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TREATING AND DESULFIDil'-lG SD"!.FIDED STEr:."""LS IN 
LOW-SULFUR REFOR:MING PROCESS;ES 

'BACKGROUND OF THE JNyENTION 

rne present invention relates to improved techniques for 

S catalytic refon:-.ing, particularly, cat..alytie reforming under low-sulfur 

. conditions. More specifically, the invention re!atcs to the discovety and 

control cf prcbiems particularly acute with low-sulfur reforming proc.esses. 

Catalytic reforming is well knO\i-11 in the pei:rolenm industty 

and involves th: tteatment of naphtha fractions to improve occanc racing by 

10 the production of aromatics. The more impor.anr hydrocarbon reac;tions 

which occur durin: the reformlng operation include the dehydroge.11tion of 

·cyclohexancs to aromatics, de.T\ydroisome:ization or alkylcyclopenr.anes to 
, 

aromatics, and dehydrocycliza.tion of acyclic hydrocaibons to aromatics. A 

number of other reactions also occur, including the de.allcylation of 

-15 alkylbenzenes. · isomerization of paraffins, and hydrocncidng reactions 

which produce light gaseous hydrocaibons, e.g., methane, ethane, propane 

and butane. It is important to minimize hydrocr.u:ldng reactions during 

refo~g as they decrease the yield of gasoline boiling products and 

20 

bydrc:en. 

Because there is a demand for high octane gasoline, 

extenSive ~-di has been devoted to the development of improved 

refonning catalysts and c:atalytic refonning processes. Cmlym for 

successful refonning processes must possess Jood .telectivicy. Thac is, they 
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shoulq be effective for producing high yields of liquid produca in the 

gasoline boiling nnge containing large conc:eni:rarions of hi~ii ~..ane 

number aromatic hydrocarbons. Llke~ise, there should be .a low yield of 

light gaseous hydrocarbons. The catalyses should possess good activity to 

S . minimize excessively high temperarures for producing a cdn qualicy or 

products. It is also necessary for the car.alysts to c:i.ther poss:ss good 

10 

srabilicy in order that the activity and serectivity characteristics cm be 

retained during prolonged periods of operation; or be sufficiently 

rcgcne..-able to allow frequent regener2Jion without.Joss of performance. 

eaw~ refomUng is also an important pm=s for the 

chemical industry. There is an increasµigiy larger demand for aromatic 

bydrocarl:Kms for use in the manufacmre of various chemical products such 

as syn~ fibers, insecticides, adhesives, det.e:gents, plastics, synthetic 

mbbea, pharmaceutical products. high cctane gasoline, pcrlumes, deying 

15 oils, ion-exchange resins, and ·various other products well known to those 

An. important technological adwnce in cat31ytic morming 

has recently emerged which involves the use of large-pore :zeolite catalysts. 

These catalysts are fw:ther c:haracterized by the pr=cnc:e of an alkali or 

20 . alkaline c:arth metal and am charged with one or mere Group vm znecals.. 

This type of catalyst has be= found re advanta.ge0usly proYide higher 

selecdvity and longer camlytia lifs than those preriously used. 
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Having discovered selective catalysts with ac::...*;)tablc cycle 

lives, successful commerc~tiori seemed inevitable. Unformnately, it 

was subsequently discovered chat the highly selective, large pore zeolite 

catalym ccntllning a Group VIII metal were unusually sus=....e.ptible to sulfur 

S poisoning. Su U.S. Pa.tent No. 4,45~.S27. 

10 

15 

Gcictally, sulfur occurs in petroleum and syncrude stocks as 

hydi-ogen ~. organic sulfides, organic disulfides, mera?tms, · :Wo 

known as thiols, and aromatic: ring compounds such as thiophene,-

benzothiophene and re1atl:d compounds. 

Convc:nziomlly. feeds with substantial amounts of sulfur, for 

example, those with more than 10 ppm sulfur, h3ve been hydrctreated with 

conven1iDml catalysts under conventional conditions, thereby changing the 

form of most of the .m1fur hi th!! feed to hydrogen sulfide. Then, the . 
hydrogen sulfide is removed by distillation, stripping or related teclutiques. 

One conventional method fer removing residual hydrogen 

sulfide and mercaptan sulfur is the use of sulfur scrbents. See, for 

a.ample, U.S. Patent Nos. 4,204,997 and 4,163, 706, the contents of which 

ars hereby inccrporared by rc!enmce. ne concentration of sulfur .in this 

form can be mlua!d to considerably less than l ppm by using the 

20 appropriate smbents and conditions, but it has been found to be difficult to 

remove sulfur ta less than 0.1 ppm or to remove midual thiophene sulfur. 

See, for example, U.S .. Patent No. 4.179,361 tbe contents of which ls 

hereby inco:po:ar.ed by rer'"erence, and particularly &ample l of that 
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Parent. V~ low space velocities arc required to remove titiophene sulfur, 

requiring .large reaction vessels filled wich sorbent. ~ven wiu'1 these 

precautions, ~ of thiophene sulfur still can be found. 

Thus, imprav~ methods for removing residual sulfur. and ir. 

S particular. thiophene sulfur. from a hydrocreared naphtha feedstock were 

developed. Se~. for example, U.S. Pare.'lt Nos. 4,741,819 and 4,925,549, 

the ~rents of which are hereby incorporated by reference. These 

alte.mative methods include corttacting the naphtha fccdstock with molecular 

hydrogen under reforming conditions in the presence of a less 

ID sulfur-sensitive reforming cat3lyst, thereby converting trace sulfur 

compounds to ~. and fmming a ·first effluent. The second effluent is 

contacted with a highly selective refonn1ng c:ataly.si under severe rdonning 

conWJkms. Acconlingly, when using the highly sulfur-sensitive cas:alysu, 

those skilled in tbs art go to great extremes ta removet sulfur from the 

15 hydrccmbon feed. By doing so, the catalyst life ia extended for significant 

periods of time. 

While low-sulfur systems using highly selective large-pore 

r.eolite Ca!alyscs were initially effectiv~ it was ~c:red rhat a shut down 

of the reactor system may be necessary after only a matter af ~. 'The 

20 ~ system of one test plant had regularly become plugged after only 

such brief operatizig perlcds.. The plugs were found to be tho~ asscciated 

with coking. However. although coldng within catalyst panicles is a 

eommon problem in hydrcc:mbon pmc:essing, the extent and m: of cob 

plug formation far exettded any expectmon. 
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SUMMARY OF IlIE lNYENJJON 

Ac.cordingly, one object of the invention is to provide a 

method for reforming hydrocarbons. under conditions of lo~· sulfur which 

avoids the aforementioned problems found to be associated with the use of 

5 hizhly sensitive rcforminr catalysts and of low-sulfur reforming processes. 

After a. detailed analysis and investigation of reformipg 

reaitor systems; it was found !Im sulfur bec:ame an integral pan of reactor 

surfaces by rea.c:rlng with metals in the reacror walls to farm sulfides such 

as iron sulfide. Tlu:se sulfided metals release sulfur upon typical reforming 

10 conditions whldi may poison highly sulfur·sens.itivc reforming catalysuT 

and the ex:msive me:asures us= to reduce the '1il.fur conte:n m the f=i 

hydrccmbon are somewhat f:rmttated due to the release of sulfur from the 

reaetor walls. 

Therefore, another aspect of the invention relates to a 

lS method for iemovillg the sulfur found on the walls cf sulfided n:acrcr 

systems. In parlicular, it bas been. found that contacting Such reacter. 

sys=ns with materl21s which react wllh the sulfide ID release sulfur and 

fonn a p:otectfve sutf.a are particularly advantageous as the sulfur may 

poison sm:h highly sul!ur-sensitive c=lym. 

20 Moreover t it was smprisingly found tha% cok~ plugs in low 

sulfar rca=r systcmS coaiained pariic1es and droplets of metal; th~ 

droplets .ranam1 fn sm of up to a few microns. This observmoa led to 

th= startling realization dW there are new, p:ofomsdly serious, problems 

which were not of ccmcem with conventional re!arming ~ where 
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prcx:=ss sulfur levels are significantly higher. More particularly, it was 

discovered that problems existed which ~tened the e!iecrive and 

economic ope.."3.bility of the systems, a.'ld the physical integrity of the 

equipment as well. It was also discovered that these problems emerge.cl due 

5 to the: low-sulfur conditions. and to .some extent, the low levels of w~r. 

