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TREATING OXIDIZED STEELS IN
LOW~SULFUR REFORMING PROCESSES

BACKGROUND OF THE INVENTION
The present invention relates to improved tachnzques
for catalytic referming, particularly, catalytic reforming
under lowesulfur conditions. More specifically, the
invention relataes to the discovery and control of problems

5 particularly acute with low-sulfur reforming preocessas.’
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Catalytic reforming is well known in the petroleunm
- Andustry and involves the treatment of naphtha fractions to

improve octane rating by the production of aromatics. The
hore important hydrocarbon reactions which ecocur during the
raforming operation include the dehydrogenation of
cyclohexanes to aromatics, dehydroisomerization of
alkylcyclopentanes to arepatics, and dehydrocyclization of
acyclic hydrocarbons to aromatiecs. A number of othex
reactions also eccur, including the dealkylatien of
alkylbenzaenes, isomerization of paraffins, and hyarocracking
reactions which produce light gasecus hydrocarbons, 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
hydro«gan. :

Bacause there is a demand for high actane gasoline.
extansive research has baan devoted to the development of
improved reforming catalysts and catalytic reforming
précgsses. Catalysts for successful reforming processes
nugt possess good selectivity. That is, they should be
efgﬁcﬁivt for producing high yields of liquid products in
tnéigasoline boiling range containing large concentrations
-of .high octane numbar aromatie hydrscarbons. Likewise,
theﬁe should ba a low yield of light gaseous hydrecarbons.
Th. catalysts should possess good activity to minimize -
cxcessively high tenperatu:es for preducing a certain
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quality of products. It is also necessary for the catalysts
to either possass good stability in order that the activity
and selectivity characteristics can be retained during -
prelonged periods of operation; or be sufficiently
regenarable to allow frequent regeneration without loss of
parformance, _ _

Catalytic reforming is also an important procass for
the chemical industry. Thaere is an increasingly larger-
damand for aromatic hydrocarbons for use in the wanufacture
of various chemical products such as synthetic fibers,

- insecticidas, adhesives, detergents, Plastics, synthetic

rubbers, pharmaceutical products, high octane gasoline,
perfumes, drying oils, ionwexchange resine, and various
other products well known to those skilled in the art.
An important technological advance in catalytic
reforming has recently emerged which involves the use of

. large-pore zeolite catalysts. These eatalysts are further

characterized by the presence of an alkali er alkaline earth
metal and are charged with one or more Group VIII metals.
This type of catalyst has been found to aavantageously
provide higher selectivity and longer catalytic life than
those previously used.

Having discovered select1Ve catalysts with acceptable
cycle lives, successful commercialization seemed inevitable.
Unfortunately, it was subsequently discovered that the
Righly selgctiva, - large pore 2eolita catalysts containing a

. Group VIII matal were unusually susceptible to sulfur _

poisconing. See U.S. Patant No. 4,456,527,

Generally, sulfur occurs in petreleum 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
campounds. _ .

Convantionally, feeds with substantial amounts of
sulfur, for exampla, those with more than 10 rpn sulfur,
have been hydrotreated with conventional catalysts under
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conventional conditions, theraby changingfthe fora of most
of the sulfuy in the feed to hydrogen sulfide. Then, the
hydrogen sulfide is ramoved by distillation, stripping er
related techniques.

5 One conventional method for removing residual hydrogen
sulfide and mercaptan sulfur is the use of sulfur sorbents.
See, for example, U.S. Patent Nos. 4,204,597 and 4,163,706,
the contents of which are hereby incorporated by raferenca,
The concantration of sulfur in this form can be reduced %o

10 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 te remove
residual thicphene sulfur. See, ror example, U.S. Patent
No. 4,179,361 the contents of which is hereby incorporated

15 by reference, and particularly Example 1 of that patent.
Very low space valocitia= are required to remove thiophene
sulfur, requiring large reaction vessals filled with
sorbent. Even with thesa pracautions, traces of thiophene
sulfur still can be found.

20 Thus, improved methods for removing res;dual sulfur,
and in particular, thiophene sulfur, from a hydrotreatad
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. Thesa alternative

23 methods include contacting the naphtha feedsteck with

' moclecular- hydrogen under reforming conditions in the
prasence of a less sulfur sensitive reforming catalyst,

‘thereby converting trace sulfur compounds to H,S, and
forming a first effluent. The second effluent is eontacted

30 with a highly selective reforming catalyst under savers

. reforming conditions. Accordingly, when using the highly
* ' sulfur sensitive catalysts, those skilled in the art go to
' . great extremes to :ahove sulfur from the hydrocarbon feed.
By doing so, the catalyat life is extended for significant
35 periods of time.
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While low=-sulfur systems using highly selective

-large-pore zeolite catalysts were initially effac*ive, it

was discovered that a shut down of the reactor system may be
necessary after only a matter of weeks. The reactor system
0f one tast plant had regularly beccme plugged after only
such briaf operating periods. The plugs were found to ba
those associated with coking. However, although coking
within catalyst particles is a common problem in hydrocarbon
pProcassing, the extant and rate of coke plug formation far
excesded any expectation. '

o] E ON

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

It has been 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 sericus, problems which were not of
concern with conventional reforming techniques where procass
sulfur levels are significantly higher. More particularly,
it was discoverad 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
discovared that these probklems emerged due to the law-sulfur
conditions, and to some extant, the low levels of water.

For the last farty years, catalytic reforming reactor
systams have been constructed of ordinary mild steel (e.g.,
2% Cr 1 Mo). Over time, experience has shown that the
. Systems can operate'snccessfﬁlly for about twenty yvears
without significant loss of physical strength. Hewever, the
discovary of the matal particles and droplets in .the coke
Plugs aventually lead te an investigation of the physical
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characteristics of the reacter system. Quite surprisingly,
conditions were discovered which are symptomatic of a
potentially severe physical degradation of the entire
reactor system, including the furnace. tubes, piping, reactor”

5 walls and other .environments such as catalysts that contain
iron and metal screens in the reactors. Ultimately, it was
discoverad that this problem is associated with the
excessive carburization of tha steel which causes an
embrittlement of the steel due to injection of process

10 carbon into the metal. Conceivably, a catastropnlc physical
failure of the reactor systaem could result.

With convantional reforming technigues carburization
simply is not a problem or concern; nor was it expectsd to
be in contemporary low-sulfur/low-water systems. Aand, it

1S was assumed that conventional process egquipment could be
used. Apparently, however, the sulfur present in
conventional systems effectively inhibits carhur;zation.
Somehow in conventional processes thae process sulfur
~ interferes with the carburization reaction. But with
20 sextremely low-sulfur systems, this inherent protecticn no
longer exists.

Tha problems associated with carburization only begin
with carburization of the physical system. The
‘carburization of the stael walls leads to '"metal dusting; a

25 ©release of catalytically active particles and melt droplets
of metal due to ercsion of tha metal.

The active metal particulates provide additional sites
for coke formation in the system. While catalyst
deactivation from coking is generally a problem which mast

30 be addressed in raforning, 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 throughout the systen. The

35 active metal particulﬁtes actually induce coke formation on
themselves and anywhere that the particlaes accumulate in the
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system rasulting in coke plugs and hot regions of exothernic
demethanation reactions. _ -

Additionally, new reactor systems are often heac
treated to remove stress. Such procedures, for axample,
heating in air at least 1650°F for 1-2 hours, often produce
an oxide scale up to 50 gm thick on 347 stainless and

"thicker on mild sieels._ In carburizing environments, thess

P. 10

oxide scalas reduce to finely particulate Fa, Ni metal which °

'is extremaly raeactive for coking and can infect undexlying

steel with carburization and pitting. Thus, the usa of
oxidized steels in such environments and of heat treatments
which rasuit in tha ox;dation of such steels should be

aveided.

As a raesult of the above reacticns, an ummanageable and

prematurse coke-plugging of the reactor system occurs which
can lead to a systom shut-down within waeks of stazt=-up.

‘Use of the process and reactor system of the presant

invention, however, overcomes these problems.

Therefore, ancther aspect of the invention relates to a
method for reforming hydrocarbons connrising cnntacting the
hydrocarbens with a reforming catalyst, preferably a
large~pora zeoclite catalyst including an alkali or alkaline
earth metal and charged with one or mere Group VIII metals,
in reactor systems having oxidized surfaces.

Yet another aspect of the invention relatas to

. a reactor system including means for providing a resistance

to ca:burization ané metal dusting which is an improvement
over conventional mild steel systems in a methed for

| reforming hydrocarbons using a reforming catalyst such as a

large-pore zeolitae catalyst including an alkaline earth

' matal and charged with one or more Group VIII metals under

conditions of low sulfur, the resistance being such that
exbrittlement will be less than abeout 2.5 mm/year,
preferably lass than 1.5 mm/year, more preferably less than
1 m/year, and most preferably less than 0.1 mm/year.
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: BRIEF DESCRIPTION QF THE FIGURES

Figure 1 is a2 photomicrograph (reflected lighted
light: 200x. 1 cm = 50 um) of a surface of & 347 stainless
steel sample which was heat treated in an electric furnace
at 1650°F air for 1 hour. The photomicrograph shows that
the heat treatment in air produced a uniformly thin (5 um)
and adherent oxide coating.

Figure 2 is a photomicrograph (reflected light, 1250x,
lcm =38 um) of a surface of a 347 stainless steel sample
which was heat treated in an electric furnace at 1650°F in
air for 1 hour. At high magnification, the complex oxide
secale is gshown. The inner dark band and crystals adjacent
to the stesl (bright) are compesad of ferrochromite
(FeCr,0,) ; the outer, brighter band is magnetite (assentially
Te0;)» The escalloped pattern on the steel surface results
from a tendency of oxidation to preferentially attack grain
boundaries. -

Figure 3 is a photomicrograph (reflected light, 1250%,
lecm =28 pum) of a surface of a 347 stainless steel sample
wvhich was heat treated in an electric furnace at 1650°F in
air for 1 hour. A sample traeatsd for five days at 1000°F in
the cérburizing atmosphare did not coke. Navertheless, the
magnetite band of the oxide coating was completely altered
to finely porous iron metal, which should be extremely
reactive in a carburizing environment. The ferrcchromite
(dark) was unaltered.

