1 METHOD OF TREATI NG A SURFACE TO PROTECT THE SAME
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains priority to U S. Provisional Patent
Application Serial No. 60/686,792 filed on June 2,
2005, which is hereby incorporated by reference inits
entirety. STATEMENT REGARDI NG FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT [0002] Not applicable. FIELD
OF THE INVENTION Field of this disclosure [[0003] This
I nvent METHQI OF TREQANNG Al SURFACE RO PROBECT THESAMENg a
substrate with a netal protective |ayer to protect
same, More specifically, this invention relates to
protective CBPSP-BEFERANCGE TQRFILAIEDAPPRICATINS substrat e
revent degradation thereof. Background of this
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[0004] Chemical reagents in reactor systems often have adverse secondary effects on the

reactor metallurgy. Chemical attack on a metal substrate of the various components of reactor
systems, such as furnace tubes, reactor vessels, or reactor internals may result in the
degradative processes of carburization, metal dusting, halide stress corrosion cracking, and/or
coking,

[0005] “Carburization” refers to the injection of carbon into the substrate of the various
components of a reactor system. This carbon can then reside in the substrate at the grain
boundaries. Carburization of the substrate can result in embrittlement, metal dusting, or a loss
of the component’s mechanical properties. “Metal dusting” results in a release of metal
particulates from the surface of the substrate. “Coking” refers to a plurality of processes
involving the decomposition of hydrocarbons to essentially elemental carbon. Halide stress

corrosion cracking can occur when austenitic stainless steel contacts aqueous halide and



corrosi on cracking can occur when austenitic stainless
steel contacts aqueous halide and 2 represents a
uni que type of corrosion in which cracks propagate
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breaks free, a minute to atomic sized piece of metal may be removed from the substrate to form

a pit. Eventually, the pits will grow and erode the surface of the hydrocarbon conversion
system and components contained therein until repair or replacement is required.

[0008] Traditionally, the hydrocarbon feeds in reforming reactor systems contain sulfur,
which is an inhibitor of degradative processes such as carburization, coking and metal dusting.

However, zeolitic catalysts developed for use in catalytic reforming processes are susceptible to



which is an inhibitor of degradative processes such as
carburization, coking and netal dusting. However,
zeolitic catal ysts devel oped for use in catalytic
reform ng processes are susceptible to 3 deactivation
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increasing the resistance of reactor systems to degradative processes such as carburization,

halide stress corrosion cracking, metal dusting, and/or coking. It would also be desirable to
develop a methodology for the formation of an MPL on a reactor system substrate that reduces
the cost associated with the reactor system shutdown. Finally, it would be desirable to develop
a methodology for retrofitting or repairing degraded components of a reactor system.

BRIEF SUMMARY OF SOME OF THE PREFERRED EMBODIMENTS



the cost associated with the reactor system shutdown.
Finally, it would be desirable to develop a

nmet hodol ogy for retrofitting or repairing degraded
conmponents of a reactor system BRI EF SUMVARY OF SOVE
OF THE PREFERRED EMBODI YENTS 4 [0012] Discl osed
herein is a nethod of treating a substrate, conprising
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AML on the substrate of the unassembled component and followed by curing of the AML on
the substrate of the unassembled component to form an MPL on the substrate. The MPL
optionally may be further processed by mobilization and sequestration processes. The
unassembled component may be a reactor system component. The application of the metal
layer, the curing of the AML, or both may be performed at a location other than a final

assembly site for the structure, The unassembled component may be transported prior to or

after any of the individual process steps described herein including but not limited to applying



unassenbl ed conponent nmay be a reactor system
conponent. The application of the netal |ayer, the
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The substrate may be an unassembled component of a structure and the AML may be cured to
form an MPL prior to assembly of the unassembled treated component into the structure.

(0015]  Further disclosed herein is a method of treating a substrate, comprising applying a
layer of at least one metal to the substrate to form an AML on the substrate followed by curing
of the AML at a temperature of greater than about 1,200 °F (649 °C) to form an MPL on the

substrate wherein the AML comprises tin oxide, a decomposable tin compound and tin metal



forman MPL prior to assenbly of the unassenbl ed
treated conmponent into the structure. (00151 Further

di scl osed herein is a nmethod of treating a substrate,
conprising applying a |layer of at |east one netal to
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stannide and may have a thickness of about 1 to about 100 pym. The bonding layer may
comprise from about 1 wi% to about 20 wi% elemental tin. The substrate may be an
unassembled component of a structure and the applied metal layer is cured prior to the
assembly of the unassembled component into the structure.

[0017] Further disclosed herein is a hydrocarbon conversion system, comprising at least
one furnace; at least one catalytic reactor; and at least one pipe connected between said at least

one furnace and said at least one catalytic reactor for passing a gas stream containing a



conprise fromabout 1 wt%to about 20 wt % el enent a
tin. The substrate may be an unassenbl ed conponent of
a structure and the applied nmetal |ayer is cured prior
to the assenbly of the unassenbl ed conmponent into the
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the hydrocarbon conversion system may be a reactor wall, a furnace tube, a furnace liner, a
reactor scallop, a reactor flow distributor, a center pipe, a cover plate, a heat exchanger, or
combinations thereof. The reactor may be a catalytic reforming reactor and may further
comprise a sulfur-sensitive, large-pore zeolite catalyst. The sulfur-sensitive, large-pore zeolite

catalyst may comprise an alkali or an alkaline earth metal charged with at least one Group VIII



with an MPL having inproved halide stress corrosion
cracki ng resi stance. The conponent of the hydrocarbon
conversion systemnay be a reactor wall, a furnace
tube, a furnace liner, a reactor scallop, a reactor
flow distributor, a center pipe, a cover plate, a heat
exchanger, or conbinati®ns thereof. The reactor may
be a catalytic reform ng reactor and may further
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this disclosure will be described hereinafter. It should be appreciated by those skilled in the art

that the conception and the specific embodiments disclosed could be readily utilized as a basis
for modifying or designing other structures for catrying out the same purposes of the present
invention. It should also be realized by those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of this disclosure as set forth in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS



this disclosure will be described hereinafter. It
shoul d be appreciated by those skilled in the art

that the conception and the specific enbodi nents

di scl osed could be readily utilized as a basis for
nodi fyi ng or designing other structures for carrying
out the same purposes of the present invention. It
shoul d al so be realized by those skilled in the art
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rocessi ng to t e MPL. “Such | nstances may
hemmapberred to herein by the term AMIML. [0026] The
AMUVPL may conprise one or nore protective materials
¢oopa bl erhef AMI/MPL may comprise one or more protective materials capable of

rendering a substrate resistant to degradative processes such as halide stress corrosion cracking,
coking, carburization and/or metal dusting. In an embodiment, there is formed a protective
layer comprising the protective material anchored, adhered, or otherwise bonded fo the
substrate. In an embodiment, the protective material may be a metal or combination of metals.
In an embodiment, a suitable metal may be any metal or combination thereof resistant to
forming carbides or coking under conditions of hydrocarbon conversion such as catalytic
reforming. Examples of suitable metals or metal compounds include without limitation

compounds of tin such as stannides; antimony such as antimonides; bismuth such as



rendering a substrate resistant to degradative
processes such as halide stress corrosion cracking,
coki ng, carburization and/or netal dusting. In an
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Eﬁ%ﬁ(tﬁn@n an embodiment, the thickening, binding or dispersing agents may be a single

compound. Without wishing to be limited by theory, thickening, binding or dispersing agents
may modify the rheological properties of the AML such that the components thereof are
dispersed in the solvent and maintain a stable viscosity by resisting sedimentation. Addition of

a thickening, binding or dispersing agent may also allow the AML to become dry to the touch



cycl ohexane, heptane, nethyl ethyl ketone, any

conbi nation thereof, or any other solvent described
herein. (00281 The AML may further conprise an
effective anount of additives for inproving or

changi ng the properties_thereof, including wthout
limtation thickening, Bi ndi ng or dispersing agents.
In an enbodi ment, the thickening, binding or
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conmpounds, organol ndi'um conmpounds, organtellurium
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conmpounds, organochrom um conpounds, or conbi nations
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deconposabl e netal conpound conprises at | east one
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silicon, lead, arsenic, germanium, indium, tellurium, selenium, copper, chromium or mixtures
thereof. The organic acid anion may be acefate, propionate, isopropionate, butyrate,
isobutyrates, pentanoate, isopentanoate, hexanoate, heptanoate, octanoate, nonanoate,
decanoate oxyolate, neodecanoate, undecanoate, dodecanoate, tredecanoate, tetradecanoate,
dodecanoate or combinations thereof.