For the last forty years, · cat.alytic reforming reactor systems 

have be=i conscructed of ordinarY mild sr=1(e.g.,2~ Cr l Mo). Over 

• cxpcricnc: has shown that the sysccms can opemc ~lly for 

about twenty years without signi:tic:3.nt loss of physical srrength. However, 

10 the <iiscmcry of the metal particles and droplets in the coke plugs 

evcntmlly lead to an investigation of the physical charactetistics of the 

reactor system. Quite smprisingly. conditions were discoverelt which are 

symptomaric of a potentially Sev~ physic31 degradation of the en~ 

reactor system, including the ~ tubes, piping, reactor walls and other 

15 environments such as catalysts that ccntain itcn and metal screens in the 

reactors. Ultimately, it was discovei-ed dm this problem is usodat:d with 

the excessive carburizmion of the sted which causes an cmbrlttlemem of 

20 

the steel due to injection at proce.u carbon int.o the m~.al. Conceivably. a 

c:m.mopmc physical miure of the reactor system could result. 

: With conventional reforming techniques c:arburization simply 

is not a problem or cona:m; nor was it ~ to be in contemparary . 

low-sulfur/low·water systems. And, it was assumed that eorivi:ntional 

process equipment could be used. Apparently t ·however, the sulfur present 

bl c:mm:mional systems effectively inlu"bits carb~n. Somehow in 

P. 10 
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conventional proc:sses the process sulfur interferes with t.1: carburiiation 

ttadon. But with extremely low-sulfur sysrems, this inh~t protection 

no longer ex.isr.s. 

The problems axsociated witlJ carbmization only begin with 

s camurization of the physical system. The carbumadon of the ~ walls 

leads to "metal dusting"; a release of catalytically active panicles and melt 
. 

droplets of metal due to erosion of the metal. 

The active mem1 partic:ula~ provide additional sites for cokc 

formation in the system. While catal~ deactivation ·from coking is 

10 genmlly a problem which must be addressed in reforming, this new 

significant source of allce f0Im3tion leads to a new problem of cob: plugs 

which excessively a&,oravatCS the problem. In fact, it was found that the 

mobile active inctal particulates and co.kc panicles metar~ cokinz 

1cnerally thrcu1hout the system. Tbe active metal panic-Jlates actually 

15 mduce com formation on themselves and anywhere that the particles 

accmnulate in the systeni n:sulting in coke plugs and hot regions of 

cxcthermic demcthanatian reactions. As a result. an unmanageable and 

premamre cokc-plurgjng of the reactor system occurs which c:an lead to a 

. sysr.cm shut~ within weeks of start-up. Use of the process and r=mr 

20 ~ of the present invention, however, overcomes these pt0bicms. 

The:n:forc, anoth=' ~ cf the invention· n:1ates to a 

method for :ret'anning hydrccarbons comprising contacting the 

hydroca?bom with a reforming catalyst, prefenbly a large-pore zeolite 

casalyst including m allclli or aikaliiJc eutf1 metal and clmged with one or 

P. 11 

. 
i 

l 



; 

(RECEIVED OZ/18 03;16 1996 AT 533069~ 
• FEB-p-96 SAT 02: 17 PM BDS&H.·. 