Fiﬁure 4 is a photomicrograph (scale bar at right) of a
surface of a 347 stainless steel sanple which was heat
treated in an electric furnace at 1650°F in air for 1 hour.
The photcmicrégraph is an SEM electron backscatter image of
the sample run for 5 days at 1000°F.

Figure 5 is a photograph (approximately 2x
magnification) of a sample of 347 stainless steel heat
treated in an electric furnaece at 1650°F in air for 1 hour.
The sample was exposed to a carburizing atmosphere for five
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hours at 1150°F. The sample coked abundantly on the

‘oxidized surfaces but not on the unoxidized surfaces.

Figure 6 is a photogtaph (approximately 2x _
magnification) of a sample of 347 stainlaess steel which was
heat treated in an electric furnace at 1650°F in air for 1
hour. The sample was exposed to a carburizing atmosphere
for two weeks at 1150°F. A protective tin coating exhibzted
protection against coking and carburization. .

Figure 7 is a photograph of a sample of 347 stainless
steel which was heat treated in an electric furnace
at 1650°F in air for 1 hour., The sample coked severely on
the oxidized surfaces after only 24 hours at 1025°F in a
carburizing atmosphere. The chip at right is raw 347
stainless steel.

- Tigure 8 is a photograph of a surface of a 347
stainless steel sample which was heat treated in an electric
furnace at 1650°F in air for 1 hour. Abundant coking
occurred on the oxidized surfacas after only 2% hours
at 1200°F in a carburizing atmosphere. The chip at right
is 304 stainless steel.

Figure 9 is a photomicrograph (reflected light 200x, 1
em = 50 pgm) of a surface of a 347 stalnless steel sample
which was heat treated in an electric furnaces at 1650°F in
air for 1 hour. The sample was exposed to a carburizing
atmosphere at 1200°F for 2% hours. A metal dusting pit
(canter) formed on the steel surfaca under the actively
coking oxide layer. No dusting occurred on the wnoxidized
surfaces.

Figure 10 is a photomicrograph (reflected light, 1250%,
lcn =8 um) of the surface of the 347 stainless stesl

. sampla described in Figure 9. The sample carburized

at 1200°F along most of thae surface. The chromium-rich
exide layer {gray) persisted and rasisted esking.

Figure 11 is a photomicrograph (reflected light, 1250x,
lem=28 pm) of a sarface of a 347 stainless steel sample
which was heat treated in an electric furnace at 1§50°F in
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air for 1 hour. The sample was coated with tin paint. The
farrochremite layer and crystals (dark) persisted on the
steel surface (bright, center). The magnetite layer was
completely replaced by a series of iron stannides (shades of
gra&). Some unreacted tin spheres (bright, top) were '
present.,

Figure 12 is a photamicrograph (reflected light, 250%,
lem =8 um) of & surface of a 347 stainless steel sample
which was heat treated in an elactric furnace at 1650°F in
alr for 1 hour. on an unoxidized surface, a protective tin
coating reacted diractly with the steel to form a series of

. nickel iron stannides.

Pigure 13 is a photonicragraph (veflected light, l1250x%,
1l cm=8 un) of a surface of a 347 stainless steel sample
which was heat treated in an electric furnace at 1650°F in

" air for 1 hour. After two weeks of exposura to a

carburizing atmosphere at 1150°F, tin in a tin containing
protective coating consumed the iron in the ferrochromite
layer and crystals, penetzated'the chromium oxide layer, and
reacted te form a continucus layer of nickel iron stannida
on the underlying steel. The remaining oxide is eskolaite
(€x30y) -

Figure 14 is a photomicrograph (reflected light, 1250x,
leonm =38 um) of 2 surface of a 347 stainless steel sample
which was heat treatad in an electric furnaca at 1650°F in
air for 1 hour. After twe weeks at 1150°F, a thicker
contirinous layer of nickel iron stannide (dark) on the
unoxidized surface of the steel was formed. The thin
brighter layer under the stannide is the chromium-rich,
nickel—peo:'steel layer.

Figure 15 is a photoricrograph (seale bar at right) of
a surface of a 347 stainless steel sample which was heat
treated in an electric furnace at 1650°F in air for 1 hour. . -
The freshly stannided sample exhibited a stannide (bright)
layer on top of a ferrochromite oxide layer (dark). Staal
at left.
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Figure 16 is a photomicrograph (scale bar at rigat) of
a surface of a 347 stainless steel sample which was heat
treated in an electric furnace at 1650°F in air for 1 hour.
After two weeks at 1180°F in a carburizing atmosphere, the
stannide migrated under the eskolaite (Cry0;) layer (dark).

Figure 17 is a photomicrograph (raflected light, 200x,
1 cm = S50 um) of a surface of a 347 stainless steel sazple
which was heat treated in a flame furnace at 1650°F in air
for 2% hours. This treatment produced 2 much'thicker oxide
scale than the treatment in tha elactric furnace. The scale

is approximately 40 pm thick.
Pigure 18 is a photomicrograph (reflected light, 1250x,

. 1ca =8 szm) of a surface of a 347 stainless steel sample

which was heat treated in = flame furnaca at 1650°F in air
for 2% hours. Tha scale is more complex than the scale
obtained by heat treatment in the electric furnace. The .
outermost layer (bright) is hematite (Fe;0;)}. Under the
hematite layer is.a layer of magnetite (darkex). Under the
magnetite layer is a layer of ferrochromite shot with a
fine, nickel=rich metal dust. A thin layer (darkest) of.
pure ferrochromite coats the steel surface (very bright).

Figure 19 is a photograph (approximately 2x) of a
sample of a 347 stainless steal which was heat treated in a
flame furnace at 1650°F in air for 2% hours. When exposed
to a carburizing atmosphere for three hours at 1050°F, the
sample coked profusely on the oxidized surfaces. Morecver,
some coka also formed on the unoxidized surfaces.

Figure 20 is a photograph of a sample of 347 stainless
steal which was heat treatad in a flame furnace at 1630°F in
air for 2k hours. The sample which had received a
protective coating of tin paint wag nearly cocke free after
five days at 11S0°F. '

Pigure 21 is a photomicregraph (reflected light, 200x,
1 cm = 50 pm) of a sampla of 347 stainless steel which was
heat traatad in a flame furnace at 1650°F in aix for 2% °
hours. After five days at 1150°F in a carburizing
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atmogphere, a stannide layer (bright gray) formed atop a
layer of oxide (darker) on the staal surface that had been
painted with plain tin paint. The oxides ara heavily velned
with stannide. A ball of unreactad tin rests on tha
stannide surface.

Figure 22 is a photamicrograph (reflected light, 200x,
l cm = 50 um) of a surface of a 347 stainless steel sample
which was heat treated in a flame furnace at 1650°F in aiy
for 2%k hours. On the oxidized sﬁrtace that had beenh painted
with Fe,0;~modified tin paint, the exterior stannide layer
was locally breached exposing the underlying oxide. This is
the surface shown in Figure 20.

Figure 23 is a photomicrograph (reflacted light, 1250x,
l cm =38 pm) of a surface of a 347 stainless steel sample
which was heat treated in a flame furnace at 1650°F in air
for 2% hours. On the surface treated with plain tin paint,
a continuous layer of stannide (gray) was formed on the

steql under the oxide.

Figura 24 is a photomicrograph (reflected light, 1250x,

1cm =8 pm) of a surface of a 347 stainless steel sample

which was heat treated in a flame furnace at 1630°F in air
for 2% hours. The sids painted with ferruginous paint
exhibited a sparse and. discontinucus stannide under the
axide.

Figure 25 is a photomicrograph (reflected liight, 200x,
1 em = SO um) of a surface of a 347 stainless steel sample
which was beat treated in an electric furnace at 1650°F in
air for 2% hours. The exterior of the sampla was exposed to
air during the heat treatment. . This produced a complaex

‘oxide scala sinilar to that produced in the flame furnace

but thinner.

Figure 26 is a photomicrograph (reflected light, 200x,
lcm =50 pn} of a surface of a 347 stainless steel sample
which was heat treated in an electric furnace at 1650°F in
N, for 2% hours. Only a trace of oxide was formed.

P.15
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Figure 27 is a photomicrograph (reflected light, 1250%,
1l cm= 8 um) of a surface of 2 347 stainless steel sampla
heat treated in an alectric furnace at 1650°F in air for 2%
hours. An exterior layer of hematita (gray), underlain by

5 nmagnetite (gray), underlain by ferrochromite (dark) shot

with fine metal particles is shown. =

Figqure 28 is a photomicrograph (reflacted light, 1250x,
1 cm= 8 um) of a surface of a 347 stainless steel sample
heat treated in an electric furnace at 1650°F in N, for 2%

10  hours. On the nitrogen exposed side, scattered pockets
fillad with oxide and chloride (dark) and an edge zone with
abundant grain boundary carbides or possibly nitrides is
shown. The carbide enriched zone is about 15 gm thick.

Figure 29 is a photomicrograph (raeflected light, 200%,

15 1 cm = 50 un) of a surface of a 347 stainless steel sample
which was haeat treated in an electric furnace at 1650°F in
air for 2% hours. When this saTple was exposed to the .
carburizing atmosphere at $00°F for five days, the oxide
.surtace'erupted with coks.

