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‘CRACKI NG PROCESSES BACKGRq TN hgG appl i cation is a

contlnuatl rt of ap er| 32 9 64 fi
1994 ﬂal gna&gontl nuat% e?cﬁlp %r“poglp aQBIﬁP(?Q A Serllli R% o235 |
087 177, 822 filed January Thga%éh z'ent°§ e\fdob 5t'hl t hese applications
are hereby I ncor por at ed byﬂé‘l“é’i“ 41 “"f"e‘l ates to processes
for the crackng of hydrocc%éﬁg“acbart%&?par yt°fp6?e ‘We thermal cracking of "a
gaseous stream cont ai ni-ng |DATD QF BEGEIPT p...partt-he-iavention relates to
the production of ethylene by 10 cracking pydrocarbons in the presence of
steam and the prevention of coking associated with this process. In
thermal cracking operations a di |l CRACKING PROCBSSES steamis usually
conbi ned with a hydrocarhbon feed such as ethane-and/or propane and/ or
napht ha, and introduced into a cracking furnace. Wthin the furnace, the 15
feed stream which has been c Ot P Tre: NG 10N d is converted to
a gaseous m xture which pri Ty CONtarns fydroger, Hnethane, ethyl ene,
propyl ene, but adhar!fpphambtslsw tontimoationsinegarhefapplicatirs 8exrial No.t he f ur nace

conpr fe*;‘séd”‘ m—jgrﬁ,zbéﬁ &i@aﬁﬂm Le@%ﬁew&&i{)aﬁim;“e “;;M&Smﬁq?&?t .“§R
20 col unnms er ENbNORN gg ﬁwm,% 9908 A%, &6 BUtR thase! 1 e
e ro

and separ at e recogni ze lemin-thermal cracking Is the formation

of coke. Becausapphda&onsamlmtbyinhmmﬂte&byldeference as coke is deposited
hi gher furnace tenperatures are required to naintain the gas tenperature in
"~ the 25 cracking zone at necessary |levels. Hi gher t enperatures increase

I sg?c;ﬁn;u[@? ' f%@@ﬂveiﬁ@ﬁ&@lﬁté‘l@%r&de&&s f6F & c&%bﬁﬁy&@@ixﬁéﬁsons are
particularly for the thermal cracking of a gaseous stream contmmng
hydrocarbons. In part, the invention relates to the production of ethylene by

10 cracking hydrocarbons in the presence of steam, and the prevention of

\l

coking associated with this process.

' In thermal cracking operations a diluent fluid such as steam is usually
combined with a hydrocarbon feed such as ethane and/or propane and/or
naphtha, and introduced into a cracking furnace. Within the furnace, the

15 feed stream which has bieen combined with the diluent fluid is converted to a
gaseous mixture which primarily contams hydrogen, methane, ethylene,
propylene, butadiene, and small amounts of heavier gases. At the furnace
exit this mixture is cooled to remove most of the heavier gases, and then
compressed. The co'ﬁ!pfessed mixture is routed through various distillation

20 columns where the individual components such as ethylene are purified and
separated. | :

One recognized problé_in_’ -in thermal cracking is the formation of coke.
Because coke is a poor thermal conductor, as coke is deposited higher
furnace temperatures arereqmred to maintain the gas temperature in the ,
25 cracking zone at necessary levels. Higher temperatures increase feed
consumption and shorten tube life. Also, cra_cking operations are typically
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22 e shut down peri odi cal | y to burn off deposits of coke. This downtine
‘adversely affects production. Another problemin thermal cracking is the
enbrittl elQO5/H842 he steel walls in the reaction system Su®ETa#85P428% enent

1§ due to carburization of the 5 systemnetallur gywads
to netallurgical failure. A variety of solutions have been proposed :
~addressing the problem of coke formation and carburlflmshganHasrBeém
. cracking processes. Many of these are associ ated W|th eeI
types, especially alloys. See for example, U S, Paten 1 to
Tassen et al. and U. S. Patent No. 10 4, 9776 932 to Mae a e ers
utilize antifoulant for, atent No, 4,507,196.t0 Reed et al.
whi ch descri besSHH# &P@?ﬁwmam%ﬁ t§°f£'ﬂh' H[tsrﬁlsf@%‘f'%qﬁlg which are
conmbi nations of adjarRN} e Prddubtornt i mony and chromium and tin, antinmony

and chrom um These patents are incorporated herein by reference. 15 Sone
prior art processes, such as those that heat chrom um corrpounds at high

. cess! | . < o
chrom um coat i nigotes BEsRIG T Rchl Rtk iF e FhbriEmenERCAR oot VRIS 2
hydr ocar bons tfh?ﬁﬂ reA0tidA SyteR. aSuch embrdemenCis (e as learbutizifon Bf Beesses

result” in chrom um car bi de at the coating surface, without a 20 protective
overl ayi ng of neystam metallwegyyi and: ultimately; leads to-metinrgical failurat i ngs for st eel
protection is known. GB-'1,604,604 to Perugini et al., discloses processes
for protecting netal surfaces against corrosion by carburizaton at hjigh

tenperatures ang vgietypef ﬁﬂuﬁbﬁs%vd&é@pmpﬁ%r&dﬂﬁsﬁh@ﬁe probldi oF st eel
coated with a 25 chrom um Im!éer provj ded by plasna spray dep05|t|on Thi s
in thermak-crackia

|l ayer is then peoke grrecesses; hMapyofder
(p-4) also - theseare assocmted. with ¢ using e novel steel types, especially alloys. See for

example, U.S. Patent No. 4,762,681 to Tassen et al. and U.S. Patent No.
10 4,976,932 to Maeda et al. Others utilize antifoulants, for example, U.S.

Patent No. 4,507,196 to Reed et al. which describes certain chromium

antifoulants, and antifoulants which are combinations of chromium and tin,

antimony and chromium, and tin, antimony and chromium. These patents
are incorporated herein by reference.

15 Some prior art processes, such as those that heat chromium compounds at |
high temperatures in air, produce chromium oxide coatings instead of |
metallic chromium coatings. This is undesirable, since in the presence of
steam and hydrocarbons these oxides are acidic and produce coke. bﬂmer
processes result in chromium carbide at the coating surface, without a

20 protective overlaying of metallic chromium. '

The use of chromium in coatings for steel protection is known. GB
1,604,604 to Perugini et al., discloses processes for protectmg metal
surfaces against con'osmn by carbunzauon at high temperatures and
corrosion by ondauon Example 15 shows an HK-40 steel coated with a
25 chromium layer provided by plasma spray deposition. This layer is then

pamted with 10% B,C and 90% SiC. Example 1 6th cyhnder (. 4) also -
sy TS
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P 3-5 s‘nows chromium applied to steel. I.n GB 1,149,163 to 1 Cl, nethods of

prot ecti ngv@&%ﬂﬁ? carburization are descri bed Here steel s geAjywNo5063s

i ron;. chrom umand nickel are coated with alum num chromumor nickel.

Thi's patent ‘claims furnace tubes for .ethylene crackers. It focuses on and 5
exerrpl i fies-alum nising; however, chromsing is also disclosed. In King et
al, "The Production of Ethylene by the Deconposition of n- Butane; the
Preventi on of Carbon Formation by the Use of Chrom um Plating, .Trans. of
the E.1.C., 3, #1, 1 (1959), there is descrghed an application of a 3/1000
inch thick (3 m I) chromum plate to a stainless steel 10 reactor. This
chrom um pl ate ig;cﬂasa{rbhmn@pnaﬂd stgelof In GBel, 349,163 s ICH, meéthodstafel  af t er

a period of several npnths, of eratj on, i ch é_lattr uted.t.o t.he hi gh

t enper at ur es reqm%am% M Ao gé’HH Bring.

SUMVARY OF THE enah ‘;nlpg niPkENtTR{Z IS tO
éﬂgm*’h%gl‘gcr ,faﬁ% cracklthoEEI '

provi de an i nprove ng of ﬂydrocaroons wher e
catal ytic coki ngpatenmlalnlm ﬁndaceanuescﬁrbthylmmormkerm Itffecuseaon@ndsyst emis

" reduced. Armn -ot her f{ rs t:he invention is,based, on .ttle*ﬂl scovery that a
chrom um prot ct EXmp. whinising; Roweyer, ehepmising s alsq disclosed: o, and” coki ng,
can be 20 provided on a portlon or portions of the reactor system exposed
to hydrocarbons, which, unlike prior art chromumlayers, is resistant to

peel i ng. Accor di Try Kling ehals "MeMdMoamflEﬁxmw&eeDmmmagfelr i s used

whi ch anchors th chro rotec r e to- be
protected. 25 ﬁ“ g%?g ﬁ%@?@?‘éﬁ}'% giﬁg‘”’gﬁ'&hl
portion, prefer abiaﬁng' hegdms! 8fufetﬁrrtcs;t3§qi1 RQIY5P) thef' ¥ deribedvarried t her eon
a chrom um protectiv
application of a 3/1000 inch thick (3 mil) chromium plate to-a stainless steel
10 reactor. This chromium plate is described as peeling-off the surfaces of the
steel after a period of several months of operation, which was attributed to

the high temperatures required for the reaction, and periodic heating and .

D

cooling.

15 Accordingly, one object of the invention is to provide an improved method
" “for the cracking of hydrocarbons, where catalytic coking is minimized, and
carburization in the reactor system is reduced.

Among other factors the invention is based on the discovery that a chromium
pfotective layer effective for resisting carburization and coking, can be

20 provided ona portion, or portions of the reactor system exposed to
hydrocarbons, which, unlike prior art chromium layers, is resistant to
peeling. '

According to this invention an intermediate bonding layer is used which

anchors the chromium protective layer to the steel substrate to be protected.
25 In this regard, the reactor system comprises a steel portion, preferably a

heat-resistant steel portion, having provided thereon a chromium protective

Sheet Has Been Replaced -

\\II\l\\ M



o4 - Iayer to isolate the steel portion from hydrocarbons, appljed to a

t hi ckness’ wbfosfigdaye for conmpletely isolating the steel port ipgr/dsssmozshe
hydr ecarbon environment. The protective layer is anchored to the steel®
substrate through an internediate carbide-rich, bonding layer. 5 Cracks
have been observed to formin chromi umprotective |ayers, especially after
the initial heating of an electroplated material. These cracks can allow
steam (which is typically present) to attack the steel/chrom uminterface
and underm ne the chrom um protective | aye4 - According to anot her

enmbodi ment of the invention there i.s provided a novel procedure which 10

i ncl udes a st eplayer to nlatmglwtoﬂmommrﬁrwdmmmaﬁ@phedmmﬂmdmeﬂsbons in

t he absence of s uce car cracks
whi ch effectiveF{'fg&é’avg il § mgﬁ"raﬁ‘t?‘ﬁﬁ 6 from. e yeRbedrtin 000 ng
llayer from st eaghwrdrifent. 'Theyﬁbteéﬂﬁﬁ%r RIEACKOrEB 6t stéd) Substrde trdogh a
protective |ayer 1s fornmed by 15  bondi ng a chrom umlayer to steel i n the
presence of a nannmedldﬁt catbiderrich,hgndingdayer. el evat ed tenperature. This .
has the advantage of forming not only a carbide-rich bonding |ayer, but
also results in the filling of cracks in the chromumlayer with chrom um

nitride whicly eidradisi havk begrt dbserveldf tot fofm G chidhtiuf Srotdetivel layers, @gpecidllyom

steam attack 20 An effective protective |ayer rmst re5| st del et erjous

cheni cal al t er amftenthecipitiab heating ofaa) elegsroplaied matsrial oY | ayer
must maintain i e
coating must: betsgﬂw{ﬁﬁé ﬁymg%ﬁﬁfem an éﬁ‘ﬁ?@g st art up anéidd/
operation. The ghdémtihetiacaomian \edaynrdlm@otdmglwamthmtlon have

'~ these advant ages. 25 Pref erably, t he_chrom um rot ective |ayer applied
by a plating pr&8wodimentof dhe HiveRtiondhpee: is provid P69°@b‘¥‘? t can

al'so be 10 includes a step of treating a chromium coated surface with hydromrbons in
- the absence of steam which produces a metal carbide filler of the cracks
which effectively seals-off the chromium coating and carbide-rich bonding
layer from steam attack.

In yet another embodlment of the invention, a protective layer is formed by

15 bonding a chromium layer to steel in the presence of a nitrogen-containing
compound at elevated temperature. This has the advantage of forming not
only a carbide-rich bonding layer, but also results in the filling of cracks in -
the chromium layer with chromium nitride which effectively seals off the
carbide-rich bonding layer from steam attack.

20  An effective protective layer must resist deleterious chemical alteration, as
| well‘ as peeling. Additionally, ihe protective layer must maintain its integrity
through operation. As Such, the proﬁective coating must be sufficiently
abrasion res1stant during start-up and operation. The chromium-based
coatings according to the invention have these advantages.

25 Preferably, the chromium protective layer is applied by a plating process
such as électroplating, followed by curing. It can also be applied as a
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" -5- Treduci bl e. pai nt which upon curiing in a [err] (or pure) environnent, in
t he absen am forms a continuous chrom um netal |ay '
substanti a 0&%{1@#@ ess, indistinguishable from el ectropl at edq;n%l?{e]?gisglo?s
except that it is virtually free of cracks. It-is very finely and cleanly
anchored to the 5 wunderlying steel through a carbide-rich bonding |ayer.
Chrom um pai nt protection can be applied and cured in-situ to an existing
pl ant. Moreover, a chrom um paint such as that described above can be
applied to-a previously chronmiumplated sigface. The curing treatnent for
t he paint causes chromumnetal to fill cracks in the plate as they form

thereby 10 progdGéiBle phist"Which upon Rt in ailgyﬁenwpdﬁpenmmmnhmeti ng. - -
g o

The paint can also be ‘used to repair damaged, previously chrom unmpl ated

steel . The chr oalyseneepef steam afosms aeantianeys chreminm metal layer feyudstagiiadl ot her
hard to reach apeas thaf .. ot ' ' | NG h the
foregoi ng, as &l&éﬁ,i@{gﬁﬁg J"%FM&%%@%W&%@% aﬁs/\g)szacts 15

of the di scl osuyRmiififresi of criskeore i egryifively aud olemly anthored¢o thet ure of the
di scl osure may be nore clearly understood by reference to the detailed

descri ption &ndundeslying,steeldhraughiacarbidexrich honding layeronChyomipm PRy NG:- The
drawi ng schenat | BN trai: - s, € tg{;h ks rs that -are 20
produced on a bg%wﬂsﬁﬁta@iﬁ%n%&eﬁﬁl%%ﬁo %Hosgﬁétpee “after the steel
has been plated with chromum heat treated in nitrogen at 1800 F for 2
hours (nitrogen_curing) and then subjected to steamat [err]. Figu 1
shows t hat overmmfaﬁ&mqmmtthqgaﬁéw ngp!é@% mge‘{g’a.
bondi ng | ayer ( lp‘.l'?iri iumi19h YiaLat T gﬂlﬁ%‘@ nfen | B gat i des
(2). A 25 thi ckg a{’/@s\'ri)eg%m%?g'l I'C -gﬁrom'u'rrnhﬁg over ays{t. S tgondi ng
| ayer. The chr oocauses thrpariumanetal tosfill rcacks isf Me platedascthely fonmi,rthexehy pl at i ng
Process: = 1o producing a smooth, substantially crack-free chromium coating. The paint '
can also be used to repair damaged, previously chromium-plated steel. The
chromium paints are especially useful to treat welds and other hard to reach
areas that are otherwise untreatable by plating.