PAGE lZ <PRINTED PAGE lZ) ] 

~~~~~~~~~-
FAX NO. 919 462 1466 

W0'4/I6034 PCT .lt!S9410CO!H 

- 8 -

more Group vm metals. in existing or new reacror systems havin2 sulfided 

Yet another aspect of the invention relates to 

a reactor system including means for providing a resistance 'IO carburization 

S and metal dusting which is an improvement over conventional mild sr.ee.l 

systems. in a method for reforming hyd:ocarbons using a reionning cat:Uyst 

such as a large-i>orc zcolite ca.W.yst including an aJlciline earth metrl and 

charged with one or more Group vm metals under canditions of low 

mlfllrF the resimnce being such that cmbrittlement will be less than about 

10 Z.S rrrmlyear,.prefmbly less than 1.5 mmlye:Jr, more preferably less than 

1 mm/ycart and most prefcnbly less than 0.1 m.mlye:.ar. 

FiiUl'= 1 is a photograph (200x) of a. stllUllded FeS surface 

exhibitin1 the 1'3Ction product of tin paint with FeS which formed a 

15 coating of stannidc, and 

20 

Fi,me 2 is a pboqmph (12SOx) of the mnnidcd FeS 

surfa= showing a. thin inner layer o! reSn on. th= iron" sulfide wider a 

The metallmaical terms used ~ ate to be given their 

ccmmon mcfZIIurgical meanings as set forth in THE METALS 

· BA'.?iDBOOIC of the American Society cf Metals. Pot example, •C2%bon 
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s~ls" are those steels having no specified minimum quzr.:iry for any 

alloying element (other than the commonly accepted aniot:::ltS of 

manpnese, silicon and copper) and containing only an in.:!denral amount of 

any element other than caibon, silicon, manganese, coppe:, sulfur. and 

S phosphonis. "Mild stccls" are those carbon ~ with a maximum of 

about 0.259' camon. Alloy steels are those steels comair.ing specified 

quantities of alloying elements (other than carbon and lhe common:1y 

accepted amounts qf mansanese> copper, silicon, sulfur a.id phosphorus) 

within the limits rc:coP= for c:onstructional alloy stttls. added to effect 

10 changes in mi=cllanic:al or physical properties. Alloy s=!s will canram less 

than 10'6 chromium. Stainless steels are any of sevea1 s-..ecls containing at 

least 10, prefetabiy 12 to 30~, chromium as the principal alloying 

element. 

One focus of the iim:ntion is to provide an improvr.d methcx! 

IS for reforming hydtocarlxms using a .re!crming catllyst. partic:uiarly a large 

pore zcclite caia!yst including m 2Ibli ar alkaline earth metal and charged 

with one or more Group VIII metals which is sulfur-sensitive, under 

condi1ions of low sulfur. Such a precess, of course, must demonstrare 

better :esisrance to carburization chart convemional low·S'Jlfur ~fanning 

20 . tEchniques, yet contain little 3ulfur available to paisozi the cazalyst. 
. 

One solution for the problem addressed by the present 

inv=tion is to ptettea% emting sulfided reactor systems to ·both remove 

.mlfur from reacrcr smfaca and improve resismnm ro carbm1mion and 

metal dusting dming refonning using a refmming cmlyn such u the 
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af~rementioned sulfur-~nsitive Iarge-pon: zeolite catalyst under condition3 

of low sulfur. 

By "reacror sys~m •, as used hereint there is intended at 

least one reforming re3Ctar :md its corresponding furnace means and 

S piping. This t.erm also includes other te3l:r.ors and their corresponding 

fumaccs and piping wherein the arbu.rizadan is a problem under lcw 

sulfur conditions or those systems wherein the aforementioned 

sulfur-sensitive large-pore lZOlite c:attlystS arc utili%ed. Such systems 

include reactcr systems used in proce..ues for dehydrogenarion and thermal 

10 dealkylation ofhydroc;:arl)ons. Th~ by •.reaction condbions" as used 

herein, there is intmded, those conditions .required ro convert tbe feed 

hydtcc:3Ibons to a desired prcduct. 

The aforementioned problems with low-sulfur manning can 

be effectively addressed by a selection of an appropriate reactor system 

l.S mat.eria1 far conract with the hydrocaibons during precessing. Typically. 

reforming reactor system! have beeA co~ of mild steels~ or alloy 

steels sucb as typical chromium stt:els, with insfgnificanc ca:burizalion and 

dustini. For eumpl~ midet aniditions of standard reforming, 2. !' Ct 

tUmace tubes can last twenty years. However, it was found that these 

20 steels are unsuitable under low-sulfur reforming conditions. They ?apidly 

become embrimed 'Oy carburizadcm within about one year. For =ample, it 

was fa=d that 211.t Ct 1 Mo steel c:aibmized IUld embrimed mm= than 1 

mm/year. 

P. 14 
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Funhennore. it was found that materials considcre"i under 

standa...-'d metillurpcal practice to be resistant [O eolcillg and c:arbur"...ution 

are not necessarily resistant under low-sulfur reforming c.onditions. For 

example, nickel-rich alloys such as Inci>loy 800 and 825; lnconel 600; 

· S Mm:cl and Haynes 230. are unacc..-ptablc: as they exhibit excessive coking 

and dusting. 

However, 300 series stllnless steels. prcfe.."'3bly 304, 316. 

321 and 347, are acceptable as materials for at least ponicns of the reactor 

system according tD the pn:s=tt invention which contact the hydtoc:3rbons. 

10 They have~ found to have a resistance to carburi2ation greater than 

mild steels and nickel-rich alloys. 

can become ~=sively high during refcnning (e.g., 900-12S0°P). This is 

particularly the case in furnace tubes, and in cmlyst beds whe:r~ 

15 mthermie dem=tbanation teadions oa:ur within normally cccur.ring coke 

balls cm.sing locali:n:d bot regions. While still preferred io mild steels and 

20 

nicbl-rlch alloys, the 300 series srafaJess st=ls do exhibit some cokin1 and 

dnst!ng at around 1oao•F. Thus, while·usefu.1, the 300 series srafoless 

steels are not the most pref med material for use in the present uivention. 

Chromium·rlch stainless steels .mch. as 446 and 430 arc even 

mom taistmt to ca:burization than 300 series stainless steels. However. 

mesa steels arc not as desirable for heat xesisting propenies {they tend to 

become bdttle). 

P. 15 
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Resistant m:ucrials which are preferred over :.ie 300 series 

minless steels for use in the present invention include cop~r. tin, arsenic, 

antimony, biJJnuth, chromium,. g~um, indium, deni::m, tellurium 

and brus, and intennctallic compounds and alloys thereof (~.g., Cu·Sn 

alloys. Cu-Sb alloys. srannides, antimonides, bismnthides. e=.). Steels and 

even nickel-rich alloys containing these metals can also show redu=d 

c:ninirization. 

Reactor syste111$ pri;viously exposed to hydrocarbon f~ 

c:cntaining sulfur ue not preferred when StJCh systems uniize the 

10 . aforementioned sulfur-sensitive larg~pore zeolite caralyst systems. In ~ 

systems, the sulfUr reacts with mculs in the teactor system to fonn, for 

example, FeS. Subsequent ~ of th= reactor system, especla.lly when 

using the ~ z:olita caralyst, may cause ptema.'Ure .shutdown of 

the l)'stem since the sulfur releases from the wzlls of the r:actor under high 

15 tempemtme.s and may poi!on the eatalyst. 

These pteYiausly s.ulfided steels may, acccrC!nr to the 

present invention, be tn:arcd or passivum to remove the s-.ilfur from the 

:eact0r walls and/ar to fixate the sulfur from releasing from the reactor 

walls and to coar:· the reactor walls with a marerial which si:niftc:an~y 

20 reduces ·coking:, carburlntion and metal dusting under rcaclion conditions. 

In a prefened embodiment, these materials are provided as a 

pladng, cladding, paint (t.g., oxide paints) or other coating to.a base 

canstrudioD matt:rial. This is particularly advantageous sU= conventional 

comtruction matc:dab sueh as mild a~ em still be used with only the 

·. 
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surface con:acting the hydroca..rbons being treated. Of these. tin is 

especially preferred as it reactS u.ith the surface to provide a coating having 

excellent c::uburization resistance at higher temperatures, and which resists 

peelin1 md flaking of the coating. Also, it is believed that a tin contzinin' 

S layer can be as thin as 1110 micron and still prevent carburi.zation. In 

addition, it has been ob=ved that with the use of such reactor systems, tin 
. . 

attacks the sulfided metll surfaces including FcS replacing sulfur and 

releasing H~. Thus, applic:aricn of rr:sistmt mau:mls mch u mi to a 

reactor system to prevent coldng, c:ttburi7arlcn and metal dustil)g cm also 

10 protect sulfur·scnsitive catalysts when applied to previously sulfided reactor 

systems. 

Where pracdc:al, it is prefmed that rhe resistmt materials be 

t=:ter sy=m. Sach a paint can be spnyed, brushed, pigged, etc. on 

15 reactor sy=m surl'2c=s such as mild steels ar stainless steels. It is most 

prefm'ed tbat such a paint be a decomposable, re.acdvc, tin-eomainin& paint 

which reduce$ to a reactive tin and forms mer:allic: stmmides (e.g., iron 

stamlides mid Di=V'iron stmmides) upon heating in a reducing atmosphere. 

It is most p;refem:d that the aforementioned paint .ccntain at 

20 . least four components (or their fUnctional equivalents); (i) a hydrogen 

deccmposable tin c:ompound, (Ji) a solvent system, ("lh1 a finely divided tin 

metal and {iv) tin oxide as a :edw:icle sponge/clis:peninglbinding agent. 

The paint should contain finely di\lided solids to minin2ize settling, and 

., . 
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should not contain non-reactive mater.a.Is which will pre-.·ent reaction of 

