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TREATING OXIDIZED STEELS !N 

LOW-StJ'Li"UR' REFORMING PROCESSES 

BAcxGJtoUND o'= m mvmxoN 

'.PCf ltJ'SWOOl07 

The present invention relates to improved techniques 
I 

for ca~alytic re£cJ:minq, partie~larly, ca~alytic retorminq 
under low-sulfur conditions. More specifically, the 
invention relatas to tha discovery a~d control o~ prob~ems 

s particii~arly acute with loV-sulfur reforlllin9 processes.: 
Catalytic reto:rminq is well ~own in the petroleum 

· . .industrjr and involves t:he treatment of. naphtha tractions to 
illprove octane rating 1>y the pr-ociuction of aromatics. The 
more important hydrocar~On reactions Which 0CCU% durinq ~e 

10 re~ormincJ operation include the dehydrogenation of 
cyclohaxa.nes ~o aromatics, debydroisomerization of 
a_lkylcyclopentanas 1:0 arOJnatics, and dehydro~yclization of 
aqclic hydrocarbOns ta aromatics. A n\Jlllber cf other 
reactions also occur, incluclinq the dealkylation of · 

15 alkylbenzana•, isomeriza.tion of paraf~ins,, and hydl:'oc:raCkinq 
reactions which produce liqht gaseous hydrocarbons, e.g;,, 
methane, ethane, propane and bu1:ane. It: is illlportant to ~ 

minimise hydroc:rackinq reactions durinq ref orminq as they . 
decreasa the yield of qasoline boilinq products and 

20 hydr09en. 

Bacausa there is a demand for high octane gasoline,· 
extensive research has baan devoted ~o t:ha develoJ*ent o~ 
improved ~e~ondn9 catalysts and catalY'ti~ reforming 
p~cesses. Catalysts ror successtul reforminq processes 

25 mu~t p'Ossess qood selectivity. That is, they should be 
et(act:ive for producinq hiqh yields of liquid products in 

~-

the;: qasoline boili1'2g range containinc; larqe c:OncentJ:aticns 
of. h-ii;h octane number armaa:tie hydrocarbons. Likewise, 
th~~· should ba a lov yield of iight 9asaous hydro~ar~ons. 

·.· . 

30 ~h•~c:atalysts ahauld possess good activity to miJU.miza 
exc .. c1vely ~igh temperatures for producing a certain 
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qualicy of products. It is also necess~ry for the catalysts 
to either possess good stability in order that the activity 
and selectivity characteristics can be re~ained durinq · 
prolon9ed periods of operation; or be sufficiently 

· ..... ,;· .. 

5 regenerable to allow frequent reqeneration without loss o~ 
pa:rf ormance. 

Catalytic reforming is also an important precess for 
the chemical industry. ~h•r• is an increasingly lar~e~· 
demand for aromatic hydrocar:bons ror use in 'the manufactlU:'e 

10 of various chemical products such as synthetic fibers, 
insecticides, adhesives, detergents, plastics, synthet~e 
ruhbes, pharmaceutical produats, high octane gasoline, 
perfumes, dryinq oils, ion-exchanqe rQsins, and various 
othel:' products well known to those skilled in the a~t. 

15 An illlportant technolo9ical advance in catalytic 
retorminq has recently amerged which involves the use of 
la.rqe-pora zeolite catalysts. These eat:alysts are .furth•r 
cha:-acte.rized by the presence o~ an alkali or alkaline earth 
metal and ara c:harged with one or more Group VIII •etals. 

20 !rhis tyPe ol eatalyst has bean found to advantageously 
'provide hi;her selectivity and lon~er catalytic life than 
those previously used~ 

Havinq disQovered selective catalysts with acceptable 
cycle lives, successtul co1m11ercialization seemed inevitable. 

25 Un.fo:i:tunataly, it was su.bSaquantly discovered. that the 
hiqhly selectiva,·lai:ge pore zeolita eatalysts containing a 

. Group VXI% ll8tal wer• unusually susceptible to stiltur 
~oiscning. see U.S. Patant No. 4 1 456,527. 

Generally, sultur occurs in pet%eleum and sync:t""ude 
30 •toako ~• hydl;'O~en su.J.tide, organic sulri~es, o~anic 

di.sul:tides, 211erc:aptans, al.so known as thiols, and aroma-i:ic 
ring compounds such as thiophene, banzothiophene and :t""elated 
compounds. 

convantionally, ~eeds with substantial amounts of 
35 sul~ur, for example, those with more than 10 ppm sulfUr, 

have been hydrotraated with conventional catalysts under 
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ccnven~ianal conditions, thereby c:hanqinq the tor: ot most 
of the sultu:- in th• teed to hydrogen sulfide. Then, the 
hydroqen sul~ic!a is ramoved by distillation, stripping or 
related techniques. 

5 Ona conventional method for rtllllovinq residual hydroqen 
sultide and mercaptan sulfur is the use of sulfur sorbents. 
See, Zoz example, u.s. Patent Nos. 4,204,997 and 4,163,706, 
"the contents c~ which are here~y incorporated by reference. 
The concentration of sulfur in 'Chis form can be reduced to 

10 considerably less than 1 ppm by usinq th• appropriate 
sorbents and conditions, but it has been found to b~ 
difficult to reJnova sultur to less than 0.1 ppm or to ~emcva 
residual tbiophena sul~ur. SH, ~oz e%Uple, u.s. Patent 
Ho. 4,179,361 the contents of which is hereby incorporated 

15 :by reterence, and particularly Example 1 ot that patent. 
Vary low space valoci~ies are required ta remove thiopbene 
sul:UZ-, requiring lari• reaction vassals filled with 
sorbent. Evan with these precautions, traces of thiophene 
sulfur still can be tound. 

20 Thus, improved methods for removing residual sulfur, 
and in particular, tb.iophene sulfur, from a bydrotreatad 
naphtha feedstock were developed •. See, foz e%azaple, tr.s. 
Patent Hos. 4,741,819 and 4,925 1 54i, the contents cf which 
are hereby inco:r:porated by reference. Thesa alte.rnative 

·25 :methods include contacting the naphtha. feedstoclc with 
molecular·hydroqe.n under reforminq conditions in tha 
prasenc~ of a less •ultur sensitive retorminq catalyst, 

• ~arehy converting ti-ac:a sulfur compounds to HJS, and 
foniinq a first effluent. The second efflumit. is .eontaci:ed. 

30 with a hiqhly selective reforming catalyst under saver• 
reto:rmin9 canditicns. Aeco~in~ly, when usin~ the highly 
su1fur sensitive catalysu, those skilled in the art 90 to 

. great extremes to :r:emove sulfur ·~Om the hydroca::rbon faed. 
By doi~g so, the catalys~ life is extended tor .si911l~ican~ 

35 periods ot time. 

-
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While low-sulfur sys~ems usinq hiqhly selec~ive 
larqe-pore zeolite ca~alys~s were initially e~fac:tive, it 

. was discovered tha~ a shut down. ·of the ?:'eactcr system may be 
nece,ssary aft:ar only a matt&l:' ot weeks. The reactor systa 

5 of one test plant had reqularly becoma plu;ged after only 
such brief operatinq periods. The plugs were found to ba· 
these associated with cokinq. However, although eokinq 
within catalyst particles is a common problem in hydrocarbon 
processinq, tha extant and rata of coke pluq fo~tion tar 

10 .exceeded any expectation. 

§UM!'_MY Of THE INVIN't'ION 

Accordinc;ly, one object of the invention is to provide 
a method for ratorminq hydrocar.bon.s under conditions cf lcw 

15. sulfur which avoids.the atoremen~1oned problems found to·be 
associated with tha use of hi;hly sensitive reforming 
catalysts and ct low-sulfur raformin9 processes. 

It has haen surprisinqly found th&~ coke pluqs in low 
sulfur reactor systems contained particles and draplets of 

20 metal; the drcp1ets ranqin9 in size of up to a ~ew miCl:'ons. 
This observation led to tbe startlin9 realization that there 
are new, profoundly serious, problQms which were not cf 
cQnc~n with conventional reform.inq techniques where process 
aulf\2%" leval• are sicpiiflcantly hiqher. More particularly, 

25 it was discovered that pro~le=s existed which threatened the 
effective and accnomic operability of th• syatems,·and the 
physical inte~ity of t}ie equipment as well. It was also 
discovared that these problelllS emerged due to the low-sulfur 
conc!itions, and 1:0 _same exten1:., the lcw levels of water •. 

3a For the ias1: :tcrty years, catal.yt:ic: reforming reactor 
systems have :besn ccinstruated of ordinary mild steel (e.g., 
2lz Cl:' l Ho). OVer time, experience has shown that the 

.systems can op&t"ate successfully fa~ abou~ t:weh~Y years 
without siqnificant loss of physical s~renca'th.. However, the 

35 discovery of the •e.tal particles and droplets in.the coka 
pluqc eventually load ~o an investi9Cf.tion ot the physic:a.l 
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c:::haracteristiQs of the reactor sys~em. Qui~e su=i)risin91y, 
conditions were discovered which are symp~omatic of a 
poten~ially severe physical deqradation of the e.~~ire 

• • L .. reactor system, including the turnaee.ttiDes, p1pinq, reacto~ 
5 walls and other-environments such as ea~alysts that contain 

~on and metal screens in the reac~ors. Ultimately, it was 
discaverad that this problem ~s associated with 't..~e 

excessive carburization or tha stael whic~ causes an 
eml:>rittlement of the steel due to injection c~ process 

10 carbon into the ~etal. Concaival:>ly, a catastrophic.physical 
failure of the reactor system could result. 

With conventional reforminq techniques carburizaticn 
simply is not a problem or concern; nor was it expected to 
be in contemporary low-sul~ur/low-water sys-cems. And, it 

is was assumed that conventional process equip•ent could be 

u•ed. Apparard:ly, howeve, the sulfm': Fesent in 
conventional systems ef~ectively inhibits c~burization. 
Som~ow in conventicna1 pracesses 'the ~roeess sulfur 
interferes wi"th 'Che carl:>Urization reaction. But with 

20 extremely low-sulfur systems, this inhere."1t p:r:oteetion no 
longer exists. 

Th• problems associated with carburization only ba;in 
with carburi%aticn cf the physical sys1:Bl!l. The 

carburization of the steal walls leads to "metal d.ustinq•; a 
25 ralea•e.of ca~alytical.ly active particles and m.elt droplets 

of metal due ta erosion at the metal. 
The active metal particulates provide additional sites 

.for coke formation in the system. While C::l!J.talyst 
deactivation ~rom cckin~ is generally a problem which llUst 

30 be addressed in reforming, this new significant source of 
c:ok• formation leads to a new problem of cake i;»lut;s Which 
excessively ag9X'1lvates the p~oblem. In faet, it was tound 
that th•· mobile active •etal particulates and coke particles 
.. 'l:astas.ize cckin9 generally throuqhout t.ha system. 'the 

35 active zatal par~iculates ac:t:ually induce coke formation on 
themselves and anywhere that the particles acoumulata in tha 
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system rasultinq in coke pluqs and hct reqions ot exother:iic 
demethanation reactions. 

Additionally, new reactor systa.'llS are often hea~ 
treated to reMove stress. Such prcceduras, for example, 

5 heating in air at least l650°F tor 1-2 h01:1J:'S, often produce 
an oxide seal• up to !O ~m thick on 347 stainles• and 

'thicker on mild steels. In carburi2in9 envircmiients, tbasa 
oxide scales raduca to finely particulate Fe, Ni metal Which · 
is extrame.ly raac:tive for coking and can intact unde~lyin; 

10 steel with i:arburization and pittinq. Thus, the usa of 
cxidi~ed steels in su~h environments and of heat treatments 
Which rasult in tha oxidation ot such steels shcUl.d be 
avoided. 

As a result of the above reactions, an unmana9eabla and 
15 pre11mtura coke-plugging of the reactor system occurs which 

can lead to a syctam shu~-dovn wi'thin weaks of start-up. 
Use of the process and reactor system cf t.ha present 
invention, however, overcomes these problems. 

