bt LA A S o . . S0l

HYDRODEAL KYLATI ON PROCESSES 5

RODE REPLAsmx@I@BMﬁ oF ﬁs
| NWVENTITON The present invention rel to.an i ad S
for the hydr odeal kyl ati on of a hydrodeal kyl|aant "W&r [)g%lé? '(iig"t:fﬁf%d Eo
particul arly under condi tions of | ow sul f urlpBiPEHsIi niBAESTs pag .
qug&vwgage ........ to paged ..........

carburization thus preventin remat ure pl ak —
P o 9 P P A Abstract paged ..... J.. to paged .........

-1-
HYDRODEALKYLATION PROCESSES

5 BA R F THE INVENTI
The present invention relates to an improved technique for the
hydrodealkylation of a hydrodealkylatable hydrocarbon, particularly under
conditions of low sulfur, which minimizes carburization thus preventing

premature plant shut-downs.

10 The hydrodealkylation of hydrodealkylatable hydrocarbons such as
alkyl aromatics has been practiced for many years. The principal processes
involve the conversion of toluene and like alkyl-substituted benzenes to
benzene and various byproducts. Such processes are either catalytic or
non-catalytic in nature. The catalytic processes employ one or more

15 catalysts that promote the conversion of the alkyl aromatic compounds to
benzene and the remaining alkyl. The non-catalytic processes typically
employ heat and pressure to promote the conversion of the alkyl aromatic

compounds to benzene and the remaining gikyl.

Some conventional catalytic hydrodealkylation processes employ

20 Group VII metals such as Rh and Pt supported on an alumina support. For
exﬁmple, Kovach ef al., in U.S. Patent No. 3,700,745, describes a
hydrodeaikylation process' which. ihcludes contacting an alkyl aromatic
hydrocarbon with a catalyst including an active Groixp VIII metal, such as,
‘platinum, rhodium, palladium, ruthenium and nickel. Other catalytic

25 hydrodealkylation processes employ chromia type catalysts deposited on an
alumina support. For example, Daly et al., in U.S. Patent No. 4,451,687,
discloses a catalyst for the hydrodealkylation of alkylaromatic compounds
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10 . The hydrodeal kyl ati on of hydrodeal kyl at abl e hydr ocarbons such as
alkyl dromatics has been practiced for nmany years. The principal processes
i nvol ve the conversion.of toluene and |ike al kyl -substituted benzenes to
benzene and various byproducts. Such processes are either catal ytic or
non-catalytic in nature. The catalytic processes enploy one or nore 15-
catal ysts that pronote the conversion of the alkyl aromatic conpounds to
benzene and the renmining al kyl. The non- ca%alytlc processes typically
enpl oy heat and pressure to pronote the conVersion of the al kyl aromatic

conpounds to ben lgﬁﬂo"“ Sﬁ&gl

conventi onal catéﬁgﬁnﬁ&n l%'roﬂ’aalf‘T%‘/l a?ﬁn&‘ esses errp oy l.ty ka'

metal s such as Pemplqypmdnmofﬁm abovercatalysisyrasven completely exarrpl e,
Kovach et al. ent 3, 700, 745 crihes

hydr odeal kyl at i oﬁlfgfwﬁ YAS- cﬁe"nrfel' EEPé%PIEoH['g\:E? 1§‘PF glﬁﬁ 34Qomati c

" hyd b th d I t al h as,
ol at i num 1 hodi uAP AL AL Ry s‘?ut‘ﬁiegr}?ﬁ%"a‘ﬁﬁ“ﬁ’%%@ TN catalyiic 25

hydr odeal kyl ati on processes errpl oy chr onm a type catal ysts deposited on an
i 51 ocea oY oft al yet THE CRRtieptRses Boiayero AT OLARGYSLRUASIE: 0 emmounds
commercial conversion of alkyl aromatic compounds-to benzene and the
remaining alkyl. In particular, the activity, selectivity and conversion rate
of such catalysts are not always suitable for large scale hydrodealkylation at
the temperatures and pressures suitably employed. If the reaction

10 temperature or pressure is increased, side reactions such as hydrocracking of
the aromatic ring is promoted.

Furthermore, some catalysts tend to deactivate with use, prestimably
~ due to coke formation on the catalyst surface. In this regard, it is believed
that active sites promote polymenzauon of either hydrogenolysis products or
15 aromatic hydroearbons resulting in hydrocarbon condensation on the catalyst
surface. Under the conditions of the process, these condensed species are
| dehydrogenated forming coke. The result of these reactions is a reduction in
activity of the catalyst since the coke is strongly adsorbed onto the sites
which promote dealkylation. In other words, this coke or carbon build-up |
20 either blocks or poisons the active catalyst sites causing deactivation. See
. U.S. Patent No. 4,451,687. '

Additionally, some catalysts tend to deactivate with use, due to the
presence of sulfur and in particular thiophene sulfur in the process feed.
Thus, catalysts such as certain noble metal catalysts deactivate over time due

25 to the presence of sulfur in the feed. These catalysts must be replaced or
regenerated when sulfur reduces the activation to an extent low enough to
prevent suitable conversion of the feed.
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- 2 - containing chroma on an alum na support. O her catalytic

hydrodealkylatlon processes enploy variations of the above catal ysts
or even conpletely different catalysts. See, for exanple, U S. Patent
Nos. 3, 686, 340, . 3, 966, 833, 4,189, 613, 4,191,632, 4,463,206 and
5,053,574. . 5 The catal ytic processes, however, are not always
suitable for the commer ci al conversion of alkyl aromatic conpounds to
benzene and the remai ning al kyl. In particular, the activity,
selectivity and conversion rate of such-catal ysts are not always

suitable for large scal e hydrodeal kyl ati on at
T In view of the disadvantages associated with utilizing catalync

hydrodealkylation processes, non-catalytic hydrodealkylation processes have
been developed. Mainly, such processes employ the use of heat and

~ pressure to convert alkylaromatic compounds to benzene and the

S disassociated alkyl compounds.

Button et al., in U.S. Patent No. 3,607,960, and Loboda, in U.S.
Patent No. 4,058,452, disclose processes for the thermal hydrodealkylation
of an alkyl _aromatié, such as toluene, to pfoduce benzene. Both processes
include subjecting a gaseous mixture of at least one alkyl aromatic compound
10 and hydrogen in a reaction zone to a reaction temperature in the range of
about 1000 to 1800° F and removing benzene from the effluent. Other
~ patents which disclose the thermal dealkylation of hydrodealkylatable
~ hydrocarbons include U.S. Patents 2,929,775, 3,160,671, and 3,284,526.

Thermal hydrodealkylation procms&s ameliorate the dlsadvantages
15 . associated with the above-mentioned cgtalytic hydrodealkylation processes in
that they do not employ the use of catalysts which are susceptible to
deactivation. However, due to the use of high temperatures and pressures
which are required for the conversion of alkyl aromatic compounds in the
absence of a suitable catalyst, such processes have thexr own inherent
20 problems. |

SUMMARY OF THE INVENTION
~ With conventional hydrodealkylation techniques, added sulfur
effectively inhibits carburization. Somehow, the sulfur interferes with the
carburization reaction. But with low sulfur systems or with sulfur outages,
25 this inherent protection no longer exists especially when the system is
exposed to high temperatures such as in thermal hydrodealkylation.
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the tenperatures and pressures suitably enployed. If the reaction 10
tenperature or pressure is increased, side reactions such as hydrocracking
- of the aromatic ring is pronoted. Furthernore, sone
catal ysts tend to deactivate with use, presumably due to coke
formation on the catalyst surface. In this regard, it is.believed

active sites -pronote pol ynerization of either

t hat

hydr ogenol ysi s products or 15

aromati c hydrocarbons resulting in hydrocarbon condensati on on the catal yst
surface. Under the conditions of the pr océ&s‘, t hese condensed species are
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- Coking is generally not a problem which must be addressed in
hydrodealkylation processes, but this significant source of coke' formation
due to the absence of sulfur in reactor feedstreams exoess_ively aggravates the
problem. In fact, active metal particulates in coke particles metastasize coke
generally thfoughout the system. That is, the active metal particulates
actually induce coke formation on themselves and anywhere that the particles
accumulate in the systeih resulting in coke plugs and hot regions of

"exothermic reactions. As a result, a premature coke-plugging of the reactor

system occurs which can lead to a premature shut-down of the system.

One solution to the problem associated with carburization,
embrittlement, and metal-dusting is to add sulfur to the feed to thereby
effectively inhibit carburization. However, the addition of sulfur increases
production cost and process c_omp}exity. Moreover, sulfur usage has
inherent environmental and safety hazards which are preferably avoided.
Moreover, at high temperatures coking and carburization will still occur -
even when sulfur is added to the feed.

Consequently, there remains a need in the art for improved processes
for the hydrodealkylation of hydrodealkylatable compounds with reduced
carburization, especially in the absence of, or at low levels of, sulfur. Such
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prevent sui t abl e conversi on of the f eed.

-3~ In view of the di sadvantages associated with utilizing
catal ytic hydr odeal kyl ati on processes,. non-catal yti c hydrodeal kyl ati on
processes have been devel oped. Mainly, such processes enploy the use
of heat and pressure to convert al kylaromatic conpounds to benzene and
the 5 disassociated al kyl conpounds. Button et al., in US
Patent No. 3,607,960, and Loboda, in U S, Pat ent No. 4,058, 452,

di scl ose processes for the thermal hydrodgglkyl ation

" a method would include means for inhibiting the undesirable catalytic activity
which causes carburization of system metal.

Accordingly, one object of the invention is to provide the technical
background necessary for solutions to the problems associated with coking,
'§  carburization, and metal-duéting. In particular, the discovery of the
mechanisms involved with carburization and metal-dusting which lead to
premature coke-plugging allows those skilled in the art to formulate solutions
to the problems.

Another object of this inventien- is to provide a method for inhibiting
10 carburization and metal-dusting in a process for thermally dealkylating a
" hydrodealkylatable hydrocarbon. The process includes pretreating surfaces
exposed to the dealkylation atmosphere to form a protective layer which is
more resistant to embrittlement, carburization and metal-dusting than the
materials conventionally used to manufacture the reactor system.

15 The use of the process of the present invention allows for the
dealkylation of hydrodealléy_lat’able hydrocarbons especially in'the absence of -
sulfur. Thus, an advantage of the method for inhibiting carburization
includes the lack of a need for the addition of sulfur to hydrocarbon feeds
and any recycle streams. In addition, hydrocarbon feeds having a low sulfur

20 content may be used.

More preferably, the invention relates to a method for thermally
hydrodealkylating hydrocarbons comprising contacting the hydrocarbons with
hydrogen in a reactor system having a resistance to carburization and
metal-dusting, which is an improvement over conventional steel reactor

.25 systems under conditions of low sulfur.
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.of an al kyl aromatic, such as toluene, to produce benzene. Both processes

i ncl ude subjecting a gaseous m xture of at |east one alkyl aromatic
conpound 10 and hydrogen in a reaction zone to a reaction tenperature in

t he range of about 1000 to 1800[-err] F and renovi hg benzene fromthe
effluent. O her patents which disclose the thermal deal kyl ati on of
hydr odeal kyl at abl e hydr ocarbons include U S. Patents 2,929, 775,

3,160, 671, and 3, 284, 526. : Ther mal hydrodealkylatlon processes
anel iorate the disadvantages 15 associate®8"wi th the above-nenti-oned
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to the use of hi»?ti ?%ﬁtérmﬁﬁﬂéﬂ&tpfﬁéﬁéﬁhﬁg embntﬂé%hétﬁhlgﬁﬁcahﬁﬁw red for

t he conversion o aromatic conpounds in the absence of a

sui tabl e cat al ysredummmfdmmmd ¢oking imibereasier systeat,and peIMis obl ens.

tS LeJI(\:/'k\l/lrol\:QqYugs: ngdmg\lr longer g?qogétorf:%lw ?ﬁﬂ"\{%ﬁoﬁ 2@%{}“ zggﬁ bﬁ yehow

the sulfur ing erdeqised ealkylafiéi, ddgpécialy ﬂrthéﬁmlhydfbdeﬁﬂtylaﬁbhh | ow

sul fur systens or wth su?fur out ages, . 25 thIS I nherent protection no
1 onger exists emmlm&mmmqugcmn

Even another preferred embodiment relates to the discovery that

simply providing a proteétive plating, cladding or eother coati'ng such as a
paint, to a reactor system will not necessarily be sufficient to completely

10 address the aforementioned problems. Such a protective layer must be of
sufficient thickness to provide a complete, uninterrupted coating of the -
underlying base metal, and it must remain complete over time. Even minor
imperfections, pinholes or other flaws in the protective laygr can provide

~ destructive carburization sites .sufficient'to shut-down operation.

15 - An effective protective layer must resist deleterious chemical
alteration, as well as peeling and/or splitting. Additionally, it has been
found that aily protective layer must be applied to a thickness sufficient to
completely cover the surface to be protected, and must maintain its integrity
through operation. As such, the protective layer must be sufficiently

20 abrasion resistant during catalyst loading, start-up and operation.

According to this preferred embodiment there is used an intermediate
| bonding layer which anchors the protective layer to the steel substrate to be
protected. In this regard, the reactor system comprises a steel portion '
having provided'thereon a protective layer to isolate the steel portion from
25 hydrocarbons, preferably a stannide layer, applied to a thickness effective for
completely isolating the steel portion from the hydrocarbon environment,
while avoiding any substantial liquid metal embrittlement. The protective
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exposed to high tenperatures such as in thermal hydrodeal kyl ati on.

-4-. The probl ens associated with carburization include coking,
carburization of systemnetal |l urgy, and netal dusting. The enbrittlenment of
the steel walls by carburization leads to "nmetal -dusting", i.e., a release
of catalytically active particles and netal droplets of netal due to
an erosion of 5 the netal. The excessive "netal -dusting"” adds active
nmetal particulates to the system mhlgh parti cul at es provide
additional sites for coke formation in “the system

10

layer is anchored to the steel substrate through an intermediate carbide-rich
(relative to the underlying steel), bonding layer; in the case of a stainless
steel substrate, an intermediate carbide-rich, nickel-depleted (relative to the
undérlying steel) bonding layer.'

" In the case of a stannide outer protective layer and a stainless steel
substrate, the stannide layer is nickel-enriched and comprises carbide
inclusions, while the intermediate carbide-rich, nickel-depleted bonding iayer
comprises stannide inclusions. Preferably the carbide inclusions are
continuous extensions or projections of the bonding layer as they extend,
substantially without interruption, from the intermediate carbide-rich, nickel-
depleted bonding layer into the stannide phase, and the stannide inclusions
are likewise continuous extending from the stannide layer into the

- intermediate carbide-rich, nickel-depleted bonding layer; The

15

20

25

aforementioned presence of carbide inclusions in the stannide layer, and
stannide inclusions in the intermediate carbide-rich, nickel-depleted bonding
layer, provide improved anchoring. of the protective layer thereby increasing
abrasion resistance. The interface between the intermediate carbide-rich,
bonding layer and the nickel-enriched stannide layer is irregular, but is
otherwise substantially without interruption.

Although there is a need to ensure a complete coating of the
underlying base metal to be protected, applying excessive amounts or
thicknesses of the material used to form the protective layer must also be
avoided. If the layer is too thick, for example, where the alloying materials
of a paint have locally pooled prior to curing, liquid metal embrittlement can
occur. ‘The problem of liquid metal embrittlement is essentially one of
eating through the metal with alloying materials (such as tin or germanium)
which are extremely corrosive to steel under reducing conditions to the point
where, again, the metallurgy fails. |
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Coking is generally not a problem which nust be addressed in
hydr odeal kyl ati on processes, but this significant source of coke formation
10 due to-the absence of sulfur in reactor feedstreans

excessi vel y-aggravates the problem In fact, active netal particul ates
I n coke particles netastasize coke general ly throughout the system
That is, the active nmetal .particul ates actual ly induce coke formation
on thensel ves and anywhere that the partic]gs -accurrul ate in the system
resulting in coke plugs and hot regions of 15 exotherm c reactions. As a
result, a premature ColgRitiindflg] tha®bedd founfakitQertain preferiel &da whi ch
can Iead to a premature shut-down of the system e solution

to the probl em asulfur-tolezantyforrexampig,rthe tinthased protectiverlayers: ¢anriolerate apdo

"ohibi o oar bor i 2200 SR s, oFoe Diotebve Btes Airpiagle Y pecd 1o, BRlBLHE Y
production cost etlbkey,ceduapsie bdrfosidh ERDimprove phddict laeFartwaste

i nherent envi ronrrent al —and saf%e% hazards_ which are preferabl avoi ded.

Moreover, at Ai gHispesabdpe te reduced levels of fylfyn, (Ghrominm-o $onand Gerbased occur
emi ne - noed | R 8ded ohd focaffepen higher sulfu fevelS D7 19 G e DT €
hydr odeal kyl at i owtoB,hMisso peefetablys tthd layersocanaoledate the fespectve athounts of
sulfur for a period of at least 200, preferably at least 400, and most
preferably 600 hours without degrading to an extent that carburization will
10 occur, resultiﬁg in shut-down of the system due to excessive coking.

With the foregoing, as well as other objects, advantages, features and

aspects of the disclosure that will become hereinafter apparent, the nature of

7 the disclosure may be more cléarly understood by reference t6 the detailed
description and the appended claims.

15 BRIEF DESCRIPTION OF THE FIGURES
figure 1 is a photograph of a comparative thermal hydrodalkylation
reactor which was completely plugged with coke duﬁng operation; and
Figure 2 is a photograph of a thermal hydrodealkylation reactor of the
present invention which did not plug during operation.

20 N PRE EMBODIMENT
The followmg description of the method for inhibiting ca:bunmtxon,

the process for the;mally_hydrod&lkylaung a hydrocarbon and the reactor
system, are merely illustrative of the preferred embodiments of the present
invention, and they should not be considered as limiting the scope of the

25 invention in any way, as these ﬁlustrations and other equivalents thereof will
become more apparent to those versed in the art in light of the present
disclosure, and the accompanying claims.
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carburization, especially in the absence of, or at low levels of, sulfur.

Such -5- a -
met hod woul d include means for inhibiting the undesirable catalytic
activity whi ch causes carburization of system netal.

Accordi ngly,i~-one object of the invention is to provide the technical
background necessary for solutions to the problens associated with coking,
5 carburization, and netal -dusting. In pargicular, the discovery of the
mechani sns i nvolved with carburization ar'u?"rret al -dusting which lead to

As indicated above, the present disclosure provides a method for -

' inhibiting carburization in a prbcess for hydrodealkylating a dealkylatable
hydrocarbon. The method includes pretreating surfaces of the reactor system
with a metal which inhibits carburization under d@dkylation conditions.

5 Optionally, or in the alternative, the hydrodealkylation reactor system is
treated with, or made of a composition which inhibits or reduces
carburization and metal-dusting.

- Essentially, the process of hydrodéalkylating a dealk&latable
hydrocarbon includes subjecting a gaseous mixture comprising the -
10 hydrocarbon and hydrogen in a reactor system at a temperature sufficient to
convert the hydrocarbon to benzene and other by products.

In a preferred embodiment, benzene is produced from alkyl benzenes
such as toluene according to the following overall reaction:
- CeHR+H, - CH,+RH
15 where R, is an alkyl group which is removed.

For mixed alkylbenzene feedstocks, R, may consist of one, two, three
or four methyl groups; combinations of methyl and ethyl groups; or a single '
chain alkyl group containing one to four carbons. "If the resultant gas is
propane or butane, these compounds may be hydrocracked completely to

20 methane and ethane under certain hydrodealkylation conditions. Substantial
amounts of ethane are also converted to methane so that the process off-gas
consists mainly of hydrogen and methane.

While not wishing to be bound by theory, the reaction mechanisms
believed to occur during the production of benzene from alkyl benzenes are
25 illustrated by the following:
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premat ure coke-plugging allows those skilled in the art to fornulate

sol uti ons to the problens. Anot her object of this
invention is to provide a method for inhibiting 10 carburization and
metal -dusting-in a process for thernally deal kylating a

hydr odeal kyl at abl e hydrocar bon. . The process includes pretreating surfaces
exposed to the deal kyl ati on atnosphere to forma protective |layer which is
nmore resistant to enbrittlenent, cafburizaqbon and netal -dusting than the
materials conventionally used to manufacture the reactor system 15

The use of the pr oResdtioafAd Mealltyd @i of Oy Beriea® (Mulplé ARyl Givaps)

deal kyl ati on of hydrodeal kyl at abl e hydrocarbons especially.in the absence

of sul fur. Thus, an advantage of the nethod for inhibiting

carburization c¢H, includes the lack of a need for the addition of sulfur

to hydrocarbon fe and any recycle streﬁ I n addition, hydr ocar bon

feeds having a | owW/sl dm320H2conten%—ﬁay—b£.us%ﬁiih.ca + CH. More

preferably, the inyertion relates to a nethod f herrf!ally4

hydr odeal kyl at i nétshydr ocar bons conprising contacting the hydrocarbons with
(C9 Benzene) , (C8 Benzene)

v

, .
o+ N % - (—7_\\—:33 +

s

(Benzene) (C7 Benzene i..e., Toluené)

II. Reaction B: Dealkylation of C, Benzene (Single Alkyl Group)

L. _ .

CHZ-CHZ-CH3 Cﬂz-CH3
(Propylbenzene) (Ethylbenzene)
Ha
) '
. 2 . ci
N O e
Ch,
' 3
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hydrogen in a reactor system having a resistance to carburization and
met-al -dusting, which is an inprovenent over conventlonal steel reactor 25
systens under condi'ti ons of |ow sul fur.

- 6- Anot her aspect of the invention includes providing a
reactor system whi ch prevents enbrittlenent. Preventing enbrittl enent
significantly reduces netal -dusting and coking in the reactor system
and permts operation for |onger periods of tine. Furthernore, higher
tenperatures may 5 be used during hydrodeallkyl ati on, especially in thernal
- hydr odeal kyl at i og_ processes, allow ng for increased production.
7/ N\ 3 </ \? -
= + HZ ? \_ + CH3 CH3
-CH.- ' H
CH,-CH,-CH, CH,

. N .
7 + H, _ » @ + CHy=CH,=CHy

CH,- CHZ- Cl'l3

The ultimate products from all of these reactions are essentially benzene and
an alkyl compound. ‘Typically, under thermal hydrodealkylation conditions,

5 the products from these reactions are essentially benzene and methane, since
the propane and most of the ethane are subsequently cracked to methane
under reaction conditions.

ﬁwmﬁmﬂy; one mole of benzene is formed from each mole of
_ alkylbenzene that is completely dealkylated, and one mole of hydrogen is
10 consiamed for each carbon in the alkyl group removed from the phenyl
| radical. However, the dealkylation reaction is not 100% selective, so
products other than benzene may be formed. These other products typically
result from condensation and cracking reactions.

Methane is typically a major byproduct from the hydrodealkylation
15 process Each methyl group removed during.dealkylation results in the
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Even anot her preferred enbodiment relates to the discovery that si mply
providing a protective plating, cladding or other coating such as a

paint, to a reactor systemw ||l not necessarily be sufficient-to conpletely
10 address the aforenentioned problens. Such a protective |ayer nust be of
sufficient thickness to provide a conpl.ete, uninterrupted coating of the
underlying base netal, and it mnust.remain conplete over tine. Even m nor -

i nperfections, pinholes or other flaws in the protective |ayer can provide
destructive carburization sites sufficienf to shut-down operation. 15

al'toration, as wERHER o ARea HPRE Ty HE megne T s SRR by, 1o peen

found that any phpadreefacking! cinae afﬂiﬁiﬁchen%psiﬂcedhé gromatibiringnstasturafi§ veryent
to conpl etely cover the surface to be protected, and nust maintgin its
integrity t Mableg Bverpat theihigh tempematures “%“bﬁhmtlﬁyd@d@;ﬂmﬁﬁs?'_‘ e

sufficiently 20 rasy Q ' t | : i tart-up and
oper ati on. -aggutal% O?Aﬁgg#‘g# E‘% ?%%k‘flgb%?‘g@ﬁ%ﬁhgﬁwnﬁf there is
used an i nt er sediagditional metiane is\grodaysl whén the feedstockcontainsionaromatics. | ayer
to the steel substrate to be . protected. Ip thi reglﬁlrd, tmJ react or
syst em conpr i ses A4 thermal hydrocragking conditions, and naphthenes will be

converted almost entirely to methane.

Hydrocracking reactions are big consumers of hydrogen and also
release large quantities of heat which must be absorbed in a controllable
10 manner. If substantial quantities of paraffins are to be charged, the thermal
' hydrodeé]kylaﬁon process must be designed to prevent an excessive
temperature increase in the reactor by, for example, using a high recycle gas
flow as a heat sink. |

15 By "hydrodealkylatable hydrocarbon,” as used herein, it is meant a
- hydrocérbon that when subjectcd to hydrodealkylation conditions in the
presence of hydrogen, an alkyl group is removed. The alkyl-substituted
benzenes, for example, toluene, m-xylene, o-xylene, p-xylene, mixed
xylenes, ethyl benzene, propyl benzene, butyl benzene and other C;-C,, alkyl
20 benzenes are of particular interest. iT’he process is particularly suitable for
' the hydrodealkylation of toluene to t;énzene and methane. |

By "hydrodealkylation conditions,” as used herein, it is meant
conditions sufficient to convert a hydrodealkylatable hydrocarbon such as an-
a.lkyl-substinited benzene to benzene and the resulting byproducts. Such

25 conditions vary depending on the particular feed and process utilized; -
however, they are well known to those skilled in the art as represented by,
for example, U.S. Patent Nos. 2,929,775, 3,160,671, 3,284,526, 3,291,841,
3,607,960, 3,700,745, 3,835,183, 3,966,833, 4,058,452, 4,189,613,
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havi ng provided thereon a protective |ayer to isolate the st eel

-

portion

from 25 hydrocarbons, preferably a stannide |ayer, applied to a thickness

effective for

hydr ocar bon envi ronnent, whi | e avoi di ng any substantial |iquid netal

enbrittl enent.

conpletely isolating the steel portion fromthe

The protective

- 7 - | ayer is anchored to the steel substrate through an .
i nternmedi ate carbide-rich - (relative to the underlying steel), bonding

| ayer; in the case of a stainless sted - substrate, an intermnedi ate

ni leﬂ 926}% %le 98*5 £, 4&% bYE ahd St(%% 574, each\ deLr\éhgge ﬁ%reeg

carbide-rich,
bondi ng | ayer.

10

15

20

25

incorporated by reference.

The process of the present invention is particularly suitable for use
under "hydrodealkylating conditions” exhibiting temperatures of at least -
about 700°F, more preferably at least about 900°F, and even more
preferably at least about 1100°F. '

Most preferably, the process is a thermal process in the absence of a
catalyst. Such a process may exhibit temperatures above about 900°F. Such
a process can exhibit temperatures above about 1100°F and below
about 1800°F. - At these temperatures, where carburization embrittlement
and metal-dusting are significant problems; the protection of the present
invention is particularly useful. Such processes are disclosed in U.S. Patent
Nos. 2,929,775, 3,160,671, 3,284,526, 3,291,849, 3,607,960 |
and 4,058,452, each of which are hereby incorporated by reference.

By "low sulfur conditions," as used herein with respect to
hydrodealkylation processes, it is meant feeds having a sulfur content lower.
than about 100 ppm, more preferably, lower than about SO ppm, more
preferably lower than about 10 ppm, and even more l:ireferably lower than
about 5 ppm and even 'more'preferably "sulfur free.” Preferably, "low
sulfur conditions” means sulfur is not added to prevent wbixrization
embrittlement and metal-dusting. However, feeds contaxmng sulfur
above 100 ppm may be utilized.

' By “reactor system,” as used herein in connection with
hydrodealkylation, there is intended at least one hydrodealkylation reactor,
its corresponding piping, furnaces, furnace tubes, heat exchangers, and the

like. The aforementioned problems with low sulfur hydrodealkylation can be '
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5 In the case of a stannide outer protective |ayer and a stainl ess

steel ° substrate, the stannide |ayer is nickel-enriched and conprises
car bi de i nclusions, while the internedi ate carbide-rich

ni ckel - depl et ed bondi ng | ayer conpri ses stanni de inclusions.
Preferably the carbide inclusions are conti nuous extensions or

proj ections of the bonding | ayer as they extend, 10 substantially w thout-
interruption, fromthe internediate carbideggich, nickel- .depl et ed
bondi ng | ayer into the stannide phase, and the stannide inclusions are

i kewi Se cont i nugHscvelPRAkraSied 1418 SAIGcHth ST infpoaptate kbr sem materil

i ntermedi ate carbide-rich, nickel-depleted bonding |ayer. The
af orenent i oned pfeseontact o¥ithc thediydeocankonssjusing pracassiags (Ews: be "susfases and 15

stanni de inclusions in.the internedat lde-rdch. i -

bondi ng I ayé\‘%@eﬂﬂm% gﬁéﬁg Fﬁgﬁ‘of‘ﬁ%é" %‘l’%{agéﬁpv tl%ia@%r
thereby increasi Rgrfaces ofadhé &icfR sySiehsihanare. in ldoatactwithdeocarbione daringe
i nt ermedi ate carbi de-rich, bondi ng' | ayer and the nickel -enrjched

stanni de | ayel5 i Proessing wherein tion will takeplace undst raaatiomeonditignshout
coating of the 24 corrgmenging fif Wiberalike ol rlERH elin 0, B PamPl €1 €
excessi ve amounts or thi cknesses of the nmaterial used-to formthe
xanpl e, " aher o tho. al 1AoseiNgonde & BRRBIcmS of GROWIAPA AN MREANERNE Pajool ed
prior to curing, il theBppfikatfoiilo thb!sGrfEds &xpOsed to the reaction of a coating
which forms a protective layer resistant to carburization, metal-dusting and
10 embrittlement. By "resistant to carburization, metal-dusting and
embrittlement,” as used herein, it is meant those materials that will provide
systems which have a resistance to embrittlement from carburization less
than about 2.5 mmlyear,'preferably less than 1.5 mm/ymr, more preferably
less than 1 mim/year, and most preferably less than 0.1 mm/year.
15 Preventing embrittlement to such an extent will significantly reduce metal
dusting and coking in the reactor system, and permits operation for longer
periods of time. '

Such coating may bethm aluminum or alumina films on, or the use
of. aluminized materials as, at least a portion of the metal surfaces in the
20 reactor system. In fact, the metal surfaces particularly susceptible to
carburization and metal-dusting can be provided in that manner. Such metal -
surfaces include but are not limited to, the reactor walls, furnace tubes, heat
‘exchangers and the like.

When applying an aluminum or alumina film, it is preferablé that the
25 film have a thermal expansivity that is similar to that of the metal surface to
which it is applied (such as a mild steel) in order to withstand thermal shock

or repeated temperature cycling. This prevents cracking or spalling of the
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25 occur. The problemof liquid netal enbrittlenent is essentially one of
eati‘ng through the netal with alloying materials (such as tin or germni un)
which are extrenely corrosive to steel under reducing conditi.ons to the

poi nt where, again, the netallurgy fails.

Addi tional ly,s it has been found that certain preferred coatings are
sulfur-tolerant, for exanple, the tin-based protective |ayers can tolerate

up to 200 ppm sul fur. The protective, ¥§1yers elimnate the need to
presul fide the - metal lurgy, reduce suliide corrosion and inprove
product val ues aﬂ%%ﬁg cou'idék T utlieflylny medl GRfack % BleScarburbatibh -

Chrom um, Sb- ased prot ect |y¥/e | ayers can tol erate even higher

sul fur |evels, updueing hydrocasbon environment.