rc:ictivc tin with surfaces of the reactor system. 

As the hydrogen dcComposable tin compound. tin occmoare 

ar neodecanoa%e is particularly useful. Commercial fonnularlons of this 

S compound itself are available and will partially dry to an almost 

chewing-gum-like layer on a steel ~; a layer which will not Q"aek 

and/er split. This property is necessary k1r any coaling composition used 

in this context because ft is conceivable dW ~ ~ matl!rial will be 

stored for months prior to treatment with hydrogen. ·Abo, if partS are 

10 coated prior to assembly they must' be resiswit ta chipping during 

construction. As noted abovi:, tin octanoatc is av:afiable commercially. It 

is n:asonahly priced, and will decompose smeothly to a reacdve tin layer 

which formi iron stumids in hydrogen at tempetatureS as low as 600°F. . 

Tin oc:anoate should not be ~ alone in a paint, however. 

IS It is not sufficiently viscous. Even when the solvent is evaporated 

themfrom. the mmhllng liquid will drip and ran on the coated surface. In 

practice, for example, if such we...-e used to coat a horizontal furnace tube, 

i: would pool at the botto~ of tba tube. 

Component (iv). the tin oxide sponge/dispersing/binding 

20 agent, is a potoUS tin-containing compound whicll can sponge-up an 

reducing aanosphere. In addition, tin oxide can be precessed through a 

c;olloid mill to produ~ "verJ fine pat1icles which resist r:apid settling. The 

P. 18 
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addition of tin oxide will provide a paint which becomes dry to the touch. 

and .resists running. 

u~ typical paint thicmers, component {iv) is selected 

such that it becomes a reactive part of the coating when reductd. It is not 

inert like formed siliea; a typical paint thickener which would l=ivc an 

unreactivc mrface coating after treatment. 

Finely divided tin metal, almponcnt (ill), is added to insure 

that. metallic tin is ava.ilablc to react with the sumce to be coated at 3S low 

a temperatnm as possible, even in a non-reducing atmosphere. The particle 

10 siz= of the tin is prdcnbly one. to five microns ·which allows cxi:dlcnt 

eoveragc of the sumco to be coat.ed with tin metal. Non•r=iucing 

amditions can occur during drying of the paint and welding of pipe: joints. 

The present:= of metallic tin ensures that even when part of the coating is 

not comple:aly reduced. tin metd will be present to react and form the 

15 de:sin:d stannide layer. 

The solvent should be ncn-toxl~ and effective fer rendering 

the paint spmyablc: and spreadable when desired. It should also evaporate 

quickly and have compazible solvent ptopettie.s for the hydrogen 

~sable tin ~iupound. bopropyl zl=hal u most pte{emd, while 

20 bcanc and pentanc can bC useful, if necessary. Acetone, however, tends 

m precipitate organic tin compounds. 

P. 19 
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In one embodiment, there can be used a tin paint oi 20 

percent Tlll Ten-Cem (stannous octanoate in octanoic acid or neodecanoatc · 

in neroecanoic aci~, s:annic oxid~, tin metal powder and isopropyl 

alcohol. 

The tin pa.int can be applied in many ways. For ex~ple, 

furnace tubes of the rcictcr system can be painted individually or as 

m~ulcs. A rcf0rmmg reactor system according to the present invention 

can contairt various numbers of furnace tube modules (e.g., about 24 

furnace". tube modules) of suitable width, length and height (e.g., about 10 

10 t'=t long. about 4 feet wide, and about 40 feet in height). Typically, each 

module wm include two headers of suitable diameter. prefi::ably aboiJ;t 2 

feet m dWnetert which are coruleCted by :about f':'ur to ten u-bJbes of 

suitable length (e.g., about 42 f'eet long). The:efore, the total surt.u;e area 

to be painu=d hi the modlllcs can vary widely; for example, in one 

15 embodiment it can be about 16~00 fr!-.· 

Painting modules rather than the tubes individually can be 

advantageoas m at least four respects; (i) painting modules r.uher than 

individual tubes should avoid heat desttuction of the tin paint as the 

ccmpcmcnts of the modules are usually heat treated at ememely elevated 

20 te.~ during prcduCtion; ("u/ painting modules will likely be quicker 

and less cpensive than painting tllbes individually; (ili) painting modules 

sbOuld be mare efficient during production. scheduling; and (iv} painting of 

th.s modules shoald enable painting of welds. 

P.~ __ o __ _ 



[,RECEIVED gz/18 93:Zl 1996 AT 533069~ 
. FEB~l7-96 SAT 02:23 PM BDS&M 

PAGE 21 (PRINTED PAGE 21) ] 

WO 94/1603J 

FAX NO. 919 462 1466 

PCT/US94/0009I 

• 17 -

Howeve:, painting t.ie modules may not enable the tubes to 

be as compl::ely coated wirh pai.;t a.s if the tubes we:c painted individually. 

If coating is insufficient, the rubes can be coated indh·idually. 

It is preferable that the paint .be spr.ayed mro the tubes and 

S he3ders. Sufficient paint should be applied to fully coat the tubes anc! 

he:&den. Afu!r a module is sprayed. it should be left to dry for about 24-

hour~ follo\\.'ed by application of a slow stre:iln of heated nitrogen (e.g., 

about 1S0°F for about.24 hours). Thereafte:-, it is pteferable that a second 

coat of paint be applied and also dried by the ~ described above. 

10 After the painc bas be=i applied, rhe modules should preferably be kept 

under a slight nitrogen pl"CSSU3 and should liot be •sed to tcmperat'lires 
. 1 

exceedin& about 200°F prlor to installation, nor should they be exposed to 

water except during hydrotesting. 

Iton baring reactive paints are also useful in the present 

15 invention. Such an iron bearing reactive paint will preferably comain 

various tin compoWlds to which iron has bc:n ~ in amounts up to one 

'third Fe/Sn by weight. 

The addilion of iron can, for example, be in the fonn. of 

F~O,. The addition of iron to a tin containing paint should afford 

20 ncteW01'thy advantages; in pardcular: (i) it should filcilitate the reaction of 

the paint to fonn irmi stznnides thereby aaing as a flux; (il} it should dilute 

. the Dickel concentration iD the Sta.Mide layer thereby providin& better 

protection against coking; and (ili) it should IeSUlt in -. paint which affords 

This Sheet Has Been Replaced. 

I f Ill ltl lllltl 1111 Jll:lllf · , 

P.21 
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the-anti-coking protection of iron s::annides e-.·en if the underlying surface 

does nor react well. 

Yet another means for preventing carburi.zation. coking. and 

metal dusting in the low-sulfur re:ict0r system comprises the applicatioii of 

5 a. metal coating or claddini to chromium rich steels contllned in the re:iCT.Or 

system. These metal coatings or claddings may be o:>mprised of tin, 

antiniony, bismuth or arsenic. Tm is especially preferred: These coati."lgs 

or claddings may be applied by methods including electtcplating, vapor 

depositing, and soaking of the chromium rich ste:I in a molten metal bath. 

10 lt has been found that in reactor systems where 

carburlzation, co.king, and metal dusting are pan:icWarly problematic that 

the coatini of the chromium-rich. nickd..cantaining st=ls with a layer of 

tin in effect creates a double protective layer. There resulti an iMm-

chromium rich Jayer which is resistant to carburization, c.o.Idng, and me21 

15 dusting and an OWl!r tin layer which is also resimnt to carbumation, 

coking :and metal dusting. This o=m because when the tin coated 

cbmmium rich steel is exposed to typic:al monning; tcmpcratures9 sudl as 

about l200°F, it teacts with the steel to form nickel-rich imn nickel 

stannides. Tbc:teby, the nickel is pteferentblly lea1:hed from the ~rhee of 

20 the st=l leaving behind a layer of chromium rich steel. In some insiancest 

it may be desirable to remove the iron nickel Stannidc layer from the 
. 

stainless steel to =POse the chromium rich steel layer. 

P.22 
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For example, it· was found that when a tin cladding was 

applied· to a 304 grade stainless steel and he:ited at about 1200°F there 

resulted a chromium rich steel layer containing about 1770 chromium anc 

subst:mtially no nickel, c.omparable ro 430 grade minless st=!. 

When applying the tin met3l coating or c:Widing to the 

chromium rich st.eel, it may be desirable to vary the thickness of the metal 

c:cacing er cladding to achieve the desired resistance ap.inst carl>uri:zation, 
. . 

coking, and metal dusting. Tb4 can be done by, e.g., adjusting the 

amount of time the chromium rich steel is soaked in a. molten tin bath. 

10 nm will also affect the thickness of die resulting chromium rlch steel 

layer. It mrt also be desllablc to vary the operating temperatute, ot to 

Var/ the composition o{ the chromium rich st.eel which is coar= which in 

order to coattol the chromium concentration in the chrcmium rich steel 

15 

layer produc:ed. 

It has additionally beea found that =~= st=ls can be 

post-ireatmcnt process which involves application of a. Chin oxide coating, 

preferably a chromium oxide, ~cb a.s CrP,. This coadng will be thin, as 

thin as a few pm. Application of such a chIOmium oxide will protcet 

20 alumimmi as well as tin coated ~ such as Aloni7.ed steels .. under 
- . 

low-saUUr iefmming conditions. 

The chromium oxide layer can be applied by various 

methods including: application of a chmmat-= or dichmmatr: pa.inc followed 

by a ~uction precess; vapor treatment with an orpno.duomium 

P. 23 