With the foregoix-lg,. as well as other objects, advantages, features and aspects

15 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. | |

 BRIEF DESCRIPTION OF THE DRAWING

The drawing schematically illustrates the various metallic layers that are

20 produced on a base construction material (1) of HP-50 steel after the steel
has been plated with chromium, heat treated in nitrogen at 1800° F for 2
hours (nitrogen curing) and then subjected to steam at 1800° F. Figure 1
shows that overlaying and incorporating part of the steel surface is a bonding
layer (glie layer) of chromium that is rich in chromium carbides (2). A

25 thicker layer of metallic chromium (3) overlays this bonding layer. The
chromium iayer contains  cracks (4) produced during the plating process,
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-6 - some of which formed as the plate cool ed. - These cracks have been
filled in w mumnitride, (5) which was fornmed during ' _
cure -step. \%?b?/ﬁde%%uter surface is a thin layer of chrom um S%Edesu’é’@‘?‘sgme
various | ayers are not drawn to scale. 5 DETAI LED DESCRI PTI ON OF THE
.PREFERRED EMBODI MENTS The invention-wi || be described hereinafter in terns
of the thermal cracking of a hydrocarbon feed to produce e.g., ethylene.
However, the various aspects of the invention are not intended to be
limted to that enbodinment. As will be appgent to those skilled in the
art, they are useful- in other areas 10 of high tenperature hydrocarbon
processi ng such semebsft whichdormed antheqslatelcpbied. CTHRdE cfdcRY awd bénVlldeiny Of
hydr ocar bon feeds, to, praqduce. a, va}ri eh%/ of desired products. Thus, the
invention is apptith Shfomippy nitride, (5}, waich was formed duEpg apitrogenceurefsteapnace
tubes but also t Werféﬁ;ﬁai e | ed to
carburizing or c%r@&rl zi ng/ co ﬁ%%\%ﬁn@n%ﬁf@gﬁﬂﬁgﬁiﬁkﬁ%ﬁ%g ture,
such as st eam r dayersiareynotf drawdrtosealeons and t he t hermal cracki ng of
hydr ocarbons to produce propylene. Al so, while the invention is described
in terms of using chromumto produce a protective |ayer, nolybdenum
b ot Vit 0 it H IS 1Imen i

gs may be
VAR, a

process for inproved cracking of hydrocarbons, there are al so other aspects

ateel portton of e iRuStiawill 8% Brscrifed hptsTiadies i gme 46 (RIGFAL FI9ERBE o; bons
eI TS R SrRARG G, il R L)
or tungsten) pr@spests obtheliinventionare aot interideg do be dimited to thatcembodimpst, em t hat
's to be As will be apparent to those skilled in the art, they are useful in other areas
10 of high temperature hydrocarbon processing such as both thermal and
' catalytic conversions ofa vanety of hydrocarbon feeds to prodix.ce a variety
of desired products. Thus, the invention is applicable not only to ethylene
crackers and their furnace tubes but also to other furnaces and furnace tubes
which are exposed to carburizing or carburizing/coking environments at high
15 temperature, such as steam reforming of hydrocarbons and the thermal
cracking of hydrocarbons to produce propylene. Also, while the invention is
described in terms of using chromium to produce a protective layer,
molybdenum, tungsten, and mixtures thereof, with or without the use of
chromium, may be used as well. o

20 While the invention will be presented generally as a process for improved
cracking of hydrocarbons, there are also other aspects of the invention.
Thus, the invention relates to a method of protecting a steel portion of a
reactor system that is to be contacted with hydrocarbons at elevated
temper_atu’res, and to a process for preparing a'substantially crack-free or .

25 cracked-filled Group VIB metal (i.e., chromium, molybdénum or tungsten)

protective surface on a steel portion of a reactor system that is-to be
_ R
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- 77.contacted with hydrocarbons at el evated tenperatures. Mreover, the

i nventiond'v 9g}1§8%-t ed to certain Goup VIB netal paints forpﬁﬁisbﬁﬁdzhé’” to
a steel systeé or contacting hydrocarbons at el evated tenpéeratures, and to
a steel portion of a reactor systemhaving a Goup VIB netal protective

| ayer. 5 Although the ternms "conprises" or "conprising" are used throughout
this specification, it is intended that this termenconpass both the terns
"consisting.of ", and "consisting essentially of" in the various aspects
and enbodi nents of the present invention._gnerally, the invention is -
directed to a process for thermally cracking 10 hydrocarbons. The process
conprises (1) péshtacied\Sith HyRrdddftons at eltvated iciiperitursd Mofdoves) thesi st ant
chrom um protective |ayer to a steel éortion of a cracking reactor system

by (a) applyi nginventiofeissicasted forcertain Grovp iR metappaints fgr applicatipRdo @~ ot her

coating of chro eet | | i
protective | aye'&,béi'?ﬁ{ght ﬁc{rcq\éﬁgégﬂ%ﬁfec | v%ﬁt%ﬁ%é%ﬁgﬁ%@ a?%lgglta portion .
f rom hydr ocar bogteeldportion of pareadtorosysteamhavilg a \Group MIBth ive Yayerayer,

- anchored to the steel portion through an internedi ate carbide-rich bondi ng
| ayer; and then, (ii) thermally cracki-ng a hydrocarbon feed. Preferably

sai d t her mal gCr agki S (Gahd b Q& e ds well
known i n thesarmé@‘#%%ﬁ{e‘g p@ﬁeﬁ%d&e%?&?fnsgﬁt %?H%gdl %\}/‘Z‘%ﬂ}%ﬁaﬁs , o
directed to a nppeoifitatibnit 4 imtérided thea this herieecompass<eoth fthe teams t ube that is

to be contacted with steam and hydrocarbons at tenperatures above about

1600 F. The met heansisting of oiang ‘icpesisting fsseatially of r insthe varipus- AsPects apd

protective | ayehﬁ&i%g%ﬁ@%ﬁsﬁxﬂﬁ%&{ﬁowbe by applying a chrom um | ayer
t

to at |east a portion o e Inner surface of a ethylene cracker tube
which is made of a heat-resistant steel, and formng a netallic chrom um

it er medi at e aPeneralys B Inudonds Alrsard kri-process ok abmally chacking '

10 hydrocarbons. The process comprises (i) providing a carburization,
abrasion and peeling resistant chromium protective layer to a steel portion of
a craclﬁng reactor system by (a). applying to the steel portion a chromium
plating, cladding or other coati:ig of chromiﬁm effecnve for forminga
carburization resistant protective layer, to a ttuckness effective to isolate the

15  steel portion from hydrocarbons during operation, and (b) forming the
protective layer, anchored to the steel portion through an intermediate o
carbide-rich bonding layer; and then, (i) thermally cracking a hydrocarbon .
feed. Preferably said thermal cracking is carried out in the presence of
steam, as is well known in the art. ' '

20 In one preferred embodiment, the invention is directed to a method of
protecting an ethylene cracker furnace tube that is to be contacted with steam
and hydrocarbons at temperatures above about 1600° F. The method
comprising providing a coke-resistant chromium protective layer to an
ethylene cracker tube by 'applying a chrommm layer to at least a portion of

25 the inner surface ofa ethylené cracker tube which is made of a heat-resistant
steel, and forming a metallic chromium protective layer, anchored to the |
steel portion through a continuous intermediate carbide-rich bonding layer.
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-8 " The thickness of the chromium | ayer is effective to substantially

i sol at e t hgg Jsﬂ g@nd nickel in the steel portion from'hydrocﬁlﬁm(,%i ng

oper-ati on. onding layer is preferably formed by heating the applied

. chromi um | ayer under conditions which prevent formation of chrom um oxi des.
5 "Reactor systen as used herein refers to a reactor for contactinng with
‘hydr ocarbons at el evated tenperatures, as well as associ ated heat
exchangers, piping, etc. Preferably, the reactor systemis at |east one
cracki ng furnace, including any cracking.og-furnace tubes thereof,
effectlve to crack a feed material into desired. products such as ethyl ene.
10 By ' surfacesmuslnemesbbﬁtﬁemmhmmlayatlsacffectiweemsubssannanyristﬂateahel east

t hose surfaces of th r s emth are in contact, with hydrocarbons
during processi F’@n\ﬁﬁgr"é&?f %L#qe; a%? ng Quring APeratione ¢ i on

conditions. Typ Qﬁﬁr ;eg&m lﬁh& gomg éﬁltéin’ﬁ ml © Which
protective | aye:lgélg%%%l?,g §§Jf)t el X\S/fgﬁ'?%%ys rf %gp&fl e ape t hose
portions of theldyer unmmdxtmnsmmhvybrewméutmmw oflchnomiunp exidesr es of at

| east 1200 F, preferably at least [err], and nost preferably at |east _
[err], during operation. The higher the terrperature the nore inportant it

is to apply & peg] Wyﬁrudm&&hmsw vaggording to

t he.invention can d as 20 plating, c addl ng or o?her coating

such .as chroni uhydnonarbom atgplpatedtempeta}uret}easwellawamcmbﬂpmulon Then t he
pl ati ng, cladding,or other.coa reated in a manner, effective to form
a protective | af5haBeTsPiping aﬁ%?hgf{fger?%l TeACtor SYSHU d5 at et s gh a

cont i nuous and hicRg" fukics tinERiktitgdty dradkit® Bf iitfiadettBEs tHeRQIFCBtfedtivevi di ng

the necessary abrasi on resistance and 25 resistance to peeling.
Preferably, - t he tprrack adffeed mathtiah into desitegeprodycts sucheas ethylene.t o abr asi on,
peeling or flaking for a period of 1 year, pr ef erably 2 REPLACEMENT SHEET
10 By "surfaces susceptible to carburization,” there is intended at least those
surfaces of the reactor system that are in contact with hydrocarbons during
processing wherein carburization will take place under reaction conditions.
"Typically those surfaces susceptible to carburization to which protective
layers according to the invention should be applied are those portions of the
15 reactor system which exhibit skin temperatures of at least 1200° F,
preferably at least 1500° F, and most preferably at least 1700° F, during
operation. The higher the temperature the more important it is to apply a
protective layer.

~_ The chromium protective layér according to the invention can be applied as a -

20 plating, cladding or other coating such as chromium-containing paint or by
chemical vapor deposition. Then the plating, cladding or other coating is
treated in a manner effective to form a protective layer which is anchored to
the steel substrate through a continuous and uninterrupted carbide-rich
bonding layer, thereby providing the necessary abrasion resistance and

25  resistance to peeling. Preferably, the plating, cladding, or coating is -

| resistant to abrasion, peeling or flaking for a period of 1 year, preferably 2

Sheet Has Been Re laced

Hll\l\\ TRm0



":9- years, and nore preferably 3 years such that the reactor system will
mai nt ai.n i rization resistant properties wthout rea

Anot her né&ﬁgﬁﬂﬁﬁyapplying a netalljc coating or cladding t%eébgg%mﬁg known
as ‘sputtering. For exanple, see U S. Patent No. 5,298,137 to Marshall, 5
whi ch describes a nethod and apparatus for DC |inear magnetron sputtering.
This and ot her sputtering techni ques, which produce thick and even coatings
of netals, .can be used to apply chromi um tungsten, or nol ybdenum coati ngs

to, for exanple, the inner surfaces of cracker furnace tubes. It is
I nportant that the chrom umbe applied so that it does not readily peel 10

off. Some et NagarsolanailrkipRérefdbl 5! yeits dueh 1R kdotoF e Azl Vi O

so-cal | ed "decdrative chrom umplate are not suitable hese net hods -

utilize an unddts carburizatiop gesistant-propesties wjthout reapplicatiom i nterfere with
formation of the desired chrom unisteel bonding |ayer. Al so, sone coating
techniques are ineffective. For exanple, plasnma spray deposition of 15

chrom umis typAscthérmethed 'of @pplingds metallié @d&tﬁ%soﬁcm@%lﬁ) aBs1aRTkdewaoat i ng,
a protective

rather than a continuous coating, Fornin ayer suitably -

anchored to t heSSputiering;HEOr exampleeseecti tmttm’c%Z%ﬂ?l&!Mﬂﬁhaﬂbll depend

ol at § ng. ol dbar Wiich ASBeipef 5 mEnS4 shd BotebeE TDE i itnpth shotBond O™

and for a tine Fii§ afd ovfer sputBsringliechriues] Whichprétadecthivkrdnddsren icoltinggndi ng
| ayer. For exanple, curi ng@can be done at tenperatures above about 14000 F,

preferably abowf mefals, can beused: toenply chioming, fngsten,eemolypdenud 1850 F f or
Cayar 15 compr I SRBLRn I el A8 iRt Sl of e ol %%oug 'some i o
and/ or nickel may be present.
 Itis important that the chromipm be applied so that it does not readily peel
10 off. Some methods of applying chiomium, for example, methods for
applying so-called "decorative chromium” plate are not suitable. These
methods utilize an underlying copper or nickel layer, which can interfere
with formation of the desired chromium/steel bonding layer. Also, some
coating techniques are ineffective. For example, plasma spray deposition of

15 chromium is typlcally ineffective as it produc&s a porous chrommm coating,
~ rather than a continuous coating. '

