & 0501 8400, 2 (.0 40N, 8 0L GUONE o e 020
10% & ()eifRBloriR8odnpoher® Wed alhd/is\su: ﬂp'h’s\l'hg, afdMekpdcteh) 10:
{0031] A preferred method to practice this invention is to co-inject either
separately or together a mixture of DMS or DMDS, and DEHA into the hydrocarbon feed
stream just prior to its introduction to the furnace. Optimal treat levels will depend on the
operational variables of individual commercial furnaces, but levels between 5 ppm and
1000 ppm of each component should cover the majority of commercial situations.
[0032] An advantage of the present invention is that the treat levels of each
component can be tailored and optimized for each commercial unit depending on its
operational variables.
[0033] In theory, it is desirable that minimal decomposition of the disclosed
materials occurs prior to its introduction to the cracking tubes of the fumace. Thus, the
method of injection into the furnace is likely to have a major impact on this. Systems
which allow rapid injection with little preheating should give better results.
[0034] This invention could also have utility in conjunction with the development
of new alloys or tube coatings being developed to reduce or eliminate the formation of
catalytic coke.
[0035] Many hydrocarbon feed streams contain naturally occurring sulfur
compounds like thiophenes, benzothiophenes, dibenzothiophenes, sulfides, and disulfides.

The use of the naturally occurring sulfur compounds with the abovementioned free-radical

scavengers is within the scope of this invention.
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3710% & ()-9& 10% & () - *9& 10% 5& ()-"*9& 10% & ()- *9& 10% & ()- *_"p""1#
S#g#n#dEYNC "f 10 Y10% & ()- &10% & ()-&10% & ()-&

10% & ()-f10% & ()- @3l 10% & () - n##! $- $$$$dBYNCI "f 10! @ SL10UWPKPK& ()-S
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Lo 2 () 100 S0 B00E Lialo BB iR 10,0048 O
diethylhydroxylamine (DEHA) were purchased from Aldrich Chemical Company.
Research-grade iron-nickel powders were obtained from Johnson Matthey Inc.

[0038] Powdered Fe-Ni was placed in the bottom of a ceramic boat in the center of
the quartz reactor (40mm 1.D. and 90 cm long) which was jacketed by a conventional
Lindberg horizontal furnace. The metal powder was then reduced in a 10% H,-He mixture
at 600°C for 1 hour, then the reactor was purged with helium as the reactor system was
brought to the desired temperature. The gas flow to the reactor was monitored and
regulated with MKS mass flow controllers. After the desired temperature was reached, the
reactant mixture containing ethane/steam (4:1) was introduced by the use of mass flow
controllers and the DEHA/ sulfur species mixtures were introduced using a SAGE syringe
pump. The reactions were typically carried out for two hours over which time the exit gas
compositions were analyzed by gas chromatography. After the reaction period, the reactor
was again purged with helium as it cooled to room temperature.

[0039] The amount of catalytic carbon formed during each run was determined by
careful weighing of the ceramic boat which contained the metal powder and the formed
catalytic carbon. The remaining tars on the reactor wall and in the trap were defined as

pyrolytic carbon and were also carefully weighed. The total carbon is defined as the sum

of the catalytic and pyrolytic carbon.

- 10 -



10: p@zBCCCCCOXNbC8 10: %1L0% 0& () - 10M 10M 10MB7z109%VE: () - 938 m%&r@)gocgy
1098’ ()-, 9y 109%V& () -, C3D=DEH<JCIDJ}"?4C8 10' 0710% 0& ()- 10% 8&' () -

10% 0& ()-$ 10% & ()-$! @ 10%& ()-$! 10% o' 0& () - SDIEIFIWIIK, KKAECS

10' 0S10%& () -! S10%&' ()-!L&10% & ()- 3! L&L0YB5& () - 3f #FML0%%&' () - 10' o

10' oKKKKKKKaBEC8 10' oy1096& ()-)yl0%& ()-' y10%&' ()-y1l096& ()-yl09%m& ()-!

y109% | & (o4&l LLLL 3o BEeGBsults tabulated below, the followmg conditions were used:

10' 0y10%& () - y10%68&" ( ylo%& ()-y 10%&; -y109%& ()-y109%& ()-$L-L.L2L4L6
L: LxY: EC8 10y1096& () - i 8oy yat1006¥0cFmin0068 () -/ Kvwy1096&' () -

L@DLELI LMLOLXY: EC8

10y109%6& () - y1096& () - yieﬁ‘?gép?)raW Kvwy TOSEE™ () - y1096& () - OLSLXL] LALcLgLsY: EC

8 Pressure: 1 atm

10y109%68&' ()-y1096& () - /Kv 10%: 109%6& () -y109%%& ()-gLi Lnlr LWLxL| LT: EC8
10y109%68&' () -/ Kvwy 1095 &NE8<H08 (oS é‘%‘“ 10968 ()-y109%& ()-| L~LLLLLLe5ECS

| Kvwy 109868& () - y1096& ()r%%gm% (915y&0%¢& () -y1096& ()- LLLLLLLi JEC8

| Kvwy 10968 () -y1096& ()-yl0%e& ()-yl0%& ()-y109%%& ()-yl09%& ()- LLLLLLLXY: E

$08 /y1096& ()-y1096& (Feylionms: (3:80109%6& ()-y1096& () -/ KvwLLLLLLLLLW ] P/
310% $ 10x$10x$9%d 0x$

7109 $& ﬁ’?ﬁ%o%&]@f DPIRDRTS 15 R SRR BRB MR A, S 1908 TEPTERAS & () - P
d10% $' &yibids Based 0Y6ot! Sarborm Bhlance.

Table 1

Effect of DMS and DEHA on Carbon Formation and Ethylene Yield

Temp. DMS DEHA Catalytic Total Ethylene
(°C) (ppm) (ppm) Carbon Carbon

815 0 0 10.2 59.3 8.7
815 150 0 4.3 313 232
815 300 0 3.1 34.1 17.6
815 0 150 21.5 46.5 17.4
815 0 300 14.7 35.9 17.0
815 150 150 6.22 19.3 20.6
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$31d10% $ & ()-P d10% $ & ()-P d10% $ & ()-P d10%$ & ()-P d10%$ & ()- P
d10% $' & ()-P mWMMW{ M MWES3] P/ d10% $' & ()-P d10% $' & ()-P d10% $' & ()-P
d10% $' & ()-P /Kd10% $' & ()-P MVUWMVWVES3] P/~ d10% $' & ()-P d10% $' & ()-P
d10% $' & ()-P /Kd10% $' & ()-P d10% $' & ()-P MVWMVWVOS3] P/ d10% $' & ()-P
d10% $' & ()-P /Kd10% $' & ()-P d1694$2& ()-P

Effect of DMDS and DEHA on Carbon Formation and Ethylene Yield

Temp. DMDS DEHA Catalytic Total Ethylene
(°0) (ppm) (ppm) Carbon Carbon
815 0 0 10.2 59.3 8.7
815 25 0 4.1 62.7 14.9
815 0 300 14.7 35.9 17.0
815 25 300 18.9 29.1 28.6
[0042] Throughout the specification, the inventors refer to various materjals used

in their invention as based on certain components, and intend that they contain
substantially these components, or that these components comprise at least the base

components in these materials.

[0043]

variations can be made to the composition and process of the invention without departing

It will be apparent to those skilled in the art that various modifications and
from the spirit or scope of the invention. It is intended that these modifications and

variations of this invention are to be included as part of the invention, provided they come

within the scope of the appended claims and their equivalents.
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(B) one or more compound selected from the following group:
Ry
N-OH;
R'/
wherein R and R’ are independently H, alkyl with 1 to 24 carbons straight chain or

branched, aryl;

R H
wherein R and R’ are independently H, alkyl with 1 to 24 carbons straight chain or
branched, aryl; and

Ry

R-N=0

R
wherein R is H, alkyl and R’ & R" are alkyl of 1 to 24 carbon atoms.

2, An improved process for producing olefinic materials by the introduction of the

combination of Claim 1 to a hvdrocarbon feed stream to be cracked or to another feed

stream prior to either of the streams entering the thermal cracking furnace.
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