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compound; or application of a chromium metll plating followed by 

oxidation of the resultin& chromium plated ste:l. 

Examination of tin-electroplated steels which have been 

subjccte.d ro low-sulfur reforming conditions for a .mbstanlial period of time · 

j has shown that when a chromium oxide layer is produced on the surface of 

the stannide layer or under the stmnide layer, the chromium oxide: layer 

does -not cause deterioration of the stannide layer, but appears ro render the 

steel further resistant to carburimion, coking and metal dusting. 

Accordingly. application of a cfuomium oxide layer to either tin or 

10 aluminum coated steels will result in steels which am funher n:sistant to 

15 

20 

carburization and coldng under the low-sulfur refo.rming conditions. This 

post-~ent pxCces.1 has particular applications for treating dn or 

aluminum coatm steels which, after prolonged cxposuz:c to low-sulfur 

reforming ccnditiom, arc in need of repair. 

While not wishing to be bound by theory, it is believed that 
. . 

the suitability o! various marerials for the present mvention can be selected 

and classHjed mding to their i=ponses to caxbuming atmospheres. For 

e:nmple, iron. cobalt. and nickel form rela?ively unstable carbides which 

will subsequently ca:burlze, _coke and dust. .Elements such as chromium, 

niobium, vanadium, umgsten., molybdenum, tmtalum and mcanium, witl 

form stab!= cmbidcs which arc more resistant to carburlzation coking and 

dmting. Elements such as tin, antimony and bismuth do not form carbides 

« coke. And, these compounds c:au form stiblc ~mpounds with ·many 

metals such as iron., nickel and copper under ~g c:andidons. 

P.24 
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St3nnices. antlmonides and bi~muthidcs. and c.osnpounds of lc:!.d. mercury. 

arsenic, gemmrlum, indium, tellurium. selenium, thallium, sulfur and 

oxyge:i are also resistant. A final c:u.egory of materials include elements 

~has silver, copper, gold, platinum and refr.actory oxides $Uc:h 3.$ silica 

and alumina. These marerials are resistant and do not forin cubidcs, or 

react with other metals in a carburizing environment under reforming 

conditions. 

Because different areas of thi: reactor system of the invention 

{e.g., different areas in a furnace) can be Cxposed to a wide range of 

10 tempe::mires, the ma.teri2l selection md thickness of coariag c:a.n be sti.ged, 

such that better ca.rburizadon resfscances are used- in those areas of the 

sysa:m c:xpciencin1 the highest tempexatures. In any ~ the 

cubmization resistant CXlating should be used in amounts such that the 

metal sulfides present in _the ttiactot system do not consume the entir: 

lS prctcc.ivc coating. It is preferred that any remaining sulfur in the sulfided 

surfac:s is fixated. By •fixated•~ as used herein, it is meant applying; a 

coating of rhe c:arl>url2:ation resistmt coating over the sulfided metal such 

that the sulfur does JSOt substanmlly ielease from the coated ~ 

W'J.tb regard co marerials selection, it was discovered that 

20 oxidized Grcop vm metal ~ such as iron, nickel and cobalt are 

more acive in terms of coking and camuri:micn than their unoxfdi%ed 

counterparts. For example, it was found that an air toasted sample of 347 

srainless stteI was significantly more active than an unoxidmd sample or 

the same steel. 

P.25 
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steels which produces very fine-grained iron and/or· nick.e! rnerJ.ls. Such 

mer:als are especially active for c:arburi2::a.tion and co.king. Thus, it is 

desirable to avoid these materials as much as possible during oxidative 

regeneration processes. such as those typiC3lly used in catz!ytic refonning. 

5 However, it has. been found th2t an air roasted 300 series s:ainless steel . 

coawf with tin can provide similar resistances to coking and arburiz:uion 

as unroasted samples of the amc tin i;oated 300 series Stainless steel. 

Farthermorc. it will be appreciated that oxidation will be a 

problem in systems where sulfur sensitivity of me catalyst is not of 

l 0 ~, and sulfur is used to passivate the metal surfaces. If sulfur levels 

in such sysr.ems ever become imufficicnt; any mew sulfides which have 

formed on met.al surfaces would. after oxidation and Ieduction, be reduced 

to fine-gained inet3l. Th.is metal would be highly reactive for C9Idng and 

aiburiza!ion. Potentially t this can ca.use a catastrcphie failure of the 

15 mdallurgy. or a major coking event. 

As noted abovet cxn:ssivcly high tcmpetatnres can cccur in 

the catalyst beds when exotbermlc demethanadon reactions within cokcbaIJs 

came Joeali=d hot tegions. 'Ihese hot spots also pose a problem in 

conventional refcrming reactor systems {as well as other areas of chemical 

20 :and petrochemical proc:e.uing). 

For ex3ll1ple~ the center pipe screens of rcfo.n:ners have been 

obsezved to locally waste away~ develop holes; ul~y resulting in 

catalyst migmtion. In conventional refonbing pxricesses the tempemuiu 

within c:okeballs during formation and buming are apparently high enough 

P.26 
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to overcome the ability:of process sulfur to poison coking, carburizadon, 

and dusting. The metal screens, lhe:-cfore, carburize and an:: more 

sensitive to wasting by intcrgranular oxidation (a type of c:ormsion) during 

regeneration. The screen openings enlarge and holes develop. 

Thus, the teachings of the prcse:lt invention are applicable to 

conventional reforming, u well as other areas of chernlcal and 

pc:trdc:hemical procmng. For ex2mple, the 2.forementi.one:d pwmgs, 

claddings and coatings can be used in the pzepaxation of center pipe screens 

to avoid excessive hole development and catalyst migration. In addition., 

LO the teachings cm be applied to any furnace tubes which are subjected to 

famaces. 

In addition, smce ibc techniques descnDed herein c:an be 

used to control carburmlion, coking, and metal dusting u excessively high 

1S tempctatures, they can be used in aacking ~ oper.tting a.t from 

about 1400• to about 1700•F. For =ample, the detc:rloratfon of steel 

occuning in c:rackin1 futnaces ope:nting at those temperatures can be 

controlled by applicadon of various meed coatings. These metal coatin&s 

can be applied by melting, eleettoplating, and painting. Painting is 

20 paniQllarly prcfem:d. 

For example, a coating of antimony applied to iron bearing 

.steels protects there steels from arbnrization. co.kini and metal dusting 

undef' the descn'bed cracking conditiom. In f2ct, an antimony paint applied 

P.27 
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ta iron bearing steels will pro,.ide pror.ection against c:arburization •. c:oicing, 

and metal .dusting at 1600°F. 

A coating of bismuth applied to nickel rich steel alloys (e.g .• 

INCONEL 600) can proteet those steels against ca.rburindon, coking, and 

S metal dusting under CI3Cking conditions. This lw been demonstr:ated at 

~res of up to 1600°F. 

~smuth-<:antainini COatiniS may also be applied to iron 

bearing st.eels and provide protection against carburi2:3tion, met3l dusting, 

and coking under aacidng conditions. Also, a metal coating ccmprising a 

10 combination of bismuth, antimony, and/or tin can be use.d. 

Looking again to low-sulfur reforming, other techniques C311 

also be used to address the pmblem disco'leted according to the ~t 

b:rlention. 'They can be used in c:onjunc:ticm with an appropriate material 

selection fer the teaetor system~ or they can be used alone. Prefemd from 

15 among the additional techniques is the addition of non-sulfur, 

anti-earbmizing and anti..coking agent(s) during the reforming process. 

These agents cm be added amtinucusly durlng processing and function to 

inremct with those smiaces of the rea.=r syst=i wlW:h contact the· 

hydrocarbons, or they may be applied as a pmrmment to the reactor 

20 system. 

While ~ot wishing to bound by theory it 1' believed that 

these agents int=act with the surfaces of the reactor system by 

decomposition and surface. am.ck to form iion amJ/« nickel intennetallic: 

compounds, such as stannides, antimonides, bismuthides, germanides, 

P.28 
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indides, selenides. telluridest plumbidcs. arsenides, etc. Such interme:3llic 

compotn1ds are resistant to earburization, coking and dusting and ~ 

protect the underlying metallurgy. Likewise, such agents may allow 

removal of sulfur as H,S f'rom presulfided reactor sysrems. 

The intermetallic compounds are also believed to be ·more 

stable than the mel3l sulfides which were formed in systems where H~ was 

used ·to passivare the metal. These compounds arc not reduced by 

hydrogen as 2rC metal Suuides. As a result, they are less likely to leave 

the system than metal sulfides. Therefore, the continuous addition of a 

I 0 Cll'buriz.ation inhibitor with the feed can be minimized. 

Prel''"en-ed non-sulfur antf-cazburlzing and anti..coking agenu 

include organo-metallic compounds such as organo-tin compoands, 

organo-ant:imony compounds, organo-bismuth compounds, organo-arsenic 

compounds, and organ\>-lcad compounds. Suitable organo-lead compounds 

15 include tett2my1 and tettamethyl lead. Orpno-tin compounds men as 

tetzabutyl tin and trimethyl tin hydride are especially prefctted. 

Additional specific. crgano-metallic compounds include 

bismuth neadec:anoat=, chromium oc:toate, copper naphthenate, manganese 

cmboxy~ palladium neodecanoate. silver neodecanoate, 

