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TREATING AND DESULFIDING SULFIDED STEELS IN
LOW-SULFUR REFORMING PROCESSES

‘BACKGR ) ? N
The present invention relates to improved techniques for
5 catalytic reforming, particularly, catalytic reforming under low-sulfur
. conditions, More spccificaily, the invendon relates to the discovery and
conwol of probiem§ pardcularly acute with low-sulfur reforming processes,
 Camlytic reforming is well known in the petrclexim industry |
and involves the treatment of naphtha fractions to improve ocne rating by
10 the production of arometics. The more imporant hydrocarbon reactions
which occur during the reforming operation include the dehydrogenation of
cyciohexanes to aromatics, déhydmisome:izzﬁon of alkyleyclopentanes to
aromadcs, and deh&drocyclim&on of acyclic hydrocarbons to aromatics. A
number of other reactions also occur, including the dealkylaton of
-15 alkylbmzenes. isomerization of panfﬁns, and hydrocracking reactions
which produce light gaseous hydrocax’oons, ¢.g., methane, ethane, propanc
and butzne. It is important to minimize hydrocracking reactions during
reforming as they decrease the yield of gasoline boiling product; and
hydrogen.
20 ' Because there is a demand for high octane gasoline,
extensive resezrch has been devoted to the development of improved
reforming catelysts and catalytic reforming processes, Catalysts for

successful reforming processes must possess good saleetivity, That is, they
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Catalytic reformng is al , t Br\c/)mcteggu]Eolro;s?]eo}gﬁ_g%‘@wnce

I ndustry. There is an in er demafd for aromatic hydrocarbons
for use in the manufacture of various chem cal products such as synthetic
fibers, insecticides, adhesives,  detergents,  plastics, synthetlc rubbers,

phar maceut i cal product Souid beefisedve fer pradusmefizn pdds ofligeid pIpdprs dn the

gasoline boiling range containing large concenmanons of high octane
number aromatic hydrocarbons. Likewise, there should be a low yield of
light gaseous hydrocarbons. The catalysts should possess good activity to
5. minimize excessively high temperatures for producing a cerzin quality of
produc.s Itis a.lsa accessary for the catalysts to either possess good
szzhﬂxty in order that the actvity and selectdvity characteristcs can be
retained during prolonged periods of operation; or be sufficienty
regenerable to allow frequent regeneration without loss of performancs.
10 Catalytic reforming is also an important process for the
chemical industry. There is an increasingly larger demand for aromatic
hydrocarbons for use in the manufacture of various chemical products such
as synthetic fibers, insecticides, adhesives, detargents, plastdcs, synthetic
rubbers, pharmaceutical products, high octane gasoline, perfumes, drying
15 oils, ion-exchange resins, and -various other products well known to those
- skilled in the art. '
An important technological advance in cataiytic reforming
has ;ec:ndy ex;zerged which involves the use of large-pore zeolite catalysts.
These catalysts are ﬁ;lnh:tdnmteﬁzedbythepmscmeofanalkzﬁor
20 _alkaline earth metal and are charged with one or more Group VI metajs.
This type of catalyst has been found to advantageousty provide higher
selectivity and longer catalytic life than those previously used.

1]
SAerunars.
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catalytic reformng hasnlegenylLypEiRLGeG Whi ch invol ves the use of
| ar ge- por e WOHBMAFREEL cat al {/ﬁl% p%"sal ysts are furthescefiagberi zed by
t he presence of an al kal i imlmm %'&arih_ 2tal and are charged wth one
or nore Goup VIIl netals. catal'yst has been found to

advant ageously provide hi gher sel ecti vi'ty.E and |l onger catalytic life than
those previously used. Having discovered selectve catalysts with accsptable cycle

lives, s@sﬁl commercizlizadon sesmed inevitable. Unformnately, it
was subsequendy discovergd that the highly sclecﬁve,l large pore zeolite
catalysts containing 2 Group VI metal were unusually suscsptible to sulfur

5 . poisoning. See U.S. Patent No. 4,456,527.

Generally, sulfur occurs in petroleum and syncrude stocks as
hydrogen sulfide, organic sulfides, organic disulfides, merceptans, also
known as thiols, and aromatic ring compounds such as thiophene,
benzothiophene and related compounds.

10 Conventionally, feads with substantial amounts of sulfur, for
example, those with more than 10 ppm sulfuz, have bean hydrotreated with
conventional catalysts under conventional canditions, thereby changing the
form of most of the sulfitr in the fasd to hydrogen sulfide. Then, th'e
hydrogen sulfide is removed by distiltation, stripping or related techniques.

15 One conventional method for removing residual hydrogen
sulfide and mercaptan sulfur is the use of sulfur sorbém_s. See, for
example, U.S. Patant Nos, 4,204,997 and 4,163,706, the contents of which
are hereby incorporated by reference. The concentration of sulfur in this
form can be reduced to considerably less than 1 ppm by using the

20 appropriate sorbents and conditions, but it has been found to $e difficult to
remove #ﬂfur:o less than 0.1 ppm or to remove residual thiophens sulfur,
See, for example, U.S. Patent No. 4,172,361 the contents of which is

- hersby incorporated by reference, and pardcularly Example 1 of that
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c_at alysts with acceptable cycle Tives, successful comercialization seened
i.nevi tabl e. Unfortunat a?h;sshéefHas\%éhI&ylb&Qquen“y di scovered that the highly,

unusual | y susceptible to

sel ective, WP H834pore ze ts contai ni ng a G@m@ﬂ,,}ohogfret al were
ni ng. Sqe U.S. Patent No. 4,456, 527.
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Patent, Very low space velocitics are required to remove thiophene sulfur,
requiring .hréc reaction vessels filled with sorbent. Even with these
precautions, traces of thiophene sulfur still can be found.

Thus, improved methods for removing residual sulfur, and ir
pardcular, thiophene sulfur, from a hydrotreated naphtha fesdstock were
developed. See, for example, U.S. Patent Nos. 4,741,819 and 4,925,549,
the contents of which are herehy incorporated by reference. These
ahernative metho_ds include contacting the naphtha feedstock with molecular
hydrogen under reforming conditions in the presence of a less
sulfur-sensitive refarming catalyst, thereby convening tracs sulfur
compounds to H.S, and forming a'ﬁrst effluent. The second effluent is
contacted with a highly selective reforming catalyst under severe reforming
conditions, Accordingly, when using the highly sulfur-sensitve camlysts,
mosasﬁnedinﬂzémgomgmmmesmmmovaaﬂf'zn&bmme
hydrocarbon feed. By doing so, the catalyst life is extended for significant
periods of time,

While low-sulfur systems using highly selective I.aige~pore
zeolite catalysts were initially effective, it was discovered that 2 shut down

of the reactor system may be necessary after only a matter of weeks, The

reactor system of ane test plant had regularly become plugged after only

such brief operating periods. The plugs were found to be those associated
with coking. However, although coking within catalyst pardcles isa
common probiem in hydrocarbon procassing, the extent and rate of coke
plug formation far exeasded any expectation. '
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thiols, an w@&t“ @ as thi ophene, benzot hi ophene and
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for

amounts of sul fur, ‘with nmoge than 10 ppm sul fur, have
been hydrotreated with conventional catalysts under conventional
conditions, thereby changing the form of m)st of the sulfur in the feed to
hydr ogen sul fi de. Then, -the hydr ogBIMBIAR SVENERDNY distillation,

stripping or related techni ques.
Accordingly, one abject of the inventon is o provide a

method for reforming hydrocarbons. under conditdons of low sulfur which
avoids the aforementoned problems found to be associated with the use of
5 highly sensigve mforming catalysts and of low-sulfur reforming processes.
. After a detailed ﬁnalysis and investigation of fefonnipg
reactor systems, it was found that sulfur became an mﬁegral part of reactor
surfacss by reacdng with metals in the reactor walls to form sulﬁd;ssm:h
as iron sulfide, Thmcsulﬁdcdmcmlsiclmscsulﬂzruponfypimlrefomﬁng

10 conditions which may poison highly sulfur-sensitive reforming catalysts,
and the extensive measures used to redoca the sulfur content in the feed
hydrocarbon are somewhat frustrated due to the release of sulfur from the
reactor walls,

Therefore, another aspect of the invention relates to a

L method for removing the sulfur found on the walls of suifided reactor
systems. In particular, it has been found that contacting such reactor,
systems with materfals which react with the sulfide to release sulfur and
form a protectve surface are particuiarly advantageous as the sulfur may
poisor such highly sulfur-gensitive catalysts.

20 ~ Moreover, it was .surprisingly found that eoke plugs in low
.sulfur reactor systems contained particles and droplets of metal; the
droplets ranging in size of up to a few microns, This observation led to
the startling realization that there are new, profoundly serious, problems_
which were not of concern with conventional reforming techniques where
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ife contents of which are hereby

Pat ent Nos. 4, 204, 997
incorporam.;hyo;nefereﬁﬁﬂ h g%ezn ° ration of sul fur i A)Eg.?, ;orm can be
reduced to consi derabl y{ m'by using the approprlgtf’é sor bents
and conditions, but it to be tffficult to renove sulfur to
| ess than 0.1 ppmor to rem)ve re5| dual th| ophene sul fur. See, for
exanple, U S. Patent No. 4, 79 36 the s oféx\/mch N her eby
i ncorporated by ref er SRESS :gy. R'was

discovered that problems existed which threatened the effecdve and
economic operabiliry of the systems, and the physical in'.':grity. of the
equipment as well. It was also discovered that these problems emerged due
5 to the low-sulfur conditions, and to some extent, the low levels of watar.
For the last forty years, catalytic reforming reactor systems
hav; besn conscucted of ordinary mild steal (. 2., 2% Cr 1 Mo). Over
tixne, cx_pe:ir:ncc has shown that the systems can operate successfully for
about twenty years without significant loss of physical soength. However,
10 the discovery of the metal pardcies and droplets in the coke plugs
eventually lead 10 an investigation of the physical charactexistics of the
reactor system. Quite surprisingly, conditions were discovered which are
" symptomatic of a potentially severe physical degradation of the entire
reactor system, including the furnace mbes, piping, reactor walls and other
15  environments such as catalysts that contain iron and metal screens in the
reactors.  Ultimately, it was discovered that this problem is associated with
the excessive carburization of the stesl which causes an embrittlement of
the steel due to injection of process carbon into the metal. 'Conceivably, a
catastrophic physical failure of the reactor system could result. |
20 _ "- With conventional reforming techniques carburization simply
is not a problem or conczm; nor was it expested to be in contamporary |
low-sulfm'IIOW-wa.taf systems. And, it was assumed that conventional
process equipment could be used. Apparently, however, the sulfur present
in conventional systems effectively inhibits carburization, Somehow in
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sul fur still can gegafsouiasin
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conven:ional procasses the process sulfur interferes with ¢ie carburizaton

reacton. But with extremely low-sulfur systems, this inkersnt protaction
no longer exists.

The problems associated with mbudiadon only begin with
carburization of the physical syst=m. The carburization of the stael walls
leads to "metal dusting®; a release of canlytically active pnmcl&s and melt
dropzets of meta.l due to erosion of the metal.

The active metal particulates prcm'de addiconal sites for coke
formarion in the system. While catalyst deactivation from coldng is
genmily a problem wh_it;h must be addressed in reforming, this new
significant soures of coke formation leads to a new probiem of coke plugs
which excessively aggravates the problem. In fact, it was found that the
mobile active metal particuiates and coke particles metasasize coking
generally throughout the systerm. ‘The active metal particulates actually
induce coke formation on themselves and anywhéte that the particles
accumulate in the system yesulting in coke plugs and hot regions of
exothermic demethanation reactions. As a result, an unmanageabie and

premamre coke-plugging of the reactor system oceurs which can lsad to 2

- systern shut-down within weeks of sart-up, Use of the process and reactor

system of the present invention, however, overcomes these probiems.
Thersfore, another aspect of the inveation relates to a2
method for reforming hydrocarbons comprising contacting thie
hydrocarbons with a reforming catalyst, prafe'rably a large-pore zeolite
catalyst including an alkali or alkaline earth metal and charged with one or

qyvincer s o
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deveI oped See for exanple, U S. Patent Nos. 4,741,819 and 4, 925,549, the
contents are h'@ﬁsélb Hasd?@e atedd by reference. These alternative
met hods mc?ude cont actlh! E feedst ock with noPeEUP&hydr ogen
y conver

under reformng conditio ence ot ga less sulfur-sensitive
reform ng catal yst, ther | ng trace sulfur conpounds to Herr]S,
and formng a first effluent. The second effluent is contacted with a
highly sel ective ref ormér8@Grog VI mbraly)id exkisterver mew refcme sysns navingl sdlfideds .

Accordingly, when using the highly sulfur-sensitive catalysts,
surfaces. _
Yet another aspect of the invention relates to
a reactor system including means for providing 2 resistance 10 carburization
5 and metal dusting which is an improvement over conventional mild steel

systams in a method for reforming hydrocarbons using a reforming catalyst
such as a large-pore zeolite catalyst including an alkaline earth metal and
charged with one or more Group VII metals under conditions of low
suifur, the resistance being such that embrittiement will be less than about

10 2.5 mm/year, preferably less than 1.5 mm/year, more preferably less than

| mm/year, and most preferably less than 0.1 mm/year.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 it a photograph (200%) of 2 stanxided FeS surface
exhibiting the reaction product of tin paint with FeS which formed a
15 coating of stannide, and |
Figure 2 is a photograph (1250x) of the stannided FeS
surface showing a thin inner layer of FeSn on the iron sulfide under a

thicker deposit of FeSn,.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 ncmctznnrglaltumsusedhereinmtobagiventheir
common metallurgical meanings as set forth in THE METALS
- BANDBOOK of the American Society of Metals. For example, “carbon
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hydr ocar bon feed. By doing—so—the—catatyst |ife is extended for

significant.  periods of Wil e | owsul fur systens using
hi ghly sel ¥ g‘b’k‘“ Har ge- p’hhméet}la BeenR lac%(lll ysts were initi addrsefidopeti ve, it
was di scovered that a shu reacto _System nay be necessary
after only a matter of we or sys eém of one test plant had
regul arly becone plugged after onI y such bri ef operating periods. The

pl ugs were found to be ] Q@&ﬁﬁg&@} ﬁg,mgvyl Mg& %mmwe&fop&ghough

coking within catalyst "particles is
alloying element (other than the commonly accepted amocats of

u

manganese, silicon and copper) and containing only an incidenra] amount of
any element other than carbon, silicon, manganese, coppes, sulfur and
5 phosphorus, "Mild steels” are those carbon steels with 2 maximum of |

about 0.25% w;ban. Alloy steels are those steels contzining specified
qu;nddcs of alioying elements (other than carbon and the commonly
accepted amounts of manganese, copper, silicon, sulfur 2nd phosphorus)
within the limits recognizad for constructional alloy steels, added o effect

10  changes in mechanical or physical properties. Alloy stesls will contzin less
than 10% chromium. Stainless steels are any of several sizals containing at
least 10, preferably 12 to 30%, chromium as the principa! alloying
element.

One focus of the invention is to provide an improved method

15 for reforming hydrocarbons using a reforming catalyst, particularly a large
| pore zeolite catalyst including an alkali or alkaline earth metal and charged
with one or more Group VIII metals which is sulfur-sensidve, under .
condmons of low snlfur, Such a process, of course, must demonstrate
bettar resistance to carburization than conventional low-sulfur reforming
20 techniques, yet contain Lttle sulfur available to poison the catalyst,

One sahution for the problem addressed by the present
invention is to pretreat existing sulfided reactor systems to both remove
sulfyr from reactor surfaces and improve resisance to carburization and
metai dusting during reforming using 2 refo;nﬁng catalyst such as the
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of low sr.ﬂfﬁr.

By "reactor Sysrgm‘. as used herein, thcré is intended at
least one reforming reactor and its corresponding fumace means and
piping. This term also includes other reactors and their corresponding
furnaces and piping wherein the carburization is a problem under low
sulfur conditions or those systems wherein the aforementioned
sulfur-sensitive large-pore zeolite catalysts are utilized. Such systems
include reactor systems used in processes for dehydrogenation and thermal -
dealkyladon of hydrocarbons. Thus, by “reaction conditions” as used
herein, thers is intended, those conditions required to convert the feed
hydrocarbons to a destred product.

The aforementioned problems with low-sulfur reforming can
be effectively addressed by 2 seiection of an appropriate reactor system
material for contact with the hydrocarbons during processing. Typically,
reforming reactor systams have been constructed of mild steels, or alloy
stecls such as typical chrominm steels, with insignificant carburization and
dusting. For sxample, under conditions of standard reforming, 2% Cr
furnace mbes can last twenty years. However, it was found that these
s.neds are unsuitable under low-sulfir reforming condidons. They rapidly
.become embrittled by carburization within about one year. For mmplc., it
was found that 2% Cr 1 Mo steel carburized and embrittled more than 1

min/year.
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ref orm ng hydrocarbons under conditions of |ow sul fur which avoi ds .

t.he af orenenti oned proBFems found to be associated with the use of
hi ghl-y sensyg ¢avi@asaef 0 hidedof | ow sul fur reform ng processes.
Thus, according to the pniﬂ I ﬂ , there is provi dEF/BS9eR0d f or

reform ng hydrocarbons co ‘eatinglla reforming reactor system
at | east one surface thereo conprising a nmetal sulfide or nmetal sulfides
to be exposed to hydrocarbons, by coating at |east a portion of the surface
of said reformng reactor systerﬁunbwp:pmntngas fcdmdthwmicmlsud;ﬁsidm(:ﬂ)xderwth a
-material nore resistant to carburization than said portion prior to
coating, reacting saidsuedaad mahihugitdl prdtdcomettelressulnf ioteidag ishetoaitidoace and
fixating or renoving at |east a portion of the sulfur of the netal

sul fide(s) fromthe reamrim negsiipresistt §ride) Joweshifiirfefafmin votiddions. DBAS

example, nickel-rich alloys such as Incoloy 800 and 825; Inconel 600;

-5 Marczl and Haynes 230, are unaccepable as they exhibit 'a:cmsiv.g c:nldvng
and dusting.
However, 300 series stainless steels, preferably 304, 316,
© 321 and 347, are acceptablé as materials for at least portions of the reactor
system according to the presant invention which contact the hydrocarbans.
10 They have besn found ta have 2 resistance to carburization greater than
mild steels and njckel-rich alloys.

In some arsas of the reactor systems, Jocalized temperatures
can become excessively high during reforming (e.g., 900-1250°F). This is
particularly the case in furnace tubes, and in catalyst beds where

15 exothermic demethapation reactions occur within normally occurring coke
balls causing localizad hot regions. Whﬁcs&l!prcfmedtomﬂdszce}sand
nickel-rich ailoys, the 300 series stainjass steals do exhibit some coking and
dusting at around 1000°F. Thus, while useful, the 300 series stainless
steels are not the most preferred material for use in the preseat invention.

20 - Chromium-rich stainless steels such- as 446 and 430 are cven
more reﬁistant to carburization than 300 series stainless steels. However,
these stesis are not as desirable for heat resisting properties (they tnd to
become britis),
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After a detailed anal ysis and investigation of reformng react or

systens, iwowasosound, timiSlﬁetII—fauBeebE an integral par{_of reacto
surfaces by reacting w tq ﬁ reactor walls to}‘?ro"t’%‘"g???lfldes such
I r

as iron sulfide.

These s
ref orm ng condi tions
reform ng catal ysts,

el eag@-sul fur upon typi cal
nay p0|son hi ghly sul fur-sensitive
and the ext ensi ve neasures used to reduce the

sul fur-content in the feed Resispnt mowrigle wiish arspratsmediover €800 atrizsl due to
the release of sulfur fromthe reactor walls.

10 .

15

sminless steels for use in the presen: invention include copper, tin, arsenic,
andmony, bismuth, chromium, germanium, incium, selenicm, tellurium
and brass, and intermetallic compounds and alloys thereof (e.2., Cu-Sn
alloys, Cu-Sb alonf.. stannides, antimonides, bismuthides, ec.). Staals and
even nickel-rich alloys containing these metals can also show reduced
earburization.

Reactor systems previously exposed to hydrocarbon feads
containing sulfur are not prefarrad when such systems vdlize the
aforementioned sulfur-sensitive large-pore zeolite catalyst systems. In such
systems, :hemlﬁxrmmwi_ﬁx metals in the reactor system to form, for
example, FeS. Subsequent uss of the reactor system, especially when
using the sulfur-sensitive zeolite catalyst, may cause premarure shutdown of
the system since the sulfur relsases from the walls of the reactor under high
temperatures and may poison the catlyst.

Tbée previously solfided steels may, according to the
present invention, be treated or passivated to remove the sulfur from the
reactor walls and/or to fixate the sulfur from releasing from the reactor
walls and to coat the reactor walls with 2 material which significantly
reduces coking, carburization and metal dusting under reacdon conditions.

. In a preferred embodiment, thess materials are provided as a
plating, cladding, paint (e.g.., oxide paints) or other coating t0.a base
construction material, This is particularly advantageous since eonven:iénal
canstruction materfals such as mild stecls can still be used with only the

Wrooaens
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one eibodi rrent t he sm_cm“t‘he—wal | s of sulfided reactor systens

i s renoved. t | culrai Shelemagg&nl&g found that contacting such reactor
systens Wwi tyY] | al's gylgﬂm Hﬂlﬂgﬁl the sul fide to rePenusssmedof ur and
forma protecti ve surfa arly advgnt ageous as the sul fur may
poi son such highly sulf tal ysts.
surface canzzcting the hydrocarbans being n-ca:ed.. Of these, tin is
apeéia'ny preferred as it reacis with the surface 1o provide 2 coating having
excellent carburization resistance at higher temperatures, and which resists
peeling and flaking of the coating. Also, it is believed that a tin containing
] layer can be as thin as 1/10 micron and still prevent carburization. In
addition, it has been observed that with the use of such reactor systems, tin
attacks the sulfided metal surfaces including FeS replacing sulfur and
releasing H.S. Thus, application of resistant materials such as tin wa
reactor System to prevent coking, carburization and metal dusting ean also
10 protect sulfur-sensitive catalysts when applied to previously sulfided reactor
systems.

‘ Where practical, it is preferred that the resistant materials be
applied in & paint-liks formulation (hereinafter "paint") to a new or existing
reactor system.  Such a paint can be sprayed, brushed, pigged, ete, on

15 reactor system surfaces such as mild steels or stainless steels. It is most
prefarred that such a2 paint be 8 decomposable, reactive, tin-conwining paint
which raduces to a reactive tin and forms métallic stannides {e.g., fron

. stannjdes and nickel/iron stannides) upon heating in a reducing atmosphere. -
It is most preferred that the aforementioned paint conmin at

20 ~ least four components (or their finctional equivalents); (i) a hydrogen
decomposable tin compound, (i) 2 solvent system, (i) 2 finely divided tin
metal and (iv) tin oxids as a reducible sponge/dispersing/binding agent.

The paint should contain finely divided solids to minimize ssttling, and
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process sul fur levels are si gnl f icantly higher. Mre particularly, it was
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econoni c operability o e systens an
equi pnrent as well. It was. alsq ver t ha se probl ens errerged due
to the | ow sul fur condﬁﬁugﬁ?é’f’% 5?’%%%9151%{?{ & ﬁ'é | ow | evel s of water.

As the hydrogen decomposable tin compound, tin octznoats

O

or neodecancate is particnlarly useful. Commercial formulations of this
5 compound itself are available and will partially dry to an almost
chewing-gum-like layer on a steel surfacs; a layer which will not crack
and/or split. This property is nccessary for any coating composition used
in this context because it is concaivable that the coated material will be
stored for months prior to treatment with hydrogen. Also, if pans are
10 coated prior to assembly they must be resistant to chipping during
construction. As noted above, tin octanoate is available commercially, It
is reasonably priced, and will decompose smoothly to a reactive tin layer
which forms iron stamide in hydrogen at temperatures as Jow as 600°F. |
Tin octancate should not be used zlone in 2 paint, however,
15 It is not snfﬁcienﬁy viscous. Even when the solvent is evaporated
therefrom, the remaining liquid will drip and run on the coated surface. In
practice, for example, if such were used to coat a horizontal furnace tube,
it would pool at the bottom of the tube,
Component (iv), the tin oxide sponge/dispersing/binding
20 agent, is 2 porous tin-containing compound which can sponge-up an
organo-meumctm compound, yet still be reduced to active tin in the
.reducing atmosphere. In addidon, tm oxide can be processed through a
colloid mill 1o produce very fine particles which resist rapid settling. The

Popaennes

o,
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eventually lead to an investigation o he physical characteristics of the

reactor system Quite surprisingly, conditions were discovered which are
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reactor system including the furnace tubes, piping, reactor walls and

Unlike typical paint thickeners, camponent (iv) is selected

such that it becomes a reactive part of the coating when reduced. It is not
5 inert like formed sifica; 2 typical paint thickener which would leave an
\nreactive surface coating after treatment,

Finely divided tin metai, component (ifi), is added to insure
that metallic tin is available to react with the surfacs to be coated at as low
2 temperamre as possible, even in a non-reducing atmosphere. The particle

10 size of the tin is preferably one to five microns which allows excellent
coverage of the surface to be coated with tin metal. Non-reducing
conditions can occur during drying of the paint and welding of pipe joints.
The presence of metallic tin ensures that even when part of the coating is
not complezely reduced, tin metal will be present to react and form the

15 desired stannids layer.