[0030] The finely divided metal may be added to the AML to ensure the presence of

reduced metal capable of reacting with the substrate even under conditions where the formation



propyl, butyl, pentyl, hexyl, halides, or m xtures
thereof. In a further enbodi nent, the hydrogen
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bhea R metal RAAisQKGEdu6h A tdvthedptiahiles/bBY ndheredaciaf stinesphere. In an
propi onate, isopropionate, butyrate, isobutyrates,
RRRYdRRERHE find SREED hnidtaladydaveheuariositeaf fibve phaanbet &,about 20
oct anoat e, nonanoate, decanoate oxyol ate,

PEO GAGaN aahidg obb ARG deay, ntbodefEnpaice sizé mexbcireerdtim
tetradecanoate, dodecanoate or conbi nations thereof.
L3 LElof hh anbtiatedly the dMIL ded netal may be added to the
AML to ensure the presence of reduced netal capabl e
#03¥ e adt ian gmbpdihent, Hbe sfpisaentioned AMle may b8 & teeoRaRIng SpRENE

where the formation 12 of reduced t al J, sf red
Seressing af deAstt @prérrgﬁfiﬁ%ém fheiy, fngho ‘H‘é"aﬁﬂ‘%at %H‘g?gé“

ﬁg:pl?lgqﬁb n%ogOénpStfnd,f 91 &S 16%18 tsyst}émd(lmv iiescn ﬁr@@%ﬂ}?ﬁmﬁ Q\ﬁﬁd?
\é\!"ld mé% Y (R/?r%l; 8?&3%8 % femcfoﬁ%l&Xmﬁ?ﬁﬁd’lﬁ/g or Hﬁﬁe?skng Q%en@ i

I Cle size itate uniform coverage o
%&*aégxﬁ tBimphibe Erld dMAed soli@Q3 L ninkipe singMbOdi Ment, t he
aforenentloned M. may be a tin-containing coatlng
GRBNI | Shfghieat (i), @RSHydlogr dedoffbsale €ntcomptootd, tfagibe an organotin
functional equivalents): (i) a hydrogen. deconposabl e
fconpot@in Then blydrdgeri Ylecamposdbleett caymtmlimniya soneheise i [9etppoate or
previously), (iii) a finel divided tin_ netal and
fipodyoancete. Bhdseleonpeings wilchawie 1Y tor EREH Cﬁgs‘SteB‘fYrﬂﬂ‘l %S“Bﬁ“ate

duor %%ééé‘?ﬂf%ﬁﬂé O Rl 8 * Ly oS g el
ij %Oéﬁitd)fl?rﬁo i) ! %Omglgﬁdocgagca%h@ ?ngatgéﬁn c?%é%g;ﬁ‘gsg grg%(ﬁtl{ga%a 91? Ia9e§]

.]z%{;gx) Qorms T g fam gtp R ﬁ}{d?o%ent At lmgﬁ%ﬁgsp asggvgl a%ﬁ&mgrgw Qﬁtﬁ e¢).

99&%&%&&9&% g%ﬂnk%oaﬁéﬁ?%oﬁ%&atehﬁ@hﬁhé cdnsibeSibsa Mibn dr@qual to

cracking and/or splitting, which is useful when a
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curing. Tin octanoate or neodecanoate wi || deconpose
a2 s, bDthe respentivie aytedoic acid or neodecanoic acid. Tin octanoate has been

given Registry Number 4288-15-7 by Chemical Abstracts Service. Tin neodecanoate has been
given Registry Number 49556-16-3 by Chemical Abstracts Service.

[06033] Finely divided tin metal, ingredient (iii), may be added to insure that reduced tin is
available to react with the substrate even under conditions where the formation of reduced
metal may be disfavored such as at low temperatures or under non-reducing conditions. The
particle size of the finely divided tin metal may be from about 1 pm to about 20 pm which

allows excellent coverage of the substrate surface to be coated with tin metal. Non-reducing



which forms iron stannide in hydrogen at tenperatures
fromas | ow as about 600 F (316 C. In an enbodi nent,
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wit% to about 45 wi% hydrogen decomposable tin compound; in addition to the tin oxide; tin
powder; and isopropyl alcohol.

[0036] The AML/MPL of this disclosure may be used on any substrate to which it adheres,
clings, or binds, and provides protection from degradative processes. In an embodiment, any
system comprised of a coking-sensitive, carburization-sensitive, halide stress-corrosion
cracking sensitive and/or metal-dusting sensitive material may serve as a substrate for the

AML/MPL. In a further embodiment, the substrate may comprise carbon steel, mild steel,



[0035] In one enbodi nent, an AML may be a coating
conprising less than or equal to about 65 wt %
alternatively |l ess than or equal to about 50 wt %
alternatively fromabout I wit% to about 45 wt %
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cata
in more detail herein and in the various patents incorporated by reference herein.

[0038] In an embodiment, the substrate may be a surface of a hydrocarbon conversion
system (HCS) or a component thereof used for manufacturing any number of petrochemical
products. The hydrocarbon conversion system may function to oxidatively convert
hydrocarbons to olefins and dienes. Alternatively, the hydrocarbon conversion system may

function to nonoxidatively convert hydrocarbons to olefins and dienes. Alternatively, the



reform ng reactor system such as that shown in FIG 1
The reform ng reactor systemnmay include a plurality
of catalytic reformng reactors (10), (20) and (30).
Each reactor contains a catalyst bed. The system al so
includes a plurality ofsfurnaces (11), (21) and (31);
heat exchanger (12); sSeparator (13); a plurality of
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[0040] Substrates may have a base metallurgy comprising halide stress corrosion cracking-
sensitive, carburization-sensitive, coking-sensitive and/or metal-dusting sensitive compounds
such as nickel, iron, or chromium. In an embodiment, a suitable base metallurgy may be any
metallurgy containing a sufficient quantity of iron, nickel, chromium, or any other suitably

reactive metal to react with the metal in the AML and form a uniform layer. In an embodiment,
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16 wi% and about 20 wi% chromium and between about 8 wt% and about 15 wt% nickel.

Steels with less than about 5 wt% nickel are less susceptible to halide stress corrosion cracking.
Suitable substrates may comprise one or more of the foregoing metallurgies.

[0042] The AML may be plated, painted, cladded, coated or otherwise applied to the
substrate. In an embodiment, the AML is formulated to be applied as a coating. Suitable

methods of applying the AML to the substrate as a coating include without limitation spraying,
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degradative processes described previously. Examples of further processing of the AML to
form the MPL include but are not limited to curing and/or reducing. In an embodiment, the
AML may be applied to a substrate as a coating that dries to form a coating, which may be
further cured and/or reduced to form the MPL.