20 ieuabutylgmmnfum, tributylantimony, ttiphcnylantimony~ triphenylarsine, 
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How and where these agents are added to the reactor system 

is not critical, and will primarily depend on particular process design 

characteristics. For example, they c:in be added continuously or 

discontinuously with the feed.. 

5 However, adding the agents t.o the feed is not preferred as 

they would tend to ac.cumulate in rhe initial portions of th: .reactor system. 

This may not provide adequare protection in the other areas of the system. 

It is preferred that the agents be provided as a coating prior 

to construction, prior ro start-up, or in-situ (i.e., h1 an existing sysiem), If 

10 added in-situ, it should be done right aftc::r catalyst regenemion. V erJ thin 

cmtings can be applied. Fot examp~ it is believe'.'f that when using 

organ~ti.11 compounds. inm st3Jlnid~ coatings as thin as 0.1 micron can be 

effective. 

A preferred method of coating the agenrs 011 an existing or 

15 new reactor smface, or a. new or existing famaco tube is to decompose an 

organometallic compound iD a hydrogen atmosphere 21 tetnpemures of 

20 

about 900°P. ror grpno-tin compounds, mr example., this produces 

reactive me!allic tin on the tube surface.. At diese tcmpcatUteS the tin will 

further m!Ct with the sudD metal to passivaic it. 

Optimum coating tempera.tmes will depend on the particular 

0rganomeiallic compound, or the mixmrr.s of compounds if alloys are· 

desired. Typically, an excess of tho organometallic coating agent caxi be 

putsed into the tube.s at a high hydrogen flow rate so as to <:arry the coating 

·ager~ throughout the system 1n a mist. The flow Iatc can th= be n::dua:d 

P. 30 
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to permit the coating· metll w.ist to coat and re:u:r. with th: furnace rube or 

reactor surface. Alternatively, the compound ca.a be inttod??ce.d as a vapor 

which dc:comp0ses and reacts with the hot walls of the tube or reactor in a 

reducing atmosphere. 

As discussed above, refonning re:u:t:or syr.=m.s susc..-pdble to 

carburization, mm! dusting and coking can be ~ by application of a 

decomposable c:Qacing conrainlng a decomposable organometallic tin 

compound to those are.as of the rea.ct0r system most SUSC..'iltible to 

catburization. Such an approach works particul3rly well in a rempe:aturc 

10 controlled famace. 

However~ such control is not always presc:it. There are •hot 

spots• which devdop in the reactor sysrem, pal'licularly in the furnace 

tubes, when: the organometallic compound C3l1 decompose and form 

deposit,,. 'Thereforct another aspect of the invention is a proces.~ which 

15 avalds mch deposition in reforming ~ systems wh~e temperatures ~ 

net closely controlled 2nd exhibit areas of hiih tempemur: hot spots. 

Such a process involves preheating the entire reactor system 

to a tempc::atmc of fmm 750 to 1150°P, preferably 900 to llOO"Ft and 

most ptet'mably about 1oso•p, with a hot stream of hydrogen· gas. After 

20 pteheallng, 3 C:O)dct gas Stream at a temperature Of 400 fO soo•p I 

.preferably 500 to 700aF, :md most prefer.ably about SS0°F, containing a 

vaporized orpnommme tin compound and hydrog= ps is introduced lnto 

the preheated reader system. This g:u mixture is introduced upstream and 

can provide a. decomposition •wave• which travels throughaut the entire 

P. 31 



C RECEIVED 02/18 93:28 199& AT 5339&9~ PAGE 32 <PRINTED PAGE 32) J 
. FEB-17-96 SAT 02:30 PM BDS&M FAX NO. 919 46~ 1466 .. 

W0941160J4 PCT/US94/0DD91 

- 28. 

reactor system. Essentially this process works beciluse the hoc hydrojen 

gas produces a unifonnly hcited surface which will decompose the colder 

organometallic gas as it travels as a wave throughout the reactor system. 

The colder gas containing the organometallic;; tin compound will decompose 

5 on the hot surface and coat the surfac.e. The organometallic tin vapor will 

continue to move as a wave to treat the hotter surfaces downstream in the 

reac:tOr system. thereby, the entire reactor system can have a unifonn 

coating of the orpnometallic tin compound. It may also be desirable: to 

conduct sever.d of these hoto.eold tempCiatUrc cycles to ensure that the 

10 entire reactor sysiezn has been uniformly coated with the organometallic tin 

eompound. 

In operation of the reforming reactor system according- to the 

pr=ent invention, naphtha will be reformed to form aromatics. The 

iiaphtha feed is a light hydrocarbon, preferably boiling in the r.mge of 

. 1s about 70°F to 4S0°F, more prefer.ably about 100 to 350°F. The naphtha 

fe:d will conlain aliphatic or pm.ffinie hydroc:axbons. -These aliphatics a.re 

converted, at least in Part. to aromatics bl the reforming reaction zone. 

In the •tow-suHUr• system of the invendon, ·the feed will 

prefen.bly contain less than 100 ppm sulfur, and more preferably ~ess 

20 than SO ppm mlfur. When wing large pore zcolitc catalystS, the feed wi1l 

preferably contain less Ulan 100 ppb sulfur, and more preferably, less 

than SO ppb sulfur, more preferably. less than 10 ppb and even more 

ptefmbly, less than S ppb sulfur. If necessary, a sultur scrber unit can be 

employed to remove small ex~ses of sultur. 
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Prefe:rcd reforming process conditions include a temperature 

between 700 and IOSO•F, more preferably betwe.:n 850 and 1025°F; and a 

p~urc between 0 and 400 psig, more preferably between 15 and 150 

psig; a recycle hydrogen rate sufficient to yield a hydrogen to hydrOcarbon 

5 mole ratio for the feed to the: reforming reaction zone betwee.'l 0.1 and 20, 

more preferably between 0.5 and 10; and a liquid hourly space velocity for 

the hydrocal'bon feed over the reforming cml.yst of between 0.1 and 10, 

mere preferably betWeen 0.5 and 5. At these r.emperanues, tin reacts with 

sulfided metals to replace. sulfur in the meta.ls with tin and/or to fixate the 

10 sulfur to prevent its release into the reactor system. 

15 

To aclrleve the suitable reformer ~ it is often 

necessary to heat the fumacc tubes to high tcmperaturcs. These 

~pemurcs can often ranie from 600 to 1800°F, usually from 850 

:and 12S0°F, and more often from 900 and 1:l00°F'. 

As noted above, the problems of c:a.rburimion, coking and 

metal duscing in low .. smfur systems have been found to associated with 

e:cessively higli. JocaUzrrl process temperatures of the ~r system, and' 

arc particularly acute in the fumace tubes of me system where particularly 

high tempmtmes are ch3.racteristic. In conventional reforming techniques 

ZO whctc high levels of suUitt are present, tumaca mba skin temperatures of 
. . 
up io 1175-P at end of nm arc typical. Yet, =:e.uive carburizadon, 

coking and metal du.sting was not observed. In tow-sulfur sysrems, 

however, it has been discovered that c:c:ssive :and rapid c:arburization, 
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cokin1 and metal dusting occurred with CrMo steels at temperarures 

above 95'0°F, and Stainless st.eels at temperimrcs above 102S°F. 

Accordingly, another aspect of the invention is to lower the 

temperatures of the metal 3urfaces inside the furnace tubes, transfer-lines 

S md/or reactors of the reforming system below the aforementioned levels.. 

For example, tempentures can be monir.ored using thermocouples attached 

at various lcc::ations in the react.or system. In the case of turn.ace tubes, 

thermocouples can be aU3Ched to the ou~ walls thereof, preferably at th= 

hottest point of the fumace (usually near the fmr.3Ce outlet). When 

10 n=smy. adjustments in process operation can be made to maintain the 

tempmture.s at desired levels. 

Thc:r= are other techniques for reducing exposure of system 

surfaces to undesirably high wnperatures as well. For r:::ample, heat 

transfc:r mas can be used with resisra?Jt (and usually more costly) tubinc in 

15' the final stage wh~ tempemures are usually the highest. 

In addition, supetheated hydrogen can be added between 

reactors of the reforming system. Also, a. latger catalyst ebatge can be 

used. And, the catalyst can be regenmat!d mere frequently. In the case or 

caralys reg~ it is best =ccomplished using a moving bed process 

20 where the catalyst is withdrawn ftom the final bed, regenerated, and 

charged to the first bed. 

Cuburlmion and mew dust.ins can also be minimized in the 

low-sulfur rcfmmfng reactor system of the invention by using certain other 

novel equipment eoaflgumions and proc:e.u conditions. For cnmple, the 
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reactor system can be conscructed with si:aeed hearers andior tubes. ln 

other words, the hearers or tubes which are subjected to the most extreme 
. 

temperature conditions in the reactor system can be constru~ted of materials 

more resistant m carburlzation than materials conventionally u$ed in the 

construction of reforming reactor systems; materials such as those 

described above. Heaters or tubes which arc not subjected to extreme 

temperatures can continue to be constructed of c.onv~tional materials. 

By using such a staged dcsiin in the reactor syStcnt it is 

possible to rednc:e the ovmzll cost of the sy~-n (since cuburization 

10 resistant materlals are gme:a.lly more expensive than conventional 

materials} while still providing a reactor syst.em which is sufficiently 

resistant to carl?mization and metal dusting under low-sulfur reforming 

conditions. Additiomlly, this should facilitate the rctrOfittbrg of exiscina 