20 Figure 30 is a photomicrograph (reflected light, 1250x,
1 cm= 8 gm} of the surfaca of tha 347 -stainless stsel
sample shown in Figure 29, The oxide was reduced to finely
porous metal {bright white) and coke (dark) deposited on
this metal. The steel surface (bright white) is at the

25 bottom.

The metallurgical tarms usad herein are to be given
their common metallurgical meanings as set forth in THE
30 METALS HANDBOOK of the American Society of Metals. For
. example, "carbon steels" are those steels having no
specified minimwm quantity for any alleying element (other |
than the commonly accepted amounts of manganese, silicon and
copper) and contzining ¢nly an incidental amount of any
35 element other than carder, silicon, manganese, copper,
sulfur and phosphorus. "Mild steels" are those carbon

Thmsmwﬂlhmlkwn Replaced

N

SUBSTITUTE SHEET (RULE 26)



1

) ].
R 17-06 SAT 01:16 P BOSEA PAGE 17 (PRINTERX NO, 916 462 1466 P17

o

15

20

25

30

35

WO 9416033 _ o . PCT/U§94/00107

- 13 =

‘steels with a maximum of about 0.25% carbon. Alloy staeels

are those steels containing specified quantities of alloying
elements (other than carbon and the commonly accepted
amounts of manganesae, copper, silicon, sulfur and
phoSphorusJ'within_the limits recognized for constructional
alloy steels, added to effect changes in mechaniecal or
physical prope:tiss. 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 alloying element.

One focus of the invention is to provide an improved
maethod for reforming hydrocarbons using a reforming
catalyst, particularly a large pore zeolita catalyst
ineluding 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,
nust demonstrate better resistance to carburization than
conventional low-sulfur reforming techniques, yet contain

‘little sulfur available to poison the catalyst.

One solution for the problem addressed by the present
invention is to pretreat existing oxidized reactor systenms:

" to prevent the reduction of oxide scales to finely porous

Fo, Ni metal and improve resistance to carburization and
metal dusting during reforming using a referming catalyst
such as thae aforementicned sulfur sensitive large-pora
Zeolite catalysi under conditions of low sulfur.

By "reactor system", as used herein, there is intended
at least one reforming reacter and its corresponding furnace
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 zeolita catalysts are utilized. Such systems
include reactor systems used in processes for
dehydrogenation and thermal dealkylatiecn of hydrocarbons.

‘Thus, by “reaction conditions" as used herein, there is
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intended, those conditions required to convert the feed

hydrocarbons to 2 desired product.
The aforementioned nroblems with low-sulfur re*arn;ng

can be effectively addressed by a selection of an
5 appropriate reactor system material for contact with the

hydrocarbons during processing. Typically, refeorming
reactor systems have been constructed of mild steels, or
alloy steals such as typical chromium steels, with
insignificant carburization and dusting. For example, under

10 conditions of standayd reforming, 2% Cr furnace tubes can
last twenty years. However, it was found that thase steels
are unsuitable under low-sulfur reforming conditions. They
rapidly bacome embrittled by carburization within about one
year. For exacple, it was found that 2% Cr 1 Mo stesl

15 carburized and embrittled morae than 1 mm/year.

. Furthermore, it was found that materials considered

undér standard netallurgical practice to be resistant to
cokxng and carburization are not necessarzly ras;stant under
low-sulfur raforming conditions. For example, nickel-rich
20 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 stainlass steels, prcferably 304,
316, 321 and 547, are acceptable as materials for at least
25 portions of the Teactor system according to the present
invention which contact the hydrocarbons. They have been,
found to have 2 resistance to carburization greater than
mild steals and nickel-rich alloys,
In some areas of the reactor systems, localized
30 tempetatures'can become excessively bigh during reforming
{(e.g., 900-1250°F). This is particularly khe case in

/
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furnace tubes, and in catalyst beds where exotharmic
demethanation reactions eccur within narmally occurring coke
balls causing localized hot regions. While still praferred
to mild steels and nickel-rich alloys, the 300 series
stainless steels do exhibit seme cocking and dusting at
arcund 1000°F. Thus, while uséful, tha 300 series stainless
steels are not the most preferred materizal for usa in the

presant invention.

Chromium~rich stainless staels such as 446 and 430 are
even mora resistant to carburization than 300 series

stainless steels. However, these steels are not as

'desirable for heat resisting proparties (they tend to become -

brittle).

Resistant materials which are preferred over the 300
series stainless steals for use in the present invention
includa copper, tin, arsenic, antimony, bismuth, chromium,
gerﬁanium, indium, selenium, tellurium and brass, and
intermetallic compounds and alloys thersof (e.g., Cu-Sn
alloys, Cu-Sb 2lloys, stannides, antimonides, bismuthides,
atc.}. Steels and even nickel-rich alloys containing these
metals can also show reduced carburization.

Reactor systens previously exposed to an oxiéafiv-
hﬁmosphera are ﬁot preferred when such systems utilize the
aforementioned sulfur sensitive large-pore zeolite catalyst
systems. For example, heating such reactor sys:eﬁs in aiyx

to remove stress may promote the formation of oxide scales.

When these oxide scales raduce, they may form finely porous

-
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Fe, Ni matal, which is extremely reactive for coking and can
infect underlying steel with carburization and pitting.
These praviously oxidized steéls may, according to the
present invention, be treated with carburization resistant
§ materials to prevent the formation of the finely porous Fe,
Ni metal, which significantly reduces coking, carburization
and metal dustiﬂg under reaction conditions. Such materials
nay alsoc allow for tne_removal of oxygen from reactor walls
with the possible release of water and/or the fixation of
10 = the oxides by forming a continuous protective coating over
the oxide.
In a praeferred embodiment, these materials are provided
'~ as a plating, cladding, paint (e.g., oxide painté) or other
: coating.te a basa construction material. Thi# is
15 particularly advantageous since convéntional canstruction
materials such as mild steels ¢an still be uéed with only
the surface contacting the hydrocarbons being treated.. of
these, tin is especially prafarred as it reacts with the
surfaca to provide a coating having excellent carburization
20 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 heen observed that with tne use of
25 such reactor systems, tin attacks the sulfided metal
surfaces including FeS replacing sulfur and releasing E,S.

Thus, application of resistant materials such as tin to a

I —
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reactor system to prevent coking, carburization and metal
dusting can also protect sulfur sensitive cﬁtalysts when
applied to previously sulfided reactor systems.

Where practical, it is-preferrgd that the resistant

matarials be applied in a paint-likse formulation

_{hereinafter-”paint") to 2 new or existing reactor system.

Such a paint can be sprayed, brushed, pigged, etc. eon -
reactor system surfaces such as mild steels or stainless
steels. It is most pre:erfed that such a paint be a
deconmposablae, reactive, tin—contaigiﬁg paint which reduces
to a reactive tin and forms metallic stannides (a.g., iron
stannides and nickel/iron stannides) upon heating in a
reducing atmosphere. _

It is most prefarred that the aforementicned paint
contain at least four components (or their functional
equivalents) ; (i) a hydrogen decomposable tin compound, (ii)
a solvent system, (11i) a finely divided tin metal and.(iv)
tin oxide as a reducible sponges/dispersing/binding agent.
The paint should cuntainlfinoly divided solids to minimize
settling, and should net éantain non-reactive materials
which will prevent reaction ¢f reactive tin with surfaces of
the reactor systen.

As the h&ﬂrogan decomposable tin conpouﬁd. tin

- octancate or neodecancate is pérticularly ussful,

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

This Sheet Has Been Replaced
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This property is necessary for

.any coating composition used in this contaxt_becausa it is

conceivable that the coated material will be stored for

months prior to treatment with hydrogen. Also, if parts are

coataed prior to assembly they must be resistant to'chipping

during construction.

available commercially.

As noted above, tin octanocate is

It is reasonably priced, and will

decompose smoothly to a reactive tin layer which forms iron

stannide in hydrogeﬁ at temperatures as low as 600°F.

Tin octancate should not be used alone in a paint,

however.' It is not sufficiently viscous. Even when the

solvent is evaporated th:refrom, the remaining 1iquid will

drip and run on the coated surface.

In practice, for

example, if such were used to coat a horizental furnace

tube, it would pool at the bottom of the tuba.

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

agent, is a porous tin-containing compound which can

Sponge-up an organo-matallic tin compound, yat still be

raduced to activa tin in the reducing atmosphere. In

addition, tin oxide can be processed through a colloid mill

to produca very fine particles whiéh-resiét rapid settling.

The addition of tin oxide will provide a paint which becomes

dry to tha touch, and resists running.
Unlike typical paint thickeners, component (iv) is

selacted such that it becomes a reactive part of the coating

whan reduced.

SUBSTITUTE SHEET (RULE 26)
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paint thickener which would leave an unreactive surface.
coating after treatment.

Finely divided tin metal, camnonent (iii), is added to
insure that metallic tin is available to reasct with the
surface to be coated at as low a temperature as possihle,'
even in a non-reducing atmosphera. The partiélg size Sf the
tin is prafexﬁbly ocne to five microns which allows excellent
coverage of the surface to be coatad with tin metal. '
Kcn-reducing conditions can occur durinq.drying of the paint
and welding of pipe joints. The presence of metallic tin

_ ensures that aven when part of the coating is not complétcly

reduced, tin metal will be present te react and form the
desiraed stannlde layer.