The solvent should be non-toxic, and effectve for rendering
the paint sprayable and spreadable when desired. It should also evaporate
quickly and have compatible solvent properties for the hydrogen
decomposable tin compound. Isopropyl alcohal is most preferred, while

20 hexane and pentane can be useful, if necessary,  Acetone, however, tends
io Mim organie tin compounds.

L
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In one embodiment, there can be used a tin paint of -20
percent Tin Ten-Cem (stannous octanoate in octanoic acid or neodecanoate -
in neodecanoic acid), siannic axide, tin metal powder and isopropyl
alcohol.

5 The tin paint can be applied in many ways. For example,
furnace tubes of the reactor system can be painted individually or as
médulcs. A rcfimning reactor system according to the present invention
can contain various numbers of furnace tbe modt_lles (e.8., about 2¢
furnace tube modules) of suitable width, length and height (e.g., about 10

10 . fest long, about 4 feet wide, and about 40 fest in height). Typically, each
module will include two headers of suitable dlameter, preferably about 2
fest in diameter, which are connectsd by about four o ten vetubes of
suitzble length (e.8., about 42 feet long), Therefore, the total surface area
to be painted in the modules can vary widely; for example, in one

15 embodiment it can be about 16,500 £,

Painting modules rather than the tubes individually can be
advantageous iz at least four respects; (i) painting modules rather than
individual tubes should avoid heat destruction of the tif paint as the
wmponmsofmemodulaarensuauyhmmwdatex&melydemed

20 temperatures during production; (i) painting modules will likely be quicker
and less expensive than painting tebes individually; (iif) painting modules
should be more efficient during production scheduling; and (iv) painting of
the modules should ensble painting of welds. -
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W 1 BI conveg égg reform ng techni ques carburization sinply |4s not a
pr-obl em or ncern; nor was it expected to be in contenpdCEREI400091
| ow sul fur/l ow wat er systens. And, it was assufed that conventi onal
process equi pnment could be used. Apparently, however, the sulfur present
I n conventional systens effectively inhibits carburization. Sonehow in
conventional processes the procBewews fintng fhegnddsiee maynotienabiscthe bbutai zat i on
reaction. But with extrenely |ow sulfur systens, this inherent protection
no | onger exists. be as completely coated with paint as if the mbes were painted individually.
If coating is insufficient, the mbes can be coated individually. .
It is preferable that the paint be sprayed into the tubes and
'S headers. Sufficient paint should be applied to fully coat the tubes and
headers. Aftera ﬁmdule is sprayed, it should be left to dry for about 24
hours followed by application of a slow stream of heated nitrogen ('e.g.;
about iSO’F for about 24 hours). Thereafter, it is preferable that 2 second
coat of paint be applied and also dried by the procedure described above.
10 Aftar the paint bat be=n applied, the modules should preferably be kept
under a slight nitrogen pressure and should sot b¢.= u?osed to temperattires
excaeding about 200°F prior to installation, nor should they be exposed to
water except during hydrotesting.
| Iron bearing reactive paints are also useful in the present
15 invention. Such an iron bearing reactive paint will preferably contain
- various tin compounds to which iron has besa added in amounts up to one
‘third Fe/Sn by weight, | |
The addition of iron can, for example, be in the form of
Fe,0,. The addition of iron wztinoon:ai:ﬁng paint should affard
20 soteworthy advantages; in particular: (3 it should facilitats the reaction of
the paint to form iron stannides thereby acting as a flux; (i) it should dilute
.the nickel concentration in thc stannide layer thereby providing better
protection against coking; and (i) it should result in a paint which affords

. This Sheet Has Been Rep laced
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problem In fact, it was found that the -

does not react well.

Yet another means for preventing carburization, coking, and
metal dusting in the low-sulfur reactor system comprises the application of
5 a metal coatng or cladding to 'chmmium rich steels contained in the rezctor
system. These metal coatings or claddings may be comprised of tin,
antimony, bismuth or arsenic. Tin is especially preferred. These coatings
or claddings may be applicd by methods including electroplaring, vapor
depositing, and soaking of the chromium rich stesl in 2 molten mezal bath.
10 It has been found that in reactor systems where
carburization, coking, and metal dusting are particularly problemaric that
the coating of the chromium-rich, nickel-containing steels with 2 layer of |
tin effeé: creates a double protective layer. There results an inner
chromium rich layer which is resis@ant to carburization, coking, and mezal
15 dusting and an outer tin layer which is also resistant to carburization,
coking and metal dusting, This occurs becausz when the tin coated
chromium rich steel is exposed to typical reforming temperatures, suck as
about 1200°F, it reacts with the steel to form nicksl-rich iron nicksl
stannides. Thereby, the nickel is preferentially leached from the surface of
20 the stec] leaving behind a layer of chromium tich steel. In some instances,
it may be desimable to remove the iron nickel stamide layer from the
stainless steel 0 expose the chromium rich stesi layer. '
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For example, it was found that when a tin cladding was

REPLACEMENT SHEET
applied to a 304 prade suinless steal and heated at about 1200°F there

resuited a chromium rich steel layer conwining about 17% chromium anc
substantially no nickel, comparable 1o 430 grade stainless steel.

5 When applying the tin metal coating or cladding to the
chromium rich stesl, it may be desirable 10 vary the thickness of the metl
coating or cladding 1o achieve the desired resistance against ar’nur?zaﬁon,
coking, and metal dusting. This can be done by, e.g., adjusting the
amount of time the chromium rich steel is soaked in 2 molten tn bath. |

10 This will also affect the thickness of the rasulting chromium rich stes!
layer. It may also be desirable to vary the operating temperature, oF to
vary the composition of the chmn?ium rich steal which is coated which in
order to control the chromium concentration in the chromium rich steed
layer produced.

15 It has additionally been found that tin-coated stesls can be
further protected from carburization, metal dusting, and coking by a
post-treatment process which involves application of 2 thin axide coating,
preferably a chromium axxdc, such as Cr0y, This coating will be thin, as
thin as a few pm. Application of such a chromium oxide will protect

20  aluminum as well 35 tin coated stesis, such as Alonized sieels, under
low-sulfur reforming conditions. |

The chromium oxide layer can be applied by various
methods including: application of a chromate or dichromate paint followed -
by a reduction process; vapor treatment with an organo-chromium
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reactor Wweygteah of tﬁémmﬁ’rc nrﬁﬁimﬂ on, however, ovepeRHBcdifiese

pr obl ens. not her aspect of the 1nvention
relates to a met hod f ydrocaﬁBons conpri sing contacting the
hydrocarbons with a reformng catalyst, preferably a Iarge-pore zeolite

catal yst including an aI kaI [ | kal i ne earth net and, charged with one
d: oF ArRbiRdan 9?@ féwnﬁ*éweeie{a @@g‘reé havi ng

or nore Group VIII

sul fi ded .
oxidation of the resulting chromium plated stesl.

Examination of tin-electyoplated steals which have been
subjected to low-sulfur Fefomiing conditions for a substantial period of time -

5 has shown that when a chromium oxide layer is produced on the surface of
the stannide layer or under thc stannide layer, the chromium oxide layer
does not cause deterioration of the stannide layer, but appears to render the
ste=] further resistant to carburization, coking and metal dusting.
Accordingly, application of a chromium oxide layer to cither tin or

10 sluminum coated steets will result in stsls which are fusther resisant to
carburization and coking under the low-sulfur reforming conditions. This
post-treatment process has particular applications for treating n or
aluminum coated steels x.vhich. after prolonged exposure to low-sulfur

" reforming conditions, are in need of repair.

15 ‘While not wishing to be bound by theory, it is believed that
the suitability of various matetials for the present invention can be éele;:ted
and classified according to theixr responses to carbuciing aunospheré:. For
example, iron, cobalt, and nickel form relaﬂvely unstable carbides which
will subsequently carburize, coke and dust. Elements such as chromium,

20 niobium, vanadium, tungsten, molybdeaum, tantalum and z:i:com'u.m, will
form stable carbides which are more resistant to carburization coking and
dusring. Elements such as tin, antimony and bismuth do not form carbides
or coke. And, these compounds can form stable compounds with many
metals such as iron, nickel and copper under reforming conditions.

LT O T, .
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Figure 1 is a phot ogr #PRUEEFORIER, igdiumaiefirtiay seenumy haligs. sulfur andchi bi t i ng

the reaction product of tin paint with FeS which forned a
oxygen are also resisant. A final category of materials include elements

such 15 silver, copper, gold, platinum and refractory oxides such ay silica
5 and alumina. These materials are resistant and do not form carbides, or
react with other metals in a carburizing eavironment under reforming
condidons.
Because different areas of the reactor system of the invention
(e.g., different areas in a furnace) can be exposed to a wide range of
10 tempezatures, the material selection and thickness of coating can be staged,
such that better carburization resistances are used in those areas of the
system expesiencing the highest temperatures. In any case, the
carburizarion resistant coating should be used in amounts such tha:l the
metal sulfides present in the reactor system do not consume the entire
15 proteciive coating. It is preferred that any remaining sulfur in the sulfided
surfaces is fixated, By “fixated”, as used herein, it is meant applying a
¢coating of the carburization resistant coating over the sulfided metal suck
that the sulfur does not substantially release from the coated surface,
Wxthregaxdtomamrialssdec&on,itwasdiscovcr;ddxaz
20 oxidized Group VIII metal surfaces such as iron, nickel and cobalt are
‘more active in terms of coking and carburization than their unoxidized
counterparts. For example, it was _found that an air roasted sample of 347
stainless steel was significantly more active than an unoxidized sample of
the same steel. This is believed to be due to a re-reduction of oxidized
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stesls which produces very fine-grained iron and/or'nfckzl mewls. Such

metals are especially active for carburizadon and cdking. Thus, it is
desirable to avoid thesc materials as much as possible during oxidative
regeneration procasses, such as those typicaily used in catzlytic reforming.
5 However, it has besn found that an air roasted 300 series suinless steel .
coated with tin can provide similar resistances 10 coking and carburization
as unroasted samples of the same tin coated 300 series stainless stéel,
" Furthermore, it will be appreciated that oxication will be a
problem in éy_stems where sulfur seasitivity of the catalyst is not of
10 concem, and sulfur is used to passivate the metal surfaces, If snlfur levels
in such systems ever become insufficient; any metwl sulfides which have
formed on metal surfaces would, afier oxidation and reduction, be reduced
to fine-grained metal. This metal would be highly reactive for coking and
carburization. Potentially, this can causs a catastrophic &;ilute of the
15 metallrgy, or & major coking event,

As noted above, excessively high tmnp_e:amrés can occur in
the catalyst beds when exothermic demeﬁxzﬁaﬁc:i reactions within cokeballs
causa localized hot regions. These hot spats also pose a problem in
conventional reforming reactor systems (as well as other areas of chemical

20  and petrochemical processing). '

. ?or example, the ceater pipe screens of _ret’ormers have been
observed 1o locally waste away and develop holes; ultimately resulting in
catalyst m:granon. In conventional reforming processes the temperatures
within cokeballs during formation and buming are apparently high enough

PAerre e
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20

and dusting. The metal screens, therefore, carburize and are more
sensitive to wasting by intergranular oxidation (2 type of corrosion) during
regeneration. The screen openings enlarge and holes develop,

Thus, the teachings of the presc:it invention are appﬁcablc to
conventional reforming, as well as other areas of chemical and
petrdchemical processing. For example, the zforamentioned platings,
claddings and coatings can be used in the preparation of center pipe screens
to avoid excessive hole development and catalyst migration. In addition,
the teachings can be applied to any fumnace mbes which are subjected to
carbuzization, coking and metal dusting, such as furnace tubes in coker
fornaces,

In addition, since the techniques described berein can be -
used to control carburization, coking, and meral dusting at eimsivcly high
tempexatures, they can be used in cracking ﬁnmopmﬁ#gnfxom
ahout 1400° to about 1700°F. For example, the deterioration of steel
occmﬁng‘incrackingﬁmacesopmﬁngatthasetempmnmscanbe
controlled by application of various metal coatings. These metal coatings
can be applied by melting, electroplating, and painting. Painﬁng.is

particularly preferred.

For example, a ¢oating of antimony applied to iron bearing
steals protects these stesls from carburization, coking and metal dusting
under the described cracking conditions. In fact, an antimony paint applied
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an inproved nethod for reformng hydrocarbons using a reformng cat al yst,

particularly a large and metal dusting at 1600°F.

A coating of bismuth applied to nicke] rich steel alloys (e.g.,
INCONEL 600) can protect those steels against carburizaton, coking, and
5 metal dusting under cracking conditions. This has besn demonstrated at
temperatures of up to 1600°F.
Bismuth-containing coatings may also be applied to iron
bearing steels and provide protaction against carburization, metal dusting,
and coking under cracking conditions. Also, a metal coating comprising a
10 combination of bismuth, antimony, and/or tin can be used. '
Looking again to low-sulfur reforn_xing, other techniques can
also be used to address the problem discovered according to the present
invention. They can be used in conjunction with an appropriate material
salaction for the reactor system, or they can be used alone. Preferred from
15 among the additional techniques is the addmon of non-sulfur,
anti-carburizing and anti-coking ageht(s) during the reforming process.
These agente can be added continuously during processing and function to
interact with those surfaces of the reactor system which contact the'
hydrocarbons, or they may be applied as 3 pretreatment 1o the seactor -
20 system. '

' While not wishing to bound by theory it is believed that
these agents interact wxrh the surfaces of the reactor system by
decomposition and surface attack to form fan and/ar nickel intermetallic
compounds, such as stanpides, antimonides, bismuthides, germanides,
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charged with one or nore Goup VIII netals which is sulfur-sensitive,
under condd 415834 of Thn@ﬂhe@tuiaﬁBcenR&mEd a process, of cour§@7m§§u,§.§n?,

denonstrate better burr zation than conventiona

| ow sul fur reform ng t contaimlittle sul fur available to
poi son the cataly e solution for the probl em addressed
by the presen indides, selenidss, tellurides, plumbides, arsenides, etc. Such imermetallic

compounds are resistant o ¢carburizaton, coking and dusting and can
protect the underlying metallurgy. Likewise, such agents may allow
removal of sulfur as H,S from presulfided reactor systems.

5 The intermetallic compounds are also believed to be 'more
stabie than the metal sulfides which were formed in systams where H.S was
used 1o passivate the metal. These compounds are not reduced by
hydrogen as are metal sulfides. As a result, they are less lkely to leave
the system than metal sulfides. Therefore, the continuous addition of 2

10 carburization inhibitor with the feed can be minimized,

Preferred non-sulfur anti-carburizing and anti-coking agents
include organo-metallic compounds such as organo-tin compounds,
organo-antimony compounds, organo-bismuth compounds, organo-arsenic
compounds, and organo-jead compounds. Suitable organc-lead compounds

15 include tetrasthyl and tetramethyl lead, Organo-tin compounds such as
tetrabutyl tin and trimethyl tin hydride are especially preferred.

Additional specific organo-metallic compounds include
bismuth neodecanoate, chromium octoate, copper naphthenate, manganese
carboxylate, palladium neodecanoate, silver neodecancate, _

20 tetrabutylgermaninm, tbutylantimony, triphenylantimony, niphm.ylarsinc.

and zirconium octoate.

Ve
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reactors and their coghgshprdl B wi primarily depend on particular process design
characteristes. For example, they can be added continuously or
dxsconunuously with the feed. <
5 However, adding the agents 1o the feed is not prefmed as
they would tend to accumulate in the initial portons of the reactor system.
This may not provide adequate protection in the other areas of the system.
It is preferred that the agents be provided as. a coating prior
to cogstruction, prior to s&rt-up, or in-situ (.., In an existing system), If

10 added in-sins, it should be done right after catalyst regeneration. Very thin
coatings can be applied. For example, it is believed that when using
organo-tin compounds, iron stannide coatings 2¢ thin 2s 0.1 micron can be
effective. '

A preferred method of coating the agents on an existing or

15 new reactor surface, or a new Or existing furnace tube is to decompose an
organometallic compound in a hydrogen atmosphers 2t temperatures of
about 900°F. For organo-tin compounds, for example, this produces
reactive metallic tin on the tube surface. At these temperatures the tin will |
further react with the surface metal to passivate it.

20 ' Optimum coating temperatures will depend on the particular
organometallic compound, or the mixmres of compounds if alloys are-
desired, Typically, an excess of the organometa!hc coating agent can be
pulsedmtothcmb&satahtghhydrogm flow rate 0 as W carry the coating

" agent throughout the Systam i & mist. The flow rats can then be reduced

adve
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sul f.ur co %, or t 10se stens wherein the aforenentioned

sul fur-sensttive 1arge- dl ysts are utili zBERUSBHEWISysSt ens

i ncl ude reactor systems ?ﬁmﬁ’lﬁies for., ehydrogenati on and thermal
deal kyl ati on of hydroca "reactlon conditions "as used

herein, there is intended, those conditions required to convert the feed

S Canar, o o ARGl et wis g SPGB L.

sel ection of an apprOpLh@} Sorf2AC AREmaNalye We compound can be inaoduced a5 2 vapor
which decomposes and reacts with the hot walls of the tube or reagtor in 2
reducing atmosphere.

5 As discussed above, reforming reactor sysisms suscepdble to
carburization, metal dusting and coking can be treated by application of 2
decomposable coating containing a decomposable organometallic tin
compound to those areas of the reactor system most susceptible to
cacburization. Such an approach works partienlarly well in 2 temperature

10 controlled fornace,

However, such control is not always prescat. There are “hot
spots™ which develop in the reactor system, paricularly in the fumace
tubes, where the organometallic compound can dacompose and form
deposits. Therefors, anoﬁm- aspect of the invention is 2 process which

15 avaids such deposition in reforming reactor systems wheze temperatures are
not closely controlled and exhibit areas of high temperaturs hot spots.

Such a process involves preheating the entire reactor system
10 a temperature of from 750 to 1150°F, preferably 900 to 1100°F, and
most preferably about 1050°F, with a hot stream of hydrogen-gas. After

20  prehearing, a colder gas sweam at a temperature of 400 to 800°F,
preferably 500 to 700°F, and most preferably about 550°F, contzining a
vaporized organometallic tin compound and hydrogen gas is introduced into

~ the preheated reactor system. Th:sgasrmxm:smtmduwdupstmmand
can provide a decomposmon *wave" which travels throughout the entire
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reform ng reactor sys{—eﬂcs-—ha\fe—bemructed of mld steels, or alloy

steel s sucwopaknéaypi cal h:Seq Wi th significant arburi zati on and
dusting. For exanple, i h"%%%‘; aeof standar d reforr%%ﬁﬁfs”? Brricr
furnace tubes can | ast wever,28 ¢t was found that these

steels are unsuitable u reform ng conditions. They rapidly
becone enbrittled by carburl zat i on WI t hin about one year. For exanple, it
was found that 2[err] rexctk shiters.t Eedenaaily this proedds aworks dedanist thé Bal hydrogen

nm year .
gas producss a uniformly heated surface which will decomposa the _colder
organometallic gas as it travels as a wave throughout the reactor system.
The colder gas confaining the organomenllic tin compound will decompose

5 on the hot surface and coat the surface. The organometallic tin vapor will
eontinue to move 2s & Wave 10 treat the hotter Surfaces downstream in the
reactor system. Thereby, the entire reactor .systcm can have a uniform
coating of the organometallic tin compound. It may also be desirable to
conduct several of these hot<cold temperature cycles to ensure that the

10 entire reactor system has been uniformly coated with the organometallic tin
compaund, _ |
In operation of the reforming reactor system according to the
present invention, naphtha will be reformed to form aromatics. The
naphtha feed is a light hydrocarbon, preferably beiling in the range of

.15 about 70°F to 450°F, more preferably about 100 to 350°F. The naphtha
fe=d will contain aliphatic or paraffinic hydrocarbons, ‘These aliphatics are
converted, at Jeast in part, to aromatics in the reforming reaction zone. |

In the "low-sulfur” system of the invention, the feed will
preferably contain less than 100 ppm sulfur, and more preferably less
20 than 50 ppm suifur, When using large pore zeolite catalysts, the feed will
m:y contzin less than 100 ppb sulfur, and more preferably, less
than 50 ppb sulfur, more preferably, less than 10 ppb and even more
preferably, less than S ppb sulfur. If necessary, a sulfur sorher unit can be
employed to remove small excesses of sulfur.
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net al | ur gi cal practlce to be resi stant to ‘coking and carburization are not
necessari I“ﬁp HER34t antThis Shker Hik Byen Iﬁ“ form ng conditi®IWUSIE@e exanpl e,

ni ckel -rich alloys suc 800 and %25 | nconel 600 ; Marcel and
Haynes 230 , are

Preferred reforming process conditions include a emperarurs

between 700 and 1050°F, more preferably betwesn 850 and 1025°F; and 2
pressurc berween 0 and 400 psig, more preferably betwesn 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 betwesn 0.1 and 20,
more preferably berween 0.5 and 10; and a liquid hourly space velocity for
the hydrocarbon feed over the reforming ca:élys: of betwesn 0.1 and 10,
more preferably berwesn 0.5 and 5. At these temperatures, tin rezcs with
sulfided metals to repiace sulfur in the metals with tin and/or to fixate the
10 sulfur to prevent its release into the reactor system. |
To achiave the suitable reformer tamperatures, it is often
necessary to heat the furnace tubes to high temperatures. These
~ temperatures can often range frém 600 to 1800°F, usually from 850
and 1250°F, and more often from 900 and 1200°F. '

15 As notad above, the problems of carburization, coking and
metal dusting in Jow-sulfur systems have been found o associated with
excassively high, localized process temperatures of the reactor system, and’
are particularly acute in the furnace tubes of the systam where particularly
high temperatures are characteristic. In conventional reforming techniques

20 where high levels of sulfur are preseat, furnace whe skin temperatures of

) up 10 1175°F at end of run arc typical. Yet, excessive carburizarion,
coking and metal dusting was not observed. In low-sulfur systems,
however, it has been discovered that excessive and rapid carburization,

Fgasssens
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However, 300 series stainless steels, prefeably 304, 316, 321 and .
347, are avWOMIEBt e aa”mmwhabeanﬂzemaced il east portions ofpctRsvafogRet Or

system accord| ng to th tlon whi ch contact the hydrocarbons.
They have been found t ance t o~ é&rburi zati on greater than
-r| C :

mld steels and ni ckel I n sone areas of t he reactor
systens, localized te atu 3‘“ .becone xce%ﬁvve h during

WT‘E %‘I‘%‘ 3&’ FEHE [y the
case in furnace tubes, .and

reforming (e.g., 480- Tas
' above 950013, and stainless stesls at temperamres above 1025°F.

Accordingly, another aspect 'of the invention is to lower the

temperatures of the metal surfaces inside the furnace mbes, transfer-lines

_5 " and/or reactors of the reforming system below the aforementioned levels.
For example, temperatures can be monitored using thermocauples attached
at various locations in the reactor system. In the case of furnacs tubes,
thermocouples can be attached to the outer walls thereof, preferably at the
hottest point of the furnace (usually near the fumace outlet). When

10 necessary, adjustments in process operation can be Imade to maintain the
temperatures at desired levels.

There ars other techniques for reducin_g exposure of system
surfaces to undesirably high temperatures as well. For cxample, beat
transfer areas can be used with resistant (and usually more costly) tubing in

15 the final stage where temperatures are usually the highest,

In addition, superheated hydrogen can be added between
rcactoxs of the reforming system. Also, a farger catalyst charge can be
used. And, the catalyst can be regenerated more frequently. In the case of
catalyst regeneration, it is best accomplished using a moving bed process

20  where the camlyst is withdrawn from the final bed, regenerated, and
' charged to the first bed.

Carburization and metal dustng can also be rmnmuzed in the
low-sulfur reforming reactor system of the invention by using certain other
novel equipment configurations and process conditions. For exampis, the
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narmal |y occuring coke balls causing localized hot regions. Wile still
preferred P #l6 4t eglissteBladBek Répldcédch al | oys, the 300 sefi@so@dri nl ess
steel s do exhibit sone e ting at around 540[err] C(1000[err]F).
Thus, whil e useful, th4mgu)“ r HMai nl ess-sfeels are not the nost
preferred material for resent invention.
Chromumrich stainless steels such as 446 and 430 are even nor e
resi stant to carburi zaFAIPF THER 8BEe STSTRRedsY mg%a@r%%r,

these steels are not as desirable for heat resisting properties (they tend
to . becone bri t t PtBY words, the heaters or wbes which are subjected o the most exreme

fempesature conditions m the reactor system can be consructed of ﬁamﬁﬂs
more resistant o carburization than materials conventionally used in the
5 construction of reforming reactor systems; materials such as those :
described above. Heaters or tubes which are not subjectad to extreme
temperatures can continue to be constructed of conventional materials.
By using such a staged design in the reactor system, it is
possible to reducs the overall cost of the system (since carburization
10 Tegistant materials are generally more expensive than conventional
matarialsy while still providing 2 reactor system which is sufficiently
resistant to carburization and metal dusting under low-sulfur reforming
conditions. Additionally, thie should facilitate the retrofitting of existing
reforming reactor systems to render them carburization and metal dusting
15 resistant under low-sulfir operating condigions; since a smalier porton of
the reactor system would need replacement or modification with a staged
| design. -
The reactor systam can also be operated using at least two
temperature zones; at least one of higher and one of lower temperature,
20 This approach Is based on the observation that metal dusting has.a.
| temperature mmmum and minimum, above and below which 'dns:ing is
minimized. Therefore, by "higher” uemperamres, it is meant that the '
temperatures are highu" than thoss conventionally used in rﬁforming reactor
systems and higher than the temperature maximum for dusting. By

[
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whi ch are preferred over the 300 series st ai nI ess steels for use in the .
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present i NY@A#I&@3s i ncl udﬁsg&gpﬁggeeﬁk laced Seni c, ant i NopyTuRdsRBast D

chrom um germani um i nd tellurium and brass, and
internetailic corrpounds eof (682g., Cu-Sn alloys, Cu-Sb
al | oys, stannides, anti I.des, etc.). Steels and

10

15

20

“lower” temperatures it is meant that the temperature is at or about the
temperatures which reforming processes are conventonally conducted, and
falls below that in which dusting becomes a problem.