Additionally, the film should have a thermal conductivity similar to
that of, or exceeding, those of metals conventionally used in the construction
5 of hydrodealkylation reactor systems. Fuﬁhembm, the brotective layer
derived from the aluminum or alumina film should not degrade in the
hydrodealkylation environment or in the oxidizing environment associated
" with catalyst regeneration, nor should it result in the degradation of the
hydrocarbons in the reactor system. '

10 Suitable methods for applyiné aluminum or alumina films to metal
surfaces such as mild steels include well known deposition techniques.
Preferred processes include powder and vapor diffusion processes such as

the "Alonizing" process, which has been commercialized by Alon
Processing, Inc., Terrytown, Pennsylvania.

15 Essentially, "Alonizing" is a high témperature diffusion process
which alloys aluminum into the surface of a trmted'metal, such as, e.g2., a
commercial grade mild steel. In this process, the metal (e.g., a mild steel)
is positioned in a retort and surrounded with a mixture of blended aluminum
powders. The retort is then hermetically sealed and placed in an
20  atmosphere-controlled furnace. At elevated temperatures, the aluminum
deeply diffuses into the treated metal resulting in an alloy. After furnace
cooling, the substrate is taken out of the retort and excess powder is
removed. Straightening, trimming, beveling and other secondary operations
can then be performed as required. This process can render the treated
25 ("alonized") metal resistant to carburization and metal-dusting under low
sulfur hydrodealkylation conditions according to the invention.
[
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w. %  Mst preferably, the layers can tolerate the respective anmounts of
sulfur for a.period of at least 200, preferably at |east 400, and npst
preferably 600 hours w thout degrading to an extent that carburization wll
10 occur, resulting in shut-down of the system due to excessive coking.
Wth the foregoing, as well as other objects, advantages, features and. -
aspects of the disclosure that will becone hereinafter apparent, the nature
of t he di sclosure may be nore clearly understood by reference to the
detail ed : descrlptlon and the appended-dﬁalns 115 ot o o

BRI EF DESCRI PTI ON OF THE Fl.GURES ure IS phot ograph of a
conparative thernmal hyGn3FOEPRINM, OF ghromium ‘P’B@R:?llﬂ*s oam dsp bﬁgpnlmoﬂoemena;/

| ugged ‘wi th cok “Eﬁf:ésn %g&? 1%'(&’& ograph of a
Fhe?mal hydr odeaei tron reac o&sw?p&foml’ pr{elgle%#s giéﬁ?%’n whi ch did
not plug during o:mburizauun and 2etal-duStiig\uhdep 106 SuHuP Ry dddédikylitior°REFERRED

EMBODI MENTS e | | ovm descri t| on of the rret hod for
i nhi bi ting car buronditiogs. r}-'lke %JR‘B% ainaiaized| at i ng

a hydrocarbon 9”%&@%?3?&:6&1% layers derived from chrommm or chrommm oxide
- coated metal surfaces have not been used to address carburization problems
under low sulfur hydrodealkylation conditions.

Chromium or chromium oxide can also be applied to carburization
and metal-dusting susceptible metal surfaces such as the reactor walls and
10 furnace tubes, heat exchangers, and the like. However, ény surface in the
system which would show signs of carburization and metal-dusting under
low sulfur hydrodealkylation conditions would benefit from the application of
a thin chromium or chromium oxide film.

When applying the chromium or chromium oxide film, it is
15 preferable that the chromium or chromium oxide derived protective layer
have a thermal expansivity similar to that of the metal to which it is applied.
Additionally, the chromium or chromium oxide derived protective layer
should be able to withstand thermal shocks and repeated temperature cycling.
This avoids cracking or spalling of the protective layer which could
20 potentially expose the underlying metal surfaces to carburization inducing
environments. Furthermore, the protective layer should have a thermal
coxiductivity similar to 6r exceeding those materials conventionally used in
| hydrodealkylation reactor systems (in particular mild steels) in order to ,
maintain efﬁéient heat transfer. The protective layer also should not degrade
25 in the hydrodealkylation environment or in the oxidizing environment
associated with catalyst regeneration, nor should it induce degradation of the
hydrocarbons in the reactor system.
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system are nerely illustrative of the preferred enbodi nents of t he pr esent
I nvention, and they should not be considered as |imting the scope of the

25 invention in any way, as these illustrations and ot her equival ents
thereof wll becone nore apparent to those versed in the art in |ight
of the present di scl osure, and the acconpanyi ng cl ai ns.

- 9 - , As indicated above, the present disclosure provides a
met hod for i nhi biting carburization-+hk/a process for hydrodeal kyl ati ng
a deal kyl atabl e . hydrocarbon. The method includes pretreating surfaces

of the reactor syst erfuitable mgthedsafosapplying chramiymosicheorigmexide Almsto under

deal kyl ati on condid lons : ti Y | tve, the

hydr odeal kyl at i 3}*%2&%@ ag'yesggrﬁh ﬁ@‘g{éﬁ, H{Hude%&b%‘&“ ﬂ%}do\ﬁ
techniques. Preferred processes include powder-pack and vapor diffusion
processes such as the "chromizing® process, which is commercialized by

5 Alloy Surfaces, Inc., of Wilmington, Delaware.

" The "chromizing” process is essentially a vapor diffusion process for
application of chromium to a metal surface (similar to the above-described
"Alonizing process”). The process involves contacting the metal to be
coated with a powder of chromium, followed by a thermal diffusion step.

10 This, in effect, creates an alloy of the chromium with the treated metal and
renders the surface extremely fesistant to carburization and metal-dusting
under low sulfur hydrodealkylation conditions.

Resistant material systems which are preferred can be derived from
copper, tin, arsenic, antimony, bismuth, chromium, germanium, gallium,

15 indium, selenium, tellurium, lead and brass, and intermetallic compounds
and alloys thereof (e.g., Cu-Sn alloys, Cu-Sb alloys, stannides, antimonides,
bismuthides, etc.). Steels and even nickel-rich alloys containing these metals
can also show reducéd carburization. In a preferred embodiment, the
aforementioned materials are provided as a plating, cladding, paint (e.g.,

20 oxide pamts) or other coating to a base construction material. This is
particularly advantageous since conventional construction materials such as
mild steels can still be used for processes below about 1150°F with only the
surface contacting the hydrocarbons being treated. Of these, tin is especially
preferred as it reacts with the surface to provide a protective layer having

25 excellent carburization resistance at higher temperatures, and which resists
peeling and flaking. Also, it is believed that a tin derived protective layer
can be as thin as 1/10 micron and still prevent carburization.
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treated with, or nade of a conposition which inhibits or reduces

carburization and netal - dusti ng. Essentially, the process of
hydr odeal kyl ati ng a deal kyl at abl e hydr ocar bon i ncl udes subjecting a
gaseous m xture conprising the 10 hydrocarbon and hydrogen in a reactor
system at a tenperature sufficient to convert the hydrocarbon to
benzene and ot her by products. : In a preferred enbodi nent,
berizene is produced from al kyl benzenes _ig.-such as toluene according to
the follow ng overall reaction: Cerr]Herr]Rerr]+H2->Clerr]H+R err] H
15 where Rlerr] is apoweter, beédusd the protective lagers\aeel exposed to the relativelyor

m xed al kyl benzene feedst ocks, err] nmay consi st of ope, two, thre

or four nmethyl dhassipsonditens ofhy latién prpresserd(ees-in MIEhJempEatures), ghesi ngl e

chain al kyl group econt aining one i . 3 gas is
propane or but arﬁ?&cﬁgglayggﬂ‘p i s&n;augﬁég%%%?atékeh coirrp%t%ﬁﬁgwo 20
met hane and. et hagiinplegedoatifg ofl the indétigitgdase mztal 0 Evenminos imperfestiong, ant i al

anounts of ethane are al so converted to nethane so that, the prpcess off-gas
pinholes or other flaws in the proterénﬁve ?ayer can provide J]estrgcnve g

carburization sites sufficient to shut-down operation.

In fact, it has been observed that the interface between a stannide-
protected portion of steel and an unprotected portion, relatively deep pitting
and carburization attack occurs; surprisingly more so than anywhere else |

10 across the rest of the unprotected steel surfaée. This suggests that an
incompletely protected system is even more vulnerable to metallurgical
failure than a wholly protected systém. '

_ The application of excessive amounts or thicknesses of the material
used to form the protective layer must also be avoided. - If the layer is too
15 thick, liquid metal embrittlement can occur.

The protective layer must also maintain its integrity through
operation. As such, the protective coating must be sufficiently abrasion
resistant during catalyst loading, start-up, as well as during operation. This
is achieved through appropriate anchoring of the protective layer to the steel

20 substrate. According to the ihvention, the protective layer can be anchored
to the steel substrate through an intermediate carbide-rich bonding phase.

As noted above, effective profective layers can be derived from a
variety of metals such as tin, copper, arsenic, antimony, bismuth, chromium,
_ brass, germanium, gallium, indium, selenium, tellurium, lead and

25 intermetallic compounds and alloys thereof, more preferably tin, germanium,
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consi sts mainly of hydrogen and net hane. While not wishing to

be bound by theory, the reaction mechani sns believed to occur during -
the production of benzene fromal kyl benzenes are 25 illustrated by the '
fol | ow ng: - 10 - L. Reaction A

Deal kyl ation of Cferr] Benzene (Miultiple A kyl G oups)

-19 -
antimony, arsenic, selenium, chrome and tellurium. Of these, t_in,
germanium and antimony are more preferred, with tin being the most
preferred. Gallium, lead, bismuth, brass, indium and copper are less
preferred, with brass and copper being the least preferred. Lead, bismuth
5 and indium do not react with iron. They can be used on nickel-rich
materials such as INCONEL 600 (75% Ni/16% chromium/9% Fe).

One of these is first applied to a portion (or portions) of a
hydrodeakylation reactor system as a plating, cladding or coating to a
thickness effective to providé 2 complete coating, while avoiding thicknesses

- 10 at which liquid metal embrittlement will occur. Then the plating, cladding
- or coating is treated in a manner effective to form a protective layer which is
anchored to the steel substrate thereby providing the necessary abrasion
resistance. Preferably, the plating, cladding, or coating is resistant to
abrasion, peeling or flaking for a period of 1 year, preferably 2 years, and
15 more preferably 3 years such that the reactor system will maintain its
carburization resistant properties without reapplication.

Maultiple coatings can be applied. For example, a tin coating can be
applied, and cured, followed by copper plating. Altﬁough, it has been found
that copper is effective for preventing carburization and metal dusting, it

20 does not genefally_adhere well to steel. Peeling and flaking of the copper is
observed. However, if the steel surface is first coated with tin, then the
copper plate will adhere well to the coating, and provide additional
protection to the metal surface. In essence, the resulting stannide layer
functions as a giue \yhich adheres the copper plate to the underlying steel.
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‘ ' I'l. Reaction B: Deal kylation of Cferr] Benzene (Single "
Goup) 1. [err] _

‘Forming a protective layer according to the invention will depend on
temperature treatment after application of the aforementioned metals, and the

nature of the base metal.

Taking the appiicaﬁon of tin as an example, Ni3Sn, Ni3Sn2, and

5 Ni3Sn4 can all be expected in nickel-rich systems, and Fe3Sn, Fe3Sn2, and
FeSn in iron-rich systems. Under -t'emperature exposures of from about 925
to 1200°F, one can expect an X3Sn2 solid solution on stainless steels. On
nickel-free steels there is observed Fe3Sn2 overlain by FeSn. Below 925°F
one can expect FeSn2 but not Fe3Sn2. On stainless steels there is observed

10 FeSn overlain by FeSn2 oveﬂain by Ni3Sn4. At high temperatures, e;g.,

1600°F, there can be found (Ni,Fe)3Sn and (Ni,Fe)3Sn2 on stainless steels,
but no steel-tin alloy, while on nickel-free steels there is found a diffusion
layer of iron-tin alloy overlain by the phases Fe3Sn and Fe3Sn2. |

A preferred enbodiment of the invention uses a reactor system
15 mcludmg a stainless steel pomon, which compnses providing the stainless
o steel pomon with a stannide protecnve layer of sufﬁclent thickness to isolate
the stainless steel portion from hydrocarbons, whlch protective layer is
anchored to the steel substrate through an intermediate carbide-rich, nickel- |
depleted stainless steel bonding layer. More particularly, the stannide layer
20 is nickel-enriched and comprises carbidc inclusions, while the intermediate
carbide-rich, nickel-depleted bonding layer comprises stannide inclusions.
More preferably the carbide inclusions are continuous as they extend,
substantially without intermption, from the intermediate catbide-rich,. nickel-
depleted bonding layer into the stannide phase, and the stannide inclusions
25 are likewise continuous extending from the stannide layer into the |
intermediate carbide-rich, nickel-depleted bonding layer. The interface
between the intermediate carbide-rich, nibkel-depleted bonding layer and the
nickel-enriched stannide layer is irregular, but is otherwise substantially

—_—
_—
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11 - 2. [err]

-21 -

without interruption. The extent to which the aforementioned phases, layers
and inclusions develop are a function of the reducing conditions and
temperature at which the initial plating, cladding or other coating is treated,
and the amount of time at which exposure is maintained.

5 If steel stress relief techniques are used when assembling a reactor
syétem, the production of iron oxides prior to application of the resistant
plating, cladding or coating should be minimized. This can be accomplished
by using a nitrogen atmosphére during steel stress relief (e.g., at 1650°F).

In some instances applying a coating of the aforementioned elements
10 as metals or reducible oxides, will not be particularly preferred. That is, to
provide a good coating it is necessary that the material be molten. - |
_ Unfortunately, some metals such as germanium, and to some extent
antimony, have melting points which exceed levels which are practical, or
- even attainable, with a particular piece of equipment or apparatus. In those
15 instances it is desirable to use compounds of those elements which have
lower melting points.

 For example, sulfides of antimony and germanium have lower

melting points than their respective metals and can be used to produce
antimonide and germanide coatings on steels in a' Hy-rich, or perhaps even a

20 non-reducing, atmosphere. Such sulfides can be used in the form of
powders or paints which react to produce antimonide and germanide coatings
at significantly lower temperatures than those required for the metals. Tests
have shown that antimonide coatings can be applied to 300 series stainless
steel and INCOLOY 800 using Sb,S; powder at 1030°F in 20 hours of

25 curihg under an atmosphere of 7% C,H, in H,. "Also, tests have shown that
germanide coatings can be applied to INCOLOY 800 using GeS, powder at
1150°F under the same conditions.
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3. [err] ' The ultimate products fromall of these reactions are

essentially benzene and an al kyl conpound. Typically, under thernal
hydr odel kyl ati on conditions, 5 the products fromthese reactions are
essentially benzene and nethane, since . the propane and nost of the
et hane are subsequently cracked to nethane under reaction conditions.

Theoretically, one nole of benzene is forned fromeach nol e of

al kyl benzene that is conpletely deal kyl ated, and one nol e of hydrogen is 10
consunmed for each carbon in the al kyl grouR2renoved fromthe phenyl

radi cal . However, the deal kylation reaction is not 100% sel ective, so

products other than b¥hesegractialois is prefered thatthe resivant patsaialsbe appliedal | v
in a paint-like formulation (hereinafter "paint") to a new or existing reactor
system. Such a paint can be sprayed, brushed, pigged, etc. on reactor
system surfaces such as mild steéls or stainless steels, and will have viscosity

5 characteristics sufficient to provide a substantially continuous coating of |
measurable and substantially controllable thickness.

Chromium paints are also especially useful in this invention. The use
of paints containing chromium ‘halides is preferred, especially chromium
. chlorides (CrCl, and CrCly). Paints based on chromium halides appear to be
10 self-fluxing and form strongly adherent coatings. One advantage of the
chromium coatings is that they do not result in liquid metal embrittiement.
Chromium paints are preferably reduced at higher temperatures than tin
paints in order to produce metallic chromium-containing coatings. Useful
reduction temperatures are above 1200°F, preferably at about 1400°F or
15 higher.

An example of a useful paint would be one comprising a fusible

CrCl, salt which may or may not be incorporated with solvents and other
additives. Other specific formulations include finely ground CrCl, in 90 wt.
gear oil to form a viscous liquid, and finely ground CrCl; in a petroleum

20 jelly carrier. Such a paint prowd&s a simple low cost method of applying
chromium to steel, as it provides clean contact with the steel substrate which
perinits curing procedures to firmly attach the cl;romiufn to the steel. As an
exainple, the paint can be réduced in H, or another suitable gas at about
1500°F for 1 hours. |

25 ‘It is most preferred that such a paint be a deéomposable, reactive,
tin-containing paint which reduces to a reactive tin and forms metallic
stannides (e.g., iron stannides and nickel/iron stannides) upon heating in a
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result from condensation and cracking reactions. Met hane is

typically a major byproduct fromthe hydrodeal kyl ati on 15 process.

met hyl group renoved during deal kylation results in the
- 12 - formati on of nethane. However, sone nethane is al so produced

Each

by hydr ocracki ng of the aromatic ring. Since the aromatic ring
structure is very stable, even at the high tenperatures used in
t hermal hydrodeal kyl ati on, only about 1 % of the rings are destroyed

by hydrocracking to methane. 5 Additiond3 #sethane is produced when the
f eedst ock contains nonaromati cs. -

10

15

20

25

reducing atmosphere (e.g., an atmosphere containing hydrogen and possibly
hydrocarbons such as carbon monoxide, etc.).

It is preferred that the aforementioned paint contain at least four
components (or their functional equivalents); () a hydrogen decomposable
tin compound, (ii) a solvent systeni, (iii) a finely divided tin metal and (iv)
tin oxide as a reducible sponge/dispersing/binding agent. The paint should
contain finely divided solids to mxmmlze settling, and should not contain
non-mctiw}e materials which will prevent reaction 6f reactive tin with
surfaces of the reactor system.

As the hydrogen'deéomposable tin compound, tin octanoate or
neodecanoate is particularly useful. Commercial formulations of this
compound itself are available and will partially dry to an almost
chewing-gum-like layer on a steel surface; a layer which will not crack
and/or split. This property is preferable for any coating compoéition used in
this context because it is conceivable that the coated material will be stored
for months prior to treatment with hydrogen. Also, if parts are coated prior
to assembly they must be resistant to chipping during construction. As noted
above, tin octanoate is available commercially. It is reasonably priced, and
will decompose smoothly to a reactive tin layer which forms iron stannide in
hydrogen at temperatures as iow as 600°F.

Tin octanoate should not be used alone in a paint since it is not
sufficiently viscous. Even when the solvent is evaporated therefrom, the

“remaining liquid will drip and run on the coated surface. In practice, for

example, if such were used to coat a horizontal tube, it would pool at the
bottom of the tube.
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At thermal hydrocracking conditions, paraffins and naphthenes wll be
converted al nost entirely to nethane. Hydr ocr acki ng reactions
are big consuners of hydrogen and al so rel ease | arge quantities of
heat whi ch nust be absorbed in a controllable 10 -manner. |f substanti al
gquantities of paraffins are to be charged; the thermnal

hydr odeal kyl ati on process nust be designed to prevent an excessive
tenperature increase in the reactor by, deuexanple using a high recycle
gas flom1as a heat sink. 15 By "hydrodeal kyl at abl e
hydrocarbon, " as usedomponent (iv), the timexide @onge/dxspgrgmg/cb@ndmgl agemd; isvthen

subjectcd to hydrode t.ion condlt s.in' the resence 0 drogen-
an al kyl group i ?RS\%?E&WG ﬁ‘g‘éﬂ 40 spgnee-up é’ﬁ%@r‘?é@e 15;th :
exanpl e, tol ueneomﬁbesﬂd %Esnm’oé%&w t0 altiveS® in Eﬁexﬁducm atr¥ospRERS . Inet hy |
benzene, propyl benzene, butyl benzene and ot her (igoerr -Cl.err] al kyl 20

benzenes are of agdifionctinh eriderpaarbesprocessed fronghea colloid millite Uop eIy t abl e

-1|‘3§r hy‘dr OEJIQSI Eﬁ@?%g?ﬁéi%sln%ﬁ{c r}ﬁ&h isdj%g Baéherglr%ﬂ%tn ﬁ*‘ﬁ?wn

provide a paint which becomes dry to the touch, and resists running.

ﬁnlike typical paint thickeners, component' (iv) is selected such that it
becomes a reactive part of the coating when reduced. It is not inert like
formed silica; a typical paint thickener which would leave an unreactive
10 surface coating after treatment.

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

. 15 coverage of the surface to be coated with tin metal. Non-reducing conditions

can occur during drying of the paint and welding of pipe joints. The
presence of metallic tin ensures that even when part of the coating is not
completely reduced tih metal will be present to react and form the desired
stannide layer. ‘

20 The solvent should be non-toxic, and effective for rendering the paint
sprayable and spreadable when desired. It should also evaporaie quickly and
have éompatible solvent properties for the hydrogen decomposable tin |
compound. Isopropyl alcohol is most preferred, while hexane and pentane

. can be useful, if necessary. Acetone, however, tends to precipitate organic

25 tin compounds.
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conditﬂons sufficient to convert a hydr odeal kyl at abl e hydrocarbon such as

an . al kyl--substituted benzene to benzene and the resulting byproducts.
Such 25 conditions vary depending on the particul ar- feed and process
utilized; however, they are well known to those skilled in the art as
represented by, - for exanple, U S. Patent Nos. 2,929,775, 3,160,671,
3,284,526, 3,291, 841, - . 3,607,960, 3,700,745, 3,835,183, 3,966, 833,
4,058, 452, 4,189, 613, -25- -
13 - 4,191, 632, _4, 451, 687, 4,463,206,  and 5, Q53,574 8ach of _which are
her eby i ncor por alfegne,embediment, there can be used 4 tin paint of 20 percent Tin

Ten-Cem (contains 20% tin as stannous octanoate in octanoic acid or
neodecanoate in neodecanoic acid), stannic oxide, tin metal powder and

isopropyl alcohol.

5 Iron bearing reactive paints are also useful in the processes-of the
invention. Such an iron bearing reactive paint will preferably contain
various tin compounds to which iron has been added in amounts up to one -
third Fe/Sn by weight. |

. The addition of iron can, for example, be in the form of Fe,0;. The
10 addition of iron to a tin containing pdint should afford noteworthy
 advantages; in particular: (i) it should facilitate the reaction of the paint to
form iron stannides thereby acting as a flux; (ii) it should dilute the nickel
concentration in the stannide layer thereby providing better protection against
coking; and (iii) it should result in a paint which affords the anti-cbking
15 protection of iron stannides even if the underlying surface does not react
well. ' h
In addition to applied thickness, viscosity and other properties of the
paint are important. The viscosity should be such that the paint can be
easily applied and that it does not drip or pool due to gravity. The paint
20 should also be dryable once applied to the reactor surfaces. The thickness of
the paint after application should be between 0.5 and 15 mils, preferably
between 1 and 10 mils, and more preferably between 2 and 8 mils.

The metallic coatings and, in particular, the paints,'_ are preferably

produced under reducing conditions with hydrogen. Curing is preferably

25 done in the absence of hydrocarbons. When tin paints are applied at the

above-described thicknesses, initial reduction conditions will result in tin
migrating to cover small regions (e.g., welds) which were not painted. This
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The process of the present invention is particularly suitable for use

under "hydrodeal kyl ating conditions" exhibiting tenperatures of at least 5
about 700[err]F, nore preferably at |east about 900[err]F, and even nore
preferably at |east about 1100[err]F. Most preferably, the
process is a thermal process in the absence of a catal yst. Such a
process may exhibit tenperatures above about 900[err]F. Such a process
can exhi bit tenperatlures above about 1100F and bel ow 10 about 1800[err]F.
At these tenperatures, where carburizati orn26rbrittl enent and

met al -dusting are significant problens, the protection of the present

i nvention is par wilt completely sodtithe baecinetal.o dbissawingr resultss fomexample, in. &

and 4, 058, 452, - cSEMEHORFRLH BFE evably hetWgem 3 and MO i gk pE ot
By "low sul fur 'Cgﬂﬁ&ﬁl?rb"et&eei_sl dned Mis tick vbrhprisiRs Rftéimdtdllic compounds.

hydr odeal kyl ati on procésses, it is nmeant feeds having.a sul fur content
| ower t han Ebthetcas®of ppnstannide 1ayees: such s jiron| andenickel stanaides @are0 ppm

ferably .l h ) D
Toner than” S b Mol A R S8Ry, AREoNE d Bl 0L Y
Preferably, "lowaj@r, Fef base ofanéelisurenitht of pains and boating thicknéss dowgpbns ¢an,

prevent carburizafion, .
. be prepared which correspond to the painted reactor surface. These can be

treated under identical conditions to the reactor system treatment. The

coupons can be used to determine paint and coating thickness.

10 For tin-containing paints, it is preferable to initially cure the paint at
temperatures below typical operating temperatures for hydrodeakylation.
Curing temperatures between 500° and 1100°F, preferably between 900°
and- 1000°F (especially for oxide-containing paints), provide a carburization-
resistant coating that minimizes the incorporation of chromium in the |

15 stannide coating (which is undesirable).

As an example of a suitable paint cure, the system including painted
portions can be pressurized with N,, followed by the addition of H; to a
- concentration greater than or equal to 50% H,. The reactor inlet
temperature can be raised to 800°F at a rate of 50-100°F/hr. Thereafter the
20 temperature can be raised to a level of 950-975°F at a rate of 50°F/hr, and
held within that range for about 48 hours. Curing can also be achieved in
pure H, at 1000°F to 1200°F for 2-24 hours.

As noted previously, for stannide protective layers curing temperature
will affect the characteristics of the phases of the protective layer. Hence,
25 care should be taken in curing the protective layer. For example, in the case
of a stannide protective layer applied by plating tin on an INCOLOY 800
substrate (a nickel'-ri_ch steel), exposure to low curing temperatures, i.e.,
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enbrittl ement and netal -dusting. However, feeds containing sulfur

above 100 ppm nmay be utilized. By "reactor system" as used
herein in connection with hydr odeal kyl ati on, there is intended at

| east onée hydrodeal kyl ati en reactor,- 25 its correspondi ng pi pi ng, furnaces,
furnace tubes, heat exchangers, and the | i ke. The aforenmenti oned

probl enms with | ow sul fur hydrodeal kyl ati on can be _

- 14 - effectively addressed by a s ction of an appropriate reactor
system mat eri al for contact wth the fydrocarbons during processing.

Thus, by "surfages weeks at 650°F was observed to produce discrete iron and nickel
stannide phases; with an unacceptably reactive nickel phase on the exterior.
However, exposure at higher temperatures, i.e., one week at 650°F followed
by two weeks at 1000°F, was observed to provide acceptable stannide phases

5 where the stannide was reconstituted to comparable nickel and iron
‘abundance in each stannide phase. Exposure to even higher temperatures,
i.e., one week at 650°F followed by one week at 1000°F and one week at
1200°F, showed a reconstitution of the stannide layer and carbide-rich under
layer, to produce potentially reactive nickel-rich stannides, particularly on

10 the surface of the protective layer. In this regard, it is believed that '
inclusion of iron, for example, in a paint formulation can be an effective
counter-measure when curing at high temperatures.

The metal or metal ooﬁpbunds contained in the plating, cladding or
other coating are preferably cured under conditions effective to produce
15 molten metals and/or compounds. Thus, germanium and antimony paints are
preferably cured between 1000°F and 1400°F.

A test was conducted where unpainted steel samples where- placed in
reactors that had been treated with a tin-based paint like those described
above, prior to reduction of the paint. The unpainted samples were

20 nevertheless found to have uniform goatings of protecti\fe stannide after
reduction. Thus, the aforementioned tin-containing paints, or other
carburization resistant platings, claddixigs or coétings,_ can also be touched-up
according to the invention. For example, a touch-up protective tin-based,
antimony-based, germanium-based, etc., coating can be formed by injecting

25 a fine powder of the metal, metal oxide, or other reactive compound of the
metal, in a reducing gas stream containing H, and i)ossibly hydrocarbons.
Because of the migration characteristics of these metals, they will allow a
fine mist of reactive liquid metal to react with exposed steel surfaces. In
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susceptible to carburization," as used herein, there is intended at |east

t hose surfaces of the reactor systemthat are in contact with

hydr ocarbons during '5 processing wherein carburization will take place
under reaction conditions, -and correspondi ng skin tenperatures of the
reactor system . A solution to the problens of -carburization
and netal -dusting may I nvol ve the application to the surfaces exposed
to the reaction of a coating which fornms a protective | ayer resistant
to carburization, nmetal-dusting and 10 eri28ittlenent. By "resistant to
carburization, netal-dusting and © enbrittlenent,” as used herein, it is
meant those mat ensing she toach-npltéchpique; casalyst beds shouldbe xpmeyedhor otherwise

resi stance to enbrit fro

m year, prefer aBWeqttggnﬁt%gﬂwi%%w%@%%&ugbﬁ&we ﬁ%‘&ess than 1
i year, and mDShrovidi GrigiRADproRetivé badtings,laswiélrear. 15 Preventing
enbrittlenent to such an extent wll significantly reduce netal

dusting and coking in the reactor system and permts operation for | onger

peri ods of time. . . ' bed! UM na
films on, or the use dee%‘(“d?"ﬁ@?’g %rlals as, g?fas eas??“a portion, of
the nmetal surkacggp &éle?ﬂﬁd dndfert oucted Aipty u:tmghnaiahmmwd surf aces

part icularly susceptl b
temperatures, preferably touch-up of coated steel. Tin metal reacts with, for

example, HCI to form volatile tin chlorides which disperse over steel and
react to form protective iron/nickel stannides. Tin volatiles can be
_controlled by varying temperature and halide composition.

10 The technology associated with the invention can also be used for
retrofitting previously carburized systems. For example, one of the
aforementioned protective iayers can be formed on a previously carburized
surface by a suitable dep_osition technique such as chemical vapor deposition, .
or, if physically possible, by applying a paint of one or more of the

15 materials described herein.

In retrofitting a previously cmburized system, the protective layer
should have a thermal expansivity close to that of the base metal, and should
be able to withstand thermal shock and repeated temperature cycling, so the
layer will not crack or spall and expose the base metal to the environment.

20 In addition, the 1ayer should have a thermal conductivity near or above those
of eommonly _employéd metals to maintain efficient heat transfer. The layer
should not degrade in the environment nor in the oxidizing environment
associated with common eatalyst regeneration (coke burn-off), nor cause
degradation of the hydrocarbons themselves. '

25 Before retrofitting by creating the protective layer, coke should be

- removed from the surface of the base metal as it may interfere with the
/ o )
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carburization and netal -dusting can be provi ded in that manner. .Such net al
surfaces include but are not limted to, the reactor walls, furnace tubes,

heat - exchangers and the |ike. When appl yi ng an al um num
or alumna film it is preferable that the 25 filmhave a thernal
expansivity that is simlar to that of the metal surface to whi ch it

is applied (such as a mld steel) in order to withstand thermal shock

or repeated tenperature cycling. This prevents cracking or spalling of the
- 15 - ~fil mwhich could expose the.ggderlying netal surface to the
carburization . '

reaction between the protective layer and the base metal. A number of

cleaning techniques are possible including (i) oxidizing the metal surface, (ii)
oxidizing the metal surface and chemically cleaning, (iii) oxidizing the metal
surface, and chemically cleaning followed by passivation, and (iv) oxidizing
5 the metal surface and physically cleaning. Technique (i) is useful to remove

residual coke and would be acceptable if the oxide layer was thin enough to
allow a protective layer such as a stannide layer to form properly. The other
techniques, therefore, are more preferred as they should remove the oxide
layer to prevent interference with the formation of an effective protective

10 layer. Of course, combinations of the aforementioned cleaning techniques in
‘a particular plant, or for a particular system, can be used. Ultimately a
number of factors. unique to the parhcular plant or system, such as reactor
geometry, will dictate thé choice.