The soclvent should be non-toxic, and effective for
rendering the paint sprayable and spreadable when desired,
It should also evaporate quickly and have ecompatible solvent
properties for the hydrogan decomposable tin compound.
Iscpropyl alcohollis_nost preferred, while hexana and
péntana'can be useful, if necessary. Acetohe, however,
tends to precipitate organic tin compounds. o

In one embodinment, there can ke used a tin paint 6: 20
percent Tin Tan-Cem (stannous octancate in octaneic acid or

neodecancate in neodacanoic acid), stannic cxide, tin metal

_poﬁder and isopropyl alechol.
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The tin péint can be applied in many ways.
example, furnace tubes of the reactor system can be painted
individeally or as modules. A reforxing reactor system

' according to the present invention can.contain various
5 nuﬁhers of furnace tube modules (e.g., about 24 furnace tube
sedules) of suitable width, length and height (e.g., about
10 feet long, about 4 feet wide, and about 40 feat in
reight). Typically, each module will include two headers of
suitable diametar, preferably about 2 feet in diametar,

10 which are connected by about four to ten u-tubes ¢of suitable
length (e.g., about 42 feet long). Therefors, the total
surface area to be painted in the modules can vary widely;
tor exanpie, in one embodiment it ca:i be about 16,500 ft2,

' Paiﬁtinq modules. rather than the tubes individually can

15 ©be advantageous in at least four raspects; (i) painting
nodulas raﬁher than individual tubes should avoid heat
@astruc:ioﬁ of the tin paint as the components of the
zodules are usually heat treated at extremely elevated

. temperatures during production; (ii) painting modules will

20 likely be quicker and less expensive than painting tubes
individually; (iii) painting modules should be more
esficiant during production scheduling; and (iv) pginting of

- the modules sﬁouid enable painting of welds.
_ However, painting thae modules may not enable the tubes

25 to be as completely coated with paint és if the tubes were
painted individually. If ceating is insufficient; the tubes

can be coated individually.
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It is preferabla that the paint be sprayed into the
tubes and headers. Sufficient péint should be ap;lied to
fully coat the tubes and headers. After 2 module is
sprayed, it should be left to dry for about 24 hours
follewed by application of a slow stream of heated nitrogen
(e.g., about 150°F for about 24 hours). Thersaftar, it is
preferable that a second coat of paint be applied and also
dried by the procedurs described above, After the paint has
been appliaed, the medules should preferably be'kept under a
slight nitrogen pressure and should not be exposed to
temperaturas exceeding about 200°F prior to installation,
nor-should they ba exposed to water excapt during
hydrotesting.

Iron bearing reactive paints are alsc useful in'the
present invention. Such an iron bearing reactive paint will
preferabiy contain various tin compounds to which iren has
been added in amnuﬁts up to one third Fe/Sn by w&ight.

The addition of iron can, for example, ke in the form
of Fe05. The addition of iron to_a'tin containing paint
should afford notavorthy advantages; in particular: (i) it
should facilitate the reaction of the éaint to form iron
stannides thereby acting as a flﬁx; (ii) it should dilute
the nickel concentration in the stannide layer thereby
providing better prbtectian against coking; and (iii) it
should rasult in a p2int which affords the anti-coking
protectién of iron stannides even if the underlying surfaéa

dogs not react well.
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Yet another means for preventinq carburization, coking,
and meta) dusting in the low-sulfur reactor system cocaprises
the application of a metal coating or cladding to chremium
rich steels contained in the reactor system. These netal
coatings or claddings nay be comprised of tin, antizony,
bismufh, germanium, indium, selenium, tellurium or arsenic.
Tin is especially preferred. These coatings er cladu;ngs
may be applied by metheds includinq electroplating, vaper
depositing, and soaking of the chromium rich steel in 2 |
moltan metal bath.

It has been found that in reactor systems where
carburizatian, coking, and metal dusting ara particularly
problematic that the coating of the chromium-rich,
nickel—cantaininq steals with a layer of tin in effect
Creates a double protective layer. There rusults an inner

chromium rich layer which is resistant to carburizatien,

ceking, and metal dusting and an outer tin layer which is

also resistant to carburization, coking and metal dusting.
This cccurs because when the tin coated chromium rich staal
is exposed to typical reforming temperatures, such as about
1200°*F, it réacts with the steel to form nickel-rich iren

nickel stannides. Thereby, the nicxel is preferentially

leached from the surface of the steel leaving behind a layer
of chromium rich steel. In some 1nstances, it may ba
desirable to remove the iron nickel stannide layar from the
stainless steel to expose the chromium rich steel layer.
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| For axample, 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 Stainloss stael.
When applying the tin matal coating or cladding to the

chromium rich steel, it may be desirable to vary the
thicknass of the metal coating'or cladding te 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 socaked in a molten tin bath.
This will also affect the thickness of the resulﬁing
chromium rich steel layer. It may also be desirable to vary
the oparating temperature, or to vary the composition of the
chromium rich steel which is coated which in order to
control the chromium concentration in the chromium rich
stael layer praducad; _

It has additicnally been found that tin-coated steels

_ can be further protected from éarburization, metal dusting,

and ccking by a post-treatment process which invelves
application of a thin oxide coating, preferably a chromiunm
oxide, such as ¢r,0;. This coating will be thin, as thin as
a few um. Apélication of such a chromium oxide will protect
aluminum as wall as tin coated steels, such as Alonizad
staels, under low-sulfur refarning-coﬁditions.

The chromium oxide layer can be applied by various

methods including: application of a chromate eor dichromaﬁe

P.27
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paint followed by a reduction process; vapor treatment with
an organo-chromium compound; or application'of a chrcmium
metal plating followed by oxidation of the resulting
chromiunm plated';teel.
| Examination of tin-electroplated steels which have been
subjected to low-sulfur reforming conditions for a '
substantial period of time has shown that wheh a chromium

oxide layer is produced on the surface of the stannida layer

©or undev the stannide layer, the chromium oxide layer does

not cause deteriocration of the stannide layer, but appears
to render the steel turthér resistant to carburization,
coking and metal dusting. Accordingly, applicatien of a
chromium oxide iayar to aither tin or aluminum coated steels
will result in steels which are further resistant to
carburization and éoking under the low-sulfur reforming
conditions. This'ﬁost-traatnent process has particular
applicationé for treating tin or aluminum coated steels

which, after prolonged exposure teo low-sulfur reforming

~ conditicns, are in nead of reﬁair.

While not wishing to be bound by thecry, it is believed
that the suitability of various materials for the present

invention ean be selected and classified according to their

responses to carﬁurizing atmospheres. For example, irng,
cobalt, and nickel form relatively unstahle carbides which
will subsequently carburize, coke and dust. Rlements such
as. chromium, nicbium, vanadium, tungsten, molybdenum,

tantalun and zirconium, will form stable carbides which ara

§ [ p—
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more rasistant to ca*nurzzation coking and dusting.
Elements such as tin, antinony and bismuth do not form
carbides or coke. And, thesa compounds can form stable

compounds with many metals such as iron, nickel and coppér

" under reforning conditicns. Stannides, antimonides and

bismuthides, and compounds of lead, mercury, arsenic,
germanium, indium, tellurium, selenium, thallium, sulfur and
oxygen are alsb_resis;ant. A final category of materials
include alements such as silver, copper, gald,.platinum and
refractory oxides such as silica and alumina. These
materials are resistant and do not form carbides, or react
with other metals in a carburizing enviromment under
reforming conditions. '

Because different areas of the reactor system of the
invention (e.g., different areas in a furnace)} can be
exposed_té a wide range of temperatures, the material
selection and thickness of coating can be staged, such that
better carburization resistances are used in those aveas of
the systen éﬁperiencinq the highast tehperatures. In any
case, the carburization resistant coating should be used in
amounts such that the metal oxides present in the reactor
system do not consume the entira pratectiée coating. It is
preferred that any remaining oxide in the oxidated surfaces
is fixated. By "fixated", as used herein, it is meant
applying a coating of the carburization resistant cnating'
over the oxidized metal such that the oxide does not form

finely porous Fe, Ni metal and tha like, which is extremely

P. 30
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reactivg for coking and may infect underlying'steel with
carburization and pitting. |

With regard to materials selection, it was discovered
that oxidized Group VIII metal surfaces such as iron, nickel
S5 and cobalt ars mere 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 éame stael. This is.believed to be
10 due to a re-reduction of oxidized steels which producas 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
15 typically used in catalytic reforming. However, it has been
found that an air roasted 200 series stainless steal coated
with tin can provide similar resistances to coking and
carburization as unrocasted samples of the same tin coated
300 series stainless steel. |
. 20 Furthermore, it will be appreciated .that oxidation will
be a problem in systems where sulfur sénsitivity of the
catalyst is not of concern, and sulfur is used to passivate
the matal surfaces. If suifur levels in such systems ever
~ become insufficient, any metal sulfides which have formed on
25 metal surfaces would, after oxidétian and reductien, be
reduced to fine-~grained metal. This metal would be highly
reactive for coking andlcarhurization. Pbtentially,'this

%
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can cause a catastrophic failure of the metallurgy, or 2

major coking event.

As noted above, excessively high temperatures can occur

in the catalyst beds when exothermic demethanation reactions

within cokeballs cause localized hot regions. 7These hot
spots élso pose a prdblen in conventional reforming reactor
systems (as weli as other areas of chemical and
petrochemical procaessing). |

For example, the center pipe scraens of reformers have
been obsarvad to locally waste away and-develop holes;
ultimately resulting in catalyst migration. In convantional

reforming processes the temperaturas within cckeballs during

formation and burning are apparently high enough to overcoma

‘the ability of process sulfur to poison coking,

carburization, and dusting. .The metal screens, therefors,
carburize and are more sensitive to wasting by intergranular -
oxidation (a type of corrosion) during regeneration. The
screan openings enlarge and hocles develop. '

Thus, -the toachings of the pfasent invention are
applicable to conventional reforning,.as well as other areas

of chemical and petrochemical processing. For example, the

' aforemantioned platings, claddings and cocatings can be used

in the preparation of center pipe screens to avoid excessive
hole davelopment and catalyst iigzatian. In addition, the
teachings can bélapplied to any furnace tubes which are
subjected to carburization,-cokinﬁ and metdl dusting, such

as furnace tubes in cokar furnacas.
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In addition, sinca the tachniquss described herain can
be used to.ccntrol carburization, ccking, and metzal dusting
at excessively high temperatures, they can be used in
cracking furnaces operating at from about 1400° <o about
1700¢F. For éxanpla, the detericration of steel occurring
in cracking furnaces cperating at those temparat:ras can be
controlled by Qpplication of various metal coatings. These
matal coatings can be applied by melting, electreoplating,
Qnd painting. Painting is particularly preferred.