Operation of portions of the reactor system in different
temperature zones should reduce metal dusting as Jess of the reactor system
is at 2 temperature conducive for metal dusting. Also, other advehmgcs of +
such 2 design include improved heat transfer efficiencies and the ability o
reduce equipment size because of the operation of portions of the system at
higher temperatures, However, operating portions of the reactor system at
levels below and ahove that conducive for metal dusting would only |
minimize, not ¢completely avoid, the 1emperature range at which metal
dusting occurs. This is nnavoidable becanse of mperature fluctuations
which will occur during day to day operation of the reforming reactor
system; paxticularly fluctuations during shut-down and start-up of the
system, temperature fluctuations during cycling, and temperature
flucteations which will occur as the process fluids are heated in the reactor
system.

Another approach to minimizing metal dusting relates to
providing heat to the system using superheated raw matcnals (such as ¢.g.,
hydrogen), thereby minimizing the need to heat the hydrocarbons trimugh
ﬁxmace walls. |

" Yet another process design appmdr involves providing 2
pre-existing reforming reactor system with larger tube diameters and/or
higher tube velocities. Ueing larger tube diameters and/or higher tube

PP
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car buri zati on. React or systens previously exposed to

hydrar bon W03+ c onthig e not preferred wheRCHUSKOSSt ens
utilize the aforenen H ensitive large-pore zeolite catalyst
systens. In such sys reacts With netals in the reactor

systemto form for exanple, FeS Subsequent use of the reactor system

especially when wusing the su u.r.-sen Ltiv it use
premat ure shut down of YEPRESS ch m%%ﬂhc h@mmgeases fromthe walls

of the reactor under h's%mtomehydmrbons

As notad above, catalytic reforming is well known in the

petrolcum industry and involves the treatment of naphtha fractions ta

5 improve octane rating by the producdon of aromatics, The more important
hydrocarbon reactions which occur during the reforming operation include
the dehydrogenation of ;yclohexancs to aromatics, dehydroisomerization of
alkycyclopentanes to aromatics, and dehydrocyclization of acyclic
hydrocarbons to aromatics. In addition, a number of other reactions also

10 occur, including the dealkylaion of alkylbenzenes, isomerization of
paraffins, and hydrocracking reactions which produce light gaseous
hydrocarbens, €.g., methane, ethane, propane and butane, which
hydrocracking reactions should be minimized during reforming as they
decrease the yield of gasoline boiling products and hydrogen. Thus,

15 "reforming” as used hercin refers to the treatment of a hydrocarbon feed
through the use of one of mom.aror_naﬁcs producing reactions in order to
provide an aromatics enriched product (i.e., 2 product whose aromatics
content is greater than in the feed).

While the present invention is directed primarily to catalytic
20 reforming, &t will be uscful generally n the production of aromatic
‘hydrocarbons fmm various hydrocarbon feedstocks under condidons of low
sulfir, That is, while cazlytic reforming typicaﬂy refers to the conversion
of naphthas, other feedstocks anbeuumduweu:opmvideznaromaﬁw
enriched product. Therefore, while the conversion of naphthas is a
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sul fided 28y, Tﬂgg&@magge&,q{eilg@d .present invention, be treated or -

passi vated to r em)ve t the reactor walls AP0 fixate

the sulfur fromrel eaSWMWl actor -%kls and to coat the reactor
walls with a materi al antly reduces coking, carburization
and netal dusting under reaction conditions. . In a preferred
enmbodi ment, these nat prefeaicsd embasiiment\the| prdseat inyentoh s bepisefi] ddtheng, pai nt

(e.g., oxi de pai nts) or other coating to a base construction material.

This is particul arly emiversitmgegusatizatoneof@ovavietytaf deedstocks such as paraffin
hydrocarbons, olefin hydrocarbons, acetylene hydrocarboﬁs. cyclic paraffin
hydrocarbons, cyclic olefin hydrocarbons, and mixtures thersof, and

5 particularly saturated hydrocarboas. '

Examples of paraffin hydrocarbons are those having 6 to 10
carbons such as. nthuane, methylpentane, n-haptane, methylhexane,
c.iime:hylpcnm.ne and n-octane, Examples of acetylene hydrocarbons are
thase having 6 to 10 carbon atoms such 2s hexyne, heptyne and octyne.

10 Exampies of acyclic paraffin hydrocarbons are those having 6 to 10 carbon
atoms such as methylcyclopentane, cyclohexane, methylcyclohexane and
dimethyleyclohexane. Typical examples of cyclic olefin hydrocarbans are
those having 6 to 10 carbon atoms such as methyleyclopentens,
¢yciohexene, methylcyclohexene, and dimethylcyclohexeae.

15 The present invention will also be useful for reforming un'dcr

ow-sulfur conditions using 2 variety of differsnt reforming catalysts. Such
caralyst include, but are not limited to Noble Group VI metls on
refractory inorganic oxides such as platinum on alumina, PYSa on alumina
and Pt/Re op aluming; Noble Group VIII metals on g zeolite such as Pt,

20 Pt/Sn and Pt/Re on zzolites such as L-zeolites, ZSM-S, silicalite and beta;
and Nobel Groop VI metals on alkali- and alkaline-carth exchanged

L‘ZMK!CS.
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A preferred embodiment of the invénton involves the use of
a large-pore zeolite catalyst including an alkah or alkaline earth metl and
charged with one or more Group VIll metals, Most preferred is the
embodiment where such z catalyst is used in reforming a naphtha féed.

The term *large-pore zeolite” is indicative genemally of 2
zeolite having an effective pore diameter of 6 to 15 Angstroms. Preferabie
large pore crystalline zeolites which are useful in the present inventon
include the type L zeolite, zeolite X, zeolite Y and favjasite. These have

- apparent pore sizes on the order to 7 o 9 Angstrome.  Most preferably the

zeolite is z type L zeolite,

The composition of:ypeLmli:c;zpmsedin terms of
mole ratios of oxides, may be represented by the following formuia:

(0.9-1.3)My,0:AL,0,(5.2-6.9)S10,:yH,0

In the above formulz M represents a cation, n represents the valence of M,
and y may be any value from 0 to about 9. Zeolite L, its X-ray diffraction
pattemn, its propertics, and method for its preparation are described in detail
in, for exampie, U.S. Patent No. 3,216,789, the contents of which is
hereby incorporatsd by reference.  The actual formuls may vary without
changing the crystalline structure. For example, tha mole ratio of silicon
to aluminum (Si/Al) may vary from 1.0 to 3.5. '

The chemical formula for zeolite Y expressed in terms of
mole ratios of oxides may be written as: |

(0.7-1.1)N2,0: AL,0,:xSi0,:yH,0
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peel ing and flaklng of the coating. Also, Is believed that a tin

cont ai ni ng VP& Mamﬂg@h&sﬁme&@ﬁa&alo m cron and still pBtRYRRbge;

carburization. In addi been observed that with the uuse of such
reactor systens, tin Iflded met¥l- surfaces includi ng FeS
repl aci ng sul fur and r]S. Thus, application of resistant
materials such as tin to a reactor systemto prevent .coking, carburization

and netal dustng can allBdhe 3bewr foppula. N i 3valye gerpter (han 3 #hdyny o 2bovitfeny meyl i ed

to previously sulfided reactor systens
be a value up to about 9. Zeolite Y has a charactariste X-ray powder

 diffraction pantem which may be employed with the above formula for
identification. Zeolite Y is deseribed in more detail in U.S. Patent
5 No. 3,130,007 the contents of which is hereby incorporated by reference.
Zeolite X is a synthetic crystzailine 2e0litic molecuiar sieve
which may be represented by the formula:
(0.7-1.1)My,,0: AL O;:(2.0-3.0)S105:yH, 0
In the above formula, M represents a metal, particularly alkali and alkaline
10 earth metals, n is the valence of M, and y may have any value up to about
8 depending on the identity of M and the degree of hydration of the
crystalline zeolite, Zeolite X, its X-ray diffraction pattern, its properties,
and method for its preparatian are described in detail in U.S. Patent
No. 2,882,244 the contents of which is hereby incorporated by raference.
15 An aikali or alkaline earth metal is preferably present in the
large-pore zeolite. That alkaline earth metal may be cither barinm,
strontium or caleium, preferably barfum. The alkaline earth metal can be
incorporated into the zeolite by synthesis, impregnation or ion exchange.
Rarium is preferred to the other alkaline earths becanse it results in a
20 - somewhat less acidic camlyst. Strong acidity is undesirabls in the camlyst
. because it promotes cracking, resulting in lower selectivity.
In 2nother embodiment, atlastpanofthea_lhlimc:al can
be exchanged with barfum using known techniques for ion exchange of

" zeohtss. “This involves contacting the 2eolite with a solution containing

$oertere-s o
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Wher e FBBad8& SAT 02135 B prBdBEt red that the resif$iai: HBt462il4P& be appl iPedl
in apaint-like fornulation (hereinafter "paint") to a new or existing
react or sY¥&R 63, c fThis Shest Replaced pr ayed, brushed, piBERakse/emss on
reactor system surfacﬁ lﬁ? d steels af stainless steels. It is nost
preferred that such a conposabl € reactive, tin-containing
paint which reduces to a reactive tin and forns netallic stannides (e.g.,

iron stannides and ni |+QH St IQ%P""%HP | | uci ng
at nosphere. kg@ﬁ*t%’é rrlggit;g pre erregeltaﬁ’gﬁini ?ﬂ‘émgf%#eﬁ nti oned

F?I) n; ﬁ§3£ gggnat | ea%ns&%r&o%?m%%f% S?@e.‘tghteéfrmgf%ﬁéj onal equival ents);

The large-pore zeolite catzlysts used in the invention are
charged with one or more Group VI metals, e.g., nickel, ruthenium,

5 rhodium, palladium, iridium or platinum. The preferred Group VIII metals
are iridium and MmMy platinum. These are more selective with |
regard to dehydrocyclization and are also mare stable under the

~ dehydrocyclization reaction conditions than other Group VI metals. If
used, the preferred weight percentage of platinum in the catalyst is between

10 0.1% and 5%. |

Group VIII metals are introduced into large-pore zeolites by
synthesis, impregnation or exchangs in an aquecus solution of appropriate
| salt. When it is desired to introduce two Group VI metals into the
zsolite, the operation may be carried out simultaneously or sequentially,

15 To obtain a more complete understanding of the present
invention, the following examples illustrating cartain aspects of the
invention are set forth. It should be understood, however, that the
invention is not limited in any way to the specific details sst forth therein.

EXAMPLE
20 ' In an attempt to determine how tin reacts with fron sulfide,
two chunks of nearly pure iron monosulfide, one painted with tin paint,
" were treated at 950°F for thres hours in & carburizing atmosphere of
about 1% tolnuie in 7% propane in hydrogen. No coking occwrred, nor
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was any expected under these condidons. Then, two more chunks of iron

monosulfide were ground to obtzin a fresh flat surface. The flat surface on
one of the chunks was treated with tin paint, and both chunks were exposed
to the carburizing atmosphere at 950°F for thres hours. The xcsults of

5 both experiments were the same.

The samples were mountad in epoxy resin, ground, and
polished for examinarion with the photographic and scanning electron
microscapes. Figure ! is a photomicrograph (reflectad light, 200x. 1 cm
= 50 um) showing that the tin reacted with.dteiron sulfide to form a

10 continuous layer uniformly 15 um in thickness composed of the iron
stanmides FeSa and FeSn,, The sulfur in the replaced sulfide was
presumably raleased as H,S. Figurs2isa photomicrograph (reflected
light. 1250x. 1 cmt = 3 um) showing a thin inner Jayer of FeSn on the iron
sulfide underlying 2 thicker deposit of FeSn,. Soms unreacted tin is also

15 present.  The FeSa and FeSn, Iayers fixated the remaining sulfur in the
sulfided metal to prevent subsequent releass thereof from the metal surface.

These results show that iron stannides are stable in the
presence of small zmounts of H,S. The results also show that one could

~ apply a protective coating of tin directly onto a sulfided st=el surface such
20 asinthgmnvcrsionofamc:orsysmmfmmsulﬁlrobswsxﬂﬁn';free
"sexvice. ‘The tin may provide both coking protection and a means of

desulfurizing a reactor system for use in sulfur-sensitive processes, -
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reactive tin with surfaces of the reactor system As the hydrogen
deconposabwe Mlms-conpoﬂmdshebumsbehmée or neodecanoat e pcgaRdidadssl! arly

useful . Comrercial for S corrpound itself are available and
wll partially drytoa g-gum IiRe | ayer on a steel surface;
a layer which will not crac an or split. This property is necessary for
any coating conposition used-in this con ext be, cei vabl e t hat
the coated material will Wﬁ%?’ﬁr"é"&“‘?% ang%“%WétD?rEWE“W’th

hydr ogen. Also, if parts_ are coated &rlor to assenbly theyoér!%st be
resistant to chi pping &‘E}F?dh‘@"%r‘l's’ft‘% VaraHong3ad @odifipztgrsyptYanoat e
is available comercially. It is reasonably, prjced, and wil| deconpose

smoothly to a reactive %P#FLI @@W@Hmﬁm HORS 1 thi Ao PRRRTRY dr ogen at
tenperatures as | ow as 32 !err gl??vﬂ.{ ! ? t to those skiffed in the art. and

5 which are to be considered within the scope of the inveaton as defined by

the following claims.
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t he remai n| ng ( %uil d will drip and run on the coated sur fRET&SHH00091

practice, for exanple, if such were used to c¢cggl .a horizontal furnace tube,
it would pool at the bottom of the tube.

the tin oxide sponge/dispersing/binding agent, is zﬂumﬂmrlml lm":ml
tin-containing conpounmw;ge- up an or gano-

conpound, yet still be reduced to active tin in the

1 1. A method for reforming hydrocarbons comprising

2 (@) trearing a reforming reactor system, at least one surface thereof

3 comprising 3 metal sulfide or metal sulfides to be exposed to hydrocarbons,

4 by coaring at least 3 portion of the surfacs of said reforming reactof sysiem

5 comprising the matal sulfide(s) with 2 material more resistant to

6  carburization than said portion prior w coating, reacting said matzrial with

7 fhe.:netalnﬂﬁdeonsaidsnrfac:andﬁxaﬁngorrcmcvingatlmtapordon
'8 of the sulfur of the metal sulfide(s) from the reactor System, and

S (i) reforming hydrocarbons in said reactor system mder conditions of low

10 sulfur.
1 2. A method for reforming hydrocarbons according to
2 Claim |, wherein said carburization resistant material comprises copper,
3 tin, arsenic, antimony, bismuth, chromium, germamivm, indium, ssieninm,
. 4 tellrium or brass.
5 3. A method for reforming hydrocarbons according to

6 Claim 2, wherein said carburization resistant material comprises tin,

7 arsenic, antimony ot bismuth.

1 L4 A method for reforming hydrocarbons according to
2 Claim 3, wheretn said carburization resistant material comprises tin,

__;_____________._—
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reduci Hg-bi-AbSHhdREB Plh aBI§Mi on, tin oxide cakA¥ol. p91@c4§35b4@6t hrough a P.45
colloid mll fo produceM% whi ch resist rapid settling.
The . ddition of tin oxi provi de a paint which becones
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1 3. A method for reforming hydrocarbons according 10
2 Claim 1, wherein said reforming step comprises reforming in the presencs
3 of a large-pore zeolite catalyst including an alkali or alkaline carth metal

4 and charged with one or more Group VI mels.

) 1 6. A method for reforming hydrocarbons aceording to
2 Ciims, whc:c'inanapmafeedisconmedwim a large-pore zeglite

3 mtalyst inciudmg an alkah or alkalm: mth metal and charged with one or

4 mo:chupvmmemls,zndwhemnatlustapordonofthemctor

5 system has a resistance to carburization greater than mild steel under

6 conditicas of low sulfur,

1 7. A method for reforming hydrocarbons aceording to

2 Claim 1, comprising reforming in 2 reactor system, at least a portion

3 thereof having a resistancs to carburization greater than mild stes), under
4 conditions of low sulfur,

1 8. A method for reforming kydrocarbons according to

2 Claim 1,- comprising reforming in 2 reactor system, at least 3 portion

3 thereof having a resistance to carburization greater than aluminized steels,

) 4 wder conditions of low sulfur.
1 9. A method for reforming hydrocarbons according to

2 Claim 1,-comprising reforming in a reactor system, at least 2 portion

_____,______——————————_
is Sheet Has Been Refl!'mcd
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corrponen;tNN(w/% IS selected such that—Tt—becones a reactive part of the

coat i ng W¥dced. irke fornmed sili @gTrussaopptcal pai nt
t hi ckener whi ch woul d |Im"mmmﬂi, Bm

Finely divided tin netaly conpon , 1s added to insure that
nmetallic tinis available to react with the surface to be coated at as | ow

a tenperature as POSSifukos 1gVifda rddisAnE08 é@&%ﬁ%ﬁ%ﬁ%ﬁ%ﬁh%@&rtlcl e
size of the tinis preferably one to five mcrons which allows excellent

4 condidons of low sulfur.
1 10. A method for reforming hydrocarbons according to
2 Claim 1, comprising reforming in 2 reactor system under condittons of low

3 sulfur, at least a portion of a furnace tube of the reactor system in contact
4 with, the hydrocarbons having 2 resistance to carburization greater than mild

5 steels,

1 11. A method for reforming hydrocarbons according to

2 Claim 1, comprising reforming in a reactor sysiem under conditions of low
3 sulfur, at least 2 portion of the reactor systam in contact with the

4 hydrocarbons being a Cu-Sn alloy or 2 Cu-Sb alloy.

1 12. A method for reforming hydrocarbons according to
2 Claim 1, wherein said material is provided as a platng, cladding, paint or

3 other coating, to a base construction material.

1 i3. The method of Clzim 1, wherein the tin coating is

2 applicd by electroplating, vapor deposition, or soaking in a molten bath.

1 4. A method for reforming hydrocarbons according to
2 Claim 1, wherein said material s effoctive for remining its resistance 10

If

3 carburization after oxidation,

This Sheet Has Been Re
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condi tions can occur during drying of the paint and welding of pipe joints.
The presenwo safsosetal lic tin ensures that even when part ,%‘9"@9 ating is
not conpletely reduced, present to react a 8" m t he
desired stannide | ayer. ”m"mﬂ""l”ml"”nﬁe sol¥ent shoul d be non-toxic, and
~effective for rendering *hé p&aint sprayable and spreadabl e when desi red

1t should al so evaporate qui ¢kly and have corrgatl bl e soI vent properties
~for the hydrogen ldeconposabl el*in cOApSs frocarieqam A1eording iR s t

“preferred, while . .
: 2 Claim 1, wherein upon reforming said resistance is such that embriclement

3 will be less than 1.5 mm/year,

1 16. A method for protecting a reactor system comprising
2 (i) treating a reactor system, at least one surface thereof comprising a metal
sulfide or metal sulfides to be exposed o hydrocarbons, by coating at least
a portion of the surface of said reactor system comprising the metal
sulfide(s) with a material more resistant to carburization than said portion
prior to coating, reacting said material with the metal sulfide on s2id
surface and fixating or ramoving at least a portion of the sulfur of the metal
sulfide(s) from the reactor system, and () reacting 2 hydrocarbon in said
reactor system under elevated temperatures under conditions of low sulfur.

U 0 1 O o A W

17. A method for treating a reactor syst=m according to

[o5

Claim 16, wherein said carburization resistant material comprises copper,
tin, arsenic, atimeny, bismuth, chromium, germanium, indium, selenium,

& W N

tellurium or brass.

1 18. A method for treating a reactor system according to
2 Clzim 17, wherein said carburization resistant materia] comprises tin,

3 arsenie, antimony or bismuth,

This Sheet Has Been Replace
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Claim 18, wherein said carburization resistant material comprises tin.

20. A method for reforming hydrocarbons according to
Claim 16, comprising reforming in a reactor system, at least a portion
thereof having 2 resistance 1o carburization greater than mild stesd, under
conditons of low sulfur.

21, A method for reforming hydrocarbons according to
Claim 16, comprising rcfon_ning in a reactor system, at least a pordon
thereof having a resistance to carburization greater than aluminized stesls,
under canditions of low suifur, | |

22, A method for reforming hydrocarbons according to

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

thereof having a resistance to carburization greater than alloy steels, under

conditons of low sulfur,

3. A method for reforming hydrocarbons according to
Claim 16, comprising reforming in a reactor system under conditions of

" low sulfur, at least a portion of the reactor system in contact with the

hydrocarbons being a Cu-Sn alloy or 2 Cu-Sb alloy,

This Sheet Has Been Rerlaced .
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nodul es

The tin

be pai4gt-ed i ndividually or as
ording to the present invention can

stanmic oxide, tin netal powder an
' ﬂi ed in many ways. %M@ﬁ%l e,

contain various nunbers of furnace tube nodules (e.g., about 24 furnace
t ube nodul es) of 4duitable w dt2%. | engtietaddoheioghing hedrgearboab eesordiigddm 10

feet)l ong,
Typi cal ly,

about 1.22n(4 feet)w de, and about 12.2n(40 feet)in height).
each m2dul e Qi 16| whéreid asaitl woatsniobid @rovided asaiphadidy, eladdiagymaint or

pref'erably about 6lcn(2 feet)in dianmeter, which are connected by about four
to ten u-tubes of 3suit athkecdadmgtda base gogstrativn mak2ialBn( 42 feet) | ong).
Therefore, the total

wi del y;

for exanpl e,
I
2

surface area to be painted in the nodul es can vary

25.  The method of Claim 16, wherein the tin coating is

applied by electroplating, vapor deposition, or soaking in a molten bath.

26. A method for reforming hydrocarbons according to
Claim 16, wherein szid material is effective for remining its resistance 1

carburization zfter oxidation.

27. A method for reforming kydrocarbons according to
Clzim 16, wherein upon reforming said resistance is such that
embrittiement will be less than 1.5 mn/year.

is Sheet Has Been Replaced
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Pai nti ng nmodul es rather than the tubes individually can be advant ageous
in at | eaa%, 342%# espects; (i) painting nodul es rather than i ndi vi dual
tubes shodl' d heat destruction of the tin paint as RIT&SSH008BoNMponent s
of the nodules are usually heat treatgq at extrenmely el evated

tenperatures during production; (ii) painting modules will likely be

qui cker and | ess expensive than painting tubes individually; (iii)

pai nting nodul es ,___ 1 Droduction

schedul i ng; and (‘J ' 8l e painting of
wet ds. = '

This Sheet Has
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LOW-SULFUR REFORMING PROCESSES | REPLACEMENT STE® -

BACKGR E NTION

The present invention relates tb improved technigyes,
catalytic reforming, particularly, catalytic .reforming under low-sulfur
sondiﬁons. More specifically, the invention relates to the discovery and
control of problems' particularly acute with low-sulfur reforming processes.

Catalytic reforming is well known in the petroleum industry
and involves the treatment of naphtha fractions to iinprove octane rating by

- the production of aromatics. The more important hydrocarbon reactions
which occur during the reforming operation include the dehydroéenation of
cyclohexanes to aromatics, dehydroisomerization of alkylcycloﬁentanes to
aromatics, and dehydrocyclization of acyclic hydrocarbons to aromatics. A
number t_:f other reactions also occur, including the dealkylation of
alkylbenzenes, isomerization of paraffins, and hydrocracking reactions
which produce light gaseous hydrocarbons, e.g., methane, ethane, propane
and butane. Itis isnportant to minimize hydrocracking reactions during
reforming as they decrease the yield of gasbline boiling products and
hydroéen.