Another potentially useful method for'applying protective layers of
carburization resistant materials is chemiml'vapor deposition ("CVD").
CVD techniques can be used in new or existing plants. CVD would be
particularly useful in existing plants where other techniquds prove to be

——
eln

- difficult or impossible.

A preferred CVD technique involves vaporizing an organometallic
" 20 compound containing one or more of the protective materials described
" hereinina hydrogen or hydrogen/inert gas mixture. Examples of such
orgénometallic compounds include copper nabhthenate, tetramethy! tin,
tetrabutyl tin, triphenyl arsine, tributylantimony, bismuth neodecanoate, and
chromium octoate. The saturate gas should be heated so the organometallic
25 compound will 'decompose on the base material. This approach would work
particularly well in a temperature controlled furnace. The optimum
conditions fér the decomposition reaction will depend on the particular
organometallic compound used.
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i nduci ng hydrocar bon envi ronrrent Additionally, the film
shoul d have a thermal conductivity simlar to that of, or exceeding,
t hose of nmetals conventionally used in the construction 5 of
hydr odeal kyl ati on reactor systens. Furthernore, the protective |ayer
derived fromthe al um numor alunmina filmshould not degrade in the
hydrodeal kyl ati on environnment or in the oxidizing environnent associ ated
w th catalyst regeneration, nor should it-3sult in the degradation of the
hydrocarbons in the reactor system . 10 Sui t abl e, met hods for
appl Iy| ng al uni num or Yet another meanssfor prexenting carbunmma@elsmguw as mld
steel s include well .k ocesses
{ﬁd‘?‘?%#o% E:)e;%ggge suc‘ﬁe agphﬁﬁﬁﬁ%ﬁ A oni zi ng"

i ncl ude powder P

=4

process, which B@ﬁm@ﬂﬁ'rb o tiomies :bohﬁéelm contamed’limdmmactgr system.,
Terrytown, Pennsyl vani a, - Essent]j a ﬁﬁ Lzing" is a high
t](carrperature di f gaednetp%ms or claddingsimay be, S%';;BT‘ Q{Hﬂ’l B9e surface
o] atreated rre %Eﬁ fide tﬁ%’s I n
this pr ocess e ITEfcl ?ﬁﬁmﬂpopmﬁg me‘ﬁ fﬁl‘yaﬂre Thesélodd

or claddings may be applied by methods including electroplatmg, vapor
depositing, and soaking of the chromium rich steel in a molten metal bath.

It is believed that in hydrodealkylation reactor systems where

carburization, coking, and metal-dusting are particularly problematic, the

10 coating of the chromium-rich, nickel-containing steels with a layer of tin in
effect creates a double protective layer. There results an inner chromium
rich and nickel poor layer which is resistant to carburization, coking, and
metal-dusting and an outer stannide layer which is also resistant to
carburization, coking and métal—dusting. This occurs because when the tin

15 coated chromium rich steel is exposed to typical hydrodealkylation skin
temperatﬁm, such as up to about 1400°F, it reacts with the steel to form
nickel-enriched iron nickel st_annides. Thereby, the nickel is preferentially
leached from the surface of the steel leaving behind a layer of chromium-

_ rich layer. In some instances, it may be desirable to remove the iron nickel

20 stannide layer from the stainless steel to expose the chromium-rich layer, or
add iron to produce iron stannidés.

For example, it was found that when a tin cladding was applied to a
304 grade stainless steel and heated at about 1200°F there resulted a
chromium-rich, carbide-rich layer under a stannide layer containing about
. 25 17% chromium and substantially no nickel, comparable to 430 grade
stainless steel.
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I's positioned in a retort and surrounded with a m xture of blended al um num
powders. The retort is then hernetically sealed and placed in an 20

at nosphere-controll ed furnace. ‘At el evated tenperatures, the al unm num
deeply diffuses into the treated metal resulting in an alloy. After furnace
cooling, the substrate is taken out of the retort and excess powder is
renoved. Straightening, trinmng, beveling and ot her secondary operations
can then be performed as required. This process can render the treated 25
("al oni zed") netal resistant to carburizat3ba and netal -dusting under Iow

sul fur hydrodeal kyl ati on conditions according to the invention.
- 16 - When applying the tin metal coating or cladding to the chromium-rich

steel, it may be desirable to vary the thickness of the metal coating or
cladding to achieve the desired resistance against carburizatioh, coking, and
metal-dusting. This can be done by, e.g., adjusting the amount of time the

- . 5 chromium-rich layer is soaked in a molten tin bath. This will also affect the
thickness of the resulting chromium rich steel layer. It may also be desirable
to vary the operating temperature, or to vary the composition of the
chromium rich steel which is coated in order to control the chromium
concentration in the chromium-rich layer produced.

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

15 well as tin coated steels, such as Alonized steels, under low sulfur

‘conditions.

The chromium oxide léyer can be applied by various methods
“including: application of a chromate or dichromate paint followed by a
reduction process; vapor treatment with an organo-chromium compound; or
20 application of a chromium metal plating followed by oxidation of the
resultmg chromium plated steel.

"Alonized” steels which are resistant to carburization under
hydrodeatkylation conditions can be rendered further resistant by
post-treatment of the aluminum coated steel with a coating of tin. This

25 results in a steel which is more carburization resistant since there are
cumulative effects of carburization resistance obtained from both the
—ﬂﬂg@_ coating and the tin coating. This post-treatment affords an
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Thin chromium or chroniumoxide films can al so be applied to netal

sur-faces of the reactor systemto formprotective |ayers resistant to
carburization and netal -dusting under |ow sul fur hydrodeal kyl ati on :
conditions. Like the use of alumina and alumnumfilns, and alumnized 5
materials, protective layers derived from chrom um or chromi um oxi de

coated netal surfaces have not been used to address carburization probl ens
under | ow sul fur hydrodeal kyl ati on conditi Chr om-um or _
chrom um oxi de can al so be applied to carbu zatlon and netal -dusting

suscepti bl e net al 05? sot et ubes,

heat gxchanger's’, agﬁg{t eﬁﬁeﬁg.ﬁhﬁgt\j\gv‘gfﬁ,rﬁgﬁga@ﬁ %%%fgp%ﬁ%% “‘fe%‘g‘s‘g‘“:“éﬂm

whi ch woul d showesg.g rl’_slomked;anolatmg' z Alsoyrsuelnd post-tzéatnhest shoglduresislt in a lowéxowf

Sl ihim ohr ot m & 'sti‘%i#%ﬂa :m"#r?é{ SR ga %nbe”e%eta Bﬁed“mS% SEEpRUTEHRS e
with the tuP &Hﬁ&&hrt Bﬁ chronm um or

chrom um or chroru,meh ﬂeﬁ
chrom um oxi de derive prot ect ive [ayer ermal” expansivity

simlar to that qgosttreatmentawilt promxi the uudetbuweeldayer exposeﬁdbghb;ngmgl dl;i?/ t he
chrom um or chrom,um oxi,d erlv oetlvela er sho e eto
wi t hst and t her mal Wpigized sﬁ% @hf%dmﬁé’ﬁﬂ cin he ,a.}qqanuml‘lay and

expose the steel to carburization induced under high temperature conditions.

Also, this post-treatment process can prevent coke formation on the treated
steel surfaces and also prevent coke formation that occurs on the bottom of

10 cracks which appear on steels which have been aluminized, but not.
additionally coated with tin.

While not wishing to be bound by theory, it is believed that the
suitability of various materials can be selected and classified according to
their responses to carburizing atmospheres. For example, iron, cobalt, and

15  nickel form relatively unstable carbides which will subsequently carburize,
coke and dust. Ele_ments such as chromium, niobium, vanadium, tungsten,
molybdenum, tantalum and zirconium, will form stable carbides which are
more resistant to carburization, coking and dusting. Elements such as tin,
antimony, germanium and bismuth do not form carbides or coke. And,

20 these compounds can form sfable compounds with many metals such as iron,
nickel and copper under hydrodealkylation conditions. Stannides,
antimonides and bismuthides, and compounds of lead, mercury, arsenic,
gerinanium, indium, tellurium, selenium, thallium, sulfur'and' oxygen are
also resistant. A final category of materials include elements such as silver,

25 copper, gold, 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 environment under hydrodealkylation conditions.

—_—
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Thi s avoids cracking or spalling of the protective |layer which could 20
patentially expose the underlying netal surfaces to carburization inducing
envi ronnments. Furthernore, the protective |ayer should have a thermnal
conductivity simlar to or exceeding those materials conventionally used in
hydr odeal kyl;ati on reactor systenms (in particular mld steels) in order to
mai ntain efficient heat transfer. The protective |layer also should not
degrade 25 in the hydrodeal kyl ati on environnent or in the oxidizing

- envi ronnent associ ated with catal yst-3®generation, nor should it
i nduce degradation of the hydrocarbons in the reactor system
- 17 - As discussedrahayed ther selection (of iappropriagnnetalsovhich form um

oxi de 1M 10 b 965 SeaHER Barbicthatiof ahd rideflSting, 15k 88 Y5k bo knovn

deposi tion _ | _
form protective layers on metal surfaces in the reactor system, is one means

for preventing the problems of carburization and metal-dusting. However;

5 carburization and metal-dusting can be prevalent in a wide variety of metals;
and the metals can be more costly or exotic than conventional materials
(e.g., mild steels) used in the construction of reactor systems. Accordingly,
it may be desirable in the mcbr system of the invention to use ceramic
materials which do not form carbides at typical condiﬁons, and thus are not

10 susceptible to carburization, for at least a portion of the metal surfaces in the
reactor system. o

In choosing the ceramic materials for use in the process of the present
 disclosure, it is preferable that the ceramic material have thermal

conductivities about that or exceeding those of materials conventionally used

15 in the construction of hydrodealkylation reactor systems. Additionally, the

" ceramic materials should have sufficient structural strengths at the

temperatures which occur within the hydrodealkylation reactor system.
Further, the ceramic materials should be able to withstand thermal shocks
and repeated temperature cycling which occur during operation of the reactor

20 system. Additionally, the ceramic surface should not be susceptible to
degradation in the hydrocarbon environment or in the oxidizing environment.
The selected ceramic material also should not promote the degradation of the
hydrocarbons in the reactor system.

Suitable ceramic materials include, but are nof restricted to, materials
25  such as silicon carbides, silicon oxides, silicon nitrides and aluminum
nitrides. Of these, silicon carbides and silicon nitrides are particularly
preferred as they appear capable of providing complete protection for the
reactor system, even under low sulfur hydrodealkylation conditions.

—
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techni ques. Preferred processes include powder-pack and vapor diffusion
processes such as the "chrom zi ng" process, which is commercialized by 5
Al l oy Surfaces, lI.nc., of WImngton, Del aware. The
"chrom zi ng" process is essentially a vapor diffusion process for -
application of chromumto a nmetal surface (simlar to the above-described
"Al oni zi ng process"). The process involves contacting the netal to be
coated with a powder of chrom um follomeqﬁf a thermal diffusion step. 10
This, in effect, creates an alloy of the C ‘%hiunlmdth the treated netal

oraldusting o anckhleRSp SaHoR B ik ERL S, I8 B HRlhLCar Ao
Resi stant materi gk couteldonith Whiliddnaorasilivaciiled.” Blparticulls; tHe rev duffaces)

copper, tin, arsenic, antinony, bisnuth, chromum germanium gallium 15
i ndi um sel eni umwhich can beepated includes byt aresnot Jimited o dhereeaetor wallsonpounds

and al l oys theregf( , - - I . ' :

ant i noni des, (ﬁﬁ%‘%ﬁ’t ﬁﬁjdg‘?&lgé}ﬁ%%éﬁeé%mgﬁg&%@éﬁﬁiﬁe%ﬁ%ﬁ oellrl | oys
cont ai ni ng t hese caijutization and afetalajustings wouldrbedefiteflomahd applicatiorm of althina
preferred enbodi nent, the, af orenenti oned materials are provided as a
pl ati ng, cl addi n@l,hcﬂai‘?{tmé@. @lm 20 oxide paints) or other coating to'a
base construction material. This is

Conventional methods can be used for applying silicon or silica films.
Silica or silicon can be applied by electroplating and chemical vapor
deposition of an alkoxysilane in a steam carrier gas. It is preferable that the
" 10 silicon or silica film have a thermal expansivity about that of the metal
surface which it coats. Additionally, the silicon or silica film should be able
to withstand thermal shocks and repeated temperature cycling that occur
during hydrodealkylation. This avoids cracking or spalling of the silicon or
silica film, and potential exposure of the underlying metal surface to the
15  carburization inducing hydrocarbon environment. Also, the silica or silicon
" film should have a thermal conductivity approximate to or exceeding that of
metals conventionally used in hydrodealkylation reactor systems so as to
maintain efficient heat transfer. The silicon or silica film also should not
degrade in the hydrodealkylation environment or in an oxidizing
20 environment; nor should it cause degradation of the hydrocarbons
themselves. -

Because different areas of the reactor system of the invention can be
exposed to a wide range of temperatures, the material selection can be
staged, such that those materials providing protective layers with better

' 25 carburization resistances are used in those areas of the system experiencing
the highest temperatures. .
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particul arly. advant ageous since conventional constructi on materials such as

m*l.d steel-s can still be used for processes bel ow about 1150[err]F with
only the surface contacting the hydrocarbons being treated. O these,
tinis especially’ - preferred as it reacts with the surface to provide a
protective | ayer having 25 excellent carburization resistance at higher

t enperatures, and which resists peeling and flaking. Also, it is
believed that a tin derived protective laygy. can be as thin as 1/10
mcron and still prevent carburization. - _

- 18 - HAritR regard 6 mdicrials Sdedbion] BOWasvdis¢oveddsthar exigige@sed to
the relatively harsh condi tions of hydraodeakyl ati on processes (e.g.,

hi gh t enper at ur €8soupt V3l metal syrfaces such,as iromscrickehaad cobalb aresmorg agtivigtin
thickness to Pr RS of"cﬁ&n?f LA EdrBliiation than their unoxidized counterparts. For .
' : ‘example,.it was found that an air roasted sample of 347 stainless steei was
5 significantly miore active than an unoxidized sample of the same steel. This
is believed to be due to a re-reduction of oxidized steels which produces very
fine-grained iron and/or nickel metals. Such metals are especially active for
 carburization and coking.. | |

Since the techniques described herein can be used to control
10 carburization, catalytic coking, and metal dusting at high temperatures, they
can be used in other areas of chemical and petrochemical processing, as
well. These areas would include high tempei'ature chemical and
petrochemical processing where the carbﬁrization phenomena has previously
. been recognized, as well as lower temperature processes, which until
1S recently, have not exhibited excessive carburization related problems. -

For example, the teachings can be éppliedto any furnace tubes which
are subjected to carbu_ﬁzét_ion, catalytic coking and metal dusting, such as
furnace tubes in coker furnaces. Additionally, the techniques can be used to
control carburization, catalytic coking, and metal dusting in cracking

20 fumnaces operating at from about 1400° to about 1700°F. For example, the
deterioration of steel occurring in cracking furnaces operating at those
temperatures can be controlled by application of various metal-based
protective layers. These protective layers can be provided by applying
metals using melting, electroplating, and painting techniques. Painting is

25 particularly preferred. |

A coating of antimony épplied to iron bearing steels protects these
steels from carburization, coking and metal dusting under the described
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conpl ete coating of the underlying base netal. Even minor.inperfections, 5
pi'nholes or other flaws in the protective |ayer can provide destructive
carburization sites sufficient to shut-down operation. : In
fact, it has been observed that the interface between a stanni de-

protected portion of steel and an unprotected portion, relatively deep

pitting and carburization attack occurs; surprisingly nore so than
anywhere el se 10 across the rest of the uggrot ected steel surface. This
suggests that an i nconpl etely protect systemis even nore vul nerable
to metallurgical fai t Q otecte ste

The application W@%é‘fg 4163“&&% a“PH{{'&yP@E@ g?ds quhpé'mgasrteels

used to form thewsiy tecEue hgdihisticafubiRatich, aamﬁwieoldﬁg,tahs ﬁémer is too
15 thick, liquid netal |ttlerrent can occur.

protective | ayerdusting aalléQO aintain its integrity through operat I on.

As such, the protective coating nust be sufficiently abrasion
resistant during catalyst |oading, start-up, as well as during operation.

Thi s i s achi evedAtdvatig 6f bishiutp applied to midlel rich stdel allsysqegi ective |ayer
to the steel INCONEL 600) can protect those steels aga;nst carburization, catalytic

coking, and metal dusting under cracking conditions. This has been

demonstrated at temperatures of up to 1600°F.

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

- The aforementioned chromium paint could also be appliéd to steel
tubes and reduced in-situ for use in ethane cracking furnaces. In essence,
the chromium paint can provide a refractory surface in numerous |

- 15  environments such as carburizing, oxidizing and chloriding environments.

Chromium-plawd steels are also likely to be useful in other
environments as they have been found to also exhibit carburization and
catalytic coking resistance in high temperature environments (e.g., 800°F -
2000°F). That is, in a cracking environment of 2000°F for 1 hour in a

20 carburizing gas of 7% C;H, in H, bubbled through H,0 doped with sufficient
CS, to provide approximately 100 ppm sulfur, a chromium plated 304 -
stainless steel sample did not exhibit coking or carburization, whereas an
untreated sample of INCOLOY 800, and samples of stannided and
antimonided nickel-plated INCOLOY 800 did exhibit coking. In the

25 complete absence of sulfur, the chromium-plated sample did exhibit coking,
but much less than the untreated sample. | '
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20 substrate. According to the invention, the protective |ayer can be

anchor ed to the steel substrate through an internedi ate carbide-rich
bondi ng phase. - As noted above, effective protective |ayers
can be derived froma variety of metals such as tin, copper, arsenic,
anti nony, bisnuth, chrom um brass, germanium gallium indium

selenium tellurium lead and 25 internetallic conpounds and all oys
t hereof, nore preferably tin, germanium
- 19 - anti nony, arsenic, selenium,_ gfw_r ome and tellurium O these,
tin, : .
In the aforementioned. test, chromium was applied as a plating and

heat treated to weld or glue the chromium to the steel. The chromium plate

was found to have reacted with the steel substrate to form a glue cpmposed

of CrFe and chromium carbide; with a coating of Cr,0O; forming on the

5 exterior. For further resistance, the surface of the chromium plated steel can

be annmomded or germamded

The technology is also useful in conventional and low-sulfur
reforming | processes which involve substantially lower temperatures. It has
recently been found that conventional reforming processes were operated in

10 the presence of enough sulfur that carburization, metal dusting and catalytic
coking were not observed problems. With the advent of low-sulfur systems,
problems emerged.

In ultra "low-sulfur” reforming systems, the feeds typically contain
less than 100 ppb sulfur, more preferably, less than 50 ppb sulfur, and even
15 more preferably;less than 25-ppb sulfur such as less than 5 ppb sulfur
o ("tiltra, ultra-low sulfur”); an insufficient amount to interfere with
carburization. SuBstanﬁally more sulfur is present in conventional (i.e., non-
low-sulfur) catalytic reforming techniques. In this regard. the world-wide
. average is around 500 ppb sulfur, and even higher levels are common. 1t is
20 'possxble that a conventional feed can reach 1,000 - 5, 000, ppb sulfur during
upset conditions.

Even though both conventio_nﬂ and low-sulfur reforming systems
involve relatively low temperatures compared to e.g., ethane cracking
proéesses', excessively high temperatures can still occur in the catalyst beds

25 when exothermic demethanation reactions within cokeballs cause localized
hot regions. These hot spots pose-a source for a carburization related

—_
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germani um and antinony are nore preferred, with tin being the nost
preferred. Gallium |lead, bisnmuth, brass, indiumand copper are |ess
preferred, .with brass and copper being the |east preferred. Lead, bisnuth
5 and indiumdo not react with iron. They can be used on nickel-rich
material s such as | NCONEL 600 (75% Ni/16% chrom um 9% Fe) .

One of these is first applied to a portion (or portions) of a

hydr odeakyl atii on reactor systemas a platigg. cladding or coating to a

t hi ckness effective to provide a conplete coating, while avoiding

thi cknesses 10 pioblei étheventondlentivnal reforining rdactve systems wheee substahtisih t he
pl ati ng, cl adding or coating is treated in a manner effective to form
a protective | ay&Royps of splfur are pregeRtnored to the steel substrate thereby
provi di ng the necessary abrasion resi stance. Preferably, the plating,
cl adding, or coating is resistant to abrasion, peeling or flaking for
a period of 1 year, pFef exaniply, the yemterspipersdreésis of refermerehavelden 3 years

roper 1 es. it noaksered bl e away and develop hojey; afraely SRS i an ne
FoF | oved by capperais digrddbn P colertiialorming PROSIES BirpbHESs | or 1 s
effective for prwithin ¢cokgbailsrduring Aetmationcand burniag atieisppamently high enough to

overcome the ability of process sulfur to poison catalytic coking,

carburization, and dusting.  The metal screens, therefore, carburize and are

more sensitive to wasting by intergranular oxidation (a type of corrosion)

10 during regeneration. The screen openings enlarge and holes develop.

If used to treat screens in conventional reformixig, a chrbrhe-based
passivation layer would likely be more desirable than one which is tin-based,
as such a layer should withstand catalyst regeneration in air and redispersion
with chlorides. Chromium would likely be more robust than tin under such

15 conditions. In this regard, tests suggest that a chrome plating is more ‘
resistant to metal migmtioﬁ (loss) during rejuvenation, and a chrome plating
would be harder making it less likely to rub off during catalyst loading.

Accordingly, the technology associated with the present invention

would be useful in any hydrocarbon conversion process where it becomes

20 desirable to reduce the amount of sulfur and/or water, present e.g., in the
feed or injected separately, to levels less than those conventionally used. In
this regard, if the technology of the invention is applied to-other chemical
and petrochemical processes, "low-sulfur® will be a level of sulfur less than

_ that found in a conventional feed or reactor system during processing for a

25  particular process (¢.g., steps have been taken to lower the levels of sulfur in
the feed or reactor system, or no.or little sulfur is added during the process.
The technology of the present invention could provide means for lowering
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20 does not generally adhere well to steel. Peeling and fl aking of the
copper is observed. However, if the steel surface is first coated with
tin, then the " copper plate will adhere well to the coating, . and
provi de additi onal protection to the netal surface. In essence, the
resulting stannide | ayer .functions as a glue which adheres the copper

plate to the underlying steel. _ . . .
- 20 - Form ng a prot ective Igger according to the invention

wil | depend on tenperature treatnent ter application of the

af or errpnt | oned thﬁlg c%@g &f*k%h proce&% ,u\rvﬁlc?lfcosgewet}gsb?evlous?y inflated due

to the presence of sulfur and/or water; as well as ameans to provide
significant improvements in catalyst performance as sulfur tends to poison or
deactivate most all catalysts to some degree. Likewise, the technology

5 associated with the invention would be useful in Mws where
carburization, coking and/or metal dusting problems exist now, and new
techniques are needed to effectively address those problems.

Examples of processes where the technology associated with the
invention could potentially be useful include, but are not limited 'to,

10 nonoxidative and oxidative dehydrogenation of hydrocarbons to olefins and
dienes, dehydrogenation of ethylbenzene to styrene, conversion of light
liydrocmbons (i.e., C;-C;, preferably C,-C,) to aromatics, transalkylation of
toluene to benzene and xylenes, dealkylation of alkylaromatics to ardmatics,
alkylation of aromatics to alkylaromatics, production of fuels and chemicals -

15 from H, and CO (e.g., the Fischer-Tropsch ﬁmcess), steam reforming of
hydrocarbons to H, and CO, the production of diphenylamine from aniline,
methanol alkylation of toluene to xyleﬁes, and dehydroge?ation of isopropyl
alcohol to acetone. Technical details regarding the aforementioned processes
can be found in Kirk-Othmer — Encyclopedia of Chemical Technology,

20 ‘Third Edmon, 1978, the contents of which is hereby 1ncorporated by
reference.

Preferred processes in which the technology of ﬁxe invention can bé
_useful include the conversion of light hydrocarbons to aromatics, production
of fuels and chemicals from H, and CO, and steam reforming of
25  hydrocarbons to H, and CO.

Looking again to hydrodeakylation processes, other techniques can
also be used to address the problems associated with carburization,

s —
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Taki ng_the application of tin as an exanple, N 3Sn, Ni3Sn2, and 5 Ni 3Sn4
can all be expected in nickel-rich systens, and Fe3Sn, Fe3Sn2, and

FeSn in iron-rich systens. Under tenperature exposures of from about 925

to 1200[err]F, one can expect an X3Sn2 solid solution on stainless steels.
On ni ckel -free steels there is observed Fe3Sn2 overlain by FeSn. Bel ow
925[err] F one can expect FeSn2 but not Fe3Sn2. On stainless steels
there is observed 10 FeSn overlain by FeSn2 overlain by N 3Sn4. At high
tenperatures, e.g., 1600[err]F, there can "8 ¥ ound (Ni , Fe) 3Snand

(Ni, Fe)3Sn2 on stainless steel _dnetind U <40 Al : ' on .
ni ckel -free st eng‘bflh'gﬁnzeﬁgS&&?ﬁ% -délsgxllé)'f hrglggr@ Sghsqtdaxgl/é:ghi)u?l&lxor%\ﬂ_tb%ﬁ al | oy
overlain by the pppropfiateandisrisl aldctid®ifer the reactor system. Préfértedf fromedinong
enbodi ment of the invention uses a reactor system 15 including a stainless

st eel -portion, teshniquesisi the additipn of nan-sylfurs anti-carbyriziag asd; t i on

Hlec
with a stannide t ' f le O |.C, &, .l
t he stainless st %ﬁ%@k?ﬁgﬁh@?#{%&%&?@gﬁmﬁnﬁﬁé (§)'t ec elkégée?\ay%arn i's
anCEored to tlge Féaegecsmml anslyuhﬁnlg@lnomb ingand fundiior o interitdeith tholse
ni ckel - epl eted stainless stee ondi-ng | ayer.  Mor articularly, the
stanni de | ayer 2@8urfaces of thereagtorisysien ‘HW&EGB ti'gﬁgy » 9% AR M3¥ s

‘whil e the interngdi et diit e D angi er
conpri ses st anningg aﬁ%%duassl %Rs. hﬂ&tl\%ﬁ%’ B@E@g%ﬁ’ {oﬁ%ﬁ%g?@?%?%ﬁ%%y ons
are conti nuous aappliedyasca templete coating}ibs asia supplénentito bthet tieatment.upt i on,
fromthe intermedi ate carbide-rich, nickel- _

'While not wishing to be bound by theory, it is believed that these
10 agents interact with the surfaces of the reactor system by decomposition and
surface attack to form iron and/or nickel intermetallic compounds, such as
stannides, antimonides, germanides, bismuthid&, plumbides, arsenides, etc.
Such intermetallic compounds are resistant to carburization, coking and_
dusting and can protect the underlying metallurgy. |

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

 Preferred non-sulfur anti-carburizing and anti-coking agents include
organo-metallic compounds such as organo-tin compounds, organo-antimony
compounds, organo-germanium compounds, organo-bismuth compounds,
organo-arsenic compoun_ds, and orgaﬂ&lud componnds. Suitable
25 organo-lead compounds include tetraethyl and tetramethyl lead. Organo-tin '
compounds such as tetrabutyl tin and trimethyl tin hydride are especially
preferred. | '

———
—
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depl et ed bonding | ayer into the stannide phase, and the stannide inclusions
25 ar'e |likewi se continuous extending fromthe stannide |ayer into the-

i nt er medi at e carbi de-rich, nickel-depleted bonding |ayer. The interface

bet ween the internmedi ate carbide-rich, nickel-depleted bonding | ayer and

t he ni ckel -enriched stannide layer is irregular, but is otherw se
substantially ' - 21 -

Wi thout interruption. The extent to whi ch4lke aforenentioned phases, |ayers
and inclusions develop are a function of the reducing conditions and

tenperat ure at whi chAddisional mﬁcmrganm¢taﬂicammlmn@mmmmmahl ng is

treat ed, ane%d@a%oa lé t nﬁLmt&?e tgt %! Cgap% OStlél’ ?na'nganrégé nt ai ned
carboxylate, palladium neodecanoate, silver neodecanoate,
tetrabutylgermanium, tributylantimony, triphenylanﬁmony; triphenylarsine,

S 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 continuously or
discontinuously with the feed.

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

15 Optimum coating temperatures will depend on the particular
organometailic compound, or the mixtures of compounds if alloys are
desired. Typically, an excess of the organometallic coating agent can be
pulsed into the m: at a high hydrogen flow rate so as to carry the
coating agent throughout the system in a mist. The flow rate can then be

20 reduced to permit the coating metal mist to coat and react with the reactor
surface. Alternatively, the compound can be introduced as a vapor which
decomposes and reacts with the hot walls of the reactor in a reduciﬁg

atmosphere.

As discussed above, hydrodealkylation reactor systems susceptible to
25 carburization, metal-dusting and coking can be treated by application of a
decomposable coating containing a decomposable organometallic tin
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5 . If steel stress relief techniques are used when assenbling a

react or system the production of iron oxides prior to application of.
t he resistant pl ati ng, cladding or coating should be mnimzed. This
can be acconplished by using a nitrogen atnosphere-during steel stress
relief (e.g., at 1650[err]F). In sonme instances applying a
coating of the aforenentioned elenents 10 as netals or reduci bl e oxi des,
will not be particularly preferred. That Lgp.to provi de a good coating
it is necessary that the material be nolten. Unfortunately, sone

metal s such as gedi dreo thoked dréassofithe eedctdiisystem mostisugaepiibleltove mel ting
poi nts which exceed |level s which are practical, or even attai nabl e,

with a particul a?a-fb‘i“%@émﬁf equi pnent or appar atus. In those 15 instances
it is desirable to use conpounds of those el enents which have | ower
mel ting points. For exanple, sulfides of antinony and.

ger mani um have | ower Howeverglst¢hncontral s nott dlways pm'sentr cfhees mayebentitoal s and

can be used to prodqce nti,moni de and ni coatin n steels in
a H[err]-rlch ofPoie @ﬁgdﬁ% TEACIAL P&&R%‘eﬁl“'mwﬁ&féﬂ? Buch

sul fides can gﬁﬁ@dga&ﬂee& sefand formRIRPES Terdidte] ol Gipeceart to

produce anti noni gerrran coat| ngs
the invention is a process which avoids such deposition in hydrodealkylation

reactor systems where tempefatures are not cloSely controlled and exhibit
 areas of high temperature hot spots.

Such a process involves preheating the entire reactor system to a

10 temperature of from 750° to 1150°, preferably 900° to 1100°, and most
preferably about 1050°F, with a hot stream of hydrogen gae. After
preheating, a colder gas stream at a temperature of 400°. to 800°,
preferably 500° to 700°, and most preferably about 550°F, containing a
vaporized drganometallic tin compound and hydrogen gas is introduced into

15 the preheated reactor system. This gas mixture is introduced upstream and
can provide a decomposition "wave” which ‘travels throughout the entire
reactor system. | '

_ Essentially this process works because the hot hydrogen gas pfoduces
a uniformly heated surface which w111 decompose the colder brganometalﬁc
20 gas as it travels as a wave throughout the reactor system. The colder gas
containing the organometallic tin compound will decompose on the hot
surface and coat the surface. The organometallic tin vapor will continue to
‘move as a wave to treat the hotter surfaces downstream in the reactor
system. Thereby, the entire reactor system can have a uniform coating of
‘25 the orgenometallic- tin compound. It may also be desirable to conduct
several of these hot-cold temperature cycles to ensure that the entire reactor
system has been uniformly coated with the organometallic tin compound.
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at significant l-y | ower tehperatures than those required for the netals.