For example, a coating of antimony applicd <o iron
bearing steels protects these steaels from carburization,
coking and metal dusting under the described cracking
conditiens. In taét, an antimony paint applied to iron

" bearing steels will provide protection against

carburization, coking, and metal dusting at 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 180Q°F, _

Bismuth coatings may also be applied ﬁo iron bearing
steels and prqviae protection aqainst carburization, metal

dusting, and coking under eracking conditions. Also, a

_ metal coating comprising a combination of bismuth, antimony,

and/or tin can be used.
Leooking again to lowe=sulfur retdrming, other techniques
can also be used to address the problem discovered according

/
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to the present invention. They can be used in canjunction

with an appropriate material selection for the reactor

‘system, or they can be used alone. Preferred from among the

additional technigues is tha addition of non=sulfur,
anti-carburizing and anti-coking agent(s) during the
reforming process. These agents can be added continuously
during procassing and function te interact with those
surfaces of the reactor system which contact the
hydrocarbons, or they may be applied as a pratreatment to
the reactor system. .
While not wishing to bound by theory it is believed
that these agants interact with the surfaces of the reactor
system by.aecamposition and surface attack to form iron

and/or nickel intermetallic compounds, such as stanhides,

'antimonides, bismuthides, plumbides, arsenides, etec. Such

intermetallic-compounds are resistant to carburizatioen,
coking and dusting and can protect the underlying
matallurgy.

" The intermetallic compounds are alsc believed to be
more stable than the metal sulfides which were formed in
systems where H,S was used to passivate the metal. Thesa
compounds are not reduced by hydrogdh as are metal su;:ides.
AsS a result, fhey are less likely to leava the system than
metal sulfidas. Tharefore, éhe cohfinuous addition of a
carhurizﬁtion inhibitor with the feed can be minimized.

Preferred non-sulfur anti~car$urizinq and anti-coking

agents include organo-metzllic compounds such as organo-tin -

This Sheet Has Been Rep
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compounds,
compounds,
compounds.

tetraethyl

as tetrabutyl tin and trimethyl tin hydride are especially

prafarred.

Additional specific organo-metallic compounds include

bismuth neodecancate, chromium octoaté, copper naphthenate,
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organo-antimony compounds, organo-bismuth

organo~arsenic conmpounds, and organc-lead

Suitable organo-lead compounds include

and tatramethyl lead.' Organo-tin compounds such

~manganese carboxylate, palladium neodecancate, silver

neodecancate, tetrabutylgermanium, tributylantimony,

triphenylantimony, triphenylarsine, and zirconium octoate.

How and where these agents are added to the reactor ’

system is not critical, and will primarily depend on

particular process design characteristics. For example,

they can be added continucusly or discontinuously with the

feed.

Howaver, adéing the agents to the feed is not preferred

the reactor systen.

~as they would tend to accumulate in the initial portions of
This may not provide adequate

protection in the other areas of the systen.

It is prafaerrad that the agents be provided as a

coating prier to construction, prior to start-up, or in-situ

(i.e<, in an ixisting system). If added in-situ, it should

ba done right atter catalyst regeneration. Very thin

caatingé 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.

sussnnnzsamzraunszs;
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A preferred mathed of coating the agents on an existing
Or new reactor surface, or a2 new or existing furnace tﬁbé is
to decumpbsa an arganometaliic cempound in a hydrogen
atmosphere at temperaturss of about 900°F. For organo-tin
compounds, for example, this producas reactive metallic tin
on the tube surface. At these temperatures the tin will
furthaer raact with tixe surface metal to passivata it.

Optinum caafing temperatures will depend on the
particular organometallic caﬁpound, or the mixtures of
compounds if alloys ara desired. Typically, an excess of
the organomatallic coating agent can be pulsad ints the
tubes at a high hydrogan flow rate so as to carry the
caating agent fhroughout the system in a mist. The flow

. rate can then be reduced to permi: the coating metal mist to

coat and react with the furnace tube or reactor surfacsa.
Altarnatively, tha compound can be introducsd as a vapor
vhich decomposes and reacts with the hot walls of the tube
or reactor in a reducing atmosphere. |

As discussed above, reforming reactor systems
suseeptible to carburizatipn, ﬁetal dusting and edking can
be treaté§ by application of a decomposable coating
containing a decomposable organcmetallic tin'campound to
those areas of the reactor system most susceptible to
carburization. Such an approach works particularly well in

a tamparaturae controlled furmace. '

However, such control is not always pfésent. There are -

"hot spots" which develop in the reactor systém,

ThsShunlhBBanl hnxd
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'particularly in the furnace tubes, where the organcmetallic

compound can decompose and form deposits. Therefore,

anocther aspact of the invention is a process which avoids
such deposition in reforming reacter systems where
temperatures ara not closaly qontrolled and exhikit areas of
high' tenparature hot spots. |

Such a process involves preheatxng the entire reactor
system to a temperature of from 750 €0 1150°F, preferably
500 to 1100°F, and most preferably about 1050°F, with a hot
stream of nYdroqen gas. After preheating, a colder §as
stream at a temperature of 400 to 800°F, pretarahly 500
to 700°F, and most preferably about S50°F, containing a
vaporized organometallic tin compound and hydrogen gas is
introducad into the preheated reactor system. This gas
mixture is introduced upstream and can provide a
decomposition “wave" which travels throughout the entire
reactor system. Essantially this process works »ecause
the hot hydroéen gas producgs a uniformly heatad surtﬁca
which will decompose the colder organcmetallic gas as it

travels as .a wave throughout the raactor systaem. The colder |

.gas containing the organcmetallic tin compound will

decompose on the hot surface and coat the surfaca. The
organometallic tin vapor will conmtinue to move as a vave to
treat the hotter surfaces downstrean in the reactor systenm.
Thereby, the entire‘feactor systenm can have a unitorm
coating of the organcmetallic tin compound. It may also be

desirable to conduct several of these hot-cold temperature
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cycles to ensure that the entirs reactor system has been
uniformly cocated with the crgancaetallic tin compound.

In operation of the reforming reactof system according
to the present invention, naphtha will be refornmed to form
aromatics. The paphtha feed is a light hydrocarben,
preterébly boiling in the range of about 70°F to 450°F, more
prefarably about 100 to 350°¢F. The_naphtha feed will
contain aliphatic or paraffinic hydrocarﬁons. These
aliphatics are convarted, at least in pﬁrt, to aromatics in
the reforming reaction 2zone.

In the "low-sulfur"” systam of the invention, the feed
will preferably contain less than 100 ppm sulfur and_nori
preferably, less than 50 ppﬁ sulf#r. When using a large
bora zeolite catalyst, the feed will preferably contain lass
than 100 ppb sulfur, more praterably,.iess than 50 ppb
sulfur, more §re£erab1y, less than 10 ppb sulfur, and even
nore preferably, le;s than 5 ppb sulfur. If necessary, a
sulfur sorber unit can be employed te remove snall excessg#
of sulfur.

Preferred reforming process conditions include a
temperature between 700 and 1050°F, nore preférably between
850 and 1025°F; 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 teathe reforming reaction zone between 0.1 and 20,
more preferably between 0.5 and 10; and & liquid hourly

space velocity for the hydrocarbon feed over the reforming

R Tﬂmmﬁm N
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catalyst c¢f between 0.1 and 10, more preferably between 0.5
and 5. At these temperatures, tin reacts with the oxidized
metals to replace oxygen in the metals with tin.
To achieve the suitable reformer temperaturss, it is
S often necessary to heat the furnace tubes to high '
temperatures. Thésa temperatures can often range frem 600
to 1800°F, usu;lly from 850 and 1250°F, and more often from
. 900 and 1200°F.
o As noted above, the problems of carburization, coking
10 and metal dusting in low-sulfur systems have baen found to
associated with excessively high, localized process
temperatures of the reactor system, and are particularly
acute in the furnace tubes of the system whera particularly
high temperatures are characteristic. In conventicnal
15 reforming technigues where high levels of sulfur are
 present, furnace tube skin temperaturas of up to 1175°F at
end of run ara typical. Yet, excessive carburization,
caking and netal dusting was not cbserved. In low-sulfur
_ systems; however, it has heen discovered that gxcessive and
20 rapid carburization, coking and metal dusting bccurréd with
CrMo steels at temperatures above 950°F, and stainless
gteels ﬁt temparatures above 1025°F,
Accordingly, another aspect of the invention is to
lower the temperatures of the metal surfaces inside the
25 furnace tubes, transfer-lines and/or reactors of the

reforming system below the aforementioned levels., For

exampie, tamparatures can be monitored using thermocouples

This Sheet Has Been laced
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attached at varicus locations in the reactor system. In tha

case of furnace tubes, thermocouples can be attached to the

outer walls thereof, preferably at the hottast point of. the

furnace (usua;iy near the furnace ocutlet).. When necessary,
adjustments in procass operation cah be made to maintain the
temperatures at desired levels. '

There are other techniqués for reduéing exposure of
system surfaces o undesirébly high temperatures as_well.
For exanple; ﬁéaﬁltransfer areas can be used with resistant
(ang uéually more costly) tubing in the final stage where
temperatures arae usually the highest.