reforming reactor systems to render th~ carburiz:uicn md metal dusting 

15 resistant under tow .. sulfur operating conditions; since a smaller portion of 

the :reactor systmn would need replacement or modification with a Staged 

design •. 

The reactor system cm also be operated using at least two 

tmnpemun: zones; at lea.st one of higher and one of lower temperuurc. 

20 This approach Is based on the observation that metal dmting has a. 

temperatnre maxbnum and minimum. above and below which dusting is 

minimized. Therefore, by •higher" temperamres, it is ~t that the 

~ are higher than those conventionally used in ~rming reac;cor 

systems and hiiher than the t=npemurc nmimum for du.sting. By 
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"lower" ~pcratutes it is meant that the tempera.cure is at or about the 

temperatures which reforming processes are conventionally conducted. and 

falls below that in which dusting becomes a problem • 

. OperaJion of portions of the reactor system in different 

S tanperatute zones should reduce metal dusting as less of the re3Ct0r syStem ,. 
. ,.~; 

is at a. tempera.tare conducive for m=al du.sting. Also, ocher advantages of _, 

such 2 design include improved heat l:r3J1Sfer efficiencies and the ability to 

-reduce equipment me because of the operalion of portions of ·the system at 

hi1her temperatlll'CS. However, opewing portions of the reacmr system at 

10 levels below and above. that conducive for metal dusting would orily . 

minimi7.e, not completcly avoid, the temperature range at which metal 

dusting occurs. This is nm.voidable because of u:mperature flucmations 

which will oc:cur during day to day operation of the reforming reactor 

sysr.em; particularly flucazatlons during shut-down and scart~p ot the 

15 system, tcmpe:aturo flucmadons during cycling, and temperature 

fluctUations wblch will occur as the process fluids are heated in the reactor 

Another approach to minimizing metal dusting relates to 

providing heat to lbe sysn:m using superheated raw materials (sudi :as e.g .• 

20 hydrogen), thereby mWmmng the need to hear the hydrocubons through 

Yet another process design approach involves providing a 

pre-existing reformin1 ri:actor sysu:m with larger tube <!W=r.ers md/or 

bigher tube velocities. Usini larger tube diameters and/or higher tube 
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vclccides will minimize the exposure of the hearing surfac:s in the_ reactor 

sysrem to the hydroc.arbons. 

As nowt above, c::m.lytic: reforming is well known in the 

petroleum industry and involves the treatment of naphtha .fractions ta 

5 improve octane rating by the prcduc:tlon of aromatics. The more important 

hydrcc:arbon .te2Ctions which occur during the reforming operation include 

the dehydrogenation of cyclohexanes tD aromatics, dehydroisomerlzation of 

alkycyclopentancs to aromatics, and dehydrocycli%ation of acyclic 

hydnxarhons to aromatics. In addition, a number of other n:actions also 

10 occur, including the dealli::yWion of al.kylbemenes, isomeri%:ar.ion of 

paraffins, and hydroc:r.acX:ing reactions which p~ucc light gaseous 

hydrccmbo:ns, e.g.~ methane, ethane, propane and butane, which 

hydroctacking reactions should be m.inimm:d during reforming a.s they 

dc:crcase the yield of gasoline boiling products ;M hydrogen. Thus, 

15 •reforming'" as used herein refers to the treatment of a hydrocaibcn feed 

through the use of one or l1lOie aromatics prcducing m1Ctions in order to 

provide an arcmadcs enriched product (i.e., a product whose aromatics 

cantent is greater man in the feed). 

While the prcxnt invention is directed primarily to catalytic 

zo reforming, ft will be useful gi::cc:rally bt the production or arcnwic 

hydmcarbons from various hydroc:arbon feedstccks under conditions of low 

sulfilr. That is, while CU2lytic reforming typically refers to the conversion 

of naphthas, other feedstoeks can be treated as well to provide an aromatics 

mttiched prodact. Therefore, while the conversion cf naphthas is a 
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preferred embodiment, the prese.'\t invention can be useful for the 

conversion or aromatiz.ation of a variety of feedsrocks such as pazaffin 

hydroa.'i>ons, olefin hydrocarbons, acetylene hydrccarbons, cyclic paraffin 

bydroc\l.rbons, cyclic olefm hydroarbons. and mixtures the:eof'. and 

5 particularly saturated hydrocarbons. 

Exampies of par.Ufin hydrocarllons are those having 6 to 10 

carbons such as n-hexane, methylpentanc, n·haptane. methylhenne, . . 
dimethylpentane and n-occme. Examples of acetylene hydtoC2rbons are 

those having 6 to 10 carbon atoms sw:h as hexyne, heptync and octyne. 

10 Exampies of acyclic pmffin hydrocaibans arc those having 6 to 10 carbon 

atoms such as methylcyclopentanc, cyclohenne, methylcyclohe:x.ane and 

dimethylcyclohcnne. Typical example$ of cyclic olefin hydroc:aibons are 

those havinJ 6m·10 carlx>tt aicms suc:h as methyleyclopentene, 

15 

cyclohexene, methylcyclohexenc, and climethylcyclohcxenc. 

The present invention will also be useful for refonning under 

low-sulfur conditions using a ~ or different teforming catalysts. Such 

caalyst :include, but ~ not limited to Noble Group vm metals on 

~ry in~ oxides such as platinum on alumina, Pt/Sa on alumina 

and Pf/Re on alumina; Noble Gtoup VIII metals on a :reolire such as Pt. 

2.0 Pt/Sn and Pt/Re on zeolices sUch as L-zeolites., ZSM-S, silialitc and beta; 

L-.zeclires. 
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A preferred embodiment of the invention involve3 the use of 

a large-pore :zeolit:e catalySt including an allcali or alkaline e:mh metal and 

charged with one or more Group vm meta.ts. Most preferred is the 

embodiment where sur;h a catalyst is used in rcfonning a. naphtha feed. 

The temJ •mge-pore .zeolite" is indicative gc:nc.--al.ly of a 

zcolite having an effective pore diameter of 6 to lS Angstroms. Prefeabie 

larg~ pore Cr,staµlnc z:eolites which a.re useful in the present invention 

include the type L z.eolite, 7.e.elite X. z.eolite Y and faujasitc. These have 

apparent pore srzes on the order to 7 to 9 Angmoms. Most preferably the 

10 1'.e:Olite is a type L .zeolite. 

The c:omposition of type L =olitc cxprcssed in terms of 

mole :ratios of oxide.1, may be rcpicscntcd by the following formula: 

In thtJ above formula M repiesents a canon, n ~cs the valen(:C of M~ 

IS and y may be any value from 0 to about 9. Zeolitc L, its X·ray difftaciion 

~ its pJopenicst and method for its pn:paration arc desc:nOed in detail 

bl, for exam~ tr.S. Patent No. 3,2167 789, the ccntcnts of which is 

hereby incorpcjmu!d by rcfer=ce.. The actUa1 formula may vary without 

changing the c:yst:allinc structure. For example, the mole talio of siliccn 

20 to aluminum (Si/Al) may vary from 1.0 to 3.S. 

tbe chemic:al formula. for .zeolite Y cxPressed in terms of 

moli= ratios of oxides may be written as: 
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rn the above formula. x is ' value great.er than 3 ~d up [0 about 6. y may 

be a value up to abouc 9. Zoolite Y has :J. characteristic: X-ray powder 

diffraction pan.em which may be employed with the above formula for 

identification. Zeolite Y is descn'bed in more detail in U.S. Patent 

5 No. 3t1:30,001 the con=ts of which is hereby inCOl'pOl2red by reference. 

Zeolitc X is a synthetic crystalline zeolitic molecular sieve 

whieh may be represented by the formula: 

In the above fonnula, M represents a metalt particularly alkali and alkaline 

10 earth metals, n is the valence ofM, and y may have my value up to about 

IS 

8 depending on the identity of M and the degree of ~ydration of the 

ay.stalline ieolite. Zcolite ~ its X-ray diffraction pattern, ir.s prcpenies~ 

and method for its preparation are described in detail hi U.S. Parent 

No. 2, 882,244 the contents of which is hereby incorpomed by reference. 

Alf. albli or alkaliM earth mead is prefe:ably present in the 

Iarge--pore :z.eollte.. 'llmt alblfnis earth metal may be either barium, 

strontium or c:alc::ium, preferably barium. .The albline earth metal em be 

incoiporated mto ~e zeolitc by synthesis, impregnation or ion exchange. 

Barium is pn:fcmd to the other alk:aline earths bet:aufe it results in a 

20 · somewhat less .addic catalyst. Streng acidity is undeshable In the cmlyst 

became it promotes c:ncking, resullini in lowu selectivity. 

Jn another embodimen~ at least pan of the alb1i metal can 

be exchanged with barium ming known techniques for ion ~ge of 

. zeebrcs. Tim involves con1aeting' the %eC!itc With a solution cont!hllng 
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excC.u Ba .... ions. In this embodiment the barium should preferably 

constitute from 0.1 % to 35 % by weight of the zeclite. 

The large-pore zeolitic catalysts used in the invention are 

charged with one or more Group vm mettls, e.g., nickel, ruthenium, 

rhodium, palladium, iridium or platinum. The prefem:d Group VllI metals 

are iridium and particularly platinum. These are more selective with 

regard to dehydrocycliz:ation :nd are also more stable under the 

dehydrocycliDtion reaction conditions than other Group VIII metal3. If 

used, the prefemd weight pcrcen~e of platinum in the catalyst is between 

10 0.19' znd 5%. 

15 

20 

Gmup vm metlls are introduced in~ large-pore zeolites by 

synthesis, impregnation or exchange in an aqueous solution of appropriate 

salt. When it is desired to introduce two Gnlup vm metals into the 