Test s have shown that antinoni de coatings can be applied to 300 series
st ai nl ess steel and I NCOLOY 800 using Sb[err]S[err] powder .at
1030[err]F in 20 hours of 25 curing under an atnosphere of 7% Clerr]Herr]
in Herr]. Also, tests have shown that ger mani de coatings can be
“applied to | NCOLOY 800 using GeS[err] powder at 1150F under the sane
condi ti ons. -43 - - 22 -

Where practical, it is preferred that the resistant materials be applied
in a paint-like fornmipy bgin(d) giozé BempRie- uﬁuvrsﬁnd)ngb@me@eeyeﬂfd@abﬂreng ,
react or system Such a paint can be sprayed, brushed, pigged, etc. on
react or sys therfollowing examples illustrating) certaia spegts of the mvegts,orsmeqes and

wi I have viscosighyh 1t should be understood, however, that the disclosure is not limited in

any way-to the specific details set forth therein.

5 Comparative Example 1 , .
A thermal hydrodealkylation reactor made of 0.25 inch OD 316 stainless
steel seamless pipe 8.75 inches long was prepared by cleaning the surfaces
of the reactor exposed to the hydrodealkylation reaction with soap and water,
and drying with an organic solvent. The reactor was preheated and '

10 maintained at 1250°F. Toluene at 25 ul/min was fed into the reactor with
hydrogen at 20 cc/min. The reactor pressure was maintained at o
approximately 100 psig. The reactor was completely plugged with coke
formed by carburization when checked after 65.6 hours of operation.

. Comparative Example 2
15 A thermal hydrodealkylation reactor was prepared as described in
Comparative Example 1. The reactor was pretreated and maintained
at 1400°F. Again, toluene at 25 ul/min was fed into the reactor with
hydrogen at 20 cc/min. The reactor pressure was maintained at
apbroximately 100 psig. The reactor was completély plugged with coke due
20 to carburization when checked after 5.7 hours of operation. See Figure 1,
which is a photograph of the reactor partially cut open to show the coke

plug.

Example 1
A thermal hydrodealkylation reactor made of 0.25 inch OD 316

25 stainless steel seamless pipe 8.75 inches long was prepared by cleaning the
surfaces of the reactor exposed to the hydrodealkylation reaction with soap
and water, and drying with an organic solvent. The reactor was then coated
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5 characteristics sufficient to provide a substantially continuous: coating

of - - nmeasur abl e and substantially controll.able thickness.

Chronmium paints are al so especially useful in this invention. The use

~of paints containing chromumhalides is preferred, especially chrom um
chlorides: (CrCl[err] and CrCl[err]). Paints based on chrom um hali des

appear to be 10 self-fluxing and form strongly adherent coatings. One

advant age of the chrom um coatings is that they do not result in
liquid netal enbrittlenent. Chroni unt f4i-nts are preferably reduced at
hi gher terrperatuF)es than tin ., . paints if? order tq pr.oduce netallic :
chrom um cont ai nPXPOBHAE 2P pe end of, thg feactQsy, 8 thg £¥C88S,ar e above

1200[ err], pref ePsﬁ%'y ; Fan@r, | I deaing ~An
-exanpl e of a usefu pga|a{r‘1=ttﬁ‘pv\géu‘fl tdﬂagde)ﬁigﬁdetﬁ&goe#grcgfﬁgéagibﬁ,ugrlamuég the exc(e:s?sd [err]
salt which may oandrthenrredudimg thedtir painti¢oatingiat approxivately 1650F Fofdrer

additives. O her specjfiqg farmnmulatjons, include, finel round CrCl[err] in
90 Wt . gear aPﬁ’P"W‘&Xr hougs. s T8¢, &in| gatpt, used gﬂ\‘d:%g?é IGRQeh Clerr]

et hod of °L§SP}?§8;’°’@" B e B e b e MR ot st
with the steel sGhemical,cCo/, 6 parts isoprapyhalcehal,il4 partsy tin pewder §1-6 anicrons) y
attach the chrom g b 0oLl GmRkiE Bride C35 mesh) and 5% Fe,0, in paint mixture.
| Toluene at 24 pl/min was fed into the reactor with nitrogen at 20 cc/min for
approximately 596 hours of operation at 1400°F. No plugging occurred but

10 operational problems in letdown system caused shutdown.

| Example 2 |
A thermal hydrodealkylation reactor was prepared as described in

Example 1 except that no Fe,O; was used in the paint. Into the reactor
which was maintained at 1250°F and 100 psig, toluene at 25 ul/min and

15 hydrogen at 20 cc/min were introduced for approximately 88 hours of
operation. Then, the temperature was raised to 1400°F. The reaction was
continued until approxlmately 303 hours of operation dccurred. No plugging
of the reactor occurred. '

, Example 3

20 A thermal hydrodealkylation reactor was prepared as described in
Example 1. The reactor was preheated and maintained at a temperature |
of 1400°F. Toluene at 25 xl/min was fed into the reactor with hydrogen at
10 cc/min. The reactor pressure was maintained at approximately. 100 psig.
The reaction was allowed to proceed for at least 597 hours before changmg

25 the feed to n-hexane. No plugging of the reactor occurred during
approximately 600 hours of operation. See Figure 2 which is a photograph
of the reactor cut open to show that no plugging occurred. '

This Sheet Has Been R,

S



exanpl e, the paint can be reduced in Herr] or another suitable gas at

about - -1500F for 1 hours. 25 It is nost preferred that such a
pai nt be a deconposabl e, reactive, _ ti n-containing paint which reduces
to a reactive tin and fornms netallic stannides (e.g., iron stannides
and ni ckel /i;ron stanni des) upon heatlng in a
- 23 - B reduci ng at nosphere (e.g., an atnnsphere cont ai ni ng hydr ogen
and possibly _hydr ocar bons such as carggan nonoxi de, etc.).

Example 4

A thermal hydrodealkylation reactor was prepared as described in -
Example 2. The reactor was preheated and maintained at 1400°F. Toluene
containing 50 ppm CS, at 25 xl/min was fed into the reactor with hydrogen
5 at 10 cc/min. The reaction pressure was maintained at approximately 100
psig. After approximately 44 hours of operation, the amount of CS, in the
toluene feed was reduced to 5 ppm. After approximately 719 hours of
operation, the amount of CS; in the toluene feed, was reduced to 0.5 ppm.
The reactor was not plugged upon reading approximately 1079 hours of
10 operatxon but plugged upon redading approximately 1219 hours of operanon
due to an operatxonal problem in the letdown system.

Example 5
A thermal hydrodealkylation reactor was prepared as described in

Example 2. The reactor was preheated and maintained at

15 approximately 1400°F. Toluene containing 50 ppm CS, at 25 ul/min was
fed into the reactor with hydrogen of 10 cc/min. The reactor pressure was
maintained at approximately 100 psig. The reactor was shut down upon
reaching approximately 695 hours of operation. No plugging occurred.

While the invention has been described above in terms of preferred
20 embodiments, it is to be understood that variations and modifications may be
used as will be appreciated by those skilled in the art. Essentially, theréfore,
 there are many variations and modifications to the above preferred
embodiments which will be r&adily evident to those skilled in the art and-
which are to be considered within the scope of the invention as defined by
25 the following claims.
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It i$ preferred that the aforenentioned paint contain at |east four ==
conponents (or their functional eqU|vaI% 's); (i) a hydrogen deconposable

5 tin conpound, (ii) a solvent system i1i) a finely divi ]
and (iv) tin oxide as a reduci bl e sponge/ di spe m ﬂnt T e
pai nt shoul d contain finely divided solids to Lﬂunﬂﬂﬂl uﬂﬂmﬁﬂ and
shoul d not contain non-reactive materials which*wifl 'preévert reaction
of reactdmﬁ\&én W th surfaces of the reactor system 10 As
the h d-egeﬁ—deconposable tin compound, tin octanoate or . neodecanoat e

I S partlcularly useful . Commercial fornmulations of this conmpound

itself are avail aBl emaftiod Iﬁoparthrbﬁa@%knhatmngalﬁoshvdrfdealkylatj?le
chewl NgngHPLELEShAYES el iJuréaces i Agl ayer rag

and/ or sgllt P? pro%ggfsl??ep§é eré@% %H? any coa I ng %ﬁ? ﬁon tséd

in 15 tHY@rEGRFé%V]-Bé‘é&@serﬁP%CF@rcéY@é?%bVéthhét Q%iéb‘ébm%’ﬁltprat Fesdistant

be StOf@SmPOSLtﬁeh ”EﬁBh%ﬂ%Y(Hoﬁﬁhéffﬁén?Qid“h&BrB&QEBgﬁn1nAEQQd'ﬂi%?ﬁ
are coated prior tQ assenply they nust be resistant to chipping during
constr uEFF8E°rA§YﬁBFEdWlth %}%ﬁeﬁ i $RARE a'-i%‘é’tf@d?%lEV&PFéBPeC@BﬁlﬁérlGnﬁ 1y,

It is reasonably priced, and wi || deconpose snoothly to a reactive tin

ggg[ererw]“;h 207 ™2 h2En3bPRRER dithe? B E1a090 T Hhn S TRE TdLtiAE 120 T
‘comprises applylng a coating or film of a carburlzatlon resistant
composition to a surface of the reactor systen susceptlble to

carburization under hydrodealkylation conditions.

3. A method according to claims 1 and 2, wherein the

carburization resistant composition comprises aluminum, antimony,

- arsenic, bismuth, brass, chromium, copper, germanium, indium, lead,

selenium, tellurium, tin or intermetallic compounds ‘or alloys
thereof. ' '

4. A method according to claims 1-3, wherein the coating or
film is provided as a plating, cladding, paint or other coating, to
a base construction material. )

5. A method according to claim 4, wherein the coating or
film is provided as a plating, cladding, paint or other coating, to
a base construction material, to a thickness of between 0.5 mils &

15 mils. ' '

6. A method according to claim 5, wherein the coating or
film is provided as a plating, cl\adding, paint or other coating,
to a base construction material, to a thickness of between 2 and
8 mils. o

7. A method according to claims 1-6, wherein the .
carburization resistant composition contains tin.
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Tin octanoate should not be used alone in a paint srnce it is not
sufsficiently viscous. Even when the solvent is evapﬂlmml mﬂ)m“)“ t he
remaining liquid will drip and run on the coated su for
exanple, if such were used to coat a horiZdtal tube’ it woul"d pfooF at the
25 bottom of the tube.

24 - + Conponent (iv), the tin oxide sponge/dlsper5|ng/blndlng
agent, is a orous tin-containing compound whi ch can sponge-up an
organo-netal 8t c tanethOdcéﬁﬁE@lﬁ'ﬁ‘d-ngyép sligimspd ved WheEr ein &n iarganetin,

t he redysmnguataPsPAREE-chPburiziagdhhliodntilBoRXhgeagdnt PEs %&&@&S@Q the

collojd mll to produce ver
t hr OUQ}L adrc:carloon. . P y

9. A method according to claims 1-8, wherein a portion of
the reactor system is exposed to temperatures of between 700°F and
1800°F.

10. A method according to claim 9, wherein a portion of the
reactor system is exposed to temperatures of at least 900°F.

11. A method according to claims 1—10,. wherein said
hydrocarbon 'is toluene, m-xylene, o-xylene, p-xylene, mixed
xylenes, ethyl benzehe, propyl benzene, butyl benzene and other C,~

. Cip alkyl benzenes, or comprises an alkyl-substituted benzene.

12. A method according to claim 11, wherein said hydrocarbon

is toluene.

- 13. A method accordlng to claims 1-12, wherein céntactlﬁg
step (ii) is carried out under low sulfur levels which do not
exceed 100 ppm. ’

14. A method according to claim 13, wherein contacting step
(ii) is carried out under low sulfur levels of 50 ppm or less.

15. A method according to claims 1-14, wherein treating step
(i) comprises providing a carburization and abrasion resistant
protective layer to a steel portion of a hydrodealkylation reactor
system by (a) applying to the steel portion a metal plating,
cladding or other coating' of a metal effective for forming a
carburization resistant protective layer, to a thickness effective
to isolate the steel portion from hydrocarbons during operation
while avoiding any substantial liquid metal embrittlement, and (b)

-
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5 fine.particles which resist rapid settling. The additionm of—timoxide

Wil provi de a paint which becones dry to the t m '
runni ng. _ Unl i ke typical patag-thi ckeneﬁm ummmam,ﬂm) IS
sel ected such that it beconmes a reactive part of*the coat'i n§ when

reduced. It is not inert I.ike formed silica; a typical paint thickener
whi ch woul d | eave an unreactive 10 surface coating after treatnent.

Finel y 8pP%RiBd the pratactiserpausat, @nahered tey g5epdspPEtipa through

netal | i gnt iRcésmaydhtabbarbedeeasicnVidonhdlifg Sdfsce to be coated.at as |ow
a tenperature as possible, even in a non-reduci ng at nosphere. The

particle size of the tinis preferably one to five mcrons which
al l ows excelfent ASmethuer agedddidte tsarébsimt a5he commdreih indg hfbiiingt ahe

Non- r educi ondi tj ons can_occur during drying of the_paint an
vel di ngp’(S?Q%‘Fgév?oi REST e orﬁﬁeséﬂcetlb? nﬁ’%ﬂa?i CP?F%18H5'U#:§§°H$§{ &fen
when paittefnédbateatangide-path, nickedipldepdletgddoreiingiphaseal will be

present to react and formthe desired st anni de | ayer. 20 The

sol vent should be non-toxic, and effective for rendering the paint
17. A method according to <claims 1-16, wherein the

carburization resistant composition is applied as a paint.

18. A method for increasing the carburization and
embrittlement resistance of a center pipe screen of a conventional
reforming reactor system comprising applying a plating, cladding or
coating to the screen of a matef:ial selected from the group of
copper, tin, arsenic, antimony, germanium, gallium, indium,
selenium, tellurium, brass, lead, bismuth, chromium, intermetallic
compounds thereof and alloys thereof. ' '

'19. A méthod for increasing the carburization and
embrittlement resistance of a center pipe screen accordiné'. to claim
18, comprising applying a plating, cladding or coating of a chrome-
based passivation layer to the s.creen sufficient to increase the
carburization and embrittlement resistances to levels greatér than
those of mild steel. .

20. A method for. increasing +the carburization and
embrittlement resistance of a center pipe screen according to claim

19, comprising applying a chrome plating to the screen.

21. A low-sulfur hydrocarbon conversion process .comprising:

(1) providing a carburization and abrasion resistant
protective layer to a steel portion of a reactor system by .(a)
applying to the steel portion a metal plating, cladding or other
coating, of a metal effective for forming a carburization resistant
protective layer, to a thickness effective to isolate the steel

e
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-sprayabje and. spreadabl e when desired. -1t should
hawe conpati bl e sol vent properties for the hydrog
conmpound. |sopropyl alcohol is nost preferyed, whi

alBane ARG AL E GUiTkly and
NI ..

.can be useful, if necessary. Acetone, howeVer, tends to precipitate organic
25 tin conpounds. _ - 25 -
In one enbodi nent, there can be used a tin paint of 20 percent Tin

TenaCerde&rai ﬁo%%yaﬂp&ar&bgﬁnmrﬂn@am?'&j:bmctvm”iﬂ.ia: acoflddong any
neodecanqat.e in. neodecanoi.c acid), stann xide, tin.me p er_an
i soproﬁﬂ%sa?acfb%?nf df]'%uld I_E‘Et?‘%’-oné%%éll’#glbg?ﬁﬁgfi va'Bai L?L afc\ép%lrrg ﬁ;sré? ul

in the

pransstsieee of layer, anchored to the steel portion through an
intermediate carbide-rich bonding layer; and
(ii) converting hydrocarbons in the reactor systemn.

22. A process according to claim 21 comprising providing a
carburization and abrasion resistant protective layer to a furnace

tube.

23. A process according'to claims 21-22 comprising applying
the metal to a thickness of between 0.5 to 15 mils.

. 24. A process according to claim 23 comprising applying the
metal to a thickness of between 2 and 8 mils. i

25. *A process according to claims 21—24, wherein the
protective layer is anchored to the steel portion through an
intermediate carbide-rich, nickel-depleted bonding phase.

26. A process according to claims 21-25, wherein the process
is selected from the Qroup of nonoxidative and oxidative.
dehjdrogenatidn of 'hydrocarbons to olefins and dienes,
dehydrogenation of ethylbenzene to styrene, conversion of'light
hydrocarbons to aromatics, transalkylation of toluene to benzene
and xylenes, dealkylation of ' alkylaromatics to aromatics,
alkylation of aromatics to alkylaromatics, production of fuels and

.chemicals from H, and CO, steam reforming of hydrocarbons to H, and

Co, the prbduction of diphenylamine from aniline, methanol
alkylation of toluene to xylenes, and dehydrogenation of isopropyl
alcohol to acetone. : '

27. A process according to claims 21-26, wherein the metal is
applied as a plating, cladding or other coating comprising at least
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i nvention. Such an iron bearing reactive paint w n

Uhird e/ sn by mergnt, o emtrom hes b o on MINMEUR AR <o <

be in the formof Fe[err](err]. The 10 _additi on of iYof t8 a’tih

cont ai ni ng paint shoul d.afford noteworthy advant ages; in particular
(i) it should facilitate the reaction of the paint to formiron

st anni deset hetebyiAcha hgrasrapbruion(seélectedhfidm thd Wreugheonsdeting of
concentraEi.on in the st.annide Ia,%{gr t her eby gll[‘ovi di ng be?1 er_protectian
agai nst 2NCIMOBLY; ALSEINE 1 | F1F0YE & \oOPRET sttt OFAYE 7 pdfht LHRY c HEARASHYR,
t he ant in@dkinng 182dyr ctedcdn um pf tel bur stmpntilesardeniktutrbs thdeebyi.ng
surface does not react wel | . In addition to applied

t hi ckness, viscosity and other properties of the  .paint are inportant.
The viscosit 28shodl priocesns Radending fmiglaiomiR heomprisdag lappdpplie card
that it rip dug-t ify, : DAl shauld 0
dr yabl esg%‘%g,g%%ﬁié’g‘ t??ﬁ(")lcekcgraeactor%ﬁ%gcées?h;?ﬁlé&tﬂhﬁ%ﬁﬁggg g? . t(’ilﬂt&hé-,l%e :
pai nt afhEPmAPpcentadM Kb RaLMe- bet ween 0.5 and 15 mils, preferably
between 1 and 10 mls, and nore preferably between 2 and 8 mls.

The netallic coatings and, in particular, the paints, are preferably
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pr'oduégd under reducing conditions with hydrogen. curi hg is pref e'rably 25
done in the absence of hydrocarbons. Wien tin paints are applied at the.

above-descri bed t hi cknesses, initial reduction conditions will result in
tin - mgrating to cover small regions (e.g., welds) which were not

pai nted. This - 26 -
w Il conpletely coat the base netal. This curing results, for exanple, in a

strong protective layer preferably bet weens¥=5 and 10 mils thick, and nore.
preferably between 1 and 4 mls_thick conprising inter rret allic corrpounds
In the case of tin, stannide | ARSIRACKOETHE BISGLASUREe| st annides are

5 forned. Mcroscopl ie:ﬁx@ﬂl £?gﬂ% ness of this
layer. For ease of maasureman% él nt an gﬁngeﬁ‘ﬁ?‘lg%ge% gcoupons can

hydrodealkylating a hydrod&.lkylatable hydrocarbon, even in the substantial
absence of added sulfur.
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be preepared which correspond to the palnted reactor surface. These can be
treated under identical conditions to the reactor systemtreatnent. The
coupons can be used to determ ne paint and coating thickness. 10

For tin-containing paints, it is preferable to initially cure the paint at
tenperatures bel ow typical operating tenperatures for hydrodeakyl ati on.
Curing tenperatures between 500 and 1100[err]F, preferably between 900

and 1000[err]F (especially for oxide-containing paints), provide a
carburization- resistant coating that mnimzes the incorporation of
chromumin the 15 stannide coating (which is undesirable).

As an exanple of a suitable paint cure, the systemincluding painted
portions can be pressurized with N2, followed by the addition of H2 to a
concentration greater than or equal to 50% H2. The reactor inlet
tenperature can be raised to 800F at a rate of 50-100[err]F/ hr. Thereafter
the 20 tenperature can be raised to a | evel of 950-975F at a rate of

50F/ hr, and held within that range for about 48 hours. Curing can al so
be achieved in pure Herr] at 1000[err]F to 1200[err]F for 2-24 hours.

FIG.
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 BACKGR F THE INVENTI

The present invention relates to an improved technique for the
hydrodealkylation of a hydrodealkylatable hydrocarbon, particularly under
conditions of low sulfur, which minimizes carburization thus preventing
premature plant shut-downs. '
10 The hydrodealkylation of hydrodealkylatable hydrocarbons such as
alkyl aromatics has been practiced for many years. The principal processes
involve the conversion of toluene and like alkyl-substituted benzenes to
benzene and various byproducts. Such processes are either catalytic or
non-catalytic in nature. The catalytic processes employ one or more
catalysts that promote the conversion of the alkyl aromatic compounds to
benzene and the remaining alkyl. The non-catalytic processes typically
employ heat and pressure to promote the conversion of the alkyl aromatic

compounds to benzene and the remaining alkyl.

Some conventional catalytic hydrodealkylation processes employ
20 Group VIII metals such as Rh and Pt supported on an alumina support. For
example, Kovach et al., in U.S. Patent No. 3,700,745, describes a
hydrodealkylation process which includes contacting an alkyl aromatic
hydrocarbon with a catalyst including an active Group VIII metal, such as,
platinum, rhodium, palladium, ruthenium and nickel. Other catalytic
25 hydrodealkylation processes employ chromia type catalysts deposited on an
alumina support. For example, Daly et al., in U.S. Patent No. 4,451,687,

discloses a catalyst for the hydrodealkylation of alkylaromatic compounds
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abundance in each stanni de phase. Exposure to even hi gher -t enperatures,
F.e., one week at 650[err]F followed by one week at 1000F and one week at
1200[ err] F, showed a reconstitution of the stannide |ayer and carbide-rich
under | ayer, to produce potentially reactive nickel-rich stannides,
particularly on 10 the surface of the protective layer. In this regard, it
I's believed that I nclusion of iron, for exanple, in a paint
fornul ati on can be an effective count eryneasure when curing at high

t enper at ur es. The netal or netal conpounds contained in the

pl ating, cladding . s [ I >f I tafyt ?g,dﬂ&?[ lati
condi tions effect Fgéﬁnén%?@g@?éoﬁgﬁ%wgﬁfmfs%n /c\ér cg oun s.ky ul.?g,
ger mani um and ant iprooeysep amploy eariations of theedbeve lohtglystsrarcevier completd900[ err ] F

and 1400[err]F. . A _tesi was con ted re u It ed steel
sanpl es where pl adifferent catalysts. o§es, P&W%&éﬁ et @a?egé)ﬁﬁ! a

tin-based paint | gl?g’gl_gsq 595613, 191,632, £863206 Bid §/0s8F7meduction of the
e

pai nt. The unpai nf&d $aml &s weré 20 ’neverthél ess found to have uniform
coatings of protective stannide after reduction. Thus, the

Bl at i ngs, ol addi ngs. or Th6SeRNGE PoSses, BovEYn MU AT M B gt o
the invention. FogomiarRAlCeonPersRINCAY dlRylrngEd cHifipbinds 46 eikene and the
remaining alkyl. In particular, the activity, selectivity and conversion rate
of such catalysts are not always suitable for large scale hydrodealkylation at
the temperatures and pressures suitably employed. If the reaction

10 temperature or pressure is increased, side reactions such as hydrocracking-of

the aromatic ring is promoted.

Furthermore, some catalysts tend to deactivate with use, presumably
due to coke formation on the catalyst surface. In this-regard, -it is believed
that active sites promote polymerization of either hydrogenolysis products or

15 aromatic hydrocarbons resulting in hydrocarbon condensation on the catalyst
surface. Under the conditions of the process, these condensed species are
dehydrogenated forming coke. The result of these reactions is a reduction in
activity of the catalyst since the coke is strongly adsorbed onto the sites
which promote dealkylation. In other words, this coke or carbon build-up

20 either blocks or poisons the active catalyst sites causing deactivation. See
U.S. Patent No. 4,451,687.

Additionally, some catalysts tend to deactivate with use, due to the
presence of sulfur and in particular thiophene sulfur in the process feed.
Thus, catalysts such as certain noble metal catalysts deactivate over time due

25 to the presence of sulfur in the feed. These catalysts must be replaced or
regenerated when sulfur reduces the activation to an extent low enough to
prevent suitable conversion of the feed.
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ant i'rmny- based, germani umbased, etc., coating can be formed by injecting
25 a fine powder of the netal, netal oxide, or other reactive conpound of

t he nmetal, in a reducing gas stream containing H2 and possibly

hydr ocar bons. Because of the migration characteristics of these
netals, they will allow a fine mst of reactive liquid netal to react
W th exposed steel surfaces. In

- 28 - usi ng the touch-up technique, f‘t al yst beds shoul d be renoved
or ot herw se protected. It follows that?the above-descri bed techni gue

coulhd be used to Pn%\élwdgf &r |(gsaraal re%tagscotcka tﬂtu'@l%sng wfal%
hydrodealkylation processes, non-catalytic hydrodealkylation processes have
been developed. Mainly, such processes employ the use of heat and
_ pressure to convert alkylaromatic compounds to benzene and the
5 disassociated alkyl compounds.

Button et al., in U.S. Patent No. 3,607,960, and Loboda, in U.S.
Patent No. 4,058,452, disclose processes for the thermal hydrodealkylation
of an alkyl aromatic, such as toluene, to produce benzene. Both processes
include subjecting a gaseous mixture of at least one alkyl aromatic compound
10 and hydrogen in a reaction zone to a reaction temperature in the range of
about 1000 to 1800° F and removing benzene from the effluent. Other
patents which disclose the thermal dealkylation of hydrodealkylatable
hydrocarbons include U.S. Patents 2,929,775, 3,160,671, and 3,284,526.

Thermal hydrodealkylation processes ameliorate the disadvantages
15 . associated with the above-mentioned catalytic hydrodealkylation proéesses in
that they do not employ the use of catalysts which are susceptible to
deactivation. However, due to the use of high temperatures and pressures
which are required for the conversion of alkyl aromatic compounds in the
absence of a suitable catalyst, such processes have their own inherent
20 problems.

SUMMARY OF THE INVENTION
With conventional hydrodealkylation techniques, added sulfur
effectively inhibits carburization. Somehow, the sulfur interferes with the
carburization reaction. But with low sulfur systems or with sulfur outages,
25 this inherent protection no longer exists especially when the system is
exposed to high temperatures such as in thermal hydrodealkylation.
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Ti.n derived coking and carburization protection of steel can also be 5
applied, re-applied and/or touched-up by using tin halides at el evated
tenperatures, preferably touch-up of coated steel. Tin nmetal reacts with,

for exanple, HO to formvolatile tin chlorides which di sperse over
steel and react to formprotective iron/nickel stannides. Tin

vol atil es can be controll ed by varying tenperature and halide

conposi tion. 10 The technol ogy assogciated with the invention can
al so be used for retrofitting previously carburized systems For

exanpl e, one of the e ' 1 e e fornmed on
a p;ne)vi ously carburize eﬁ;&ﬁmﬁ %%éég%g éﬁﬁﬁ%%ﬁﬁoég%cgé;f G Fon é)echni que

such as cheni cal saberdization@fisystem, metallurgg] and neplb usthey. | Yhep embiittlenenbpf
applying a paint of one or nore of, the 15 materials described herein.

In retrofitting athg mmwmmlw%%@e@h@smwﬁ » fdeleaseeof
shoul d have a the

shoul d be abl'e &Q%\Aﬁa%ﬁwhﬁcﬁéesr mall{l&ﬁlt&%b é@%@g t({%{npg}eorsa ure
cycl : ng, S(r)] the the méwemmdesﬁ@%;meabﬂus&nﬁslaldﬂd activéhmetmlowul opet Cdleteba%e I
netal to the environnent In addition, t ayer, shou ve g therma
conductivity near%rsygﬁ@«é"m%ﬁgu"“ %ﬂ&l ?”iﬁﬁ%‘oé;’é ke formatiog in

mai ntain effici en&leggagmt.ransf er. The I ayer

Coking is generally not a problem which must be addressed in

hydrodealkylation processes, but this significant source of coke formation

10 due to the absence of sulfur in reactor feedstreams excessively-aggravates the
problem. In fact, active metal particulates in coke particles metastasize coke
generally throughout the system. That is, the active metal particulates
actually induce coke formation on themselves and anywhere that the particles
accumulate in the system resulting in coke plugs and hotregions of

15 exothermic reactions. As a result, a premature coke-plugging of the Teactor
system occurs which can lead to a premature shut-down of the systerh.

One solution to the problem associated with carburization,
embrittlement, and mctal-dustirig is to add sulfur to the feed to thereby
effectively inhibit carburization. However, the addition of sulfur increases

" 20 production cost and process complexity. Moreover, sulfur usage has
inherent environmental and safety hazards which are preferably avoided.
Moreover, at high temperatures coking and carburization will still occur
even when sulfur is added to the feed.

Consequently, there remains a need in the art for improved processes
25 for the hydrodealkylation of hydrodealkylatable compounds with reduced
carburization, especially in the absence of, or at low levels of, sulfur. Such
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-shoul d not degrade in the environnent nor in the oxidizing environnent
‘associ ated with comon catal yst regeneration (coke burn-off), nor cause
.degradation of the hydrocarbons thensel ves. 25 Before retrofitting
by creating the protective |ayer, coke should be renoved fromthe
surface of the base netal as it may interfere with the
- 29 - reacti on between the protective |ayer and the base netal. A
nunber of cl eani ng techni ques are possible including (i) oxidizing the
metal surface, (ii) oxidizing the netalgsurface and chemcally
cleaning, (iii) oxidizing the netal

a method would include means for inhibiting the undesirable catalytic activity

which causes carburization of system metal.

Accordingly, one object of the invention is to provide the technical
background necessary for solutions to the problems associated with coking,

S carburization, and metal-dusting. In particular, the discovery of the
mechanisms involved with carburization and metal-dusting which lead to
premature coke-plugging allows those skilled in the art to formulate solutions
to the problems. |

Another object of this invention is to provide a method for inhibiting
10 carburization and metal-dusting in a process for thermally dealkylating a
hydrodealkylatable hydrocarbon. The process includes pretreating surfaces
exposed to the dealkylation atmosphere to form a protective layer which is
more resistant to embrittlement, carburization and metal-dusting than the
materials conventionally used to manufacture the reactor system.

15 The use of the process of the present invention allows for the
dealkylation of hydtod&lliylaﬁble hydrocarbons especially in the absence of
sulfur. Thus, an advantage of the method for inhibiting carburization
includes the lack of a need for the addition of sulfur to hydrocarbon feeds
and any recycle streams. In addition, hydrocarbon feeds having a low sulfur

20 content may be used.