Because there is 2 demand for high octane gasoline,
extensive research has been devoted to the development of improved

reforming catalysts and catalytic reforming processes Catalysts for \

successful reforming processes must possess good selecnvxry That is, they

- This Sheet Has Been Repl
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It is preferable that the paint be sprayed into the tube
Sufficient paint should be applied to fully coat the tu
After a nodule is sprayed, it should be left to dry for
foll owed by application of a slow stream of heated nitro

66[ err] C(150' F) for about 24 hours). Thereafter, it pref rable that a

second coat of paint be applied and al so2dried by t he prlocedurée descri bed
Lerably bel

above. After the paint has been applied, the nodul es sh
kept under a slight nitrogen pressure and should not be exposed to

t enper at ur es ethéttibqgffadznylctfoﬂ@fcducxhﬁi(lﬂgm{nerds]df)l?ﬁ:id)ﬁr&@c& BSima! | ation,
shoul d they be exposed to water except during hydrotesting.
Iron bearing rgasolig boiliag HirfgeaoRtailiag lﬂé@&ﬂceh&aﬁ&?ﬁ ot gt &tane
number aromatic hydrocarbons. Likewise, there should be a low yield of
light gaseous hydrocarbons. The catalysts should possess good activity to
nﬁnimize excessively high temperatures for producing a certain quality of
jnoducts. It is also necessary for the catalysts to either possess good
stability in order that the activity and selectivity characteristics can be
retained during prolonged periods of operation; or be sufficiently
regenerable to allow frequent regeneration without loss of performance.
Catalytic reforming is also an important process for the
chemical industry. There is an increasingly larger demand for aromatic
hydrocarbons for use in the manufacture of various chemical products such
as synthetic fibers, insecticides, adhesives, detergents, plastics, synthetic
‘rubbers, phannaceutical products, high octane gasoline, perfumes, drying
oils, ion-exchange resins, and various oth't_ar products well known to those
' diledintheat
An important technological advaﬁce in catalytic reforming
has recently emerged which involves the use of large-pore zeolite catalysts.
These catalysts. are further characterized by the presence of an alkali or
alkaline earth metal and are charged with one or more Group VIII metals.
. Tlus type of catalyst has been found to advantageously provide higher

selectmty and longer catalytic life than those previously used.

This Sheet Has Been Rep laced
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i nvéntion. Such an iron bearing reactive paint will prefée By
various tin conpounds to which iron has been added in ano
third Fe/ Sn by wei ght. The addition of

exanple, be in the form of Fe[err](Jerr]. The addi tj

tin containing paint should afford ot ewort hy advang ag §
particular (i) ‘it should facilitate the reacti on of - il
iron stannides thereby acting as a flux; (ii) it should dilute t he

Br ot ect on-agai nst Coki ngleviRRISERIERed Iyt FEpe P etbBleEI,
atfords lives, successful commercialization seemed inevitable. Unfortunatel.y, it
was subsequently discovered that the highly selective, large pore zeolite
catalysts containing a Group VIII metal were unusually susceptible to sulfur
poisoning. See U.S. Patent No. 4,456,527.

Generally, sulfur occurs in petroleum and syncrude stocks as
hydrogen sulfide, organic sulfides, organic disulfides, mercaptans, also
s known as thiols, and aromatic ring compounds such as thiophene,

benzothiophene and related compounds.

Conventionally, feeds with substantial amounts of sulfur, for
example, those with more than 10 ppm sulfur, have been hydrotreated with
conventional catalysts under conventional conditions, thereby r.:,hanging tﬁé
form of most of the sulfur in the feed to hydrogen sulfide. Then, the
hydrogen sulfide is removed by distillation, stripping or related techniques.

One conventional method for removing residual hydrogen

\ sulfide and mercaptan sulfur is the use of sulfur sorbents. See, for
example, U.S. Patent Nos. 4,204,997 and 4,163,706, the contents of which
are hereby incorporated by reference. The concentration of sulfur in this
form can be reduced to considerably less than 1 ppm by using the

' appropriate sorbents and conditions, but it has been found to be difficult to
remove sulfur to less than 0.1 ppm or to remove residual thiophene sulfur.

.See, for example, U.S. Patent No, 4,179,361 the contents of which is

hereby incorporated by reference, and particularly Example 1 of that

" This Sheet Has Been: Rerlaced '
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SHEET the anti-coking protection of iron stanni d¢sRg =Y
under | yi ng surface does not react well. ' _

anot her neans for preventing carburization coking and
in the | ow sul fur reactor systen1conpri§g§ the appli catij

- Patent, Very llow space velocities are réquired to remove tiBERene sulfur,
requiring large reaction vessels filled with sorbent. Even with these
precautions, traces of thiophene sulfur still can be found.

Thus, improved methods for removing residual sulfur, and in
particular, thiophene sulfur, from a hydrotreated naphtha feedstock were
developed. See, for example, U.S. Patent Nos. 4,741,819 and 4,925,549,
the contents of which are hereby incorporated by reference. These

— alternative methods include contacting the naphtha feedstock with molecular
hydrogen under reforming conditions in the presence of a less
sulfur-sensitive reforming g_ntalyst, thereby converting trace sulfur
compounds to H,S, and forming a first effluent. The second effluent is
contacted with a highly selective reforming élzlyst under severe reforming
conditions. Accordingly, when using the highly sulfur-sensitive cma_lysts,
those skilled in the art go to great extremes to remove sulfur from the
hydrocarbon feed. By doing so, the catalyst life is extended for significant

\or o periods of time.

While low-sulfur systems using highly selective large-pore
zeolite catalysts were initially effective, it was discovered that a shut down
of the reactor system hxay be necessary after only a matter of weeks. The
reactor sjstem of one test plant had regularly become plugged after only
such brief operating periods. The plugs were found to be those associated

- with coking. However, although coking within catalyst particles is a

common problem in hydrocarbon processing, the extent and rate of coke

plug fo on far ex ed any expectation. "This Sheet Has Been Rep laced




a nétal coating or.cladding to chromiumrich steels contained in the

react or
tin,
coati ngs
el ectropl at
steel in a

reactor syqdtens where -

N

particul arl

a

5y$teﬁhfﬁﬂﬁ§? tal coatings or claddings may be conprised of
A% TR VAKRN AV IR 2T hjor arsenic. Tin is especially preferred. These

nu

or cl addi ng$ y be applied by nethods including
g,2 VkB 1997 eposi ting, ?nd saking of the chronitmrich
| t-en nmetal bagh -2 It has been found that in

f

\/

cqrburization, coking and netal dusting-are

nrobl ematic..t

' | LC. t he_coat.i f chrom umri ch,
ni ckel -contai ning steels wt effect creates a

doubl e protective layer. There results an inner

Accordingly, one object of the invention is to provide a
method for reforming hydrocarbons under conditions of low sulfur which
avoids the aforementioned problems found to be associated with the use of
highly sensitive reforming catalysts and of low-sulfur reforming processes.

After a detailed analysis and investigation of reforming
reactor systems, it was fou_nd that sulfur became an integral part of reactor
surfaces by reacting with metals in the reactor walls to form sulfides such
as iron sulfide. These sulfided metals release sulfur upon typical reforming
conditions which may poison highly sulfur-sensitive reforming catalysts,
and the extensive measures used to reduce the sulfur content in the feed
hydrocarbon are somewhat frustrated due to the release of sulfur from the
reactor walls.

Therefore, another aspect of the invention relates to a
method for removing the sulfur found on the walls of sulfided reactor
systems. In particular, it has been found that contacting such reactor
systems with materials which react with the sulfide to release sulfur and
form a proteeﬁve surface are particularly advantageous as the sulfur may
poison such highly sulfur-sensitive catalysts. |

Moreover, it was surprisingly found that coke plugs in low
sulfur reactor systems contained particles and droplets of metal; the
droplets ranging in size of up to a few microns. This observation led to

the startling realization that there are new, profoundly serious, problems

which were not of concern with conventional reforming techniques where

heet Has Been Replaced S
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chrom um ri ch--ayer RepekT 4si stant to carburization, coking, and‘t‘ar
dusting and nRiéL%GE“E “&r which is al so resistant Tb'@SM}bﬂBeoz.lR
coki ng and af— dusting. Thils loccurs because when the t| ”U,{

as

chromumrich]s e@wp{&ﬁﬁse o typical reformng te
repcts with thg steel toformnlce-

“iron nickel } Theg eby, the™ nickel ~ is preferentially
| eached from tthe surface of steel |eaving behind a | ayer of chrom um

i oKel ot anni GePOBSSrSOHIEE fVER are FEniieanty Bebe Move PROEaRheit Ao um 1 ch,

steel layer.

about 650C( 1200 err] F), it

discovered that problems existed which threatened the effective and
economic operability of the systems, and the physical integrity of the
equipment as well. It was also discovered that these problems emerged due
to the low-sulfur conditions, and to some extent, the low levels of water.

For the last forty years, catalytic reforming reactor systems
have been constructed of ordinary mild steel (e.g., 2% Cr 1 Mo). Over
— time, experience has shown that the systems can operate successfully for

about twenty years without significant loss of physical strength. However,

the discovery of the metal particles and droplets in the coke plugs

eventually lead to an investigation of the physical characteristics of the

reactor system. Quite surprisingly, condmons were dzscovered which are

symptomatic of a potentially severe physical degradation of the entire

reactor system, including the furnace tubes, piping, reactor walls end other

o environments such as catalysts that contain iron and metal screens in the

\ reactors. Ultimately, it was discovered that this problem is assocxated with
the excessive carburization of the steel which causes an embrittlement of |
the steel due to injection of process carbon into the metal. Conceivably, a
catastrophic physical failure of the reactor system could result.

With conventional reforming techniques carburization simply
is not a problem or concern; nor was it expected to be in contemporary
low-sulfur/low-water systems. And, it was assumed that conventional
process equipment could be used. Apparently, however, the sulfur present

in conventional systems effectively inhibits carburization. Somehow in



- 19- @ERGE!GEMEISHEW ET For exanple, it was found that

when a tin cl adfi was—apptTed] tio a 304 grade stainless steel and heat ed

at about 650[er§] ) [here resulted a chrom trmlssheeth—lasB@eR&’P

cont ai ni ng abou 7322.2%71% dl substantially no ni ck

430 grade stainliegs st eel -7. \Wen appl y taI
SI rabl eto

.coating or cladding to the chromiumrich steel it nay
vary the thi ckndss—gf—t-he—mretal :

conventional prodesses the process sulfur interferes with the carburization

reaction. But with extremely low-sulfur systems, this inherent protection
no longer exists.
The problems associated with carburization only begin with
carburization of the physical system. The carburization of the steel walls
' ieads to "metal dusting”; a release of catalytically active particles and melt
droplets of metal due to erosion of the metal.

o The active metal particulates provide additional sites for coke
formation in the system. While catalyst deactivation from coking is
generally a problem which must be addressed in reforming, this new
significant source of coke formation leads to a new problem of coke plugs
which excessively aggravates the problem. In fact, it was found that the
mobile active metal particulates and coke particles metastasize coking
generally thropghout the system... The active xpetal partxculates actually
induce coke formation on themselves and anywhere that thei:articles

- accumulate in the system resulting in coke plugs and hot regions of

exothermic demethanation reactions. As a result, an unmanageable and

premature coke-plugging of the reactor system occurs which can lead to a

system shut-down within weeks of start-up. Use of the processland reactor

'system of the present invention, however, overcomes these problems.

| Therefore, another aspect of the invention relates to a
method for reforming hydrocarbons comprising contacting the
hydrocarbons with a reforming catalyst, preferably a large-pore zeolite
catalyst including an alkali or alkaline earth metal and charged with one or



coating or cl addi nMM[ﬂvngyp desi red resi stance agai nst

carburization, tlal dusting. This canTHisShekd m“d o
adj usting the 2l -the chromumrich steel

ng%%gmb | §o affect the thi cknes “ﬂ ﬂ |ng
layer. It jmay algso be desirable to vary the

nolten tin bath.
chromumrich stefl

operating terrpera>ure or to- vgry t hé conposition of the chromium rich
- steel which is co order to control the chrom um

. PR s B s e Ao i

surfaces.

Yet another aspect of the invention relates to

a reactor system including means for providing a resistance to carburization
) and metal dusting which is an improvement over conventional mild steel

systems in a method for reforming hydrocarbons using a reforming catalyst

such as a large-pore zeolite catalyst including an alkaline earth metal and

N\ ' charged with one or more Group VIII roetals under conditions of low
sulfur, the resistance being such that embrittiement will be less than about
2.5 mm/year, preferably less than 1.5 mm/year, more preferably less than

1 mm/year, and most preferably less than 0.1 mm/year.

W
Figure 1 isa photograph (200x) of a stamnded FeS surface

_ exhlbmng the reaction product of tin paint with FeS which formed a
" ' coating of st_anmde, and
Figure 2 is a photograph (1250x) of the stannided FeS
surface showing a thin inner layer of FeSn on the iron sulfide under a

thicker deposit of FeSn,.

The metallurgical terms used herein are to be given their

common metallurgical meanings as set forth in THE METALS

- ‘HANDBOOK of the American Society of Metals. For example, "carbon



further proteck eﬁEPLAOEM 3 § _Fzrion netal dusting, and coking by a
njo

post -treat nent] groce | ves application of a thin OXI de coati ng,

preferably a chrorgzr?aemde Jugh as Cr[err]derr]. ThiTh ¢Pl
thin, as fhifn {r]m Application of such a :
. {l as tin coated steel_s, :

wi |l protect 3
steel s, under | ow suI fur f ormi ng con®@itions.

chrom um oxi de" Tayer—ean-he. a i ed by various met hods i ncl udi ng
application of a chromate or dichromate paint followed by a reduction

process; vapor t steelstrand thosd stegls havigg mo-specified minimum quantity for any

alloying element (other than the commonly accepted amounts of
manganese, silicon and copper) and containing only an incidental amount of
any element other than carbon, silicon, manganese, copper, sulfur and |
phosphorus. "Mild steels” are those carbon steels with a maximum of
~ about 0.25% carbon. Alloy steels are those steels containing specified
| quantities of alloying elements (other than carbon and the commonly
N~ accepted amounts of manganese, copper, silicon, sulfur and phosphorus)
within the limits recognized for constructional alloy steels, added to effect
changes in mechanical or physical properties. Alloy steels will contain less
than 10% chromium.. Stainless steels are any of several steels containing at
least 10, preferably 12 to 30%, chromium as the principal aljoying
element. |
Oﬁe focus of the invention is to provide an improved method
for reforming hydrocarbons using a reforming catalyst, parﬁcularly a large
— pore zeolite catalyst including an alkali or alkaline earth metal and charged
with one or more Group VIII metals which is sulfur-sensitive, under
conditions of low sulfur. Such a process, of course, must demonstrate
better resistance to carburization than conventional low-sulfur reforming
techniques, yet contain little sulﬁxf available to poison the catalyst.
One solution for the problem addressed by the present
invention is to pretreat existing sulfided reactor systems to both remove
sulfur from reactor surfaces and improve resistance to carburization and

metal dusting during reforming using a reforming catalyst such as the
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of low sulfur.

By "reactor system”, as used herein, there is intended at
least one reforming reactor and its corresponding furnace means and
piping. This term also includes other reactors and their corresponding
furnaces and piping whereiﬁ the carburization is a problem under low
sulfur conditions or those systems wherein the aforementioned
sulfuf-sensitive large-pore zeolite catalysts are utilized. Such systems
include reactor systems used in processes for dehydrogenation and thermal
dwlkylat'i_on of hydrocarbons. Thus, by "reaction conditions" as used
herein, there is intended, those conditions required to convert the feed
hydrocarbons to a desired product.

- The aforementioned problems with low-sulfur reforming can

be effectively addressed by a selection of an appropriate reactor system

| material for contact with the hydrocarboﬁs during processing. Typicaily,
reforming reactor systems have been constructed of mild steels, or alloy
steels such as typical chromium steels, with insignificant carburization and
dusting. For example, under conditions of standard reforming, 2% Cr
ﬁ;mace tubes can last twenty yérs. However, it was found that these
steels are unsuitable under low-sulfur reforming conditions. They rapidly
become embrittled by carburization within about one year. For example, it

was found that 2% Cr 1 Mo steel carburized and embrittled more than 1

mm/year,
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standard metallurgical practice to be resistant to coking and carburi_zation
are nbt necessgﬁly resistant under low-sulfur reforming conditions. For
example, nickel-rich alloys such as Incoloy 800 and 825; Inconel 600;
Marcel and Haynes 230, are unacceptable as they exhibit excessive coking
.and dusting.

However, 300 series stainless steels, preferably 304, 316,
321 and 347, are acceptable as materials for at least portions of the reactor
system according to the present invention which @mt the hydrocarbons.
They have been found to have a resistance to carburization greater than
mild steels and nickel-rich alloys.

In some areas of the reactor systems, localized temperatures |
can become excessively high during reforming (e.g., 900-1250°F). This is

 particularly the case in furnace tubes, and in catalyst beds where

exothermic demethanation reactions occur within ﬂormany occurring coke
balls causing localized hot regions. While still preferred to mild steels and
nickel-rich alloys, the 300 series stainless steels do exhibit some coking and
dusting at around 1000°F. Thus, while useful, the 300 series stainless
steels are not the most preferred material for use in the present invention.

Chromium-rich stainless steels such as 446 and 430 are even
more resistant to carburization than 300 series stainless steels. However,
these steels are not as desirable for heat resisting properties (they tend to

bpcome brittle).
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stainless steels for use in the present invention include copper, tin, arsenic,

antimony, bismuth, chromium, germanium, indium, selenium, tellurium
and brass, and intermetallic compounds and alloys thereof (e.g., Cu-Sn
alloys, Cu-Sb alloys, stannides, antimonides, bismuthides, etc.). Steels and
even nickel-rich alloys containing these metals can also ;how reduced
carburization.

\ " Reactor systems previously exposed to hydrocarbon feeds
containing sulfur are not preferred when such systems utilize the
aforementioned sulfur-sensitive large-pore zeolite catalyst systems. In such
systems, the sulfur reacts with metals in the reactor system to form, for
example, FeS. Subsequent use of the reactor system, especially when
using the sulfur-sensitive zeolite catalyst, may cause premature shutdown of
the system since the sulfur releases from the walls of the reactor under high
temperatures and may poison the catalyst. _ | |

\..« _ - These previously sulfided steels may, according to the
present invention, be treated or passivated to remove the sulfur from the
reactor walls and/or to fixate the sulfur from releasing from the reactor
walls and to coat the reactor walls with a material which significantly
reduces 6oking, qarburizaﬁon and metal dusting under reaction conditions.

In a preferred embodiment, these materials are provided as a
plating, cladding, paint (e.g., oxide paints) or other coating to a base
construction material. This is particularly advantageous since conventional

construction materials such as mild steels can still be used with only the
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| surface contacting the hydrocarbons being treated. .Of these, tin is
especially preferred as it reacts with the surface to provide a coatir_xg having
excellent carburization resistance at lﬁgher temperatures, and which resists
peeling and flaking of the coating. Also, it is believed that a tin containing
layer can be as thin as 1/10 micron and still prevent carburization. In
.addition, it has been observed that with the use of such reactor systems, tin
attacks the sulfided metal surfaces including FeS replacing sulfur and
releasing H,S. Thus, application of resistant materials such as tin to a
reactor system to prevent coking, carburization and metal dusting can also

| protect sulfur-sensitive cataiysts when applied to previously sulfided reactor
systems. -

Where practical, it is preferred that the resistant materials be
applied in 2 paint-like formulation (hereinafter "paint”) to a new or existing
reactor system. Such a paint can be sprayed, brushed, pigged, etc. on
reactor system sux;faces such as mild steels or stainless steels. It is most
preferred that such a paint be 2 decomposable, reactive, tin-containing paint
which reduces to a reactive tin and forms metallic stannides (e.g., iron
stannides and nickel/iron stannides) upon heating in a reducing atmosphere.

It is most preferred that the aforementioned paint contain at
least four components (or their functional equivalents); (i) a hydrogen

-decomposable tin compound, (ii) a solvent system, (iii) a finely divided tin
metal and (iv) tin oxide as a reducible sponge/dispersing/binding agent.

The paint should contain finely divided solids to minimize settling, and



oxygén are al so}r ' ED category of materials include elenents
such as silver, Cﬁ?{l_ﬂ[)m%@‘fﬁﬂ% I num and refractory exides—such—as—sitita

and alum na. These naterials arfp fesistant and do not fo mS a iS ee§ﬂRe81’éced
react with othe t2a] FEBV®7ca} bliri zi ng envi r onment undﬂ\méa t‘m H
: m of

condi ti ons. Becalisp different areas of the

the invention (e.g., different-afeas in ﬁjurnace) can b
wi de range of fenperatures__the haterial selecton and thickness of coating

can be staged, - such that better carburization resistances are used in
those areas of iGid not contain non-reactive materials which will prevent reaction of

reactive tin with surfaces of the reactor system.

As the hydrogen decomposable tin compound, tin octanoate
or neodecanoate is particularly useful. Commercial formulations of this
compound itself are available and will partially dry to an almost
éhewing—gum—ﬁkc layer on a steel surface; a layer which will not crack
and/or split. This property is necessary for ény coating composition used
in this context because it is conceivable that the coated material will be
stored for months prior to treatment with hydrogen. Also, if parts are
coated prior to assembly they must be resistant to chipping during
construction. As noted above, tin octanoate is available cdmmercially. It
is reasonably priced, and will decompose smoothly to a reactive tin layer
which forms iron stanni&e in hydrogen at temperatures as low as 600°F.

-. Tin octanoate should not be used alone in a paint, however.
1t is not sufficiently viscous. Eﬁen when the solvent is evaporated
therefrom, the remaining liquid will drip and run on the coated surface. In
practice, for example, if suc_h were used to coat a horizontal furnace tube,
it would pool at the bottom of the tube.

Component (iv), the tin oxide sponge/dispersing/binding
agent, is a porous tin-containing compound which can sponge-up an
organo-metallic tin compound, yet still be reduced to activc- tin in the
reducing atmosphere. In addition, tin oxide can be processed through a

colloid mill to produce very fine particles which resist rapid settling. The
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Unlike typical paint thickeners, component (iv) is selected
such that it becomes a reactive part of the coating when reduced. Itis noi
inert like formed silica; a typical paint thickener which would leave an
unreactive surface coating after treatment.

Finely divided tin metal, component (iii), is added to insure
that metallic tin is available to react with the surface to be coated at as low
a temperature as possible, even in a non-reducing atmosphere. The particle
size of the tin is preferably one to five microns which allows excellent
coverage of the surface to be coated with tin metal. Non-reducing
conditions can occur during drying of the paint and welding of pipe joints.
The presence of metallic tin ensures that even when part of the coating is
not completely reduced, tin metal will be present to react and form the
desired stannide layer. |
- | The solvent should be non-toxic, and effective for rendering

the paint sprayable and spreadable when desired. It should also evaporate
quickly and have compatible solvent properties for the hydrogen
decomposable tin compound. Isopropyl alcohol is most preferred, while

hexane and pentane can be useful, if necessary. Acetone, however, tends

to precipitate organic tin compounds.
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{n-Jne embodiment, there can be used a tin paint of 20
percent Tin Ten-Cem (stannous octanoate in octanoic acid or neodecanoate
in neodecanoic acid), stannic oxide, tin metal powder and isopropyl
alcohol.

The tin paint can be applied in many ways. For example,

" furnace tubes of the reactor system can be painted individually or as

modules. A reforming reactor system according to the present invention
can contain various numbers of furnace tube modules (e.g., about 24
furnace tube modules) of suitable width, length and height (e.g., about 10
feet long, about 4 feet wide, and about 40 feet in height). Typically, each
module will include two headers of suitable diameter, preferably about 2

feet in diameter, which are connected by about four to ten u-tybes of

- suitable length (e.g., about 42 feet long). Therefore, the total surface area '

to be painted in the modules can vary widely; for example, in one
embodiment it can be about 16,500 ft2,

Painting modules rather than the tubes individually can be
advan_ﬁgeous in at least four respects; (i) painting modules rather than
individual tubes should avoid heat destruction of the tin paint as the
components of the modules are usually heat treated at extremely elevated
temperatures during production; (ii) painting modules will likely be quicker
and less expensive than painting tubes individually; (i) painting modules
should be more efficient during production scheduling; and (iv) painting of

the modules should enable painting of welds.
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If coating is insufficient, the tubes can be coated individually.

It is preferable that the paint be sprayed into the tubes and
headers. Sufficient paint should be applied to fully coat the tubes and
i:éders. After 2 module is sprayed, it should be left to dry for about 24
hours followed by application of a slow stream of heated nitrogen (e.g.,
about 150°F for about 24 hours). Thereafter, it is preferable that 4 second
coat of paint be applied and also dried by the procedure described above.
After the paint has been applied, the modules should preferably be kept
under a slight nitrogen pressure and should not be exposed to temperatures
exceeding about 200°F prior to installation, nor should they be eXposed to
water except during hydrotesting. -

Iron bearing reactive paints are also useful in the present
invention. Such an iron bearing reactive paint will preferably contain
~ various tin compounds_ to which iron has been added in amounts up to one

third Fe/Sn by weight.

The addition of iron can, for example, be in the form of

Fe,0;. The addition of iron tb a tin containing paint should afford

noteworthy advantages; in particular: (i) it should facilitate the reaction of

the paint to form iron stannides thereby acting as a flux; (ii) it should dilute
the nickel concentration in the stannide lay& thereby providing better

protection against coking; and (iii) it should result in a paint which affords
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Yet another means for preventing carburization, coking, and
metal dusting in the low-sulfur reactor system comprises the application of
a metal coating or cladding to chromium rich steels contained in the reactor
system. These metal coatings or cliddings may be comprised of tin,
antimony, bismuth or arsenic. Tin is especially preferred. These coatings
or claddings may be applied by methods including electroplating, vapor
depositing, and soaking of the chromium rich steel in a molten metal bath.

