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TREATNG AND DESULFIDING SULFIDED STEELS IN
LOW-SULFUR REFORMING PROCESSES

‘BACKGR F ? N
The present invention relates to improved techniques for

catalytic reforming, particularly, catalytic reforming under low-sulfur

. conditions, More spccificaily, the invendon relates to the discovery and

conwol of probiem§ pardenlarly 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
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 alkylcyclopentanes to

aromadcs, and deh&drocyclim&on of acyclic hydrocazbons to aromatics. A
number of other reactions also occur, including the dealkylaton of
alkylbenzenes, isomerization of paraffins, and hydrocracking reactions
which pfoduce light gaseous hyd;'ocax’oons, ¢.g., methane, ethane, propahc
and butzne. It is important to minimize hydrocracking reactions during

reforming as they decrease the yield of gasoline boiling products and

hydrogen.

Because there is a demand for high octane gasoline,
extensive resezrch has been devoted to the development of improved
reforming catalysts and catalytic reforming processes, Catalysts for

successful reforming processes must possess good saleetivity, That is, they
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should be effective for producing high yields of liquid products in the

PCTUS94/00091

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
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.

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
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

alkaline earth metal and are charged with one or more Group VI metals.

This type of catalyst has been found to advantageousty provide higher
selectivity and longer catalytic life than those previously used.

_P. 086
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Having dxscovered selecdve camlysts with acceptable cycle
lives, successful commercializadon seemed inevitzble. Unfornmately, it

PCT.USS4/00091

was subsequendy discovered that the highly selective, large pore zeolite

catalysts containing 2 Group VI 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, merceptans, also
known as thiols, and aromatic ring compounds such as thiophene,
benzothiophene and related compounds.

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.

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
appropriate sotbents 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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Patent, Very low space velocitics are required to remove thiophene sulfur,
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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, althdugh_wking within catalyst particles is a
common probiem in hydrocarbon processing, the extent and rats of coke
plug formation far exeasded any expectation. '

P. 08
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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
highly sensitive reforming 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
surfaces by reacring with metals in the reactor walls to form sulfides such
as iron sulfide, Thmcsulﬁdcdmcmlsiclmscsulﬂzruponfypimlrefomﬁng
conditions which may poison highly sulfur-sensitive reforming catalysts,
and the extensive measures used 1o reduca tha sulfur content in the feed
hydrocarbon are somewhat frustrated due to the release of sulfur from the
ceactor walls,

Therefore, another aspect of the invention relates to a
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.

~ Moreover, it was .surprisingly found that coke plugs in low

sulfur reactor systems contined 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

P. 08
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procsss sulfur levels are significantly higher. More particularly, it was
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. .
discovered that problems existed which threatened the effectve 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
to the low-sulfur conditions, and to some extent, the low levels of water.
For the last forty years, catalytic reforming reactor systems
hav; besn conscucted of ordinary mild steal (. 2., 2% Cr 1 Mo). Over
time, expericnce has shown that the sysiems can operate successfully for
about twenty years without significant loss of physical soength. However,
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
environments such 2s 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. '
_ "- 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

- P10
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conven:ional procasses the process sulfur interferes with ¢ie carburizaton
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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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'more Group VT metals, in existing or new reactor systems having sulfided

surfaces.
Yet another aspect of the invention relates to

a reactor system including means for providing 2 resistance 10 carburization

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
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
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

ncmctznurglaltamsusedhereinmtobagiventheir
common metaliurgical meanings as set forth in THE METALS

- BANDBOOK of ths American Society of Metals. For example, “"carbon

P.12
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sfgels" are those steels having no specified minimum quanscy for any
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alloying éle_men: (other than the commonly accepted amozats of
manganese, silicon and copper) and containing only an incidenra] amount of
any element other than carbon, silicon, manganese, coppes, sulfur and
phosphorus, "Mild steels” are those carbon steels with 2 maximum of |
about 0.25% w;ban. Alloy steels are those stesls conining 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
changes in mechanical or physical properties. Alloy stes!s will c‘omain less
than 10% chromium. Stainless steels are any of several sizals containing at
least 10, preferably 12 to 30%, chromium as the principe! alloying
element.