zeolite, the opention may be canied out simultaneously or sequentially. 

To obtain a more complete understanding of the present 

invention, the following =amples illustrating certain aspects of the 

fnvmr:icm arc set forth. It should be understood, h~er, that the: 

mvention is not limited in 2l1Y way ro the specific details set forth therein. 

In an attempt to dctcnninc how tin teacts with frcn sulfide, 

two chunks of nearly pore iron monosulfid~ one painted with tin painl, 

·were trmtl:d at 9S0°F far three hours in a C3%bmizing atmosphere of 

about 1 S tDlueno in 79' propane in hydrog~ No coking occuned, nor 
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was· any ~ under these conditions. Then, t'Wo more chunks of iron 

monosulfide were ground to o~tain a fresh flat surface. The flat surface on 

one of the chunks was tre:ucd with tin paint, and both chunkl were exposed 

to the carburizing annosphere at 9.SO•F for three hours. The ICSU!ts of 

5 both c;rpcrimcnts were the same. 

The samples were moun~ m epoxy resin, ground, and 

polished for examin2rlon with the photo1P"3Phic and scanning clectton 

microscopes. Figure l is a phot.Omic:ogrnph (rcflected li&ht. 200L 1 cm 

= so ,u.m) mowing that tho tin reacted with the iron sulfide to form a 

IO continuous layer uniformly 15 "'m in thickness composed of the iron 

stannides FeSn and Fc.S~. The sulfur in the rcplao:d sulfide wu 

pr=unably released as H2S. Figure 2 is a photomicrograph {:reflec:ted 

light. 1250x. l cm • 8 ,.an) showing a thin inner layer of FeSn on the iron 

suifid= underlying a thicket deposit of FeSni. Some unreacted tin is also 

IS ~ The FeSn and FeSni layen fixat=d the tcmaining .sulfur in the 

suUidcd metal ta prevent subsequent release thereof fmm the metal $Uffacc. 

'These results show that il'On SQJmides are Stable in the 

presenc:c of small amounts of H:tS· The results also show that one could 

apply a protective coating of tin di=tly onto a suliided st=! surface such 

20 u in the amvmion of a reactOr sysa:m from sulfurous to sulfur-free 

service. The tin may provide both coking proteetfan and a means of 

desulfurlzmg a reactor system for use in sulfur·scnsitive processes. 
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While the invention has been described aboVe in ten:".s of pn:fcmd 

embodiments, it is to be understood that variations and modifications may 

be U$ed. Such varia!ions and modifications to the above preferred 

embodiments which will be readily evident to those skilled in che art, and 

S which are to be considered within the scope of the invention as defined by 

the following claims. 
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WHAT TS CLAIMED JS: 
I 11111111111111111111111111111 

* C L M S . * 

1 1. A method for reforming hydrocarbog.s comprising 

2 (i) tre3ring a reformini reactor system, at least one surface thc::eof 

J comprising a metal sulfide or metal sulfides to be exposed to hy~s. 

4 by CDating at least a portion of the surfaco of .said reforming re:ictor system 

s cnmprisin1 the me!:2! sulfide(s) with a material more resistant to 

6 c:atbmizaliotl ~ said portion prior to coating. n::icting said rnatcrial with 

7 the metal sulfide en said smfac: and mating or removing at least a portion 

8 of the: sulfur of the metal sulfide(s) from the react:Or ~. and 

9 ("li) reforming byd:ro:mbons in said. reactor system under conditions of low 

10 suliitt. 

1 2. A method for reforming hydrocarbons according to 

2 Claim 1, wherein said camurizarlcn resistant matmia1 comprises copper, 

3 tin, arsenic, astimcmy, bismuth, chmmiwn, germanium, mdlum, selenium, 

5 3. A method for refcxming hydrcc:arbons according to 

6 Claim 2, wherein l3ic1 carburiz:ation resistant matmal eomprises tin, 

7 ~ antimony or bismuth. 

1 4. A method for reforming hfd:rccmbons according to 
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1 s. A method for reforming hydrocarbons according t0 

2 Claim 1. wherein said reforming seep compri~ reforming in the pres.enc:: 

3 of a large-pore zeollte catalyst including an alkali or alkaline ~.h metal 

4 and charged with one or more Group vm metals. 

1 6. A method for reforming hydtocazbons according to 

2 Cl3im S, whc:rCin ~ naphtha feed is ~ntacted with a large-pore zecllte 

3 catalyst includini an allcili or alblinc earth metal and charged with one or 

4 more Group vm metals, and wherein at least a portion of the reactor 

S system has a resistance to carburization gteater th2n mild steel under 

6 conditions of low sul!at. 

1 7. A method for reforming hydrocarbons aceording ro 

2 Claim lt comprising reforming in a n:acter system, at least a portion 

3 thereof having a =ismce to catbmization greater than. "mild steel, under 

4 conditions of low sulfar. 

1 8. 

2 Claim 1, comprising IC.forming in a reactor system, at least a ~on 

3 thmaf ba:vm~ a rcsiscano: ta cabmimiOD peat=" than aluminized steels, 

4 \lllder conditions of low sulfur. 

1 9. A method for tef'otming hyd:oc:arbons ao:ording to 

2 · C1a!m l, ·comprising reforming in a n:actcr system, at least a portion 
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3 thereof having a resistance to carburization gre.-iter than alloy steels. under 

4 conditions of low sulfur. 

1 10. A methcd far reforming hydrocarbons according to 

2 Caim 1. comprising reforming in a react.or system under c:ondicions of low 

3 sulfur, aI lea.st a portion of a furnace tube of the ~ sysr.em in ccnw:t 

4 with. the hydroca,rbons having .a. rcsistma: io arburlzation greiter than mild 

S steels. 

l 11. A method for reforming hydrocatbons according to 

2. C:Wm 1, comprising refonning in a reactor system under conditions of low 

3 sulfur, at ~ a ponion of the rcac:tor systeni in contact with the 

4 hydrocarbons being a CU-Sn alloy or a Cu-Sb alloy. 

1 12. A method f'or retormin1 hydrcc:arbons. according to 

2 Cailn 1, wherein said marma1 is provided as a plating, cladding, paint or 

3 other c:cating, to a bu: comuuction material. 

l 13. The method of Oaim 1, wherein the tin coating is 

2 applied by ele=rcplating, vapor deposition, or soaking in a molten bath. 

l 14. A method for reforming hydrocarbons according to 

2 Claim 1, wherein said material is effc:ctive for remimni: its resistance to 

3 ca?buri:zm:km after oxidation. 

I 
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1 15. A method for rcfonning hydroc3rbons according to 

2 Caim 1. wherein upon reforming said resistance is such that embrlttlemenc 

3 will be less than I .5 mm/yeu. 

1 16. A method for protecting a reactor S)'stem comprising 
.. 

2 (i) tte:lting a reactor system, at least one smfac:e thereof' comprising a metal 

3 sulfide or metal sulfides to be exposed t.o hydrocarbons, by c:camig at lea.st 

4 a portion of the smfa.ce of said reactor system comprising the metal 

S sulfide{s) with a marerial more resistant to ca:rburization than said portion 

6 p:icr t.o coating9 iucting !lid matcri.al with the metal sulfide on sald 

7 surface and fixating or removing at least a portion of the sulfur Qf thi= met!l 

8 sulftde{s) from the reactor system, and (n") n:acting a hydrocarbon in said 

9 :reactor system under elevated temperatures lllJder conditions of low sulfur. 

1 17. A method for treating a reactOr syst=m accordin& to 

3 ~ anenu; antimony, bismuth, cbrcmium, gennanium,_indium, selenium, 

4 tellurium or \n2ss. 

l 18. A method far treat:ina; a reactar system a=crding to 

2 Claim 17, whmm said carbtuimion resimnt matedal comprises tin, 

3 arsemc; antimony or bismuth. 

.. =· 
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l -19. A method for reforming hydrocarbons according to 

2 Claim 18, wherein said c:irburization resistmt matmal comprises tin. 

1 20. A method for reforming hydrocarbons according to 

2 Claim 16, comprising reforming in a reactor system, at least a portion 

3 thereof having a resistance to carburi2ation greater than mild steel, under 

4 conditions of lo~ sulfur. . 

l 21. A method for monning hydrocarbons according to 

2 Claim 16y coinprlsing reforming in a ttaetor ~' at least a portion 

3 thereof havmg a ~= to c:arlnmzation greater than aluminfzerl steels. 

4 under canditions of low sulfur. 

1 22. A method for refonning hydrocarbons acr:otd!ng to 

2 Claim 16, ccmpdsing; reforming in a reactor system, at least a pottion 

3 thereof havinr a :esistance to cammization greater than alloy steels, under 

4 cocdidons of low sulfur. 

1 23. A methad for re!orming hydrocarbons accotding to 

2 Claim 16, ecmprl.sing reforming in a i'eacu>r syitem under conditions of 

3 low sulfur, at least a portion oC tho xcactor system in contact with the 

4 hydtoca:bons being a Cu-Sn alloy ar a C11·Sb alloy. 

.. . 



l RECEIVED 02/18 03:39 199& AT 5330&9~ 
. FEB~17-96 SAT 02:40 PH BDS&M PAGE ~9 (PRJHTED PAGE ~9) J 

FAX NO. 919 462 1466 P. 49 
WO 94116'034 PCT/US94100091 

111111111111111111111111111111 - 45 -
* C L M S * 

l 24. A method for reforming hydrocarbons acccrding to 

2 Claim 16, wherein said material is providal as a plating, cladding, paint or 

3 ocher coarlng. to a base consttuc:tion m.aterlal. 

l 25. The method ot Claim lo, wherein the tin coating is 

2 applied by electrOplat:ing, wpor deposition, or soaldng in a molten bath. 

1 26. A method fer reforming hydrocarbons according to 

2 Claim 16, wherein said material is cffcc~ for retaimng its :resismce to 

3 carburization after oxidation. 

1 7:1. A method for rcfarmfng hydroarbons accoiding to 

3 embrlttlement Will be less than l.S mmlym. 