More preferably, the invention relates to a method for thermally
hydrodealkylating hydrocarbons comprising contacting the hydrocarbons with
hydrogen in a reactor system having a resistance to carburization and
metal-dusting, which is an improvement over conventional steel reactor

25 systems under conditions of low sulfur.
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?surface, and chem cally cleaning followed by passivation, and (iv)
‘oxidizing 5 the nmetal surface and physically cleaning. Technique (i) is

useful to renove resi dual coke and woul d be acceptable if the oxide
| ayer was thin enough to . allow a protective |layer such as a stannide
| ayer to form properly. The ot her techni ques, therefore, are nore
preferred as they should renove the oxide | ayer to prevent
interference with the formation of an effective protective 10 layer. O
course, conbinations of the aforenentioned t@éaning techniques in . a

particul ar plant, or fqr articular .system. can be ed. Utjmately a
nunber of factors uni qg@oﬁ'@?ﬂ‘f@c 8* eﬂ¥9p05|1 ﬁ.pdeérprg tén? S0 s¥§te¥‘eactor
geonetry, wll di ghidhepreténts Bmbeifilement. Preventing embriftidafint Bighfithhdy | y usef ul
met hod for applying protective |ayers of 15 carburization resistant

materials i s chenresthices meotal-dustingsand; eoking' in\the yeactor systempand prrmidsies can be
used in new or existi | ants. CVD d.b ted. GUI eful _in
exi sti _ngl pl ant's V\HB?IEE%E ﬁ%ﬁ%@%{%ﬂﬂ&@g b&gv?weggg%’ M&E’F %‘J‘ Toy may

i npossi bl e. 5 be used duri dtb@éaliedation) ekeeially G eheritidD hydrodeARglatied ngan
organonetal lic 20 corrpo‘tlm lg’c;)nt ai hing one or rrgre of theyprot e]g{liave

mat eri al s descri bprpeesses, dllowing foringreased: prgduction. hydr ogen/ i nert gas
m xture. Exanples of such

Even another preferred embodiment relates to the discovery that

simply providing a protective plating, cladding or other coating such as a
paint, to a reactor system will not necessarily be sufficient to completely

10 address the aforementioned problems. Such a protective layer must be of
sufficient thickness to provide a complete, uninterrupted coating of the
underlying base metal, and it must remain complete over time. Even minor
imperfections, pinholes or other flaws in the protective layer can provide
destructive carburization sites sufficient to shut-down operation.

15 - An effective protective layer must resist deleterious chemical |
alteration, as well as peeling and/or splitting. Additionally, it has been
found that any protective layer must be applied to a thickness sufficient to
completely cover the surface to be protected, and must maintain its integrity
through operation. As such, the protective layer must be sufficiently

20 abrasion resistant during catalyst loading, start-up and operation.

According to this preferred embodiment there is used an intermediate
| bonding layer which anchors the protective layer to the steel substrate to be
protected. In this regard, the reactor system comprises a steel portion
having provided thereon a protective layer to isolate the steel portion from
25 hydrocarbons, preferably a stannide layer, applied to a thickness effective for
completely isolating the steel portion from the hydrocarbon environment,
while avoiding any substantial liquid metal embrittlement. The protective
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.organonetal | i ¢ conmpounds incl ude copper naphthenate, tetranethyl tin,
‘tetrabutyl tin, triphenyl arsine, tributylantinony, bisnmuth neodecanoate,
and chrom um octoate. The saturate gas should be heated so the
organonetal lic 25 conpound will deconpose on the base material. This
approach woul d work particularly well in a tenperature controlled
furnace. The optinum conditions for the deconposition reaction wl|l
depend on the particul ar organonet al | i g, conpound used.

- 30 - Yet anot her neans for preventing carburization, coking,

motal " coari VeSS Annordh o0 TR LR S GHAE MIRNEN Aol Babflagt, '
reactor system (relai¥é s theRidetlyingatéel)y Sonding s inahe ease dfa saimlésssed of

tin, antinmony, 5 germanium bjsnuth or arsenic. Tin is e&)em ally
pr eferred. ‘These Mtﬂlhggte, an intermediate Catblde-nch, kael“deple (relatlve to the

underlying steel) bonding layer.

S In the case of a stannide outer protective layer and a stainless steel
substrate, the stannide layer is nickel-enriched and comprises carbide
inclusions, while the intermediate carbide-rich, nickel-depleted bonding layer
comprises stannide inclusions. Preferably the carbide inclusions are
continuous extensions or projections of the bonding layer as they extend,

10 substantially without interruption, from the intermediate carbide-rich, nickel-
depleted bonding layer into the stannide phase, and the stannide inclusions
are likewise continuous extending from the stannide layer into the
intermediate carbide-rich, nickel-depleted bonding layer. The
aforementioned presence of carbide inclusions in the stannide layer, and

15 stannide inclusions in the intermediate carbide-rich, nickel-depleted bonding
layer, provide improved anchoring. of the protective layer thereby inérdasing
abrasion resistance. The interface between the intermediate carbide-rich,
bonding layer and the nickel-enriched stannide layer is irregular, but is
otherwise substantially without interruption.

20 Although there is a need to ensure a complete coating of the
underlying base metal to be protected, applying excessive amounts or
thicknesses of the material used to form the protective layer must also be
avoided. If the layer is too thick, for example, where the alloying materials
of a paint have locally pooled prior to curing, liquid metal embrittlement can

25 occur. The problem of liquid metal embrittlement is essentially one of
eating through the metal with alloying materials (such as tin or germanium)
which are extremely corrosive to steel under reducing conditions to the point
where, again, the metallurgy fails.
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or claddi hgs may be applied by methods including electroplating, vapor
depositing, and soaking of the chromumrich steel in a nolten netal bath.
It is believed that in hydrodeal kyl ati on reactor systens where
carburization, coking, and netal -dusting are particularly problematic, the
10 coating of the chrom umrich, nickel-containing steels with a |ayer of

tinin effect creates a double protective |layer. There results an
i nner chrom um rich and nickel poor.|aygr which is resistant to
carburization, coking, and nmet al - dusting and an outer stannide |ayer

which is also resistantsddtionally, aHab bebd fdundthat (elthinGprafedredRioatinglUsrei NY.
This occurs because when the tfh 15 coated chromumtrich steel Ts exposed

to typical hydr odsulfiaytolaransy forkéxample, m@@nrb@s&pm@spvsmma@mplmmt

ni okel St anni des. R EPBL I oT Bipactfe Ye(h simipp?ff ool B DETBAL I o1,

the surface of 't hendidlRepy Iﬁauwﬁnﬂwweloﬁod anEimprove prodiictvalues and waetd
| ayer. In somne |nstances it may be desirable to renove the iron nickel 20

stanni de | ayer ¥ r disposad dymmdmd;quw t@@kp@@@%‘eﬁboﬂﬂ@ﬁ%ﬁ&ﬂl ayer,

dd t | t
s ound 1 hat - whERBeraers e KR GRC AR gt spforfovels, un S oFAAGR © !
stainless steel and. kRanekt prefeRBly, mew&srdahﬁotemémermpdchedamoum of

sulfur for a period of at least 200, preferably at least 400, and most
preferably 600 hours without degrading to an extent that carburization will

1

10 occur, resulting in shut-down of the system due to excessive coking.

With the foregoing, as well as other objects, advantages, features and
aspects of the disclosure that will become hereinafter apparent, the nature of
the disclosure may be more clearly understood by reference to the detailed
description and the appended claims.

15 B DESCRIPTT
Figure 1 is a photograph of a comparative thermal hydrodealkylation
reactor which was completely plugged with coke during operation; and
Figure 2 is a photograph of a thermal hydrodealkylation reactor of the
present invention which did not plug during operation.

20 N OF REF EMBODIME
The following description of the method for inhibiting carburization,

the process for thermally hydrodealkylating a hydrocarbon and the reactor
system, are merely illustrative of the preferred embodiments of the present
invention, and they should not be considered as limiting the scope of the

25 invention in any way, as these illustrations and other equivalents thereof will
become more apparent to those versed in the art in light of the present
disclosure, and the accompanying claims.
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chromiumrich, carbide-rich | ayer under .a stanni de |ayer containing about
25 17% chrom um and substantially no nickel, conparable to 430 grade
stai nl ess steel. - 31 -
When applying the tin nmetal coating or cladding to the chromumrich
steel, it may be desirable to vary the thickness of the netal coating or
cladding to achi eve the desired resistance agai nst carburization, coking,
and net al -dusting. This can be done by, e.g., adjusting the anount of
time the 5 chromumrich layer is soaked f1i a nolten tin bath. This will

al so affect the t siaﬁ‘ %éata%%vér@e{pgé%tt&ig%?&%g .v‘iﬁ’gsrai @Qﬂﬁ)ﬁ%% | ayer.

It may al so be desira ope enperature, or to vary
the conposition @fhibitiag carburization in a process for hydrodealkylating a dealkylatable
hydrocarbon. The method includes pretreating surfaces of the reactor system
with a metal which inhibits carburization under dealkylation conditions.
S Optionally, or in the alternative, the hydrodealkylation reactor system is
treated with, or made of a composition which inhibits or reduces

carburization and metal-dusting.

Essentially, the process of hydrodealkylating a dealkylatable
hydrocarbon includes subjecting a gaseous mixture comprising the
10 hydrocarbon and hydrogen in a reactor system at a temperature -sufficient to
-~ - convert the hydrocarbon.to benzene and other by products.

In a preferred embodiment, benzene is produced from alkyl benzenes
such astoluene according to the following-overall reaction:
CHsR;+H, -+ CH+RH
1S where R, is an alkyl group which is removed.

For mixed alkylbenzene feedstocks, R, may coasist of one, two, three
or four methyl groups; combinations of methyl and ethyl groups; or a single
chain alkyl group containing one to four carbons. If the resultant gas is
propane or butane, these compounds may be hydrocracked completely to

20 methane and ethane under certain hydrodealkylation conditions. Substantial
amounts of ethane are also converted to methane so that the process off-gas
consists mainly of hydrogen and methane.

While not wishing to be bound by theory, the reaction mechanisms
believed to occur during the production of benzene from alkyl benzenes are
25  illustrated by the following:
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:chromumrich steel which is coated in order to control the chrom um
reoncentration in the chromumrich | ayer produced. 10 It has
additionally been found that tin-coated steels can be further

protected from carburization, netal-dusting, and coking by a post-treatnent
process which invol ves application of a thin oxide coating, preferably a
chrom um oxi de, such as Cr[err]Jerr]. This coating will be thin, .as thin
as a few [err]m Application of such ajghrom um oxide will protect
alum numas 15 well as tin coated steels, such as Al onized steels, under

I ow sul fur clonReddtioRA: Dealkylation of C, Bé&teend(Multiple Aliyll Groapgyr can be
appl i ed by various nethods i ncluding: application of a chromate or

di chromate paint followed by a reducti on process; vapor treatnment with
an organo-chrom conpound; or 20 applicatiom.of a chromumnetal plating
fol |l oned by oxidati
"Al oni zed" steels
hydr odeal kyl at i OnCHC

of the resulting chr m pl ated steel. '
i & &lﬂg ¥ el§i stant—t—e—e—aﬁburi@-@mu rndeg
wdi ti ons can be rendered fur t redjstaht by

3
(C9 Benzene) (Cg Benzene)
H
| L%
/ i \
Cy + -_\l < 2 (’B—CP% + CH,
(Benzene) (C7 Benzene i.e., Toluené)

II. Reaction B: Dealkylation of Cy Benzene (Single Alkyl Group)

1.
e

- -CH
(Propylbenzene) (Ethylbenzene)
"2
H.
CH ot @ & Q Cl.4
Cl-!3
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! post-treatnent of the aluninum coated steel with a coating of tin. This 25
.results in a steel which is nore carburization resistant since there are
ccumul ative effects of carburization resistance obtained fromboth the

al umi num coating and the tin coating. This post-treatnment affords an

- 32 - addi tional benefit in that it will mend any defects or cracks
i n the al um num e.g., Alonized, coating. Al so, such a post-treatnent
"should result in a | ower cost since a thinner alum num coating can be
applied to the steel surface whi ch is-tld -be post-treated with the tin
coating. Additionally, this 5 post-treatnent will protect the underlying
steel |ayer expos2d by bendi ng of al um ni zed steels, which can
i ntroduce cracks in the alum num | ayer, and expose the steel to

carburization induced under high tenperature conditions.

5 7/ \ -
</_\> + H, > {_ > + CHy-CH,y
_«

“CHa- CH

N . _
/N * 7 @ * CHy-CH-CHy

CHZ—CHZ-CH3

The ultimate products from all of these reactions are essentially benzene and
an aikyl compound. " Typically, under thermal hydrodealkylation conditions,

5 the products from these reactions are essentially benzene and methane, since
the propane and most of the ethane are subsequently cracked to methane

under reaction conditions.

Theoretically, one mole of benzene is formed from each mole of
alkylbenzene that is completely dealkylated, and one mole of hydrogen is
10 consumed for each carbon in the alkyl group removed from the phenyl
radical. However, the dealkylation reaction is not 100% selective, so
products other than benzene may be formed. These other products typically
result from condensation and cracking reactions.

Methane is typically a major byproduct from the hydrodealkylation
15 process. Each methyl group removed during dealkylation results in the
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A so, this post-treatnment process can prevent coke formation on the treated
steel surfaces and al so prevent coke formation that occurs on the bottom of
10 cracks which appear on steels which have been al um ni zed, but not

additionally coated with tin. Whil e not wishing to be bound
by theory, it is believed that the suitability of various materials
can be selected and classified according to their responses to

carburizing atnospheres. For exanple, iron, 2obalt, and 15 nickel form
relatively unstabl e carbides which wll suﬁs1 quent |y carburi ze, coke

and dust. El enent bi Is

nol ybdenum tant a?@ggg%m"?% U%ﬁb‘\'/vm%él} orm ?{lg?éygig?gptgﬂﬁ \MQ?'ch are
hore resistant tohgdrobrackingtdfahe aromidtieorirgy) d Sites thegromiatie mingt strstizd 1ﬁ9ettyl n,
anti nony, gernmani um and bi snmuth_do not formcarwéges r coke. And, 20
these conpounds c&ableeF¥snstibe digh temperturesupsd W?Pithafl@dﬁi&lﬁla&gni PRy,

ni ckel and copper o454 I &%f@? dmb(%gam

ant i noni des and bi smut %(@g‘ﬁﬁ@ﬂﬁ% %%n%(%u ﬂ*ea ?cury, arseni c,

gler mani um i ndSumddaidlnarmetlmsd m?dumd When ﬁmlfmdsmukfcudenmamuhcwe
asore5|stant i na oryo material s i eenents ych as
silver, coppe® ‘g@ﬂ'ﬂfﬁb‘f king £08 WQF%é@ﬁfﬁil §b§| lica and
al um na. Theé&“}mu s?eﬁﬁf'elf?oggl%“ Bl r]and do not for m car bi des, or

react with other metals in car g environment under
hydr odeal kyl ati on condi ti ons.

Hydrocracking reactions are big consumers of hydrogen and also
release large quantities of heat which must be absorbed in a controllable
10 manner. If substantial quantities of paraffins are to be charged; the-thermal
" hydrodealkylation process must be designed to prevent an excessive
temperature increase in the reactor by, for example, using a high recycle gas

flow as a heat sink.

15 By "hydrodealkylatable hydrocarbon,” as used herein, it is meant a
- hydrocarbon that when subjected to hydrodealkylation conditions in the
presence of hydrogen, an alkyl group is removed. The alkyl-substituted
benzenes, for example, toluene, m-xylene, o-xylene, p-xylene, mixed
xylenes, ethyl benzene, propyl benzene, butyl benzene and other C,-C;, alkyl
20 benzenes are of particular interest. The process is particularly suitable for
the hydrodealkylation of toluene to b;.anzene and methane.

By "hydrodealkylation conditions,” as used herein, it is meant
conditions sufficient to convert a hydrodealkylatable hydrocarbon such as an
alkyl-substituted benzene to benzene and the resulting byproducts. Such

25 conditions vary depending on the particular feed and process utilized; -
however, they are well known to those skilled in the art as represented by,
for example, U.S. Patent Nos. 2,929,775, 3,160,671, 3,284,526, 3,291,841,
3,607,960, 3,700,745, 3,835,183, 3,966,833, 4,058,452, 4,189,613,
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- 33 - As di scussed above, the selection of appropriate netals

- which form protective layers resistant to carburization and
nmet al -dusting, and their use to formprotective |ayers on netal
surfaces in the reactor system is one neans for preventing the
probl ens of carburization and netal -dusting. However, 5 carburization and
net al -dusting can be prevalent in a wide variety of netals; and the
nmetals can be nore costly or exotic than copventional materials (e.qg.,

mld steels) used in the construction of reatlor systems Accor di ngly,
It may be desirab ' o] J47%E t ram c
mat eri al s which 043?%53#’ ‘f#ggg%n ‘Erégy-?rbgf‘i}gl C(g} % eint 8 h1°§ ?‘ﬁ Yare
not 10 suscepti b|1ﬁc6t90ﬁ%dhw tefedehed), for at least a portion of the netal
surfaces in the
The process of the present invention is particularly suitable for use
under "hydrodealkylating conditions” exhibiting temperatures of at least
5 about 700°F, more preferably at least about 900°F, and even more
preferably at least about 1100°F.

Most preferably, the process is a thermal process in the absence of a
catalyst. Such a process may exhibit temperatures above about 900°F. Such
a process can exhibit temperatures above about 1100°F and below

10 about 1800°F. At these temperatures, where carburization embrittlement
and metal-dusting are significant problems, the protection of the present
invention is particularly useful. Such processes are disclosed in U.S. Patent
- Nos. 2,929,775, 3,160,671, 3,284,526, 3,291,849, 3,607,960

and 4,058,452, each of which are hereby incorporated by reference.

15 By "low sulfur conditions,” as used herein with respect to
hydrodealkylation processes, it is meant feeds having a sulfur content lower
than about 100 ppm, more preferably, lower than about SO ppm, more
preferably lower than about 10 ppm, and even more preferably lower than
about 5 ppm and even more preferably “sulfur free.” Preferably, "low

20 sulfur conditions™ means sulfur is not added to prevent carburization,
embrittlement and metal-dusting. However, feeds containing suifur
above 100 ppm may be utilized.

By "reactor system," as used herein in connection with
hydrodealkylation, there is intended at least one hydrodealkylation reactor,
25 its corresponding piping, furnaces, furnace tubes, heat exchangers, and the
like. The aforementioned problems with low sulfur hydrodealkylation can be
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‘reactor systenr In choosing the ceramic materials for use in

the process of the present disclosure, it is preferable that the
ceram c material have thermal conductivities about that or exceedi ng
those of materials conventionally used 15 in the construction of

hydr odeal kyl ati on reactor systens. Additionally, the ceram c materials
shoul d have sufficient structural strengths at the t enper at ures which
occur within the hydrodeal kyl ati on reactor .gystem Furt her, the
ceramic materials should be able to withstand thermal shocks and

repeat ed tenper at dffectiiety aditessed 6§ aosemﬁoﬂufhmpdpmpﬁﬁeimmfsytsm afdsi0r 20
system Additionally, the ceram c surface should not be susceptible to

degradation in t héomsamtast svithathe divdrocarhons duBng precessinge x T os; ibyg"suFfacesonment .

The sel ected cerarj tet :5.0. Sho omie: t @g& [ of
the hydr ocar B%Wg%%@t%ﬁlgﬁ’ ségsgseeran%raﬁ’ e 1s§5&§n wtﬁg%%g? ram c
materi al s i ncl ude suffaties ¥f ehd eactos Systér ithat dre in odrtsotiwittshyfrocabors dwrirgi | i con
carbides, silicon oxides, silicon nitrjdes_and al um num . nhitrides. O

these, silicon3Scappcsssingwhessin carburizationiwilltake plage pades feagtiop conditions,
preferred as they | £3.,0, "@E% ' 0‘@4 tection for the
reactor system e\ﬁ%’eﬁﬁéﬁg@ﬁ@g& su {eu ;dcfrg%gggfeky ﬁ%ﬁ%ndi tions.

A solution to the problems of carburization and metal-dusting may
involve the application to the surfaces exposed to the reaction of a coating
which forms a protective layer resistant to carburization, metal-dusting and

10 embrittlement. By “resistant to carburization, metal-dusting and
embrittlement,” as used herein, it is meant those materials that will provide
systems which have a resistance to embrittlement from carburization less
than about 2.5 mm/year, preferably less than 1.5 mm/year, more preferably
less than 1 mm/year, and most preferably less than 0.1 mm/year.

15 Preventing embrittlement to such an extent will significantly reduce metal
dusting and coking in the reactor system, and permits operation for lohger

periods of time.

Such coating may be thin aluminum or alumina films on, or the use
of aluminized materials as, at least a portion of the metal surfaces in the
20 reactor system. In fact, the metal surfaces particularly susceptible to
carburization and metal-dusting can be provided in that manner. Such metal
surfaces include but are not limited to, the reactor walls, fumaée tubes, heat
exchangers and the like.

When applying an aluminum or alumina film, it is preferablé that the
25 film have a thermal expansivity that is similar to that of the metal surface to
which it is applied (such as a mild steel) in order to withstand thermal shock

or repeated temperature cycling. This prevents cracking or spalling of the
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- 34 - At least a portion of the.netal surfaces in the reactor
system can al so be coated with a silicon or silica film In
particular, the netal surfaces whi ch can be coated include, but are
not limted to the reactor walls. However, any netal surface in the
reactor system which shows signs of 5 carburization and netal -dusting
woul d benefit fromthe application of a thin silicon or silica film
Conventi onal nethods can be used for appl yirsg-silicon or silica fil ms.
Silica or silicon can be applied by electroplating and chem cal vapor

film which could expose the underlying metal surface to the carburization

inducing hydrocarbon environment.

Additionally, the film should have a thermal conductivity similar to
that of, or exceeding, those of metals conventionally used in the construction
S of hydrodealkylation reactor systems. Fuﬁhemom, the protective layer
derived from the aluminum or alumina film should not degrade in the
hydrodealkylation environment or in the oxidizing environment associated
with catalyst regeneration, nor should it result in the degradation of the
hydrocarbons in the reactor system. '

10 Suitable methods for applying aluminum or alumina films to metal
surfaces such as mild steels include well known deposition techniques.
Preferred processes include powder and vapor diffusion processes such as
the "Alonizing" process, which has been commercialized by Alon
Processing, Inc., Terrytown, Pennsylvania.

15 Essentially, "Alonizing" is a high temperature diffusion process
which alloys aluminum into the surface of a treated metal, such as, e.g., a
commercial grade mild steel. In this process, the metal (e.g., a mild steel)
is positioned in a retort and surrounded with a mixture of blended aluminum
powders. The retort is then hermetically sealed and placed in an

20 atmosphere-controlled furnace. At elevated temperatures, the aluminum
deeply diffuses into the treated metal resulting in an alloy. After furnace
cooling, the substrate is taken out of the retort and excess powder is
removed. Straightening, trimming, beveling and other secondary operations
can then be performed as required. This process can render the treated

25 ("alonized") metal resistant to carburization and metal-dusting under low
sulfur hydrodealkylation conditions according to the invention.
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| depbsition of an al koxysilane in a steamcarrier gas. It is preferable that
.the 10 silicon or silica filmhave a thermal expansivity about that of the

net al surface which it coats. Additionally, the silicon or silica film
shoul d be abl e to withstand thermal shocks and repeated tenperature
cycling that occur during hydrodeal kyl ati on. This avoi ds cracking or
spal ling of the silicon or silica film and potential exposure of the

underlying netal surface to the 15 carburi ZIathon i nduci ng hydr ocar bon
environment. Also, the silica or silicon Tilmshould have a thermal

conductivity approxi ma cee f nt| aI ly
used i n hydrodeal kyl at f@'ﬁé ?’éé’g{“ l?“% cﬁ&r@nﬂ%&rig%ktgg filglscangfsh%e Pﬁxi ent
heat transfer. Theuﬂ’aédsmnh@famdrlsyﬁeﬁucbrfbﬂhqxaom&mlldym&eslsmm tdegrade in

t he hydrodeal kyl ati on environnment or in an OXI di zi n% 20 enV| ronrrent nor

shoul d it cause d@gtbaaaauqmmmmbdmmgdmﬁ su fur

exposed Lo a wi de PuGERGr LIkt B bF sunitpd S8 Sl fF irt | on&@@a&ﬁ
staged, such timt mAiasds, Proctive anarsmerﬁwsirqm omnﬁummrldwmﬁxmkiaebetter

25 carburization resistances are used in thqgse areas of the system
experi enci ng coated mefal syrfaceshave not peen used to address carburization problems

under low sulfur hydrodealkylation conditions.

Chromium or chromium oxide can also be applied to carburization
and metal-dusting susceptible metal surfaces such as the reactor walls and
10 furnace tubes, heat exchangers, and the hkc However, any surface in the
system which would show signs of carburization and metal-dusting-under
low sulfur hydrodealkylation.conditions would benefit from the application of

a thin chromium or chromium oxide film.

When applying the chromium or chromium oxide film, itis

15 preferable that the chromium or chromium oxide derived protective layer
have a thermal expansivity similar to that of the metal to which it is applied.
Additionally, the chromium or chromium oxide derived protective layer
should be able to withstand thermal shocks and repeated temperature cycling.
This avoids cracking or spalling of the protective layer which could

20 potentially expose the underlying metal surfaces to carburization inducing
environments. Furthermore, the protective layer should have a thermal
conductivity similar to or exceeding those materials conventionally used in
hydrodealkylation reactor systems (in particular mild steels) in order to
maintain efficient heat transfer. The protective layer also should not degrade

25 in the hydrodealkylation environment or in the oxidizing environment
associated with catalyst regeneration, nor should it induce degradation of the
hydrocarbons in the reactor system.

This is the replacement sheet

4.7 NOv 128

Date:



. 35 - Wth regard to materials selection, it was discovered

t hat oxi di zed G oup VIl netal surfaces such as iron, nickel and
cobalt are nore active in ternms of coking and carburization than their
unoxi di zed counterparts. For exanple, it was found that an air roasted
sanpl e of 347 stainless steel was 5 significantly nore active than an
unoxi di zed sanple of the sanme steel. This Is believed to be due to a
re-reducti on of oxidized steels which produ’t?e‘s very fine-grained iron

and/ or nickel metals. Such netal re especi,al ly actiyve f.or .

carburi zation and cokit e methiods for apgly%gnchéo B PEWW_ﬂ%SO%§W%%
herein can be US%Erﬁ‘%s%aéﬁ 80l e, 40 mild5iesls] ERtude welCRioWnyddpositioki ng. and
nmetal dusting at high tenperatUres, they can be used in other areas of

chemical and pet teshhigues aPreferred pracasses anclude powder-pack and vapor diffusion
processes such as the "chromizing" process, which is commercialized by

5 Alloy Surfaces, Inc., of Wilmington, Delaware. -

| The “chromizing” process is essentially a vapor diffusion process for
application of chromium to a metal surface (similar to the above-described
*Alonizing process"). The process involves contacting the metal to be
coated with a powder of chromium, followed by a thermal diffusion step.

10 This, in effect, creates an alloy of the chromium with the treated metal and
renders the surface extremely resistant to carburization and metal-dusting
under low sulfur hydrodealkylation conditions. |

Resistant material systems which are preferred can be-derived from
copper, tin, arsenic, antimony, bismuth, chromium, germanium, gallium,

15 indium, selenium, teflurium, lead and brass, and intermetallic compounds
and alloys thereof.(e.g., Cu-Sn alloys, Cu-Sb alloys, stannides,.anﬁmonides,
bismuthides, etc.). Steels and even nickel-rich alloys containing these metals
can also show reduced carburization. In a preferred embodiment, the
aforementioned materials are provided as a plating, cladding, paint (e.g.,

.20 oxide paints) or other coating to a base construction material. This is
particularly advantageous since conventional construction materials such as
mild steels can still be used for processes below about 1150°F with only the
surface contacting the hydrocarbons being treated. Of these, tin is especially
preferred as it reacts with the surface to provide a protective layer having

25 excellent carburization resistance at higher temperatures, and which resists
peeling and flaking. Also, it is believed that a tin derived protective layer
can be as thin as 1/10 micron and still prevent carburization.

| t
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wel | . These areas woul d include high tenperature chem cal and

petrochem cal processing where the carburization phenonena has previously
been recogni zed, as well as |ower tenperature processes, which until 15
recently, have not exhibited excessive carburization related problens.

For exanple, the teachings can be applied to any furnace tubes which

are subjected to carburization, catalytic coking and netal dusting, such as
furnace tubes in coker furnaces. Additionallig- the techni ques can be used
to control carburization, catalytic coking, and netal dusting in
cracking 20 furnaces Hpeeedr, bgcanse fheoprotbtive layd3Gire exposed ta kiwutelatively

or acki ng. f urﬁzéeiﬁ%%'p&qxé&%am@ﬁy“ 506, BIGEISSR (s MR COBEHERbIEd by
application of vabiof g&?&y@ @a&%ofsuffaé&tcﬁfcﬁéﬁtﬁm&alﬁﬁsﬁdanw ective

| ayers can be pr S usi ng nel
el ectropl ati ng, acninpienerdonngg bﬁdicruxrqleﬂymglhwmet@. iBveft Snipar impmrf@nbys

Cleers protectd tpialeles or o Bad Ty s SRlecher fayef B rovidh desBir et of

dusting under thecfgsssatiBR Qites sufficient to shut-down operation.

In fact, it has been observed that the interface between a stannide-
protected portion of steel and an unprotected portion, relatively deep pitting
and carburization attack occurs; surprisingly more so than anywhere else

10 across the rest of the unprotected steel surface. This suggests that an
incompletely protected system is even more vulnerable to metallurgical
failure than a wholly protected system.

The application of excessive amounts or thicknesses of the material
used to form the protective layer must also be avoided. If the layer is too
15 thick, liquid metal embrittlement can occur. .

The protective layer must also maintain its integrity through
operation. As such, the protective coating must be sufficiently abrasion
resistant during catalyst loading, start-up, as well as during operation. This
is achieved through appropriate anchoring of the protective layer to the steel

20 substrate. According to the invention, .the protective layer can be anchored
to the steel substrate through an intermediate carbide-rich bonding phase.

As noted above, effective protective layers can be derived from a
variety of metals such as tin, copper, arsenic, antimony, bismuth, chromium,
brass, germanium, gallium, indium, selenium, tellurium, lead and

25 intermetallic compounds and alloys thereof, more preferably tin, germanium,
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- 36 - . cracki ng conditions. In fact, an antinony paint applied to iron

bearing steels w Il provide protection agai nst carburization,

catal ytic coking, and netal dusting at 1600F. A coating
of bismuth applied to nickel rich steel alloys (e.g., 5 INCONEL 600) can
.protect those steels against carburization, catalytic coki ng, and
nmet al dusting under cracking conditions. This has been denonstrated at
tenperatures of up to 1600[err]F. -19- Bismuth coatings may al so
be applied to iron bearing steels and provi de protection against

carburization, nenfmodysiisade, sléhi®m| ShvirieCandQbiliitum. Of these, tin,
germanium and antimony are more preferred, with tin being the most
preferred. Gallium, lead, bismuth, brass, indium and copper are less
preferred, with brass and copper being the least preferred. Lead, bismuth
5 and indium do not react with iron. They can be used on nickel-rich
materials such as INCONEL 600 (75% Ni/16% chromium/9% Fe).