Forming a protective layer suitably anchored to the steel substrate and
resistant to mrburimtion, will depend on treatment after application of the
chromium. Once applied, the chromium plating, cladding or other coating
20 should be cured at a temperature, and for a time effective to produce the
intermediate carbide-rich bon'ding layer. For exampie, curing can be done at
temperatures above about 1400° F, preferably above 1500° F. For example,
curing at between 1700 and 1850° F for 2 to 4 hours is effective. Itis
believed that the carbide-rich bonding layer is comprised mainly of carbides
25 of chromium, although some iron and/or nickel may be present.
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= JI0- It is inportant to avoid formation of netal oxides under the

car bi de-rich bonding -l ayer, so curing is preferably done in the absence of
air, el emeWOA518842gen, oxygen-contai ni ng compounds and st earRCRAUSIS9§235
results, for exanple, in a strongly bonded netallic protective |ayer .
preferably between 5 0.5 and 10 mls thick, and nore preferably between 2
~and 4 mls thick. Analysis by petrographic mcroscopy of a cross-section of
the coated and cured steel can readily determ ne the thickness of the
protective |ayer. For ease of neasurenent of paint and coating thickness,

~ coupons can be prepared which correspond™t’d Tt he coated reactor surface.

reatnent. The Bobgumenalito sboid SRRpGT0r BRRAT MK Inde e Subifingh == °™
t hi ckness. Essebéndihg Jayerysosiudinig iﬁ?ﬂefeﬁbly a6ecinatie absacel on gir] eleqdeatal -

i nvention including stainless steels. Chrom'um platings are preferably
appl i ed to heat OXY£SNs OBYEenrfanfaining icompeounds ands stganh o Cusing| resits; form

betveen about - 16T fy# otk bptdia eili bidedsfle Ryec Rifecib fiionch, 22 F
"heat - r esi st &nt 0.55amk16 milsathickte andPmiode piefetably, betweéen2 Jand domitithick.( 20% Ni ,

26% Cr) steels. In part, heat-resistant steels are useful because of their
hi gh tenperature creep resistance. 20 For long termuse at high

tenperature’ is r : b bt j I chrom um .
from.the prot ec%?ﬁ%%@ﬁ%ﬁgﬁé@ggﬁ@}an%@s%ﬁ g%%%@f%i on of
(_:Erom'.um into t bwredtsessl mrﬁadﬂ)uldefermimlm(ejltﬁehidss bflltlteqsretec?wlay?nt Fon of the
chrom um protective Jayer. In this regard, it js also preferaple to use
heat - r esi st ant %&H@é@um%oawagﬁmm_ 8| COUpeRS san be RrEPAESdg,
uhich shows thaidieadtrehsid B G/boRiell refor RHREL. Phiddd EatibORearki ht=VENT

SHEET 21 NOV 19 ] _
10 identical conditions to the reactor system treatment. The coupons can be

used to determine paint and coating thickness.

Essentially any steel can be protected according to the invention including
stainless steels. Chromium platings are preferably applied to heat-resistant
nickel-rich steels for better long term stability. These steels are well known

15 in the art and typically have between about 18 and 40% Ni and between
about 20 and 30% Cr. Examples of "heat-resistant” steels include HP-50
(35% Ni, 26% Cr) and HK-40 (20% Ni, 26% Cr) steels. In part,
heat-resistant steels are useful because of their high temperature creep
resistance. ' |

20 For long term use at high temperatures, it is preferred to use a steel that
inhibits diffusion of chromium from the protective layer into the steel, since
- significant diffusion of chromium into the steel could ultimately result in
total consumption of the chromium protective layer. In this regard, it is also
preferable to use heat-resistant steels, such as HP-50 and HK-40 steel. See
25 Example 8, which shows that these steels exhibit low chromium diffusion.

\
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" If.is helpful to prepare the steel surface before application of the

chrom um &gr other Goup VIB netal) .so that the steel surface is clean of
met al oxi %95(’9.869., rust, chrom um oxide), dirt, dust, etc.l,’cypﬁ?s’wqﬁoni ng
or scraping the steel surface. Sone surface pretreatnent procedures are

di scussed in the 5 Mtals Handbook, Ninth Ed., Vol. 5, page 172. '
Furthernore, prior to applying the Goup VIB netal, it is preferred to
stress relieve hard steels by heating, for exanple, to [err]. The thickness
of the resulting chromumlayer is an’i r_n:iﬂr_t ant factor in successfully
preventing coking and carburization of et'hyl ene cracker 10 equi pnment over

|l ong tinme peri ’hegifﬁp I ﬁ&%gﬁ 54@1%‘?“ Stk ubstrate
(ni ckel and i rgﬁé can dtlof e itl?ﬁ%t%iﬁse C ro%ﬁﬁém a |cfP%yer.ﬁkf‘ﬁ§ '

chrom um coat i ifor ethertiGroupeVIB) mekal) soothgh theosteel surfade isholeanrafhmetal oxideg! from
mgrating to the caoating surface., . Thus, the objective i,s not to, rretgeely '

t
enrich the stedfB8offal R ORI nfitThy dush ete.x Sl by BRning, PRS¢TADIRE |
chrom unt st eel ut Qﬂafé réﬂe? ' ' %c@g}ﬁ, ent
chrom um net al Is?%i ayagrg', Stoﬁfgé sur a?e 0 ﬁh\/\ﬁ?éﬁ |sﬁfséaﬁr%s?gntla ?ﬂ?féee of
nmetal lic irdn MetalsiHindbooloNinth Edi r\als8S, page 7% eFarthermoget prioetocy of t he
coating. Thus, have found at it .is _necesgary, that.the oatin '
_thickness be a@%ﬁ&'ﬁ&‘%"“’?l : %?%#étr‘étﬂr?f%altgégf’ssa“&!}ae -qtgetls ﬂ%re
preferably 20 IngigeForOaitiple BNI50230PIs. and nost preferably between about
2 and 4 mls. A'so, the chlpom' um coating should be thick enough to forma -

chrom um car bi de bondi ng | ayer after curing and still have sufficient

hr o f ' || .01 l. . 1.n thi . I
Cteal port i on’ TeBRRTES B e wRE s e AnombeBBR B ot . 25

According to a ' ' 'edifyfiddeCeragl@rat i on of the
sﬁé&ﬁ%ﬁﬂj?ﬁ?ﬁ% ¢Bkitig Sid Earbtyafdh of

present invention, uid such as steamis conbined with a

hydr ocar bonl( e gquipment averdong imeperiods, such ps yearandDver time meftals from) the
steel substrate (nickel and iron) can diffuse into the chromium metallic layer.
The chromium coating should be thick enough to prevent the iron or nickel

- -from migrating to the coating surface. Thus, the objective is not to merely
 enrich the steel surface with chromium, for example by forming a

15 chromium/steel alloy, but rather to provide a continuous and adherent -
chromium metallic layer, the surface of which is substantially free of
metallic iron and nickel, which increase the coke forming tendency of the
coating. Thus, we have found that it is necessary that the coating thickness |
be af least 0,5 mils, preferably at least about 2 mils, more preferably

20 between _about 2 and 8 mils, and most preferably between about 2 and 4
mils. Also, the chromium coating should be thick enough to form a
chromium carbide bonding layer after curing and still have sufficient
chromium to form the metallic chromium layer. In this manner, the steel or

" steel portion is completely isolated from the hydrocarbon environhxent.

25 According to a preferred embodiment of a thermal cracking operation of the
present invention, a diluent fluid such as steam is combined with a -
hydrocarbon feed such as ethane and/or propane and/or naphtha, and

* introduced into a cracking furnace. Within the furnace, the feed stream *

[
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introduced into a cracking furnace. Wthin the furnace, the feed stream .
REPLACEMENYvG¥4rf8849 - 12 - which has been combined with the %h# boahd Ui d
wi ). be converted to a gaseous mxture which primarily contal n ydrogen,
met hane, ethyl ene, propyl ene, butadiene, and small amounts of heavier
gases. ‘At the furnace exit this mxture will be cooled to renpve nost of

t he heavier gases, and 5 then conpressed. The conpressed ni xture can then
be routed through various distillation colums where the individual
conponents such as ethylene are purifi-ed apgl.separated. The cracking
furnace may be operated at any suitable tenperature or pressure. For

. exanpl e, in thewhicichassbeeh contbimadcwith ithedilaént Ifludd will Be coivErdaphpns to
. ethylene, the te%?)rature of the flui d fl ow ng t hrough t he cracking tubes
Yy

i ncreases durin§ ih prmarily; ¢ontaing @ﬁﬂw,dﬂﬁh@&aﬁmﬂgﬁer
Furnace tenpera fb {?ﬁﬁ{ gg?] aH@M Y Pd+C, ressures
for a cracking Op atnleon e:n ‘vener a F n& iﬁg&?ggasg; %t %8

about 20 psig aunMsmmmnmmmmmmvemmmetm ﬁﬁdthe
present process,is that it.c operated with Iess steam Steamis
traditional |y alftfBcFompretsed- %996‘“8?%5& mixpue can thencbesoyted thepughssi vat e
.the coking and gaiduy disthltion oA, Whefd 6@? r{féo peam | evels,
the steel becones carburized anc ng,rl ttﬁhegﬁdre I ve rapi gfy | eadi ng 20
to premature faethylepe ats purifiedand sepasated.i nventi on, | ess steam can be used,

“for exanple, to increase throughput. Goup VIB Pai nts Wiile the foll ow ng
di scussion is primarily focused on resi st ant materials prepared from

chrom um pai nt STh¥ dFdcRing b?é‘ra ; té}ﬂéqréﬁré ended to be
limted to that enbodi nent, rat% Féao en g‘?rf)tg;slges er o
. pressure. For example in the process of steam cracking of light

10  hydrocarbons to ethylene, the temperature of the fluid flowing through the
- cracldngtubesincrusesduringprocgssingandwinattainatemperamreof
about 1575°F. The wall temperatures of the cracking tubes will be even
higher. Furnace temperatures of nearly 2100° F may be reached. Typical
pressures for a cracking operation will generally be in the range of about 5
15 to about 20 psig at the outlet of the cracking tube.

One advantage of the present process is that it can be operated with less
steam. Steam is traditionally added to olefin crackers. In part it is added to
passivate the coking and carburization tendency of the steel. At lower steam
- levels, the steel becomes carburized and embrittled relatively rapidly, leading
20 to premature failure. Using the current invention, less steam can be used,
. for example, to increase throughput.

Group VIB Paints
While the following discussion is primarily focused on resistant materials

prepared from chromium paints, various aspects of the invention are not
25 intended to be limited to that embodiment, but rather also encompasses other

paints containing Group VIB metals.
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" pai nts.contai ning Goup VIB netals. - 13 - The resistant naterials can
be applied_in a int-l1ike fornulation (hereinafter "paint

existing r@’&?wgéystem Such a paint can be sprayed, brushé’d}‘gﬂ%@ﬁ%‘? etc.
on reactor systemsurfaces such as stainless steels, or heat-resistant
.steels, and will have viscosity characteristics suff|C| ent to 5 provide a
“substantially continuous.coating of neasurable and substantially

control | abl e thickness. Preferred paints conprise Goup VIB salts or

conpounds that nelt below [err[ F, prefera Ly below [err] F, and nore '
preferably below [err] F. The group VIB rre als are chrom um tungsten and

- mol ybdenum  Pr ekg B4 ae&“ﬂ
hydr ogen, and thergg4l prggauce g%?:‘gﬁ%l ous nmetallic ﬁﬁ&se tﬁat I's reS| st ant
to coking or car'pamt";maamw orrexistingareadtonsysiesn Soch ageint pan he spnwndl,l ations

conpri sing each t he .ot her . G ou B netal s || as for nts

cont ai ni ng nor e ?Fp %8&% %ﬁmmlmﬂ%m A nts may
be advant ageous pas-rbligint ted! Gid willl Iive Giscdty aﬁ%ctaishbpgﬁfﬁeeniaw cr acks.

In fact, protective layers forned from chrom um contai hing pai nts have been
observed to Be prdvide a substantially cortinuwous mmﬁnguofnuwsmabmndtwbetannajb used to
provi de prot ectlvem%l%ier 0 areas not readily accessible to e.qg. :
pl ati ngs, such &0 ff can also be 20 used for retroflts
Moreover, conbinatons of coating techniques can-be used. For exanple,

pl atings can be used for easily accessible areas while paints can be used

for those ar eas Peferred paints,comprise<Group VIB saltsior ngmpomdsdhatanelt below .
o oy fnca. 200, Py bibberdy a5 RR0SE, Ao AoRSHitersl o om um
appl i cation shorqhg gesup VIBRRetals ake itdmidm, tungsten and molybdenum. Preferably .
- 10 these salts are reducible, for example with hydrogen, and thereby produce a

continuous metallic phase that is resistant to- coking or carburization. The

invention also includes paint formulations compriSing each of the other |

Group VIB metals, as well as for paints containing more than one Group

'VIB metal. '

15 Chromium-containing paints may be advantageous as they produce a
protective layer exhibiting few cracks. In fact, protective layers formed
- from chromium-containing paints have been observed to be relatively crack-
~ free. Additionally, pa.mts can be used to provide protective layers to areas
not readily accessible to e.g., platings, such as welds. Paints can also be
20 used for retrofits. Moreover, combinations of coating techniques can be
.used. For example, platings can be used for easily accessible areas while
paints can be used for those areas not readily accessible to platings. Also, a
chromium-containing paint can be applied to a newly or previously
chremium_ plated' surface to fill cracks.