It has been found that in reactor systems where
carburization, coking, and metal dusting are parﬁcularly problematic that
the coating of the chromium-rich, gickel—contaix'xing steels with.a layer of
tin in effect creates a double protective layer. There results an inner
chromium rich layer which is resistant to carburization, coking, and metal
dusting and an outer tin layer which is also resistant to carburization,

- coking and metal dusting. This occurs because when the tin coated
chromium rich steel is exposed to typical reforming temperatures, such as
about 1200°F, it reacts with the steel to form nickel-rich iron nickel
stannides. Thereby, the nickel is preferentially leached from the surface of
the steel leaving behind a layer of chromium rich steel. In some instances,
it may be desirable to remove the iron nickel stannide layer from the

stainless steel to e:;pose the chromium rich steel layer,
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—For-example, it was found that when.a tin cladding was
applied to a 304 grade stainless steel and heated at about 1200°F there
resulted a chromium rich steel layer containing about 17% chromium and
substantially no nickel, comparable to 430 grade stainless steel.

When applying the tin metal coating or cladding to the
chromium rich steel, it may be desirable to vary the thickness of the metal
coating or cladding to achieve the desired resistance against carburization,
cok}ing, and metal dusting. This can be done by, e.g., adjusting the
amount of time the chromium rich steel is soaked in a molten tin bath.
This will also affect the thickness of the resulting chromium rich steel
layer. It may also be desirable to vary the operating temperature, or to
vary the comi)osiﬁon of the chromium rich steel which is coated which in

order to control the chromium concentration in the chromium rich stpel

‘Iayer produced.

It has additionally been found that tin-coated steels can be
further protected from wbuﬁzaﬁon, metal dusting, and coking by a
post-treatment process which involves application of a thin oxide coating,
preferably a c_:hromium oxide, such as Cr,0,. This coating will be thin, as
thin as a few um. Application of such a chromium oxide will protect

aluminum as well as tin coated steels, such as Alonized steels, under

_ low-sulfur reforming conditions.

The chromium oxide layer can be applied by various
methods inclgding: application of a chromate or dichromate paint followed

by a reduction process; vapor treatment with an organo-chromium
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L. -compound;or application of a chromium metal plating followed by
oxidation of the resulting chromium plated steel.

Examination of tin-electroplated steels which have been
subjected to low-sulfur reforming conditions for a substantial period of time
has shown that when a chromium oxide layer is produced on the surface of
the stannide layer or under the stannide layer, the chromium oxide layer
does not cause deterioration of the stannide layer, but appears to render the

e steel further resistant to carburization, coking and metal dusting.
Accordingly, application of a chromium oxide layer to either tin or
aluminum coated steels will result in steels which are further resistant to
carburization and coking under the low-sulfur reforming conditions. This
post-treatment process has particular applications for mﬁﬁg tin or
aluminum coated steels which, after prolonged exposure to low-sulfur
reforming conditions, are in need of repair. .

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

- the suitability of various materials for the present invention can be selected
and classiﬁed according to their responses to carburizing atmospheres. For
example, iron, ;:obalt, and mckel form relatively gmsta.bie carbides which
will subsequently carburize, coke and dust. Elements such as chromium,
niobium, vanadium, tungsten, molyhdeﬁum, tantalum and zirconium, will
form stable carbides which are more resistant to carburization coking and
dusting_.' Elcments such as tin, antimony and bismuth do not form carbides
or coke. 'A;nd, these compounds can form stable compounds with many

metals such as iron, nickel and copper under reforming conditions.
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I n addition,

oxygen are also resistant. A final category of materials include ele.ments
such as silver, copper, gold, platinum and refractory oxides such as silica
and alumina. These materials are resistant and do not form carbides, or
réact with other metals in a cafburizing environment under reforming |
conditions.

\~ Because different areas of the reactor system 6f the invention
(e.g., different areas in a furnace) can be exposed to a wide range of
temperatures, the material selection and thickness of coating can be staged,
such that better carburization resistances are used in those areas of the
system experiencing the highest temperatures. In any case, the -
carburization resistant coating should be used in amounts such that the
metal sulfides present in the reactor system do not consume the entire
protective coating. It is preferred that any remaining sulfur in the sulfided

"~ surfaces is fixated. By "fixated”, as used herein, it is meant applying a
coating of the carburization resistant coating over the sulfided metal such
that the sulfur does not sut;stantially release from the coated surface.

With regard to materials selection, it was discovered that
oxidized Group VIII metal surfaces such as iron, nickel and cobalt are
more active in terms of coking and carburization than their unoxidized
counterparts. For example, it was found that an air roasted sample of 347
stainless steel was significantly more active than an unoxidized sample of

the same steel. This is believed to be due to a re-reduction of oxidized
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~ steels which produces very fine-grained iron and/or nickel metals. Such
metals are especially active for carburization and coking. Thus, it is
desirable to avoid these materials as much as possible during oxidative
regeneration processes, such as those typically used in catalytic reforming.
However, it has been found that an air roasted 300 series stainless steel
coated with tin can provide similar resistances to coking and carburization
as unroasted samples of the same tin coated 300 series stainless steel.
Furthermore, it will be appreciated that oxidation will be a
problem in systems where sulfur sensitivity of the catalyst is not of

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

in such systems ever become insufficient, any metal sulfides which have
formed on metal surfaces would, after oxidation and reduction, be reduced
to fine-grained metal. This metal would be highly reactive for coking and
carburization. Potentially, this mn cause a catastmphic.failure of the
metallurgy, or a major coking event.

N As noted above, excessively high temperatures can occur in
ﬁe catalyst beds when exothermic demethénaﬁon reactions within cokeballs
cause localized hot regions. These hot spots also pose a problem in
conventional reforming reactor systems (as well as other areas of chemical
and petrochemical processing).

For example, the center pipe screens of reformers have been
observed to locally waste away and develop holes; ultimately resulting in
catalyst migration. In conventional reforming processes the temperatures

within cokeballs during formation and burning are apparently high enough
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' —mm'm of process sulfur to poison coking, carburization,

and dusting. The metal screens, therefore, carburize and are more
sensitive to wasting by intergranular oxidation (a type of corrosion) during
regeneration. The screen openings enlarge and holes develop.

Thus, the téachings of the present invention are applicable to

conventional reforming, as well as other areas of chemical and

- petrochemical processing. For example, the aforementioned platings,

claddings and coatings can be used in the preparation of center pipe screens
to avoid excessive hole development and catalyst migration. In addition,
the teachings can be applied to any furnace tubes which are subjected to
carburization, coking and metal dusting, such as furnace tubes in coker
furnaces.

In addition, since the techniques described herein can be
used to control carburization, coking, and metal dusting at excessively high
tempemturés, they can be used in cracking furnaces operating at from
about 1400° to about 1700°F. For example, the deterioration of steel
occurring in cracking furnaces operating at those temperatures can be '
controlled by application of various metal coatings. These metal coatings
can be applied by melting, electroplating, and painting. Painting is
particularly preferred.

For example, a coating of antimony applied to iron bearing
steels protects these steels from carburization, coking and metal dusting

under the described cracking conditions. In fact, an antimony paint applied
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A coating of bismuth applied to nickel rich steel alloys (e.g.,
INCONEL 600) can protect those steels against carburization, coking, and
metal dusting under cracking conditions. - This has been demonstrated at
temperatures of up to 1600°F.

Bismuth-containing coatings may also be applied to iron
bearing steels and provide protection against carburization, metal dusting,
and coking under cracking conditions. -Also, a metal coating comprising a
combination of bismuth, antimony, and/or tin can be used. .

Looking again to low-sulfur reforming, other techniques can
also be used to address the problem discovered according to the present
invention. 'I:hey can be used in conjunction with an appropriate material
selection for the reactor system, or they can be used alone. Preferred from
among the a&ditional techniques is the acidition of non-sulfur,
mﬁ@u@g and anti-coking agent(s) during the reforming process.
These agexits' can be added continuousiy during processing and function to
interact with those surfaces of the reactor system which contact the |
hydromrbons; or they may be applied as a pretreatment to the reactor
system. .

While not wishing to bound by theory it is believed that
these agents interact with the surfaées of the reactor system by
decompositjon and surface attack to form iron and/or nickel intermetallic

" corapounds,-such as stannides, antimonides, bismuthides, germanides,

L -

i on
among
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compounds are resistant to carburization, coking and dusting and can
protect the underlying metallurgy. Likewise, such agents may allow
removal of sulfur as H,S from presulfided reactor systems. |

The intermetallic c_bmpounds are also believed to be more
stable than the metal sulfides which were formed in systems where H,S was
used to passivate the metal. These compounds are not reduced by
hydrogen as are metal sulfides. As a result, they are less likely to leave
the system than metal sulfides. Therefore, the continuous addition of a2
carburization inhibitor with the feed can be minimized.

Preferred non-sulfur anti-carburizing and anti-coking agents
include organo-metallic compounds such as organo-tin compouﬁds,
organoc-antimony compounds, organo-biﬁmuﬂx compound;c,, organo-arsenic
compounds, and organo-lead compounds. Suitable organo-lead compounds
include tetraethyl and tetraméthyl lead. Organo-tin compounds such as
tetrabutyl tin and uimethyl tin hydride are especially preferred.

Additional specific organo-metallic compounds include -
bismuth neodecanoate, chromium octoate, copper naphthenate, manganese
carboxylate, palladium neodecanoate, silver neodecanoate,
tetrabutylgermanium, tributylantimony, triphenylantimony, triphenylarsine,

and zirconium octoate.

agent (s) during the reforming process.—
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How and where these agents are added to the reactor system

is ﬁot critical, and will primarily depend on particular process design
characteristics. For example, they can be added continuously or
discontinuously with the feed.

However, adding the agents to the feed is not preferred as
-i:hey would tend to accumulate in the initial portions of the reactor system.
This may not provide adequate protection in the other areas of the system.

It is preferred that the agents be provided as a coating prior
to construction, prior to start-up, or in-situ (i. e.,. in an existing system). If
added in-situ,'it should be done right after catalyst regeneration. Very thin
coaﬁxigs can be applied. For example, it is believed that when using
organo-tin compounds, iron stannide coatings as thin as 0.1 micron can be
effective, .

A preferred niethod of coating the agents on an existing or
new reactor surface, or a new or existing furnace tube is to decompose an
organometallic compound in a hydrogen atmosphere at temperatures of
about 900°F. For organo-tin compounds, for example, this produces
reactive metallic tin on the tube surface. At these temperatures the tin will
further react with the surface metal to passivate it.

Optimum coating temperatures will depend on the particular
organometallic compound, or the mixtures of compounds if alloys are
desired. Typically, an excess of the organometallic coating agent can be
pulsed into the tubes at a high hydrogen flow rate so as to carry the coating

agent throughouf the system in a mist. The flow rate can then be reduced

I ow_"--'-' '
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reactor surface. Alternatively, the compound can be introduced as a vapor

which déco’mposes and reacts with the hot walls of the tube or reactor in a

reducing atm‘osphére. |

As discussed above, reforming reactor systems susceptible to
carburization, metal dusting and coking can be treated by application of a
decomposable coating containing a decomposable organometallic tin -

~ compound to those areas of the reactor system most susceptible to
carburization. Such an approach works particularly well in a temperature
controlled furnace.

Howevef, stich control is not always present. There are "hot
spots” which develop in the reactor system, particularly in the furnace
tubes, where the organometallic compound can decompose and form
deposits. Therefore, 'another- aspect of the invention is a process which

" avoids such deposition in reforming reactor systems where temperatures are
- not closely controlled and exhibit areas of high temperature hot spots.

Such a process involves preheating the entire reactor system
to a temperature of from 750 to 1150°F, preferably 900 to 1100°F, and
most preferably about 1050°F, with 2 hot stream of hydrogen gas. After
preheating, a colder gas stream at a temperature of 400 to 800°F,
preferably 500 to 700°F, and most preferably about 550°F, containing a
vaporized organometallic tin compound and hydrogen gas is introduced into
the preheated reactor system. This gas mixture is introduced upstream and

can provide a decomposition "wave” which travels throughout the entire
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“reactor system. Essentially this process works because the hot hydrogen

gas produces a.uniformly heated surfacé which will decompose the colder
organometallic gas as it travels as a wave throughout the reactor system.
The colder gas contaihing the organometallic tin compound will decompose
on the hot surface and coat the surface. The organometallic tin vapor will
continue to move as a wave to treat the hotter surfaces downstream in the
reactor sy.stem. Thereby, the entire reactor system can have a uniform

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

conduct several of these hot-cold temperature cycles to ensure that the

entire reactor system has been uniformly coated with the organometallic tin
compound.

In operation of the reforming reactor system according to the’
present invention, naphtha will be i'efonned to form arom;nics. The
naphtha feed is a light hydrocarbon, preferably boiling in .the range of
about 70°F to 450°F,-more preferably about. 100 to 350‘?. The naphtha
feed will contain aliphatic or paraffinic hydrowbons: These aliphatics are
converted, at least in part, to aromatics in the reforming reaction zc;ne.

In the "low-sulfur” system of the invention, the feed will -
preferably contain less than 100 ppm sulfur, and more preferably less
than 50 ppm sulfur. When using large pore zeolite catalysts, the feed will
preferably contain less than 100 ppb sulfur, and more preferably, less
than 50 ppb sulfur, more preferably, less than 10 ppb and even more
preferably, less than 5 ppb sulfur, If necessary, a sulfur sorber unit can be

employed to remove small excesses of sulfur.
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Preferred refoﬁning process conditions include a temperature
between 700 and 1050°F, more.preferably between 850 and 1025 °E; and a
pressure between 0 and 400 psig, more preferably between 15 and 150
psig; a recycle hydrogen rate sufficient to yield a hydrogen to hydrocarbon
mole ratio for the feed to the reforming reaction zone between 0.1 and 20,
more preferably between 0.5 and 10; and a liquid hourly space velocity for
the hydrocarbon feed over the reforming catalyst of between 0.1 and 10,
more preferably between 0.5 and 5. At these temperatures, tin reacts with
sulfided metals to replace sulfur in the metals with tin and/or to fixate the
sulfur to prevent its release into the reactor system. '

To achieve the suitable reforr_ner temperatures, it is often
necessary to heat the furnace tubes to high temperatures These - |
temperatures can often range from 600 to 1800°F, usually from 850
and 1250°F, and more often from 900 and 1200°F.

As noted above, the problems of carburization, coking and
metal dusting in low-sulfur systems have been found to ass;ociated with
excessively high, localized process temperatures of the reactor system, and
are particularly acute in the furnace tubes of the system where particularly
high temperatures are characteristic. In conventional reforming techniques

where high levels of sulfur are present, furnace tube skin temperatures of

up to 1175°F at end of run are typical. Yet, excessive carbuxiﬁtion.

coking and metal dusting was not observed. In low-sulfur systems,

however, it has been discovered that excessive and rapid carburization,
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Accordingly, another aspect of the invention is to lower the
temperatures of the metal surfaces inside the furnace tubes, transfer-lines
and/or reactors of the reforming system below the aforementioned levels.
For example, temperatures can be monitored using thermocouples attached
at various locatidns in the reactor system. In the case of furnace tubes,
thermocouples can be attached to the outer walls thereof, preferably at the
hottest point of the furnace (usually near the furnace outlet). When
necessary, adjustments in process operation can be made to mamtam the
temperatures at desired levels.

There are other techniques for reducing exposure of system
surfaces to undesirably high temperatures as well. For example, hwt.
transfer areas can be used with resistant (and usually more costly) tubing. in
the final stage where temperamres are usually the highest.

In addition, superheated hydrogen can be added between
react-ors of the reformir_lg system. Also, a larger catalyst charge can be
used. And, the éatalyst can be regener;xted more freque-ntly. In the case of
catalyst regeneration, it is best accomplished using a moving bed process
where the catalyst is withdrawn from the final bed, regenerated, and
charged to the first bed.

Carburization and metal dusting can also be mnumxzed in the
low-sulfur reforming reactor system of the invention by using certain other

novel equipment configurations and process conditions. For example, the
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temperature conditions in the reactor system can be constructed of materi;is
more resistant to carburization than materials conventionally used in the
construction of reforming reactor systems; materials such as those
aescﬁbed above. Heaters or tubes which are not subjected to extreme
temperatures can continué to be constructed of conventional materials.

By using such a staged design in the reactor system, it is
possible to reduce the overall cost of the system (since carburization

- resistant materials are generally more expensive than conventional
materials) while still providing a reactor system which is sufficiently
resistant to carburization and métal dusting under low-sulfur ref;ering
éonditions. Additionally, this should facilitate the retrofitting of existing
reforming reactor systems to render them carburization and metal dusting
resistant under low-sulfur operating conditions; since a smaller portioxi of
the reactor .system would need replacement or modification with a staged
design.

The reactor system can also be operated using at least two
temperature zones; at least one of higher and one of lower temperature.
This approach is based on the observation that metal dusting has a
temperature maximum and minimum, above and below which dusting is
minimized. Therefore, by "higher” temperatures, it is meant that the
temperatures are higher than those conventionally used in reforming reactor

systems and higher than the temperature maximum for dusting. By
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temperatures which reforming processes are conventionally conducted, and

falls below that in which dusting becomes a problem.

Operation of portions of the reactor system in different
temperature zones should reduce metal dusting as less of the reactor system
is at a temperature conducive for metal dusting. Also, other advantages of
such a design include improved heat transfer efficiencies and the ability to

\/ : reduce equipment size because of the operation of portions of the system at

| higher temperatures. However, operating portions of the reactor sjstem at

levels below and above that conducive for metal dusting would only
mmmuze, not completely avoid, the temperature range at which metal
dusting occurs. This is unavoidable because of temperamré fluctuations
which will occur during day to day operation of the reforming reactor
system; particularly fluctuations during shut-down and start-up of the .
system, temperature fluctuations during cycling, and temperature

\; : fluctuations which will occur as the process fluids are heated in the reactor
system.

Another approach to minimizing metal dusting relates to
providing heat to the system using superh_uted raw materials (such as e.g.,
hydrogen), thereby minimizing the need to heat the hydrocarbons through
furnace walls.

Yet another process design approach involves providing a
pre-existing reforming reactor system with larger tube diameters and/or

higher tube vcloéiﬁes. Using larger tube diameters and/or higher tube
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However, such:control Is not always present. There are "hot spot s"
whi ch devel op in the reactor system particularly in the furnace

velocities will minimize the exposure of the heating surfaces in the reactor
system to the hydrocarbons.

As noted above, catalytic reforming is well known in the
petroleum industry and involves the treatment of naphtha fractions to
improve octane rating by the production of aromatics. The more important
hydrocarbon reactions which occur during the reforming operation include

the dehydrogenation of cyclohexanes to aromatics, dehydroisomerization of

" alkycyclopentanes to aromatics, and dehydrocyclization of acyclic

hydrocarbons to aromatics. In addition, a number of other reactions also

‘occur, including the dealkylation of alkylbenzenes, isomerization of

paraffins, and hydrocracking reactions which produce light gaseous
hydrocarbons, e.g., methane, ethane, propane and butane, which
hydrocracking reactions should be minimized during reforming as they _
decrease the yield of gasoline boiling products and hydrogen. Thus,
"reforming"” as used herein refers to the treatment of a hydrowbbn feed
through the use of one or more aromatics producing reactions in order to
provide an aromatics enriched product (i.e., a product whose aromatics
content is greater than in the feed).

While the present invention is directed primarily to catalytic
reforming, it will be useful gmeriny in the production of aromatic
hydrocarbons from various hydrocarbon feedstocks under conditions of low
sulfur. That is, while catalytic reforming typically refers to the conversion
of naphthas, other feedstocks can be treated as well to provide an aromatics

enriched product. Therefore, while the conversion of naphthas is a
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hydrocarbons, cyclic olefin hydrocarbons, and mixtures thereof, and
panicula:ly saturated hydrocarbons.

Examples of paraffin hydrocarbons are those having 6 to 10
carbons such as n-hexane, methylpentane, n-haptane, methylhexane,
dimethylpentane and n-octane. Examples of acetylene hydrocarbons are
those having 6 to 10 carbon atoms such as hexyne, heptyne and octyne.
Examples of acyclic paraffin hydrocarbons are those having 6 to 10 carbon
atoms such as methyicyclopentane, cyclohexane, methylcyclohexane and
dimethylcyclohexane. Typical examples of cyclic olefin hydes are
those having 6 to 10 carbon atoms such as methylcyclopentene,
cyclohexene, m_ethylcyclohexene, and dimethylcyclohexene.

“The present invention will also be useful for reforming under
low-sulfur conditions using a variety of different reforming catalysts. Such
catalyst include, but are not limited to 'Noble Group VIII metals on |
mm inorganic oxides such as platinum on alumina, Pt/Sn on alumina
and Pt/Re on alumina; Noble Group VIII metals on a zeolite such as Pt,.
Pt/Sn and Pt/Re on zeolites such as L-zeolites, ZSM-5, silicalite and beta;

and Nobel Group VIII metals on alkali- and alkaline-earth exchanged

'L-zeolites.
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A preferred embodiment of the invention involves the use of
a large-pore zeolite catalyst including an alkali or alkaline earth metal and
charged with one or more Group VIII metals. Most preferred is the
embodiment where such a catalyst is used in reforming a naphtha feed.

The term "large-pore zeolite” is indicative generally of a
zeolite having an effective pore diameter of 6 to 15 Angstroms. Preferable

large pore crystalline zeolites which are useful in the present invention

inciude the type L zeolite, zeolite X, zeolite Y and faujasite. These have

apparent pore sizes on the order to 7 to 9 Angstroms. Most preferably the

.zeohtezsatypeLzeolxte

The composition of type L zeolite expressed in terms of

mole ratios of oxides, may be represented by the following fomiula:
(0.9-1.3)M,0:AL,0,(5.2-6.9)8i0,:yH,0

In the above formula M represents a cation, n represents the valence of M,
and y may be any value from O to about 9. Zeolite L, its X-ray diffraction
pattern, its properties, and method for its preparation are described in detail
in, for example, U.S. Patent No. 3,216,789, the contents of which is
hereby incorporated by reference. The actual formula may vary without
changing the crystalli:ie structure. For example,. the mole ratio of silicon
to aluminum (Si/Al) may vary from 1.0 to 3.5.

The chemical formula for zeolite Y expressed in terms of
mole ratios of oxides may be written as:

(0.7-1.1)Na,0: AL,O,:xSi0,:yH,0
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tin colpchesbove formula, x is a value greater than 3 and up to about 6. y may

be a value up to about 9. Zeolite Y has a characteristic X-ray powder
diffraction pattern which may be employed with the above formula for
identification. Zeolitc Y is described in more detail in U.S. Patent
No. 3,130,007 the contents of which is hereby incorporated by reference.
| Zeolite X is a synthetic crystalline zeolitic molecular sieve
which may be represented by the formula:
(0.7-1.1)M,,,0: A1,0,:(2.0-3.0)Si0,:yH,0
In the above formula, M represents a metal, particularly alkali and dléline
earth metals, n is the valence of M, and y may have any value up to about
8 depending on the identity of M and the degree of hydration of the
crystalline zeolite. Zeolite X, its X-ray diffraction pattern, its properties,
and method for its preparation are described in detail in U.S. Patent
No. 2,882,244 the contents of which is hereby mcoxporated by reference.
| | An alkali or alkaline earth metal is preferably present in the
o large-pore zeglite. That alkaline earth metal may be either barium,
strontium or calcium, preferably barium. The alkaline earth metal can be
- incorporated into the zeolite by synthesis, impregnation or ion exchange.
Barium is preferred to the other alkaline earths because it results in a
somewhat. less acidic catalyst. Strong acidity is undesirable in the catalyst
-because it promotes cracking, resulting in lower selectivity.
In another embodiment, at l&ast part of the alkali metal can
be exchanged with barium using known techniques for ion exchange of

zeolites. This involves contacting the zeolite with a solution containing
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The large-pore zeolitic catalysts used in the invention are
charged with one or more Group VIII metals, e.g., nickel, ruthenium,
rhodium, palladium, iridium or platinum. The preferred Group VIII metals
are iridium and particularly platinum. These are more selective with
regard to dehydrocyclization and are also more stable under the
dehydrocyclization reaction conditions than other Group VIII metals. If
used, the prefefred weight percentage of platinum in the catalyst is between
0.1% and 5%. '

Group VIII metals are introduced into large-pore zeolites by
synthesis, impregnation or exchange in an aqueous solution of appmpﬁate ‘_
salt. When it is desired to introduce two Group VIII metals into the.
zeolite, the operation may be carried out simultaneously or sequentially.

- To obtain a more aampletz understanding of the present
invention, the following examples illustrating certain aspects of the
invention are set forth. It should be understood, however, that the

invention is not limited in any way to the specific details set forth therein.

EXAMPLE
In an attempt to determine how tin reacts with iron sulfide,
two chunks of nearly pure iron monosulfide, one painted with tin paint,
- were treated at 950°F for three hours in a carburizing atmosphere of

about 1% toluene in 7% propane in hydrogen. No coking occurred, nor



preferably,
be
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t enperature

mﬂgﬁrfur. | f necessary, a sulfur sorber unit :can .
srfal | excesses of sul fur.

Pr ef erred r ef or process conditions  THa®hts!Bas Beéh Replace
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was any expected under these conditions. Then, two more chunks of iron
monosulfide were ground to obtain a fresh flat surface. The flat surface on
one of the chunks was treated with tin paint, and both chunks were exposed
to the carburizing atmosphere at 950°F for three hours. The results of
both experiments were the same.