One of these is first applied to a portion (or portions) of a
hydrodeakylation reactor system as a plating, cladding or coating to a
thickness effective to provide a complete coating, while avoiding thicknesses

10 at which liquid metal embrittiement will occur. Then the plating, cladding
or coating is treated in a manner effective to form a protective layer which is
anchored to the steel substrate thereby providing the necessary abrasion
resistance. Preferably, the plating, cladding, or coating is resistant to
abrasion, peeling or flaking for a period of 1 year, preferably 2 years, and -

15 more preferably 3 years such that the reactor system will maintain its
carburization resistant properties without reapplication. -

Multiple coatings can be applied. For example, a tin coating can be
applied, and cured, followed by copper plating. Although, it has been found
that copper is effective for preventing carburization and metal dusting, it

20 does not generally adhere well to steel. Peeling and flaking of the copper is
observed. However, if the steel surface is first coated with tin, then the
copper plate will adhere well to the coating, and provide additional
protection to the metal surface. In essence, the resulting stannide layer
functions as a glue which adheres the copper plate to the underlying steel.
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10 under cracking conditions. Also, a netal coating conprising a
.conbi nation of bismuth, antinony, and/or tin can be used.

The af orenentioned chrom um paint could al so be applied to steel t ubes
and reduced in-situ for use in ethane cracking furnaces. In essence,

the chrom um paint can provide a refractory surface in nunerous 15

envi ronnents such as carburizing, oxidizing and chloriding environnments.
Chrom um pl ated steels are also likely to bgouseful in other

environments as they have been found to al so exhibit carburization and
catal ytic coking resi sFeérififig aproective layereacadrdirg tonthe imvention sillelepend on
800[err]F - 2000F). That is, .in a cracki envi ronpent, of, 2000ferr] F
for 1 hour in a XemPEERtuse treatment 3Aer application BE&'FI-#WFF“WP"H[‘BF S, BY (@Peed

through Herr]O dr%?lﬁrgd‘?jtwbp ;@é@i.e”t CS[err] to provide approxi mately

100 ppm sul fur, a chrom um 304 stai nl ess steel sanple did not
exhi bit coking or carburization, whereas an untreated sanple of
| NOOLOY 800" d1d exhi bi TaBkHtAPPRAARHSLEN &b PEAEP G0 SLNGe NPSEh oy ~ ¢ he
ﬁm ?;n;i?g:jplsghgfefﬁmhﬁ dh e expelted K hiddtel-rich sysideis, EHé FeBSiE SFEITAL, bAe
FeSn in iron-rich systems. Under temperature exposures of from about 925
to 1200°F, one can expect an X3Sn2 solid solution on stainless steels. On
nickel-free steels there is observed Fe3Sn2 overlain by FeSn. Below 925°F
one can expect FeSn2 but not Fe3Sn2. On stainless steels there is observed
10 FeSn overlain by FeSn2 overlain by Ni3Sn4. At high temperatures, e.g.,
1600°F, there can be found-(Ni,Fe)3Sn-and (Ni,Fe)3Sn2 on stainless steels,
but no steel-tin alloy, while on nickel-free steels there is found a diffusion

layer of iron-tin alloy overlain by the phases Fe3Sn dnd Fé3Sn2.

A preferred embodiment of the invention uses a reactor system
15 including a stainless steel portion, which comprises providing the stainless
 steel .portion with a stannide pl;otective layer. of sufficient thickness to isolate
the stainless steel portion from hydrocarbons, which protective layer is
anchored to the steel substrate through an intermediate carbide-rich, nickel- -
depleted stainless steel bonding layer. More particularly, the stannide layer
20 is nickel-enriched and comprises carbidc inclusions, while the intermediate
carbide-rich, nickel-depleted bonding layer comprises stannide inclusions.
More preferably the carbide inclusions are continuous as they extend,
substantially without interruption, from the intermediate carbide-rich, nickel-
depleted bonding layer into the stannide phase, and the stannide inclusions
25 are likewise continuous extending from the stannide layer into the
intermediate carbide-rich, nickel-depleted bonding layer. The interface
between the intermediate carbide-rich, nickel-depleted bonding layer and the
nickel-enriched stannide layer is irregular, but is otherwise substantially

Tﬁ\s is the replacement sheet

Date: 11 NOV o

-~



- 37 - In the aforementioned test, chrom umwas applied as a
plating and heat treated to weld or glue the chromudmto the steel.
The chrom um pl ate was found to have reacted with the steel substrate
to forma glue conposed of CrFe and chrom um carbide; with a coating
of Cr[err](err] formng on the 5 exterior. For further resistance, the
surface of the chrom um plated steel can be antinoni ded or ger nmani ded.
‘The technology is also useful in conventiong and | ow sul fur ref orm ng
processes which involve substantially |ower “tenperatures. It has

recently been foupg d0@teBRIGN TRE Bktehflo W ich theiRfdinctBondP pRasRE Aadlgd 1 N
and inclusions develop are a function of the reducing conditions and
temperature at which the initial plating, cladding or other coating is treated,
and the amount of time at which exposure is maintained. '

S If steel stress relief techniques are used when assembling a reactor
system, the production of iron oxides prior to application of the resistant
plating, cladding or coating should be minimized. This can be accomplished
by using a nitrogen atmosphere during steel stress relief (e.g., at 1650°F).

In some instances applying a coating of the aforementioned elements
10 as metals or reducible oxides, will not be particularly preferred. That is, to
provide i good coating it is necessary that the material be molten.
Unfortunately, some metals such as germanium, and to some extent
antimony, have melting points which exceed Jevels which are practical, or
even attainable, with a particular piece of equipment or apparatus. In those
15 instances it is desirable to use compounds of those elements which .ha've

lower melting points.

For example, sulfides of antimony and germanium have lower
melting points than their respective metals and can be used to produce
antimonide and germanide coatings on steels in a H,-rich, or perhaps even a

20 non-reducing, atmosphere. Such sulfides can be used in the form of
powders or paints which react to produce antimonide and germanide coatings
at significantly lower temperatures than those required for the metals. Tests
have shown that antimonide coatings can be applied to 300 series stainless
steel and INCOLOY 800 using Sb,S, powder at 1030°F in 20 hours of

25 curing under an atmosphere of 7% C,H; in H,. Also, tests have shown that
germanide coatings can be applied to INCOLOY 800 using GeS, powder at
1150°F under the same conditions.
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10 ~the presence of enough sul fur that carburization, netal dusting and

. catalytic coki ng were not observed problens. Wth the advent of

: | owsul fur systens, probl ens ener ged. In ultra

“"lowsul fur" reform ng systens, the feeds typically contain | ess than
100 ppb sulfur, nore preferably, |ess than 50 ppb sulfur, and even 15 nore
preferably, than 25 ppb sul fur such as less than 5 ppb sul fur ("ultra,

ultra-low sul fur"); an insufficient amount to interfere with
carburization. Substantially nore sul fur is2dresent in conventional (i.e.,

non- | ow-sul fur) catalyti¢ refqQrm technjques., I.n thi.s regar t he
wor | d-wi de aver ag¥heze praghical, 50%)1’??3%’%‘1‘3&'%?‘, Tesistant mateHals Peranpld| s

are common. It is; ' hBBRE ] -
5, 000 ppb sul fur E?Pﬁgéﬁkgk&ﬂ%@onggﬁgl ti onsl.Qﬁﬁt ) (o et 32 e&ggggrféatcﬁ%ggh

bot h conventi onal systeth.| Suels alphint cambesprayed,shrusheds pigged, ¢tewon veactasl ati vel y

| ow tenperatures conparedq to e.qg., ethane crackin r.o SES.. ..

excessively high %E%Fﬁgﬁe%@‘_@a# @ﬁﬂls%egcﬁtﬁ%%gwlﬁﬁl v@fﬁ%vgd‘gsch%en

exot herm c de’qﬁt hé}ﬂngﬁdt&'ikﬁ&?aﬁﬁﬁc&a? fobide £albsatidlly ondagolsosaating of

hot regions. ese hot spots pose a Source for a carburization related
measurable and substantially controllable thickness.

Chromium paints are also especially useful in this invention. The use
of paints containing chromium halides is preferred, especially chromium
chlorides (CrCl, and CrCl;). Paints based on chromium halides appear to be

10 self-fluxing and form strongly adherent coatings. One advantage of the
chromium coatings is that they do not result in liquid metal embrittlement.
Chromium paints are preferably reduced at higher temperatures than tin

paints in order to produce metallic chromium-containing coatings. Useful
reduction temperatures are above 1200°F, preferably at about 1400°F or

15 higher.

An example of a useful paint would be one comprising a fusible

CrCl, salt which may or may not be incorporated with solvents and other
additives. Other specific formulations include finely ground CrCl, in 90 wt.
gear oil to form a viscous liquid, and finely ground CrCl; in a petroleum

20 jelly carrier. Such a paint pmvideé a simple low cost method of applying
chromium to steel, as it provides clean contact with the steel substrate which
permits curing procedures to firmly attach the chromium to the steel. Asan
example, the paint can be reduced in H, or another suitable gas at about
1500°F for 1 hours.

25 It is most preferred that such a paint be a decomposable, reactive,
tin-containing paint which reduces to a reactive tin and forms metallic
stannides (e.g., iron stannides and nickel/iron stannides) upon heating in a
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i- 38 - problemin even conventional reformng reactor systens where

isubstanti al anmounts of sulfur are present. For exanpl e,
ithe center pipe screens of reformers have been "~ Observed to locally
‘waste away and develop holes; ultimately resulting in 5 catalyst
‘mgration. In conventional reform ng processes the tenperatures W t hin

-cokebal I's during formation and burning are apparently high enough to
overconme the ability of process sulfur to gﬁéson catal ytic coking, -
carburization, and dusting. The netal scr € therefore, carburize and are

nore sensiti-ve to stln tergranular oxi dat.i.on ( e of cor.r osi on)
10 during regendf3Y ﬂgﬁ*}?ﬁh%fe (Edry Fhamasalere %‘&H'KJW& é‘i’&p

hydrocarbons such as carbon monoxide, etc.).

It is preferred that the aforementioned paint contain at least four
components (or their functional equivalents); (i) a hydrogen decomposabie
5 tin compound, (ii) a solvent system, (iii) a finely divided tin metal and (iv)
tin oxide as a reducible sponge/dispersing/binding agent. The paint should
contain finely divided solids to minimize settling, and should not contain
non-reactive materials which will prevent reaction of reactive tin with
surfaces of the reactor system.

10 As the hydrogen decomposable tin compound, tin octanoate or
neodecanoate is particularly useful. Commercial formulations of this
compound itself are available and will partially dry to an almost
chewing-gum-like layer on a steel surface; a layer which will not crack
and/or split. This property is preferable for any coating composition used in -

15 this context because it is conceivable that the coated material will be stored
for months prior to treatment with hydrogen. Also, if parts are coated prior
to assembly they must be resistant to chipping during construction. As noted
above, tin octanoate is available commercially. It is reasonably priced, and
will decompose smoothly to a reactive tin layer which forms iron stannide in

20 hydrogen at temperatures as low as 600°F.

Tin octanoate should not be used alone in a paint since it is not
sufficiently viscous. Even when the solvent is evaporated therefrom, the
remaining liquid will drip and run on the coated surface. In practice, for
example, if such were used to coat a horizontal tube, it would pool at the

25 bottom of the tube.
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If used to treat screens in conventional reform ng, a chrone-based
passivation | ayer would |likely be nore desirable than one which is

ti n-based, as .such a layer should withstand catal yst regeneration in
air and redispersion with chlorides. Chromiumwould |ikely be nore
robust than tin under such 15 conditions. In this regard, tests suggest
that a chrone plating is nore resistant to nmetal mgration (Il oss)
during rejuvenation, and a chrome plating ~<*~ would be harder making it

| likely t b off_duri y I loading. ,.. . o g A cdi ngl y,
tﬁzst e::hﬁo?/ogs ggsogi a?‘é'léj}i’ﬂl?é]“?‘ﬁ%‘g’ﬁrgé% %?l e %gqp}swsmg/bm%g|a§ecx%gr1%|§2?u?/
i any hydr ocar bagrGey WRicahaHiR ASRSMNARIEh tin RRASETES A reRS et ihO

reduce the anoun sul fur and/ or Wwater, present e.g., feed or
i nj ect ed separ at efompaund) yetetitl Yecreducddato active tin do thecreducing latmosphere. Im

this regard, if the.technol ogy of. the invention is | i t o ot her

chem cal an 190, 50 O %?%B?S&?S‘?%’PB@MP?@B‘“@ |PIREYE Y& el of

sul fur I ess then fine partitia$ whichfesist rpid setiling! | THePdddiidoOtin bR¥etwl Syst em

during processing for a 25 particul ar process (e.g., steps have been taken
¢

to |l ower the | eveprovige aspaintwhich becomes dry tpdheitaye resistssguaniag, or no or
little sulfur is added during the process. The technol ogy of the
present invention could provide neans for | owering

Unlike typical paint thickeners, component (iv) is selected such that it

becomes a reactive part of the coating when reduced. It is not inert like

formed silica; a typical paint thickener which would leave an unreactive
10 surface coating after treatment.

Finely divided tin metal, component (iii), is added to insure that

metallic tin is available to react with the surface to be.coated at.as low a
temperature as possible, even in a non-reducing atmosphere. -The particle
size of the tin is preferably one to five microns which allows excellent

15 coverage of the surface to be coated with tin metal. Non-reducing conditions
can occur during drying of the paint and welding of pipe joints. The
preseace of metallic tin ensures that even when part of the coating is not
completely reduced, tin metal will be present to react and form the desired
stannide layer.

20 The solvent should be non-toxic, and effective for rendering the paint
sprayable and spreadable when desired. It should also evapomie quickly and
have compatible solvent properties for the hydrogen decomposable tin
compound. Isopropyl alcohol is rhost preferred, while hexane and pentane
can be useful, if necessary. Acetone, however, tends to precipitate organic

25 tin compounds.
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- 39 - operating costs of such processes, which costs were previously
‘inflated due to the presence of sulfur and/or water; as well as a
‘means to provide significant inprovenents in catal yst perfornance as
sul fur tends to poison or deactivate nost all catalysts to sone
degree. Likewi se, the technology 5 associated with the invention would be
useful in processes where carburizatipfg_coking and/ or nmetal dusting
probl enms exi st now, and new techni ques™are needed to effectively

address those probl ensp, 9ne %n}x]beodiment, ther&¢aHBL ﬁckgﬁ.{ g'i? af Fof 28 g Tife

t echnol ogy associ ated w I nventi on ential’'ly be useful
i nclude, but ar e Ten-Cémn(comains Q0 %L €in as Gtannousaddtaneaterid cotandixt acid or
dehydrogenati on OxIeoQ&:andrgftg r“? %diecant % o%lz gf:ild ,Sstanmandc oxide, tin metal powder and

isopropyl alcohol.

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

The addition of iron can, for example, be in the form of Fe,0;. The
10 addition of iron to a tin containing paint should afford noteworthy

advantages; in particular: (i) it should Tacilitate the reaction of the pdint to
form iron stannides thereby acting as a flux; (ii) it should dilute-the-nickel
concentration in the stannide layer thereby providing better protection against
coking; and (iii) it should result in a paint which affords the anti-coking

15 protection of iron stannides even if the underlying surface does not react
well.

In addition to applied thickness, viscosity and other properties of the
paint are important. The viscosity should be such that the paint can be
easily applied and that it does not drip or pool due to gravity. The paint

20 should also be dryable once applied to the reactor surfaces.- The thickness of
the paint after application should be between 0.5 and 15 mils, preferably
between 1 and 10 mils, and more preferably between 2 and 8 mils.

The metallic coatings and, in particular, the paints, are preferably

produced under reducing conditions with hydrogen. Curing is preferably

25 done in the absence of hydrocarbons. When tin paints are applied at the

above-described thicknesses, initial reduction conditions will result in tin
migrating to cover small regions (e.g., welds) which were not painted. This
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di enes, dehydrogenation of ethyl benzene to styrene, conversion of |ight -
_hydrocarbons (i.e., (Jerr]-Cerr], preferably Cerr]-Cferr]) to aronmatics,
transal kyl ati on of tol uene to benzene and xyl enes, deal kyl ati on of

al kyl aromatics to aromatics, al kyl ati on of aromatics to

al kyl aromati cs, production of fuels and chem cals 15 fromHerr] and CO
(e.g., the Fischer-Tropsch process), steamreform ng of hydr ocar bons
to Herr] and CO the production of dlphenyéﬁnlne fromaniline,

nmet hanol al kyl ation of toluene to xylenes, d dehydrogenati on of i sopropyl

al cohol- to acetone,, Tec al details regar t.ne _af ntlo
processes caWilhgom F?SY lé‘? ba.s& ‘H‘ () ug(ﬁfé‘gf fexfﬂgfﬁ dap
Technol ogy, 20 Th&&&g%ﬁdc&{?e 1ay 87 Breféribly etk &t : 5 @hd WO rads thick)&indhiiore

i ncor porated by erence. Preferred pr ocesses in which
t he technol ogy ofpxtefmablm\hemmd andh4mails thick ¢pmprising iatarmatalliteorapotpdssi on

of light hydrocar S mat,i Cs em cal s
from 2 and o3 < rcite <o PF B oppinte BeBHSkb aF iron snd Rlckel SedniBhE
Looki ng agai n Mﬁad%i%s%b iarhnary@iseﬁﬁeeadxlgtdwnnimméltmmaﬁ this al so
be used to address the proble associated with carburization,

layer. For ease of measurement of paint and coating thickness, coupons can

be prepared which correspond to the painted reactor surface. These can be

treated under identical conditions to the reactor system treatment. The

coupons can be used to determine paint and coating thickness.

10 For tin-containing paints, it is preferable to initially cure the paint at
temperatures below typical operating temperatures for hydrodeakylation.
Curing temperatures between 500° and 1100°F, preferably. between 900°
and 1000°F (especially for oxide-containing paints), provide a carburization-
resistant coating that minimizes the incorporation of chromium in the

15 stannide coating (which is undesirable).

As an example of a suitable paint cure, the system including painted
portions can be pressurized with N,, followed by the addition of H,toa
concentration greater than or equal to 50% H,. The reactor inlet
temperature can be raised to 800°F at a rate of 50-100°F/hr. Thereafter the

20 temperature can be raised to a level of 950-975°F at a rate of S50°F/hr, and
held within that range for about 48 hours. Curing can also be achieved in
pure H, at 1000°F to 1200°F for 2-24 hours.

As noted previously, for stannide protective layers curing temperature
will affect the characteristics of the phases of the pmwcﬁve layer. Hence,
25 care should be taken in curing the protective layer. For example, in the case
of a stannide protective layer applied by plating tin on an INCOLOY 800
substrate (a nickel-rich steel), exposure to low curing temperatures, i.e.,
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- 40 - ‘enbrittl ement and nmetal -dusting. They can be used in
ieonj unction with an appropriate material selection for the reactor
system Preferred from anong the additional techniques is the addition
of non-sul fur, anti-carburizing and anti-coking agent(s) during the
hydr odeal kyl ati on process. These agents can 5 be added continuously
during processing and function to interact with those surfaces of the
Teactor system which contact the hydrocarb_qﬂﬁJ or they may be applied
as a pretreatnent to the reactor system to the extent they can be
applied as a co atd ° I £ ; nt .
W1 e not i shi niies WEREat BEDYESiad SRl RORKe ditndtl o dearLE

stannide phases; with an unacceptably reactive nickel phase on the exterior.

However, exposure at higher temperatures, i.e., one week at 650°F followed
by two weeks at 1000°F, was observed to provide acceptable stannide phases
5 where the stannide was reconstituted to comparable nickel and iron

abundance in each stannide phase. Exposure to even higher temperatures,
i.e., one week at 650°F followed by one week at 1000°F and one week at
1200°F, showed a reconstitution of the stannide layer and carbide-rich under
layer, to produce potentially reactive nickel-rich stannides, particularly on

10 the surface of the protective layer. In this regard, it is believed that
inclusion of iron, for example, in a paint formulation can be an effective
counter-measure when curing at high temperatures.

The metal or metal compounds contained in the plating, cladding or
other coating are preferably cured under conditions effective to produce
15 molten metals and/or compounds. Thus, germanium and antimony paints are
preferably cured between 1000°F and 1400°F. -

A test was conducted where unpainted steel samples where placed in
reactors that had been treated with a tin-based paint like those described
above, prior to reduction of the paint. The unpainted samples were

20 nevertheless found to have uniform Goatings of protective stannide after
reduction. Thus, the aforementioned tin-containing paints, or other
carburization resistant platings, claddings or coatings, can also be touched-up
according to the invention. For example, a touch-up protective tin-based,
antimony-based, germanium-based, etc., coating can be formed by injecting

25 a fine powder of the metal, metal oxide, or other reactive compound of the
metal, in a reducing gas stream containing H, and possibly hydrocarbons.
Because of the migration characteristics of these metals, they will allow a
fine mist of reactive liquid metal to react with exposed steel surfaces. In

N
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10 agents interact with the surfaces of the reactor system by

deconposition and surface attack to formiron and/ or nickel
intermetal lic conmpounds, such as st anni des, anti noni des, gernani des,

bi srmut hi des, pl unbi des, arsenides, etc. Such internmetal lic conpounds
are resistant to carburization, coking and dusting and can protect the
underlying netall urgy. 15 The internetallic conpounds are al so
believed to be nore stable than the metal sul fides which were forned
in systenms where Herr]S was used to 3§S|vate the netal . These

conpounds are not reduced by hydrogen as .ar al sulfides

result, they are pEagthe Quekup %"CP@%\V%’ ?ﬂ%@yitfpﬁ’%ﬁh%’ﬁhe removeﬁeqr ‘?th?a‘f‘fef des.
Therefore, the P%&%&?Sn%@ﬂé&i Bt Be &&%W&écﬂﬁquaecbmsé 4@ i th the
feed can be m ni m zed. Preferred non-sulfur anti-carburizing
and anti - coki ng aprewide drigihal protective cnatingsy-asevell.| i ¢ conpounds such as
organo-tin conpounds, organo-anti nony conpounds, organo-ger mani um
conmpounds, organo-bi snut h conpounds, or gano- ar seni ¢ conpounds, and

organo- | ead conpounds. TiuidARl tokinglindadaerBadort frawEo of istel batalsebeaet hy!

and tetramethyl l[ead. Organo-tin conpounds such as tetrabutyl tin and
trimethyl tin Bydappliedaresappiiod @and/oryouched-uprbyrusingetin halides at elevated

temperatures, preferably touch-up of coated steel. Tin metal reacts with, for
example, HC1 to form volatile tin chlorides which disperse over steel and
react to form protective iron/nickel stannides. Tin volatiles can be
controlled by varying temperature and halide composition.

10 The technology associated with the invention can-also-be used for
retrofitting previously carburized systems. For example, one.of the
aforementioned protective layers can be formed on a previously carburized
surface by a suitable deposition technique such as chemical vapor deposition,
or, if physically possible, by applying a paint of one or mere of the

15 materials described herein.

In retrofitting a previously carburized system, the protective layer
should have a thermal expansivity close to that of the base. metal, and. should
be able to withstand thermal shock and repeated temperature cycling, so the
layer will not crack or spall and expose the base metal to the environment.

20 In addition, the layer should have a thermal conductivity near or above those
of commonly employed metals to maintain efficient heat transfer. The layer
should not degrade in the environment nor in the oxidizing environment
associated with common catalyst regeneration (coke bum-off), nor cause
degradation of the hydrocarbons themselves.

25 Before retrofitting by creating the protective layer, coke should be
removed from the surface of the base metal as it may interfere with the
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- 41 - _ ' Addi ti onal specific organo-netallic conmpounds include
.bi snut h neodecanoat e, chrom um octoate, copper naphthenate, nmanganese
car boxyl ate, pall adi um neodecanoate, silver neodecanoate,

tetrabutyl germanium tributylantinony, triphenylantinmony, triphenylarsine,
5 and zirconi um octoat e. How and where these agents are
added to the reactor systemis not critical, and will primarily depend
on particul ar process design characterigti cs. For exanple, they can be
added continuously or di scontinuously Wth the feed.

reaction between the protective layer and the base metal. A number of
cleaning techniques are possible including (i) oxidizing the metal surface, (ii)
oxidizing the metal surface and chemically cleaning, (iii) oxidizing the metal
surface, and chemically cleaning followed by passivation, and (iv) oxidizing
5 the metal surface and physically cleaning. Technique (i) is useful to remove

residual coke and would be acceptable if the oxide layer was thin enough to
allow a protective layer such as a stannide layer to form properly. The other
techniques, therefore, are more preferred as they should remove the oxide
layer to prevent interference with the formation of an effective protective

10 layer. Of course, combinations of the aforementioned cleaning techniques in
a particular plant, or for a particular system, can be used. Ultimately a
number of factors unique to the particular plant or system,-such-as-reactor
geometry, will dictate the choice.

Another potentially useful method for applying protective layers of
1S carburization resistant materials is chemical vapor deposition ("CVD"),
CVD techniques can be used in new or existing plants. CVD would be
particularly useful in existing plants where other techniques prove to be
difficult or impossible.

A preferred CVD technique involves vaporizing an organometallic

20 compound containing one or more of the protective materials described
herein in a hydrogen or hydrogen/inert gas mixture. Examples of such
organometallic compounds include copper nabhtlwnate, tetramethyl tin,
tetrabutyl tin, triphenyl arsine, tributylantimony, bismuth neodecanoate, and
chromium octoate. The saturate gas should be heated so the organometallic

25 compound will decompose on the base material. This approach would work
particularly well in a temperature controlled furnace. The optimum
conditions for the decomposition reaction will depend on the particular
organometallic compound used.
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510 " A preferred method of coating the agents on an existing.or new
‘reactor surface is to deconpose an organonetal |ic conpound in a hydrogen
at nosphere at tenperatures of about 900[err]F. For organo tin compounds,

for exanpl e, this produces reactive netallic tin on the reactor
surface. At these tenperatures, the tin will further react with the
surface netal to passivate it. 15 t| mum coati ng tenperatures

‘Wi || depend on the-particul ar organonetal lic corrpound or the m xtures

8]; gg(rjlgprrg?gldfl ::fcgglt ?%?%ga@ﬂg‘%gmqﬁﬂ&%v%ﬁﬁé%#b the rgg’c or ;Pea hi gh

hydrogen fl ow r atmetsloduting tn €RY felictdn §ystem compﬁkesrtgeagﬂwaubnhbﬁugﬁaul t he
systemin a mst. The flow rate can then be 20 reduced to permt the

coating nmetal ni $oatirg ebeladding tp ghrominm tich steels contaiged in the meactor system.

Al ternatively, t qﬂﬁﬁﬂi 1
deconposes and rzﬁcggmﬂ?%@égﬁgg 0 a%tafyg qn%&&ggﬁm ng
atnosphere. 5 germanium, bismuth o¢ arsenit. cDinis ,esﬂwﬂﬂpdmefekyd.amﬁe cotingsr

systens susceptible to.25 rburjzation dust i nd coki ng can be
treated by appli Oxclagdings @ayge led y meth mc{udmg Wugop? ating, vapor

depositing, and soaking of the chromium rich steel in a molten metal bath.

It is believed that in hydrodealkylation reactor systems where

carburization, coking, and metal-dusting are particularly problematic, the

10 coating of the chromium-rich, nickel-containing steels with a layer of tin in
effect creates a double protective layer. There results an inner chromium
rich and nickel poor layer which is resistant to carburization, coking, and
metal-dusting and an outer stannide layer which is also resistant to
carburization, coking and métal-dusting. This occurs because when the tin

15 coated chromium rich steel is exposed to typical hydrodealkylation skin
temperatures, such as up to about 1400°F, it reacts with the steel to form
nickel-enriched iron nickel stannides. Thereby, the nickel is preferentially
leached from the surface of the steel leaving behind a layer of chromium-
rich layer. In some instances, it may be desirable to remove the iron nickel

20 stannide layer from the stainless steel to expose the chromium-rich layer, or
add iron to produce iron stannides.

For example, it was found that when a tin cladding was applied to a
304 grade stainless steel and heated at about 1200°F there resulted a
chromium-rich, carbide-rich layer under a stannide layer containing about
25 17% chromium and substantially no nickel, comparable to 430 grade
stainless steel.
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decbnposable coating containing a deconposabl e organonetallic tin

- 42 - conpound to those areas of the reactor system nbst susceptible
to carburizati on. However, such control is not always
present. There may be "hot spots” which develop in the reactor system
where the organonetallic 5 conpound can deconpose and form deposits.
Theref ore, anot her aspect of the invention is a process which avoids
such deposition in hydrodeal kyl ati on rfgctor systens where

t enperatures are not closely controlled and’exhi bit

When applying the tin metal coating or cladding to the chromium-rich
steel, it may be desirable to vary the thickness of the metal coating or
cladding to achieve the desired resistance against carburization, coking, and
metal-dusting. This can be done by, e.g., adjusting the amount of time the

5 chromium-rich layer is soaked in a molten tin bath. This will also affect the
thickness of the resulting chromium rich steel layer. It may also be desirable
to vary the operating temperature, or to vary the composition of the
chromium rich steel which is coated in order to control the chromium
concentration in the chrOnﬁﬁm-rich layer produced.

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

15 well as tin coated steels, such as Alonized steels, under low sulfur

conditions.

The chromium oxide layer can be applied by various methods
including: application of a chromate or dichromate paint followed by a
reduction process; vapor treatment with an organo-chromium compound; or
20 application of a chromium metal plating followed by oxidation of the
resulting chromium plated steel.

*Alonized" steels which are resistant to carburization under
hydrodealkylation conditions can be rendered further resistant by
post-treatment of the aluminum coated steel with a coating of tin. This

25 results in a steel which is more carburization resistant since there are
cumulative effects of carburization resistance obtained from both the
aluminum coating and the tin coating. This post-treatment affords an
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_'areés of high tenperature hot spots. - Such a process involves
-preheating the entire reactor systemto a 10 tenperature of from 750[err]

-to 1150, preferably 900[err] to 1100 and nost pref erabl y about
.1050[err]F, with a hot stream of hydrogen gas. After preheating, a
.col der gas streamat a tenperature of 400 to 800[err], preferably

500[err] to 700[err], and nost preferably about 550F, containing a

vapori zed organonetallic tin conpound and hy32 egen gas is introduced into
15 the preheated reactor system This gas mxture is introduced upstream
and can proviaiditiondbbenefibén thap it willamend any defects 90 sracks iin thegglominunne
entire reactor system . ssentjally this. process rks
because the hot hyHfodnFsd, wating: so, suc &R?ﬁf#ﬁ%t‘#’?t ﬂ‘é’&{dgffsclgr‘? &ﬁgw%i ch
wi || deconpose thecgpkifed a eiidRddlemilun oatidg @A beaPpliéd to théateel ssrfacenave

t hroughout the reactor system The col der g cont ai ning the

as . .4 .
organonet al | i ¢ ti nwhishjibtmbe ppstitregted owith the ém ceatiagh ohdditionallyy thisce and coat

wnve to treat the WOERERFIR pMIE ptdbhs (R0 fhaclying SRIaH Expsed by belRlE 8 °
Thereby, the enti rgumitigddostets, Siviioh eanimtrodacecracks inr die ahwmiind lafer?and t he

organonetal lic tin conpound. It nay  also be desirable to conduct .
expose the steel to carburization induced under high temperature conditions.

Also, this post-treatment process can prevent coke formation on the treated
steel surfaces and also prevent coke formation that occurs on the bottom of

10 cracks which appear on steels which have been aluminized, but not
additionally coated with tin.