25 The thickness of the paint after application should be between 0.5 and 15
~ mils, preferably 1 and 10 mils (25 and 250 microns), and more preferably
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~nmls, preferably 1 and 10 nils (25 and 250 nicrons), and nore preferably
. REPLACEM=ND 935845 - 14- between 2 and 8 mls. Thick protﬁfyhgﬁmbgﬁprs
can be built-up by successively painting.and curing the st surface. The
metallic coatings and, in particular, the paints, are preferably treated
under réduci ng condltrons wi th hydrogen at el evated tenperatures. 5
" Addi tional curing can be done in the presence of hydrocarbons. In addition
~to applied thickness, viscosity and other properties of .the paint are
i mportant. The viscosity should be .such.tjgat the paint can be easily
applied and that it does not drip or pool due .to gravity. One paint °
gccgrdl ng to tbﬁtWegn%do&gnnrrmmle?faeﬁwufyéﬁ Bar:rbebhﬂhqh bge, a 10
i ndi ng agent i nder an ona a vent for thinning. Paint
bi ndi ng agentsg‘éﬁ°§ %gl’ér ﬁqetstee(i #UKface e used to hel p suspend
solids to produce flomable and. spreadable paints. One useful binding agent
Is a viscous netallic conpound such as an oxygen-free organonetal lic

conpound, pr ef ¥hemetallio eoatings and, in particuldr,cthe paints, aro preférablyetredted e. 1t 15
preferably has a,visgosit her n.or simJla aint. O course, it
is inportant t%@“tﬁ“%&é@d‘&g@swﬁg?‘ WEF‘FE?@V%P‘%FF SRSt i on of the
protective lsayalddfionaPEidd & éW%m ddionnal 1y,

t he bi nder (lgr %rdogfjocts produc ]ﬁl‘f romt | nder sHhou not in ucel coke
formation. 20 tonhedethmlmm; viseosity rand iothergproparties ufrﬂieqjauuea:er S pr ef erred
especi ally chrom um h es Jer Pai nt.s based

hal i des form st W{‘H@d‘%‘%ﬁs L&h&é‘ q’&ﬂaﬁ ears to
act as a flux gﬂdgmquéégqmﬁuﬁglor%{ d6€to gRdirynder suitable condltlons
deconposes to a chromum protective |ayer attached to the steel. One

advant age of

One paint according to the invention comprises a Group VIB metal halide a

10 bmdmg agent (binder), and optionally a solvent for thinning. Paint binding
agentsarewelllmownm the art. Theyareused to help suspend solids to
produce flowable and spreadable paints. One useful binding agent is a
viscous metallic compound such as an oxygen-free organometallic
cornpound', preferably one that is a liquid at about room temperature. It

15 preferably has a viscosity higher than or similar to paint. Of course, it is
important that the binder does not interfere with the formation of the
protective layer or formation of a continuous bonding layer. Additionally,
the binder or products produced from the binder should not induce coke
formation. |

20 The yse of paints containing chromium halides is preferred, especially
chromium chlorides (CrCly and CrCly). Paints based on chromium halides
. form strongly adherent coatings. Thus, chromium chloride appears to act as .
a flux to clean the steel surface, and under suitable conditions decomposes to
a chromium protective layer attached to the steel. bne advantage of
25 chromium coatings relative to some other coatings, such as tin coating, is
that they do not result in liquid metal embrittlément of the steel.
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".25. chroni um'coat i ngs relative to sone other coatings, such as tin coating,

Is that t ot result inliquid netal enbrittlenent of
REPLACENEW??@ - 15 - Chromium paints are preferably F?d@gz%@s hi gh

tenperatures in order to produce netallic chrom um containing coatings.
Useful reduction tenperatures are above 1200 F, preferably at about [err] F
‘or higher (e.g., [err] F). For exanple, the paint can be treated at [err] F
in a S reducing environnent of 50% H2, with the remai nder being an inert
gas, for ‘up to 48 hours. Chrom um paints jghould be free of finely ground
met al powder, for exanple, chrom um powder. Chrom um and sonme ot her netal
powder s cat al yeRrdniianhyalstdre preférablypeduosdsat KEh kemSaritura infordér ® hydrate
produces 10 chrom um oxides rather than netallic coati A preferred

3 . C L. n S' *
pﬁi nt aCC(r)]rldi ggroslt;cq metallic; ehromipmeconainiag soatingss Jsedil ﬂéu@ﬂﬂponent s: éL) a
chrom um hal i [ b I fs) m xture,
and optionall y%@%?ﬁgo‘%%l ?é%eﬁﬁgéﬁgﬁ‘gﬁg?ﬂ@ ?%gtﬁ%: conmpound
or a mxture Ofe.g).r,gﬁmtm.omldi_dtﬁplebahepﬁnt casbe freatedat 14007 ¥ ifliassol ves the
bi nder. The _solvent preferably is evaporated before curing. The solvent is

‘chosen such5t hiaduging enyiranment of 0% HpWith therempgndep being an-inestigas, for
treated as desgéwggh%mv_e to provide a chrom um protective |ayer. Another
exanple of a u ul™"parnt is one conprising a fusible OrCl2 or 20 [err]
salt which may or may not be incorporated with solvents and ot her
additives. O her specific formulatjons_include fjnel round, [err] in 90
Wwt. gear oil tGMQS‘“H“aWP@éSB%IdI‘? of gﬂ%‘Yfﬁ‘ﬁUF@/m&F%@%H’dP’é rfP} in a

petroleum j el | ik ] @iromfithoRalf! Chréiafith dfid sms ol tmdRl ffaedé 2PP! Vi ng
chrom um : , .
_ catalyze the hydration of anhydrous CrCl;. Curing of this hydrate produces
10 chromium oxides rather than metallic coatings.

A preferred paint according to the invention comprises the following
components: 1) a chromium halide, 2) a bihder domprising a hydrowrbdn
compound or mixture, and optionally 3) a solvent. By solvent is meant a
_ single organic compound or a mixture of organic compounds that at least

15 partially dissolves the binder. The solvent preferably is evaporated before
curing. The solvent ié chosen such that the formulation is paintable. The
paint can then be treated as described above to provide a chromium
protective layer.

Another example of a useful paint is one comprising a fusible CrCl, or
20 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
jelly carrier. Such a paint provides a simple method of applying chromium
to steel, as it provides clean contact with the steel substrate which permits
25 . curing procedures to firmly attach the chromium to the steel. As an
example, the paint can be reduced in H, or another suitable gas at about -
1500° F for 1 hour. —
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-'to steel, as it provides clean contact with the steel substrate which
permts aﬁogsugwg procedures to firmy attach the chrom umpgrudosmesseel .
As.an exanple, the paint can be reduced in H2 or another suitable gas at
about [err] F for 1 hour. REPLACEMENT SHEET 21 NOV 1996 REPLACENMENT
.SHEET -16 - As noted above, it is'inportant to prevent generaton of

chroni um oxi de during formation: of the protective nmetal |ayer. Therefore,
it is generally preferable not to include metal oxides in the paint.
However, a nol ybdenum oxi de paint is posdiébi e since that oxide nel ts bel ow
1500 F,- and can be 5 reduced in-situ with hydrogen. In a preferred

enbodi nent, a éhmmmqysattlmgmpgﬂyﬁépmnbgemmg:hmmoxﬂont ai ni ng

anhydr 0us_Ch Ol b e ht Bk WA P Phrilhe ') e (10,
Reducing this ?tdf&abletﬂbthﬂdﬁcl&ﬁ\nﬁ@dﬂﬂ%nﬁthk%mﬂmm ‘Adtdytsdthumhr om um
|'ayer that is my bonded to the substrate. Achieving a continuous

netal lic chrorrpliuﬂﬁlp&-}‘érls 99-'?%3&1“&9% oxide melts below 1500° Fapnd can Bei s because
anhydr ous cgr owg&: 'lﬁy tive, especially at elevated.
tenperature d we have “0 rved that nost solvents and thi ckeni ng
agents wll react vmth chrom um chloride at what we call a 15 "critical

reaction terrperature This critical reaetion tenperature can he determ ned
by nixing the Il refsﬁsémhodwmew FRINm Qoating igiprepsred by redveing fori ng f or

deconposi tion ghF° r@hure. For
i nstance, a thgﬁﬂg*{&gﬁg‘rE angre&p’lyac dgn ysi s- @s spectroscogyﬁaggarat us can be

‘used. As an exehlphde, whichrthen meits tat abdut 15607 F watforhalmolten salt ﬁlm on
' " the (steel) substrate. Reducmg this film with hydrogen produces a
10 continuous adherent chromium layer that is firmly bonded to the substrate.

Achieving a continuous metallic chromium layer using a paint is difficult. In
part this is because anhydrous chromium chloride is reactive, especially at
" elevated temperaturés. Indeed, we have observed that most solvents and
 thickening agents will react with chromium chloride at what we calla
15 “critical reaction temperature.” This critical reaction temperature can be
" determined by mixing the test component with chromium chioride and then
monitoring for decomposition products, such as HCI, as a function of
temperature. For instance, a thermal gravimetric analysis-mass spectroscopy
apparatus can be used. As an example, alkanes react with CrCl, at about
20 430° F to release HCI, and form an undesirable complex, which at higher
- temperatures eventually forms chromium carbides. These chromium -
 carbides appear to interfere with the reduction of chromium chloride and the
formation of a continuous adherent metal chromium coating. Thus, when
preparing, applying or curing a paint, it is important that the paint
25 components do not react with the chromium chloride.

One way t6 prevent reaction with chromium chloride is to choose
‘components, for example solvents, thickening agents or binders, that
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'-20.ferr-] F to rel ease [érr-] apd form an undesirabl e conpl ex, which at

hi gher te §HsdheS. event ually fornms chrom um carbi des. The @'ﬂgn
car bi des g}[:)&gear‘d “g interfere with the reduction of chrom umigﬁlﬁjgéél? € and

the formation of a continuous adherent nmetal chrom um coating. Thus, when

- preparing, applying or curing a paint, it is inportant that the paint 25
“conmponents do not react with the chromumchloride. One way to prevent
reaction with chromumchloride is to choose conponents, for exanple

sol vents, thickening agents or binders, _tjyat 17 evaporate or deconpose
wi thout interfering residues at a tenperature below their critical reaction

tenmperature. Tieagorie! ot deBoMiposcavithitnt ineiféringCidsiduesat & eafipér@fird BERROS at ure
until the components evaporate or deconpose, then it is heated under

reduction condith§ibRBticabresction empesatuest The sampleds heated helow thecgritical

as
i sopropanol, b eld0EADOL -l b guid ] I l:kanes up
to about [err] "an Bﬁz‘rﬁ@?@lﬁg‘\% nﬁy%?%é&?@%%?éﬁd@ﬁ&g oﬁ?ﬁ@%ﬁbpﬁ%ﬁggnd )
t ri chl or oet hanheated aindér redudtivncdonditions.aPeeferred solvents .indlbde: alcohols such -

pol ymet hacryl ates, such as-pol y(nmethy] nethacrylate), poly(ethyl :

met hacryl at @), %W%IS"“E?@PK&@PW% éﬂmdp'éﬂd}?m‘}'%s: r%?fﬁ@i’bw&?%ﬁs,“&nd
hydr ocar bons e L aldy, iadibd RYdroKeD @ﬁ&ﬂ@%

t et radecane, hgggg%l?aéné,’ “e?? g‘.ﬂﬁgg%%(':gze I'S gﬁf)?@g%@gmgo ven tiﬁlldckeni ng °
agent . The r eaadtichlotoetimhe.c Preferredntiibkeningiggentsaintiude] ahé polymelthaghylates, _
tenperature, al s&hl I m ¢t tg‘g'e choi ce, of the 'rﬁces 3%35' The, process gas
{mst betsubstar’ﬂ’ FwolaZw W me g W)agzdf‘%‘ §"?f§ Bf; Pﬁlﬂ fEYl'l arljy ?E
enper at ur es a%ésﬁtés I etfa'cr#ls r ?F’sblciélfy orned.’
appears th:lt‘(beven pal tlaﬂﬂ(g%%?riy on of ¢ ’r%lr%%ﬁ’m cﬁi oride’to the oxide can
result in hiparaffins Suchrastdeaane, dodexané,i tetradechne) chexadesand) cetere tDddesanest r at e.
Above about [e%ﬁqthgég{"gg&ﬁf]gasgg&]&w d also be free of nitrogen to

prevent chrom

The reactivity of chromium chloride, particularly at high temperature, also
limits the choice of the process gas. The process gas must be substantially
.. oxygen free and as dry as possible,' particularly at temperatures above about
15 525° F; otherwise gféen Cry0, is formed. It appears that even partial
conversion of chromium chloride to the oxide can result in a chromium film
that is not firmly bonded to the metal substrate. Above about 1100° F, the
process gas should also be free of nitrogen to prevent chromium nitrides
from forming; these also appear to interfere with the development of a
20 continuous adherent chromium metallic coating. Useful process gases that
can be used to sweep the reactor above about 1100° F include inert gases
such as helium, and argon, as well as hydrogen. Flow rates should be
sufficiently high to efficiently sweep away any formed volatiles but not so
high that they dislodge the halide off the steel surface. If hydrogen is used,
25 it is important to rapidly heat the sample above the melting point of the
. chromium (D) halide (or any lower melting eutectic formed with the
. chromium halide, for example with FeCl,). Otherwise, the chromium halide
can reduce to the metal without melting; this can lead to a chromium metal
dust rather than a continuous chromium rhetal coating and to poor utilization
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"~ .fromfornmi'ng; these also appear to interfere with the devel opnent of a 20
continuou t chromumnetallic coating. Useful proc s5de3d hat
can -be usgv to g%ep t he reactor above about 1100 F i ncl udeﬁﬁ{grgt gasStes -
such as helium and argon, as well as hydrogen. Flow rates should be
sufficiently high to efficiently sweep away any fornmed volatiles but not so
"high that they dislodge the halide off the steel surface. If hydrogen-is
used, 25 it is inportant to rapidly heat the sanple above the nelting

poi nt of the chromum-(11) halide (or anyjgower nelting eutectic fornmed
with the chrom um halide, for exanple - with [err] O herw se, the chrom um
hal i de can redief¢thd chroimuriehalitie. VThie it is préfeired ;to imtredued hydmgen itoahe hr om um
metal dust rather than a _conti-nuous chrom um nmetal coating and to poor

utilization  Procegs gasonlyat ajemperatire abevecthe melting poing of ther dhwpminmh,
i ntroduce hydrg?ﬁ%i nto the process gas only at a tenperature above the
melting point O ie chromi um halide. The tinme needed to reduce the
chrom um halide to netallic chromum5 depends on tenperature and on

hydr ogen conce atlon can, be eas .deternned by nopitaqring the
process st reamGimge Wl@ﬁ%“’%ﬂ F HL%%-“ tﬁ%’"ﬁ‘l@'}{ﬂ'uctlon i S
conplete. Ag a eﬁéiﬂmﬂn nﬁH'ah&?n&h 18R, SIY hfBe di ng

pai nted portions can be pfessurize argon e reactor Inle '
t enperat ure caldetwnnmdshydmbmt&ﬁlgﬁequoassallreamft'oﬂHCl;LﬁheﬂHClFism. Hydr ogen

R it e N A
tC:)a(lziE(SOBOIr:n?E)Ir O?Nngé{ﬁ*ddqu%s to devel &@Rﬁhgrlgﬁae ri cm"%&fg&r . 1%32& "
chrom um cont aIaIBQIQ The¢ neactoriinlet tempemtumnd)et naised <o 500F F atreraseofitlOat _
10 100° F/hr. Hydrogen is added slowly once the temperature is between 1400
and 1600° F. These conditions can be maintained for about 48 hours. Slow
. heating can minimize crack formation. Curing/reduction can alsobe
achigved in pure H, at 1300° F to 1600° F for 2-24 hours to develop the
carbide-rich bonding layer. o

15 For chromium-containing paints, it is preferable to also cure the paint at
temperatures typically exhibited during thermal cracking. Curing
temperatures between 1200 and 1800‘_’ F, preferably between 1400 and
1800° F, provide a carburization-resistant chromium protective layer
‘anchored to a steel substrate thfough a carbide-rich bonding layer.