In addition, superheated hydrogen can be added between
reactors of the reforming system. Alse, 2 larger catalyst
charge can be used. And, the catalyst can ba raegaenerated
more fraqqently. In the case of catalyst regéneration, ic
is best accomplished using a meving bed process where the
catalyst is withdrawn from the final.hed, regeneratad, and
charged to the first bed.

Carburization and metal dustihg can alsc ba minimized

~in the low-sulfur reforming reactor system of-the invention

'by using certain other novel eguipment configurations ané

process conditions. For example, the reactor system can be

constructed with staged heaters and/or tubes. In other

words, the heaters or tubes which are subjected to the most

| extreme temperature conditions in tha reactor system can be

gconstructed of paterials more resistant to cafburization

than materials conventionally used in the construction of

This Sheet Has Been Replaced
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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 conventienal

m#tarials.

ﬁy using such a'staged design in fha reactor éysten, it
is possible to reduce the overall cost of the system (sinde
carburization resistant materials are generally mora
éxpensiva than conventional materiais) while still providing
a reactor system which is sufficiently resistant to _
carburization and'matal du#ting under low-sulfur reforaing
conditions. Additionally, this should facilitate the
retrofitting of existing rétorming reactor systems to render
them carburization and metal dustihg resistant undaex _
low~sulfur operating conditions; since a smaller portion of
the reactor system would need replacement or medification
with a staged design. '
| The reactor system can alsc be operated using at least

twe temperature zones; at least one of higher and one of

"lowar temperature. This approach is based on the

observation that metal dusting has a température makimum and

minimum, above and below which dusting is minimized.

) Therefor?, by Yhigher" temparaturass, it is meant that the

tepperatures are higher than those conventionally used in
refofming reactor systems and higher than the temperature
maximum for dusting. By "lower" temperatures it is meant

that the temperature is at or about the temperatures which

This Sheet Has Been Rep! laoed
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reforming processes are conventionally conducted, and falls

balow thgt in which dusting becomes a problenm.

Operation of portions of the reactor system in

. 8ifferant temperature zones should reduce metal dusting as

_less.of the reactor system is at a temperature conducive for

matal dusting. Also, other advantages of such a design
include improved heat transfer efficiencies and the ability
td 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 minimize,
not éompletely avoid, the temperature range at which metal
dusting occurs. This is unavoidabla because of temperature

fluctuations which will occur duriné day to day operation of

~ the reforming reactor system; particularly fluctuations

during shut-down.and start-up of the systan, temperatuée
fluctuations during cycling, and temperature fluctuations
which will occur as the process fluids are heated in the
Treactor systam. -

' Ancther approach to minimizing metal dusting relates to
providing heat to the system using superheated raw materials
(such as e.g., hydrogan), thexeby minimizing the need to
heat the hydrocazbons through furnace walls.

Yet ancther procass design approach involves providing -

a pfe—exisfing reforming reactor systam with larger tube

diameters and/or higher tube velocities. Using larger tube

diameters and/or higher fube velocities will minimize the

This Sheet Has Been Replaced
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exﬁosure of the heating surfaces in the reactor system to
the hydrocarbons.

As noted above, catalytic reforming is wall knewn in
tha petroleum industry and involves the treatment of naphtha
fractions to improve octane rating by the production of
aromatics. The more important hydrocarbon reactions which
éc:ur during the reforming operation inclﬁde the
dehydrogenation of cyclochexanes to aromatics,
dahydroisomerization ot alkycydlcpentanes to aromatics, angd _
dehydrocyclization of acyclic hydrocarbens to'aroﬁatics. In
addition, a number of other reactioné also occur, including
the dealkylation of alkylbenzenes, isomerization of |
paraffins, and hydrocracking reactions which producs light
gasaeous hydrocarbons, e.g., methane, ethane, propane and
butahe, which hy@rocrackinq 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 hydrocarben faad through
the use of one or more aromatics producing reactions in

order to provide an aromatics enriched product (i.e., &

- product whose arcmatics content is greater than in the

fead).

While the presant invention is directed primarily teo
catalytic reforming, it will.be useful generaily in the
production of arcmatic hydrocarbons from various hydrocarbon
feedstocks under conditions of low sulfur. That is, while

catalytic reforming typically refers to the conversion of

"
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naphthas, other fee&stocks can he treated as well to piavide
an arcmatics enriched product. Thereforé, whila the
conversion of naphthas is a preferred ewbocdiment, the
present invention can be useful for the convarsion or

5 aromatization of a variaty of feedstocks such as paraffin
hydrocarbons, olefin hydrocarbons, acatylene hydxocarhbns,
cyclic paraffin hydrocarbons, cyclic olefin hydrocarbons,
and mixtures thereof, and particularly saturated

~ hydrocarbons.

10 Examplaes of paraffin hydrocarbons arae those having é to
10 carhons such as n-hexane, methylpehtane, n~haptane,
mathflhexane, dimethylpentane.an& n-octane. Examples of
acatyleﬁe hydrocarban'aré those having 6 to 10 carbon atoms
such as hexyne, heptyne and octyne. Bxamples of acyclic

15 paraffin hydrocarbons are those having 6 to 10'carbon at&ms
'éuch as methylﬁyclopeptane, cyclohexane, methylcyclohexana
and dimethylcyclohexane. Typical examples of cyclic olefin
hydrocarbons ara those having € to 10 carbon atoms such as
methylcfdlopentene, cyclohexene, mathylcyclohexene, and

20 gdimethylcyclohexene.
The present invention will also ba usaful -for reforming

under low-gulfur ccnditions using a variety of different

reforming catalysts. Such catalyst include, but are not
linited to Noble Group VIII metals on rafractery inorganic

25 oxides such as platinum on alumina, Pt/Sn on alumina and
- Pt/Re on alumina; Noble Group VIII metals on a zeolita such

as Pt, Pt/snland Pt/Re on zeolites such as L-zaolites,

This Sheet Has Been Replaced
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ZSM-5, silicalite and heta; and Nobel Group VIII matals on
alkali- and alkalina-earth exchanged L-zeolitas.

A preferred embodiment of the invention involves the
use of a large-pore zaolite catalyst including an alkali or
alkaline earth metal and charged with one of 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 13
Angstroms. Preferable large pore crystalline zeolitas which
are useful in the present invention include the typa L
zeclite, zaolite X, zeolite Y and faujasite. These have
apparent pore sizes on the order to 7 to 9 Angstroms. Most
preferably the zeolite is a type L zaolite.

The composition of type L zeolite expressed in terms of
mole ratios of oxides, may ba represented by the following
formula: ‘ | -

{0.9=1.3) M/, 0:AL,0;(5.2-6.9) S10;:yH,0
In the ahév. formula M represents a cation, n represents tne
valence of M, and y may be any value fr'oﬁ g to about S.
Zeolite L, its X-ray diffraction pattern, its properties,
and method for its preparation are described in detail in,
for examble, ﬁ.s. Patent No. 3,216,789, the contents of

‘which is hdreby incorporated by reference. The actual
. formula may vary without changing the crystalline structura.

For example, the mole ratio of silicon to aluminum (SisAl)

may vary from 1.0 to 3.5,
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The chemical formula for zeolite Y expressed in terms
of mole raties of oxidas may be written as:
(0.7=1.1)Na,0:A1;0;:XS510,2 ¥H,0
In the abovae formula, X is a value greater than 3 and up to
about 6. y may be a value up to about 9. Zeolita ¥ has a
characteristic X-ray powder diffraction pattarn ﬁhich may be
eﬁplayéd with tha above formula for identification. Zeoclite
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:AL,053 (2.0-3,0) $10;: YH,0
In the abave formula, M represents a metal, parti:ularlf |

alkali and alkaline earth metals, n is the valence of M, and

y may have any va':.ue up to about 8 depending on the identity .

of M and the degree of hydration of thae crystalline zeolita.

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 praferably present
in the large-pore zaolite. That alkaline earth metal may be

either barium, strontium or calecium, preferably barium. The

alkaline earth metal can be incorporated into the zeclite by
synthesis, impregnation or ion exchange. Barium is

preferred to the other alkaline earths because it results in
a somawhat less acidic catalyst. Strong acidity is

This Sheet Has Been Replaced
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undesirable in the catalyst bacause it promotes cracking,
rasulting in lower selectivitﬁ.

In another embodiment, at least part of the alkall
metal can be e#changed with barium using known techniques
for ion exchange of zaolitaes. Tﬁis invqlves contactiné the
zeolitre with a solution containing excess Ba**ions. In: this
embodiment the barium should preferably constitute from 0.1%
to 35% by weight of the zeolite.

The large-pora zeolitic catalysts used in the invehtion
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 ara also more stable under the
dehydrocyclization reaction conditions than other Group VIII
metals. If used, the preferred weilght percentage of
platinum in the catalyst is between 0.1% and 5%.

Group VIII metals ara introduced into large~pore
zeolites by synthesis, impregnation or excnange in an
aqueous solution of appropriate salt. When it is desired to
introduce two Group VIII matals into the zeolifa, the

operation may be carried out simultansously or seguentially.

To obtain a more complete uhderstandinq of the presant
invention, the following examples illustrating cartain
aspects of the invention are set forth. It should ba.