The samples were mounted in epoxy resin, ground, and
polished for examination with the photographic and scanning electron
microscopes. Figure 1 is a photomicrograph (reflected light. 200x. 1 cm
= 50 um) showing that the tin reacted with the iron sulfide to form a
continuous layer uniformly 15 pm in thickness composed of the iron
stannides FeSn and FeSn,. The sulfur in the replaced sulfide was
presumably released as H,S. Figure 2 is a photomicrograph (reflected
light. 1250x. 1 cm = 8 pm) showing a thin inner layer of FeSn on the iron

sulfide underlying a thicker deposit of FeSn,. Some unreacted tin is also

‘present. The FeSn and FeSn, layers fixated the remaining sulfur in the

sulfided metal to prevent subsequent release thereof from the metal surface.
' These results show that iron stannides are stable in the
presence of small amounts of H,S. The results also show that one could
apply a protective coating of tin directly onto 2 sulfided steel surface such
as in the conversion of a reactor system from sulfurous to sulfur-free
service. The tin may provide both coking protection and a means of

desulfurizing a reactor system for use in sulfur-sensitive processes.



preferably between 450 and 550[err] C(850 and 1025[err]F), and a pressure
between 0 and 400 psig._nore preferably between 15 and 156—ps~|—g—&—ﬁeeyc—l—e—_
hydrogen rate suffi I hydrogen to hydrocar n nDI '
for the feed to HeﬁEP?. EEMPNVSWE ctfon zone between 0.1 a “kep'aced '
preferably betweeh .zzand 10; a liquid hourly space v l
hydrocarbon feed | ofje® # FEB: ®98r nfi lg catal yst of between O.
pref erably betweeh 5_and 5. At [tHese tefperatures, tin reacts wth
sul fided metals tp replace sulfur ijn the nmetals with tin and/or to fixate
the sulfur to prée gnto the reactor system To
achi eve the sui t abWailedheinventionohaschesn desaribedabpye i tesms i peefswed t o heat .
the furnace tubes to high tenperatures. These tenperatures can often range
from 320 to 980émbodimensittis td B Dhderstbéd that variatidns dndomodificationd may
680[ err] C(850-and 1250[err]F), and nore often from

be used. Such variations and modifications to the above preferred

embodiments which will be readily evident to those skilled in the art, and
‘which are to be considered within the scope of the invention as defined by

~ the following claims.



480 and 650[err] C( 900 and 1200[err]F). As not ed above,
the proble oki ng and rret aI dusti ng in | ow sul fur
systens have been found to associated with '
| ocal i zed pr oﬂm m ”ﬂH” of the reactor syst em a
particularly ace tubes of the syster. F‘ﬂ/
hi gh tenperatures are char acteristic. <149 tonventi onal ques
where high | evels of sulfur are present, furnance tube s [ s of
up to 640[err]C(1175[err]F) at end of run are typical. .Yet, exceSS| ve
carburi zati on, %ﬂiﬁﬁmﬁdusti ng was not observed. In | ow sul fur
systens, however, it has been di scovered that .
1. A method for reforming hydrocarbons comprising

(i) treating a reforming reactor system, at least one surface thereof

comprising a metal sulfide or metal sulfides to be exposed to hydrocarbons,

by coating at least a portion of the surface of said reforming reactor system

comprising the metal sulfide(s) with a material more resistant to

carburization than said portion prior to coating, reacting said material with

~ the metal suifide on said surface and fixating or removing at least a portion
of the sulfur of the metal sulfide(s) from the reactor system, and
(ii) reforming hydrocarbons in said reactor system under conditions of low

sulfur.

2 ‘A method for reforming hydrocarbons according to
Claim 1, wherein said carburization resistant material comprises copper,
tin, arsenic, antimony, bismuth, chromium, germanium, indium, selenium,

N tellurium or brass.
3. A method for refonmng hydrocarbons according to
Claim 2, wherein said carburization resistant material comprises tin,

arsenic, antimony or bismuth.

4. A method for reforming hydrocarbons according to

Claim 3, wherein said carburization resistant material comprises tin REPLACEMENT SHEET

27 FEB 1997




excessive and rapid carburizati on,

-. 30 - coking and netal dusting ocurred with CrM steels at -tepperatures

above 510[err] C(950[err]F), and stainless steels at ¢ Sheet Has Been Replaced

A S 111 III
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5. A method for reforming hydrocarbons according to
Claim 1, wherein said reforming step comprises reforming in the presence
of a large-pore zeolite catalyst including an alkali or alkaline earth metal

and charged with one or more Group VIII metals.

6. A method for reforming hydrocarbons according to
Claim 5, wherein a naphtha feed is contacted with a large-pore zeolite
catalyst including an alkali or alkaline earth metal and charged with one or
more Group VIII metals, and wherein at least a porﬁon_ of the reactor
. systemhasaresistmceto&uburimﬁon greater than mild steel under

conditions of low sulfur,

7. A method for reforming hydrocarbons according to
Claim 1, comprising reforming in a reactor system, at least a portion
thereof having a resistance to carburization greater than mild steel, under

conditions of low sulfur.

8. A method for reforming hydrocarbons according to
Claim 1, comprising reforming in a reactor system, at least a portion
thereof having a resistance to carburization greater than aluminized steels,

under conditions of low sulfur,

9. A method for reforming hydrocarbons accordirjg BREPLACEMENT SHEE™ |

Claim 1, comprising reforming in a reactor system, at least a portio 27 FEB 197




t enperat ures above 550[ err] C(1025[err]F). Accordingly,
preferred to | ower the terrperatures of the netal sur

reactors of th X Qﬁégllﬁgplamd
system Dbel ow |oned | evel s. For exarrpl cs can
be moni toredJmmH“imﬁ‘ﬂﬂE ‘es attached at various Ioc mﬂan
reactor syst furnace tubes, therm)coup ached

to the outer walls t her eof , preferably-a42the hott est: poi nt of the furnace
(usual Iy near the furnace outlet) When necessary, adJ ustnents in process
operation can be made to maintain the tenperatures at desired | evels.

There are ot hethereofthavipgesresistance ¢thicarburization greatercthas gHoy steels, under

conditions of low sulfur.

10. A method for reforming hydrocarbons according to
Claim 1, comprising reforming in a reactor system under conditions of low

sulfur, at least a portion of a furnace tube of the reactor system in contact '

b. with the hydrocarbons having a resistance to carburization greater than mild
steels. | |
11, A method for reforming hydrocarbons according to
Claim 1, comprising reforming in a reactor system under conditions of low
sulfur, at least a portion of the reactor system in contact with the
hydrocarbons being a Cu-Sn alloy or a Cu-Sb alloy.
Y 12, A method for reforming hydrocarbons according to

Claim 1, wherein said material is provided as a plating, cladding, paint or

other coating, to a base construction material.

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

applied by electroplating, vapor deposition, or soaking in a molten bath.

14. A method for reforming hydrocarbons according to

S REPLACEMENT SHEET
Claim 1, wherein said material is effective for retaining its resistanch t '
r27 FEB 1997

* carburization after oxidation.




surfaces to undesiraly high tenperatures as well. For exanpl e, heat ——————
transfer areas can be used with resistant (and usually nore %%&ymastﬂéglﬂgl aced

in the final stage where tenperatures are usually the h| g
In addltlon |1 " Ogen can be added between M”’”’g”l
reformng s H!‘“m“ ﬂ I ger catal yst charge can be’ use

catal yst can~ ecregenEra% ed nore frequengdy. In the case of cat al yst
regenerati on, i s best acconplished using a noving bed process wher e
the catal yst [s vvithdravvn fromthe final bed, regenerated, and char ged
to the first bed. 15. A method for reforming hydrocarbons according to

Claim 1, wherein upon reforming said resistance is such that embrittiement

will be less than 1.5 mm/year.

16. A method for protecting a reactor system comprising
{i) treating a reactor system, at least one surface thereof comprising 2 metal
sulfide or metal sulfides to be exposed to hfdrodarbons, by coating at least
a portion of the surface of said reactor system comprising the metal
sulfide(s) Qith a material more resistant to carburization than said portion
prior to coating, reacting said material with the metal sulfide on .said
surface and fixating or removing at least a portion of the sulfur of the metal
sulfide(s) from the reactor system, and (ii) reacting a hydrocarbbn in said

reactor sf(stem under elevated temperatures under conditions of low sulfur.

17. A method for treating a reactor system according to
Claim 16, wherein said carburization resistant material comprises copper,
tin, arsenic, antimony, bismuth, chromium, germanium, indium, selenium,

tellurium or brass.

18. A method for treating a reactor system according to

Claim 17, wherein said carburization resistant material comprises tin,

arsenic, antimony or bismuth. TIEP _ :
LACEMENT SHEET




Carburi zation and netal dusting can also be minimzed in t I owsul fur
reformng reactor systemof the invention by using certai n et Has laced
equi pnent configurations and process conditions. For exanpl e, E," '

SV R e e
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19. A method for reforming hydrocarbons according to

Claim 18, wherein said carburization resistant material comprises tin.

20. A method for reforming hydrocarbons according to
Claim 16, comprising reforming in a reactor system, at least a portion
thereof having a resistance to carburization greater than mild steel, under

conditions of low sulfur.

21. A method for reforming hydrocarbons according to
Claim 16, comprising reforming in a reactor system, at least a portion
thereof having a resistance to cm’bunzanon greater than aluminized steels,

under conditions of low sulfur.

22. A method for reforming hydrocarbons according to
Claim 16, comprising reforming in a reactor system, at least a portion
~ thereof having a resistance to carburization greater than alloy steels, under

conditions of low sulfur.

23, A method for reforming hydrocarbons according to
Claim 16, comprising reforming in a reactor system under conditions of
low sulfur, at least a portion of the reactor system in contact with the

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

| REPLACEMENT SHEgT
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ot her words, the heaters or tubes which are subjected to the nost extrene
tenperature conditions in the reactor system can be constructed of

materials — 0 carburization than materi al sy,gQRMEHsIBeMH bbiced
used in the con W i reformng reactor systens; na ' s
those desc mhmi‘&&mm\ers or tubes which are not sub l‘gmng‘n’rm
extrene te s gontinue to be, constructed of co

mat eri al s. By using such "d*staged design in the reactor
system it is ~possible to reduce the overall cost of the system (since
carburization resistant materials are generally nore ex ensixig t han
conventi onal 24. Amcthw formommg )'drocal'bon accor gm

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

other coating, to a base construction material.

25. The method of Claim 16, wherein the tin cbating is

applied by electroplating, vapor deposition, or soaking in a molten bath.

- 26, A method for reforming hydrocarbons according to
Claim 16, wherein said material is effective for retaining its resistance to

carburization after oxidation.

27. A method for reforming hydrocarbons dccording to
Claim 16, wherein upon reforming said resistance is such that

embrittlement will be less than 1.5 mm/year.

| REPLACEMENT SHEET
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mat eri al s) while still providing a reactor systemwhich is suffic-i'ently

resistant to carburization and netal dusting under |ow sulfur reformng .
conditions. Additionally, this should facilitate the retr oftistShéengas®een Replaced

existing reformng reactor systens to render them carburiz I
dusting resisitant under |owsulfur operating conditions; r
portion of the reactor system woul d need replacenent or nod (o h
a staged design. The reaggoL system can al so be operated
using at least-two tenperature zones; at |east one of higher and one of

| ower tenperature.
TREATING AND DESULFIDING SULFIDED STEELS IN
LOW-SULFUR REFORMING PROCESSES

ABSTRACT

A method for reforming hydrocarbons comprising coating
portions of a reactor system with a material more resistant
to carburization, reacting the material with metal sulfides
existing in the portions of the reactor system prior to
coating, fixating and reméving at least a portion of the
sulfur in the metal sulfides,' and reforming hydrocarbons in
the reactor system under conditions of low sulfur.




Thi's approach is based on the observation that nmetal dusting has a
tenperature maxi mum and m ni mum above and bel ow whi ch-dusting S

m ni m zed. Therefore;. by "higher" tenperatures, it is neglsitdfhs BBERe laced
tenperatures are higher than those conventi onal |y used tor
systenms and hi gher than the tenperature maxi num for dustl H HI

| ]

REPLACEMENT SHEET
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'-32._-""-f""l' g‘rﬁ!«?mmrﬁmgﬁs I'SgpFamt that the t enper at ur e "t &%t T about -
the te Q%rmoﬂwm@ﬁ@i,%? ngJ; odesses are conventionally conducted,

and f al] ¥ §Shiows) hatpabid W irg 14{ nd becones a problem .

Oper ati on %l}mwmgpg)spgeéme 2:% stemin different tenperature .

zones shaouldl Abegusge i 51 ¢ss of the reac ferat a o
?alp t+ng. Al so, other gg&%@%@@ gF‘EéT such a

clppiglen i I J&ﬁ%ﬁ eat ,_,t’{ﬁet.rf}‘]groat_f 'gci_enci es and_.t he ability to

’terrperat re conduci ve f%r e
reduce eduiprreft aygse* perdation of partirons of the system at

design i
TREATING AND DESULFIDING SULFIDED STEELS IN LOW-SULFUR
: REFORMING PROCESSES

The present invention relates to improv'ed techniques for
catalytic reformmg, pamcularly, catalytic reforming under low-suifur
condmons. More specifically, :he invention relates to the discovery and
control of problems particularly acute with low-sulfur reforming processes.

Catalytic reforming is well known in the petroleum industry
and involves the treatment of naphtha fractions to improve octane rating by
the production of aromatics. The more important hydrocarbon reactions
which occur during the reforming operation include the dehydrogenation of
cyciohexanes to aromatics, dehydroisomerization of alkylcyclopentanes to
aromatics, anddchydrocychmonofacychchydmmbonstommancs A
number of other reactions also occur,. including the dealkylation of
alkylbenzenes, isomerization of pa_nfﬁns, and hydrocracking reactions
which produce light gaseous .l;.ydrowbons. e.g., methane, ethane, propane
and butane. It__is important to minimize hydrocracking reactions during
reforming as they decrease the yield of gasoline boiling products and
hydrogen.

.Becéuse there is 2 demand for high octéne gasoline,
extensive research has been devoted to the development of improved
reforming catalysts and catalytic reforming p.roccsses. Catalysts for

successful reforming processes must possess good selectivity. That is, they

AEeF\35.
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hi gher tenpeatures. However, operating portions of the reactor system at
| evel s ‘bel ow and above that conducive for netal dusting would only

m nimze not conpletely avoid, the tenperature range at which netal
dusting occurs. This is unavoi dabl e because of tenperature fluctuations
which will occur during day to day operation of the reformn Ig tor
system particularly fluctuations duri ng'%hut downﬁ&gg mf-jt\ f) t he
system tenperature fluctuations during cycling, %rrperat ure
fluctuations which will _occur as the process fluids are heated in the
reactor  syst efiould be effective for producing high yields of liquid products in tne

gasoline boiling range containing large concentrations of high octane
number aromatic hydrocarbons. Likewise, there should be a low yield of
light gaseous hydrocarbons. The catalysts should possess good activity to
minimize excessively high temperatures for producing a certain quality of
products. It is also necessary for the catalysts to either possess good
stability in order that the activity and selectivity characteristics can be
retaix;xed during prolonged periods of operation; or be sufficiently
regenerable to allow frequent regeneration without loss of performance.

Catalytic reforming is also an important process for the
chemical industry. There is an increasingly larger demand for aromatic
hydrocarbons for use in the manufacture of various chemical products such
as synthetic fibers, insecticides, adhesives, detergents, plastics, synthetic
rubbers, phannaceutiml prodlicts, high octane gasoline, perfumes, drying
oils, ion-exchange resins, and various othgr products well known to those
skilled in the art. -

An important mchnological advaﬁce in catalytic reforming
has recently emerged which involves the use of large-pore zeolite catalysts.
These catalysts are further characterized by the presence of an alkali or
alkaline earth metal and are charged with one or more Group VIII metals.

' Thxs type of catalyst has been found to advantageously provide higher

selecn\nty and longer catalytic life than those previously used.

REPLACEMENT SHEET
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Anot her approach to mnimzing netal dusting relates to providing heat to

thé system using superheated raw materials (such as e.g., hydrogen),
t hereby m nim zing the need to heat the hydrocarbons through furnance
wal | s. Yet anot her process desi gn approach invol ves

providing a pre-existing reformng reactor systemwth |arger_tube
di aneters and/or higher tube velocities. Usihg | argﬁﬁptmimﬁﬁﬂffﬂ'rs

and/ or hi gher tube
Having discovered selective catalysts with acceptable cycle

lives, successful commercialization seemed inevitable. Unfortunately, it
was subsequently discovered that the highly selective, large pore zeolite
catalysts containing a2 Group VIII metal were unusually susceptible to sulfur
poisoning. See U.S. Patent No. 4,456,527.

Generally, sulfur occurs in petroleum and syncrude stocks as
hydrogen sulfide, organic sulﬁdes,. organic disulfides, mercaptans, also
known as thiols, and aromatic ring compounds such as thiophene,
benzothiophene and related compounds.

Conventionally, feeds with substan;ial amounts of sulfur, for
example, those with more than 10 ppm sulfur, have been hydrotreated with
conventional catalysts under conventional conditions; thereby changing the
form of most of the sulfur in the feed to hydrogen sulfide. Then, the
hydrogen sulfide is removed by dxstillauon, stripping or related techniques.

. One conventional method for removing residual hydrogen
sulfide and" mercaptan sulfur is the use of sulfur sorbents. See, for
example, U.S. Patent Nos. 4,204,997 and 4,163,706, the contents of which |
are hereby incorporated by reference. The concentration of sulfur in this
form can be reduced to considerably less than 1 ppm by using the
appropriate sorbents and conditions, but it has been found to be difficult to
remove sulfur to less than 0.1 ppm or to remove residual thiophene sulfur.
See, for example, U.S. Patent No. 4,179,361 the contents of which is

hereby incorporated by reference, and particularly Example 1 of that
REPLACEMENT SHEET
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- 33‘ - velocities will mnim Ze t he exposure of the heating surfaces in
tkhe reactor systemto the hydrocarbons. As not ed above,
catalytic reformng is well known in the petroleumindustry and involves
the treatnment of naphtha fractions to inprove octane rating by the
production of aromatics. The nore inportagt. hydrocarbon reactions which
occur during the reform ng operation include REPLACEMENT SHEET

Patent. Very low space velocities are required to remove thiophene sulfur,

requiring large reaction vessels filled with sorbent. Even with these

precautions, traces of' thiophene sulfur still can be found.

Thus, improved methods for reﬁoving residual sulfur, and in

particular, thiophene sulfur, from a hydrotreated naphtha feedstock were

developed. See, for example, U.S. Patent Nos. 4,741,819 and 4,925,549,

the contents of which are hereby incorporated by reference. These

alternative methods include contacting the naphtha feedstock with molecular

" hydrogen under reformmg conditions in the presence of a less

sulfur-sensitive reforming o_:_malyst, thereby converting trace sulfur

compbunds to H,S, and forming a first effluent. The second effluent is

contacted with a highly selective reforming ﬁtalyst under severe reforming

conditions. Accordingly, when using the highly sulfur-sensitive catalysts,

those skilled in the art go to great extremes to remove sulfur from the

hydrocarbon fwd._ By doing so, the catalyst life is extended for significant

periods of time, |

While low-sulfur systems using highly selective large-pore

zeolite catalysts were initially effective, it was discovered that a shut down

of the reactor system may be necessary after only a matter of weeks. The

reactor system of one test plant had regularly become plugged after only

such brief operating periods. The plugs were found to be those associated

- with coking. However, although coking thhm catalyst particles is a

common problem in hydrocarbon processing, the extent and rate of

G
" REPLAGEMENT ShEET

plug formation far exceeded any expectation.
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t he dehydrogenati on of cycl ohexanes to aromatics, dehydroi sonerization of
akkycycl opentanes to aromatics, and dehydrocyclization of acyclic

. hydrocarbons to aromatics. In addition, a nunber of othqr reactions al so
occur, including the deal kyl ati on of al kyl benzenes, isonerization of

paraffins, and hydrocracking reactions which produce |ight gaseous

hydrbons, e.g., methane, ethane, propane amd butane, which hydr ocr acki ng

reactions should be mnimzed during reformng as th PLﬂEEM€H$5HEEE yield

of gasoline boiling products and hydrogen. Thus, 'reéformng’ as used

herein refers to the treat ment of a h¥d5§c%rbon f eed

Accdrdingly, one object of the invendon is to provide a
method for reforming hydrocarbons under condidons of low sulfur which
avoids the aforementioned problems found to be associated with the use of

highly sensitive reforming catalysts and of low-sulfur reforming processes.

Thus, according to the present invention, there is provided
a method for reforming hydrocarbons comprising (i) treating a
reformipg reactor system, at least one surface thereof comprising
a metal sulfide or metal sulfides to be exposed to hfdrocarbons, by
coating at least a portion of the surface. of said reforming rsactor
.system comprising the metal sulfide(s) with a :matérial- more
raéistant t0 carburizatioa than said portion prior to coating,
reacting said material with the metal sulfide on said surface: and
fixating or removing at least a portion of the sulfuf of the metal
sulfide(s) from the reactor system, and (ii) reforming hydrocarbons
in said reactor system under conditions of leas than 100 ppm

su;phur.

After 2 detailed analysis and investigation of reforming
n;actor systems, it was found that sulfur became an integral part of reactor
surfaces by reacting with metals in the reactor walls to form sulfides such
as iron sulfide. 'Ihese.sulﬁded metals release sulfur upon typical reforming
conditions which may poison highly sulfur-sensitive reforming catalysts,
and the extensive mezsﬁm used to reduce the sulfur content in the feed
hydrocarbon are somewhat frustrated due to the release of sulfur from the

reactor walls,

REPLACEMENT SHEET
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throhgh the use of one or nore aromatics producing reactions in order to
provi de an aromatics enriched product (i.e., a product whose aronatics
content is greater than in the feed). Wil e the present
invention is directed primarily to catalytic reformng, it w ul
generally in the production of aromatic Pydrocar bons frBEPb%@ﬁM@QFSHEﬂ
hydr ocar bon feedst ocks under conditions of Tow sulfur. That is, while
catal ytic reform ng_typicall eerst t he nver sign _of_.nap ; her

f eedst ocks can be tfra?t®Y & Svi L3R ag(‘)lr?at i T theenr?éc%ed pr oduct

Therefore, whilsg1El§ed 2BYE Q?s@émd"!lﬁhf&&ﬁld& n part:.cular, it has been
found that contacting such reactor systems with materials which
react with the su.:lfide to re_leae sulfur and form a protective
surface are particularly advantageous as the sulfur may poison

such highly sulfur-—sensitive catalysts.
- Moreover, it was surprisingly found that coke plugs in low

sulfur reactor systems contained particles and droplets of metal; the

" droplets ranging in size of up to a few microns. This observation led to

.the stmhng realization that there are new, profoundly serious, problems

which were not of concern with conventional reforming techniques where
process sulfur levels are significantly higher. More particularly, it was
discovered that problems existed which threatened the effective and
economic operability of the systems, and thé physical integrity of the
equipment as well, It was also discovered that these probiems emerged due
to the low-sulfur condiaoux, amt to some extent, the low levels of water.

Formelastforq'm caxalync reforming reactor systems

havebeenoonstrucﬁedofordmarymlds&eel(e;g., 2% Crl Mo)

me, expmmcehasshmmaﬂwmmopmwsumssﬁmy for
about tweﬁty years without significant loss of physical strength. However,
the discovery of the metal particles and droplets in the coke plugs
eventually lead to an investigation of the physical characteristics of the
reactor system. Quite surprisingly, conditions were discovered which are
symptomatic of a potentially severe physical degradation of the entire
reactor system, including the furnace tubes, pxpmg reactor walls and other

environments such as catalysts that contain iron and metal .FP%EMENT SHEET

reactors. Ultimately, it was-discovered that this problem is teg with, 1999'

|
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-34 - preferred enbodi nent, the present invention can be useful for the
conversion or aromatization of a variety of feedstocks such as paraffin
hydr ocar bons, ol efin hydrocarbons, acetyl ene hydrocarbons, cyclic paraffin
hydr ocar bons, cyclic ol efin hydrocarbons, and m xtures thereof, and

. 7 REPLACEMENT SHEET

the excessive carburization of the steel which causes an embrittlement of |
the steel due to injection of process carbon into the inetal. Conceivably, a
catastrophic phﬁmi failure of the reactor system could resuit. |

With coﬁvmﬁonal reforming techniques carburization simply
is not a problem or concern; nor was it expected to be in contemporary |
low-sulfur/low-water systems. And, it was assumed that conventional
process equipment could be used. Apparently, however, the sulfur present

in conventional systems effectively inhibits carburization. Somehow in
conventional processes the process sulfur interferes with the carburization

reaction. But with extremely low-sulfur systems, this inherent protection
no longer. exists. | |

The problems associated with carburization only begin with
carburization of the physical system. The carburization of the steel walls
leads to "metal dusting"; a release of catalytically active particles and melt
droplets of metal. due to erosion of the metal, -
| The active metal particulates provide additional sites for coke
formation in the system. While catalyst deactivation from coking is
generally a problem which must be addressed in reforming, this new
significant source of coke formation leads to a new problem of coke plugs
which excessively aggravw the problem. In fact, it was found that the .
mobile active metal particulates and coke particles metastasize coking
generally throughout the system. The active metal particulates actually
induce coke formation on themselves and anywhere that the particles

accumulate in the system resulting in coke plugs and hot regions of

exothermic demethanation reactions. As a result, an unmanageabidiERUACEMENT SHEET
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particul arly saturated hydrocarbons. Exanpl es of paréffin
hydr ocarbons are those having 6 to 10 carbons such as n-hexane,

nmet hyl pent ane, n-hapt ane, nethyl hexane, di nmethyl pentane_an - o
Exanpl es of acetyl ene hydrocarbons are those having GRF@LﬁgEQEﬁEﬁegom

such as hexyne, heptyne and octyne. Exanples of acyclic paraffin
hydr ocarbons are those having 6 to 10 ea8bon atons such as
met hyl cycl opent ane, cycl ohexane, nethyl cycl ohexane and

di met hyl cycl ohexane. Typi cal exanples of cyclic olefin h.ydrocefé%ons are
those having 6 tpretature cokesplugging of the reastorsystom SR WCR gan toa

system shut-down within weeks of start-up. Use of the process and reactor
system of the present invention, however, overcomes these problems.
Therefore, another aspect of the invention relates to a
method for reforming hydrocarbons comprising contacting the
hydrocarbons with a reforming catalyst, preferably a large-pore zeolite
catalyst including an alkali or alkaline earth metal and charged with one or
more Group VI metals, in existing or new reactor systems having sulfided

In one embodiment of .the method of the inVentioﬁ; the -
reactor system includes means for providigg a resistance to
carburization and metal dusting which is an improvement over
conventional mild steel éystams when using a reforming catalyst
such as a large-pore zeolite catalyst'includiﬁg an alkaline
earth metal and charged with one or more Group VII metals under
conditions of low sulfnty the resistance being such that
embrittlement will be less than about 2.5 mm/year, preferably
less than 1.5 mm/year, more preferably less than 1 mm/year, and

most preferably less than 0.1 mm/year.