20 Filling of Cracks
Inevitably, cracks will appear in the chromium layer due to different thermal
expansion properties of the base steel and the chromium. Therefore, in a
preferred embodiment the cured plating, cladding, or other coating is then
treated to fill these cracks. One method comprising contacting the coating
25 with hydrocarbons at temperatures common to a cracking environment (e.g.,
about 1750 to 2050°F), with steam addition rates reduced or minimized, or
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't errperat ures typi cal ly exhibited during thermal cracki ng. Curing _
t enper at ug es en 1200 and 1800 F, preferably between 14 ],
. provi de a% M&%at i on-resistant chrom um protective | ayerQ%F@H%"@gs{ .
steel substrate through a carbide-rith bonding layer. 20 Filling of Cracks
Inevitably, cracks will appear in the chromum /|l ayer due to different
t hermal expansion properties of ‘the base steel and the chromi um Therefore,
. in a preferred enbodi nent the cured plating, cladding, or other coating is

then treated to fill these cracks. Ode [rqb'h_od conpri'sing ‘contacting the
coating 25 wth hydrocarbons at tenperatuies conmon to a cracking

envi ronnment ( pl"é?é}? 1 ) t t ' {na&,%s .reduced
or mnimzed, emgre REPL IX\t:éf/gll\elthEbégH‘EIEEI%'(IB?s&%lWl rmITrhS greferag%;l},g&ll n the absence
of steam The mgaﬂmemtastq»shouldbd relanveiyfr&rcdampmnestprpfesﬂﬁy:bdmplctelyel atively

free of inpurifie reterabl compl et el re of . .inpurities, such as
_oxygen compou Ytesy ggﬁ&o RROS, 89@?@%@% oW&ET-nc| ude
et hane, propanosefmm inefude eiine T Bopate, Uute! BR the'fikd, fraggm chr omi um
car bi des which over tine (e.g. 0.5 to preferably 24" hours) will fill the

cracks and 2f ftzeatinentl wilk orm chmnumnmhxdescwmchmgreanmeo@rg; Qi8toi ch bonding

| ayer froml ater r] dur i The.cured chrom um
car bi de surfack® fé&ae%yg‘ilﬁ r%w{]iﬁgt Fﬁ%‘[gﬁ?ﬁt‘aﬁ oﬁeafs’ 1cdu‘gﬁ U
subjected to Céoiahgraad%afaw&ﬁch“ﬁbhémg IR frdr Mt R, 0/ stem! difacR daginge Of
hydr ocar bons, produces a thin chrom um’oxide |ayer“over the exposed

chrom um carblmckm&-er This surface oxide layer protects the chrom um
carbides fromattack by nmetal antifoul-ant conmpounds and feed inpurities,
such as sul fur conmpounds. Thus, in a further preferred €nbodi nent, the

| The cured chromium carbide surface is preferably treated with steam prior to
10 being subjected to cracking service. This steam u'ectmcnt, in the absence of
~ hydrocarbons, produces a thin chromium oxide Iayer over the exposed
chroinium carbide layer. This surface oxide layer protecfs the chromium
carbldes from attack by metal antifoulant compounds and feed impurities,
, ch as sulfur compounds. Thus, in a further preferred embodiment, the
15 cured and hydrocarbon-treated plating, cladding or other coating can be then
| treated with steam at a temperature (e.g. = 1700° F), and for a time
effective to produce an oxide coating on the surface to be contacted with the
hydrocarbons during cracking. It has been surprisingly found that at lower
temperatures steam will penetrate and react with the chromium carbide that
20 fills the cracks and the carbide-rich bonding layer, out not at highef
- temperatures. Thus, it is desirable that when these protecti;re layers are
contacted with steam the temperature be above 1600° F, preferably above
1700° F

“"!)

In a further embodiment for forming a protective layer, the chromiuin layer
25 is bonded to steel in the presence of a nitrogen-containing compound at
elevated temperature. ' This has the advantage of forming not only a carbide-
rich bonding layer, but also results in the filling of cracks in the chromium
layer with chromium nitride which effectively seals off and isolates the
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15. cured and hydrocarbon-treated plating, cladding or other coating can be
then treat ' teamat a tenperature (e.g. [err]), and f

effective t °§$’ﬁ‘§d€e an oxi de coating on the surface to be %ﬁ'ﬁ%#é%th

t he hydrocarbons during crackng. It has been surprisingly found that at

| ower tenperatures steamw || penetrate and react with the chrom um carbi de
~that 20 fills the crack and the carbide-rich bonding | ayer, but not at

hi gher tenperatures. Thus, it is desirable that when these protective
layers are contacted with steamthe tenpepgture be above 1600 F, prefer any .
above [err] F. In a further enbodinent for formng a protective |ayer, the

chrom um | ayer  ¢zpideSrilPbolifing Ryst £6i Hgt)lsféﬁmpitééﬁ '&ﬁﬁngfopémﬁ ns. This

ni t r ogen- cont ai-ni ng. conpound at “el evat etl tenperature as the
advant age of focoatqgswdus@qbepadiyaucﬁnlctepravenﬂngtmbnrh@ubmyad metalt al so

results in the fil of cracks in the.chromumlayer with chromum =~
nitride which efiﬁ 3I Z"f W’t aqngﬁfag?ll%?t reover, A .1 i de-ri ch
bondi ng I'ayer fhﬁéﬂ;{eeteaﬂy/ HersRted dnd Cdarél ey sPfdeigriificantiying coated st eel
is especially useful in“preventi ng carburization and nmetal dusting, for

exanpl e i n sBeasvbstanjiniy seducesctheformationsnf\coke im athylene xprekerfilrpace; tibess oat ed

and cured net al y es the
formati on of coptilllJ %@ﬂ%@ﬂ@%%ﬁ“?ﬁ%ﬁ%g%@&ﬂm W%nts .

i ndi cate that t gijfintigingicole férnRion, better than quartz at minimzing coke
formation. When formng the protective chrom umlayer in the presence of a -

nitrogen- cont al ni ng conpound, curing in nitrogen gas (N2) is preferred.

or gani ¢ ami nes, Yeist RERGHEINE prBKRS, HrdrpiinE aval B e ohercd St AMMRER: L
coated st eel Incbditemigee@mnafc\mnyhr:ﬁeegengas (Ny) is preferred. However, :

10 other compounds having nitrogen atoms, such as ammonia or organic

o=

amines, can also be used for curing.

Heat treating the chromium coated steel in the pi'esence of a nitrogen-
containing-‘compound is i)erformed at temperatures between 1200 and
2000° F, preferably between 1500 and 1900° F. More preferably, curing is
15 performed at the temperature expected at the metal wall during hydrocarbon
_cracking. The resulting coated steel is believed to comprise a metallic
chromium protective layer, a chromium carbide bonding layer, and
chromium nitride-filled cracks and voids. The Flgure schematically shows
this -structure with an addmonal surface chromium oxide layer produced by
20 contact with high temperature steam. Here the thickness of the bonding and
oxide layers are exaggerated; the carbide-rich bonding layer is typically 1-2 |
microns thick, while the metallic chromium layer is 'preferably between 50
and 100 microns thick. -

- It is preferable to perform heat treatment in the presence of a nitrogen-
25 containing compound before contacting the coated inetal surface with
* hydrocarbons, especially hydrocarbons and steam, or hydroca_rbons,' steam
and sulfur. It is also preferable to maintain the protective layer-coated steel
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.cont ai ni ng- conpound ‘i s perforned at tenperatures between 1200 and [err] |,
pr ef er abl n 1500 and [err] F. More preferably, curi
perforned%gtﬁ{lﬁ%stenperature expected at the netal wall duﬁ#ﬁﬁoﬁar bon
cracking. The resulting -coated steel is believed to conprise a netallic
chrom um protective |layer, a chrom um carbide bonding |ayer, and chrom um
nitride-filled cracks and voids. The Figure schematically shows this
structure with an additional surface chrom um oxi de |ayer produced by 20
contact with high tenperature steam Hedﬁthe t hi ckness of the ‘bondi ng and
oxi de | ayers are exaggerated; the carbide-rich bondlng | ayer is typically
1-2 mcrons tRQ ¢ 'péfm, (aﬁll;&m, YVidat teatiicd y bet ween
50 and 100 m?Fgér?; thl%:alzdelafﬂﬁrﬁé%?erab eto perform heat E?gyr?ent in the
presence of aadditiongjeerackymre mohprodicedy conpound before contacting the
coated nmetal surface with hydrocarbons, especially hydrocarbons and steam
or hydrocarbons, steam and sul fur. It is al'so preferable to naintain the

protective | ayehasindhWbsérves that the Rikh-opkia ﬁngrmﬁ pefalire$ us¥Pin stéiin Cr acki ng
ad

tenperature after heat treatnent so that i.tional cracks are not

produced. |t iesasckinge(1750485Q0%CH) stabilizeichromiym carbides iand nitsidpe relativecto trsed in

steam crackd n 20- chrom um carbi de btk | des
relative t %h:g o] éﬂ?g‘& @E‘%@kvé‘f‘g&l’gﬁ :ln %&ﬁg@%rﬂ,t han
about 1600 F, chroniitin oxides ﬁe%t@ilezeatﬁhhbewéhf&ﬂuahi dbides ahd aftrides.car bi des
and nitrides. Therefore, it is preferable to maintain the protectlve

| ayer - coat ed Fheeaforg; itisqreferable: foxmaintain dhe profectivelayrreeatsdiseel abhi | | not

0P S el AU RS 39 Sl kit R0 WA o6 FADAS, i 10 1 Y

preferred thatcaftidesrind! itrides caddthercattsiaé-eich %ﬁdingllayétrﬂﬂgf&ndiﬁ) hi gh
t enper at ures before addi ng
- 10 protected from steam attack over time. 1t is further preferred that the
protective layer-coated steel is brought to high temperamres before adding
steam, or that steam addition 1snumm1zed, preferably avoided, during

curing.

The nitrogen-curing procedure is also effective for a tungsten and/or
15 molybdenum protective layer. Mixtures of these metals with chronrium can
" also be used. However, decokmg procedures (if needed) would have to be
done carefully to avoxd formation of W(+6) or Mo(-+6) oxides, which are
volatile at temperatures above about 1200° F. Preferred decoking -
 procedures for tungsten and molybdenum protective coatings include
20 oxidation temperatures of below 1000° F, more preferably below 900° F
and limiting the oxygen concentration below about 20%, more preferably
below about 5%.

To obtain a more complete understanding of the present disclosure, the
following examples illustrating certain aspects of the inrrehﬁon are set forth.
25 It should be understood, however, that the disclosure is not limited in any
way to the specific details set forth therem ; -
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'Steam. or that steam addition is mininized, preferably avoi ded, during
curing. T en-curing procedure is aI so effective for lﬁfzﬁef‘
and/ or 15twm)§ﬁ%882num protective layer. Mxtures of those rret a{ﬂé W t .
. chrom um can aI so be used. However, decoking procedures (if needed) woul d
-have to be done carefully to avoid formation of W+6) or M(+6) oxides,
which are volatile at tenperatures above about 1200 F. Preféerred decoking
procedures for tungsten and nol ybdenum protective coatings include 20

oxi dation tenparetures of below [err] F, ;E‘)g)re preferably bel ow 900 F, and
limting the oxygen concentration bel ow about 20% nore preferably bel ow -

about 5% To olpj drderdo r&[&nﬁﬁ%@h@rﬂﬁﬁ%u%ﬁ@ﬂﬁ'&cﬁﬁe&h@sﬂ;ﬁéﬁﬂh test

di scl osure, the follow ng exanples illustrating certain aspects of the

i nvention are <an beasedto differentiatsbatween theonalccoke aod coke produeed viat t he

therein. - 38l Qg B e bhale Wb Aeforsit ShEMeh £ Rl ca

a sinple burn 'of ebke i héated L5000 Fiinf iftr Métaliit @oke b brickeedahd&oke and
coke produced via netal dusting or iron containing materials. According to

the test, a3Jsathsse copditigns while therraal coke doeHnet.i n air. Metallic coke burns
brick_réd under 5 these conditions, while thermal coke does not. Exanpl el
Chromium pl ated steels were screened for their carbuization and catal ytic
coking resistance in high tenperature Brampleriments (e.g., 1800 F - [err]
F). In a cracking environnment of [err] F for 1 hour in a carburizing 10
gas of 7% [ er r ICliramjum-plated, steels qvare sefggped for their carhurization,apd satalytico 4

st ai nl ess st eelwﬁﬁ%ﬁs@h& ﬁ%gﬁ%&ﬁﬁ&%n%enﬂe%” hwol £ wher eas an
2000° F). Ina craclnng environment of 2000° F for 1 hour in- a carburizing
10 gasof 7% C,Hs in H, bubbled through H,0, 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.

The chromium plate was found to have reacted with the steel substrate to

15 form a glue layer composed of chromium rich carbides oﬁerlayéd with a thin
metallic chromium layer and having a thin coating of chromium oxide on the -
exterior. ' |
_ Example 2
One environment which is particularly harsh is a halogen containing

20 environment. The presence of halogens adversely affects raw steels. The
chromium protective layers of the invention are surprisingly effective for
isolating the steels from those halogen effects at high temperatures. The

protective layers of the mvenuon are effective at even h1gh halogen
concentratmns '
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.untreated sanple of I NCOLOY 800, and sanples of stannided, and anti noni ded
ni.ckel - OY 800 did exhibit coking. The chrom um p ound
t o, have rggﬁéy%h the steel substrate to 15 forma glue #@bg?s\;@gﬁ)osed
of chromiumrich carbides overlayed with a thin netallic chrom um | ayer and
having a thin coating of chrom um oxide on the exterior. Exanple 2 One

‘envi ronnent which-is particularly harsh is a hal ogen contai ni ng. 20

envi ronnment. The presence of hal ogens adversely affects raw steels. The

chrom um protective |layers of the inventi,qn are surprisingly effective for
isolating the steels fromthose hal ogen éffects at high tenpers.. The

protective |ay : ' r | Rif rdiatuggen
concentratlonsﬁ%lggli_m,k\ﬁh %E@ﬁﬁggingﬁé%tﬁfe (glv%hy'ﬁ%stests vve?g run to

denonstrat e t hprotéctive flayess) forsisolating underlyingometativtgy fromchalogenf econtdigivg at i ng

done. i h & Li noBRtprarats. , The Gtk i dope Tk TiAGRRE doap Fhe st .

provi ded with stanm de protective | ayers and 5 -chromum protective |ayers,
were tested at 1000 F and 1200 F for twenty- one hours, in the presence of

met hyl chl or i deSarmples ob stainless\steed, provided with mnm@eprmvczlamaanw thin the
hot zone of ca tube.furnace. The tube f,| 6 nfor a few
mi nutes. Then f’?fgmsa gec%ﬁg 5‘5? Wﬁﬁ@@& ﬂsﬂ”@oﬁogagg Qf fyventy-

- experiments Usbﬁ@h&ﬁsoﬂpﬂk b&ﬁﬁﬁeﬂﬁkhﬁﬁﬁ%ﬂé@oupb%hﬁ&ébldced fydrogen
For those using 1, 000 ppm hal ogen the gas was a mixture of 0.1% [err] and

7% propane in #fy@pehauArtzhea thechat %epﬁaﬂb%m Fhe fubeoudsher i c
pressure. The ﬁ%&ﬂ%d%ﬂ‘(”%h?oﬁeﬁ%?h%ex@%ﬂg& "T%ien the samples were exposed to
a hydrocarbon gas. For experiments usmg 10,000 ppm halogen the gas was
10 1% CH,Cl in hydrogen. For those using 1,000 ppm halogen the gas was a
mixture of 0.1% CH,Cl and 7% propane in hydrogen. Gas flows were 25
to 30 cc/min. at atmospheric pressure. The samples were rapidly brought to
. opetatjng temperatures.