"l'herefora, another aspect of the inventicn relates to a 
20 method for reforming hydrocarbons comprising contaet:inq the 

hydrocarbons with a raforminq catalyst, preferal:>ly a 
lar~a-por• zeolite catalyst includinc; an allcali or alkaline 
earth ~etal and charqad with one or more Group V~%~ metals, 
in reaC:cr systems having axidi~e4 surfaces. 

as Yet another a•pect at the invention relates to 
a react.or system inoluding means for providing a resist~a 
1:0 ca:buri:ation anc! laetal dus~in9' which is an improvement 
over conventional mild steel systems in a method for 
ref ormin9 hydrocarbons using a ref ormin; catalyst such as a 

30 larqa-pore zeolita catalyst including an alkaline ear'"...h 
matai and charged with one or more Group VIII metals under 
ggnditions ot low sulfur, the resistance ~ainq auch that 
eJIDrittlament vill ~a less than a~cut 2.s J'JllJ1/year, 
preferably lass than 1.5 lfJ11J,/year, more pref~a.bly las~ than 

35 1 'lmll/yea:r, and meat preferably less· than o. l m:m/yea:::. 
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BRI~l DESCBifTXON Qf THE FIGURES 
Figure l is a phctomicroqraph (refleC1:.ed lic;hted 

liqht: 2oox. l cm = 50 ~m) of a surface ot a 347 stainless 
staal sample vhich was heat treated in an elec~ric furna~a 

5 at 1650•F air for 1 hour. The photomicroqraph shows that 
the heat tr.ea'tlllen'C 1n air produced a unitormly thin (5 µm) 

and adherent oxide coating. 
Figure 2 is a pho~omicroc;raph (reflected liqht, 12sox, 

1 ell • a pm) of a surface of a 347 stainless steel sample 
l.O which was heat treated in an electric ~urnace at 1650•1' in 

air far 1 hour. At hiqh =agnificatian, the complex oxide 

seal.a is shown. The inner dark band and. crystals adjacent 
to the steel (bright) ~a composad of ferroc~omita 
(FeCrzO,); the outer, briqhter band is maqnatita (essentially 

15 :Fe3o,). The escalloped pattern on the stael surface results 
tram a tenclency of oxidation to pref eren~ially attaek grain 
bounc!a:i••. 

Figure 3 is a ~hotomicrograph (reflected light, 12sox, 
1 cm • 8 p:m) of a surface of a 347 stainless st:ee.l sample 

20 which was heat treated in an electric turnace at 16!o•F in 
air tor l hour. A sample traated. for five days at 1000•F in 
the carburizinq atmcsphare did not coke. Navertheless, 1:.he 
magnetite band of the oxide coating· was COlllpletely altered 
~ finely porous iron metal, which •hould be extremely 

2s reactive in a carlnn"izing- enviromaent. The ferrcic:hromite 
(duk) was unaltered. 

Fiqure 4 is a photomicrograph (scale bar at riqht) cf a 
surface o~ a 347 stainless steel &Blllple Which was heat 
tre.ted in ;an elec:trie turnace at l650*F in air tor l hour. 

30 'l'he pho~omicrograph is an SEM electron backscatter image of 
the sample :run for 5 days at 1ooo•r. 

Fi~e 5 is a pho~cqraph (approximately 2x 
maqnif ication) o~ a sample ct 347 stainless steei heat · 
treated in an electric furnace at i&so•p in air for 1 hour. 

35 The •alllPle was exposed to a c:arburizing atJaosphere fer five 
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hours at llS0°F. The sample ccked abundantly on tne 
oxidized surfaces but not on 'the unoxidized surtaces. 

Figura 6 is a photograph (approximately 2~ 
magnification) ot a sa•pla of 347 stainlaes steel which was 

5 heat treated in an electric furnace at l650°F in air for l 
hour. .The sample was exposed to a car.burizinq atmosphere 
for two weeks at 11so•F. A protective tin coatinq eXhibited 
protection a;ai.nse cokin9 and carburization. 

Pic;ura ! is a photograph of a sample ot 347 stainless 
10 steel which was heat treated in an electric furnace 

at l6S0°P in air for i hour. Th• sample coked severely an 
tha oxidized surfaoes after only 24 hours at 102s•F in a 
oarburizinq atmosphere. The chip at riqht is raw 347 
st.ainlass steel. 

13 Figu~e a is a photograph ot a surface of a 347 

stainless steel sample which was heat treated in an electric 
fu.rnaoa at l.550°F in air··:or l hour. Abundant cokinq 
occurred on the oxidized surfaces atter only 2% hours 
at 1loo•7 in a carburizin9 atmosphere. 'l'he chip a~ riqht 

20 is 304 stainless steal. 

Fiqure ' is a photomic:r0(]%"aph (reflected liqht, 2oox, 1 
cm - 50 IQll) of a surface or a 347 stainless steel sample 
Which was heat treated in an elactrio furnace at 1&50•7 in 

air for l hour. '1'he sample was eXposed ~o a carburi~inq 
25 a'blosphere at: 1200•1 for 2is·hours. i metal dusting pit 

(canter) formed on the steel surtaca under 'Che aceively 
coking oxide layer. Ho dusting occurred on the unoxidized 
surfaces. 

FiCJUr• 10 is a photomicrograph (%e~lectad light, 12sox, 
30 1 ca • 8 ~•) of t:he surface of the 347 stainless steel 

SUlpla described in Figure 9. Th• sample carl:lurized 
at i2oo•r along moat of tha surface.. '?he cbromium-ric:h 
oxide layer (gray) persisted a:nd !"esis~ed eoking. 

Figure 11 is a photomicroqrapb (re:flected liqht, 1250x, 
3.5 l cm.• a µm) of a surface of a 347 stainless steel·sample 

which was beat treated in an electric fu~nace a~ 1650°F in 

This SheetHas Been Replaced 

., lllllll llllll llll Ill llll 

P. 12 



[RECEIVED BZ/18 ez:1z 1996 AT 533969~ 
FEB-17-96 SAT 01:13 PM BDS&H 

PAGE 13 
(PRIKTFAXNO. M~ ~62 1466 

W0'4/l6035 PCT rosg.a:oo101 

- 9 -

air for l hour. The sample was coated with tin paint. The 
f arrochrcmite layer and c:ystals (dark) persisted on ~h• 
~teel slll:'!aee (briqht, center). The magnetite layer was 
completely ~•placed by a serias of iron stannides (shades o~ 

5 9ray). Some unreacted tin spheres (briqht, top) were 
Pl:"esent. 

Figure 12 is
0

a photomicroqraph (reflected light, 2~0x, 
1 cm • 8 µm) ~f a su:rtace of a 347 s~a1nless steel sample 
which was haat treated in an alactric furnace at l6SO•F in 

10 air for 1 hcur. on an unoxidized sur~aea, a protsf;tive tin 
QOatin~ reacted directly with the steel to ro:rm a series of 
nickel iron stannides. 

Fi;ure 13 is a photomiere297:aph (reflected light, 1250x, 
l. c:m • B µm) of a surtac:e of a 34·7 s'tainlesa Gteel sample 

15 which was heat treated 1.n an electric furnace at 1650•F in 
air tor 1 hour. After two weeks of exposure to a 
carburizinq atmosphere at ll50°F, tin in a tin containing 
protective coatinq consumed tha iron in the ter:-cc:hrom1~e 
ltaye and crystals, penetrated the chromiWll oxide laye:t", and 

20 reacted to f o::cn a ccntinuous layer of nicke1 iron sta:nnida 
on the underlyin9 steel. Th.a r~ining o~ide is eskolaita 
ccr20,>. 

FiCJUre 14 is a photcmicroqraph (reflected li;-ht, 1250x, 
l cm • 8 µ:in) o~ a surface of a 347 stainless steel sample · 

25 which vas heat treated in an electric :furnace at 16S0°F in 
•i:r :or 1 hour. After 't.Wo W•elcs at 1150°!', a thicker 
conti.Jiiicus layer of nickel iron S1:annida (dar'k) on the. 
unoxidized surfac:e ot the steel was formed. The thin . . . 

briqhter layer under tha atannida is the chromium-rich, 
30 nickel.-poor steel layer. 

Figure 15 is a photomicrcgraph (sea1e bar at right) of 
a surface ~! a 34? s~ainless steel siuaple Which was heat 
treated in an electric furnace at 16SO•P in air for 1 near. 
The freshly stannided sample exhibited a stannide (bright) 

35 layer on tap of a fe::i::ochrcmite oxide layer (dark). Steal 
at left. 
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Figura 16 is a pho~omicro~raph (s~ala bar at riqn't.) of 

a surface of a 347 stainless s~eel sample which was heat 

treated in an electric furnace at 16So•y in air tor l ~cur. 

~ter two ~eeks at li!o•? in a carburizinq atmosphere, the 

s s'l:annida m.iCJrated under the eskolaite (Crp3) layer (dark). 

Fiqure 17 is a photcmicroqraph (reflected light, 200x, 

1 cm ... so pm) of a sur:fa.ce.of a 347 stain1ess steel sa:11ple 

which was heat treated in a flame furnace at 16SO•F 1n·ai.r 

:for 21! hours. 'rhis tt•a'Cment produced a muc::h thi~er cxida 

10 scale than the treatment in tha alactric furnace. The scale 

is approximately 40 µm thick. 

Fi;ure 18 is a photcmicroqraph (reflected light, 1250x, 

1 e::l - s µs) of a surface of a 347 stainless steei sample 

which was heat treated in a flama furnaca at l6SO•F in air 

15 tor 2~ haura. 'l'.ba scale is more complex.than the scale 

obtained :by heat treatment in.the electric turnaca. The . 

outermost layer (l>riqllt) is hematite (Fe20,) • trftdar the 

hematite layer is.a layer of maCJnetite (darker). Onaer the 
:masnetite layer is a lay~ o:f ferrochroinite shot with a 

20 fine, nickel-rich metal dust. A thin layer (darkest) of 

pure fer%oc:hro:mite coats the steel surface (very briqht). 

Pi;ura 19 is a photograph (approxima~ely 2x) af a 

sample of a 347 stainless steal Which vaa heat t:raatad in a 

!lama furnace at l&so•F in air !or 2~ hours. waen exposed 

25 't:o a carburi.3incJ 1&tmosphere for three hours at 1DSO•F, 'the 

sample coked prafusely on the cxiciizac! surfaces. Morsova:r, 

some coka also formed on "Che unoxidized s~acas. 

7igure 20 is ~ photoqraph of a sample of 347 stainless 

steel which was heat treated in a flame furnace at l6SO•P in 

30 ail:' :!'or 2'5 hoUis. ~· sample which had received a 

protective coatincJ o~ tin paint was nearly coke free at~ar 

five days at 11so•F. 
Figure 21 is a phctomio:ost'aph (reflected light, 2oox, 

1 cm = so ,µ.m.) o:f a sample ot 347 stainless steal which was 

35 heat ~•atad ln a flame turnaee at ~650°F in air tcr 2~ ' 
• 

hcu~s. Attar five days at 1150•? in a carburi~inq 
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atmosphere, a stannide layer (bright qray) forllled atcp. a 
layer of oxide (darker) on the steel surface that had been 
painted with plain tin pain~. The oxides ara heavily veined 
with stannide. A ball of unreacted·tin rests on the 

4 5 stannide surface. 
Figure 22 is a photomi~aqraph (reflected light, 2aox, 

1 cm • 50 p~) of a sul:'tace cf a 347 stainless steel sample 
which was heat tl:'eated in a flame furnace a~ lSSO•F in air 
for 2~ hours. On the oxidized surtace tha~ had been·paintad 

10 with Fep3-inodified tin paint, the exterior stannicle layer 
~as locally breached ~csing t:he underlying cxide. This is 
the. surface shcw.n in Fiqure 20. 

Figure 2_3 is a photom.icroqraph (re£lacted light, 1250x, 
1 cm - a I'll) ot a surface of a 347 stainless steel sample 

15 which was heat treated in a tlame ~u:rnaca a~ lG,o•F in air 
.ro~ 2~ hours. On th• surtaca treated with plain tin paint, 
a continuous laye~ of s1:a:tmide (qt"ay) was foniecl en the 
st.eel under the oxide. 

Figura 24 is a photomicroqraph (reflected liqht, l25ox, 
20 1 cm = a pm) of a surface of a 347 stainless steel sample 

which was heat tl:'eated in a flame f~ce at i6S0°F in air 
fol:' 21; hours. Th• sid• painted with :terruqinous paint 
exhibited a sparse and.discontinuous stannide under the 
axide. 

2S Fi;ure 25 is a phctolliicroqraph (reflected light, 2oox, 
1 cm = 50 "111) of a surface of a 347 stainless steel sample 
which was hea~ treated iii an electric :furnace at 1650•F in 
air for 2% hours.. De exterior of the sample was exposec! to 
air during th• heat treatment ... This produced a complex 

30 o~ide sca1a similar to that produced in the flame ~urnace 
mt thinner. 