[0045] In an embodiment, the coating may be sprayed onto or into reactor system

components. Sufficient amounts of the coating should be applied to provide a continuous



coating may dry by evaporation of the solvent or other
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substrate. A number of cleaning techniques are possible including (i) oxidizing the substrate
surface, (ii) oxidizing the substrate surface and chemically cleaning, (iii) oxidizing the substrate
surface and chemically cleaning followed by passivation, (iv) oxidizing the substrate surface
and physically cleaning and (v) hydroblasting the substrate surface. Technique (i) may be
useful to remove residual coke and would be acceptable if the oxide or sulfide layer is thin

enough to allow an MPL to form properly. Alternatively, techniques (ii)-(v) may be used to
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and processing as described in this disclosure.

[0050] The substrate may be heated after application of the AML to cure same. Curing the
AML may result in the metal of the AML reacting and bonding with the substrate to form a
continuous MPL that is resistant to degradative processes such as halide stress corrosion

cracking, metal dusting, coking and/or carburization. In an embodiment, an AML comprising a



the structure, In an enbodi nent, a reactor conponent
may be di sassenbled froman existing reactor,
optionally cl eaned, coated and processed as descri bed
in this disclosure prior to reassenbly of the
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deconposable compound (such as tin octanoate), a
fibaRleYs WhwildR dormimal opbrativnlor fashet ism) and a nmet al oxi de
(such as tin oxide) nmay be applied and cured to
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appl i ed at the above-described thickness, initia
fusthier cmbaslfment, an AML comprising tin may be cured at a temperature of from about 600

°F (316 °C) to about 1,400 °F (760 °C), alternatively of from about 650 °F (343 °C) to about
1,350 °F (732 °C), alternatively of from about 700 °F (371 °C) to about 1,300 F (704 °C). The
heating may be carried out for a period of time of from about 1 hour to about 150 hours,
alternatively from about 5 hours to about 130 hours, alternatively from about 10 hours to about
120 hours.

[0054] In an embodiment, the AML may be cured at or above atmospheric pressure in a

range of from about atmospheric pressure to about 215 psia (1,482 kPa), alternatively from



conditions will result in nmetal mgrating to cover
small regions that were not originally coated. This
may conpletely coat the substrate. In the case of tin,
stanni de |l ayers such as iron and nickel stannides are
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heating of the coated substrate may serve to reduce the amount of unreacted AML metal
remaining after the first heating.

[0057] Tn an embodiment, an AML comprising tin oxide; a decomposable tin compound;
and tin metal powder may be cured at high temperatures at pressures from about 1.9x10” psia
(0.13 Pa) to about 315 psia (2,172 kPa). Ina further embodiment the temperature may be equal
to or greater than about 1,200 °F (649 °C), alternatively from about 1,200 °F (649 °C) to about
1,400 °F (760 °C), alternatively from about 1,300 °F (704 °C) to about 1,400 °F (760 °C). The

curing may be performed at any of the previously described pressures, such as about 315 psia



AML to the MPL. This reaction may result in a uniform
MPL of sufficient thickness to render the substrate
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remali ning after the first heating. 100571 In an
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deconposabl e tin conmpound; and tin netal powder may
§al €3 biEleks &an thi Gt fresie r Bieueces] teiting messuresigmied arpreadurselof
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nxiet psit(l.9 @h)yto Aroonh6s poaitl,14Q 0P 2i@mai G Pf Epmiabouh hiilf™ psia
1,400 OF (760 C), alternatively fromabout 1,300 OF
(1704 tCybotiol 18 pgut793 ke 0 T@RerbFade may fhe carpsdruh§r pgfiopef
perfornmed at any of the previously described
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[0060] In an embodiment, an AML comprising tin compounds may be cured in the
presence of a reducing gas. The reducing gas may be hydrogen, carbon monoxide,
Hydrocarbons or combinations thereof In a further embodiment, the hydrogen, carbon
monoxide or hydrocarbons may be blended with a second gas. The second gas may be argon,
helium, nitrogen, any inert gas or combinations thereof. The volume % of the reducing as

may be about 100 vol%, alternatively about 90 vol%, alternatively about 80 vol%, alternatively



substrate nmay be heated at a second tenperature about
greater than, equal to, or less than the first
tenperature. The second heating nmay be performed at
tenperatures of fromabout 600 OF (316 C) to about
1,400 CF (760 C), al t&gnativel y of from about 650 OF
(343 C) to about 1,35 OF (732 C), alternatively of
from about 700 OF (371 C) to about 1,300 CF (704 (F%
ot Bivolve aaiver Bbout 10ivelvs sonireh ebant 25goliayitthe halspee fade
out at a second pressure about greater than, equal
up @ith 1he sebopd gas bivemambihaion ¢fithersecprdB¥hr e. The second
heating may be perfornmed at_ pres ur es og .frC g.%o
(WSHx 108 ap simbodiment, FhpAML; gay, B §5218 1B B SFATE %@5‘ P‘giﬂ‘,
alternatively of fromabout 1.9 i Bat, the
e i gk Pt P enes o A RholS o gmipafied
about 1.9x10"3 psia Q) etk 41 aBSit 20 YoRih3 %
AMIpg3y be-pied 18 g Bﬁsﬁnﬁé’g%ﬁ%‘ﬁgg%?ﬁebeéﬁgﬁ% ed out for a
eriod of | i NP tnad btk it e phesute d2Bout 75
Ogglﬁr?%eg' F‘b"o&‘ gﬁﬁg(gihrﬁegﬁbmgdi msnt},l the AML nay be cured
MRSEY, & BkEiNgd sends 1R oGitebag the AM. under
reduci ng conditions may facilitate conversion of the
[69¥] t OrmaR criRkimesiid dubdnbte may Echptinally cleapeile AMpEREOGHPhe
metal in the AML and are known to one of ordinary .
6 Hib bulbstiate, thehBML aney be dued o0}ty progesssin e ha ML “Jﬁ°’9£¥ﬂf“°"s

conprising tin conpounds may be cured.in. the. e ge
tiefeofiatrapyiavesbirglotghian and Ry aeré’aY}é REYS §apgr%‘f§/ °fbaéé?‘§%/mc¥ﬁ%eg‘§§fé
car bon nonoxi de, hydrocarbons |.Aat.l for the
teIPRSTAREP PISHTSS 3¢ roPeI‘i%‘Pg ‘é%%né‘}eﬁe(?ﬁ%{; asfﬁ%% raoge%,ere)c ar bon
monoxi de or hydrocar NBY, QGtedbEBE §8stitetnihy de sRQ0N
‘Bﬁ?&’?ﬁgmgécglnaa eﬁg‘g““pﬁggﬁ‘ﬁe argon, . helium nitrogen,

any i ner 4 RIRA Jignsathamesf . The vol ume % of
‘faﬁ%mroge Lj%?r%glgaasr nay OE)? aibout 100 vol % alternatively
pRapt RQuikekdimapbd @raaly tehsd, abed an@oagekdgs described in this
alternatively 23 about 75 vol % alternatively abo#t
EQiovd Homyalobreninatitey ¢h yn athotimenshocptiopphmoprng 1d CHEPEH
made up with the second gas or a conbi nati

. n of
sboandgaseing off GeAML Ay berraERbe Ao AREARY sﬂ‘e’n‘%%g‘? Be
treated under reducing conditions wth ydr ] h
o e PRI oK FREEA é%@_ﬁ st it Gy GG, b
sr:%s(ljrgtg (r:naa}r' g stﬁbnalllg Cl%ﬁgle(? anI;%ocgétéEE arxl_lﬁfbr thcbgML may be cured at a location

other than the reactor operation site and/or ex situ the reactor system. In an embodiment, a

reactor component may be transported to a cleaning, coating or curing facility from a
component manufacturing facility. Alternatively, a reactor component may be optionally
cleaned and coated, and/or the AML may be cured at a manufacturing facility and subsequently
transported to a final assembly location. Alternatively, a component of an existing reactor
system may be disassembled, optionally cleaned and coated followed by curing of the AML.