The test results are shown in the following Table. A "pass” result means the
15 samples did not substantially form coke on the metal surface. '

Effect of Chloride

' Stanniide Chromium
Amount of | Temp., | Raw Protective Protective

MeCl, ppm °F. Steel Layer Layer
20 10,000 1000, | Fail Pass | Pass
10,000 1200 | Fail | Fail Pass

Pass

1,000 Fail |
The results show that both chromium and sfannide protected steel can
withstand high halogen concentrations at 1000° F, but the stannided

25 . protective layer is not as effective at 1200° F, Chromium protecuve layers
were effective under all condmons tested.
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.oioe.rat'i ng tenperatures. The test results are shown in the foll owm ng Tabl e.
A "pass” result means the 15 sanples did not substantially formcokezg(n t he
SISPAMZE

metal surfW@E184Y| e Effect of Chloride - Stanni de

Amount  of Tenp. , Raw Protective Protective No. MeCl, ppm
Jerr] F St eel Layer- . Layer 20 1 10, 000 1000
" Fai | Pass Pass 2 10, 000 1200 Fai | Fai |
Pass 3 1, 000 1200 Fai | . Pass : Pass The results

show t hat ‘both chrom um and stanni de protgcted steel can withstand high .
hal ogen concentrations at [err] F, but tHE stannided 25 protective layer is
not as effective-at 1200 F. Chrom um'We | ayers were effective under
all. conditions tested.. REPLACEMENT SH =24 - Exanple 3 Dry

carburi zation tmgtcnrbmmuomtestsswe@ rﬁ%n{smgr'j%u(tbl{semrﬂ ovetrHPIFS(BReelt eel chips
I n a Lindberg artz tﬁ@ﬁ f ur pace. Th(i-guresulh'ie Cr "Paint" Cr

Pl at e** ~~ chips iy Lipdeerg tube furnace msulis were:  on HPS0

HP50 [err] Trace of coke Essentially coke free Coked 4 Hrs

Uncarburized  Uncarburized Car buri zed 2000F Trace of coke
Substantiall'y coke free CrCiaimt"% Hr €r Plate** Uncar buri zeUntredtedar buri zed

Carburized 19 * [ er ridn HPSOler - on ohifHPSD r educed 2 hr {gps@x 1500 F in H2

1600°F  Trace of coke Essentially coke free Coked
4 Hrs Uncarburized  Uncarburized @~ . Carburized

" 2000°F Trace of coke  Substantially coke free  Coked
2 Hrs _Uncarburized  Uncarburized . Carburized

10 =* CrCl, powder on HP-50 reduced 2 hrs. at 1500° F in H,
**  Commercial hard Cr plate on HP-50 heat treated in H, at 1500° F
~ for 2 hrs. .
Microscopic analysis revealed a chromium-carbide bonding _.layer between the
 chromium coatings and the underlying steel in the chromium-treated
15 samples. The untreated HP-50 showed deep and intense carburization.

Example 4 - -
Wet coking and carburization tests were run using 7% C;Hjg in H; bubbled
through water in a Lmdberg Quartz tube furnace. The tests were done over
Cr-plated steel. The results were:

20  Cr Plate** ‘ Untreated

1600°F Coke free - Coked
4 Hrs Uncarburized Lightly carburized
2000°F  Essentially coke free Coked
25 2Hrs Uncarburized Lightly carburized =~
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** . -.Commercial hard O plate on HP-50 heat treated in H2 at [err] F for 2
hrs. Mcr nal ysis reveal ed a chrom um car bi de bondi t ween
t he chromgﬁﬂ%ggg%f‘?ngs and the underlying steel in the chromr}&:#’&gggé?g
sanpl es. The untreated HP-50 showed deep and intense carburization. Exarrpl e
4 Wet, coking and carburization tests were run using 7% J[err] in [err]
bubbl ed through wdgter in a Lindberg Quartz tube furnace. The tests were
done over Cr-plated steel. The results were: 20 ' Cr Pl ate**
Untreated on HP50 ' HP50 _1600F ~ Coke free :

Coked 4 Hrs Uncar buri zed _ Lightly carburized [err]
Essential | y coFkisfexample sHowsetiaf) To to Exampl&/3¢ aeRin' inEid

Lightly carburized RE,PLACEIVENT SHEE - 25 - This exarrpl e shows that, -
conmpared to ExwwonstM&Wsmmmaéy%of)QOmm treated stechafter theal ysi s

of the chrom ed c*rom um car bi.de
bondi ng Iayer%%v@%e Chrom ura rrec{éq?&'@%‘gﬁ? V"fﬁ‘&% “W ng steel
in the chroni umetal caating aminbeandéilyingTsteel &y tHe Mﬁtﬁnﬁdih—@ﬂé&fed' E&e Thigher

tenperature ><]Per| ment.. Some chrom um oxi de was observed on the exterior

surface and? wi BYSTWa thigksr ip the B@E&?’@ﬂe@tﬁ@ eXpebmeatn Spmechromimpl e 5 An
HP- 50 st eel L N, pur at 10
[err] F for 1r'?|ou td(i:’?%tggggmﬁigr% SI s reve déﬁ%%gﬂﬂw iﬁa?g a high

the chroxmu_m plate.

An HP-50 steel chip was treated with CrCl, powder and cured in pure H, at
10 1500° F for 1 hour. Microscopic analysis revealed that the chip had a high
 quality, continuous, uniformly thick, and firmly and cleanly attached coating

of chromium, 1 mil in thickness.

| Example 6
Two INCOLOY 800 steel chips were placed in a quartz sample boat. The
15 first had been treated with a mixture of about equal amounts of CrCl, and
MoCls powders. The second chip (downstream from the first) had been
treated with a mixture of C1Cl, and WClg powders. Pure Hj gas was passed
over the samples in a Lindberg quartz tube furnace at 1200° F for two
“hours. Microscopy analysis revealed that the first chip had a metallic
20  coating 1-2 microns thick of chromium with about 7% Mo. The second chip
had received a 1 hﬁcron coating bf chromium with about 20% W ﬁnd 10%
Mo.

-This experiment demonstrates that mixed metal coatings can be prepared
from mixtures of metal salts. The molybdenum and tungsteri chlorides are
25 volatile; nonetheless, the molybdenum and tungsten weré incorporated into
the metallic cdating_.l |
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. quality, continuous, uniformy thick, and firmy and cleanly attached
coating of chromum 1 m/l| in thickness. Exanple 6 Two | NCOLOY 800 st eel
chips wer VOPHI884% i n a quartz sanple boat. The 15 first haBCHYUEHQRZ¥™/t ed
wi'th a m xture of about equal ampunts of [err] and [err] powders. The
second chip (downstreamfromthe first) had been treated with a m xture of
“[err] and [err] powders. Pure-[err] gas was passed over the sanples in a
Li ndberg quartz tube furnace at [err] F for two hours. M croscopy anal ysis
[err] that the first chip had a netallic,20 coating 1-2 mcrons thick of
chrom um w t h about 7% Mo. The second ch?é "had received a 1 micron coating
of chrom um w th about 20% W and 10%% experi nent denonstrates that
m xed nmetal coatings can be prepared tures of nmetal salts. The

nol ybdenum and AnUHBsS0ested] fehip wassoatsdewith avmixatirel of finehn giduald €x€l, t he
nmol ybdenum and tungsfen were jncorporated into the netallic _coating.
REPLACEMENT SH in jusyenpygh petrolevmy jelty, i, make 2 vissquspainty Jhespatefli p was

coated with a pj: t*'ﬁseuﬁgdflﬁ Iay_}ﬁwpcf?ggx@wl M&wééﬁ?gga%faet rol eum

jelly to nake a Vi scous pal nt. e coa p was [err] F
for 1 hour. 5M crossseqtion revedledsa snifidrnm cSatingrof chrominini metal ptightlyed a uniform

Car bi Go- 11 ch DUMEIR At a oz blckn GUPRERD bondlle lapsompchg

underlying steel. '

| Sample chips of chromium-plated 9 chromium 1 Mo steel, 304 stainless

10 steel, and HP-50 steel were placed in a quartz sample boat and treated in dry
nitrogen for two hours at 1800° F in a quartz tube furnace. Petrographic
microscopy analySis revealed no evidence of peeling of the chromium plate |
from any of the steel samples and, in no case was there significant diffusion
of iron or nickel into the chromium protective layer. Moreover, distinctive

15 carbide-rich bonding layers were observed in all of the samples.

For example, with the chromium-plated 9 chromium 1 Mo steel, a single
carbide layer formed between the chromium plate and the underlying steel.
Three layers formed between the chromium plate and the 304 stainless steel:
chromium ferride on the steel itself, followed successively by an iron-rich

20 carbide and a chromium-rich carbide. Two chromium-rich carbide layers
formed on the chromium-plated HP-50 steel: an inner layer containing
nickel, and a nearly nickel-free outer layer. |

Under the conditions of this test, no significant diffusion of chromium from
the protective layer into the HP-50 steel was observed. However, there was |
25 extensive diffusion of chromium from the protective layer into the underlying
9 chromium 1 Mo steel, and some chromium diffusion was detected from the
protective layer into the type 304 stainless steel. While the chromium-coated
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Sanpl e -chi ps of chromiumplated 9 chromium1 M steel, 304 stainless 10

st eel teel were placed in a quartz sanpl e boat I n
dry. nltrogwg%lér two hours .at [err] Fin a quartz tube furngt?:iej""gs?o?ﬁf(‘d
Pet r ogr aphi ¢ "'mi croscopy anal ysis reveal ed no evi dence of peeling of the
chrom um plate fromany of the steel sanples and, in no case was there
significant diffusion of iron or nickel.into the chrom um protective | ayer.
"Moreover, distinctive 15 carbide-rich bonding |ayers were observed in all
of the sanples. For exanple, with the chponiumplated 9 chromumi1 M
steel, a single carbide |layer .formed between the chrom um plate and the

under | yi ng St epip-50/ RE&1Smhy b6 prefeREdTist Wselarheh fehiperbiresibendtiai e and-the

304 stainless steel: chromumferride on the steel itself, foll owed
successi vel y bmmeﬁcmummgé%n%&emémp&otmvsrhmmnwmnw Two

chromiumrich .d t el : an
i nner Iayer coﬁlﬁél ni ng N cg?mgﬁﬂéolglgage%y ni %W%%er f it"% Under

t he conditi onsysed ddvanta %m'sl,y indowenteniperamire ehivitbnimensts. of chronmium fromthe
~protective layer into the HP-50 steel was observed. However, there was 25.
ext ensive di ffusion of chromnium fromthe protective |ayer i nto t he

under | yi ng f et ect ed
fromthe prgt e%ﬂeﬂ aglngg@e %l%g%ﬁn@rﬂ g%iﬁeﬁs@& (Efe@kw é‘gt he
chrom um coat ethetal in all sampliesp8s weltak ﬁlﬁx}g hnﬂ mﬁﬁguﬁsﬂm formediipdri gh

tenperatures due to the resist nce chr ation fromt
protective | ayBgatings FW('?“EF g'he b&@ﬂ G-Fr?‘i“% st eel
and type 304 s{&\#&gﬁﬁ hﬂ%ﬁ&ﬁ@rat
t enperature envitonnents. §1um ni téadﬁpta? rrred as a coating on

- the surface of 18002 Ehr om um rretal in all sanples, as well as filling and -
sealing cracks that fornmed upon heating the chrom um plates. The
crack-filling chromumnitride was found :

10 . Example9

The nitrided sample chips of chromium plated HP-50 steel of Example 8
were tested for coking and carburization in the presence of water and sulfur.
'Ihesetests were run in a Lindberg Quartz tube furnace using 7% C;Hg in
H,. Sulfur (100 ppm) as CS, was added to the gas, which was then bubbled
15 through water. The results were, that after 4 hours at 1800° F, the nitrided
chromium plated HP-50 was essentiallj coke free. In conlrést, the untreated
HP-50 was coked.

Example 10 _
A _Chromium Plated HP-50 Steel

20 A section of a furnace tube made of HP-50 Steel was cleaned and then
electroplated to produce a hard chromium coating. The ﬂuckness of the
coating was between 75 and 100 microns. This section was welded into the
furnace tube in an ethylene cracking unit.
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10 per5| st- after. exposure to pure hydrogen for an additional two hours at
1800 F. 1GQyo 9s/18849 Exanpl e 9 The nitri d‘@ﬂ.( @g}@bﬁschl ps
of chroni um pl'ated HP-50 steel of Exanple 8 were tested for coking and
carburization in the presence of water and sulfur. These tests were run in
a Lindberg Quartz tube furnace using 7% /[err] in [err]. Sulfur (100 ppm as
‘"CS2 was added to the gas, which was then bubbled 15 through water. The
results were, that after 4 hours at [err] F, the nitrided chronium pl ated
HP- 50 was essentially coke free. In contragt, the untreated HP-50 was-
coked. Exanple 10 A Chrom um'Pl ated HP-50 Steel 20 A section of a furnace
tube made of. HRAfiér Gackdhg etimne lte ethyleneral abbet1 3008 (F r iarthe pesieiice off ielmee a

_hard chrom umc The thickness ,of .the coating was between 75 and 100
nicrons. This ?‘@gﬂ dBog W%H@si agoém?gﬂgﬁqqqleg Mgl ene
cracking unit. staeESektions.- 28 - After cracking.ethane to ethylene

at about [err] F, In the presence o steam and added sul fur, this tube’
section has | ower coking tendencies than t-he uncoated HP-50 steel sections.
Exanple 11 5 A Chrom um Pl BlgnﬂwaHeat Treated HP-50 Steel A
section of a furnace tube nade of HP-5 s cl eaned and then

“

el ectropl at to produceAggg%@m {30 L Aeht Tikated 1EPISD Gikdiess of the
coating was between 75 an m crons. 'S seciiton was wel ded into the

furnace tube in an ethyl-ene cracking unit, and then heated to [err] F in
| A section of a furnace tube made of HP-50 Steel was cleaned and then
_electroplatgd to produce a hard chromium coating. The thickness of the
coating was between 75 and 100 microns. This section was welded into the
furnace tube in an ethylene cracking unit, and then heated to 1500° F in
10 oxygen-free argon for '.4 hrs. (Hydrogen heat treatment can also be used).