One focus of the invention is to provide an 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-sensidve, under .
condmons of low snlfur, Such a process, of course, must demonstrate
bettar resistance to carburization than conventional low-sulfur rforming

 techniques, yet contain litle sulfur available to paison the eatalyst.

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 a reforming cztalys:sﬁch as the
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afqremmuoned sulﬁxr—scnsmvc la.rge-pon: zzolite caralyst under conditions
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 embritiled by carburization within about one year. For example, it

was found that 214 Cr 1 Mo steel carburized and embrittled more than 1

min/year.
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Furthermore, it was found thar matedals considered under
sandard metiilurgical practice to be resisiant o coldng and carburization

are not necessarily resistant under low-sulfur reforming conditions. For
example, nickel-rich alloys such as Incoloy 800 and 825; Inconel 600;
Marcel and Haynes 230, are unaccsprble as they exhibiz excassive coling
and dusting.

However, 300 series stainless steels, preferably 304, 316,

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

10

15

system according to the presant invention which contact the hydrocarbans.
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
exothermic demethanation 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.

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

become brittis),

P. 15
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Resmznt materials which are preferred over tie 300 series

. swminless steels for use in the present 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
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surface canzzcting the hydrocarbans being n-ca:ed.. Of these, tin is
apeéia'ny praferred as it reacs with the surface to provide 2 coa;ing 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 ﬁ) 2
reactor System to prevent coking, carburization and metal dusting ean also
protect sulfur-sensitive catalysts when applied to previously sulfided reactor
systems.

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

~ least four components (or their fuactional equivalents); (i) a hydrogen

decomposable tin compound, (i) a solvent system, (iil) 2 finely divided tin
metal and (iv) tin oxide as a reducible sponge/dispersing/binding agent.
The paint should contain finely divided solids to minimize ssttling, and
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should 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 octznoats
or neodecancate is particnlarly useful. Commercial formulations of this
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 ireatment with hydrogen. Also, if pans are
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,
It is not snfﬁcienﬁy viscous. Even when the solvent is evaporatad
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 peol at the bottom of the tube,

Component (iv), the tin oxide sponge/dispersing/binding
agent, is 2 porous tin-containing compound which can sponge-up an

organo-metallic tin compotind, yet still be reducad to active tin in the
.reducing atmosphere. In additon, tin oxide can be processed through a

colloid mill 1o produce very fine particles which resist rapid settling. The

Phpaenss.

o,
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addition of tin oxide will provide a paint which becomes dry w the touch,

and resists running.

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 2 tin paint of 20

percent Tin Ten-Cem (stannous ocanoate in octanoic acid or neodecanocate -

in neodecanoic acid), siannic axide, 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
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

. fest long, about 4 feet wide, and about 40 feet 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
suitable length (e.g., about 42 feet long), Therefore, the total surfacs area
to be painted in the modules can vary widely; for example, in one
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

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. -

P. 20
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Howevar, painting the moduies'may not enable the tubes to
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
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 3 slow strezm 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.
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 preseat
invention. Such an iron bearing reactive paint will preferably contain

va'ﬂousﬁncompomdsm'whichimn has besn 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 to 2 tia oon:a:mng paint should affard
noteworthy advantages; in particular: (3 it should facilitate the reaction of
the paint to form iron stannides thereby acting as a flux; (i) it should dilute

.the nickel concentration in the sannide layer theraby providing betrer

protection against coking; and (i) it should result in a paint which affords

.. This Sheet Has Been Rep laced
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thc-ann~cokmg protection of i m_:n sannides even if the underlying surface
does not react well,

Yet another means for preventing carburization, coking, and
metal dusting in the low-sulfur reactor system comprises the application of
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.

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
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
the stee] leaving bekind 2 layer of chromium sich 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. '

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

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 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 steel is soaked in 2 molten tin bath.
This will also affect the thickness of the resulting chromium sich steed
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.