Fiqure 26 is a photomicrograph (reflected li;ht, 2oox, 
1 cm. • 50 "21) ot a surface of a 347 stainless steel sample 
whioh was heat treated in an electric :furnac::e at 16SO•F in 

35 N3 for 2'5 ha~s. Only a trace 'ot oxide was formed. · 
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Fiqure 27 is a phatomicroqraph (reflectad li9ht, l25ox, 
1 em • 8 ~m) ot a surface of a 347 stainless steel sample 
heat treated in an electric furnace ~t 16SO•F in air tor 2% 
hours. An exterior layer of hematite (gray), underlai~ by 

5 maqnetita (qray), underlain ~Y terrochromite (da~k) shot 
with fine metal particles is shown. 

Fiqure 28 is a phOtomicrcgraph (retlactad light, 1250~, 
1 cm • 8 µm) at a surfaca o~ a 347 stainless steel sample 
heat treated in an elec:t%'ic furnace at 16SO•F in Ni fo~ 2~ 

10 hours. on the nitraqen exposed sida, scattered pockets 
filled with oxide and chloride (dark) and an edqe zone with 
abundant qrain boundary car~ides or possibly nitrides is 
ahown. '?he carbide eriched zone is al:lout 15 smt thick. 

Figure 29 is a photomicrcqraph (:reflected l,ic;ht, 2aox, 
15 1 cm • 50 J,&m) of a surtaea ot a 347 stainless steel sample 

which 11as heat treated in an electric furnace at l&So•? in 
air tor 2'5 heurs. When this sample was exposed t~ the 
c:arburizing atmosphere at 9oo•F for five days, the oxide 
surface e%Upted with coke. 

20 Figure 30 is a phot:.omieroc:p:-aph (reflected li9ht, 12sox, 
l c:Ja.• a µm} cf the surface o! tha 347.stainless steel 
_sup le shown in Figure 29. The oXide was reduced to finely 
porous ~•t:al ('bright whi~e) and coke (dat'k) deposited o:n · 

this metal. The steel surface (l>right white) is at the 
25 bottom. 

DETAILID pggt:ImON 9l THI PMDRBEp WODilfENTS 
The metal.l~ical ~a:'JllS used herein are 'to l>e given 

their cammon :metallurg1ca1 meaninqs as sat forth in THE 
30 METALS HANDBOOK of the American .society ot Metals. Fe: 

example, "ccbcn ste~ls" are those ~teals havin9 no 
specified minimum quantity for any alloying element (other 
than the commonly accepted amounts of manganese, silicon and 
Capper) and containing Only an incidental amount of any 

35 elem.mt: other than car!Xm, silicon, anpnase, copper, 
sulfur and phosphorus. "Mil.cl stee1s" al:'• 1:hose carbon 
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steels with a :aximum at about 0.2S% carbon. Alloy s~eels 
are ~hose steels ccntaininq specified quantities of .alloying 
elemen~s {other than carbon and the commonly accepeed 
amounts cf manqanesa, copper, silicon, sulfur and 

5 phosphorus) wi~hin t:he limits reeoqnized for constructional 
alloy steels, added to effect chanqes in mechanical or 
physical prope:ties. Alloy steals will con~ain less than 
1ot ch%oaium. Stainless steels ·are any of several s~esls 
ccntaining at least 10, preferably 12 to Joi-, chromium as 

10 ~be principal alloyinq elemene. 
one focus of the invention is to provide an improved 

method ~or retol:mini hydro~r~ons usin~ a re~o::rming 

catalyst, particularly a large po:t:'a zeoli~e catalyst 
includinq an alkali O:t:' alkaline earth metal and cha.rqed vith 

15 one or mare Group VIII metals which is sulfur sensitive, 
under c:anditians of low sulfur. SUcll a process, of course, 
must demonstrate better resistance to c:arburization ~an 
conventional low-sulfur reforminq techniques, yet contain 
·little sulfur available to poison the catalyst .. 

20 One solution for the problem addressed by the present 
invention is to pretreat existing oxidizad reactor systems 

·. to prevent ~a reduction o~ oxide scales to finely porol.lS 
7e, Ni mei:al and improv• resi&tange to carburiza~ion and 
metal dusting durinq raf oninq usinq a z-ef orminq catalyst. 

25 such as the aforementioned sulfur sensitive larg-e-pora 
zeolit• catalyst under conditions of low sulfur. 

By •:reactor system•, e1s used herein, there is intended 
at least ona reforming" reacto:t:' and i~s correspondinq furnace 
means and pip~nq. This term also includes other reacto~s 

30 and their correspondin; furnaces and pipinq wherein the 
ca1"burization is a problem under low sulfur conditions or 
those systams wherein 1:be aforementioned sulfur sensitive 
lar~e-pora zeolite catalysts are uti1ized. suah systems 
include reactor systems used in processes tor 

35 dahydroqenation and thermal dealkylaticn cf hydrocarbons. 
'l'hus, by w~eaction conditions• as used herein, there is 
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intended, these conditions required to convert 'the feed 
hydrocarbons t~ a desired product. 

The a!ore~entioned ~roblems with low-sulfur rafor=ing 
can be eftac~ively addressed by a selection ot an 

5 appropria~e reaci:cr system material for contact with the 
hydrocarbons durinq processin;. Typically, reforming 
reactor syste~s have been constructed of mild steels, or 
alloy steel~ such as typielll chromium steals, with 
insignificant' earburization and duatinq. For exampla, under 

10 ccnditions of s~andard reforming, 2~ er furnace tubes can 
1ast twenty years. However, i~ was tound. that these •teals 
are unsuitable u~der low-sulfur retorminq co~ditions. They 
rapidly baeome e!Ubrittled by carburi~ation within about one 
year. For example, it was f'ound that _2\ er 1 Mo ·steel 

15 carburized and embrittled mcra than 1 'ffflA/yaar. 
Furthermore, it was found that materials considared 

under ~andard metallurgical practice to be resistant to 

cokin~ and carburization are not necessarily ~asistant under 

low~sulfur raiori:aing conditions. For example, nickel-rich 

20 alleys such as Xncoloy 800 a~ 825; Ineanel 600; Marcel and 

Haynes 230, are unacceptable as they exhibit excessive 

coking and dustin9. 

However, JOO series stainless steels, pr•ferably 304, 

316, 321 and 347, at:• accapta1'1e as materials .for at least 

2' port.ions of tha reactor system accordinq to the present 

invention which contact the hyclrcc:arl:lona. 'l'hey have been. 

f cu~d to have a resistance to carburization greater than 

mild steals and nickel-rich alloys. 

Zn same areas o~ the reactor systems, localized 

30 'tampe:z:oatUZ'es c::an became excessively high clurinq refo.r.a.in9 

(e.g., 900-12,o•F). '?his is particul~ly the case in 
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furnace tubes, and in catalys~ bads where excthermic 

damathanation reactions cccu.r within nar1tally occurring coka 

balls causinq localized hot reqions. While still prafar:ed 

to mild steels and nickel•rich alloys, the 300 series 

S stainless steals do exhibit some coking and dusting at 

around iooo•F. 'rhusr while useful, tha 300 series stainless 

steels are not th• most preterred material ~or usa in the 

present invention. 

Chromiwa•rich stainless steals such as 446 a.nd 430 are 

10 ev•n mora resistant to carburization than 300 series 

atainless steals. However, these steels are not as 

desirable for heat resistinq properties (they tend to become 

'.brittle) • 

:Resistant materials which are preferred over the lOO 

15 aeries stainless staela for use in the present invention 

1nc~uc1e copper, tin, arsenic, antilllcny, bismut:h, chromium, 

germanium, indium, selenium, tellllrium and brass, and 

intarmeta1lic compounds and alloys thereof (e.g., eu-sn 

alloys, cu-sb alloys, stannides, antimonides, bismuthides-

20 •t~.). steels and even nickel-rich alloys containing these 

metals can also show reduced carburization. 

Reactor systems previously exposed ta an oxidative 

a'tlaosphar• are not pref erred When such systems utilize tlie 

aforementioned sulfur sensitive large•pore zeolite cat~lyst 

25 systems. For ltXalllple, heatinq such react0%' syst::ems in air 

to remove stress may promote the formation of oxide scales. 

Whan ~ese oxide scales reduce, t.bey may fo~ finely porous 

.P.!.19 
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Fe, Ni metal, whicn is extremely reactive for coking and can 

infact underlyinq steel with carburization and pitting. 

These previously oxidized steels may, aecordin; ec the 

present invention, be treated with carburization resis~anc 

5 materials to p~av.ant the formation of the finely porous 7•~ 

Ni metal, which siqnificantly reduces cokinq, car~urization 

and metal dustinq under reaction conditions. Such materials 

may also allow for the.removal of oxygen t'rom reactor walls 

with the possible release of water and/or the fixation of 

10 the oxides ~y forminq a continuous protective coa~inq over 

the oxide. 

In a prafar:-ed embodiment, these materials are provided 

as a plating, cladding, paint (e.g., oxide pain~) or other 

coating tc a base constzouc:tion material. 'l'hia is 

15 particularly advantageous sinca conventional ccnstructicn 

::matarials.such as mild steels can still be used with only 

tha su~ace contacting the hydroc::arl:Jons :beinq treated. Of 

these, _tin is especially pratarred as it reacts with the 

surtaca ta P.rovide a coatinq havin9 excellent carburizaticn 

20 resistance at higher temperatures, and which resists paelinq 

and !'laking ot the coatinq. Also, it is believed tmlt a till 

containinq la~er can be as thin as 1/10 micron and still 

prevant carburization. 

In addition, it bas been o~served that with the use o~ 

25 such reactor systems, tin attacks the sulrided metal 

surfaces ir&cluclin9 Fes replacincJ sulfur and releasinq ffiS• 

Tbus, application of resistant materials such as tin t:o a 
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reactor system to prevent cokinq, car~urization and metal 

dustinq can also protece sultur sensitive caealysts when 

applied to ~reviously sulf ided ~eactgr systems. 

Where practical, it is preferred that the resistant 

5 ma~arials be applied in a paint-lika formulation 

(hereina~ter .•paint") to a new ar existing reactor system. 

suc:Ji a pa.in~ can be sprayed, b:r:ushed, pigqed, etc. o:n · 

reactor system surf aces such as mild steels or stainless 

.steels. It is lllOSt preferred that such a paint ba a 

10 decomposable, react:ive, tin-containin9 paint which reduces 

tc a reactive tin and fo::i:ms ~etallic stannides (•.g., iron 

&tannides and nickel/iron stannides) upon haatinq in a 

reci~cin9 atlllosphere. 

I~ is moat praf arrad that the .aforementioned paint 

15 contain at least four components (or their functional 

equivalents); (i) a hydroqen decomposable tin ~ompound, (ii) 

a solvent systelll, (11i) a finaly divided"tin metal and (iv) 

tin oxide as a reduci~le sponqa/disparsing/binding agent. 

The paint should contain finely divided solids to minimize 

20 sett1inq, and should not contain non-reactive materials 

which will prevent reaction or reactive tin with sw:faces of 

'tb.a reactor sysi:em. 

As the hydrogan c!eCOJDposable tin c:ompouncl, tin 

· octanoate or neodeca:naat• is particularly usefUl. 

25 ci::=mercial :formu1ai:ions of this canapound itself are 

available and will partially dry"to an almost 

chewing-gum-like layer on a steel SUJ:tace: a layer which 

P.21 
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will not crack and/gr split. This proper~y is necessary for 

.any coatinq composi~ion used in this contexe because it is 

conceivable that the coated material will .be stored for 

months prior to treatment with hydroqen. Also~ it parts are 

5 coated prior to assembly they must be resistant to chipping 

during ccnstructia:n.. As noted above, tin oc-canoate. is' 

available commercially. It is reasonably priced, and wil1 

decompose smoothly to a reactive tin layer which forms iron 

stannide in hydroqan at temperatures as low as 600°P. 

10 Tin octanoate should not be used alo~e in a paint, 

however. It is not sufficiently viscous. Even when the 

solvent is evaporated th•refrom, the ramainin9 liquid will 

drip and run on the coated surtace. In p~actica, for 

example, if such were used to coat a horizontal turna~e 

15 ~e, it woul.d pool at the l:lottom of the tuDa. 

Component (iv), the tin oxide sponge/dispersin~/bindinq 

aqant, is a porous_ tin-containing campound which can 

spon;e-up an organo-matallic tin compound, yet sti1l be 

rac!uced 1:0 activa "Cin- in the reducing atmosphere. In 

20 addition, tin oxid• can be processed through a colloid mill 

to produce very fine particles which resist rapid sa~tlin9. 

~he addition of tin oxide will provide a paint which bacomea 

dry to tha touch, and resists runnin9. 