P. 47
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understood, however, that the invention is not limited in

any way to the specific devails set forth therein.

| EXAMPLES

High-temperature stress relief procedures applied to
steel in air during construction of refinery reactor and
furnaca systems can frodﬁca oxide scales. Such oxide scales
are reactive in-carburizing environments. The following
paragraphs examine the scales produced in typical oxidativae
treatments (an hour or two at 1850°F in air); how these
scales behave in carburizing environments; and how the
scales respond to direct appliéatian of protecti#a tin
paint. _

. The materials investigated were samples of type 347

stainless steel prepared by heat traating in air in an

elactric furnace for one hour at 1650°F. Samples wera

 treated for up to 2% hours in air in both electric and

flame-fired furmaces. These materials were examined as
prepared in the oxidized state. Additional samples were
exposed to carburizing conditions in a bench carburization
appar?tus for various durationsz of a few hours to one week
at temperaturas from $50°F to 1200°F. Other samples wers
paintad'witp‘prdtactiVe tin péint, cured (reduced) and
exanined. Other protected samples vare exposed to
carburizing conditicns at 1150°F for up to two weeks.
Petrographic nicroscopy-analysis revealed that the
oxide scales that form at high temperature in air can be
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thick and complex. They typically consist of thrae layers.
The outermost is hematite - Fe203; a middle layer is

magnetite - Fe30O4; the innermost is ferrochromite - FeCr204.

‘ The magnetita may contain some chromium. The chromite layer

_may contain finae,.nickel-rich metal inclusions. 1In a

carburizing enviromment, the oxides largely become reduced
to a fine-grained porous iron metal deposit which is
extremely reactive and coke at temperatures as low as 850°F,
For this reason, oxidized surfaces can rasult in serious
coking problems.

A protective coating of, e.g., tin paint may be
directly applied upon oxidizad steel surfaces. The tin
reacts with the iron in the oxide scale to form a
coke=inhibiting layer of, e.¢., iron stannide eon chromium
oxide. If the scale is not so thick that it completely
consumes the tin, the remaining tin penetrates the chromium
oxida layer to react with the steel surfaca.

The following paragraphs proyide a descripti§n of

variocus observations made when examining samples of 347

istainless steel which has baan exposed to oxidizing and/or

carburizing atmospheres. These cbservations are further
illustrated in Figures 1-30. The above and other
observations are illustraﬁad balow.

A 347 stainless steel furnace tube heat-treated

.at 1650°F in air for 1 hour was cuwt into smaller pieces

suitable for petrographic examination. A fresh sample was

TthhuuHhsBum
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mounted in epoxy resin, ground, and polished for examihation
with petrographic and scanning electron nicroscopes.

Additional samples were tested in a bench carburization
apparatus for various durations at 1000°F, 1025°f. 1050°F,
1150°F, and 1200°F in an atmosphera of apﬁroximataly L
toluene in 7% propans in hydrogen. These samples wers then
prepared for petrégraphic microscopy analysis. _

Another sample was tin-passivated using tin paint, The
paint was allowed to dry overnight. The sample was then
heated in 4% hydrogen in nitrogen at 200°F per hour to 956°?
and held for 20 hours. This sample was then exposed to the
caihurizing atmosphere for two weeks at 1150°F. Aftar cne
week, the carburization test was momentarily interrupted to
examine the sample.

Petrographic microscopy analysis of the fresh,

' heat-treated steel revealed uniformly thin (5 pm) and

adherent oxide scales on the air-exposed surfaces
(Figure 1). At high magnification, a duplex scale
consisting of a thin inner layer and scattered crystals of

ferzochromite and a thickar outer layer of magnetite is

shown (Figure 2). The oxide scale shalloﬁly penetrated the
steel surface along grain boundaries producing an escalleped
pattern, -

SEM-EDX analyses showed that the steel surface was
depleted in chromium and-reiatiéely_enriched in nickel.

Thus, it is believed that the couposition would re more

' Ithhailhqum
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reactive in the carburizing anvironhent an unoxidized Sormal
type 347 stainless steel composition.
The alteration of the compesiticn of the stesl surface
illustrates that the oxide scale is enriched in chromium and
dapleted in nickel. The weight % of Cr, Fa and Ni for eﬁch

layer is seat forth bhelow.

Inner Oxide Outer Oxide
wt. % (FeCr;0) (Fe,0,) o
% Cr 5.0 6.8
Fe . 28.6 91.2
Ni , 6.8 1.0

A sample of this oxidized steel was cxposad'tég 5 days
at 1000°F in the carburizing atmosphere. The sample Aid not
coke in this test. The magnetite layer of the okide scale
w#s completely altared to porous,'fine-érained iron netai
(Figures 3 and 4).

The tendency of oxide scales to reduce to fine reactive
metal in the carburizing atmesphere is illustrated in
Figure 5. After only five hours at 1150°F, the oxidized
surfaces had coked abundantly, whereas the raw steel was
merely slightly tarnished. _

A coating of tin paint provided protection against

coking and cﬁrhurization for two weeks at 1150°F on all

surfaces including the oxidized surfaces as shown in

Figure 6. .
Similar vigorous coking on oxidized surfaces was .

observed on samples exposed to the carburizing atmosphere
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 for 25 hours at 102S°F and for 2% hours at 1200°F (Figures 7

and 8).
A photomicrograph of a sample exposed to the

carburizing atmosphere at 1200°F (Figure 9) shows not only

_ that the iron oxide had completely decomposed but that

pitting and carburization attack had locally occurred on the -
underlying steel itself. This shows that an oxide scale or
accumulation of oxide particulates can infect.an othgrwise
resistant steel with a coking problem. The raw surfaces of
this sample were meraly tarnished. At high magﬁification,

it is shown that the chromium~-rich oxide persists and
continues to offer some protection to the steel (Figufe 10).

Figures 11 and 12 show at high magnification how the
tin paint had reacted with the oxidized and raw steel
surfaces, respectivaly, through the reduction step.
Figure 11 ahaﬁs that the iron oxide layar had thorsughly
reacted with tha tin to preduce a series of iron stannide

compounds. The layer and crystals of farrochromite

- parsisted under the stannide. Sore excass tin ramainaed on

top of the stannide. SEM-EDX analysis of the ferrochromite

gave:
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 On the raw steel surface (Figure 12), a smooth,

continucus layar of stannide (two phases) about 4 um’

~thick formad.

Because the sﬁannida had not directly coated
the steel on the oxidized surface, it was thought
that direct application of the protective tin paint
to an oxidized surface might not be practical.
Surprisingly, it worked very well. Even more
surprisingly, after two weeks at 1150°F in the
carburizing atmosphere, the stannide layer had
migrated through the ferrochromite layer to attack
the steel surface beneath, resulting in a continuous
coating of stannide directly on the steel
(Figures 13, 15 and 16}. Most of the ferrochromite
had been reduced.to eskolaita (C2;05) o This
experimant also showed that both the eskolaite and
thae stannide inhibit coking. SEM-EDX analysis of
the eskolaite gava:

3 Cr 72.7
Fe 7.1
Ni 1.3
Nb 15.5

Mo 0.0
Sn 9.2

Figure 14 shows that direct appliéation of tin
paint to a raw steel surface produces a smooth and

continuous stannide.coating on the steel. This

coating was about 15 um thick after two weaeks in the

P. 53
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: ca:ﬁurizinq atnosphere at 1150°F. Some differences

in the thickness of stannide léyers 6n different
samples was expectad. However, most of the
variation in thickness on this sample is believed to.
ba a rasult of various degrees of reaction of .
availabla tin with the underlying steel (cqmpare
Figure 12). | '

Samples of 347 stainlass staeel furnace tube
that had been heat~treated in air in a gas-fired
furnace for 2% hours were examined after exposure to
a carburizing atmosphere of approximately 13 tolusne

in 7% propane in hYdraggn for three hours at 1050°F.

| Another sample had one oxidized surface and four raw

surfaces painted with a ferruginous tin paint with
Fe,0; = and the other oxidized surface painted with

- plain tin paint - PM 300 A2. The ferruginous paint

had been reduced in 50/50 H,M, at 950°F. The plain
tin paint was not reduced prior to exposure to the

carburizing atmosphare. The sample was then treated

" in the carburizing atmosphers at 1150°F for five

days.

Pigures 17 and 18 show that the heat treatment
produced a thicker and more complicated oxide scale
than tha pfavious treatment. The scale avaraged
about 40 gm in thickness. . It ccnsisﬁad of an outer
1éyer of hematitae ~ Fe)0y; a niddle layer of
magnetite - Fe,0,; an inner layer of ferrochromite

| n“mﬁﬁmﬁﬁﬁr - SUBSTITUTE SHEET (RULE 26
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shot with fine (< 1 um grains) nickel-rich metal;
and a thin, innermost layer of pure farrochromite. .
The clouds of metal grains in the ferrochromite
layer are believed to be the result of
low-temperature decomposition of a wﬁstite-typa.'_
bhase. A chromium depleted, nickel enriched zone at
the surface of the steel in this sample was not
datacted as with the oxidized sample. SEM-EDX

analyses of the oxides gava:

wt.$ Ferrochronmits Magnetite - = Hematite

cr 48.2 1.2 0.5
Fe 44.7 98.6 99.8
Ni 5.9 0.2 0.0
Nb 0.8 ' 0.0 0.0
Mo 0.9 0.5 0.0

. The oxidized-surtéces cokaed profusely after
only three hours at 1050°F (Figure 18). A little
coking also occurred on adjacent raw surfaces.
Surprisingly, however, the tin paint provided nearly
complete protection against coking and carburization
after five days at 1150°F (Figure 20).

The underside of the sample in Figure 20 had

been painted with plain tin paint. A

photomicregraph (Figure 21) shows that the resulting
stannide effectively coated and veined the

ferrochromite layer, saa}inq off the reactiﬁe

-

" i
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nickel-rich metal particles and protecting the
underliying stgel. .

The upper side of the sample in Figure 20 had
bean painteﬂ with a ferruginous variety of the £in
paint, which contained 5% fine powdered Fe.0,.
Unexpectadly, we have observed that the presence of
some fine-grained iron oxide helps the tin in the
paint react with stainless steel, producing thicker
coatings of stannide.