The disassembled component may have an AML applied on site and subsequently transported



AML may be cured in the presence of about 80 vol unme %
of hydrogen and about 20 volune % of nitrogen. In a
further enbodi ment, the AML nay be cured in the
presence of about 75 volunme % of hydrogen and about
25 volume % of nitrogen, [00621 In an enbodi nent, a
substrate nmay be optionally cleaned, the AML may be
applied to the substrate, the AML may be cured or

four dutier fagilitp @b sed lags staby sommisesiah/pien.  Serealingly: {bg fisgisembled
t hereof at any suitable |ocation and by any devic r
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opti ona cl eaned, coated, and processed as descri bed
Edhabilip She MPIS G110 8 WoBiliAtonEd3Ynt GNBWEI ye dequisitiation dravesalto trap 2
enbodi nent, the optional cleaning and coating of the
SII6B ffel, EWithRHCHiDing Caeilimtfedfy theogy, WMmentay th reactizg métdgwidiLa
at the reactor operation site, distal to the reactor
opslizatincgens e cawerpthoeniato mere rheive enmers mobilseiPas japth thus
site. In an enbodi nent, the substrate may be

Hpilitats Franora) b feaueHEHo e ESat ed and/or the AML may be

cured at a | ocation. other than the rea j
0083L  anfiredrmeRersieiion % PEE "L mp%%e??; téa%pcﬁer fabki0
enmbodi ment, a react t : tepelitdiO
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facility and subsequently transported to a final
aacen vty the oobilizaton agéit. t @merally, it & the, meyadomgpdnendithegobiipation
existing reactor systemmay be disassenbled, .
ogehi toah &tk beguestersd naiisedtaretiothe €an Tresrtive weldisb§rck e rAgV ol 18
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co ,rand/or the AM. may

at e e cured at an off-site
f°1§1€9'3 |°b} % -about 1,400 °F (760 °C) when contacted with a mobilization agent, and which

would thereby result in catalyst deactivation or equipment damage during operation of the
reactor system.

[0066] In an embodiment, reactive tin is mobilized under process conditions that comprise
between about 0.1 parts per million by weight (ppm) to about 100 ppm HCL. For instance,
reactive tin may be mobilized when halogen-containing catalysts, which can evolve chlorine,

are used for catalytic reforming in a freshly tin-coated reactor system having freshly-prepared



(0064) A substrate having an MPL may be further
processed to renove any quantity of reactive netals
fromthe surface of the substrate. In an enbodi nent
this process conprises contacting the MPL with a
mobi I'i zation agent fol Lbewed by a sequestration process
totrap a nobile netal. Wthout wishing to be limted
by theory, treatnent of the reactive netals with a
MBblaydry AYtiew ped ipdhrtconteny ofrefprpanet the then ‘Aeestiyp G0 cgmprspseny one
reactive or nore nobpile forns and thus_ _facil
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eactive petal ation.a
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nobi he terns "nova net al s’
prM@Mr@acﬁv‘e Hwtaﬁ%vﬂp Eé-ﬁd b€ partcRat i @x@ﬁbﬁﬂ\‘z@umﬁéﬂ §s well
after reaction with the nobilization agent.

4@ @dadidripyocesh dndiitS ofchiEngBondadhe nmet al s and t he

nobi lization agent that are sequestered. As used
R&7Ei nSequdseativr may be dae tiingshametabprophysiciuehtingstepy @ tocsyes
tin," is intended to include elenmental netals or
Thetseduestersepstatechad rriabifizationeageit &g fae cqupenisgtedg FroqyIEd; o JRetoged
whi ch may be npbilized under process condjtions. Th
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ereoy result i1 n catal yst
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the reactor system [00661 In an enbodi nent, reactive
thébilizktlen fgeti | | zed under process conditions that
conpri se between about 0.1 parts per mllion by

@Ra8p ht THepgboipe dfcoradnd deperli® On p parfd@ar fofRp el theymeliln enetals and its
reactive tin may be nobilized when hal ogen-contai ni ng
reastiely e parijpietcbinmelip| I@em ERPSERete he serbcat mawkp  Hd or

ki o f5 R oL %trsv%ﬁ had %a@tffww%‘f?%ﬁsf S
PRosk mau&eh&e% A el bR, bR LRI dHr bRROkAMSe
s%ﬂ%@u@gﬁd s&ﬁeﬁ&'eﬁ%&@ﬁf% kh\'?m%vaﬂlé Pret@ Y Srobiffation agent by

conbi nati1 ons thereof that
adsorption or by reaction. Solid sorbents are generally easy to use and subsequently easy to

remove from the system. A solid sorbent may have a high surface area (such as greater than
about 10 m%g), have a high coefficient of adsorption with the movable metals and mobilization
agent or react with the movable metals and mobilization agent to trap same. A solid sorbent
retains its physical integrity during this process such that the sorbent maintains an acceptable

crush strength, atirition resistance, etc. The sorbents can also include metal turnings, such as



mgrate at tenperatures fromabout 200 F (93 C) to
about 1,400 F (760 C) when contacted wth a
nobi | i zati on agent, and which would thereby result in
catal yst deactivation during reform ng operations or
during heating of the geformer furnace tubes. In other
contexts, the presence of reactive netals wll depend
on the partlcular netals, the nobilization agent, as
e tuiningabativilbrezce with wovaple m@gngdeaﬂﬁ an] qr@o%@‘t 346 Sﬁraents may be
condi tions. [0067] Seq uestrat on nma one
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PeeR B Ingtet e clinasa hulegn, moid dblidss, relkylghialdes rpgomatic halides, other
mobi I'i zation agent. [0068[ The choice of sorbent

otkppie hallesoincluding these topwaining oxyesa ARG Pitpgre. ReyBmicehafis Ritand
and its reactivity for the particul ar bi | aIs

hekocaghenseqrimenrprehtreof. h B 2l TRy R EOTRK Lo pErs At s B 4P §™ d“‘“’i“‘r 4E°d
mat eri al_ (an adsor r .absor bent

%ﬁ@‘sﬁlﬁﬁq ’é‘awuéf?dfs Qgﬂﬂ"?‘ Poé‘ ﬁséentﬂ uJlah )esor gr‘?t1 \gés%dhaéhﬁ%gn
c%%lpg 6 resent?%%n&vaﬁy ‘rshgr]al@sdxet elllnseﬂﬁs'}téédz 68 UBbdeb-contiithg

utions. Solid sorbents

c‘éfn &ﬁés' ﬁ{ﬁl Y beaR hhe muﬁblfa&dmea@htso 2B N abdut 2200 Gpm,
by~ adsorption or by reaction. Solid sorbents

a%ﬁatgaﬂemdrﬂ ¥hoBESHhrt B e SENEhns eiksetyey fiymebey 19 ppm to
renove fromthe system A solid sorbent may have a

dabgbogipif ace area (such as greater than about 10
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6,419,986, incorporated by reference herein.