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 oxide, such as Cr,0y. This coating will be thin, as
thin as a few pm. Application of such a chromium oxide will protect
aluminum as well 35 tin coated steels, such as Alonized stels, 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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compound; or application of a chromium metal plating followed by

oxidation of the resulting chromium plated stesl.
Examination of tin-electroplated steals which have been

subjected to low-sulfur reforming conditions for a substantal period of tme -

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
alu:ninumco?excdswelswmr:snhhxst:als.whichmmmismmto
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.

‘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, fron, cobalt, and nickel form relatively unstable carbides which
will subsequently carburize, coke and dust. Elements such as chromium,
niobium, vanadium, tungsten, molybdeaum, tantalum and zirconiu.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.

P.24
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Stannices, antimonides and bismuthides, and compounds of lead, mercury,

arsenic, germanjum, indium, tellurium, selenjum, thallium, sulfur and
oxygen are also resisant. A final category of materials include elements
such 15 silver, copper, gold, platinum and refractory oxides such ay silica
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
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
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,

With regard to materials selection, it was discovered that
oxidized Group VI metal surfaces such as iron, nickel and cobalt are

‘more active in terms of coking and carburizarion 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

P.25
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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.
However, it has besn found that an air roasted 300 series stainless stasl .
coated with tin can provide similar resistances 1o coking 20d carburization
as unroasted samples of the same tin coated 300 series stainless stéel,

Furthermore, it will be appreciated that oxidation will be a
problem in éy_stems where sulfur seasitivity of the catalyst is not of
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
metallrgy, or @ major coking event.

As noted above, excessively high tmnp_e:amrés can occur in
the catalyst beds when exothermic demeﬁxzﬁaﬁcﬁ 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

and petrochemical processing).

?or example, the ceater pipe screens of reformers 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

R L L
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1o overcome the ability.of process sulfur to poison coking, carburization,

and dusting. The metal screens, therefore, carburize and are more
sensitive to wastiné 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 tachniques described hercin can be -
used to control carburization, coking, and meral dusting at eimsivcly high
temperatures, they can be used in aracking 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. Painting is
particularty preferred.
| For example, a ¢oating of antimony applied to iron bearing
steals protects these stealt from cz.rbunzzuon coking and metal dusting
under the described cracking conditions. In fact, an antimony paint applied

P.217
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10 iron bearing steels will provide protection against carburization, coidng,
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
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
combination of bismuth, antimony, and/or tin can be used. '

Looking again to low-suifur reforming, 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
among the additional techniques is the addition of nod-sulfar,
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 -
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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indides, selenides, tellurides, plumbides, arsenides, etc. Such imermeallic

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.

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
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
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, _
tetrabutylgermaninm, tributylantimony, triphenylantimony, niphm.ylarsinc.

and zirconium octoate.

P.28
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How and where thess agents are added to the reactor system
is not critical, and will primarily depend on particular process design
characteristes. For example, they can be added continuously or

r'd
S

dxsconunuously with the feed.

However, adding the agents 10 the faed is not prefarred 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
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
new reactor surface, or a new or existing frnace 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.

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

P.30
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to permit the coating metal mist 1o coat and react with the fumace wbe or

reactor surface. Alternatively, the compound can be inooduced as a vapor
which decomposes and reacts with the hot walls of the tube or reagtor in 2
reducing atmosphere.

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
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
avoids such depositiou in reforming reactor systems where 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

preheating, 2 colder gas sream at 2 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 entre

P. 31
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reactor system. Essendaily this process works because the hot hydrogen

gas producss a unifoz;mly heated surface which will decomposa the _colder
organometallic gas as it travels as a wave throughout the reactor system.
The colder gas containing the organomenallic tin compound will decompose
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
entirs reactor syﬁzem 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
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

 than 50 ppm suifur, When using large pore zeolite catalysts, the feed will

preferably conwin 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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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
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
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.