BRIEE DESCRIPTION OF THE FIGURES
Figure 1 is a photograph (200x) of 2 stannided FeS surface
exhibiting the reaction product of tin paint with FeS which formed a
coating of stannide, and
Figure 2 is a photograph (1250x) of the stannided FeS
surface showing a thin inner layer of FeSa on the iron sulfide under a

thicker deposit of FeSn,.




cyclbhexene, met hyl cycl ohexene, and di net hyl cycl ohexene. The
present invention will also be useful for reform ng under |owsulfur
conditions using a variety of different reform ng catal ysts. Such catalyst

i nclude, but are not limted to Noble Goup VIIl netals %%Mér'@fgﬁgory
an

I nor gani ¢ oxi des such as platinumon alum na, Pt/Sn BEPlef} Pt/ Re
on alumina; Noble Goup VIII netals o @& zeolite such as Pt, Pt/Sn and
Pt/ Re on zeolites such as L-zeolites, ZSM5, silicalite and beta; and
Nobel Group VI matdl s eAnakkdlder~a al kal i ne- e o) o

L-zeol i tes.

The metallurgical terms used herein are to be gven their

common metzﬂurgiél meanings as set forth in THE METALS

" HANDBOOK of the American Society of Metals. For example, "carbon
steels” are those steels having no specified minimum quantity for any

alloying element (other than the commonly accepted amounts of
manganese, silicon and copper) and containing only an incidental amount of
any element other than carbon, silicon, manganese, copper, sulfur and
phosphorus. "Mild steels” are those carbon steels with a t.naximum of
about 0.25% carbon. Alloy steels are those steels containing specified
quantities of alloying elements (other than carbon and the commonly
accepted amounts of manganese, copper, silicon, sulfur and phosphorus)
within the limits recognized for constructional alloy steels, added to effect
changesinmechanimlorph_ysimlpmpe:ﬁs. Alloy steels will contain less
than 10% chromium. Stainiess steels are any of several steels containing at .
least 10, preferably 12 to 30%, chromium as the principal alloying
element.

One foqnoftheiﬁveﬁﬁonistopmvidean improved method
for reforming hydrocarbons using a reforming catalyst, particularly a large
pore zeolite catalyst including an alkali or alkaline earth metal and charged-
with one or more Group VIII metals which is sulfur-sensitive, under
conditions of low sulfur. Such a process, of course, must demonstrate

better resistance to wbuxiza;ion than conventional low-sulfur reforming
REPLACEMENT SHEE

techniques, yet contain little sulfur available to poison the catalyst.

One solution for the problem addressed by the presen 01 JuL 1999 J




_ 35 - A preferred enbodi ment of the invention involves
the use of a large-pore zeolite catalyst including an al kali or alkaline

earth metal and charged with one or nore Group VIIl netals. Mst preferred
is the - - REPLACEMENT SHEET
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. invention is to pretreat existing sulfided reactor systems to both remove

sulfur from reactor surfaces and improve resistance to carburization and

‘metal dusting during reforming using a reforming catalyst such as the
aforementioned sulfur-sensitive large-pore zeolite catalyst under conditions

of low sulfur.
By "reactor systesn‘, as used herein, there is intended at

least one reforming reactor and its corresponding fumace means and
piping. This term also includes other reactors and their csrruponding

- furnaces and piping wherein the carburization is a problem under low
sulfﬁr conditions or those systems wherein the aforementioned
sulfur-sensitive large-pore zeolite catalysts are utilized. Such systems
include reactor systems used in processes for dehydrogenation and thermal
dalkyla.t_ion of hydrocarbons. Thus, by "reaction eondmons" as used
herein, there is intended, those condmons required to convert the feed
hydrocarbons: to a desired product.

. The aforementioned problems with low-sulfur reforming can
be effectively addressed by a selection of an appropriate reactor system
material for contact with the hydrocarbons during processing. Typically,
reforming reactor systems have been constructed of mild steels, or alloy
steels such as typical chromium steels, with insignificant carburization and
dusting. For example, under conditions of standard reforming, 2% Cr
furnace tubes can last twenty yars. However, it was found that these
steels are unsuitable under low-sulfur reforming conditions. They rapidly
become embrittled by carburization within about one year. For example, it
was found that 2!4 Cr | Mo steel carburized and embrittied more

mm/year.




enbodi nent where such a catalyst is used in reform ng a. naphtha feed.

The term "l arge-pore zeolite" is indicative generally of a zeolite having
an effective pore dianeter of 6 to 15 Angstrons. Preferable |arge pore
crystalline zeolites which: are useful in the present invention include the
type L zeolite, zeolite X, zeolite Y and faujasite. These -have anarent '
pore sizes on the order to 7 to.9 Angstrogg. Most pr ef er BEPYAGENME 7T e

is a type L zeolite The conposition of type L zeolite

expressed in terms of nole ratios of oxides, may be represented by the

foll owi ng fornul a: :
Furthermore, it was found that materials considered under

standard metallurgical practice to be resistant to coking and
carburization are not necessarily resistant under low-sulfur
reforming conditions. For example, nickel-rich alloys such as
Incoloyp 800 and 825; Inconel 6000; Marcel and Haynes 230°, are

unacceptable as they exhibit excessive coking and dusting.

However, 300 series stainless steels, preferably 304, 316,
321 and 347, are acceptable as materials for at least portions of the reactor
system according to the present invention which contact the-hydmwbons.
They have bean found to have a resistance to carburization greater than
mild steels and nickel-rich alloys.

In some areas of the reactor sgstama,_-_ docalized Esmpe:atures
can baco;ne excessively high during reforming (e.g., 480-680°C(900-
1250°F). This is particularly the case in furnace tubes, and in

: catalyst beds where éxotﬁerﬁic deme_thari;tion reactions occur within
normally occuring coke balls causing localized hot regions. While
still preferred to mild steels and nickel-rich alloys, the 300
series stainless steels do exhibit some coking and dusting at around

_ 540°C(1000°F), Thus, while useful, the 300 series stainless steels
are not the most preferred material for use in the present

invention.
Chromium-rich stainless steels such as 446 and 430 are even
more resistant to carburization than 300 series stainless steels. However,
these steels are not as desirable for heat resisting properties (they tend to

become brittle).

REPLACEMENT SHEET
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stainless steels for use in the present invention include copper, tin, arsenic,
antimony, bismuth, chromium, germanium, indium, selenium, tellurium
and brass, and intermetallic compounds and alloys thereof (e.g., Cu-Sn
alloys, Cu-Sb alloys, stannides, antimonides, bismuthides,.etc.). Steels and
even nickel-rich alloys containing these metals can also show reduced
carburization.

Reactor systems previously exposed to hydrocarbon feeds

- containing sulfur are not preferred when such systems utilize the

aforementioned sulfur-sensitive large-pore zeolite catalyst systems. In such
systems, the sulfur reacts with metals in the reactor system to form, for
example, FeS. Subsequent use of the reactor system, especially when
using the sulfur-sensitive zeolite catalyst, may cause premature shutdown of
the system since the sulfur releases from tl_xe walls of the reactor under high
nempexamrec and may poxson the catalyst. |

These previously sulfided steels may, according to the
present inventioﬁ, be treated or passivated to remove the sulfur from the
reactor walls and/or to fixate the sulfur from releasing from the reactor
walls and to coat the reactor walls with a material which significantly
reduces coking, carburization and metal dusting under reaction conditions.

In a preferred embodiment, these materials are provided as a
plating, cladding, paint (e.g., oxide paints) or other coating to a base
construction material. This is particularly advantageous since conventional

constiuction materials such.as mild steels can still be used with only the
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surface contacting the hydrocarbons being truted.‘ Of these, tin is
especially preferred as it reacts with the surface to provide a coating having
excellent carburization resistance at higher temperatures, and which resists
peeling and flaking of the coating. Also, it is believed that a tin containing
layer can be as thin as 1/10 micron and still prevent carburization. In
addition, it has been observed that with the use of such reactor systems, tin
attacks the sulfided metal surfaces including FeS replacing sulfur and
releasing H,S. Thus, application of resistant materials suchastinto a
reactor system to preveat coking, carburization and metal dusting can also
protect sulfur-sensitive catalysts when applied to previously sulfided reactor
systems.

Where practical, it is preferred that the resistant materials be
applied in a paint-like formulanon (herunaﬁet'pamt') to -a new or exlsnng
reactor sysun._.' Such 2 paint can be sprayed, brushed, pigged, etc. on
reactor system surfacsmchasmﬂdswels or.stainless steels. It is most
preferred that such a paint bie 2 decomposable, reactive, tin-containing paint
which reduces to a reactive tin and forms metallic stannides (e. 2., iron
stannides and nickel/iron stannides) upon heating in a reducing atmosphere.

It is most preferred that the aforementioned paint contain at
least four components (or their functional equivalents); (i) a hydrogen
decomposable tin compound, (ii) a solvent system, (iii) a finely divided tin
metal and (iv) tin oxide as a reducible sponge/dispersing/binding agent.

The paint should contain finely divided solids to minimize settling, and



diffraction patt eg
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should not contain non-reactive materials which will prevent reacdon of

reactive tin with surfaces of the reactor system.

As the hydrogen decomposable tin compound, tin octanoate or
neodecanoate is particularly useful. Commercial formulations of
this compound itself are available and will partially dry to an
almost chewing-qum-like layer on a steel surface; a layer which
will not crack and/or split. This property is necessary for any
coating composition used in this context because it is
conceivable that the coated material will be stored for months
prior to treatment with hydrogen. Also, if parts are coated
prior to assembly they must be resistant to chipping during
construction. As noted above, tin octanocate is available
commercially. It is reasonably priced, and will decompose
smoothly to a reactive tin layer which forms iron stannide in

hydrogen at temperatures as low as 320°C (600°F). :

Tin oc:anoate should not be used alone in a paint, ﬁowever.
It is not sufficiently mus. _Even when the solvent is evaporated
therefrom, therema:mngkqmdwﬂldnpandmnonmecoa:edsurface. In
practice, for example, if such wereusdwcoatahonmnmﬁmzmmbe
it would pool at the bottom of the tube.

Component (iv), the tin .oa_:ide sponge/dispersing/binding
‘agent. is 2 porous tin-containing compound which can sponge-up an
organo-metallic tin compound, yet still be reduced to active tin in the
reducing atmosphere. In addition, tin oxide can be processed through a

colloid mill to produce very fine particles which resist rapid settling. The
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addition of tin oxide will provide a paint which becomes dry to the touch,
and resists running. |

Unlike typical paint thickeners, component (iv) is selected
such that it becomes a reactive part of the coating when reduced. It is not
inert like formed silica; a typical paint thickener ivhich w;:uld leave an
unreactive surface coating after treatment.

Finely divided tin metal, component (iii), is added to insure
that metallic tin is available to react with the surface to be coated at as low
a temperature as possible, even in a non-reducing atmosphere. The particle
size of the tin'is preferably one to five microns which allows excellent
coverage of the surface to be coated with tin metal. Non-reducing

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

The presence of metallic tin ensures that even when part of the coating is
notcomplete-ly reduced, tin metal will be present to react and form the
desired stannide layer.

The solvent should be non-toxic, and effective for rendering

.the paint sprayable and spreadable when desired. It should also evaporate

quickly and have compatible solvent properties for the hydrogen

" decomposable tin compound. Isopropy! alcohol is most preferred, while

hexane and pentane can be useful, if necessary. Acetone, however, tends

to precipit#ta organic tin compounds.

in U S
is preferably

may be either
pref erably barium The alRERLADEMERT BPpE! al

Strong acidity is undesirable



because it pronotes cracking, resulting in |ower selectivity.

I n anot her enbodi nent, at |l east part of the alkali nmetal can be exchanged
wi th barium ¢ M@ ‘hhi ques for ion exchange of zeolites. This

i nvol ves cpnts - - iOlJte with a solution containing
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T ane embodiment, there can be used a tin paint of 20

B percent Tin Ten-Cem (stannous octanoate in octanoic acid or neodecanoate
in neodecancic acid), stannic oxide, tin metal powder and isopropyl
alcohol.

The tin paint can be applied in many ways. For example,
furnace tubes of the reactor system can be painted individually
or as modules. A reforming reactor system according to the
present invention can contain various numbers of furnace tube
modules (e.g., about 24 furnace tube modules) of suitable
width, length and height (e.g., about 3.05m(10 feet)long, about
1.22m(4 feet)wide, and about 12.2m(40 feet)in -height).
Typically, each module will imclude two headers of suitable
d..iaqieter, preferably about ‘6leni(2 feet)in diameter, which.are
connected by about four to _l:én u-tubeLs of suitable length
ie.g., about 12.8m(42 feet)ﬂlong).. Thereéor_e, the total surface
area to be painted in the modules can vary widely; for example,

in one embodiment it can be about 1530m?(16,500 f£t?).

Pmnnngmodnismhenhan the tubes individually can be
advantageous in at least four respects; (i) painting modules rather than
individual tubes should avoid heat destruction of the tin paint as the
components of the modules are usually heat treated at extremely elevated
temperatures during production; (ii) painting modules will likely be quicker
and less expensive than painting tubes individually; (iii) painting modules
‘should be more efficient during production scheduling; and (iv) painting of

the modules should enable painting of welds.
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However, paintng the modules may na¢ enabie the tubes o
be as completaly coated with paint as if the wbes were painted individually.
If coating is insufficient, the tubes can be coated individually.

It is preferable that the paint be sprayed into the tubes
and headers. Sufficient paint should be applied to fully coat
the tubes and headers. After a module is sprayed, it should be
left to dry for about 24 hours followed by application of a
slow stream of heated nitrogeh (e.g., about 66°C(150°F) for
about 24 hours). Thereafter, it preferable that a second coat
of paint be applied and also dried by the procedure described
above. After the paint has been applied, the modules should
preferably be kept under a slight nitrogen pressure and should
not be exposed to temperatures exceeding about 93°C(200°F)prior
to installation, nor should they be exposed to water except

during hydrotesting.

Iron bearing reactive paints are also useful in the preseat
invention. Such an iron bearing reactive paint will preferably contain
various tin compounds nﬁ which iron has beenj_adﬂed in amounts up to one
third Fe/Sn by weight.

The addition of iron can, for example, be in 'the form of
Fe,0,. The addition of iron to 2 tin contaihing paint should afford
noteworthy advantages; in particular: (i) it should facilitate the reaction of
the paint to form iron stannides thereby acting asa flux; (u) it should dilute
the nickel concentration in r.h;z s:z;nnide layer thereby providing better

protection against coking; and (iii) it Should result in a paint which affords
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illlustrating certain aspects of the
the ant-coking protecdan of iron stannides even if the underlying surface

does nat react well.
| Yet another means for preventing carburizadon, coking, and
metal dusting in the low-sulfur reactor system comprises the application of
2 metal coarting or cladding to chromium rich steels contained in the reactor
system. Thess metal coatings or. claddings may be comprised of tn,
antdmony, bismuth or arsenic. Tin is especially preferred. These coatings
or claddings may be é_pplied by methods including electroplating, vapor
depositing, and soaking of the chromium rich steel in 2 molten metal bath.
It has besn found that in reactor systems where
carburization, coking, and metal dusting are particularly problematic that
the coating of the chromium-rich, nickei-containing steels with a layer of
tin in effect creates 2 double protective layer. There results an inner
chromium rich layer which is resistant to arbu:inﬁoﬁ,‘coldng, and metal
“ dusting and an outer tin layer which is also resistant to carburization,
coking and metal dusting. This occurs because when the tin coated
chromium rich steel is exposed to typical reforming temperatures, such as
about 65 0°C(1260°F) ; it reacts with the steel to form nickel;
rich iron nickel stannides. Thereby, the nickel is
preferentially.leached from tﬁe surface of the steel leaving
behind a layer of chromium rich steel. In some instances, it

may be desirable to remove the iron nickel stannide layer from

the stainless steel to expose the chromium rich steel layer.
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applied to a 304 grade stainless steel and heated at about
650°C(1200°F) there resulted a chromium rich steel layer containing

about 17% chromium and substantially no nickel, comparable to

For example, it was found that when a tin cladding was

430 grade stainlesgss steel.

When applying the tin metal coatng or cladding to the
chromium rich stesl, it may be desirable o vary the thickness of the metal
coating or cladding to achieve the desired resistance against carburization,
coking, and metal dusting. This can be done by, e.g., adjusting the
amount of time-the chromium rich stesl is sozked in a molten tin bath.
This will also affect the thickness of the resulting chromium rich stel
layer. It may also be desirable to vary the operating temperature, or to
vary the composition of the chromium rich stesl which is coated which in
order to control the chromium concentration in the chromium rich steel
ﬁuwprMmuﬂ.

It has additionally besn found that tin-coated steels can be
further protected from carburization, metal dusting, and coking by a
post-treatment procass which involves application of a thin oxide coating,
preferably a chromium oxide, such as Cr,O;. This coating will be thin, as
thin as a few pm. Application of such a chromium oxide will protect
aluminum as well a5 tin coated: steals, such as Alonized steels, under
low-sulfur refornung condidons.

_ * ‘The chromium onde layer can be applied by various
methods including: application of a chromate or dichromate paint followed

by a reduction process; vapor treatment with an organo-chromium

oyrs in a ca&buri zi ng at ReBPACEMENT SHERUt
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compbund; or application of a chromium metal plating followed by
oxidation of the resulting chromium plated steel.

Examination of tin-electroplated steels which have been
subjected to low-sulfur reforming conditions for a substangial period of time
has shown that when a chromium oxide layer is produced on the surface of
the stannide layer or under the stannide layer, the chromium oxide layer
does not cause deterioration of the stannide layer, but appears to render the
steel further resistant to carburization, coking and metal dusting.
Accordingly, application of a chromium oxide layer to either tin or
aluminum coated steels will result in steels which-are further resistant to
carburization and coking under the low-sulfur reforming conditions. This
post-treatment process has particular applications for treating tin or |

aluminum coated steels which, after prolonged exposure to low-sulfur
reforming conditions, are in nesd of repair. |

While not wishing o be bound by theory, it is believed that
the suitability of various mitérials for the Present inveation can be selected
and classified according to their responses to carburizing atmospheres. For
example, iron, cobalt, and nickel form relatively unstable carbides which
will subsequently carburize, coke and dust. Elements such as chromium,
niobium, vangdium, tungsten, molybdenum, tantalum and ziréoniur'n,-; will .

“form stable carbides which are more resistant to carburization coking dnd -
dusting. Elements such as tin, antimony and bismuth do not form carbides
or coke. And, these compounds can form stable compounds with many

metals such as iron, nickel and copper under reforming conditions.
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arsenic, germanium, indium, tellurium, selenium, thallium, sulfur and
oxygen are also resistant. A final category of materials include elements
such as silver, copper, gold, platinum and refractory oxides such as silica
ang! alumina, These materials are resistant and.do not form carbides, or
react with other metals in a carburizing environment under reforming
conditions.

Because different ar&s of the reactor system of the im)ention
(e.g., different-areas in a furnace) can be exposed to a wide range of
temperatures, ihematzrialselectionandtlﬁch:esso_fcoaﬁn;mnbestaged,
such that better carburization resistances are—use;i'inthosearés of the
system experiencing the highest temperatures. In any case, _t.pe_:-.' ‘
carburization resistant coating should be used in amounts such that the
metal sulfides prmtmﬂle mcmrsistemdo not consume the entire
protective coanng Ttis preferred that any remaining sulfur in the sulfided
surfaces is fixated. By “fixated", as used herein, it is meant applying a
coanng of the carburization resistant coating over the sulfided metal such
that the sulfur does not substantially release from the coated surface.

With regard to materials selection, it was discovered that
oxidized Group VIII metal surfaces such as iron, nickel and cobalt are
more active in terms of coking and carburization than their -unoiic‘iized
counterparts. For example, it was found that an air roasted sample of 347
stainless steel was significantly more active than an unoxidized sample of

the same steel. This is believed to be due to a re-reduction of oxidized
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WhicB @roduces very fine-grained iron and/or ni metals. Such

metals are especially active for carburization and coking. Thus, it is

~ desirable to avoid these materials as much as possible during oxidative

| regeneration processes, such as those typically used in catalytic reforming.

However, it has been found that an air roasted 300 series stainless steel
cdated with tin can provide similar resistances to coking and carburization
as unroasted samples of the same tin coated 300 series stainless steel.

" Furthermore, it will be appreciated that oxidation will be a

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

- concern, and sulfur is used to passivate the metal surfaces. If sulfur levels

in such systems ever become insufficient, any metal sulfides which have
formed on metal surfaces would, after oxidation and reduction, be reduced
to fine-grained metal. This metal would be highly reactive for coking and
carburization. Potentially, this can cause a utastrophic_faﬁure of the
metallurgy, or a major coking event.

As noted above, excessively high temperatures can occur in -
ﬁae catalyst beds when exothermic demethanation reactions within cokeballs
cause localized hot regions. These hot spots also pose a problem in
conventional reforming reactor systems (as well as other areas of chemical
and petrochemical processing).

For example, the center pipe screens of reformers have been
observed to locally waste away and develop holes; ultimately resulting in
catalyst migration. In conventional reforming processes the temperatures

within cokeballs during formation and burning are apparently high enough
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to avercome the ability of process sulfur o poison cokiag, carburizadon,
and dusting. The metal screens, therefore, carburize and are more
sensidve to wasting by intergranular gxidadon (a type of corrosion) during
regeneration. The screen openings enfarge and holes develop. -

Thus, the teachings of the present invention are applicable to
conventional reforming, as well as other areas of chemical and
petrochemical processing. For example, the aforementioned platings,
claddings and coatings can be used in the preparation of cenater pipe screens
to avoid excessive hole development and catalyst migration. In addition,

 the teachings can be applied to any furnace tubes which arg subjectad to
carburization, coking and metal dusting, such as furnace tubes in coker
furnaces.

In addition, since the techniques described herein can be
used to control carburization, coking, and metal dusting at
excessively high temperatures, they can be used in cracking
furnaces operating at from about 760° to 930°C(1400° to about
1700°F). For example, the deterioration of steel ocurring in
cracking furnaces operating at those temperatures can be
controlled by application of various metal coatings. These

metal coatings can be applied by melting, electroplating, and

painting. Painting is particularly preferred.

*For example, a coating of zminiony applied to iron bearing
stesls pmtecfs these steels from carburization, coking and metal duszing_

under the described cracking conditions. In fact, an antimony paint applied
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to iron bearing steels will provide protection against

carburization, coking, and metal dusting at 870°%(1600°F).

A coating of bismuth applied to nickel rich steel alloys
(e.g., INCONEL 600) can protect those steels against
carburization, coking, and metal dusting under cracking
conditions. This has been demonstrated at temperatures of up to
870°C(1600°F).

- Bismuth-containing coatings may also be applied to iron

bearing stesls and provxde protection against carburization, metal dusting,
and coking under cracking conditions. Also, 2 metal coating comprising a
- combination of bismuth, antimony, and/ar tin can be used.

Looking agzin to low-sulfur refamn‘:ig, other techniques can
also be used 'to address the problem discovered according to the present
invention. They can be used in conjunction with an appropriate material
selection for the reactor system, or they can be used alone. Preferred from

-among the additional-techniques is the addition of non-sulfur,
anti-carburizing and anti-coking agent(s) during the reforming process.
These agents can be added continuously _dnring processing and ﬁm&ion to
interact with those surfac.':s of the reactor system which contact the
hydroafbons, or they may be applied as a pretreatment to the reactor

thlc not wishing to bound by theory i;_i; believed 1hat
these agents interact with the surfaces of the reactor system by
decomposition and surface attack 1o form iron and/or nicke! intermetallic

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



g hydrocarbons conprising (i) treating a
hastrione surface thereof conprising a netal

. bosed to hydrocarbons, by coating at

| east a portion sai d reform ng reactor system conpri sing
the nmetal sulfid _ ' nore resistant to carburization than
said portion priprito.coating, rfacting saidmseri al \;&éh t he net al

sul fide on said gurface and f1 ing or renoving at le PL&CEMENT(QIHQ t he
sul fur- of the netal-sulfide(s) framthe reactor system and (ii) reform ng

hydr ocarbons in: sajd: G i#e‘ﬁﬂﬁso I til?!@u pm
sul fur. 2. Aairxr‘éﬂleg’g&}iég’(i:doe%l ng to’ axlr‘%ﬁ?g ereln |&ﬁ g@% | E}S‘é e
hydrocarbons are reforned.,in the reactor, syst.em under conditions of |ess
t%an | OQppb sul fur “compounds are resistant to mbugn&on, cor]nng amPE'usnng and can

protect the underlying metallurgy. Likewise, such agents may allow

1. A net hod
reformng reacto
sul fide or netal"

removal of sulfur as H,S from presulfided reactor systems.