[0071] In an embodiment, an MPL may be used to isolate the substrate of a reactor or
reactor component from hydrocarbons. An MPL formed by the disclosed methodologies may
display a high degree of homogeneity with a thickness sufficient to render the substrate

resistant to the degradative processes previously described.



alum nas, clays, silicas, silica alumnas, activated
carbon, zeolites or conbinations thereof. In an
alternative enbodi nent, the sorbent nay be a basic

al um na, such as potassiumon alumna, or calciumon
alum na. [00691 In an gnbodi nent, the nobilization
agent may be a hal ogen-contai ni ng conpound. As used
herein, the term "hal ogen-contai ni.n

C und" or
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e used as the nobilization agent.
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disclosed in U S. Pat. Nos. 6, 551, 660 and 6, 419, 986,
hdyaRIRaghaL 86l darwiefisatsentatly Wihet mferfulion 1 The exteginfo which the
enbodi ment, an MPL may be used to isolate the .
btk plotes aayesnadanclisions devden sry &6 ApBRrtion of e agiucine
hydr ocarbons. An MPL forned by the disclosed,.. -
oot elddgtremturay Whishdhy ANT 45 ﬁ?alfﬁ ‘ﬁ‘g é‘}ee%w‘é’f% of time at Which
honogeneity with a thickness sufficient to render the
xpaswe isaeeinedsi stant to the degradative processes

@@ | ogg&:%h 9 S %crhlmgrﬁg .‘the%x?cermLchQe? x%&kelmﬁet%n&aé’ﬁfﬂ Cciprising
ri i fhternedi ate nic el - depl eted bondi ng | ayer
sttarrlxx%ie inclusions comprises from about 0.5 wt% to about 20 wt%; alternatively from about 1

wi% to about 17 wt%; alternatively from about 1.5 wt% to about 14 wt% of elemental tin.
While not wishing to be bound by theory it is believed that formation of the intermediate
nickel-depleted bonding layer comprising stannide inclusions is controlled by curing
temperatures and pressures, particularly conditions that combine high temperatures and low
pressures. In some embodiments the temperatures necessary to generate an intermediate

nickel-depleted bonding layer comprising stannide inclusions comprises temperatures of about



anchors the MPL to the substrate. In an enbodi nent,
the MPL conprises a stannide |ayer with the bondi ng
| ayer di sposed between the stannide |ayer and the
substrate. The stannide |layer may be nickel -enriched
and conprise carbide igclusions, while the

i nternmedi ate ni ckel -depl eted bonding |ayer may
conprise stannide inclusions, as is shown in FIG 2.
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conpari son to the nickel -depl eted bonding | ayer.
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o about 1,400 OF (760 C) and pressures of 315 psia

(00261172 WRR) catatytia hefotmiteo typioadisit refers to the conversion of naphtha to

aromatics, other feedstocks may be treated as well to provide an aromatics enriched product.
Therefore, while the conversion of naphtha is one embodiment, catalytic reformers may be
useful for the conversion or aromatization of a variety of feedstocks such as saturated
hydrocarbons, paraffinic hydrocarbons, branched hydrocarbons, olefinic hydrocarbons,
acetylenic hydrocarbons, cyclic hydrocarbons, cyclic olefinic hydrocarbons, mixtures thereof

and other feedstocks as known to one of ordinary skill in the art.



psia (0.05 Pa). [0074] In an enbodi nent, the MPL
conprises a stannide |l ayer bonded to a netal substrate
(e.g., steel) via an internedi ate nickel -depl et ed
bondi ng | ayer conprising stannide inclusions. The ML
may have a total thickpess of fromabout 1 pmto about
150 pun, alternatively™of fromabout 1 pun to about
100 pm alternatively of fromabout 1 pmto about 50
[@77] ThExamsltsasfrlightehyliagegonsriagiude anidow Lipftatiok thesshaying e AP
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carbays uch a5 n-hexanet methiprgtaney 8-heptare, mefhylbexaun dynsibyipeptang G
about 1 pun to about 50 pm .The. internedjiate .
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15 @40 sAdh a8 imeahécae, ip®pmn enddtamd i Then treforpiditgd bsysdcherein
reformers may be useful for the conversion or _
refero N the 2@btingn offa lydwpeartioe tfsed glrodgh s 1 (i 1% QI MorFg Eromatics
saturated hydrocarbons, paraffinic hydrocarbons,
povdagiesreastiony dy @yéea ihprpgde 29| 2Eomafiys Comrpefh 5PNt by Product whose
acetyl eni c_hydraocar bons, cyclic hydrocarbons, cyclic
amefigs Goutents HEUR 2P B ©) xt ures thereof and ot her

(PSS G5okin@Sinds P o Rt W Ul B Bl bl e
of from about 700 °F (371 °C) to about 1,300 °F (704 °C); a system pressure of from about 30
psia (207 kPa) to about 415 psia (2,860 kPa); a recycle hydrogen rate sufficient to yield a
hydrogen to hydrocarbon mole ratio for the feed to the reforming reactor zone of from about
0.1 to about 20; and a liquid hourly space velocity for the hydrocarbon feed over the reforming
catalyst of from about 0.1 hr' to about 10 hr'. Suitable reforming temperatures may be
achieved by pre-heating the feed to high temperatures that can range of from about 600 °F (316

°C) to about 1,800 °F (982 °C). The term catalytic reforming as used herein and in the art



[00771 Exanples of |ight hydrocarbons include w thout
l[imtation those having 6 to 10 carbons such as

n- hexane, methyl pentane, n-heptane, nethyl hexane,

di met hyl pent ane and n- octane. Exanpl es of acetyl ene
hydr ocar bons i nclude w{hout Iimtation those having 6
to 10 carbon atons suth as hexane, heptyne and
octyne. Exanpl es of acyclic paraffin hydrocarbons
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zeolites such as Pt, Pt/Sn and Pt/Re on large pore zeolites.

[0083] In an embodiment, the catalyst may be a sulfur sensitive catalyst such as a large-
pore zeolite catalyst comprising at least one alkali or alkaline earth metal charged with at least
one Group VI metal. In such an embodiment, the hydrocarbon feed may contain less than

about 100 parts per billion by weight (ppb) sulfur, alternatively, less than about 50 ppb sulfur,



30 refers to conversion of hydrocarbons over a
reform ng catalyst in the absence of added water,
(e.g. less than about 1,000 ppm of water). This
process differs significantly fromsteam reform ng
whi ch entails the addlg on of significant anmounts of
water as steam and is st commonly used to generate
synt hesi s gas from hydrocarbons such as net hane.
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poR0lidnic®r HPabHS 6 Angdbun{A) & HopPdAt dergrrayb erystadling evlice
in catalytic reform ng. Mst reforning catalysts are
whichtateeuifable for w insthib disabosure includeyHitheid Epidatipraths Bipp ‘iyafﬁdﬁ"’v &rlige
particle diameter or average cross-sectional diameter

Xoreeliteath S-S, Tprfmtp ﬁ@rfa‘(lafltee hVE 2RRBTERIPOS 1 OF EPA s

f f
APLATERTR o & SRR ARG F B SRR 676 521,
[g Er PR ator?flg%sxh Xn ) %Lezgoq% CQ&‘E drin BerrLsooQ %)e r;'EB?of oxides may
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Wlety of reformng catal ysts. Such catal ysts
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nmetals on refractory inorgani c oxides such as plati num
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Noble Group VIII netals on a |lar pore zeolites such
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from about 1.0 to about 3.5.

[0088] The chemical formula for zeolite Y expressed in terms of mole ratios of oxides may
be written as:

(0.7-1.1) Nay0:ALO; xSi0; :yH,0
[0089] In the above formula, x is a value greater than about 3 and up to about 6; y may be a

value up to about 9. Zeolite Y has a characteristic X-ray powder diffraction pattern, which may



about 100 parts per billion by weight (ppb) sulfur,
alternatively, less than about 50 ppb sulfur, 31 and
alternatively, less than about 25 ppb sulfur. If
necessary, a sulfur sorter unit may be enployed to
renove smal| excesses gf sul fur. [00841 In an
enbodi nent, the catalf t of this disclosure conprises
a | arge-pore zeolite catalyst including an alkali or
bl lybdRitaRd dtbvertBirala famdbniifivatioge deolifet hitumepees. fgrethocs
Goup VIIl netals. In an alternative enbodi nent, such
f ittt larerieserited inrsw@eidetad in U.87R3k N>R 0F alpheoRignt of %‘8‘3‘.
[0085] The term "l arge-pore zeolite" as used herein
isrhekigriscotporated aefeknce havi ng an effective pore di aneter

of from about 6 Angstrons .(A) t.0 a ar kovb\ whtcAl
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in thiﬁ %iﬁcl sure include without limtation the type
rqpreseaist PY B IOPEY jte X, zeolite Y, ZSM5, nordenite and

faujasite. These appR’ et psioe.yaiees on the order
of about 7 Aﬁ?ﬁlgﬁ%ﬁ? QR%.@In an enbodi nent, the