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
where high levels of Sulfi are preseat, furnace tbe skin temperamures 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,

Fpovassns
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coking and metal dusting occurred with CrMo steels at temperatures

above 950°F, and stainless stesls at temperarures above 1025°F.
Accordingly, another aspect of the invention is to lower the

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

" 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
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
the final stage where temperatures are usually the highest.

In addition, superheated 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 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 rmnmuzed in the
low-sulfur reforming reactor system of the invention by using certain other
novel equipment configurations and process conditions. For exampis, the

P. 34
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reactor system can be constructed with staged heaters and/or tubes, In

other words, the heaters or tubes which are subjected to the most exreme
fempesature conditions m the reactor system can be consructed of ﬁamﬁﬂs
more resistant o carburization than materials conventionally used in the
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
Tegistant materials are generally more expensive than conventional
materials) while stll providing a 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
resistant under low-sulfur operating conditions; since a smalier portion 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,
This approach Is based on the observation that metal dusing has a

temperatttre maximum and minimum, above and below which 'dns:ing is

minimized. Therefore, by "higher* temperatures, it is meant that the
temperanures are high& than those conventionally 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 conventonally conducted, and
falls below that in which dusting becomes a problem.

Operation of portions of the reactor system in different

5 temperature zones should reduce metal dusting as Jess of the reactor system
%

;:.

is at 2 temperature conducive for metal dusting. Also, other Mm& 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
10 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
15 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 e.g.,
20 hydrogen), thereby minimizing the need to heat the hydrocarbons tiimugh
ﬁxmace walls. |
" Yet another process design appmd: involves providing 2
pre-existing reforming reactor system with larger tube diameters and/or
higher tube velocities. US.ng larger tube diameters and/or higher tube

P
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velocides will minimize the exposure of the hearing surfaces in the reactor

system to the hydrocarbons.

As noted above, catalytic reforming is well known in the
petrolcum industry and involves the treatment of naphtha fractions ta
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
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,
»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
reforming, it will be uscful generally in the production ofammaﬁc

‘hydrocarhons from various hydrocarbon feedstocks under conditions of low

sulfor, 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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préfemd embodiment, the present invention can be useful for the

conversion or aromarization of a variety of feedstocks such as paraffin

hydrocarbons, olefin hydrocarbons, acetylene hydrocarboﬁs. cyclic paraffin

hydrocarbons, cyclic olefin hydrocarbons, and mixtures thersof, and
particularly saturated hydrocarbons.

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.
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 dimethylcyclohexene.

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,
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.

P38
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A preferred embodiment of the invénton involves the use of
a large-pore zeolite catalyst including an alkali or alkaline earth metal 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.

s The term “large-pore zeolite” is indicative generally 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

' apparen:porcsiz&on the order to 7 1o 9 Angstroms.  Most preferably the
10 zeolite is 2 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,
15 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 incorporated by reference. The actual formula may vary without
changing the crystalline structure. For example, tha mole ratio of silicon
20 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, xSi0y R0
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In the above formula. X is 2 value greater than 3 ahd up 10 about 6. y may

be a value up to about 9. Zeofite Y has a characteristic 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
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
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 incorporated by raference.
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

- somewhat less acidic camlyst. Strong acidity is undesirable in the camlyst
because it promotes cracking, resulting in lower selectivity.

In 2nother embodiment, atlastpanofthea_lhlimc:alm
be exchanged with barium using known techniques for jon exchange of

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

orvare-o o
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excess Ba** ions. In this embodiment the barium should preferably

consttue from 0.1% to 35% by weight of the zeolite.
'fhe large-pore zeolitic catalysts 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 particularly 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 VIII 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 datils sat 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 conditions. Then, two more chuaks 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
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
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
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 tn directly onto 2 sulfided st=el surface such

as in the conversion of a reactor system from sulfurous o sulfur-free

"sexvice. ‘The tin may provide both coking protection and a means of

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

ceep——.
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While the invention has been described abové in terms of preferred
embodiments, it is to be ynderstood that varianons and modifications may
be used. Such variations and modifications to the above preferred
embodiments whick will be readily evident to those skifled in the art, and