While not wishing to be bound by theory, it is believed that the
- suitability of various materials can be selected and classified-according to
their responses to carburizing atmospheres. For example, iron, cobalt, and
1S nickel form relatively unstable carbides which will subsequently carburize,
coke and dust. Elements such as chromium, niobium, vanadium, tutigsten,
molybdenum, tantalum and zirconium, will form stable carbides which-are
more resistant to carburization, coking and dusting. Elements such as tin,
antimony, germanium and bismuth do not form carbides or coke. And,

20 these compounds can form stable compounds with many metals such as iron,
nickel and copper under hydrodealkylation conditions. Stannides,
antimonides and bismuthides, and compounds of lead, mercury, arsenic,
germanium, indium, tellurium, selenium, thallium, sulfur and oxygen are
also resistant. A final category of materials include elements such as silver,

25 copper, gold, 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 environment under hydrodealkylation conditions.
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‘several of thesé hot-cold tenperature cycles to ensure that the entire
-reactor system has been uniformy coated with the organonetallic tin

-conpound.

- 43 -

To obtain a nore conpl ete understandi ng of the present disclosure,

t he

following exanples illustrating certain aspects of the invention are set
forth. It should be understood, however, that the disclosure is not limted
in any way to the specific details set3¥erth therein. 5

Conpar ative Exanple 1 A thermal hydrodeal kyl ati on reactor made of 0.25

i nch OD 316 st ai nl ess As discussed above, the selection of appropriate metals which form

10

15

20

25

protective layers resistant to carburization and metal-dusting, and their use to
form protective layers on metal surfaces in the reactor system, is one means
for preventing the problems of carburization and metal-dusting. However,
carburization and metal-dusting can be prevalent in a wide variety of metals;
and the metals can be more costly or exotic than conventional materials
(e.g., mild steels) used in the construction of reactor systems. Accordingly,
it may be desirable in the reactor system of the invention to use ceramic
materials which do not form carbides at typical conditions, and thus are not
susceptible to catburiﬁtion, for at least a portion of the metal surfaces in-the
reactor system.

In choosing the ceramic materials for use in the process of the present
disclosure, it is preferable that the ceramic material have-thermal
conductivities about that or exceeding those of materials conventionally used
in the construction of hydrodealkylation reactor systems. Additionally, the

- ceramic materials should have sufficient structural strengths at the

temperatures which occur within the hydrodealkylation reactor system.
Further, the ceramic materials should be able to withstand thermal shocks
and repeated temperature cycling which occur during operation of the reactor
system. Additionally, the ceramic surface should not be susceptible to
degradation in the hydrocarbon environment or in the oxidizing environment.
The selected ceramic material also should not promote the degradation of the
hydrocarbons in the reactor system. |

Suitable ceramic materials include, but are not restricted to, materials
such as silicon carbides, silicon oxides, silicon nitrides and aluminum
nitrides. Of these, silicon carbides and silicon nitrides are particularly
preferred as they appear capable of providing complete protection for the
reactor system, even under low sulfur hydrodealkylation conditions.
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steel seamn ess pipe 8.75 inches |ong was prepared by cleaning the surfaces
of the reactor exposed to the hydrodeal kyl ati on reaction with soap and

wat er, and drying with an organic solvent. The reactor was preheated
and 10 mai ntai ned at 1250F. Toluene at 25 [err]l/mn was fed into the
reactor wwth  hydrogen at 20 cc/mn. The reactor pressure was

mai nt ai ned at approxi mately 100 psig. The reactor was conpletely

pl ugged with coke formed by carburizat3en when checked after 65.6
hours of operation. Conpar ati ve Exanple 2
15 A thernmal hydrodeal Kyleast Dportion @i ahe wesal surfyoes dul thesredetor sysveml can also

Conparative Exanple 1. The reactor S prLetreated, apnd pai ntai ne at
1400[ err] F. Agai rpemqs’ewghatﬂlz@n[%r\r“ﬁ!m R &ﬁ?a'ft@gﬁfn “P‘ﬁgl br with
hydrogen at 20 cCh e cad e dosR ifludt, TR weindtAimitell @' dhb RftcH wall

S.
approxi mately 100 psig. e reactor was conpletely plugged with coke due 20
to carburizati on Hbweverheny et fsuefacesin7tht aeactoraiysteme vttt shovgesigs ofire 1,

uhl ch s aphojograph.of 1 e, eagt RLRELA bhefthoRPRE iR s
t hermal hydrodeal il Ofit£AGROT Made of 0.25 inch OD 316

Conventional methods can be used for applying silicon or silica films.

Silica or silicon can be applied by electroplating and chemical vapor
deposition of an alkoxysilane in a steam carrier gas. It is preferable that the

10 silicon or silica film have a thermal expansivity about that of the metal
surface which it coats. Additionally, the silicon or silica film should be-able
to withstand thermal shocks and repeated temperature cycling that occur
during hydrodealkylation. This avoids cracking or spalling of the silicon or
silica film, and potential exposure of the underlying metal surface to the

15 carburization inducing hydrocarbon environment. Also, the silica or silicon
film should have a thermal conductivity approximate to or exceeding that of
metals conventionally used in hydrodealkylation reactor systems so as to
maintain efficient heat transfer. The silicon or silica film also should not
degrade in the hydrodealkylation environment or in an oxidizing

20 environment; nor should it cause degradation of the hydrocarbons

themselves.

Because different areas of the reactor system of the invention can be
exposed to a wide range of temperatures, the material selection can be
étaged, such that those materials providing protective layers with better

25 carburization resistances are used in those areas of the system experiencing

the highest temperatures.
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25 étai nl ess steel seam ess pipe 8.75 inches | ong was prepared by cl eaning

t he surfaces of the reactor exposed to the hydrodeal kyl ati on reaction
wi th soap and water, and drying with an organic so]lvent. The reactor
was then coated . - 44 -

by pouring a tin paint into one end of the reactor, draining the excess,
pouring the tin paint into the other end of Bhe reactor drai ning the
excess, and then reducing the tin pain? coating at approximately

1050[err] F for oating
the reactor was 5 pr e ’%W@%ﬁ%& J,{‘Gi Wa? d%ﬁ@#ﬁﬁ?é‘ﬁﬁeﬁ Ten
Cem (Mooney Gheup VI metal. s\xrfaeesmehas umpmm aril whhnlare inbrPactive ini N
powder (1-5 m crons) and 14 parts_ stannic oxide (-325 mesh) and 5%
Fe[err] O err] in peamstof ¢pkingaad ca.rbunzauon than their unoxidized counterparts. For

example, it was found that an air roasted sample of 347 stainless steel was

5 significantly more active than an unoxidized sample of the same steel. This
is believed to be due to a re-reduction of oxidized steels which produces very
fine-grained iron and/or nickel metals. Such metals are especially active for

carburization and coking..

Since the techniques described herein can be used to control
10 carburization, catalytic coking, and metal dusting at high temperatures, they
can be used in other areas of chemical and petrochemical processing, as
well. These areas would include high temperature chemical and
petrochemical processing where the carburization phenomena has previously
" been recognized, as well as lower temperature processes, which until
15 recently, have not exhibited excessive carburization related problems.

For example, the teachings can be @pﬁd to any furnace tubes which
are subjected to carburization, catalytic coking and metal dusting, such as
furnace tubes in coker furnaces. Additionally, the techniques can be used to
control carburization, catalytic coking, and metal dusting in cracking

20 furnaces operating at from about 1400° to about 1700°F. For example, the
deterioration of steel occurring in cracking furnaces operating at those
temperatures can be controlied by application of various metal-based
protective layers. These protective layers can be provided by applying
metals using melting, electroplating, and painting techniques. Painting is

25 particularly preferred.

A coating of antimony applied to iron bearing steels protects these
steels from carburization, coking and metal dusting under the described
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;Toluene at 24 [err]l/mn was fed into the reactor with nitrogen at 20
icc/mn for approxi mately 596 hours of operation at 1400F. No pluggi ng
‘occurred but 10 operational problens in | etdown system caused shutdown.

A thermal hydrodeal kyl ati on reactor was prepared as described in

Exanple 1 except that no Fe[err](Jerr] was used in the paint. Into the

react or whi ch was mai ntained at 1250[err]F and 100 psig, toluene at 25
[err]l/mn and 15 hydrogen at 20 cc/mn werg introduced for approxi mately
88 hours of operation. Then, the tenperature was rai sed to 1400F. The
reaction was cﬁéﬁnﬁ%ﬁi&éﬂ&.' ln F44R) &K AdRh6Hy patfiSappiied fo &Bn‘!ié&ﬁﬁ’é sess
occurred. No plugging of the reactor occurred. =~ .

Exanpl e 3 20 will provide protedtipragaingt ¢arbunizagan, eatalytie coldng,pandometall as
described in E@%ﬁ@w he reactor was preheated and maintained at a
tenperature E}Ps [ ] Toluene at 25 [err]l/mn was fed into the
reactor with hydrogen at 10 cc/mn. The reactor pressure was

mai nt ai ned at approxi mately 100 psig. The reaction was allowed to

proceed for at |east 5@vconsimgofthismyth appliedytongjckel rich steel alloys (e.g.,
5 INCONEL 600) can protect those steels against carburization, catalytic

coking, and metal dusting under cracking conditions. This has been
demonstrated at temperatures of up to 1600°F.

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

The aforementioned chromium paint could also be applied -to steel
tubes and reduced in-situ for use in ethane cracking furnaces. In essence,
the chromium paint can provide a refractory surface in numersus |

15 environments such as carburizing, oxidizing and chloriding environmeats.

Chromium-plated steels are also likely to be useful in other
environments as they have been found to also exhibit carburization and
catalytic coking resistance in high temperature environments {e.g., 800°F -
2000°F). That is, in a cracking environment of 2000°F for 1 hour in a

20 carburizing gas of 7% C;H, in H, bubbled through H,O doped with sufficient
CS, to provide approximately 100 ppm sulfur, a chromium plated 304
stainless steel sample did not exhibit coking or carburization, whereas an
untreated sample of INCOLOY 800, and samples of stannided and
antimonided nickel-plated INCOLOY 800 did exhibit coking. In the

25 complete absence of sulfur, the chromium-plated sample did exhibit coking,
but much less than the untreated sample.
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25 the feed to n-hexane. No plugging of the reactor occurred during
approxi mately 600 hours of operation. See Figure 2 which is a photograph
of the reactor cut open to show that no pluggi ng occurred.

- 45 - Exanpl e 4 A

t hermal hydrodeal kyl ati on reactor was prepared as described in Exanpl e
2. The reactor was preheated and ndintai ned at 1400[err]F. Tol uene
containing 50 ppm CS[err] at 25 [err]l/mn s fed into the reactor with
hydrogen 5 at 10 cc/min. The reaction pressure was maintai ned at

anbunt of Csp in the TP ehEhiaREk PR os iSA R o YRR b 1NC

appr oxi mat el y 719ndaeueste@fto. weld or glue the chromium to the steel. The chromium plate

was found to have reacted with the steel substrate to form a glue composed
of CrFe and chromium carbide; with a coating of Cr,O; forming on the
S exterior. For further resistance, the surface of the chromium plated steel can

be antimonided or germanided.

The technology is also useful in conventional and low-sulfur
reforming processes which involve substantially lower temperatures. It has
recently been found that conventional reforming processes were operated in

10 the presence of enough sulfur that carburization, metal dusting and catalytic
coking were not observed problems. With the advent of low-sulfur systems,
problems emerged.

In ultra "low-sulfur” reforming systems, the feéds typically contdin

less than 100 ppb sulfur, more preferably, less than 50 ppb sulfur, and even

15 more preferably;less than 25-ppb sulfur such as less than 5 ppb sulfur
("ultra, ultra-low sulfur"); an insufficient amount to interfere with
carburization. Substantially more sulfur is present in conventional (i.e., non-
low-sulfur) catalytic reforming techniques. In this regard, the world-wide
average is around 500 ppb sulfur, and even higher levels are common. Itis

20 possible that a conventional feed can reach 1,000 - 5,000 ppb sulfur during
upset conditions.

Even though both conventional and low-sulfur reforming systems
involve relatively low temperatures compared to e;g.; ethane cracking
processes, excessively high temperatures can still occur in the catalyst beds

25 when exothermic demethanation reactions within cokeballs cause localized
hot regions. These hot spots pose a source for a carburization related
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~ operation, the amount of CS[err] in the toluene feed, was reduced to 0.5

L ppm The reactor was not plugged upon readi ng approxi mately 1079 hours
of 10 operation but plugged upon readi ng approxi mately 1219 hours of
operation due to an operational problemin the | etdown system

Exanpl e 5 A thermal hydrodeal kyl ati on reactor was prepared as
described in Exanmpl e 2. The reactor wagepreheated and nmi ntained at 15
approxi mately 1400[err]F. Tol uene containing 50 ppm CS[err] at 25
[err]]/mn was g\g)bié?ﬁi il BYch ddbveh RfoMhind rEAErOg8Rme 'widle SGbsHrtal The
reactor pressure Was mal ntal ned at appr oxi mately 100 psig. The reactor
was shut down upoamounts of sulfir arg pagsentoxi nat el y 695 hours of operation. No
pl uggi ng occurred. Whi |l e the invention has been descri bed
above in terns of preferred 20 enbodinents, it is to be understood that
variations and nodificgph} Qfﬁnsﬁl'@)’thg%ntcr 1pé5$é%eﬁ§oﬁét‘onﬁﬁ's%a{°é gedmt ed by
those skilled in the art. ntially, Pere fore, here are many

vari ati ons and rmdosbr\mdttodoeallymvmawbpmd geeslen holes; umma@l:ﬂ)tﬁ#bl@ﬁtle whi ch

w il be readil eV| ent o thos skllle d whi ch are to
be considered Wi ‘% Yt '?WL 1 ""EQ‘%%‘%MB‘ [RPPSSAtIRES
foll owi ng clai ms. within cokeballs during formauon and burning are apparently high enough to
overcome the ability of process sulfur to poison catalytic coking,
carburization, and dusting. The metal screens, therefore, carburize and are

-)
N

more sensitive to wasting by intergranular oxidation (a type of corrosion)

10 during regeneration. The screen openings enlarge and holes develop.

If used to treat screens in conventional reformihg, a chrome-based
passivation layer would likely be more desirable than one which is tin-based,
as such a layer should withstand catalyst regeneration in air and redispersion
with chlorides. Chromium would likely be more robust than tin under such

15 conditions. In this regard, tests suggest that a chrome plating is more
resistant to metal migration (loss) during rejuvenation, and a chrome plating
would be harder making it less likely to rub off during catalyst loading.

Accordingly, the technology associated with the present invention

would be useful in any hydrocarbon conversion process where it becomes

20 desirable to reduce the amount of sulfur and/or water, present e.g., in the
feed or injected separately, to levels less than those conventionally used. In
this regard, if the technology of the invention is applied to other chemical
and petrochemical processes, "low-sulfur” will be a level of sulfur less than
that found in a conventional feed or reactor system during processing for a

25 particular process (e.g., steps have been taken to lower the levels of sulfur in
the feed or reactor system, or no or little sulfur is added during the process.

The technology of the present invention could provide means for lowering

N
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46 . CLAI VE: ) 1. A method for thermally hydrodeal kyl ating a
hydr odeal kyl at abl e hydrocarbon, conprising the step of thermally

"hydr odeal kyl ati ng a hydrodeal | yl at abl e hydrocar bon under | ow sul fur
conditions in a hydrodeal kyl ati ng reactor system conprising a carburization
resi stant protective layer, that has been forned froma coating that is
capable of form ng a carburization resistant protective |ayer, on at |east
a portion of said reactor system 239 - The nethod of claiml1,
wherein said thermally hydrodeal kylating step is conducted at a tenperature
of at |east approfperating gostoof jushrprpcesses, which costs were previously inflated due

to the presence of sulfur and/or water; as well as a means to provide
significant improvements in catalyst performance as sulfur tends to poison or
deactivate most all catalysts to some degree. Likewise, the technology

5 associated with the invention would be useful in processes where
carburization, coking and/or metal dusting problems exist now, and new
techniques are needed to effectively address those problems.

Examples of processes where the technology associated with the
invention could potentially be useful include, but are not limited to,

10 nonoxidative and oxidative dehydrogenation of hydrocarboris to olefins and
dienes, dehydrogenation of ethylbenzene to styrene, conversion of light
hydrocarbons (i.e., C,-Cs, preferably C;-C,) to aromatics, transalkylation of
toluene to benzene and xylenes, dealkylation of alkylaromatics to aromatics,
alkylation of aromatics to alkylaromatics, production of fuels and chemicals

15 from H, and CO (e.g., the Fischer-Tropsch process), steam reforming of
hydrocarbons to H; and CO, the production of diphenylamine from aniline,
methanol alkylation of toluene to xylenes, and dehydroge?ation of isopropyl
alcohol to acetone. Technical details regarding the aforementioned processes
can be found in Kirk-Othmer -- Encyclopedia of Chemical Technology,

20 Third Edition, 1978, the contents of which is hereby incorporated by
reference.

Preferred processes in which the technology of the invention can be
useful include the conversion of light hydrocarbons to aromatics, production
of fuels and chemicals from H, and CO, and steam reforming of

25 hydrocarbons to H, and CO.

Looking again to hydrodeakylation processes, other techniques can
also be used to address the problems associated with carburization,
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3. The nethod of cl.aim 2, wherein said thermally hydrodeal kyl ati ng step
i.s conducted at a tenperature of at |east approxinmately 900 [err]F.

4, The nethod of claim 3, wherein said thermally hydrodeal kyl ati ng step
is conducted at a tenperature between approxinmately 900-1800[err]F.

5. The nethod of claim1, wherein said hydrodeal kyl at abl e hydr ocar bon
conpri ses an al kyl -substituted benzene. 6. The nmet hod of claim
5, wherein said al kyl -substituted benzene isqpel ected fromthe group
consisting of CJerr]-Clerr] al kyl benzenes. 7. The net hod of
claim6, wherein smbtittienivdt-andinétal-distedgbeTtegren b usal rcéarfurdctiomwitteagr oup
consi sting of toluene, mxylene, 0-xylene m xed, xyl enes, ethyl

[ p- xyl ene,
benzene, propyl b@RpPrIpsiate,materiahsalection for the measter system. Brefgired from amongg

ol uene. 0 “ER BacitR ShnRRRS i MR o opltsilhu” SRETIREORY pif
hydr odeal kyl at i ng aatiegkingngpent{s)sduringt the thydmpdealkylatior processwi Thesb\agiemg@anat a
temperature betyeql B4 Wntmiousty during processing and function to interact with those
surfaces of the reactor system which contact the hydrocarbons, or they may
be applied as a pretreatment to the reactor system, to the extent they can be

applied as a complete coating, or as a supplement to other treatment.

While not wishing to be bound by theory, it is believed that these
10 agents interact with the surfaces of the reactor system by decomposition and
surface attack to form iron and/or nickel intermetallic compounds, such as
stannides, antimonides, germanides, bismuthides, plumbides, arsenides, etc.
“Such intermetallic compounds are resistant to carburization, coking arid
- -dusting and can protect the underlying metallurgy.

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

20 inhibitor with the feed can be minimized.

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

25 organo-lead compounds include tetraethyl and tetramethyl lead. Organo-tin
compounds such as tetrabutyl tin and trimethyl tin hydride are especially
preferred.
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10. The met hod of claim9, wherein said coating conprises tin.

.11, The nethod of claim9, wherein said coating conprises antinony.

12. The nethod of claim 1, wherein said l'ow sul fur conditions conprise a
sul fur concentration in said reactor system|ess than approximately 100
ppm sul fur. 13. The met hod of claim 12, wherein said | ow sul fur
conditions conprise a sulfur concentration,in sald reactor system| ess

t han approxinately 50 ppm sul fur. -41-

47 The hod .of cl.ai | condi ti ons
conprise a sul fur conggm%lls@ﬁchﬁ °§%a%'§'rf‘%€ﬁ{c ng?/glk gg%k#ﬁw
approxi mat el y 10pdydeesndhtel Ehromium octoate, copper naphthenate, manganese

carboxylate, palladium neodecanoate, silver neodecanoate,

tetrabutylgermanium, tributylantimony, triphenylantimony, triphenylarsine,

S 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 continuously or
discontinuously with the feed.

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

15 Optimum coating temperatures will depend on the-particular
organometallic compound, or the mixtures of compounds if alloys are
desired. Typically, an excess of the organometallic coating agent can be
pulsed into the reactor at a high hydrogen flow rate so as to carry the
coating agent throughout the system in a mist. The flow.rate.can then be

20 reduced to permit the coating metal mist to coat and react with the reactor
surface. Alternatively, the compound can be introduced as a vapor which
decomposes and reacts with the hot walls of the reactor in a reducing

atmosphere.

As discussed above, hydrodealkylation reactor systems susceptible to
25 carburization, metal-dusting and coking can be treated by application of a
decomposable coating containing a decomposable organometallic tin
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115, The-net hod of claim1, wherein said portion of said reactor system
.conprises chromiumrich steel and wherein said coating conprises a netal
-sel ected fromthe group consisting of tin, antinony, bisnmuth, and arsenic.
'16. The nethod of claim 1, wherein said portion of said reactor system
conprises steel and wherein said coating conprises alum num and further
conprising a chrom um oxi de coating on said carburization resistant
protective |ayer. 17. The nethod-#2 -claim 1, wherein said
portion of said reactor system corrprl ses steel and wherein said coating
conprises tin and dompoued te gmse iasa @ f she: Fragter SystemTaest seweptihle & sai d

carburization resistant E ﬁS)t ective | ayer. 18. The met hod of
claiml1, wherein s 73 P%on of said reactor system conprises a furnace
t ube. 19. The met hod of claim 1, wherein said coati ng | s

selected fromthe group consisting of a Iat| n cl addi qgg and
i

20. The nethod of cl af Wivefmm?@hi nQt ARV PIESH
sel ected f romt he g”ﬁgﬂlﬁé@él lgé&gg Bm %EH@Q ﬁfoﬁ‘%]ﬁc b| smut h,
C%S% I 'ndl um %n

brass, chrom um ger manl ead, seleniu tellurium tin,
and internetall§c mmuddan decmhﬂmyandtfenndéposxts Therefore, another aspect of
the invention is a process which avoids such deposition in hydrodealkylation
reactor systems where temperatures are not closely controlled and exhibit

areas of high temperature hot spots.

Such a process involves preheating the entire reactor system to a
10 temperature of from 750° to 1150°, preferably 900° to 1100°, and most
preferably about 1050°F, with a hot stream of hydrogén gas. After
preheating, a colder gas stream at a temperature of 400° to 800°,
preferably 500° to 700°, and most preferably about 550°F, containing a
vaporized organometallic tin compound and hydrogen gas is introduced into
15 the preheated reactor system. This gas mixture is introduced upstreain and
can provide a decomposition "wave" which travels throughout the entire

reactor system.

Essentially this process works because the hot hydrogen gas produces
a uniformly heated surface which will decompose the colder organometallic
20 gas as it travels as a wave throughout the reactor system. The colder gas
containing the organometallic tin compound will decompose on the hot
surface and coat the surface. The organometallic tin vapor will continue to
 move as a wave to treat the hotter surfaces downstream in the reactor
system. Thereby, the entire reactor system can have a uniform coating of
25 the organometallic tin compound. It may also be desirable to conduct
several of these hot-cold temperature cycles to ensure that the entire reactor

system has been uniformly coated with the organometalilic tin compound.
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21. The nethod of claim1, wherein said coating conprises a Cu-Sn alloy.
22. - The nethod of claim1, wherein said coating conprises a or a Cu-Sb

al | oy. 23. The nethod of claim 1, wherein said coating conprises
tin. 24. The nethod of claim1, wherein said carburization
resistant protective layer is anchored to said portion of said reactor
system by an internedi ate carbide-rich bonding | ayer. 25. The
met hod of claim 1, wherein said carburizati-o48 ¥ esi stant protective |ayer
has a thickness effective to provide a conplete, uninterrupted

carburi zation resi st antTpouthincd moze campiete wnderstangling ofothe ipoesent disclosure, 26.

(ayer has a  t i cithe fetciire Exfhody HusBamil pAfi SbebfHr e BiveRiol A ot ©
27.  The nethod gbrth! at Shold b6 @Nérstodd] RowévepUthag theidistidsass Bt limited in

protective layer has thickness of between approximately 0.5-10 mles.
any way to the specific details set forth therein.

3 Comparative Example {

A thermal hydrodealkylation reactor made of 0.25 inch OD 316 stainless
steel seamless pipe 8.75 inches long was prepared by cleaning the surfaces
of the reactor exposed to the hydrodealkylation reaction with soap and water,
and drying with an organic solvent. The reactor was preheated and

10 maintained at 1250°F. Toluene at 25 ul/min was fed into the reactor with
hydrogen at 20 cc/min. The reactor pressure was maintained at
approximately 100 psig. The reactor was completely plugged with coke
formed by carburization when checked after 65.6 hours of operation.

Comparative Example 2
15 A thermal hydrodealkylation reactor was prepared as described in
Comparative Example 1. The reactor was pretreated and maintained
at 1400°F. Again, toluene at 25 ul/min was fed into the reactor with
hydrogen at 20 cc/min. The reactor pressure was maintained at
approximately 100 psig. The reactor was completely plugged with coke due
20 to carburization when checked after 5.7 hours of operation. See Figure 1,
which is a photograph of the reactor partially cut open to show the coke

plug.

Example 1
A thermal hydrodealkylation reactor made of 0.25 inch OD 316
25 stainless steel seamless pipe 8.75 inches long was prepared by cleaning the
surfaces of the reactor exposed to the hydrodealkylation reaction with soap
and water, and drying with an organic solvent. The reactor was then coated
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48 28. The nethod of claim 27, wherein said carburization
resistant protective |layer has a thickness of approximately 1-4 mls.

29. The nethod of claim 1, wherein said carburization resistant
protective layer has a resistance to enbrittlenent by carburization of |ess
than approximately 2.5 m year. 30. The nethod of claim1,

further conprising the step of adding to said reactor system an
anti-carburizing and anti-coki ng agent selected fromthe group consisting
of organo-tin conpounds, organo-anti nony cdn‘%‘o’unds or gano- bi snut h
conpounds organo arsend c

31. The, nmet hod 5&%%‘“@%‘?%@? °§§%p$f’g?tn&g e s@g&%f%agécﬁé an

organo-tin non- SU'prfmg Y fin painb ifito 2hegthenendrof theredotory degring the escdss)
reactor system and then reducing the tin paint coating at approximately 1050°F for
approximately 40 hours. The in paint used for coating the reactor was
5 prepared by mixing together by weight 7 parts Tin Ten Cem (Mooney
Chemical, Co.), 6 parts isopropyl alcohol, 14 parts tin powder (1-5 microns)
and 14 parts stannic oxide (-325 mesh) and 5% FQ,O, in paint mixture.
Toluene at 24 xl/min was fed into the reactor with nitrogen at 20 cc/min for
approximately 596 hours of operation at 1400°F. No plugging occurred but
10 operational problems in letdown system caused shutdown. '

A thermal hydrodealkylation reactor was prepared as described in
Example 1 except that no Fe,0, was used in the paint. Into the reactor
which was maintiined at 1250°F and 100 psig, toluene at 25 xl/min and
15 hydrogen at 20 cc/min were introduced for approximately 88 hours of
operation. Then, the temperature was raised to 1400°F. The reaction was
continued until approximately 303 hours of operation occurred. No plugging
of the reactor occurred.

Example 3
20 A thermal hydrodealkylation reactor was prepared as described in
Example 1. The reactor was preheated and maintained at a temperature
of 1400°F. Toluene at 25 x/min was fed into the reactor with hydrogen at
10 cc/min. The reactor pressure was maintained at approximately 100 psig.
The reaction was allowed to proceed for at least 597 hours before changing
25 the feed to n-hexane. No plugging of the reactor occurred during
approximately 600 hours of operation. See Figure 2 which is a photograph

of the reactor cut open to show that no plugging occurred.

-~
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32. The nethod of claim1; wherein said coating conprises a
“.tin-containing paint. 33. The nmet hod of claim 32, wherein said
tin-containing paint further conprises a hydrogen deconposable tin
conpound, a solvent system a finely divided tin nmetal, and a tin oxide.
34. The met hod of claim 33, wherein said paint further conprises iron.
35. The nethod of claim34, wherein said tinto saidironis in aratio
. of between approxinmately 10 and 1. - 45 -36. The nethod of claim1,

wherein said coating conprises a chrom EE cogt Ei ning paint. 37.
A nmet hod for reducing carburi zation in | hydrodeal kyl ati on reactor

system operat ed under 5 8 {ﬂdﬁﬁ b Réactor R prepared hédestribeg i f
appl ying a coating that 'S ca hyd R?h?orm ng a caﬂr?)%rl zation resistant

protective | ayerEkamplat2. I'Ehsrmtqmvasmmh@tedaandymmwwdlqﬂléﬂom risdeengr

o b 2501 on r cemERing 30 DA G #6 23 i was 2 o thg reactor F Radeen,

g: g't |mn37 ‘CNlhg&g: gagjtfﬁa%éﬁx%t TG rbstidRIRESER Wi Mailbindl RUPpreORaies! 109 of a
psig. After approxlmately 44 hours of operation, the amount of CS; in the
toluene feed was reduced to § ppm. After approximately 719 hours of
operation, the amount of CS; in the toluene feed, was reduced to 0.5 ppm.

The reactor was not plugged upon reading approximately 1079 hours of
10 operation but plugged upon reading approximately 1219 hours of operation

due to an operational problem in the letdown system.

Example 5
A thermal hydrodealkylation reactor was prepared-as-described in
Example 2. The reactor was preheated and maintained at
15 approximately 1400°F. Toluene containing 50 ppm CS; at 25 pl/min was
fed into the reactor with hydrogen of 10 cc/min. The reactor pressure was
maintained at approximately 100 psig. The reactor was-shut down upon
reaching approximately 695 hours of operation. No plugging occurred.

While the invention has been described above in terms of preferred
20 embodiments, it is to be understood that variations and modifications may be
used as will be appreciated by those skilled in the art. Essentially, therefore,
there are many variations and modifications to the above preferred
embodiments which will be readily evident to those skilled in the art and
which are to be considered within the scope of the invention as defined by
25 the following claims. |
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39."  The —wethod—of rla|n137 wherein said coating is selected fromthe

.group co un1 anti nony, arsenic, bismuth, brass, chrom um
copper, Iﬂ lg&! | ead, sel eni um teIIuriun1 tin, and

|nternetal*|Cc aIons t her eof 40. The net hod of
claim 37, wherein sald coatlng conprises ggCu-Sn alloy.
49 41. The nmethod of claim 37, wherein said coating conprises a
or a Cu-Sb alloy. ' 42. The net hod of claim 37, wherein said
coating conprises tin. 43. The nethod of claim 37, wherein said
coating conprises a tin-containing paint.

CLAIMS

1. A method for hydrodealkylating a hydrodealkylatable
hydrocarbon comprising (i) treating at least a portion of a
hydrodealkylation reactor system with a carburization resistant
composition, and (ii) contacting said hydrocarbon in said treated
reactor system with hydrogen under hydrodealkylation conditions.

.2. A ‘method according to claim 1, wherein treating step (i)
comprises applying a coatitig or £ilm of a carburization resistant
composition to a surface of the reactor system susceptible to
carburization under hydrodealkylation conditions.

3. A method according to claims 1 and 2, wherein the
carburization resistant composition comprises-aluminum, antimony,

- arsenic, bismuth, brass, chromium, copper, germanium, indium, lead,
selenium, tellurium, tin or intermetallic compounds or alloys

thereof.

4. A- method according to ctaims 1-3, wherein the coating or
film is provided as a plating, cladding, paint or other coating, to

& base construction material.

5. A method according to claim 4, wherein the coating or
film is provided as a plating, cladding, paint or other coating, to
a base construction material, to a thickness of between 0.5 mils &

15 mils.