@080 | 1 bR GorfuleYMGepsosd0l b, pefBUBHaIRER end alkaline earth
conposition of type L zeolite expressed in ternms of
okksEn 6 &b bloddt MY idd ey vy anybvelug wysp ehowtfdeppndiye quig identity
foll ow ng formula: (0.9-1.3)Mh, O AL203 S;S 2-6 {%)a% o2
of WHE® 5087 ofl hydretire of ke weysthlliragplise. MO PR i iy giiivaction

cation, n represents the val ence pof M. .and.y.

s, oo, oA DRtk B ArpioraE e i g UK ¥
diffraction pattern, its pro f and nethods for
B3R 240tk SR PIORL R PR PRSI | i U 'S, Pat.
No. 3,216,789, the can fie oYM heS &bYeolite. That
(P92l pé? Ahdiorgf ﬁngf%@’eﬁg‘gel%#ﬁe pg&cﬁnﬁgl thf %%r%l a r?elly var y
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odinent, the nole ratio of silicon to al um num

&@'bé B drpdi B iMSMhY zeofite ByByatXSistimfreghation orilboerchagges . [00881
The chem cal fornula for zeolite Y expressed in terns
60311D| he Rigé-pEe eolitxéathtysts pay in Bis dicloprcete girest (idy o4° )
Na7Q Al 203 : xSi @2 :yH20 ) L .
more Group VIII metals, such as nickel, ruthenium, thodium, palladium, iridium or platinum.
In an embodiment, the Group VI metal may be iridium or alternatively platinum. The weight
percentage of platinum in the catalyst may be from about 0.1 W% to about 5 wi%.

[0094] Group VIO metals are introduced into large-pore zeolites by synthesis,
jmpregnation or exchange in an aqueous solution of appropriate salt. When it is desired to
introduce two Group VIII metals into the zeolite, the operation may be carried out
simultaneously or sequentially.

{0095]) Tt has been discovered that some zeolitic reforming catalysts evolve hydrogen halide

gases upon under reforming conditions, especially during initial operations. These evolving

hydrogen halide gases, in tumn, can produce aqueous halide solutions in the cooler regions of



[0089] In the above fbnnula, x is a value greater than
about 3 and up to about 6; y may be a value up to
about 9. Zeolite Y has a characteristic X-ray powder
diffraction pattern, which may 32 be enployed with

t he above formula for ggentification. Zeolite Y its
properties, and nethod for its preparation are
described in nore detail in US. Pat. No. 3,130, 007,
thdsro@are@ithent) buclias i areds Sowmerainyof e cartper Altguptivg)y, aqueous
reference. [00901 Zeolite X is a synthetic crystalline
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be carried out sinultaneously or sequentially.

such as by operating at lower temperatures or drying the process streams. In other situations
where the properties of stainless steel are required or highly desirable, means are employed to
prevent HSCC. In an embodiment, an AML/MPL may be applied to the stainless steel to
eliminate contact of the steel with the halide environment.

[0098]  Microscopic analysis can readily determine the thickness of the AML or MPL
described herein. For ease of measurement of the coating thickness, coupons may be prepared
which correspond to the reactor substrate to be treated. These may be treated under identical

conditions as the large scale reactor component to be treated. The coupons may be used to

determine the thickness of the AML and resulting MPL.



[0095] It has been discovered that sone zeolitic
reform ng catal ysts evol ve hydrogen halide gases upon
under reform ng conditions, especially during initia
operations. These evolving hydrogen halide gases, in
turn, can produce aque?ﬁs hal i de solutions in the
cool er regions of 33 e process equi pnent, such as
the areas downstream of the reactors. Alternatively,
aqueous halides may b&EXpMF@EEed during start-ups or
shut downs, when this downstream equi pnent is exposed
[0099]Di Iotesaneples Arkp, WSWI@rﬁTaMI%S gtch PRIPES seeagrally| lesg dip fﬂm@
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Al RFifad do¥elol in TABIERSS GaNGi ti ons can sometimes be
nodi fied so that the HSCC does not occur, such as by
operating at |ower tenperatures or drying the process
streans. In other situations where the properties of
stainless steel are required or highly desirable,
nmeans are enployed to prevent HSCC. In an enbodi nent,
an AMLI MPL may be applied to the stainless steel to
elimnate contact of the steel with the halide
environment. [00981 M croscopic analysis can readily
determ ne the thickness of the AML or MPL




descri bed herein. For ease of neasurenent of the
coati ng thickness, coupons may be prepared which
correspond to the reactor substrate to be treated.
These may be treated under identical conditions as
the |l arge scal e reactor sgonponent to be treated. The
coupons may be used to determ ne the thickness of the
AML and resulting MPL. 34 EXAMPLES ]0099] In exanples
1- 13, 347 type stainless steel coupons, generally |ess
t han about 2 inches square, were coated with a
[0188khp o Simingorarmied duppivebent A5 Fn(S6HECE ansodyt 147hpsic 041 ikRey, see
conmposition conprised about 32 wt%tin nmetal (1-5 }un
exameplasiScind % isoredd asatbe genveRiopsl wsningcasitions fof e@RBrativss purposes. In
(0.044 mmR)), about 16 wt% tin octanoate, and the
corttradt asxemplanh B 7.010snil $2 padath turing cggéddut af 1258 8677 °C). FIG. 2is a
i nstances one-half of the coupon was coated to
baditeratier fEVbintage ofvihg VLI yorduodd it AgamplPL0.t In solme cepes oot examples 2, 4
portion of the coupon. Referring to Table I, the
and: 8athe regatevasouponsedere rurther piogessadebyofreahpent ot rhydroganclidride as a
an about 75:25 nole ratio for about 40 or about 100
mobidigation agentt he i ndi cated tenperatures and pressures.
During this process the tin-containing AML fornmed an
[0IRHL cBxmppiesiidandti@nfeinad awnMPhecomprifing siargidet dfier the Lpoujvns were
The identification of the MPL formed was determ ned
subpgtegrin afvo 3tgp chrrengagepduse perforsd by cpringaha fifshlemperetdrelef about 1,250
grinding and polishing for examnation wth
°F (o6t @gndphiisioressite stabouii3r psie (A dPrior avouirdfhoupdellows byigiring at
and m croscopic inspection of the coupon confirned
a sdctvel tropenanire offebotit 16250 RIP(67T 8C)and s saagndpiraasune abeunl.2 piat (h8 kPa) for
characteristics observed in Table I rows 9 and 10. 35
abolrO10G s Clllid MBLCthstrforedd oid twadtepadneing, extapRS 1 Cbnd(1B5®er&hicker than
and about 14.7 psia (101 kPa), see exanples 5 and 9,
thatsseenvwdebn @ ptdeess Ganvaptiidiootia bnecstap) exgmplentli and O gespeotively.
conparative purposes. In contrast, exanples 1, 3, 7,
10 and 12 had the curing TABEEd out at 1250 OF (677
Q. FIG 2 is a backscatter SEMimage of the MPL

produced 4., EXRRD %ngO-TianJ]S% Cpgpp | Avebudscanp|Bglkidss of
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nmobi | i zati on agent. [0101] Exanples 11 and 13 forned
an MPL conprising stannide after the coupons were
subjected to a two step curing procedure perforned by
curing at a first tenperature of about 1,250 OF (677
C and a first pressure @f about 3.1 psia (21 kPa) for
about 40 hours; followed by curing at a second
tenperature of about 1,250 IF (677 C) and a second
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[0102] The results demonstrate that MPLs comprising stannide formed after about 40 hours of
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curing at about 1,250 °F (677 °C) and atmospheric and/or sub-atmospheric pressures have
increased thickness when compared to the layers formed in example 5 under the curing conditions
of about 1,025 °F (5§52 °C) and atmospheric pressure. Furthermore, the MPLs comprising stannide
formed under elevated temperatures and sub-atmospheric pressures can have a reduced amount of
reactive tin as determined by the absence of small métallic tin balls on the surface of the sample
when compared to the MPL comprising stannide formed using the curing conditions of example 5.