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

the following claims.
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1. A method for reforming hydrocarbons comprising

-40-

ATT A

(@) trearing a reforming reactor system, at least one surface thereof
camptising a metal sulfide or metal sulfides to be cxposed to hydracarbons,
by coaring at least a portion of the surfacs of said reforming reactof sysiem
comprising the matal sulfide(s) with 2 material more resistant to
carhurization than said portion prior to coating, reacting said material with
ﬁe metal sulﬁde on said surfacs and fixating or removing at least a portion
of the sulfur of the metal sulfide(s) from the reactor system, and

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

sulfur.

2. A method for reforming hydrocarbons according to
Claim |, wherein said carburization resistant material comprises copper,
tin, arsenic, antimony, bismuth, chromium, germamivm, indium, ssieninm,

tellurium or brass.

3. A method for reforming hydrocarbons according to
Claim 2, wherein said carburization resistant material comprises tin,

arsenic, antimony ot bismuth.

4. A method for reforming hydrocarbons according to
Claim 3, wheretn said carburization resistant material comprises tin,

-

i
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3. A method for reforming hydrocarbons according 10

PCT/US94/00091

Claim 1, wherein said reforming step comprises reforming in the presencs
of a large-pore zeolite catalyst including an alkali or alkaline carth metal

and charged with one or more Group VIII metls.

6. A method for reforming hydrocarbons aceording to
Claim 5, whc:éinanaphthafeediscomactedwith a large-pore zeolite
mtalyst includmg an alknh or alkzlm: mth metal and charged with one or
mo:chupvmmemls,zndwhemnatlustapordonofthemctor
system has a resistance to carburization greater than mild steel under

conditions of low sulfur,

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

conditions of low sulfur.

8. A method for reforming kydrocarbons according to
Claim 1,- comprising reforming in 2 reactor system, at lea.st_a portion

thereof having a resistance to carburization greater than aluminized steels,

wmder conditdons of Iow sulfur.

9. A method for reforming hydrocarbons according to

* Clatm 1,-comprising reforming in a reactar system, at least 2 portion

_____,______——————————_
Sheet Has Been Refl!'mcd

HIl\I\\ A

i



{ RECEIVED ©82/18 G3:37 1996 AT 5330694 PAGE 46 (PRINTED PAGE

) . FEB~17-86 SAT 02:38 PH  BDS&M FAX NO. 919 482 1466 : P. 46
' : PCTUS94/00091
BT — '
3 thersof having a resistance to carburization greater than alloy steels, under
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 14. A method for reforming hydrocarbons according to
2 Claim 1, wherein said material s effoctive for remining its resistance 10

W

3 carburization after oxidation,

This Sheet Has Been Re
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15. A method for reforming hydrocarbons according to

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

will be less than 1.5 mm/year,

16. A method for protecting a reactor system comprising
() treating a reactor system, at least one surface ﬂaezébfcomprising 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.

17. A method for treating a reactor syst=m according to
Claim 16, whersin said carburization resistant mztanal comprises copper,
tin, arsenic, atimeny, bismuth, chromium, germanium, indium, selenium,
tellurium or brass.

18, A method for treating a reactor system according to

Claim 17, wherein said carburization resistant materia] comprises tin,

arsenie, antimony or bismuth,

This Sheet Has Been Repl

W i

WTasveeats o,



{. RECEIVED 82/18 @3:38 1996 AT 5330694 PAGE 48 (PRINTED PAGE 48)

FEB-17-86 SAT 02:38 PM  BDS&M Fax NO. 919 452 1468
WO 34716033 | PCT/USI4/00091
- -
4 19. A method for reforming hydrocarbons according to
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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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24. A method for reforming hydrocarbons according to
Claim 16, wherein said material is provided as a plating, cladding, paint or

other coaring, t¢ a base consttucton material.

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
embrittlement will be Jess than 1.5 mmv/ycdr. -
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