Unlike typical paint thickeners, coaponent (iv) is 

· 25 selected such th•t it .becomes a l:~c:t:l.va pa..r-t:. o'! 'the coating 

when reduced. zt is not inert lika formed ~ilica; a typical 

P.22 
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paint ~nickener which would leave an unreac~ive surface 

coatinq after treatment. 

Finely divided tin metal, component (111), is added to 

insure that metallic tin is available to react with the 

P.23 

S surfaca to ba coated at as low a temparatur• ••possible,· 

even in a non-reducing atmosphere. The particle size of th• · 

tin is preferably one to five microns whidl al1aws excellent 

coveraqe of the surface to be coated with tin :metal. 
I 

Ncn-raducinq conditions can occur durinq dryinq of tha ~aint 

l.O and welding of pipe joints. The presence o:f metallic tin 

ensures that evan when part of the coating is not completely 

reduced, tin metal will be present to reaQt and form the 

dasirad stannida layer. 

'l'he so1vant should ba non-toxic, a.ncl effective for 

-15 rendering the paint sprayal>le ancl spreadable when desired. 

It shoUld also evaporate qui~y and have compatible solvent 

properties tor t:ha hydroqa~ dacomposaJ:>l• tin ccmpouncl .. 

Isopropyl alcohol is mcst praterred, While hexane and 

pentana ~an be useful, i.f necessary. Acetone, however, 

20 tends to precipitate orqanic tin compounds. 

In on• embodiment, there can ~· used a tin paint of 20 

percent Tin Tan-cam (stanncnis octanoate in octanoi~ acid or . . . 
neodecanoate in neodacanoic acid), stannic oxide, tin metal. 

powder and isopropyl alcohol. 
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The tin paint can be applied in many ways. Far 

example, tu:rnace tubes of the reactor system aan be painted 

individually or as =cdules. A refor::ing reactor systelll 

accordinq to the present invention can contain va~ious 

5 numbers of furnaoa tube ~odulas (e.g., about 24 furnace tube 

:cdul•s) .of suita):)le width, len~ and haiqht (e.v., al>ou~ 

lO feet lonq, about 4 feet wide, and a:bOUt 40 feet in 

heiqht). ~ypically, each =odula will include two headers ct 

aQitable diameter, preferably about 2 feet in diameter, 

10 ~hieh are connected by about four tc tan u-tubes of suitable 

lenqth {e.g., al:Jout 42 teet long). There:Core, the total 

surface area to ba painted in the modules can vary widely; 

for exm:tple, in one embodiment it can be about 16,500 f1:2. 

Paintinq modules.~ather than the tubes individually can 

is b~ advantageous in at least tour respects; (1) paintin9 

:odules rather than indiv~dual tubes should avoid heat 

dastruc'cion of the tin paint as the components of the 

:odules are usually heat treated at extremely elevated 

temperatures durinq production; (ii) paintinq modulas will 

20 likely be quicker and less exPensive than painting t11Des 

i:idividually; (iii) painting •od~les should be mo~e 

e!.ficient durinq production scheduling; and (iv) painting of 

th• modules should enable painting of welds. 

However, paintinq·tha modules may not enable the tubes 

25 to be as complately coated witb pa.int as if the tubes were 

painted individually. If ~oa~in9 is insufficient, the tubes 

can be coated individually. 

P.24 
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I~ is p~eterabla that tha paint be sprayed i~~o the 

tubas and headers. · Sufficient paint should be ap~lied to 

fully coat the tubes and headers. After a module is 

sprayed, it should be left to dry for a.bou~ 24 hours 

5 followed by application ot a slow stream of hea'ted nitroqen 

(e.g., about 150°1' !or about 24 hours). Therea:ft:e:r:, it is 

pref arable that a second coat of paint be applied and also 

~ied l:ly the proced~:re des=:ibed above. After the paint has 

.been applied, tha modules should preferably be kep~ under a 

10 slight nitroqen pressure and should not be exposed to 

1:•111peraturas exceedin9 a.b.ou.t 200°1" prior to installation, 

nc:r:.sho'Qld they tie exposed to water except durin~ 

hydrot:estinq. 

Iron heuinc; -reactive paints u-e also use.ful in the 

is present invention. SUCh an iron ~earing reactive paint will 

preferably contain various tin compounds to which iron has 

been added in amounts up to one third Fe/Sn by weiqht. 

The addition ot iron can, for example, he in the fora 

of FitiO,• 'l'h• addition of iron to a tin c::ontaininq paint. 

20 ehould afford notavol:thy advanta9es1 in particular: (1) it 

should facilitate the taac=ion o~ the paint to form i~~n 

stannides tb•~•by actinq as a flux; (ii) it should di~uta 

the nic:lcel concentration in the stannide layer thereby 

providing better protection against cokinq; and (iii) it. 

25 should rasult in a paint which a~fords the &nti-coking 

protection of iron sta.nnides even if the underlyinq surf ace 

does not react well. 

.P. 25 

iiiiii1iITf 



[ RECEIVED HZ/18 gz:zg 1996 AT S33Q69~ 
FEB-17-96 SAT 01:21 PM BDS&H 

PAGE 26 CPRIHTED PAGE 26) l 
FAX NO. 919 462 1466 

WO ~/16035 PCT/'CS941D0101 

- 22 -

Ye'C another means for preventinq earburization, co.kin9, 

and me~al dusting in the law-sulfur reactor system CQ~prises 

the application ot a metal coating or claddini to c:ro=ium 

rich s~eels contained in the reactor system. 'l'hesa ~etal 

5 coatings or claddings may ~· comprised o~ tin, anti.J:ony, 

:bismuth, 9e:i:manium, indima, selenium, tellurium. or usenic:. 

'l"in is especially prefe.7ed. These coatin;s or claddings 

may be applied J:)y methods includinq electroplatin9, vapor 

depositing-, and soaldnq at the chromium rich steel in a 

10 molten met.l bath. 

It has been found that in reactor sys1:ems where 

carburiza~ian, coking, and metal dusting ara particularly 

problematic that the coating at the chromium•rieh, 

nickal-containinq steels with a layer of tin in eftect 

15 creates a double protective layer. There ros~ts an inner 

c:hromium rich layer which is resistant to carburization, 

cakinq, and metal dustinCJ and an oui:er tin layer which is 

also resistant to carburization, coking and metal dustin9. 

~his cccurs because when the tin coated chromium ric.~ staal 

20 is exposed to typical raforaainq temperatures, such as ~out 

12oo•p, it reacts with the irteel to form nickel-rich iron 

nickel atannides. irhereby, th• niclcel is preferentially 

leaehacl from tha surf ace ot the steel leaving behind a l.ayer 

o:! chromium. rich steal. In some instances, it may ba 

25 desirable to remove the iron nickel stannid.e layer from. the 

stainless steel to exposa the chromium ric:h steel layer. 

laiim1ii1ili 
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For example, it was found ena~ when a tin claddinq was 

applied to a 304 grade stainless steel and heated at abcut 

i2oo•F there resulted a c:hromiur.l rich steel layer containi.nc; 

abcut 17t chromium and substan~ially nc nickel, comparable 

5 to 430 ;rade stainless steel. 

When applying 1:.ha tin ~atal coatinq or claddinq to the 

chromium rich steel, it may be desirable to vary the 

thiclcnasa cf th• metal eoati~q or cladding tc achieve· i:h• 

desired resistance aqainst carburization, cokinq, and metal 

10 dustinq. This can be done by, e.g., adjustinq the a111Cunt of 

t.im• tbe c:hromiWll rich steal is 11gakad in a molten tin ))ath. 

This will also affect the thickness of the resulting 

chromium rich steel layer. It may also be desirable to vary 

the ope.rating temperature, or to vary the composition of the 

15 chromium rich steel which is coated which in order to 

controi the chromiwa concentration in the chromium rich 

s~eel layer produced. 

It has additionally been found that tin-ccated steels 

can :be further protected from carburization, :inetal dusting, 

20 aiid coking by a post-treatment procas• which involves 

application of a thin oxide coa't.inq, preferably a chromium 

oxide, such as CriOJ. This coaeinq wi11 be thin, as thin as 

a few ~·· Application of such a chrcmiWll oxide will pratect 

aluminum as wall as tin coated steels, such as Alonizad 

25 steels, under low-s~ur reforminq conditions. 

The chramium oxide laye~ can J:>e applied by various 

methods includ1nq: app1ication o~ a chrcmata or dichro:mate 
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paint followed by a reduction procass; vapor treat?Dant with 

an orqano-chromium co:pound; or application of a chromium 

metal plating follcwad by gxida'Cion of tha :resultin9 
., 

chromiu~ plated steel. 

5 :Examination of tin-electroplated steels which have been 

subjected to low-sulfur reformin~ conditions for a 

substantial period of tilne has shown that when a chromium 

oxide layer is produced on the surtaca ot the stannide layer 

or under the stannida layer, the chromium oxide layer does 

10 not cause aeterioration o~ the stannide layer, but appears 

to render the steel further resistant to carburization, 

coking and mat~l dusting. Accordingly, application ot ~ 

chromium oxide layer to either tin or aluminUlll coated steels 

will.result in steels which are further resistant to 

15 carburization and coking under the low-sulf"UX" reforming 

conditions. This pos1:-trea1:mant pl!'ocess has particular 

ap~lications fer treatinq tin or aluminum coated steels 

which, after prolonqed exposure to low-sulfur refor111.inq 

~onditians, are in need of repair. 

20 While not wishinq to be bound by theory, it is believ~ 

that t:be suita))ility of various materials for the present 

invention ea~ b• selected and classif iad according to 'their 

responses to carburizin9 atlllospheres. For example, iroz:a, 

~obalt, and nickel forl:l relatively unstable carbides which 

25 will subsequently caJ:buriza, colce and dust. Ele111ents such 

as chramiw:n, niobium, vanadiw:n, tungsten, molybdenum, 

tantalum and zirconiw:n, will form stable carbides which.ara 
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more rasistan1: to C:a~.burization cokinq and dustinq. 

Elements such as tin, antimony and bismuth do not fonn 

carbides or c:oke. And, these compounds can too stable 

COlllpounds with many metals such as iron, nickel and copper 

5 under refor=ihq condi~ions. Stannides, antim.onides and 

bismuthides, and compounds of lead, mercury, arsenic, 

germanium, indium, tellurium, selen1Wll, thall.iu:m, sulfur and 

oxy~en are also rasis~ant. A final category of mate=ials 

inc~uda •laJ!lents suc=h as silver, copper, gold, platinum and 

10 retractoey oxides suc.'t as silica and almnina. 'l'hesa 

materials are resista.~t and de not form carbides, or react 

with other metals in a carburizinq environment under 

retoz:minq condi~ions. 

Because different areas ot the reac:tor system at the 

15 invention (e.g., different areas in a furnace} can he 

exposed to a wide range of temperatures, the iqterial 

selection and thic:kness ot ~eating can b• staqed, such that 

hatter carburization rasistancaa are used in those areas of 

the system ·expeiencinq the hi9hast temperatures. In any 

20 case, t:he carburization resistant coatinq should be used in 

amounts such 1:ha1: t:he metal oxides present in the reactor 

system do no·t. consume the entire _prctect:i ve coating-. lt is 

preferred that any :remaining oxide in the oxidated surf acu 

is fixated. By "fixated•, as used herein, it is m.eant 

25 applyinq a coa~inq of ~e c:arburization resistant coating 

ever the oxidized metal such that the oxide does not toJ:m 

finely porous Fe,. Hi me1:al and the. like, which is extremely 

1iiiiU 
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reactive tor cokinq and may infect underlyinq s~eel with 

carburization and pittin9. 

With reqard ~o materials selection, it was discgvered 

that oxidized Group VIII metal surtaces suc:h as iron, nickel 

5 and cobalt are mo~e act:ive in terms of ~okinq and 

car:blu'ization than their unoxidized counterpa:ta. Por 

example, it was round that an air roasted sample of 347 

stainless steel W•s siqnif icantly more active than an 

unoxidized sample of the same steel. This is believed to be 

10 dua to a re-reduction of oxidi2ad steels which produces very 

tine-q%ained iron and/or nickel metals. such metals a.re 

especially active for carburization and cokinq. Thus, it is 

4esirable to avoid these materials as much as possible 

durinq·oxidative reqeneration processes, such as thosa 

15 typically used in catalytic refominq. However, it has bean 

found that an air roasted 300 series s~inless steal coated 

with tin can provide similar resistances to coking and 

c:arburization as unroastad samples of the same tin coated 

300 series stainless steel. 