[0103] While preferred embodiments oﬂ/ this disclosure have been shown and described,
modifications thereof may be made by one skilled in the art without departing from the spirit and
teachings of this disclosure. The embodiments described herein are exemplary only, and are not
intended to be lir.niting. Many variations and modifications of this disclosure disclosed herein are
possible and are within the scope of this disclosure. Use of the term "optionally" with respect to
any element of a claim is intended to mean that the subject element is required, or alternatively, is
not required. Both alternatives are intended to be within the scope of the claim. Use of broader

terms such as “comprises”, “includes”, “having”, etc. should be understood to provide support for



in layer Exanple H2/Ar of stanride |ayer bond "F ("C)
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narrower terns such as "consisting of', "consisting
essentially of', "conprised substantially of', etc.
Unl ess specified to the contrary or apparent fromthe
pl ain meani ng of a phrase, the word "or' has the
i ncl usi ve nmeani ng. The a@%ectives "first," "second",
and so forth are not to construed as limting the
nodi fied subjects to a particular order in tine,
space, or both, unless spenisfived to the contrary or
apparent fromthe plain nmeaning of a phrase. [0104]
TAg evhichlisrefpinged: t he scope of protection is not |imted by
the description set out above but is only Iimted by
it he & lmaithpdofiiteriddy of sobdtrate;, cotnpadings epplyng anleyen df a1 deastlone metal to the
equi val ents of the subject matter of the clains. Each
sibpiehtecto dorp ap lapyiling instal lmycoerpibe absitite and curing thesiplvi frieebleyeo At sub-
as an _enbodi mrent of the present invention. Thus, the
afgogphprs PagsRrgio frmiganetal protertveddyenendiegulsireie.an addition to
the preferred enbodi ments of the present invention.
2The Thp setiedoistpif vhereiprtsrapplisd metsl l8yas isj cyred gt 2 paepsure of from about
adm ssion that it is prior art to the present
14 prlpd it Fighto 2banp bRY 14T psia @rlg Pekef er ence that may have a
publication date after the priority date of this
3applTe gethedof chia lgwhessin e prpdiedmetal layep istcured gt 2 fsmpespftre of from
applications, and publications cited herein are hereby
ﬁwﬁé@?E%@a@%ﬂhﬁF°F§§@F€hce, to the extent that they
provi de exenplary, procedural or other details )
“4suppghemeheheirlamy 1iwhsein thetpiiehmetal faypredompriss tin@niinops, bismuth,
Jhat which is clained: 1, A nethod of treating a__
SIUGOPys tepdyt TBEICW P rGFmaRPEh yRyD.a teflyipe) ssteniym, |taljivm, copper,
one tal .to t ubstrate to forman applied netal
¢ %V@gﬁﬁﬁ&PW§m§g§%? A% 8T omdmatnns hgretfhe appl i ed neta

I t - at her i to for. I .
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W%%gﬁ%ﬁ?%?Ut 600 OF to about 1,400 OF (760 C). 4. The
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B ai m 1 wherein the applied netal |ayer

7.°0"Rd me odtolf aéimalnvtvllle@up 1¥1é ap%h%ettﬂ layer is cured in a reducing environment.

8. The method of claim 1 further comprising contacting the metal protective layer with a
mobilization agent followed by a sequestration process.

9. The method of claim 1 wherein the metal protective layer further comprises a nickel—
depleted bonding layer.

10.  The method of claim 9 wherein the bonding layer comprises stannide.



silicon, lead, nercury, arsenic, germanium indium
tellurium selenium thallium copper, chrom um
brass, internetallic alloys, or conbinations thereof.
5. The nethod of claim1l wherein the applied netal
| ayer has a thickness of fron1about 1 ml (25 pm to
about 100 mls (2.5 nn) 9. The method of claim1
wherein the nmetal protective |layer has a thickness of
11.r oraBRubd df 1ot viheRROMS boh@ilg a8 has'a thitkesd8itBOM 196 about 100
claiml| wherein the applied netal layer is cured in a
peducing environnent. 8. The nethod of claim1
further conprising contacting the nmetal protective
13.2Y Effpe WefnBa & claiR D th&ﬁ%e%@n&%q%r o BEmRY o 1 wtt% to about 20
sequestrati on process. nethog of claiml
W BIERER e net al protectlve Iayer further conprises a
ni ckel - depl eted bonding |ayer. 10. The nethod of
13| ai MnBhyh&rtRbtig ki ebskas dbmprisingy iplyi@lies 6fat fhaond el to the
39 11. The nethod of claim9 wherein the bonding
subgtyaer offedsSunassétiblak coagsnddf ofib etuicture toofoah autapdli?0 matal 1dy2r on the
The nmethod of claim9 wherein the bonding | ayer
substriperfbikeed by auving bbihé agplied #ethl dayabouthe @Bstratettd/foph @mestel pilotective
tin. 13. A nmethod of treating a substrate, conprising:
laggyph the eupsteatd. ayer of at | east one netal to the
substrate of an unassenbl ed conponent of a structure
14.0 flbe methed s shaine ol 3rrwhesdin Fhgyunesserpblech eomponess of cestructure is an
foll owed by curing of the applied netal |ayer on the
ungpssbledeoppprent of & Fegto Y. prot ective |ayer on the
substrate. 14. The nethod of claim 13 wherein_ the
133nadide msihed ot g Hewhergn therapplisationef fhelayes of gt teas one metal, the
unassenbl ed conponent of a reactor system _15.
mﬁ'@s pidhe wplicdimgtatiayes, ophethds nsripred Aiadpqation gty thap 2 {iﬁ% assembly site
yer of at | east one netal, the curing of the
ﬁﬁ Frs¥net al | ayer, or both is perforned at a

lé. oc allilé I%chgcf ot}e{alm {B'avrv‘herem Q grlxass%% e&m n)f)oneng & transported prior to or after

applying the at least one metal layer; prior to or after curing of the applied metal layer; or prior to
or after further contacting the metal protective layer with a mobilization agent followed by a
sequestration process.

17.  The method of claim 13 wherein the unassembled component is removed from an
assembled structure prior to the application of the at least one metal layer.

18.  The method of claim 13 wherein the unassembled component is a repair or replacement
part for an assembled structure.