Figure 22 shows that stannide had effectively
coated most of the ferrochromite. However, locally

the stannide coating was breached exposing the

' underlying ferrochromite and steel to the

carburizing atmosphere. = Active cocating at these

localities peeled back scme of the protective

stannida, exposing more of the steel to attack.

At high magnificatien in Pigure 23, it is shown
that the plain tin paint was able to 'peneﬁrata .tne
ferrochromite layer to pro&uce 'a. continuous stannide
coating dirsctly on the steel. In Figure 24, it is.
shown that some stannide formed directly on the
steel surface but it is mostly spotty and
discontinuous.

The above results shdw that it is possible- to.
directly ‘a.pply the protective tin paint diresctly to -
a thick layer of oxide on steel, but it is prefarred
that the oxide not be so thick that it overwhelms

17—
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the tin in the paint. Thus, it is preferred to
apply enough tin teo react with the underlying steel
itself. These results also demonstrate that with
abundant iron in an oxide.scale, it is not necassary
to add iron oxide to the paint formula. |

A 347 stainless steel furnace tube sample was
heat treated in air and N; for 2% hours in an
electric furnace and exposad to a éarburizinq
atmosphere of approximately 1% toluene in 7% propane
in hydrogen at $00°F for 5 days.

A fresh; heat-treated staal sample revealed a
thick, complex a*ide scale on the_air-expose&
surface (Figures 25 and 27). A nitrogen-exposed
surface had a trace of oxide and chloride attack
(Figures 26 and 28) and, more curiously, a ten um
edge zone enriched in scattered chromium-rich
carbide grains. Some carbides or possibly nitrides
also occur scéttered along the surface of the steel.
Similar carbides had appeared in a sample of
stainless staal haatad in air ﬁt 1300'F'£or 54

hours. Thesa carbides were attributed to reaction

with co,.

.A sanp1§ of heat-traatad steal was exposed to

the carburizing atmosphere at 900°F for five days.

Some coking and dusting was cbserved on the oxidized

surface (Figures 29 and 30). Figure 30 shows that
the oxide was initially reduced to finely porous
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iron metal which then reacvted with the carburizing

atnosphere.

genclusions

The oxida scales that form on steels at high

'femparature in air can be thick and complaex. They

typically consist of three layers. The outarmost is
hematite - Fe,0;; a middle layer is x_naqrietita - Fe,0,;

- the innermost is ferrochromite - FeCr,0,. The

magnetite may contain some chromium. The chromite
layer may contain fina, nickel-rich metal
inclusions. In a carburizing env .ronment, the
oxides largely become reduced to fine-grained iron
metal which is extremely reactive and ‘cckes at
temperatures as low as 850°F. For this reason,
oxidized surfacses can result in serious coking
problems resulting from carburization.

By applying a protective coating of, e.g., tin:

- paint directly upon an oxidized steel surface, the

coating reacts with the iron in the oxide scale to
form a carburization inhikiting layer of iron

s:annids on chromium oxide. If the scale is not =o

~thick that it comﬁletely consumes the tin, the

remaining tin penetfates the chromiun oxide layer to
react with the steel surface. A continucus layer of

protective stannide can form on the steel this way.

hmm
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While the invention has been described abeve in

terms of preferred embodiments, it is to be
understoed that variations and wodifications may be
used. Such variations and modifications to the

5 above preferred embodiments which will he readily
evident to theose skilled in the art, and which are
to ba considered within the scope of the invention

as defined by the following claims.

This Sheet Has Been Rep

T

SUBSTITUTE SHEET (RULE 26



[ RECEIVED @2/18 82:%1 1996 AT 5338654 PABE 60 (PRINTED PAGE &)

FEB-17-86 SAT 01:42 PM  BDSWM FAX NO. 919 462 1466 . P.g0

v WO 94/16035

106

15 -

20

AR O a—
* c L X .S *

- §3 =
WHAT IS CLAIMED J3:
1. A nmethod for refo:ming hydrocarbons

comprising (i) treating a reforming reactor system,
at least one surface theracf to ba exposed to
hydrocarbons comprising a metal oxide or metal
oxides, by coating at least a portion of the Suffaca
of said reforming reactor systen.comprising the
metal oxide(s) with a matarial moere resistant to
carburization than said portion prior to coating,
reacting said material with the metal oxide on said
surfaces and fixating or removing at least a pertion
of the oxide in said metal oxidg from the reactor
system, and (ii) reforming hydrécarbons in said

reactor system under conditions of low sulfur.

2. A method for reforming hydrocarbons
according to Claim 1,'wherain said carburization

resistant'material comprises copper, tin, arsenic,

‘antimony, bismuth, chromium, germanium, indium,

selanium, tellurium or brass.

3. ° A method for reforming hydrocarbons

according to Claim 2, vherein said carburization

resistant material comprises tin, arsenic, antimony

or bismuth.
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4. A mathod for reforming hydrocarbons
according to claim 1, whaerein said carburization

resistant material comprises tin.

5. A method for reforming hydrocarbons
according to Claim 1, wherein said reforming step
comprisas reférming in the presence of a large~pore
zeolité catalyst including an alkali or alkaline

earth metal and charged with one or more Group VIII

metals.

6. A mathod for reforming hydrocarhons
according to Claim S, wherein a naphtha feed is
contacted with a large-pore zeolite catalyst
including an a;kali or alkaline earth metal ang
charged with one or more Group VIII metals, and
vherain at least a portion of the reactor system has
a resistance to carburization graater than mild

steel under conditions of low sulfur.

7. A method for reforming hydrecarbens
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.
[
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8. A method for reforming hydrocartons
according to Claim 1, comprising reforming in a
reactor systen, at least a portion thereo? having a
resistance to carburization greater than aluminized

steels, under conditions of low sulfur.

9. A method for reforming nydrocarzons
according to Clainm 1, comprising reforming in a
reactor system, at least a portion thereof having a
resistance to carburization greater than alloy

staels, under conditions of low sulfur.

10. A method for reforming hydrocarbons
according to Claim 1, comprising reforming in a
reactor systen under conditions of low sulfur, é#
least a portion of a furnace tube of the reactor
system in contict with tht;hydrdca:bons having a
rasigtancalﬁo ca:burizaﬁion greater than mild

steels.

11. A method for reforming hydrocarkoens

‘according to Claim 1, comprising reforming in a

reactor systaem under conditions of low sulfur, at

least a portion of the reactor system in contact

‘with the hydrocarbons being a Cu-Sn a;ldy or a Cu-gb

alloy.
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12, A net:zod for reforming hydrocarbens
according ta Cléim 1, wherein said material is
provided as a plating, cladding, paint or othar .

coating, to a base construction matarial.

i3.  The method of Claim 1, wherein the tin
coating is applied by electroplating, vapoer
deposition, or soaking in a molten bath.

4. A meﬁhod for reforﬁing hydrocarbons
according to Claim 1, wherein said material is
effective for retaining its rasistance to

carburization after oxidation.

1s. A method for reforming hydrocarbons

according to Claim 1, wherein upen rafofming sajid

resistance is such that ambrittlement will be less

than 1.8 nn[yearw_

16, ' A method for prothcting a raactdf éfstem
comprising (i) treating a reactor system, at least
one surface thereof comprising a metal oxide or
matal oxides to he exposed to hydrocarbons, by
coatihg at least a portion of the surface of said
reactor system comprising the metal oxide(s) with a
mataerial nort.tesistant under reactlon conditions to

carburization than said pbrtion prior to coating,
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reacting said material with the metal oxide on Said
surfaces and fixating or removing at laast a portion
of the oxide in said metal oxide from the reactsr
system, and (ii) reacting a hydrocarbon in said

5 | reactor system under elevated'temperatures under

conditions of low sulfur.

17. A method for treating a reactor system
aécording to Claim 17, wherein said carburization
10 'resistant naterial comp:isas copper, tin, arsenie,
antimony, bismuoth, chromium, garmanium, indium,

selenium, tellurium or brass.

18. A method for treating a reactor system
15 according to claim 18, wherein sald carburization
Tesistant material comprises tin, arsenic, antimony

or bismuth.

19. A method for reforming hydrocarbons
20 according to Claim 19, whefein"said carburizatien’
resistant material comprises tin, arsenic, antimony

or bismuth.

. : 20, A method for reforming hydrocarbons
a5 according to'Claim 20, wherein sald carburization

resistant material comprises tin.
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21. .A method for reforming hfdrocarbons
according to Claim 17, comprising reforming in a
reactor system, at least a portidﬁ thereaf haviﬁg a

resistance to carburization graater.thén mild steel,

under conditions of low sulfur.

22, A method for reforming hydrocarbons
according te Claim 17, comprising reforming in a
reactor system, at least a portion thereof having a
resistance to cafhurization greater than aluminized

steels, under conditions of low sulfur.

23. A method for reforming hydrocarbons
accbrding to Claiw 17, comprising reforming in a
reactor system, at least a partion thareof having a
resistance to carburization greater than alloy

steels, under conditions of low sulfur.

24. A gethod for reforming hydrocarbons
according to Claim 17, comprising feforming in a
reactor system under conditions of low sulfur, at

least a2 portion of the réactor system in contact

with the hydrocarbons being a Cu-8Sn alloy or a Cu=Sb

alloy.
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25. A method for reforming hydrocartons

1o

18

according to Claim 17, wherain said material is
provided as a plating, cladding, paint or other

coating, to a_basé construction material.

26. The mathod of Claim 17, wherein thae tin
ecoating is applied by electroplating, vapor

deposition, or soaking in a molten bath.

27. A method for reforming hydrocarbons
according to Claim 17, wherein said matarial is
affactive for retaining its resistance to

carburization after oxidation..

28. A mathed for raeforaing hydrocarboens
according to Claim 17, wherein upon reforming said
resistance is such that embrittlement will be less

than 1.5,nﬁ/Year.
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