20 FUrthe%210re, it will be appreciated.that oxidation will 

J:ie a problem in systems vhera sulfur sensitivity of the 

catalys~ is not ot concern, and sulfur is usad to P•ssivate 

the mata.l surfaces. If sulfur levels in such systems eve:I:' 

become insufficient, any matal sulfides which have ~ormed on 

25 metal surfaces would., after oxidation and reduction, ti• 

reduced to ~ine-gt"ained metal. This metal would ~· hiqhly 

reactive for cokinq and car.burization. Potentially, this 

P. 31 

This Sheet Has Been Replaced 

11111111 lllllt 11111111111 



[ RECEIVED BZ/18 ez:z• 1996 AT 533869• PASE 3Z <PRINTED PASE 3Z) l 
FAX NO. 919 462 1466 FEB-17-96 SAT 01:25 PM BDS&M 

·; 

• W0t4/1603!= PCT/l:S9J/00101 

- 27 -

can cause a catas-crophic failure cf the me~allur9y, or a 

major cokinq even~. 

As noted above, excessively high temperatures can .occur 

in the catalyst beds when exothermic de=ethanation reacticns 

5 within cokel>alls causa localized hot reqions. These hot 

spots also pose a problem. in conventional ref orminq reactor 

systems (as well as other areas of chemical and 

petrochemical procassinq). 

For example, the center pipe screens ct ~aformers have 

10 been obsa:rVed ta locally waste away and develo~ holes; 

ultimately resultinq in catalys~ migration. ~n conventional 

refo:azin; processes the temperatures within cokeballs during 

formation. and burnin9 ara apparently high enouc;h ~o overcQ'Jla 

the ability ot process sulfur to poison cokinq, 

15 carb~ization, and cmst.in;. The metal screens, therefore, 

cart>urize and are more sensitive to wastinq by interr;ranular 

oxidation (a type of corrosion) durinq re.qeneration. The 

screen openings enlarcJ• and holes develop. 

Thus, ·th• teachings ot the present invention are 

20 applicable to conventional reforminq, as well as oth~ areas 

of c:hemical and petrochemieal processing. For example, the 

a~oremantion~ ~latin~s. eladdin~a and.coatings can be used 

in tha preparation of center pipe s=eens to avoid excessive 

hole devalopmeni: and c:atalyst miFation. In ac1Cli~ion, the 

25 teachi119s can be applied to any furnaca tUbes which are 

subjected to car:burization, cckinq and metal dusting, such 

as furnace tubas in cokar furnaces. 
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In addi~ion, since the techniques described barain can 

be used t.o eontrol carburization, cokinc;, and me?:!.l dustinc; 

at ax~essively hiqh temperatUX"as, they can be used in 

crackinq furnaces opera~inq at from about 1400• ~o about 

5 1700°F. For example, th• deterioration of steel occu~ing 

in cra~kinq furnaces operatinq at these tamparat~e& can be 

controlled by application of various metal coati~~·· These 

lllatal ccatinqs can be applied by maltin;, electrcplatinq, 

and. pain~ini;. Paintinq is particularly preferred. 

10 For example, a coating of antimony applied ~o iron 

bearins steels protects these steals from carbU%!zation, 

c:okincJ and metal d.ustinq under the described crackinq 

conditions. In tact, an antimony paint applied to iron 

· bearil'tq steels will provide protection aqainst 

15 carburizaticin, cakinq, and metal dusting at 160o•F. 

A co~tinq of bismuth applied to nickel rich steel 

alloys (e.g., IHC:ONEI. 600) can protect those steels against 

carburization, cokinq, and· metal dustinq under c::ackinq 

conditions. This has ))een demonstrated at tamperiltures of 

20 up ~o 1600°F. 

Bismuth coatinqs may also be applied to iron bearin; 

steelis and provide protection aqainst carl:>urization, metal 

dustihq, and coking under cracJcinq conditicns. Also, a 

:metal coatinq comprisil2q a combination of J:>ismuth,. antimony, 

25 and/or tin can be used. 

Lcokinq aqain to low-sulfur reformin9, other techniques 

can also be used to address the problem discovered accorclinq 
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to the present invention. Thay can be used in conjunction 

with an appropriate material selection tor the reactor 

·system, or thay can be used alone. Preferred from amon9 the 

additional techniques is the addition of non-sulfur, 

5 anti-carburizin; and anti•cokinq aqent(s) during the 

reforming process. These a9ents can be added continuously 

during procassin9 and function to interac:t with those 

surf aces of the raactor sys~em which contact the 

hydrocarbons, or they·:m.ay be applied as a pretreatment to 

l.O tna· reactor systc: 

While not wishinq ta bound by theory it is believed 

that thesa aqants interact vith the surfaces of tha reactor 

aystem by decomposition and ~face attack to form iron 

and/or nickel intermetallic compounds, such as stannides, 

lS antimonides, bismuthides, plumbides, arsenides, etc. SUCh 

intermatallic compounds are resistant to earburization, 

co~ng and dusting and can protect the underlying 

111Stallurgy. 

· The intermetallic compounds are also ~elieved to be 

20 :more stable 'than the metal sulfides which were f ormad in 

systems where ~s was used to passi vat.e the metal. These 

compounds are·nct reduced .by hydrogen as are metal sulfides. 

As a raault, they are less likely to leave the system than 

m•tal sulfides. Tharafo:ra, the continuous addition of a 

25 carburizat1on 1nhi~1tor with the teed can be Jll.inimized. 

P~e.te:r:red non•sulfur anti•ca.rtiurizing and anti-cokin9 

a~ents izlclude organo-metallic compounds such as orqano-tin 

P.34 

This Sheet Has Been RepJaced 

11111111 1111111111111111 · SU8Sl1ME SHEET (RULE 26\ 



[ RECEIVED 92/18 92:26 1996 AT 533969• 
FEB-17-96 SAT 01:27 PM BDS&M 

PAGE 35 (PRINTED PASE 35) 1 
FAK NO. 919 462 1466 

I 

WO 94116035 PCT/USP~/00107 

-· JO -

compounds, or;ano-antimony compounds, orqano-bismuth 

compounds, orqano-arsenic compounds, and orqano-lead 

compounds. Suitable orqano-lead compounds includa 

te~aethyl and ta~4a:methyl lead. Orqano-tin compounds such 

5 as tetral:mtyl tin and trimethyl tin hydride are especia.lly 

preferred. 

Additional specific orqano-metallic compounds include 

bismuth neodecanaate, c:hroaium octoate, coppe:inaphthenate, 

man9anese c::ar~oxylate, pallad.iUm. neodecanoate, silver 

10 ne.odecanoate, tettabutylqermanium., tri..bu'tylantimony, 

triphenylantimony, triphenylarsine, aJtd zirconium octoate. 

How and where these agents are added. to the reactor 

system is not critical, and will primarily dapend on 

particular process desic;n dlaracteristics. ?or example, 

15 they can be added cantinuously or discontinuously with the 

feed. 

However, adding the aqents ~o the teed is not preferred 

as they would tend to accumulate in the initial portions ot 

the reactor system. This may not provide adequate 

20 pr-otecticn in the other areas of the system. 

I~ is praf a.."'Tad that the aqents be provided as a 

coatinq prior to construction, prior to start-up, or in-situ 

(i.e.-, in an existin.; system). I.f added in-situ, it should 

ba done riqht after catalyst reqeneration. Very thil1 

25 coatings can ba applied. For example, it is believed that 

when using organo-tin compounds, iron stannida coatings as 

thin as 0.1 micron can be er.tactiv~. 
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A preferred •athod of coati~q the a9ents on an existinc; 

or new reactor surface, or a new or existin; furnace tube is 

to daeomposa an erqanom~~allic compound in a hydrogen 

atmosphere at temperature& of about 900°F. For or9ano~tin 

5 compounds, .tor example, this pi:-oaucas reactive m.e~allic tin 

on the tul:le surface. At 1:hese temperatures the tin will 

further ta.act with the sltt:fa.ce me'tal -to passiva1:a it. 

OptimUlll coating temperatures will depend on the 

pa~icular organcmetallic COl:lpound, or the mixtures of 

10 com.pounds if alloys are desired. Typically, an excess ot 

the orqanometallic coating aqant can .ba pulsed in1:~ the 

tubes at a high hydrogen ~low rate so as to carry the 

coating aqent throuqhout the system in a mist. The flow 

rate can than be reduced to permit the coating metal mist tQ 

1.5 coat anCl react with the furnace tu:be or reactor surfaca. 

Altarnatively, 'the compound can be in~ocluced as a vapor 

Which decomposes and reacts with the hot wa1ls of 'the t~ 

or reactor in a reducinq atmo•phare. 

As discussed above, re~orminq reactor systems 

20 susc::ep1:.ible to carburi2a~i~n, ina~al dusting and coking can 

be treated by application o~ a decomposable coating 

containing a decomposable o~anometallio tin compound to 

those areas of the reactor system ~est susceptible to 

carburization. SUch an approach works particularly well in 

·25 a 'tamparat:ure controlled. :tuzonaca. 

However, such con'Crol is no~ always present. '!'hare are 

"hot spa-es•• which develop in the l:"eactor system, 

. . 
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·parcicularly in the furnace tubes, where the organometallic 

compound can decompose and fOl:ln deposits. Therefore, 

anathar aspect of the invention is a process which avoids 

such deposition in reforminq reactor syst:,ems where 

5 temperatures ara not closely ccntrollad and exhi~it areas of 
. 

hiqh'tam~eratura hot spots. 

Such a process involves preheatinq the entire.reactor 

systelB to a temperature ot from 750 to llSO•F, preferably 

900 to l100°F, and most prefera~ly about 1oso•F, with a hot 

10 stream of hyctrOg"en qas. After preheating, a colder qa.s 

•t~aam at a ~empe~ature of 400 to 800°F, praferahly 500 

to 7oo•F, and most preferably about !50°F, containing a 

vaporized orqanometallic tin compound and hydroqen qas is 

in~oduced into the preheated reactor system. '!'his qas 

15 mixture is introduced upstream and can provide a 

decomposition "wave•• which travels throughout the entire 

raactor system. Essentially this process works because 

tha hot hydraqan gas produces a unitorzly heated surtaca 

wbich will decompose the colder orqanometallic gas as it 

~o travels as.a wave throughout the raactor system. The c:olcier 

,gas cantaininq the o~anomea.llic tin compound will 

decompose on the bot surface and coat t:be surface. Th• 

organometallic tin vapor will c:oni:.inua to •ova as a wave to 

treat the hotter surfaces downstream in the reactor system. 

25 Tharaby, th• antire reactor system can have a unifOJ:lll 

coatinq ct the organ01lletallic tin compound. It may also be 

desira~le to conduct several of these hot-cold t8lllperatqre 

--
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cycles to ensure ~ha~ the entire reactor system has been 

unif orm.ly coated with the orqano:etallic tin coapound. 

In operation of the reformi..~g reactor system_accordi119" 

to tha present invention, napht."la will ba t-eformed to form 

5 aromatics. The naphtha feed is a liqht hydrocarbon, 

preferably boilinq in tha ranqa o~ about 70°F ~o 4SO•F, more 

prefarably a!:lout 100 to 3SO•F. Th• naphtha feed will 

contain aliphatic er paraff inie hydrocarbons. These 

aliphatics ara conva...-ted, at least in part, to aromatics in 

10 t.he raforltlin~ reaction zone. 

In the niow-sulfur" system of the invention, the feed 

will preferably contain lass than 100 ppm sul~iir and :mar• 

preferably, less than 50 ppm sulfur. When using a larqe 

pora zeolite catalyst, the feed will preferably contain lass 

15 than 100 ppb sulfur, more preferably,. less than 50 ppb 

aulfu:, 11.ora preferably, less than 10 ppb sulfur, and even 

more preferably, less than s_ppb sulfur. It necessary, a 

sulfur sor~er unit can be employed to remove small excesses 

af sulfur. 

20 Preferred reforminq process conditions include ·.a 

temperature between 700 and ioso•r, more preferably bet:ween 

aso and 102s•F; and ·a press\ire between o and 400 psig, more . 
praferal:>ly :between 15 and l.!D psiq; a recycle hydrogen rate 

SUff icient to yield a bydroqen to hydrocarbon mole ratio for 

:ZS 1:h• feed to the reforming reaction zone between 0.1 and 20, 

more preferably between o.s and io; and a liquid hourly 

spaca velccity for the hydrocarbon .teed over the reforminq 
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catalyst cf between 0.1 and 10, more preferably between 0.5 

and 5. At these temperatures, tin reac~s with the oxidizad 

ma~als to replace oxygen in the me~als_wi1:h tin. 