19.  The method of claim 14 wherein the applying of the layer of at least one metal to the

substrate of the unassembled reactor system component requires less reactor system downtime



for the structure. 16. The nmethod of claim 13 wherein
t he unassenbl ed conponent is transported prior to or
after applying the at |east one netal layer; prior to
or after curing of the applied netal |ayer; or prior
to or after further contacting the netal protective

| ayer with a nobi | i zat i 6 agent followed by a
sequestration process. 17. The nmethod of claim 13
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asse structure prior to the application of the at
to\xﬁgﬁém@éa%k OEh@bndnP e readiSr sysiéhe met hod of claim 13

erel n the unassenbl ed conponent is a repair or

20, €PHAE BIEMAY of dbaint13fikheARNRESAEIneetipt thaimbial @rotecdii®e laférevith a
met hod of claim 14 wherein the applying of the |ayer

m6¥ilizatonl 208 follWAE bR is@fuestratioh pcess ubst rat e of t he
unassenbl ed reactor system conponent requires |ess

21, € aTheethyasdf elantliBwitereinsthekringdfdhre appliep metatilayep isahsub-atmospheric
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prese@st one netal is applied to an assenbled |ike
conmponent of the reactor system 20. The nethod of

2x| aiThe wdthédipf ¢iem Gowlerdins the gnetsb protsetivierigyer Fisthpreqogprises a nickel-
protective layer with a nobilization agent followed

deplptedbadigabgerr at i on process. 21. The nmethod of claim 13
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cl ai m 22 wherein the bonding | ayer conprises stannide.
b24. The net hod of clain122 wherein the bonding | ayer
has a thickness of about ut 100
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from about 1 w%to about 20 wt% el enmental tin.
20 wt% elemental tin

26. A method of treating a substrate, comprising: applying a layer of at least one metal to the
substrate to form an applied metal layer on the substrate, curing the applied metal layer at a first
temperature and a first pressure for a first period of time, and curing the applied metal layer at a
second temperature and second pressure for a second period of time, wherein the curing forms a
metal protective layer on the substrate.

27.  The method of claim 26 wherein the first temperature is from about 600 °F to about 1,400
°F (760 °C) and the first pressure is from about 215 psia (1,430 kPa) to about 1.9x10° psia (0.13

Pa).



26. A nethod of treating a substrate, conprising:
applying a layer of at |east one netal to the
substrate to forman applied netal |ayer on the
substrate, curing the applied netal layer at a first
tenperature and a first,,pressure for a first period of
time, and curing the applied netal |ayer at a second
tenperature and second pressure for a second period of
28.1 1 Mo mAMRBd Bf Daitn B Whtkdin the k@omBtemperatat & from gbaie 690/F to about
| ayer on the substrate. 27. The nmethod of claim 26 _
14WNRTRI0RCS R thd doshd bRERRNkHN Shous. $x1GTpLOUS PEOY alfout S psia
about 1,400 F (760 C) and the first pressure is from
uﬁgggﬂg 215 psia (1,480 kPa) to about 1.9x10 psia (0.13
Pa). 41 28. The nethod of claim26 wherein the second
29.t efmE makd &F ichirk 26 FwhakiUhe 6RO plestue, sdoondt pressura, 0@ bofh are sub-
(760 C) and the second pressure is fromabout 1.9x10
atm@$phéic( 0. 13 Pa) to about 215 psia (1,480 kPa). 29. The
nmet hod of claim 26 wherein the first pressure, second,
30.Pr €58 fethod of clbiot 26 further solbprisiag reoRspsting the metpd protesiveriayeh yifh 2
of claim26 further conprising contacting the netal
mofiliztiecigent dollowydhy aviequssteptionisesessi zat i on agent f ol | owed
by a sequestration process. 31, The netpgd of CIa%"%%?%u
31.wh dihe imthphef ckaith 26 mdipreinithe subfiraip 8 SR1TETPIeR SHPRRET Pf BTUgre

structure and the applied netal | ger isb%#red LG the
andt the appdiedrivetpl leyer tiheur mwe‘@aﬂw@ HeAfiemPIet GOPREs" :
structure. 32. The method of claim 26 wherein the

strugiteal protective layer further conprises a nickel -
depl eted bonding _layer, 33. The nethod o ' & 2 mickel-

32,0 Qe R &1 BBIEPH PR AR ERYS By furs B g ke
nmet hod_of claim 32 wherein the bonding | ayer has a

depletsd DRplREd®SF about 1 to about 100 pm 35. The met hod
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34.  The method of claim 32 wherein the bonding layer has a thickness of about 1 to about 100

pm.

35.  The method of claim 32 wherein the bonding layer comprises from about 1 wi% to about
20 wt% elemental tin.

36. A method of treating a substrate, comprising: applying a layer of at least one metal to the
substrate to form an applied metal layer on the substrate and followed by curing of the applied
metal layer at a temperature of greater than about 1,200 °F (649 °C) to form a metal protective
layer on the substrate, wherein the applied metal layer comprises tin oxide, a decomposable tin

compound, and tin metal powder.



20 wt% el enental tin. 36. A nethod of treating a
substrate, conprising: applying a | ayer of at | east
one nmetal to the substrate to forman applied netal
| ayer on the substrate and foll owed by curing of the
applied netal |ayer at 4 tenperature of greater than
about 1,200 F (649 C) to forma netal protective
| ayer on the substrate, wherein the applied netal
37. ay dbe wethpst 4fshaim 86 wheysin the apriiedmelaipiss iisiued gl afemperature of from
conpound, and tin netal powder. 42 37. The method of
abohtd, 260 J6(6AM &) o #honthled08 3B (768 8Crend & pressaspof frpm abayf al-agmposgheric
tenperature of from about 1,200 OF (649 C) to about
prassuro abyut 3ipgeiaCd).173kBa)a pressure of from about
sub- at nospheric pressure to about 315 psia (2,172
38¢ pa fThe mghodpH elaigsofydref themeigl prostiveHuyeriopprises 2 shamnide-
protective | ayer conprises a_stannide. 39. The met hod
3%f dhamphagief &5 whargie the stamidedwyer bey a fhigkaess of o ahopidk wm
of fromabout 0.25 m to about 100 m 40. The nethod
togpout108irm- 36 further conprising contacting the netal
protective layer with a nobilization agent fol|owed
40py Ahxsmethedelrodain3a ffhst eaeprising compeiing the melgl prpteetiva laypragith a
wherein the substrate is _an unassenbl ed conponent of a
mehilizgfion geeat folloyerdiby @ segpestration PIPE®sal | ayer is cured prior
to the assenbly of the unassenmbl ed conpgnent into the

f
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tal protective |ayer further conprises a nickel- .
- anh fg aprlied meBhiaYeR ‘T”ié@’f“.’f to ge a*ﬁ‘éblﬁﬁn?%anaﬁsfn%{g%%ﬁ‘?&m into the
erein the bonding | ayer conprises stannide. 44. The
Suﬁ%?ﬁod of claim42 wherein the bonding | ayer has a

t hi nes f. abour |, to about., 100 .m, 45 he net.hod _.
ot ORI R P Vil BRI F sy RSP ket
deﬁi@t@ﬂonhinﬁ"fa%r.t o about 20 wt% el enental tin.

43.  The method of claim 42 wherein the bonding layer comprises stannide.

44.  The method of claim 42 wherein the bonding layer has a thickness of about 1 to about 100
pm.

45.  The method of claim 42 wherein the bonding layer comprises from about 1 wt% to about
20 wt% elemental tin,

46. A process for manufacturing a petrochemical product comprising: introducing a feedstock
into a reactor; reacting the feed stock in the reactor in the presence of a catalyst; wherein the

reactor comprises the metal protective layer produced by the method of claim 1.



46. A process for manufacturing a petrochem ca
product conprising: introducing a feedstock into a
reactor; reacting the feed stock in the reactor in the
presence of a catal yst; wherein the reactor conprises
the netal protective |ayer produced by the nethod of
claim1l. 43 47, A process for manufacturing a
petrochem cal product conprising: introducing a
47f dapieesdhr mimfzotusing e aeitoohemicabprotiich gomising:dplgodyeipg k feedstock
the reactor in the presence of a catal yst; wherein the
int eaettor, recingrths fesd sthek irdheateaqinr gr ghsturesence 8% a catplydahaadn the
by the nethod of claim13. 48. A process for
reapfimofnatises thie mytabprplestive dverpredused py Sigasthog sh#imdng:
introducing a feedstock into a reactor; Leacthg thg
48§ dentoosssdekmpmyfichang a aetoshenyispl produch praRgiiug: igirodyceing a feedstock
catal yst; wherein the _reactor .conprises

h t al .
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reactor comprises the metal protective layer produced by the method of claim 36.