The intermetallic compounds are aiso believed to be more
stable than the metal sulfides which were formed in systems where H,S was
used to passivate the metal. These compounds are not reduced by
hydrogen as are metal sulfides. As a result, they are less likely to leave
the system than metal sulfides. Therefore, the continuous addition of a
carburization inhibitor with the feed can be minimized.

Preferred non-sulfur anti-carburizing and anti-coking agents |
include organo-metallic compounds such as organo-tin compounds,

~ organo-antimony compounds, organo-bismuth compounds, organo-arsenic
compounds, and organo-lead compounds. Suitable organo-lead comi:ound;
include tetracthyl and tetramethyl lead. Organo-tin compounds such as
tetrabutyl tin and trimethyl tin hydride are especially preferred.

Additional spemﬁc organo-metallic compounds include
bismuth neodecanoate, chromium octoate, copper naphthenate, manganese
carboxylate, palladium neodecanoate, silver ngodecanogte.
tetrabutylgermanium, tributylantimony, triphenylantimony, triphenylarsine,

and zirconium octoate.



3. A nmet hod accor di pgte

dim1 wherein in step (ii) the hydrocarbons
are refornmed ig . gﬁ)ﬁ"\g em under conditions of |ess than 50ppb
sul fur. 4. QaeaCcCco ng to claim1 wherein in step (ii) the

react or system under conditions of |ess

hydr ocar bons afe reforrred wt
‘than | Cppb sul f 0’6.! X hod according to any preceding cl ai m
ocakbons in said reactor systemin the

conprising refo .
presence of a |arde=Pore zeol.ite datal yst2gncluding an aREHACWEWé‘f‘?éEiﬁe

earth nmetal and \char geg.w one or nmore Group VIl netals

How and where these agents are added to the reactor system
is not cridcal, and wz]l primarily depend on particular procsss design
charactaristics. For exampie, they can be added condnuously or
discontinuousty with the fesd.

However, adding the agents to the feed is not preferred as
they would tend to accumulate in the initial pordons of the reactor system.
This may not provide adequate protection in the other arzas of the system.

It is preferred that the ageats be provided as a1 coating prior
to construction, prior to sart-up, or in-situ (i.e., in an existing system). If
added in-situ, it should be done right after catalyst regeneration. Very thin
coatings can be applied. For example, it is believed that when using |
organo-tin compounds, iron stannide coatings as thin as.Q.1 nnc:on can. be .
effective.

A preferred methéd of coating the aéents on an éﬁisting cr
new reactor surface, or a new or existing furnace tube is to
decompose an organometallic compound in a hydrogen atmosphsre
at temperatures of about 480°C(900°F). For organo-tin compounds,
for example, this produces reactive metallic tin on the tube

surface. At this temperatures the tin will further react with

the surface matal to passivate it.

Opnmum coating temperatures will de;ien‘d on the particular
crganometallic co;npound, or the mixtures of compounds if alloys are
desired., Typi&a.uy, an excess of the organometallic coating agent can be
pulsad into the tubes at a high hydrogcn.ﬂdwmcsoas to carry the coating

“-agent throughout the system in a mist. The flow rats can then be reduced
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to permit the coating metal mist to coat and react with the fumacs wbe or
reactor surface. ';%lt:matively, the compound can be introduced as a vapor.
which decomposes and reacts with the hot walls of the tube or reactor in 2
nﬁudngannoqﬁ:n;

As discussed above, reforming reactor systems suscepdble to
carburization, metal dusting and coking can be treated by applicadon of 2
dacomposable coating containing a decompasable organometallic tn
compound to rhose a.tus of the reactor system most susceptible to
carburization. Such an approach works particularly well in a temperature
controlled furnace. |

However, such control is not always piaent. Ther= are "hot
spots” which develop in the reactor system, particulariy in the furnace
tubes, where the organomctalhc eompound can decompose and form
deposm. Therefore, another -aspect of the invention is a process which
avoids such deposition in_reformixig reactor systems where temperatures are
not closely controlled and exhibit areas of high temperature hot spots.

Such a process involves preheating the entire reactor

system to a temperature of from 400 to 620°C(750 to 1150°F),

preferably 480 to 590°C(900 to 1100°F), and most preferably

about 570°C(1050°F), with a hot stream of hydrogen gas. After

preheating, a colder gas stream at a temperature of 200 to

430°C(400 to 800°F), preferably 260 to 370°C(500 to 700°F), and

most preferably about 290°C(550°F), containing a vaporized

organometallic tin compound and hydrogen gas is introduced into

the preheated reactor systém. This gas mixture is introduced

upstream and can provide a decomposition "wave" which travels

throughout the entire
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bi smut h, chrom'_u B ium selenium telluriumor brass. 9.

A nmet hod accor

conprises tin.

is applied by
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wher ei n

erein the carburization resistant materi.al

od according to claim9, wherein the tin

phi atd plfati ng, vapor deposition, or soaking in a
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reactar system. Essendally this process works because the hat hydrogen

gas produces a uniformly heated surface which will decompose the colder

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

The colder gas containing the organometallic dn compound will decompose

on the hot surface and coat the surface. The organometallic tn vapor will

continue to move as a wave to treat the hatter surfaces downstream in the
reactar system. Thereby, the entire reactor system can have a uniform
coating of the organometallic tin compound. It may also be desirable to
conduct several of these hot-cold temperatire cycles to ensure that the
mﬁmmrmhasbeenunifornﬂycoawd with the organometallic tin
campéund.

In operation of the reforming reactqr.systé; according to
the present invention, naphtha will be reformed to form
aromatics. The naphtha feed is a light hydrocarbon, preferably
boiling in the range of about 21°C to 230°C(70°F to 450°F), more
preferably about 38°C to 180°C(100 to 350°F). The naphtha feed
will contain aliphatic or paraffinic hydrocarbons. These

aliphatics are converted, at least in part, to aromatics in the

reforming geaction zone.
In the Slow-sulfur® system of the inventior, the feed will

preferably contain less than 100 ppm sulfur, and more preferably less

than 50 ppm sulfur. Wl;en using large pore zeolite catalysts, the feed will
preferably contain less than 100 ppb sulfur, and more preferably, less

than 50 ppb sulfur, more preferably, less than 10 ppb and even more
preferably, less than 5 ppb sulfur, If necessary, a sulfur sorber unit can be

employed to remove small excesses of sulfur.



r system has a resistance to carburization
greater than A nethod accroding to claim1ll, wherein
r systemhas a resistance to carburization

at least a ponti f e adt
greater than Iumlhq‘ M?ﬁ 13. A met hod according to any one of

clainms 1-12, deein: said mpfedial is provi ded as a plating, cladding,

paint or otherj coating to a bas¢ construction material. ?ﬂt SF?éEI?’Od
according to -13, wher-€29n- t he portion o ﬁgeEMsEurface S
at least a portlon of a furnace tube of the reactor .systemin contact with

t he hydrocarbons. ) L .
Preferred reforming process conditions include a

at least a po tREPmIEMHN SHEET!
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temperature between 370 and 570°C(700 and 1050°F), more
preferably between 4;50 and 550°C(850 and 1025°F), and a pressurs
between 0 and 400 psig, more preferably between 15 and 150
psig; a recycls hydrogen rate sufficient to yield a hydrogan to
hydrocarbon mole ratio for the feea to the reforming reaction
zone between 0.1 and 20, more preferably between 0.5 and 10;
and a liquid héurly space velocity for the hydrocarbon feed
over the reforming catalyst of between 0.1 and 10, more
preferably between 0.5 and 5. At these temperatures, tin reacts
with sulfided metals to replace sulfur in the metals with tin
and/or to fixate the sulfur to prevent its release into the

reactor system.

To achieve the suitable reformer temperatures, it is often
necessary to heat thé furnace tubes to high temperatures. These
temperatures can often range from 320 to 98'0"(!(600.{:0 1800°F),
usually from 450 and 680°C(850 and 1250°F), and more often from
480 and 650°C(900 and 1200°F). '

As noted above, the problems of carburization, coking and

metal dusting in low-sulfur systems have been found to associated wirh.

excessively high, localized procss temperatures of the reactor system, and

ars pﬁcﬂzly acute in the furnace tubes of the syster: where particularly

high temperatures are characteristic. In conventional mformin;_téchniqucs

where high levels of sulfur are present, fumnace tube skin te'mpe.mmres of
up to 640°C(1175°F) at end of run are typical. Yeéf, excessive
cérburization , coking and metal dusting was not observed. In
low-sulfur systems, however, it has been discovered that

excessive and rapid carburization,
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coking and metal dusting ocurred with CrMo steels at
temperatures above 510°C(950°F), and stainless steels at

temperatures above 550°C(1025°F).

Accordingly, it is preferred to lower the temperatures of
the metal surfaces inside the furnace tubes, transfer-lines
and/or reactors of the reforming system below the
aforementioned levels. For example, temperatures can be
monitored using thermocouplas attached at various locations in
the reactor system. In the case of furnace tubes, thermocouples
can be attached tc the ocuter walls thereof, preferably at the
hottest point of the furnace (usually near the furnace outlet).
When necessary, adjustmen_ts in process operation can be made to

maintain the temperaturas at desired levals. -

There are other techniques for reducing expasure of system
surfaces to undesirably high temperatures as well. For example, heat
transfer areas can be used with resistant (and usuzlly more costly) tubing in
the final stage where temperamures are usually the highest.

In addition, supctheated hydrogen can be added between
reactors of the reforming system. Also, a larger catalyst charge can be
used. And, the catalyst can be regenerated more frequently. In the case of
catalyst regeneration, it is best accomplished using a mpving bed process
where the catalyst is withdrawn from the final bed, regenerated, and

‘charged to the first bed. .
-éarbuzizztion and metal dusting can also be minimized in the
low-sulfur reforming. reactor system of the-.inven_tion by using certain other

novel equipment configurations and process conditions.  For example, the



conditions of |ow sulg=# - 10. . A method for reformng
hydr ocar bons accordi gREBLACEME&nﬁ'iEETC nprising reformng in a reactor
system under conditignsfof ow sulffug, at |east a portion of a furnace
tube of the reactor slysfegq jgyecop9gct { with the hydrocarbons having a
resi stance to carburi ion greater tihgn mld st eel REPLA _ 11.
A nmethod for reformn - —acdord+ Bp-to CEMENT. SHEET

mc:tor system can be c;:nsu"ucted with staged heaters and/or tubes. In
other words, the heaters or tubes which are subjected to the most extreme
temperature conditions in the reactor system can be constructed of materials
_more resistant to carburization than materials convefxtionally used in the
construction of reforming reactor systems; materials such as those
described above. Heaters or tubes which are not subjected to extreme
temperatures can continue to be constructed of conventional materials.

By using such a staged design in the reactor system, it is
possible to reduce the overall cost of the system (since carburization
resistant matmals are generally more expensive than conventional
materials) V\;hile still providing a reactor system which is sufficiently
resistant to carburization and metal dusting under low-sulfur reforming
conditions. Additionally, this should facilitate the retrofiting of existing
refonhing ;mtor sy_stems-m-render them carburization and metal dusting |
resistant under low-sulfur operating conditions; since a smaller portion of
ﬂxemctorsystem wauld need replacemenit or modification with a staged
design.
| The reactor system can also be operated using at least two
tcmp_én_lturc zones; at least one of higher and one of iower temperature.
This approach is based on the obﬁervation that metal dusting has a
temperature maximum and minimum, above and below which dusting is
minimized. ’_I'i_lereforé, by "higher” temperatures, it is meant that the
temperamres are higher than those convehfibna!ly used in reforming reactor

systems and higher than the temperature maximum for dusting. By
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"lower" temperatures it is meant that the temperature is at or about the

temperatures which reforming processes are conventionally conducted, and
falls below that in which dusting becomes a problem.

Operation of portions of the reactor system in different
temperature zones should reduce metal dusting as less of the reactor system
is at a temperature conducive for metal dusting. Also, other advantages of
such a design include improved heat transfer efficiencies and the ability to
reduce equipment size because of the operation of portions of the system at
higher temperatures. However, operating portions of the reactor system at
levels below and above that conducive for metal dusting would only
mxmxmze, not completely avoid, the temperature range at which metal
dusting occurs. This is unavoidable because of tcmperature fluctuations
which will occur during day to day operation of the reforming reactor
system; particularly fluctuations during shut-down and start-up of the
system, temperature fluctuations during cycling, and temperature
fluctuations which will occur as the process fluids are heated in the reactor
system.

Moﬁa approach to minimizing metal dusting relates to
providing heat to the system using superheated raw materials (such as e.g.,
hydrogen), thereby minimizing the need to heat the hydrocarbons through
furnace walls. |

| Yet another process design approach involves providing a
pre-existing reforming reactor system with larger tube diameters and/or

higher tube veloéities. Using larger tube diameters and/or higher tube
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- velocities will minimize the exposure of the hatmgsurfaoes in the reactor

system to the hydrocarbons.
| As noted above, catalytic reforming is well known in the

petroleum industry and involves the treatment of naphtha fractions to
improve octane rating by the production of aromatics. The more important
hydrocarbon m;tions which occur during the reforming operation include.
the dehydrogénation of cyclohexanes to aromatics, dehydroisomerization of
alkycyclopentanes to aromatics, and dehydrocyclization of acyclic
hydrocarbons to aromatics. In addition, a number of other reactions also
occur, including the dealkylation of alkylbenzenes, isomerization of
paraffins, and hydrocracking reactions which produce light gaseous
hydrocarbons, e.g., methane, ethane, propane and butane, which -
hydrocracking reactions should be minimized during reforming as they
decrease the yield of gasoline boiling products and hydrogen. Thus,
*reforming" as used herein refers to the treatment of a hydrocarbon feed
ihrough the use of one or’ _moié aromancs producmg reactions in order to
provide an aromatics enriched Product (i.e., a product whose aromatics
content is greater than in the feed).

While the present invention is directed primarily to catalytic
reforn}ing, it will be useful generally in the production of aromatic
hydrocarbons from various hydrocarbon feedstocks under conditions of low
sulfur That is, wtnle catalytic reforming typically refers to the conversion
of naphthas other feedstocks can be treated as well to provide an aromatics

enriched product. Therefore, while the conversion of naphthas is a
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preferred embodiment, the present invention can be useful for the
conversion or aromatization of a variety of feedstocks such as paraffin
hydrocarbons, 6lefin hydrocarbons, acetylene hydrocarbons, cyclic paraffin
hydrocarbons, cyclic olefin hydrocarbons, and mixtures thereof, and
particularly saturated hydrocarbons.

Examples of paraffin hydrocarbons are those having 6 to 10
carbons such as n-hexane, methylpentane, n-haptane, methylhexane,
dimethylpentane and n-octane. Examples of acetylene hydrocarbons are
those having 6 to 10 carbon atoms such as hexyne, heptyne and octyne.
Examples of acyclic paraffin hydrocarbons are thosé having 6 to 10 carbon
atoms such as methylcyclopentane, cyclohexane, methylcyclohexane and
dimethylcyclohexane. Typical examples of cyclic olefin hydmrbons are
those having 6 to 10 carbon atoms such as methylcyclopentene,
cyclohexene, mgthylcycloheicne, apd'dimethylcyclohexcne.

"The present invention will aiso be useful for reforming under
low-sulfur conditions using a variety of different refomﬁng catalysts. Such
catalyst include, but are not limited to .Noble Group VIII metals on
refractory inorganic oxides such as platinum on alumina, Pt/Sn on alumina
and Pt/Re on alumina; Noble Group VIII metals on a zeolite such as Pt,.
Pt/Sn and Pt/Re on zeolites such as L-zeolites, ZSM-5, silicalite and beta;
and Nobel Group VIII metals on alkali- and alkaline-earth exchanged

L-zeolites.
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A preferred embodiment of the invention involves the use of
a large-pore zeolite catalyst including an alkali or alkaline earth metal and
charged with one or more Group VIII metals. Most preferred is the
embodiment where such a cat_alys.t is used in reforming a.naphtha feed.

The term "large-pore zeolite" is indicative generally of a
zeclite having an effective pore diameter of 6 to 15 Angstroms. Preferable |
large pore crystalline zeolites which are useful in the present invention
include the type L zeolite, zeolite X, zeclite Y and faujasite. These have
apparent pore sizes on the order to 7 to 9 Angstroms. Most preferably the
zeolite is a type L zeclite.

Th_éeomposition oftypeLzeolite‘:m:prused in terms of
mole ratios of oxides, may be rcprsenﬁed by the following formula:

(0.§-1.3)MJ.0:AL;O,(5 .2-6.9)Si0,:yH,0 .

‘In meaboveformuhMrepthsaaﬁon, n represents the valence of M,
andy may be any value from 0 to about 9. Zeolite L, its X-ray diffraction

pattern, its properties, and m'ethod‘(for its preparation are described in detail
in, for exampie, U.S. Patent No. 3,216,789, the contents of which is
hereby inoorporated by refermcc The actual formula may vary without
changing the crystalline structure. For example, the mole ratio of silicon
to aluminum (Si/Al) may vary from 1.0 to 3.5.

l'l'he chemical formula for zeolite_ Y expressed in terms of
mole ratios of oxides may be written as:

(0.7-1. l)Na,O:AI,O,:xSiQI:szo
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In the above fmm, X is a value greater than 3 and up to about 6. y may
be a value up to about 9. Zeolite Y has a characteristic X-ray powder
diffraction pattern which may be employed with the above formula for
identification. Zeolite Y is described in more detail in U.S. Patent |
No. 3,130,007 the contents of which is hereby incorporated by reference.
Zeolite X is a synthetic crystalline zeolitic molecular sieve
thch may be represented by the formula:
(0.7-1.1)M,,,0:AL,0,:(2.0-3.0)Si0,:yH,0
In the above formula, M represents a metal, particularly alkali and alkaline
earth metals, n is the valence of M, and y may have any value up to about
8 depending on the identity of M and the degres of hydration of the
crystalline zeolite. Zeolite X, its X-ray diffraction pattern, its properties,
and method for its preparation are described in detail in U.S. Patent

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

An alkali or alkaline earth metal is preferably present_in the
large-pore zeolite. That alkaline earth metal may be either barium,
strontium or calcium, preferably barium. The alkaline earth metal can be
incorporated into the zeolite by synthesis, impregnation or ion exchange.
Barium is preferred to the other alkaline earths because it results in a
somewhat- less acidic catalyst. Strong acidity is undesirable in the catalyst
because it promotes cracking, resulting in lower selectivity.

In another embodiment, at least part of the alkali metal can
be exchanged with barium using known techniqué for ion exchange of

zeolites. This involves contacting the zeolite with a solution containing
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excess Ba""ions. In this embodiment the barium should preferably
constitute from 0:1% to 35% by weight of the zeolite.

The large-pore zeolidc catalysts used in the invendon are
charged with one or more Group VII meuals, e.g., nickel, ruthienium,
rhedium, palladium, iridium or platinum. The preferred Group VI metals
are iridiuni and partculasly platinum. These are mare selective with
regard to dehydrocyclization and are also more stable under the
dehydrocyclization reaction conditions than other Group VI metals. If
used, the preferred weight percentage of platinum in the catalyst is betwesn
0.1% and 5%. |

Group VI metals are introduced into large-pore zeclites by
synthesis, impregnation or exchange in an aquéou: solutio.nﬂ. of appropriate
salt. When it is desired o introduce two Group VI metals into the
zeolite, the operation may be carried out simultaneously or sequentially.

To cbtain 2 more complete understanding of the present
invention, the followiné examples illustrating certain aspects of the
invention are set forth. It should be understood, however, that the

invention is not limited in any way to the specific details set forth thersin:

EXAMPLE

In an attempt to determine how tin reacts with iron
sulfide, two chunks of nearly pure iron monosulfide, one
painted with tin paint, were treated at 520°C(950°F)for three
hours in a carburizing atmosphere of about 1% toluene in 7%

propane in hydrogen. No coking occurred, nor
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was any ezpected under these conditdons. Then, two more chunks of iron

monosulfide were ground to cbain a fresh flat surfacs. The flat surface on

one of the chunks was treated with Gn paint, and both chunks were exposed

to the carburizing atmosphere at 520°C(950°F)for three hours.

The results of both experiments were the same.

* The samples were mounted in epoxy resin, ground, and
~ polished for examination with the photographic and scanning electron
microscopes. Figure 1 is a photomicrograph (reflected light. 200x. 1 em
= 50 pm) showing that the tin reacted with the iron sulfide to form 2
continuous layer m;ifomﬂy 15 um in thickness composed of the iron
stannides FeSn and FeSn,. The sulfur in the replaced aﬂﬁde was
presumably released as H,S. Figure2isa pi;otomicrograph (reflected
" Hght. 1250x. 1 cm = 8 yum) showing a thin inner layer of FeSn on the fron
sulfide underlying a miékgz deposit of FeSn,. Some unreacted tin is also
present. The FeSa and FeSn, layers fixated the remaining sulfur in the
sulfided metal to prevent subsequent release thereof from the metal surface.
These results show that iron stannides are stable in the
‘presence of small amounts of ES. The results also show that one could
apply 2 protective coau'_né'of tin directly onto 2 sulfided steel surface such
asin tﬂe coaversion of a reactor system from sulfurous to sulfur-free
service. The tin nﬁy provide both coking protection and a means of

desulfurizing a reactor system for use in sulfur-sensitive processes.
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REPLACEMENT SHEET
While the invention has been described above in terms of preferred

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

be used. Such variations and modifications to the above preferred
embodiments which will be readily evident to those skilled in the art, and
which are to be considered within the scope of the invention as deﬁned.by

the following claims.
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1. : A method for reforming hydrocarbons comprising (i)
treating a reforming reactor system, at least one surface
thereof comprising a metal sulfide or metal sulfides to be
exposed to hydrocarbons, by coating at least a portion of the
surface of said reforming reactor system comprising the metal
sulfide(s) with a material more resistant to carburization than
said portion prior to coating, reacting said material with the
metal sulfide on said surface and fixating or:removing at least
a portion of the sulfur of the metal sulfide(s) from the reactor
system, and (ii) reforming hydrocarbans in:.said reactor system
under conditions of less than 100ppm sulfur.

2. A method according to claim 1 wherein in step (ii) the
hydrocarbons are reformed in the reactor system under conditions
of less than 100ppb sulfur.

3. A method according to claim 1 wherein in step (ii) the
hydrocarbons are reformed in the reactor system under conditions
of less than 50ppb sulfur. :

4. A method according to claim 1 wherein in step (ii) the
hydrocarbons are reformed in the reactor system under conditions
of less than 10ppb sulfur.

5. A method according to any preceding claim comprising
reforming said hydrocarbons in said reactor system in the
presence of a large-pore zeclite catalyst including an alkali
or alkaline earth metal and charged with one or more Group VIII
metals.

6. A method according to claim 5 wherein the large pore
zeolite is an L-zeolite.



26. A nethod fo b‘fﬂﬁﬁMﬁ@TMEpc rbons according to | '
said material is effegtive nfng its resistance to lﬂﬂﬂ“ Ii ﬂﬂfﬂﬂ"
A nethod for reformng . *

after oxidation.

according to dai p nireformng said resista | S..such that
| voar REBLACEMENT SHEET

- 4] -

enbrittlement wll
g to claim 5 or 6 wherein the Group

7. A method ACGOTd
VIII metal is platinum.

8. A method according to any one of claims 1-7, wherein
said carburization resistant material comprises copper, tin,

- arsenic, antimony, bismuth, chromium, germanium, indium,
selenium, tellurium or brass.

9. A method according to claim 8, wherein the carburization
resistant material comprises tin.

10, A method according to claim 9, wherein the tina is
applied by painting, electroplating, vapor deposition, or
soaking in a molten bath.

11. A method according to any one of claims 1-10, wherein
at least a portion of the reactor system has a resistance to
carburization greater than mild steel.. '

12. A method accroding to claim 11, wherein at least a
portion of the reactor system has a resistance to carburization
greater than aluminized. steels.

13. A method according to any one of claims 1-12, wherein:
said materigl is provided as a plating, cladding, paint or other
coating to a base construction material.

14. A method according to any one of claims 1-13, wherein
the portion of the surface is at least a portion of a furnace
tube of the reactor system in contact with the hydrocarbons.

15. A method according to any one of claims 1-14, wherein
said material is effective for retaining lts resistance to
carburization after oxidation.



A method for reforming hydrocarbons comprising coating
portions of a reactor system with a material more resistant
to carburization, reacting the material with metal sulfides
existing in i:he portions of the reactor system prior to
coating, £fixating and remdving at least a portion of the
sulfur in the metal sulfides, and reforming hydrocarbona in
the reactor system under conditions of low sulfur.
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