To achieve t.~e suitable reformer temperaturas, it is 

~ .often necessary ta heat the furnace tubes to hiqh 

temperatures. These te11peratures can often range fro~ 600 

to 1soo•F, usually t%'om sso and 1250°!', and more often from 

900 and 1200°F. 

As noted above, the problem& of car~urizaticn, cokinq 

10 and metal dusting in low-sulfur systems have baen tound to 

assaciated with excessively hiqh, localized process 

temperatures of the reactor system, and are particularly 

acuta in the furnace tubas of the system where particularly 

high temperatures are characteristic. In conventional 

15 ref oain9 techniques where hiqh levels of sulfur are 

present, furnace tube skin temperatures of up to 1175•F at 

end of run are typical. Yet,. excessive carl:Nrization, 

coking and metal dusting was not observed. In low-sulfur 

systems, however, it has ~een discovered that excasciva and 

20. rapid carburizationr c:okinq and metal dusting ·occuc::ad with 

Ct'Mo steels a:t tamperat1n"es a))ove 950°F, and stainless 

steels at temperatures a~ove 102S•F. 

Accordinqly, another aspect of the invention is to 

lower the temperatures of the metal surfaces inside the 

25 furnace tubes, transfer-lines and/or reactors of the 

reforming system ~elow the aforementioned levels. For 

example, taAP11raturas can ~· monitored using tharmocouples 
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ae-cached at various locations in the reactor system. ln the 

case of furnace tubas, thermocouples can be ·attached to the · 

outer walls the~•of, preferably at the hot~ast pain~ of.the 

furnace (usually near the furnaca cutle't) •. Whan necessary, 

5 adjustments in procrass operation can be made to maintain the 
. 

temperatures at dasire4 levels. 

There ara other techniques tor reducinq expcsura ot 

system surfaces to undesira»ly hiqh temperatures as well. 

For example, heat uansfer areas can be used vith resistant 

10 (and usually more costly) 1:ubinq in the final stage where 

temperatures ua usually the hic;hest. 

In adc1ition, superheated hydroqan can be added betw•en. 

:reactors of the retorminq system •. Also, a larger ~talyst 

charge can be used. And, the catalyst can be raqenara.ted. 

15 more frequently. Il1 tha case o~ catalyst reqeneration, it 

is bast accomplished using a moving bed process wh~e tha 

c:atalys~ is withdrawn from the: :final l:led, reg-aneratad, and 

char~ed to the first bed. 

carburization and metal dusting ~an alsa be •inilllized 

20 in the l.ow-s\llt~ ref'or=ing reactor system o:f·. the invention 

by usin; certain other novel equi:p111&nt configurations and 

process conditions. !'or example, the re.actor system can be 

const.::u=ad. with sta;ed heaters and/or ttmas. In ot:har 

words, the heaters or tubes which are sul:>jacted to the most 

25 ext:-ema temperature conditions in th• reactor system can be 

eonat.ucted. of s•terials mere ~esistant to ca:~urization 

than materials conventionally used in the construction of 
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retorminq reactor systems; ma~erials such as those ~escribed 

a~ove. Heate~s er tubes which are not subjeeeed to ex-~e 

temperatures can continue to be constructad of convan~ional 

matarials. 

5 By usinq such a staqed desiqn in the reactor system, it 

is possible to ~~uce the overall cost of the system (since 

carburization resistant :materials are generally mora 

expansive than conventional materials) while still providing 

a reactor system which is sufficiently resistant to 

10 carburization and metal dusting under low-sulfur reto:rminq 

conditions. Additionaliy, this should facilitate the 

retrofittinq of existinq reforming reactor systems 'to render 

them carburization ahd metal dusting resistant under 

low-sulfur operating conditions; since a smaller portion at 

l.5 'the reactor syst• would need replacemen't or :mcdific:at.iori 

with a staged design. 

'l'he react~r system can also ba operated using at least 

tyo temperature zones; a"t. least ona of hic;hu and. one of 

· lower ta!llperatin:•· This approach is based on the 

20 observation that metal dusting ha5 a temperature maximwa and 

minimum, above and ~el~ which dustinq is minimized. 

'l'~erefor,, by "higliar" tli!llparaturas, it is meant that the 

temperatures ii.re higher than those conventionally used in 

reforming reactor sys~ems and higher than tha ~mnperature 

25 maxilll1llll :tor dustinq. By "lowar• temperaturas it is 11team: 

that the temperature is at or about the temperatures which 
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refcrming precesses are conventionally conducted, an~ falls 

below that in which dustinq becames a problem. 

Operation of portions o! the reactor system in 

diff erant temperature zones should ~educe metal dus~inq as 

5 . less ot tha reactor syste.J11 is at a temperature conducive ror 

metal dust!nq. Also, other advantages of suc::h a desiqn 

include improved heat transfer etficiencies and t:he abili1:y 

to raduce equipment size be=ause ot the operation o~ 

portions of the system at hi9her temperatures. However, 

10 operating portions of the reactor system at levels below and 

a~cve that conducive for metal dustin; would only minimize, 

not completely avoid, the temperature ranqa at which metal. 

dusting OCCUJ:'s. This is unavoidable because of temperature 

fluctuations which will occtn" durinq day to day operation of 

15 the ref 0J:111in9 raact:or system; particularly fluctuations 

duri:iq shut-down and start-up ot the systam, temperature 

tluctuations dUZ'inq cyclinq,·and temperature fluctuations 

which will cccur as the process fluids are b••ted in the 

raactor systa. 

20 · Another approach to minimizinq metal dustinq relates to 

providi.nc'J heat to the systea using superheated raw materials 

(such as e.g._, hyd%'ogan), thereJ:)y minillliz~ the need to 
. 

heat the hydrocarbOns throuqh furnace walls. 

• Yet another process design approach involves providing 

25 a pre-existing reformin9 reactor system with larqer t:ube 

cliaatars and.Jar hi~her tuba velocities. Usi~ lar9er tuba 

diameters and/or higher tube velocities will minimize the 
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exposure ot the heatinq surf aces in tha reactor sys~em to 

the hydrocarbons. 

As noted accve, catalytic reform.inq i$ wall known in 

tha pa1:roleum indust..""Y and involves the treatment of naphtha 

5 fractions to i~prove octane rating by the production Of' 

uomatic:s. The :more important hydrocarbon react.ions ~hich 

ac::cur durinq the ref ormin; operation inc:lud.e the 

dehyclrogenation of. c:yclohexanes to arcmatics, 

dahydroisomerization o~ alkycyclopentanes to aromatics, and 

10 dehyclrocyclization of acyclic hydrocarbons to aromatics. In 

addition, a number of other :J:"eaetions also occur, incluc:U.ng: 

the daalkylation of al.kylbenzenes, ~somerizat1on ot 

paraffins, and hydrocrackinq reactions which produce liqht 

c;asaous hydrocarbons,- e.g., methane, ethane, propane and 

15 butane, which hydrocrackinq reactions should :be :minimized. 

during retorming as they decrease the yield of gasoline 

bailinq products and hydroqen. Thus, "raforminq0 as usad. 

herein refers to the treatment ot a hydroc:s.rbon teed throuqh 

tba use of one or more aromatics producing reactions in 

20 order to provide an aromatics enriched product (.:£.e., e. 

product whose aromatics c;gntent is greater than in the 

feed). 

While t!ie prQ:ent invention is directed primarily to 

catalytic reforainq, it will be usefui fienerally in the 

25 production ot aromatic hydrocarl>ons from various hydrocarbon 

teedstocks under conditions ot low aultur. That is, while 

catalytic ref ol:lling typically raters to the conversion of 
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naphthas, othe~ teedstocks can be t~eated as well eo provide 

an aromatics enriched praduct. Therefore, while the 

conversion of naph'thas is a preterred _emcodiment, the 

present inveneian can De useful for the conversion or 

5 aromatization of a variety of feeds~ocks suc:h as para~!in 

hydrocarbons, olefin hyd:rccarbana,· acetylene hydrocar.bons, 

cyclic parattin hydrocarbons, cyclic oletin hydrocarbons, 

and mixtures thereof, and particularly saturated 

hydracarbons. 

10 Examples of paraffin hydrocarbons ara those havinq 6 to 

10 carbons sue~ as n-hexane, methylpentane, n•haptane, 

:mathylhexane, dimathylpentane.and n-octane. Examples of 

acetylene hydrocar.bOns are those havin9 & to 10 carbon atoms 

such as hexyne, heptyne and octyne. Examples ot ac:yclic 

15 parattin hydrocarbons are those havinq 6 to 10 car:bon at01mJ 

sueh as methylcyclop~tane, cyclohexane, methylc:yelohexaria 
6 

and dimethylcyclohexane. 'l'ypical examples of cy~lic olefin 

hydrocarbons are those havinq 6 to J.O carbcn atoms such as 

methylcyclopentana, cyclohexena, m&thylcyclohaxana, and 

20 di:olethylcyclohexene. 

The present invention will also be usaful·for reforming 

under low·s~~ur conditions usinq a Var-iaty of differan~ 

~forming catalysts. Such catalys~ includa, but are not 

limited to Nobla Group VIII me~ls. on rafractcry ino:t."'Janic 

25 oxides such as platinum. on alumina, Pt/Sn on alumina and 

Pt/Re on alumina; N=le Group vz:n: :metals on a zeolit:e such 

as Pt, Pt/Sn and Pt/Re en :zeolites suc:h as L-zaclites,. 
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ZSM-5, silicalite and beta; and Nobel Group VIII metals on 

alkali- and alkalina-aartn axc.'ianqed L-zeolitas. 

A pref erred embodiment of the invention involves the 

use of a larqe-pore zaalite catalys~ inclu~in; an alkali or 

5 alkaline ear1:h metal and cnarqed with one or more Group'VIII 

metals. Mos'C preferred i.s the enibodiment where suc:h a 

catalyst is used in reforminq a naphtha feed. 

'.rha tarm 11 lar;a•pore zealite" is indicative generally 

of a zeolita havinq an effective pore diameter of 6 to 15 

10 Angstroms. h'eferable luqe pore crystalline zaolitas which 

~re useful in tha present invention include the typa L 

zeolita, zaolita X, zeolite Y and faujasite. These have 

app~ant pore sizes en the order to 7 to 9 Angs~olll.S. Most 

P.46 

preferal>ly the zeolita is a type L zaolite. ·· 

is The composition ot type L zeolite expressed in terms o~ 

mole ratios of oxides, may ba rapresented by the following 

formula: 

. (0.9-l. 3)M2/10:AL.z~ (5.2-6. 9) Si0J:yH20 

In tha above formula M represents a cation, n represents the 

20 valence of M, and y 111ay be any value from o to about 9. 

Zeotita·L, its X•ray dit!raction patt:ern, its properties, 

and. :saetbod to~ its prepa:tation ara clascribed in detail. in, 

tor example, tr.s. Patent No. 3,216,789 1 the contents of 

which is hereby ;inc::orporated by reference. The actual 

25 . formula :may vary without changinq the crystalline :atruet:ura. 

For exampie, the mole ratio cf silicon to aiUJldnum (Si/Al) 

may vary from i.o to 3.S. 
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~he chemical torz:Lula for zeoli~e Y expressec in te.~s 

of mole ratios of oxides may be written as: 

co. 7-l. l)Na2o:Al20i:xsiei:yH10 

In the &Dove fo?'11lula, x is a value qreater than 3 and up to 

5 a.bout 6. y lDay be a value up to about 9. Zeolita Y has a 

characteristic X-ray powder diffrac~ion pattern whidi may be 

a=plcyed with th.a abova formula fer identification. zeolite 

Y is described in more detail in U.~. Patent No. 3,130,007 

the contents·o~ which is hereby inco~orated by reterenee. 

lO Zaoli~e x is a synthet1c crystalline zeolitic mo1ecular 

sieve which may ~e represented by the tormula: 

(0. 7-1. l)MllaO:Alz~: (2. 0-3. 0) SiOz:yffzO 

In t:h.e above formula, M represents a metal, particularly 

alkali and alkaline earth :metals, n is the Vil.lenc:e ot M, and 

15 y may have any value up 1:0 al:lou't 8 depenc!ing on 1:ha identity 

of M and the d.aqrae ot hydration ot tha crystalline zeolita. 

Zeolita X, its X-ray diffraction pattern, its properties_, 

and method tor its preparation are described in detail in 

. u.s. Patane Ho. 2 1 882~244 the contents of which is hereby 

20 incorpo::catad l:>y reference. 