After cracking ethane to ethylene at about 1800° F, in the presence of steam
and added sulfur, this tube section has lower coking tendencies than the
uncoated HP-50 steel sections and the chromium layer does not readily peel '
off.

15 Example' 12
_Filling Cracks by Carbiding A Chromium Plated HP-50 Ste¢l

A section of a furnace tube made of HP-50 Steel was cleaned and then -
el'ec_troivlated to produce a hard chromium coating. The thickness of the
coating was between 75 and 100 microns. This séétion is heated in _
20 hydrogen to 1600° F and then treated with oxygen-free, water-free ethane
- for 4 hrs. This section is welded into the furnace tube in an ethylene

cracking unit.

- After cracking ethane to ethylene at about 1800° F, in the presende'of steam
and added sulfur, this tube section has lower coking tendencies than the
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10. oxygen-free argon for 4 hrs. (Hydrogen heat treatnent can also be .
used). After cracking ethane to ethylene at about 1800 F, in the presence
of steam aWO@9I8848 sul fur, this tube section has | ower coki A’&ﬂ‘-@]@@% Pes

t hdn' t he uncoat ed HP-50 steeI sections and the chrom um | ayer does not
readily peel off. 15 Example 12 Filling Cracks
by Carbiding A Chrom um Pl ated HP- 50 Steel. A section of a furnace tube nade
of HP-50 Steel was cl eaned and then el ectroplated to produce a hard

chrom um coating. ‘The thickness of the cogting was between 75 and 100
mcrons. This section is heated in 20 hytifdogen to 1600 F and then treated

w th oxygen-fre ee e . Th tion dinto
the furnace tud® °P%W%‘3§i%sﬁy’§ 9@5@%%‘%‘%&@@““& {ag?rsg 5&?‘6@’*‘&%@ to

et hyl ene at abqyf. [err] F, in the presence of steam and added sul fur, this
t ube section has | ower COkI ng tendencies than the -29 - uncoated HP-50
steel sections and the chromium | ayer does not readily peel off. Exanple 13
Filling Cracks by Nitriding A Chrom UW@QSHP'E’O Steel 5 A section of a
furnace tube made of HP- 50 Steel was clea ed and then el ectroplated to
produce a hard chr oniEillirgo@tdcks by Mieri lated RS0 Biealas bet ween
75 and 100 nicrons. This sectron S heated to [err] F and is then treated
with an oxygen free wat er-free nitrogen atm)sphere for 4 hrs. This section

i:fa\(l:\ﬁ: ggdelt hane to eﬁaﬁgneﬂ&%ut fggg%gﬁ he presence e .sf\]e;anr

electroplated_ to produce a hard chromium coating. The thickness of the
coating was between 75 and 100 microns. This secﬁm is heated to 1600° F
and is then treated with an oxygen-free, water-free nitrogen atmosphere for 4
hrs. This section is welded. into the furnace tube in an ethylene cracking

10 . unit.

After cracking ethane to ethylene at about 1800° F, in the presence of steam
and added sulfur, this tube section has lower coking tendencies than the
uncoated HP-50 steel sections and the chromium layer does not readily peel
off. -

15

Finally divided chromium (III) chloride, CrC1, was prepared by ball milling
flake. CrC1; under isopropanol for 2 days. The solvent was then allowed to
 evaporate and the finely divided chromium chloride was dried at 300° F.
20 No green chromium oxide was observed. |

The finely divided chromium (III) chloride was dispersed into a sufﬁcienf |
quantity of dodecane to make a flowable paint (if this material is to be spray-
painted it can be thinned with a lower boiling solvent, such as hexane,
octane, meth'jlehe chloride, isopropanol, etc.).- The paint w_a_s then spread
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.and added sulfur, this tube section has | ower coking tendencies than the
uncoat ed eel sections and the chrom um | ayer does not read peel -
of f. *15 '\_#1305918% Exanpl e 14 Preparing anf pral nt
and Coating Steel Fi naI [y divided chromium (111) chloride, CrClB was
prepared by ball mlling flake [err] under .isopropanol for 2 days. The

"sol vent was then allowed to evaporate and the finely divided chrom um
chloride was dried at [err] F. 20 No green chrom um oxi de was observed. The
finely divided chromum (111) chloride _dispersed into a sufficient
gquantity of dodecane to nmake a fl owabl emggi nt (if this material is to be

spray- painte
hexane, oct ang)daii‘fﬁ@fahﬁ %‘%?‘%3%@808%%%3?% P{bg)lﬁ%]%e pai n vvas then
~ spread - 30ubewasaoﬁd1&mmbnpﬂrgtwﬂhé@hpmarmmm sampie wasirt z tube
In a furnace. Jhe tube was sl urged_ wth high pu ar gon,
whil e the sarrﬂl-{ %H?ﬁquo%%pﬁggéi f%/eﬁ‘F PPIcte SYIPOFA r°g¢f@y°EQ§Wpl ete
evaporati on of ° erature

p AfQAL0aMar hold &7 400 @M&&elﬁﬁé&u?éwwﬁe kijgon pur\fgm

was quickly ranped up to 5 [err] At this point t st ream was

“gradually r¥®pl GIH;yAhyhismmt thc/ugoapntgmmnewpsgmddauyl’k@lmdwye was then
heat ed under ro oL forma co her ent .

chr oni umcoatﬁwg gg?éa‘ﬁ’ﬁ? nlfis “ﬁfp 9?3 gﬁ @Fn tg??ﬁ t%‘f‘uﬂn dM®ni um
Coating 10 A ydgert ok 2NMRjulre &g foral £ ontmuss Me?ént‘éﬁﬁad%ﬁpaia%g

di ssol ving 0.33 grams of poly(butyl nethacrylate) in 6.0 grans of met hyl

et hyl ketone, and then adding 2.97 granms of the finely divided chrom um

(I'11) chloride of exanple 1. The pai WA otted onto HP-50 steel whi ch
was then placed _ rﬁxamie%

10 A poly(butyl methacrylate) based paint was prepared by dissolving 0.33
grams of poly(butyl methacrylate) in 6.0 grams of methyl ethyl ketone, and
then adding 2.97 grams of the finely divided chromium (II) chloride of
example 1. The paint was blotted onto HP-50 steel, which was then placed
in a quartz tube and heated to 450° F under flowing high purity helium.
15  After a 1 hour hold, the temperature was gradually increased at 5° F/min to
650° F and held there for 3 hours. Then the temperature was rapidly
increased to 1525° F, and the helium was replaced within hydrogen over 10
minutes. After 2 hours the fumace was turned off, and the sample cooled to
room temperature A bnght shmy adherent coating of metalhc chronnum
20 was seen.

Comparative Example 16 |
hromium_Chloride Reduction in the Presence of

This example followed the procedures of example 15, except that nitrogen
gas was used instead of helium. After cooling to room temperature, the

——
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Lm.a quartz tube and heated to 450 F under fl owi ng hi.gh puri ty heI lum 15
After a 1 hour hold, the tenperature was gradual ly |ncrease {(:,(dgsn to
[err] F arOR&884? here for 3 hours. Then the tenperature was rapla
increased to [err] F, and the heliumwas replaced within hydrogen over 10
m nutes. After 2 hours the furnace was turned off, and the sanple cooled to
roomtenperature. A bright shiny adherent coating of metallic chrom um 20.
was seen. Conparative Exanple 16 Chr oni um Chl ori de Reduction in the
Presence of Nitrogen This exanple foll owg g the procedures of exanple 15,

- except that nitrogen gas was used instea of helium After cooli ng to room

t enper at ure, ﬁ%@%ﬁ 2dwhichm the -
-furnace to rev %gﬂ a dark gray - po% fumcmh?gohmg%r%hﬁgvge%gs??yagfushed of f the
surface. X-rayconld be easiiychrustredveffl thehsurfache aay diffractionmshioned that the and o N
Conparative e 17 Overly Rapid Heating This
exanpl e fol | ovﬁ‘i‘ﬁé"?r‘%‘@%?&g‘]ﬂd&gﬂpl e 15, except that the sanple was

rapidly heated from450 F to [err] F. This apparently did not .allow '
adequate tinme for the poly(butyl methacryl ate) to_deconpose. The resulting
dark gray powder was | oosely att &omparativetEExample ldce and could 10 easily

be brushed gff. Wile the |nvent|ﬁ hﬁ;b@g@igﬁﬁgrl bed above in terms of
preferred eftbodi nents, it.is to b _ l_ t variations and :
nodi fications may be used as will be appreciated by those skilled in the

art. Essentially, therefore, there-are man%/ varlatlons and nodifications to
t he above pref Fhisexample followed the procedures of example 15, except that the

sample was rapldly heated from 450° F to 1525° F. This apparently did not
allow adequate time for the poly(butyl methacrylate) to decompose. The
resulting dark gray powder was loosely attached to the surface and could

10 easlly be brushed off. '

While the invention has been described above in terms of preferred |
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

15 embodiments which will be readily evident to those skilled in the art and
which are to be considered within the scope of the invention as defined by
the fdliowihg claims.
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*15. embodi ments which will be readily evident to those skilled in the art
and whic ' be considered within the scope of the inv | efi ned
by. t he f??’?%‘%”d ai ms. REPLACEMENT SHEET 1. A proceg’gﬁ‘ orS@?czggki ng .
hydr ocar bons conprising: (i) provi ding a carburization, abrasion and
_peeling resistant and coking resistant Goup VIB netal protective layer to
a steel portion of a cracking reactor systemby (a) applying to the steel
portion a Group VIB netal plating, cladding or other—coating of Goup VIB
metal effective for formng a netallic_garburization rm“

_ t [ | ve
layer, to a thickness effective to isolate the steel iH‘ﬂ““mr“mnml

hydrocar bons WHATJSOCEABMBIIS:and (b) form ng the protectdve [ayet, *

anchored to the steel portion through a continuous, intermediate carbide-
rich bonding layer; and (ii) cracking a hydbon feed. 2. A process’

- according to ¢l ai my rél .k S, chrom um 3. A
process accorg‘i ngn{\(];pc al ﬁﬁ@%ﬁg&%ﬁ@@#ﬂ% g of a hydrocarbon feed
4

to produce ethyl ene. A process according to claim1, wherein the Goup
VIB nmetal plating, .cladding,or other cqating is applied to.a thickness of
between 0.5 nils af¥ 15PMViding:3 carbyrizafign,cabrasion: gidiperling Jesistantand  wher ei n

I ckness of between 1 Codig JeiAp GRup'VIH el GREIRY iyt WH il 10 2
: portion of a cracking reactor system by (a) applying to the
steel portion a Grdup VIB metal plating, cladding or other
coating of Group VIB metal effective for forming a metallic
carburization resistént protective layer, to a thickness effective -
to isolate the steel portion from hydrocarbons during |
operation, and (b) forming.the protective layer, anchored o
the steel portion through a continuous, intermediate carbide-
rich bonding layer, and |

(i) | cracking a hydrocarbon feed.

2. A process according to claim 1, wherein the Group VIB metal is
chromium. ' ' |

3. - A process according to claim 1 for the thermal cracking of a
hydrocarbon feed to produce ethylene. |

4. A process according to claim 1, wherein the Group VIB metal
plating, cladding or other coating is applied to a thickness of between
0.5 mils and 15. mils.

3. A process according to claim 1, wherein the Group VIB metal
plating, cladding or other coating is applied to a thickness of between
1 and 10 mils. | L
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- "‘3.:_%. -.6. - A process according to claimb5, wherein the Goup VIB netal
pl ating, da%glf or other coating is applied to a thicknes l%l ps?lfu n 2
and 8 mls.” 7. 384 A process according to claim1, wherein tﬁ(gp rso e\gﬁve
| dyer is provided on a portion of the reactor systemwhich exhibits a skin
tenperature of at |east about 1700 F during cracking of the hydrocarbon

Lppiied to at least aportion ol a furnace tune or AUNINURCIMAREIME " "5

process according to claim1l, wherein thg Goup VIB ffetél ts'appliéd as a
pl ating. 10. A process according to claim1, wherein the Goup VIB netal
is applied asga G QUprofess ARbAlIng WERIM IS Wherdin the Gloup VIB Rictgless accordi ng
to claim 10, wherein the paint conprises a fusible [err] or [err] salt. 12.
A process accor di ng:latmgelcgddmx,orwq&reoonmm@appbed tparthi of between

heat -resi stant ste ﬂ@oﬁt n of the reactor system 13. A nethod of
prot.ecti ng an et hyl% er furnace tube that is to be contacted with
steam at tenperatures above about 1600 F, conprising providing a

coke-resi stant. chrom um protective |ayer .to an ethylene cracker tube by

-34 - (a) appllyi ng 4 Pronesmaqearding i claim 4y whersin dhecprotective layeride rade of
heat-resistant steglovided on a portion of the reactor system which exhibits a skin
| temperatﬁre of at least about 1700° F during cracking of the

hydrocarbon feed. ' |

8. A method according to claim 1, wherein the protective layer is
applied to at least a portion of a furnace tube or heat exchanger.