6. A method according to claim 5, wherein the coating or
film is provided as a plating, cl\adding, paint or other coating,
to a base construction material, to a thickness of between 2 and

8 mils.

7. A method according to claims 1-6, wherein the
carburization resistant composition contains tin.

- —

T Loed This is the replacement sheet
et Has Been Replace

T oae: 17 10V



44. " The MD”EHJ | ai m 43, wherein said tin-containing paint further

“conpri ses sable tin conpound, a solvent system a finely
divided tin ~oxi de. 45. The met hod of cl aim 44,
rthner

'L

wherein said paint fu “conprises iron- 46.  The nethod of
claim45, wherein said tinto said ironis ipa ratio of between

approxi mately 10 and 1. 47. The nmethod of claim 37, said coating
conprises a chrom um contai ni ng paint. 48. The net hod of claim

37, further conprising the step of formng an internediate carbide-rich
bongl ng | ayer ]Ehest._ gnﬁhﬂéﬁh&ﬁla{i:c‘ééabﬂélZ@tdl%ﬁzigeil-ﬂr ﬁmeﬁ@igzt gat Fyg?h@aﬁ{3,7t0
said portion of sgid reactor system 9. .. The nethp im37,
wherei n sai cf‘%fbﬁl\?‘lfr‘f ’s?%%" c&%ﬁ%é%n‘f 8% reltﬁlo?c’]%llﬁ‘ ?Pﬁﬁgs’eﬁ (T%&?g‘t? gtt%ﬁ a
t hi ckness efliydntdopeben.provi de a conplete, uninterrupted carburization
resistant protective |layer over said portion. 50. The net hod of

claim 37, wherei saig appl yi ng, st copprises the step of.applying. sai

coating at a thi %Rnes 8?&@%‘“%&" ggﬁgo% ?f < t’alwggﬁﬁf’?tglé%r}%to.n °q:-
the reactor system is exposed to temperatures of between 700°F and
1800°F.

10. A method according to claim 9, wherein a portion of the
reactor system is exposed to temperatures of at least 900°F.

i11. A method according to <claims 1-10, wherein said
hydrocarbon is toluene, m-xylene, o-xylene, p-xylene, mixed
xylenes, ethyl benzene, propyl benzene, butyl benzene and other C,-
Ciw 2lkyl benzenes, or comprises an alkyl-substituted benzene.

12. A method according to claim 11, wherein said hydrocarbon

is toluene.

13. A method according to claims 1-12, wherein contaetiﬁg
step (ii) is carried out under low sulfur levels which do not

exceed 100 ppm.

14. A method according to claim 13, wherein contacting step
(ii) is carried out under low sulfur levels of 50 ppm or less.

15. A method according to claims 1-14, wherein treating step
(i) comprises providing a carburization and abrasion resistant
protective layer to a steel portion of a hydrodealkylation reactor
system by (a) applying to the steel portion a metal plating,
cladding or other coating of a metal effective for forming a
carburization resistant protective layer, to a thickness effective
to isolate the steel portion from hydrocarbons during operation
while avoiding any substantial liquid metal embrittlement, and (b)
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51.  The nethod of cl ai m37 wherein said coating has thickness of between
appr oxi mate 52. The nmethod of claimb51, wherein )

sai d coat”m"”ﬂﬁ ss of approximately 1- 4 mls- 53. The
met hod of Lﬂ ”mﬁnmn said carburization resistant protective |ayer
‘has a resistdncé t# esbrittl ement by carburigation of |ess than
approximately 2.5 mmi year. 54. The nmethod of claim 37, wherein

said portion of said reactor systemis constructed froma chrom umrich
and wherein said coatin i sti

st eel i s_sel ected fromth consj sting of
tin, antinmonyorBIRTHE, PEOtPG i iaYer, anchored to Thdtaal BATEIoR hraugh,
wher ei n sai dapoittameafiate darbddéarigy doading eyest.ructed from a
chromumrich steel and wherein said coating conprises tin-

16. A method according to claim 15, comprising forming the
protective layer, anchored to the steel portion through an
intermediate carbide-rich, nickel-depleted bonding phase.

17. A method according to claims 1~16, wherein the

carburization resistant composition is applied as a paint.

18. A method for increasing the carburization =and
embrittlement resistance of a center pipe screen of a conventional
reforming reactor system comprising applying a plating, cladding or
coating to the screen of a material selected from the group of
copper, tin, arsenic, antimony, germanium, gallium, indium,
selenium, tellurium, brass, lead, bismuth, chromium, intermetallic

compounds thereof and alloys thereof.

19. A method for increasing the catburization ~—and
embrittlement resistance of a center pipe screen according to claim
18, comprising applying a plating, cladding or coating of a chrome-
based passivation layer to the screen sufficient to increase the
carburization and embrittlement resistances to levels greatér than

those of mild steel.

20. A method for. increasing the carburization and
embrittlement resistance of a center pipe screen.according to claim
19, comprising applying a chrome plating to the screen.

21. A low-sulfur hydrocarbon conversion process comprising:

(i) providing a carburization and abrasion resistant
protective layer to a steel portion of a reactor system by (a)
applying to the. steel pottion a metal plating, cladding or other
coating, of a metal effective for forming a carburization resistant
protective layer, to a thickness effective to isolate the steel

B \MR
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clai m 55, wherein said applying step

5 .
conpri ses tUﬂlﬂlﬁm "l” byng said tin using a process selected fromthe
group consi WUMI ating, vapor deposition, and soaking in a
nolten tin bath. : The net hod of claim 37, wherein said portion
of said reactor system conprises steel and whein said coating conprises

al um num and further conprising the step of applying a thin chrom um oxi de
coating to said coating. 58. The net hod of claimb57, wherein said

coating conprpssscnl mowrrng@:docsaa&hdmappdwimg dpErat@nnr ivkdd et Fhevcsitcﬁpxgofany
appl yi ng sai us b Zi : ne, hod
of claim 37, dsvbﬁ]eslrééq':n%liggl diﬂg"rl?ilqo ?i r?éggf&z%tsystag% cgl%prl ses s?ee

and wherein s%ﬁ"t?%&f’?ngl%ﬁfﬁﬁyrl §é§h?¥?fi &d Foe t FEL=tonpRT Giqly tthEoyghp at
appl yi ng a t hintegimedihten mmlma-mﬁt:hngomdnngaudyeﬁatamg 60. The

applying step compidoc TherSris, PERP R LR, PR P PR ot g

22. A process according to claim 21 comprising providing a
carburization and abrasion resistant protective layer to a furnace

tube.

23. A process according to claims 21-22 comprising applying
.the metal to a thickness of between 0.5 to 15 mils.

24. A process according to claim 23 comprising applying the
metal to a thickness of between 2 and 8 mils. '

25. A process according to claims 21-24, wherein —the
protective layer is anchored to the steel portion through an
intermediate carbide-rich, nickel-depleted. banding .phase. -

26. A process according to claims.21-25, wherein the ‘process
is selected from the group of nonoxidative and oxidative
dehydrogenation of  hydrocarbons to olefins and dienes,
‘dehydrogenation of ethylbenzene to styrene, conversion of light
"hydrocarbons to aromatics, transalkylation of toluene to benzene
and xylenes, dealkylation of ' alkylaromatics to- aromatics,
alkylation of aromatics to alkylaromatics, production of fuels and
chemicals from H, and CO, steam reforming of hydrocarbons to H, and
COo, the production of diphenylamine from aniline, methanol
alkylation of toluene to xylenes, and dehydrogenation of isopropyl
alcohol to acetone.

27. A process according to claims 21-26, wherein the metal is
applied as a plating, cladding or other coating comprising at least

This Sheet Has Been Replaced ' ment sheet Ad

[TMRR




61. The method of claim 37, wherein said coating conprises al um num and

further c of post-treating by applying a netal coating
conpri si nimnﬂllmmmﬂlﬂmr The net hod of claim61l, wherein said applying
step conpri‘se§ the $tep of applying said-.al umi num using an Al oni zi ng
process. 63. The nethod of claim 37, further conprising the step
of adding to said reactor system an anti-cab®urizing and anti-coki ng agent
sel ected fromthe group consisting of organo-tin conpounds, organo-anti nony
conpounds, O§gaRatRl S tfa jERNPRAEEIS: 1 Y §aNEctHd epbk tqma%sgsoon%a@ting of

or gano- | ead cotn:pounds. . . 64't The rretré d of cl alagrha further.
conpri sing t MO/ o PTEERT Ry NG AnGOPRH A S PR , I3 e 2 PBEPRADE Wy
and anti - cokindiwmgederatdo salehiwmcttellyytuemtin and mixt@fes thkeeast hod of
claim 37, wherein said portion of said reactor system conprises a furnace

t ube. 66. A net hod for cracking hydr.ocar bop, . conpri si.ng the
step of cracking 28 hytrBcrsth aFéaadh%ﬁ?g°§a§’ﬁ|2r7uF°EBﬁ%%+ﬂq I2RReY 1nHake 2
about 100 ppstdel gorkackiof & weraterhaystep @ cheekiywrplading th a tin- or
carburi zat i i uabEast2in{Rpipaliakt, protective layer, formed froma
coating that is capable of form ng a carburization resistant protective

| ayer, having a thickness effective

T~ e
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to «i'sol ate said steel portion fromsaid hydrocarbon feed and effective to
mnimze liquid nmetal enbrittlenment, wherein said protective |layer is
anchored to said steel portion by an intermedi ate carbide-rich bonding

| ayer. 51

67. The met hod of claim66, wherein said steel portion is a nickel-rich
al | oy. 68. The nmethod of claim66, wherein said sulfur content is
| ess than approxi mately 50 ppm sul fur. 69. The net hod of claim
66, wherein said sulfur content is |ess thay approximately 10 ppm sul fur.
70. The nethod of claim66, wherein said cracking furnace is an ethane

crackin
9 HYDRODEALKYLATION PROCESSES

A ISCL
Methods for reducing carburization and metal-dusting while
hydrodealkylating a hydrodealkylatable hydrocarbon, even in the substantial
absence of added sulfur.

No suitable figure
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f urnace. 71.  The method of .clai m 66, wherein said cracking
furnace is used to crack propane. ++ ' 772 v The method of clai m 66,
wherein said cracking furnace is operated at tenperatures between

approxi mately 800-2000[err]F. 73. The net hod of claim66, wherein
said cracking furnace is operated at tenperatures between approxi mately
1400- 1700[ err] F. 74. The nmet hod of claim66, wherein said
cracking furnace is operated at approximately 2000[err]F. 75. The
met hod of claim 66, wherein said coating is selected fromthe group
consisting of a plating, cladding, and pfift. 76. The net hod of
claim75, wherein said coating conprises Hlretal selected fromthe group
consi sting of antinony, arsenic, bisnuth, alum num copper, chrom um
gallium germanium indium |ead, selenium tellurium tin, and
internetal lic conpounds or alloys thereof. 77. The met hod of
claim 76, wherein said coating conprises chrom um

FIG. |

FIG. 2
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o : Aot 1<
78 The nethod of claim 76, wherein said coating conprises tin. 1pos " wm“
79> _ The rret hod of claim 66, wherein said thickness is between

appro' | - 80. The nethod of claim 79, wherein
sai d B"mt “Ieen approximately 1-4 mls. : 81. The net hod
of cl 'L aid carburization resistant protective layer has a

resistance to enbrlttlerrent by carburization of |less than approxinmately 2.5

nm year . The nethod of clai4h 66, wherein said coati ng
conprises a tin- cont ai ni ng paint.
52 CLAIMS:

1. A methad for thermally hydrodealkylating a hydrodealkylatable hydrocarbon,
comprising the step of thermally hydrodealkylating a hydrodealkylatable hydrocarbon under low
sulfur conditions in a hydrodealkylating reactor system comprising a carburization resistant
protective layer, that has been formed from a coating that is capable of forming a carburization
resistant protective layer, on at least a portion of said reactor system.

2. The method of ¢laim 1, wherein said thermally hydrodealkylating step is
conducted at a temperature of at least approximately 700°F.

3. The method of claim 2, wherein said thermally hydrodealkylating step is
.conducted at a temperature of at least approximately 900°F..

\/' 4 Themethod of claim 3, wherein said thermally hydrodealkylating step is
conducted at a temperature between approximately 900-1800°F.

5. The method of claim 1, wherein said hydrodealkylatable hydrocarbon comprises
an alkyl-substituted benzene.

6.  The mothod of claim 5, wherein said allcyl-substituted benzene is selected from
the group consisting of C,-C,, alkyl benzenes.

7. The method of claim 6, wherein said alkyl-substituted benzene is selected from
the group consisting of toluene, m-xylene, o-xylene, p-xylene, mixed xylenes, ethyl benzeue,
propyl benzene, butyl beuzene, and mixtures thereof.

- 8. The method of claim 5, wherein said alkyl-substituted benzene comprises toluene.

W, 9.  Themethod of claim 8, wherein said thermally hydrodealkylating step comprises
- contacting said toluene with hydrogen at a temperature between approximately 900-1800°F.

10.  The method of claim 9, wherein said coating comprises tin.
11.  Themethod of claim 9, wherein said coating comprises antimony.

12.  The method of claim 1, wherein said low sulfur conditions comprise a sulfur
concentration in said reactor system less than approximately 100 ppm sulfur. -

13.  The method of claim 12, wherein said low sulfur conditions comprise a sulfur
concentration in said reactor system less than approximately 50 ppm sulfur.
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The method of clalm 82, wherein said tin-containing paint further
'cdrrprl S Ilﬂlumgmﬁuluﬁmrmosabl e tin conpound, a solvent system a finely
di vi ded tin oxide. 84. The met hod of cl ai m 83,

wher ei n salcf pdi nt' forther. conprises iron. 85. The met hod of
claim84, wherein said tin to said iron |§ in a ratio of between
approxi mately 10 and 1. 86. The nmet hod of claim 66, wherein said

coating corrprl es chr up.con n JEL, for
protecting a porti ﬁgh ‘%‘E&%‘égﬁdpotwg}gr g?nr‘liml ﬁkps Opgp
appl yi ngcw%tam%gnﬁmfeap@rw o ?”f ti on resi st ant
protective |layer to a steel portion of a crackln f.urnace having a.

t hi ckness ef f &5t i v&he method ocleits 4; wheseiasnidportionsh sgif sracr BFLHLEAPHGSS f eed
in said choalimgichsteehas velmiein S4id coatingtcomprisesia mesal selealied foa the group

enbri tt| gsmtingef ingntisenpbismith, andacdenicg f ur nace; and fornming a
protective |ayer, wherein said protective |ayer is anchored to said steel
portion by anqgnt eniggietiofl of afalth Swhérein saidpdititg dfayidreactor system c@fprises The
met hod ofgg AT ffein W8 CEitHe SakpriedabiriininSma Fhriet eshfrisiis d dteogiuasigxide

coating on said carburization resistant protective layer.

(@)

17.  The method of claim 1, wherein said porttion of said reactor s¥stem o.ompn'se's
steel and wherein said coating comprises tin and further comprising a chromium oxide coating on
said carburization resistant protective layer.

\\/ 18.  The method of claim 1, wherein said portion of said reactor system comprises &
furnace tube.

19. The method of claim 1, wherein said coating is selected from the group consisting
of a plating, cladding, and paint.

20.  The method of claim 1, wherein said coating comprises a metal selected from fche
group consisting of aluminum, antimony, arsenic, bismuth, brass, chromium, copper, germanium,
indiurn, lead, selenium, tellurinm, tin, and intermetallic compounds or alloys thereof.

21.  The method of claim 1, wherein said coating comprises a Cu-Sn alloy.

22.  The method of claim 1, wherein said coating comprises a or 2 Cu-Sb alloy.

23,  The method of claim 1, wherein said coating comprises tin.

-/ 24,  The method of claim 1, wherein said carburization resistant protective layer is
anchored to said portion of said reactor system by an intermediate carbide-rich bonding layer.

25.  The method of claim 1, wherein said carburization resistant protective layer has a
thickness effective to provide a complete,. mnntermpted carburization resistant protective layer
over said portion.

26.  The method of claim 1, wherein said carburization resistant protecuve layer has a
thickness effective to avoid liquid metal embrittlement.

27.  The method of claim 1, wherein said carburization resistant protective layer has
thickmess of between approximately 0.5-10 mils.
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c-onsi-'sti f | atin cl addi ng, and pai nt. 89. The net hod of
cllai m 8'{['8 jﬂ' l ,ﬂ ﬂf“tati ng conprises a netal selected fromthe group
consi sti 'Marseni c, bisnmuth, alum num copper, chronium

gallium germanium 1ndium |ead, selenium tellurium tin, and
internmetal lic conpounds or alloys thereofg 90. The met hod of
claim89, wherein said coating conprises chrom um 91. The et hod
of claim 89, wherein said goati.ng_copprises, ti,n.. .. . < d
of claim 87, wifer ei?hegla%of%&@ Werd/s Wi cE’é@}ﬂg%FP“&ﬁﬂP&{F%?’%@“ﬁ?@??%#&
93.  Thethinkners of apprexiziatelyod-4 milfer ei n sai d t hickness is between
approximately 1-4 mls. 94. The met hod of claim87, wherein said
carburi zati on 2%si sThehethodbofdlsiink wheyin saidearbinrizetionesistont Rretoathvsy laYe hahdnt
by car bur jegRiahesto@mbriidmdnbby cappizationaf ledsithéh dpproxigadely 2.5 mm/year. 95,  The
met hod of claim 87, wherein said coating conprises a tin-containing paint.
96.  The nmethggl of Td RLtbSF cIRET, Finthet dbikiphiding the Blepofaddingtaisaid rantarher
CONpPri S€S o@em an anti-carburizing and anti-coking agent selected from the group consisting of organo-tin
compounds, organo-antimony compounds, organo-bismuth compounds, organo-arsenic
compounds, and organo-lead compounds.

31. The method of claim 1, further comprising the step of adding an organo-tin
non-sulfur, anti-carburizing and anti-coking agent to said reactor system.

32.  The method of claim 1, wherein said coating comprises a tin-containing paint.

33.  The method of claim 32, wherein said tin-containing paint further compﬁse§ a
hydrogen decomposable tin comnpound, 2 solvent system, a finely divided tin metal, and a tin

oxide.

34,  The method of claim 33, wherein said paint further comprises iron.

35.  The method of claim 34, wherein said tin to said iron is in a ratio of between
approximately 10 and 1. :

36.  The method of claim 1, wherein said coating comprises a chromium-containing
paint.

37. A method for reducing carburization in a thermal hydrodealkylation reactor
system operated under Jow sulfur conditions, comprising the steps of:
(o applying a coating that is capable of forming a carburization resistant protective layer to
\ at least a portion of a hydrodealkylation reactor system operated under low sulfur conditions; and
forming a carburization resistant protective layer.

38.  The method of claim 37 wherein said coating is selected from the group
consisting of a plating, cladding, and paint. :

39.  The method of claim 37 wherein said coating is selected from the group
consisting of aluminum, antimony, arsenic, bismuth, brass, chromium, copper, germanium,
indium, lead, selenivm, tellurium, tin, and intermetallic compounds or alloys thereof.

40. Themethod of claim 37, wherein said coating comprises a Cu-Sn alloy.
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53 Wl n conpound, a solvent system a finely divided

tin rret 97. The net hod of claim96, wherein
sai d pal | ses iron. 98. The met hod of claim97,
wherein sald t|n to sald iron is in aratio of between approxinately 10 and
1. The net hod of claim 87, 4\gherel n said coating conprises a
chrom um cont al ning paint. 100. nmet hod for converting

hydr ocar bons, co ri sing the steps of:
Y rrp The mgthod of clalmp37 wherem said coating comprises a or a Cu-Sb alloy.

42.  The method of claim 37, wherein said coating comprises tin.
43.  The method of claim 37, wherein said coating comﬁrises a tin-containing paint.

44.  The method of claim 43, wherein said tin-containing paint further comprnises a
hydrogen decomposable tin compound, a solvent system, a finely divided tin metal, and a tin
oxide.

45.  The method of claim 44, wherein said paint further comprises iron.

46.  The method of claim 45, wherein said tin to said iron is in a ratio of between
approximately 10 and 1.

\\/ - 47.  The method of claim 37, said coating comprises a chromiwm-containing paint.

48.  The method of claim 37, further comprising the step of forming an intermediate
carbide-rich bonding layer that anchors said carburization resistant protective layer to said
portion of said reactor system.

49.  The method of claim 37, wherein said applying step comprises the step of
applying said coating at a thickness effective to provide a complete, uninterrupted carburization
resistant protective layer over said portion.

50.  The method of claim 37, wherein said applying step comprises the step of
applying said coating at a thickness effective to avoid liquid metal embrittlement.

51.  The method of clzim 37, wherein s2id coating has thickness of between
approximately 0.5-10 mils.

N 52.
4 mils.

The method of claim 51, wherein said coating has a thickness of approximately 1-

53.  The method of claim 37, wherein said carburization resistant protective layer has a
resistance to embrittlement by carburization of less than approximately 2.5 mm/year.

54.  The method of claim 37, wherein said portion of said reactor systetn is
constructed from a chrominm-rich stee] and wherein said coating is selected ﬁ'om the group
consisting of tin, antimony, bismuth, and arsenic.

55.  The method of claim 54, wherein said portion of said reactor system is
constructed from a chromium-rich steel and wherein said coating comprises tin.
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usi ng ,MLMM? react or system having a carburization and

abr asi on ant protective |layer, wherein said | ayer has been prepared
by appl yum ﬂ" , ﬂﬁl portion a netal plating, cladding, paint, or other
coating effective for formng a carburization resistant
protective |ayer to 3 tFnckness effectlvgoto I solate the steel portion from
hydrocarbons during operation and effective to mnimze |i qU| d netal
enbrittlement, and form ng said protective_|ayer wherein,sai rotective.
layer is anch&fed Kbemethedeof elaim 55, whezein 3id applwﬁsmwmseswﬁgﬁpr&j | ayer
conpr i si mgplyingtshiddin using a process selestadfeare thegroptrpasiging b slecireniafingaviney a

sul fur cdepesition, andesoakingiin appitextimbattl y 100 ppmin said reactor system
wherein said converting step is selected fromthe group consisting of

nonoxi dat i ve @&ghydmagaitaicddf clim B3y wikeéinasid poitionof afid reactonsysttineconmprises

oxi dat i Ve dehadiiRgan 9l eatiy BHPHHASARRARS] ﬁxd%ﬁlﬁdr%&mpﬁdngiﬂ@@&p of applying
dehydr ogengi Kb nﬁ{ﬁnﬁx@dfé&ﬁﬁﬁgi&%&&oﬂﬂ ene, conversion of |ight

hydr ocarbons to aronati cs ansal kyl ati ons of toluene to benzene and

oa e Shol DAl ks A et el

O

-

and CO, ar"RH 001. The
met hod of cl ai m 100 vvherel n said sulfur content is .| ess than qulﬁg'ls
sul fur. 9.~ 1Fhe methad etirnd aficlaing 37 ovherpiaisaid porion i &3id reacton Fygt Ednt ent

is |ess tﬂﬁ@hﬂmwmsimﬂmﬂmg comprises tin el furthercompripg hsrstep ofiapplys 2 hifer ei n

sai d net adhromivgedxids cating torsaideeaingyup  consi sting of antinony, arsenic,

bi smut h, al um num copper, chromum gallium germanium indium | ead,

sel enium tel |60 i urfhetnothodoafdlaim!S9; whérain! said coatmgmn'qbasasralminmmndlaaﬂeof
applying step comprises the step of applying said tin by electroplating.

61.  The method of claim 37, wherein said coating comprises aluminum and further
comprising the step of post-treating by applying a metal coating comprising tin.

62.  The method of claim 61, wherein said applying step comprises the sfep of
applying said aluminum using an Alonizing process.

63.  The method of claim 37, further comprising the step of adding to said reactor
system an anti-carburizing and anti-coking agent selected from the group consisting of organo-tin
compounds, organo-antimony cormpounds, oxgano-bismuth compounds, organo-arsenic
compounds, and organo-lead compounds.

64.  The method of claim 37, further comprising the step of adding an organo-tm
U non-sulfur, anti-carburizing and anti-coking agent to said reactor system.

65.  The method of claim 37, wherein said portion of said reactor system comprises a
furnace tube.

66. A method for cracking a hydrocarbon, comprising the step of crackinga .
hydrocarbon feed having a sulfir content lower than about 100 ppm in a cracking faroace having
a steel portion with a carburization and abrasion resistant protective layer, formed from a coating
that is capable of forming a carburization resistant protective layer, baving a thickness effective
to isolate said steel portion from said hydrocarbon feed and effective to minimize liquid metal
embrittlement, wherein said protective layer is anchored to said steel portion by an intermediate
carbide-rich bonding layer.
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TMOS wherein said metal is selected fromtin,

antl nony, 'h\e" omum and internetallic conmpounds or all oys

t her eof . ”"’HH "HMJH"}he net hod of claim 104, wherein said netal

conpri ses chr offi uth 106. The nethod of claim 104, wherein said
metal conprises tin. 107. The nethod of claim 100, wherein said
steel portion is a furnace or heat

54 exchanger. 8., Fh h f cla 10 st eel
portion is a n| ckellk ?Frbeﬁnog.lq-ESGuﬂ)T%k \Qﬁergm said s{cer? porp on l\é\,g c‘f('epn%ilﬂy

68.  The method of claim 66, wherein said sulfur content 1s less than approximatcly 50
ppm sulfur.

69.  The method of claim 66, wherein said sulfur content is less than approximately 10
ppm sulfur.

70.  The method of claim 66, wherein said cracking fumace 1s an ethane cracking

* furnace.

71.  The method of claim 66, wherein said cracking furnace is used to crack propane.

72.  The method of claim 66, wherein said cracking fumace is operated at
temperatures between approximately 800-2000°F.

73.  The method of claim 66, wherein said cracking furnace is operated at
temperatures between approximately 1400-1700°F.

74.  The method of claim 66, wherein said cracking furnace is operated at

approximately 2000°F.

75.  The method of claim 66, wherein said coating is selected from the group
consisting of a plating, cladding, and paint.

76.  The method of claim 75, wherein said coating comprises a metal selected from the
group consisting of antimony, arsenic, bismuth, aluminum, copper, chromivm, gallium,
genmanium, indiwm, lead, selenium, tellurium, tin, and intermetallic compounds or alloys thereof.

77.  The method of claim 76, wherein said coating comprises chromium.

78.  The method of claim 76, wherein said coating comprises tin.

79.  The method of claim 66, wherein said thickness is between approximately 0.5-10
mils.

80.  The method of claim 79, wherein said thickness is between approximately 14
mils. ' '

81.  The method of claim 66, wherein said carburization resistant protectwe layer has a
resistance to embrittlement by catburization of less than approximately 2.5 mm/year.

82.  Themethod of claim 66, wherein said coating comprises & tin-contzining paint.
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109.- The 0, wherein said converting step conprises the
productlon mwy!ﬁm cals fromHerr] and CO 110. The
met hod of cfaim 10 n said converting step conprises reform ng of
hydr ocarbons. to Herr] and CO

52
83.  The method of claim 82, wherein said tin-containing paint further comprises a

hydrogen decomposable tin compound, a solvent system, a finely divided tin metal, and a tin
oxide.

84.  The method of claim 83, wherein said paint further comprises iron.

85.  The method of claim 84, wherein said tin to said iron is in a ratio of between
approximately 10 and 1.

86.  The method of claim 66, wherein said coating comprises a chromium-containing
paint.
87. A method for protecting a portion of a cracking furnace, comprising the steps of:
applying a coating that is capable of forming a carburization resistant protective layer to a
o steel portion of a cracking furnace having a thickness effective to isolate said steel portion from a
L hydrocarbon feed in said cracking furnace and effective to minirvize liquid metal embrittlement
during use of said cracking furnace; and
forming & protective layer, wherein said protective layer is anchored to said steel portion
by an intermediate carbide-rich bonding layer.

88. | 'fhe method of claim 87, wherein said coating is selected from the group
consisting of a plating, cladding, and paint.

89.  The method of claim 87, wherein said coating comprises a metal selected from the
group consisting of antimouy, arsenic, bismuth, aluminum, copper, chromium, gallium,
germanium, indium, lead, selenium, tellurium, tin, and intermetallic compounds or alloys thereof.

90.  Themethod of claim 89, wherein said coating comprises chromium.

91.  The method of claim 89, wherein said coating comprises tin.

92.  The method of claim 87, wherein said thickness is between approximately 0.5-10
mils.

93.  The method of claim 92, wherein said thickness is 'betwcen approximately 1-4
mils.

94.  The method of claim 87, wherein said carburization resistant protective layer has a
resistance to embrittiement by carburization of less than approximately 2.5 mm/year

95.  The method of claim 87, wherein said coating comprises a tin-oontaining‘ paint.

96.  The method of claim 95, wherein said tin-containing paint further comprises a
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hydrogen decomposable tin compound, a solvent system, a finely divided tin metal, and a tin
oxide.

97.  The method of claim 96, wherein said paint further comprises iron.

98.  The method of claim 97, wherein said tin to said iron is in a ratio of between
approximately 10 and 1. .

99,  The method of claim 87, wherein said coating comprises a chromium-containing
paint.

100. A method for converting hydrocarbons, comprising the steps of:

using a steel portion of a reactor system having a carbutization and abrasion resistant
protective layer, wherein said layer has been prepared by applying to the steel portion a metal
plating, cladding, paint, or other coating comprising a metal effective for forming a carburization
resistant protective layer to a thickness effective to isoldte the stecl portion from hydrocarbons
during operation and effective to minimize liquid metal embrittlement, and forming said
protective layer wherein said protective layer is anchored to said steel portion by an intermediate
bonding layer comprising carbide; and

converting & hydrocarbon feed having a sulfur content lower than approximately 100 ppm
in said reactor system; wherein said converting step is selected from the group consisting of
nonoxidative dehydrogenation of hydrocarbons to olefins and dienes, oxidative dehydrogenation
of hydrocarbons to olefins and dienes, dehydrogenation of ethylbenzene to styrene, conversion of
light hydrocarbons to aromatics, transalkylations of toluene to benzene and xylenes, dealkylation
of alkylaromatics to aromatics, allylation of aromatics to alkylaromatics, production of fuels and
chemicals from H, and CO, and reforming of hydrocarbons to H, and CO.

101. The method of claim 100, wherein said sulfur content is less than 50 ppm sulfur.

102. The method of claim 100, wherein said sulfur content is less than 10 ppm sulfur.

103. The method of claim 100, wherein said metal is selected from the group
consisting of antimony, arsenic, bismuth, aluminum, copper, chromium, gallium, germanium,

indfum, lead, selenium, tellurium, tin, and intermetallic cornpounds ot alloys thereof.

104. Themethod of claim 103, wherein said metal is selected from tin, antimony,
germanium, chromium, and intermetallic compounds or alloys thereof.

105. The method of claim 104, wherein said metal comprises chromium.
106. The method of claim 104, wherein said metal comprises tin.

107. The method of claim 100, wherein said steel portion is a furnace or heat
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exchanger.
108. The method of claim 100, wherein said steel portion is a mickel-rich alloy.

109. ‘The method of claim 100, whereiu said converting step comprises the production
of fuels and chemicals from H, and CO.

110. The method of claim 100, wherein said converting step comprises reforming of
hydrocarbons to H, and CO.

This is the replacement sheet

Date: 1 9 DEC 2000



55

HYDRODEALKYLATION PROCESSES

ABSTRACT OF THE DISCLOSURE
Methods for reducing carburization and metal-dusting while

hydrodealkylating a hydrodealkylatable hydrocarbon, even in the substantial
absence of added sulfur, '

No suitable figure
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