An alkali or alkaline ear1:h metal is praf ara:bly present 

in the large-pora zaolita. That alkaiina earth metal m.ay be 

either bariUJll; s1%on-cium. er cal.ciu:m, preferably bariwa. The 

alkaline earth metal can be incorpcrat:ed into the zeolite by 

25 syn'thasi.s, impraqna"ti.on or ion exchanq.a. Bari.um is 

pre:ferred to the other alkaline earths because it results in 

a so:matll1hat less acidie catalyst. Strong acidity is 
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undesirable in the catalyst because it promotes c:acking, 

rasultinq in lower sale~ivity. 

In another embodiment, at least part of the alkali 

•a~al can be exchanged with barium usinq known techniques 

5 for ion excbanqe of zaolites. This involves conta.ctinq the 

2aolite with a solution containin9 excess aa••ions. In: this 

eml>odi•ant th• J>arium should preferably constitute frOlll 0.1, 

~o 3St by weigh~ of the zeo1ite. 

The iarge-pora zaolitic catalysts used in the invention 

10 are charqed with Qna or more Group VIII setals, e.g., 

nickel, ru.thenima, rhodium, palladium, iridium o~ platinum. 

Tha preferred Group VIII Meta1s are_iridiUlll and particularly 

platinum. T?iese are more selective with reqard to 

dehydracycli2ation and are also more stable under tha 

15 dahydrocyclizatian reaction conditians than ether Group v:tzz 

:metals. I:t used, the pre~•rred weight. perc:an"ta9e of 

platin\llll in th.a catalyst is batween O.lt and 5%. 

Group VIII metals are introduced into large-pore 

zeolites by synthesis, impreqnation or exchanqe in ar. 

20 aqueous solution a~ appropriate salt.· Whan it is desired ta 

intrac!uca 1:Wo Gz-oup VIII lll8tals into the zeolita, the . . 
operation lllaY be carried out simultaneously or sequentially. 

To o~tain a mare complete understanding ot the prasant 

25 invention, the followinc; examples illustratinq cartaia 

aspects of the invention are set forth. It should ba 

P.47 
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understccd, however, tnat the invention is not limited in 

any way to the specific daeails set forth therein. 

gwr..g 

5 Hiqh-temperatilra stress relief p~ocedures appliecl to 

steel in air durinq const?'Uction Of re!inery reactor and 

furnace systems can produce oxide scales~ such oxide scales 

are reac~ive in carDurizinq environments. Th• tollowinq 

paragraphs examine the scales produced in tYJ;>ical oxidativa 

10 treatments (an hour or two at l6.5oaF in air)"; how these 

scales behave in carl:lurizing enviromnents; and bow the 

scales respond ta direct application of protective tin 

paint. 

~e materials investiqa~ed were sa~ples ot type 347 

15 stainless steel pr-epared by heat traatin9 in air in an 

electric furnace :for one hour at l&so•r.. samp1es were 

treated tor up to 2'5 bours in air in :botlia electric: ancl 

flame-fired furnaces. These materials were examined as 

p.repu-ed in the oxidi2acl state. Additional samples were 

20 exposed to e«rbarizinq conditions in a oench carburiza~!Qn 

apparatus tcr Vll.J:'ious durations of a ~•w hours to one week 

at temperatures from 850'F to l200•F. Other samples were 

painted with ·protective tin paint, cured (re.d'Q.cec!) and · 

examined. Other pratectad samples were exposed to 

25 carburizinq conditions at 1150°F for up to two weeks. 

Petrographic microscopy analysis revealed that the 

oxide scales that fora at high te11peratur• in air can be 
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thick and complex. They typically ccnsist of three lay9rs. 

The cu~e1:Jllost i~ hematite - Fe203; a middle layer is 

maqnetite - FeJ04; the inne%most is fe.."t-X"ocbromite - FeCr204. 

· '?he :maqneeita may- contain some chromium. 'l'be Chromite layer 

S may contain fine,. nickel-rich metal inclusions. In a 

ca:r;-burizi:n9 environment, the oxides larqely :become red.ucecl 

to a fine-qrained porous iron metal deposit Which is 

extremely ra~ctive and coke at temperatures as low as sso•F. 

For t:his reason, oxidized sur~aces can result in serious 

10 cokinq problems. 

A protective coating of, e.r;., tin paint may be 

directly applied upon oxidized steel surfaces. The tin 

reacts with the iron in the oxide scale to ~orm a 

coke-inhibiting layer ot, e.g., iron si:annide on chromium 

15 oxide. It tha scale is not so thic:lc that it completely 

consumes the tin, the remaining tin penetrates the chrOllJJ.um 

oxida layer to ••act with the steel surface. 

The f ollowinq paraqraphs provide a descripti~n of 

various observations made when examining saJllples of 347 

20 stain1ess steel ~hich has baan exposed to oxidizing and./~ 

carburizing atmospheres. These observations are further 

illustrated in Fi~es l.-30. The above and. other 
. . 

observations are illustrated l:telow. 

A 347 stainless steel furnaca tul:Je heat-treated 

25 ·at 1650°F in air tor l hour was Q\lt into 5lllaller pieces 

suita.bla for peuograpb.ic exalftination. A :fresh sample was 

-
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mounted in epoxy resin, q~ound, and polished for examination 

vith petrographic and scanninq electron microscopes. 

Additional samples were tested in a bench carburizatio~ 

apparatus tor various durations at lOOO•F, 102s•F, 1oso•r, 

5 llSO•F, and 12oo•r in an atmosphere of approximately lt 

toluene in 7t propane in hydroqen. These samples were then 

prepared for petrc9raphic microscopy analysis. 

Another sample was tin-passivated using tin paint. The 

:paint was allowed to dry overniqh'C. The sas.ple was then 

10 heated in 4t hydroqen in ni~ogen at 200°F per hour to 950°F 

and. held fa:r: 20 hours. '?his sample was th•n exposed to 1:ba 

carburizinq atmosphe~e for two weeks at 115o•F. After one 

week, the carburization test was momentarily interrupted to 

examine the sample. 

15 Patr~phic microscopy analysis of the fresh, 

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

adherent oxide scales on the air-exposed surf acea 

(Figure 1). At hi~h maqni~ication, a duplex scale 

consisting of a thin inner layer and scattered c:r:ys-eals of 

20 fettochrai1:e and. a thickar outer la.yar at magnetite is 

shown (Figure 2) • The oxide scale shallowly penetrated the 

steel surf aca alonq grain boundaries producing an escalloped 

pattern. 

s~-EDX analyses showed that the steel surface was 

25 depleted in du:omiua and relatively enriched in nickel. 

':rhus, it is believed that the composition would ~e more 
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reactive in the carb~izinq environment an unoxidized normal 

type 347 stainless steel composition. 

The alteration ot t~e composition cf the steel surface 

illust=ates that the oxide scale is enriched in chromium and 

depleted in nickel. 'J.'he wei9ht t af er, Fe and Ni far each 

layer is set for1:h J::ielow. 

Inner Oxide outer oxide 
wt.t (Fecr2o,) (P'e~O,) 

' er 65.0 d.S 

Fe 28.6 91.. 2 

Ni 6.8 l.O 

A sample af this oxidized steal was exposed.for 5 days 

at iooo•F .1.n the car1'grizizlq atmosphe:-e. The sample did not 

coke in this test. 'l'he maqnetite lay•r ot the oxide scale 

was completely altered to porous, fine-qrained iron metai 

(Figures 3 and 4). 

20 The tendency of oxide scales to reduce to fine reactive 

metal in the carburizinq atmcsph•r• is illustratad in 

Figura s. After only five hours at 1150°F, the oxidized 

S\1%'~aces had coked abundantly, whereas the raw steel ~as 

merely sliqhtly tarnished. 

25 A coating of tin paint provided protection aqainst 

· cokin9 and ca:-~ization for two weeks a~ 1150°F on all 

surf aces includinq the oxidized surf aces as shown in 

:riqure 6 .. 

. Similar vigorous coking on oxidized surfaces was . 

30 observed on sa•ples exposed to the carburizinq atmosphere 

-
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tor 2s hours at 1025°F and for 2~ hours a~ 12oo•r (Fiqures 7 

and S). 

A photomicroqraph of a sample exposed to the 

carburizing atmosphere at l200°F (Figure 9) shows not only 

5 t:hat the iron oxide had completely decomposed but that 

pittincJ and car:bUrization atta~ had loca1ly occurred on the· 

underlying stee1 itself. This shows that an oxide s~ale or 

accumulation ot oxide particulates can infect an otherwise 

resistant Stael With a cokinq problem. '!'he raw surfaces ot 

10 this sample were mer•lY tarnished. At hiqh maqni!1cation, 

it is shown that the chrcmiwa-rich oxide persists a~d 

continues to otter some protection to the steel (Figure 10). 

Fiqures 11· ancl 12 show at hiqh maqnif ication how the 

15 tin paint had reacted with the oxidized and raw ~eel 

surfaces, respectively, thl:'ouqh the reduction step. 

Fi~• 11 show• that t:he iron oxide layer had t:hcrouqhly 

reacted with the tin to produce a series of iron stannida 

compounds. 'rh"e layar and ceystals o~ f'arrochrolllite 

20 · })92:'siated under the stannide. SOJU axcaaa ~in ramainad. ·en 

25 

top ot tha stannide. SEM-EDX analysis o~ tha tarrochramite 

9ave: 

' er ss.1 
Fe 30.4 

P.52 

Hi 2.3 
Nb 4.1 
No 0.2 
Sn 6 .. 9 
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On tba raw steel surface (Figure 12), a S11ooth, 

continuous layer of stannide (two phases) a~out 4 ~·· 

thick f ormad. 

Because the stannide had not directly coated 

the steel on the oxic:Uzed sw:tace, it was thouqht 

'that direct application of the protective tin paint 

to an oxidized surtace might not be practical. 

surprisingly, it worked very wall. Even more 

surprisinqly, after two weeks at ll50°F in the 

carburizin9 acnosphere, the stannide layer had 

mii;rated thl:'ouqh the ferroch~omite layer to attack 

the steel surface beneath, resulting in a continuous 

coatinq of stannide directly on the steel 

(!"igures 13, 15 and 15). Most of the ferx-o~omite 

he.cl been reduced to eskolai'ta (Cr20,) •. This 

experilnant also showed that both the eskolaite and 

1:.ha stannide inhibit cckin11. SEM-EDX analysis of 

the eskolaita 9avaz 

t er 73.7 
Fe 7.l 
Hi l.l 
Nb 15.5 
MO 0.0 
sn 9.2 

Figure 14 shows that direct application of tin 

paint ta a rav steel surf ace produces a smooth an4 

~ontinuous stannide cgatinq on the steel. This 

ooating was about 15 µm thick after two weeks in 'the 

P. 53 
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carburizin9 atl3osphere at llSO•F. some differences 

in the thickness of stannide layers on different 

samples was expea:ed. However, most ot the 

variation in thickness on this sample is believed tc 

ba a result of various degrees of reaction ot 

avai-J.able tin with the underlyinq steel (compare 

Fiqure 12)· 

samples of 347 stainless steel furnace tube 

that had ~een heat-treated in air in a 9as-tired 

tur:nace :Cor 2~ hours were examined atter exposure to 

a carburi.zinq atmosphere ot approxi:anately·1' toluene 

in 7% propane in hydrogen for three hours at iosa•p. 

JUiother sample had one oxidized surf ace and f Qur raw 

surfaces painted wit:h a terruginous tin pain~ wi'th 

FezOi - and 't:ha other oxidized surfaca painted with 

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

had baen redu~ed in 50/50 H~ at 950°F. The plain 

tin paint was no~ reduced prior to exposure to the 

carl:nirizing atmosphere. 'l'he sample was then treated. 

in tha carburizing atmosphe~• at 11sa•F for five 

days. 

F~gures 17 and 18 show that the heat treatmen-: 

produced a thicker and mora caaplicated oxide scale 

than tha previous ~reat=ent. The scale averaged 

about: 40 J,UD in thickness •. It consisted of an outer 

layer of hematite - Fez0,1 a middle layer of · 

magnetite - i'e,04 ; an inner lay•~ oi ferrcc..'lromite 
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shot wi~h fine (< l µm grains) nickel-rich metal; 

and a thin, innermost layer ot pure farrochromite. 

'l'he clouds of metal ~ains in tha farrochromite 

layer are believed to be the result.of 

low-temperature decc~position of a WU.Stite-typa 
. 
phase. A chromium depleted, nickel an~ic:had zcne at 

the surf ace of the ste•l in ~his sample was not 

detected as with the oxidized sample. SEM-EDX 

analyses of the oxides qava: 

wt.• Ferrochrolllita Mac;ne~ite Hematite 

Cr 48.2 1.2 0.5 

Fe 44.7 98.G 99.8 

Ni 5.9 0.2 o.o 
Nb o.s o.o o.o 
Mo 0.9 o.s o.o 

The oxidized .surfaces coked profusely after 

only three hours at l050°F (Figure 19). A little 

eokinq also oeeur~ed on aajacent raw surfaces. 