9. A process according to claim 1, wherein the Group VIB metal is
aj:plied as a plating.

10. A process according to claim 1, wherein the Group VIB metal is
applied as a Group VIB metal-containing paint.

11. A process according to claim 10, wherein the paint comprises a
" fusible CrCl, or CrCl, sait. '

12. A process according to claim 1, wherein the steel portion is a
_ heat-resistant steel portion of the reactor system.

13. A méthod of protecting an ethylene cracker furnace tube that is to be
contacted with steam at temperatures above about 1600° F,
comprising providing a coke-resistant chromiﬁni protective layer to an
ethylene cracker tube by
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(b). forming a protective layer, anchored to the steel portion through a
conti nuouswmgsmmdl ate carbide-rich bondi ng | ayer by heati m,hggsﬁbmm um
| ayer- under conditions which prevent. formtion of chrom um oxi des, and
wherein the thickness of the chromumlayer is effective to subst anti al | y
isolate the iron and nickel in the steel. portion from hydrocarbons during ,
operation. 14. A nethod according to claim 13, Wnere]nuﬂlum muwﬂmﬂatl ng
is between 2 and 4 mls thick. 15. - A process for the

hydrocarbon feed of ethane, propane and-@4 naphtha to probiuce. €t hyl efie .
conprising: (1) provi ding a carburization, abrasion and peeling resistant
and coki ng resistant (@) oapplying ardnramiqnndamttbm dthylene ¢rackersubeeimagderti on of
a cracking reactor syste ng to the steel portion a Goup VIB
metal plating, cladding gk?%‘?‘%g%l %@Q?%‘g of Goup VIB netal effective for
form ng a carburization resistant protective layer, to a thickness

effective to isolate the steel portion from hydrocarbons during operation,
and (b) formng the (bt forming almwsuvmhaemmqhorodm&esstwpopmn i on t hr ough

an indiate carbide-rich I n

hydr ocarbon feed of et ha%ﬂgﬁgﬁgﬁfﬁa%%%ﬁﬁ fb%ﬁ?@“g?ﬂﬁ?ene
-35 - 16. A process accobgihedtingthe chirdmikim hﬁdé}doham@hwnnéﬂﬁeveﬁ i's
applied as a plating or wGr oup VI B netal - cont ai n| ng paint to a portion of

the reactor system whi chfesmationtof chromium oxidesr and,wherein the thickness of
the chromium layer is effective to subsmnn_ally isolate the iron

and nickel in the steel portion from hydrocarbons during
operation.

14. A method according to claim 13, where the resulting coating is
between 2 and 4 mils thick.

15. A process for thermally cracking a hydrocarbon feed of ethane,
propane and/or naphtha to produce ethylene comprising:

@ providing a carburization, abrasion and peeling resistant and

" coking resistant Group VIB metal protective layer to a steel
portion of a cracking reactor system by (a) applying to the
steel portion a Group VIB metal plating, cladding or other
coating of Group VIB metal effective for forming a
carburization resistant protective layer, to a thickness effective
to isolate the steel portion from hydrocarbons during
operation, and (b) forming the protective layer, anchored to
the steel portion through an intermediate carbide-rich bonding
layer; and

(i) thermally cracking a hydrocarbon feed of ethane, propane
and/or naphtha to produce ethylene. .
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.| Bast ‘about 1700 F duri ng thermal cracking of the feed. 17. - A process for

converti ngyguspggyear bons conprisihng: (i)  providing a carbupdgakesnoss
abrasi on and peeling resistant and coking resistant G oup VIB netal

protective layer to a steel portion of a.cracking reactor systemby (a)
~applying to the steel portion a Goup VIB netal plating, cladding or other

coating of Goup VIB netal to a thickness effective tmluﬁﬂuﬁlﬂu"l]ruﬂueel
portion from hydrocarbons during operation, and (b) fi&® ! ctive
| ayer, anchored to the steel portion thB88ugh an internedi‘até chrbidé-rich

bondi ng layer by (bl) curing the plating cladding, or other coating. in the
absence of stHam fArpracess aecardihgeap claimelfewbdreincthe iGroup MIB metaf isr m t he

i nternedi ate carbi de-ri,ch bqndi ng | gyer d (b caniact i t he cured

bl a1 o el addi ng TPLEBas A RANRE fr pHiPoe YBGRUBFotEg Retdn & ot eam at a
tenperature and fOpo:ﬁohIomeiéae&k!syﬁeﬁmmeﬁmi@h%kﬁﬁfemgéﬁmt@mal in a
crack or cracks of the cured plating, cladding or other cCoating; and (ii)
converting a hydr olcastiabout FHW°t 1 dyring thermal emcking ofthe feed. according to

‘claim 17, further conprising (b3) contacting the steel portion treated
according to step (b2) with steam in the absence of hydrocarbons; at a

tenperature ap f'OAMW&th@M%@ﬁ%;dG coating on the
surface to be contacted with the hydrocarbons during cracking. - 36 -
19. A process according to claim 18, where in step (b3) the treated steel

Perperature of at (bast PANHEE sabbbrizaiof AFHEG $ld Bl iRigaMtans™
coking resistant Group VIB metal protective layer to a steel
portion of a cracking reactor system by (a) applying to the
steel portion a Group VIB metal plating, cladding or other
coating of Group VIB metal to a thickness effective to isolate
the steel portion from hydrocarbons during operation, and (b)
forming the protective layer, anchored to the steel portion
through an intermediate carbide-rich bonding layer by (bi)
curing the plating cladding, or other coating in the absence of
steam for a time and at a temperature effective to form the
intermediate carbide-rich bonding layer, and (b2) contacting
the cured plating, cladding or coating with hydrocarbons in the
absence of steam at a temperature and for a time effective to
incorporate carbide material in a crack or cracks of the cured
plating, cladding or other coating; and

(i) conirerting a hydrocarbon feed to products.

18. A process according to claim 17, further comprising (b3) contacting -
the steel portion treated according to step (b2) with steam, in the
absence of hydrocarbons, at a temperature and for a time effective to
produce an oxide coating on the surface to be contacted with the
hydrocarbons during cracking.
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“chr.om. um oxi de coating. 20. A process for converting hydrocarbons

conpri si ng 'w@bjngsaevi-ding a carburization, abrasion and peel pepussswozssant
and_coki ng resi stant Group VIB netal protective layer. to a steel portion of

a.cracking reactor systemby (a) applying to the steer portion a Group VIB
metal plating, cladding or other coating of G oup V ckness
eéffective to isolate the steel portion from hydroca mllmlﬂulll Hﬂlﬁ)mlatlon
and (b) formng the protective |ayer, anchored to the steel ports om through

an internediate - carbide-rich bonding | ay36-by curing the plating,
cl addi ng, or ot her coating in the presence of a mtro?bn cont ai ni ng

conpound for a 19.me Arpromssacmdrpsrtatclmm 185 mehere inestep (63 the treated (stegl nedi at e
carbide-rich bond| ng er ang_t o, i rat Itr crack
or cracks of the cur F?fg“‘%‘l g&ﬁs&%mo &%M‘%a?ﬂﬁéﬁ%&sh _
converting hydrocar bemﬁeﬁm-etamadumout 1700° Fﬂarmmeméwauﬁgayart i ng
hydrocarbons conprising: (i) providing a carburlzatlon abrasion and

peel i ng resistant anehromium @xidesgogtiBgst chroni um protective |layer to a
heat -resi stant -steel portion of a cracking reactor systemby (a) applying
to the steel portion a chrom umplating, cladding or other coating of

chrom um ef f ectz(ye fArpfbeesmfagcmVanﬁgtWom comptisiigys carburi zation
resistant metallic protective layer, to a thickness REPLACEMENT SHEET 37

- effective to substantially isolate the ifon and nickel in the steel
portion from hydrpcar boﬂfpfyﬂdiﬂga%uﬁ%ﬂ; aﬁﬂgioﬁb«ﬂld%éﬁng resistant and
| coking resistant Group VIB metal protective layer to a steel
portion of a cracking reactor system by (a) applying to the
steel portion a Group VIB metal plating, cladding or other
coating of Group VIB metal to a thickness effective to isolate
the steel portion from hydrocarbons during operation, and (b)
~ forming the protective layer, anchored to the steel portion
through an intermediate carbide-rich bonding layer by curing
the plating, cladding, or other coating in the presence of a -
niu'bgen-contéining compound for a time and at a temperature
effective to form the intermediate carbide-rich bonding layer
and to incorporate nitride material in a crack or cracks of the
cured plating, cladding or other coating; and

(ii) converting hydrpcarbbn feed to product.

21. A process for converting hydrocarbons comprising:

() providing a carburization, abrasion and peeling resistant and
coking resistant chromium protective layer'to a heat-resistant
steel portion of a cracking reactor system by (2) applying to
the steel portion a chromium plating, ‘cladding or other coatiné
of chfomium effective for forming a substantially continuous
carburization resistant metallic protective layer, to a thickness
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treating in the absence of oxygen or steamto formthe protective |ayer,
anchor ed t avé bsnsgieel portlon t hrough an i nternedi ate car bi d & (@35)3%4| ng
| ayer; and (ii) converting a hydrocarbon feed in the presence o teamto
produce product. 22. A process according to claim2l, _wherein the process
i $ cracking and the product is ethylene. 23. A process according to claim
21, wherein the protective layer is provided on a por lmlm"lmﬁi,l(ﬂm or
system whi ch exhibits a skin tenperature of at |east

process according to claim21l, wherein thg7heat treati ng step I's Hore in

the presence of nitrogen and/or hydr ocarbons. 25. A process according to
claim 21, wherein the chreffective tusibatatially is isolite e ivort nd hicklyir thersisehs i S

substantially free of iron_and n| C pr ocess accaor to claim
21, wherein the chrom umB°Heh ﬁy&;gca.rgons d‘éF"l‘.g qpsration, and (%)\hg?‘ocess’
accor di ng to claim1l whert?éaﬁnﬁ'ik?ﬂf&ﬁséﬁéé dﬁoirﬁléﬁror steal] RFRSERCHBY

conbi nati ons of techni ques which include bo ating and pal nting.

REPLACEMENT SHEET - 3protegtive layﬂ,ragchm'dd@ tlpirmaiq!orhgl threaglehn porti on of
a reactor systemthat is ed. ocarb ns at el evated :

t enper at ur es, corrprising"é@ﬁ'g%ﬁtﬁg“go@? ﬁn Q*‘%gﬂl! 1ng and

peel na- [es) Stant G o) et s IORbafian Rt e pisdS kel 01, f 2
pl ating, cladding or -oth toredpctf Group VIB netal effective to isolate
t he steel

2

22. A process according to claim 21, wherem the process is crackmg and
the product is ethylene.

23. A process acéording to claim 21, wherein the protective layer is
provided on a portion of the reactor system which exhibits a skin
temperature of at least 1700° F.

24. A process according to claim 21, wherein the heat tréaﬁng step is
done in the presence of nitrogen and/or hydrocarbons.

25. A procéss according to claim 21, wherein the chromium surface in
* contact with the hydrocarbons is substantially free of iron and nickel.

26. A process according to claim 21, wherein the chromium is applied as
' a plating. |

27. - A process according to claim 1 wherein the prbtective layer is
produced by combinations of techniques which include both plating --
and painting. | :
o
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' pcrrt~i~ on from hydrocarbons during operation, (b) formng the protective
| ayer, anciyoreadsgsd the steel portion through an internedi at ecTaydes/oe23si ch

bondi-ng layer, and (c) filling in cracks in the protective layer, in the
abSence of oxygen- containing conmpounds, with a filleprthAf nffprtivelv
| sol ates the bonding |layer from attack during operation. rocess for

preparing a substantially crack-free protective surfajj u sll Hmlﬂm i on
of a reactor systemthat |s to be contacted with hydr
tenperatures, conprising: (i) applying t-@8&+he steel portiona Group

metal plating, cladding or other coating of Group VIB netal effective to
i sol ate the st@38/ pdr methodfofiprotepting 8 staeh pertion raf agreagter systesh thag Asitq | | )

form ng the protect 116

i nternedi ate, carbi héeé?b%ﬁt%&%@gﬁ%é& %theel'ev%%ﬁ%mp%d“ Ag H{R‘ “Hit aI
plated, cladded or i-&&dmgqaéae&xfﬁaﬁeh- ld@lddgeaﬂd)pmg-xeﬁsmteamupmxygen at
a tenperature REPLACEMENT SHEET 2 1 NOV 1996 - 39 - and foy a tine-
effective to form saetliprotectiveilayerto & steah prrtion of a reagter sYStemubEr ;. (b)
filling cracks in the protective layer with G oup VIB netal nitrides or
carbi des by contacting the treated steel with a nitrogen-containing

conpound or a hydrog sy bpplyiag tbhﬁe steélepuition aGroap VIS métahplhtingecladding i n the

absence of steamand air; and (c¢) optionally contacting the steel wth
steam in the or other coating of Group VIB mietal effective to isolate the steel

portion from hydrocarbons during operation,

(b) forming the piotective layer, anchored to the steel portion through
an intermediate carbide-rich bonding layer, and’

(c) filling in cracks in the protective layer, in the absence of oxygen-
containing compounds, with a filler that effectively isolates the
bonding layer from attack during operation.

29. A process for preparihg a substantially crack-free protective surface
' onasteelp&tionofarmctorsystemthatistobeoonmctedwith
hydrocarbons at elevated temperatures, comprising:

- (@) applying to the steel portion a Group VIB metal plating, cladding
or other coating of Group VIB metal effective to isolate the steel
portion from hydrocarbons during operation, and

(ii) forming the protective layer, anchored to the steel portion through
an intermediate, carbide-rich, bonding layer by:

(@) treating the metal plated, cladded or other coated steel
in the absence of steam and oxygen at a temperature
/
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. absence of hydrocarbons, at a tenperature and for a time effective to

produce awg ssmssddl B net aI oxi de coating on the surface of ther/psaiowsss ve
.Iayer 30. A steel portion of a reactor systemhaving a Goup VIB netal
protectlve | ayer and an intermediate, carbide-rich, bonding | ayer which is,

substantially free of unfilled cracks or chrom umvm—derextardﬁrg—{—& sai d

“bondi ng | ayer. N - . | : | ”IIIIIJI"MJI“JI"IIJ”ml

-30-

and for a time effective to form said intermediate,
carbide-rich, bonding layer; '

() filling cracks in the protective layer with Group VIB _
~ metal nitrides or carbides by contacting the treated steel
with a nitrogen—cbr_ltaining compound or a hydrocarbon
 at the intended operating skin temperature in the
absence of steam and air; and

: (c) optionally contacting the steel with steam, in the
absence of hydrocarbons, at a temperature and for a
time effective to produce a Group VIB metal oxide
coating on the surface of the protective layer.

30, A steel portion of a reactor system having a Group VIB metal
protective layer and an intermediate, carbide-rich, bonding layer
which is substantlally free of unfilled cracks or chromium oxides

_ extendmg to-said bondmg layer.

This Sheet Has Been Rep laced.

e