Surprisingly, however, the tin paint ~ovided nearly 

c~lete protection against -coking and carbut'ization 

att•:r :five c!ays at 1150•F. {Fiqure 20). 

The underside of the sample in Figure 20 had 

been painted with plain tin paint. A 

photomiel:ograph (l'i9UZ'e 21) shows that the :resul.ting 

stannide e~~ectively coated and veined the 

ferrocbromite layer, saaiinq orf the reactive 
... 
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nickel-rich metal particles and protectinq the 

underlyin; s~eel. 

The upper side of the sample in Figure 20 had . . 

been painted with a ferruginous vuiety of the ~in 

~aint, which contained 5% tine powdered F~03 • 

Unexpectedly. we have o!:>sez::ved that the presence.of 

some tine-grained ir~n oxide helps the ti.n in the 

paint react with stainless steel, producing thicker 

coatin;s of stannida. 

Figure 22 shows that stannide had effectively 

coated most cf the farrochromite.. However, locally 

the stannide c:oa.tinq was breached exposinq the 

underlyinq tarrochromite and mteel to the 

carJou:rizinCJ atmosphere. Active coat:inq at these 

loaa1ities peeled back scma c~ the protective 

stannide, exposinq more of the steel to attack.~ 

At high maqnificaticn in Figura 23, it is shown 

that the plain tin paint was able to penetrate the 

f~ochromita layer to produce a continuous stannide 

coati:nq directly on the steel. In Figure 24, "it is . 

shown that some stannic!e to:r:med directly on the 

steel ~ur:ace but it is 11Lc:H1~ly spotty and 

cl.iscontinuous. 

The above results show that it is possible to 

directly apply the protective t.in pain1: directly to 

a thick layer of oxide on steel, but it is preferred 

that tha oxide not be so thick that it overwhel'211S 
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the tin in the paint. Thus, it is preferred to 

apply enouqh tin ~o react with the underlyinq steel 

itself. These results also demonstrate that with 

a~undant iron in an oxide scale, it is not nacassary 

to add iron oxide ta tha paint fol'mula. 

A 347 stainless steel furnace tul:>e sample was 

heat treated in air and 'Nz for 2lf hoU%'S in aD 

electric furnace and exposed to a car~~izinq 

atmosphere of approximately l' toluene in ?t prcpane 

i~ hydrogen at 'oo•F for 5 days. 

A fresh, heat-treated staal sample revealed a 

thick, complex oxide scale on th.a air-exposed 

surface (Figures 25 and 27). A nitrogen-exposed 

8UJ:'faca had a trace cf cxide and chloride at~ack 

{Fiqures 26 and 28) and, more curiously, a ten ~m 

edge zone enriched. in sc::attered chromium-rich 

carbide grains. Some car~id.es or possihly nitrides 

al.so occur scattered alonq the surface of the steel. 

Similar c:ar~ides had appeared. in a sample of 

stainless steal haatad in air at 1300•F for 24 

hours. 'l'hesa carbides were attri:buted to reaction 

vit:h c:o_i .. 

A smnple of heat-traatad steal was exposed ~o 

'the carburizing atmosphere at 900°F for ~ive days. 

Some coltinq and dusting was observed on the oxidized 

surface (Fi9UZ"•• 29 and 30). Pigoure JO shows that 

the of.d.c!e was initially reduced to finely porous 
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iron met:al which. t_hen react:ed with the carburiz:inq 

at'l:l.osphera. 

conclusj.gos 

The oxide scales that torm on steels at hi;h 
. 
temperature in air ca.n be thick and complex. '?hey 

typically consist of three layers. Tb.a outermost is 
- . 

hematite - Feio>; a middle laye~ is maqnetite. - Fe3o.; 

the innermost is ferrochromite - FeCr2o,. The 

llla;netite may contain some chromium. The chromite 

layer may contain tine, nickel-rich metal 

inclusions. In a carburizinq env.ronment, the 

oxides lariely ~ecome reduced to tine-grained iron 

metal which is ~emaly raactiva and ·cokes at 

temperatures as low as a5o•F. For this reason, 

oxidized surfaces can result in serious caking 

problems resulting from carburization. 

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

paint directly upon an oxidized steel surface, the 

c:oatin~r reacts with the iron in t:.be cxid.a scale to· 

~orm a CIU:'b~rization inhibitinq layer of iron 

stannide on chromium oxide. If the scale is not so 

_thic:k that it completely c:onsuaes the tin, the 

remaininq tin penetrates the chromium axide layer to 

react: with the atael surlac:e. A continiious layer or 
protective stannide can form on tha steel this way. 

.· 
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While the invention has been described abova in 

terms of preferred embodiments, it is to be 

unders~aod that variations and modifications may be 

used. such variations and modifications to tne 

a~ove·pretarred embodiments which will be readily 

evident t:o those skilled in the art, and which are 

ta ba considered within the scope of the invention 

as defined ~Y the followinq claims. 
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WAT IS ct.A:IMEO ISt 

1. A method for reforming hydrocarbons 

ccmprisin9 (i) t~eatinq a reforming reactor system, 

at least one surfa~e thereof to be exposed to 

hydrocarbons c0lllpr1sinq a metal oxide or metal 

oxides, by coating at least a portion ot tha sur~aca 

of said ref o:rlllini reactor system comprisini the 

metal oxide(s) with a 11U1tarial mcra resistant to 

carburtzation than said portion prior to coatin~, 

reactinq said material with the metal oxide on said 

surfaces and fixatin9 or removin~ at least a pcrt:ion 

of the oxide in said metal oxide from tha reactor 

system, and (ii) ~efo:t'lllinq hydrocarbons in said 

raa~cr system und.er oondi~ians of low suit:ur .. 

2. A method for reformin; hydrocarbons 

acco~ding to Claim 1, wherain said carburizaticn 

resistant material comprises copper, tin, arsenic, 

antimony, biSJDUth, chromium, g-ermanima, indium, 

aalenium, talluriU111 or b~ass. 

· 3. · A •et:hod for ref ondn; hydrocarl:>ons 

accordin9 to C1aim 2, wherein said carburizaeion 

resistant material comprises tin, arsenic, antimony 

or l:>iamut:.h. 
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4. A method for reforming hydrocarbons 

acc:ordinq to Clai:sn. 3, wherein said car.burization' 

re«istant material co•prises tin. 

s. A method for reforminq hydiocarbons 

accordincJ to Claillt 1, wherein said reforming step 

comprises ref ormin9 in the presence of a large-pore 

zeolite catalyst including an alkali or alkaline 

earth me'tal and char'Jed witb. one or more Group VIII 
.. , 

metals. 

6. A method for refor11linC1 hydrccarbons 

according to Cl.aim 5, wherein a naphtha feed is 

contacted with a large-pore zeolite catalyst 

including an alkali or alkalina earth metal and 

charged with one or :inora Group VJ:I'I' metals, and 

wherein at leaat a portion of the reactor system has 

a resistance to ear!:nll:'ization qreater th.an mi1d 

steel under conditions o~ low sulfur. 

1. A Jlethod for rdorminq h~ocarbons 

accord.µig to Claim 1, comprising reforming in a 

reactor system, at least a portion the:t:eof having a 

resistance to carl:>urization c;reater than inild steel, 

under conditions of low sulfur. 
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s. A method for raforminq hydrccar:ons 

accordinq to Claim l, comprisinq reformin; in a 

reactor system, at least a portion theracf havinq a 

resistance to carburization ;r•atar than aluminized 

steels, under conditions qt low sultiir. 

9. A met.hod for reforming hydrocar~ons 

accordinq ~o Claim 1, ~omprisin9 reforlllinq in a 

reactor system, at least a portion thereof having a 

resistance to car~ization qraatar than alloy 

s~aels, under conditions of low sulfur. 

10. A method for retorminq hydrocar~cns 

accorctinc; to Claim 1, ccmprisinq rafonai~q in a 

reactor system under conditions of lCJW sultur, a.t 

least a portion of a furnace tube of the reacto~ 

system in contact ··with tha- hydrocarbons havinq a. 
. . 

resi~tance.~o carburization ;reater than mild 

steels. 

ii. A method fo!:' ~•forming hydrocarbons 

.according to C:lai:m. 1 1 comprising refor:m.inq.in a 

raactor sys-tam under conditions ot low sulfur, at 

least a portion of the reactor system in contact 

with the hydrocarbons being a cu-sn alloy or a cu-s~ 

alley. 
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12. A met.~Qd fQr reforinin9 hydrocarbons 

accordinq ta Claim 1, wherein said material is 

providad. a.s a plat1n~ / cladcUnq, paint or. o'Cher 

coatinq, to a base construction material .. 

13. 'rba method ot Claim 1, wherein the tin 

coatinq is applied ~r electropla~inq, vapor 

deposition, or soaking in a molten bath. 

14. A method for ref o:rmin9 hydrocarbons 

according to Cl•im l, wherein said material is 

effective for retaininq its resistance to 

carbu~ization afte~ oxidation. 

15. A method f cr r.aforl:lling hydrocarbons 

accordin9 to Claim 1, wherein upon ref o~~ said 

resistance is sueh that ambrittlement will be less 

than l.!5 a/year. 

16. A method for protactinq a reactor system 

comprisinq (i) treatinq a reactor system, •t least 

one s~f ace thereof comprising a metal oxide or 

Jletal oxides to be exposed to hydrocarbons, by 

coating a~ least a portion of the surf ace ot said 

raac::tor systa ccmprisinq the metal oxide(•) with a 

material more resistant under reaction conditions to 

carburization than aaid port:!on prior to caating, 
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reactinq said ma~arial with the metal oxide en said 

surf aces and f ixatin9 or removing at laas~ a portion 

of the oxide .in said metal oxide from the react:cr 

system, and (ii) reactinq a hydrocarDon in said 

reactor system under elevated temperatures under 

conditions of low sulfur. 

17. A ~ethod for treatinq a reactor system 

accordinq to Clai111 17, wherein said carburization 

resistant lDZlterial comprises copper, tin, arsepic, 

antimcny, bismuth, chromiU11l, qarmanium, indilllll, 

selenium, tellurium or brass. 

18. A m•thod for treating a reactor system 

according to Claim 1a, wherein said carburization 

resistant ~aterial comprises tin, arsenic, antimony 

or bismuth. 

19. A sathad for reto~~ hydroearbons 

according to Claim 19, wherein·. said carl:>urization. 

resistant material comprises tin, arsenic, antimony 

or binuth. 

20. A Jaethod for re.fo:rmin; hydrocarbons 

ac::eordin9 to·Claim 20, wherein said car~ization 

resistant material comprises tin. 
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21. A method for retorminq hydrocarbons 

accordinq to Claim 17, comprising ra~orminq in· a 

reactor sys~em, at least a portion therecr bavinq a 

resistance to carburiza~ion greater_ than mild steel, 

under condi~ions ot lov sul~ur. 

22. A method tor refo:t'lllinq hydrocarbons 

•=cording to Clai:m 17, comprisinq ~eforminq in a 

reactor sy•telll, at least a portion thereof havinq a 

rasistanca to ear.burization qreater than aluminized 

steels, under conditions of low sulfur. 

23. A method ~or reto:r:ming hydrocarbons 

accorcHnq to claim 17, coinpr1sinc; refo:rminq in a 

reactor system, at least a portion tharaof havinq a 

resistance to carburization ·qreater than alloy 

steels, under conditions of lcw sulfur. 

24. A method for reformin9 hydrocarbons 

according to Claim 17, comprising- refo.niing in a 

reactor system under conditions of low sulfUr, at 

least ~ portion of the reactor system in contact 

with the hydrocarbons beinq a cu-sn alloy or a cu-sb 

alloy. 
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25. A ma'thod for retorminq hydrocarbons 

according to Cl&im 17, wherein said material is 

~rovided as a platin9, claddinq, paint or other 

coating, to a gase construction material. 

26. Tha m.athod of Claim 17, whe•in tha "Cin 

coatin; is applied by electroplatinq, vapor 

deposition, or soakinq in a Molten bath. 

27. A method for ref orminq hydroc~bons 

aecording to Claim 17 1 Wherein said ma~arial is 

effective for ratainin; its resistance to 

carburization attar oxidation. 

28. A mathcd for ref o2:'lltinq hydrocarbons 

accordinq to claim 17, Wherein upon retorminq said 

resistance is such tliat embrittlem.nt will be less 

than 1. 5 .'f!lll./year. 
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