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NI CKEL CHROM UM ALLOY For high-tenperature processes, the petrochem cal
industry requires materials which are tenperature-resistant as well as
corrosion-resi stance and able to withstand, on one hand, the hot product
gases and, on the other hand, also the hot conbustion gases, for exanple,
from steam crackers. Their tube coils are exposed on the outside to the

oxi di zi ng ni trogen-contai ni ng conbusti on gases havi ng tenperatures of 1100C
and above, as well as in the interior to tenperatures reaching

approxi mately 900C and potentially also high-pressure of a carburizing and
oxi di zi ng atnosphere. As a result, the nitrogen content of the tube
material increases starting NIGKELNEHRAMIUMIALLDY surface and a scal e

| ayer is created in contact with the hot conmbustion gases. The carburi zi ng
- hydrocarbon at nosphere inside the tube carries the risk that carbon ‘

di f f usesFomkighitemperatie plebsés tﬁ@b@trb@hemﬁﬁuﬁ‘ldﬂ&trghéqlﬂﬁishhd@ldl@m%
material to increase, formng fromthe existing carbide M23CO with

i ncr easi ¥§ CMRRIRIUeTesistanh @S uelh 85-Gorasiansresisianasy epd abir & withstands an
results e t r u n
ind conyorS FERASHEShTEIIdRY G355 And; ORGSR TeRar 3RS, B il oo,
mat er i algases, farsxampleideam steamddackess, Theif imepxladineexp@eadaNetheamldGaw ng

a thicknes f r.al ced on th c
Syl o (o PiRERG; nilier-BFisgining. oRBSRAREC 9385 Rl clsbesBtbE Bt an:
alh SO c?Lrsle)omeartdmb@véf asswell als in ?h@ ;]ﬁtbﬁorct@rtleniwa%lréhlﬁe(fchhﬁd'@fbﬁnﬂtem
t her ma nsi on .coefficients of the netallic tube and . the coke |a

Luige t@F‘r‘%’L’s%'§° Pih-ReeseLif.oth carburizing And %G@@Qatmo&k t he
interior tube surface. An increasing anount of hydrocarbons can then enter
the tube material through these cracks. The US patent 5, 306,358 discloses a
ni ckel & enfashiti then natmgﬁp whntemt iof thel tubbl matérial intreaveGstartiog Seomnthehas

up to O, I o 36% 1 % se,
11 con NERRHEE sufiatd ang'S SEER IR s P RrdR farduiff k] PP 368,
zirconi gasesp to 40% cobal t, up to 20% nol ybdenum and tungsten as well as
up to 0.1%yttrium wth the renmai nder being nickel. The German patent 103
02 989 al so describes a nickel chrom um cast alloy suitabl e for tube coils

of crachpg @d?guﬁﬁﬁ '}%Foédﬂﬁ&@%ﬁﬁo%ﬁé}e%sﬂé tHe §0B& %59%@ tA) i f(Cthép%rbon

chromum 0.5 to % iron, 5to 7% alumnum up t icon, upt
0. 2% rradg’&mgetheoefmmdnm smrtub@lmatenab wsing@ther:@sbldasandhnnmwmim up

to 1.5% 4 r th the
e ol JOtmiect el bl SR NGl WL sidteRup iz k. ioe
as nat ecadlonfiich parkdde NjCs. Untaraahstresse restits froas ke yofupiie hgreasatafr thel
with prol gﬂn(?ed life E L The mveation IS tggrefore directed to, a nickel .
chr om uRRRIYES, calged %ﬂ g\feamatiomandispryeeRien &b rarbidenand dbe strength epd
exampl ethelidiingy 6f Hekubg ABtbriaP bR BlsBGeBlicby IO r.mg%dﬂahﬁgtcdk
attained wth a nickel chromumalloy wt 6% car 287to 33%
chr oni ulayen bavingos dhickoess 2f iseveral anillimeters lsuprqducz%m thenintedior sutfacen and

mangane u ach
o funcerels rhBertite, Sherdey 3 pRiRPls i bR BnowrCet the plafiy 2l

ceri um cayse theGtubés 1o Ishkidk ronto ansl coke ldyed dLY o Wewﬁésenwtémidn@xpanabnder -
i ncludin | t - r}d ced nt am nant s -Qbkelng ni_ckel Preferablg/ this alloy
i ncl ude%gefg‘i?@saq’ lt]jedPeﬁaﬁ'ccfb'g‘Sﬁm&’tﬁhﬁrP ellayer, TIvesavsss largq strasses g 1R num
0.01t 0 5
Cant al ooy Comien iR e raeks [FRRIRRIIEY Bh2 shiface. Mo MABhuy difoirt &
Zi rcomlwdroc@rbposcaewqmentemhempbe ma@e@htbmughrmeeeoname 0. 5% nol ybdenum
and 0.001 to 0.1%nitrogen. The alloy according to the invention is
particularly distinguished by its conparatively high contents of chrom um

and ni CFhﬁ U gatent 5,806,858cdisclasoa hiekélestirohilum FORNRABANEH Ys Redldahle
range. the gptional alloy conponents, silicon inproves, the oxidation

and carthn the W15 peacass| and, hagem, ih 8% Hasban s8 ta%?oémrq@wm%ttoo?ﬁéhe
oxi dat i | ol y a 0 I : i zes
t he m::I”tca?‘aflddﬁ1 gdt)a ° "%%ﬁggbtg%e%@fjﬁuérd@hﬁdmywmqfﬁ Q‘?o%s%ﬁ{ 'l"I‘ u_p?g&ﬁ"}d
rupture strength, forns st abl e carbi des and carbonltrldes NIOqum
additionally serves as hardener for solid solutions. Titaniumand tantal um
i nmprove the long-termrupture strength. Finely distributed carbides and
carbonitrides are already fornmed at | ow concentrations. At higher
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Tungsten'inproves the long-termrupture strength. In particular at high
tenperatures, tungsten inproves the strength by a way of a solid solution
har deni ng, because the carbides are partially .dissolved at higher




Overall, the alloy is distinguished by a high oxidation and carburization
stability as well as excellent long-termrupture strength and creep

resi stance. The interior surface of cracker and refornmer tubes is
characterized by a catalytically inert oxide |ayer containing alum num

whi ch prevents the generation of catalytic coke filanents, so-called carbon
nanot ubes. The properties characterizing the naterial are retained al so
after the coke, which inevitably segregates during cracking on the interior
wal | of the tube, has been burned out several tines. Advantageously, the
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respective furnace is heated to its operating tenperature. This
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In addition, in a series of sinulations of a cracking operation, several
tube sections nade of a nickel alloy according to the invention where
inserted in a |aboratory systemto perform heat-up experinents under

di fferent gas atnospheres and different heat-up conditions, followed by a
30-m nute cracking phase at a tenperature of 900C, in order to investigate
and evaluate the initial phase of catal ytic coking, or the tendency for
catalytic coking. The data and the results of these experinments with
sanples of the alloy 11 from Table | are sunmarized in Table Il. They show
that the respective gas atnosphere in conjunction with tenperature contro
according to the invention is associated with a significant reduction of
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the inventTon were heated in water vapor to en each subjected
three tinmes to 72-hour cracking at this tenperature; they were then each
burned out for four hours at 900C. FIG 12 shows the continuous
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addition, how the aluniniun}containing%oxide | ayer covers the material even
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13, the material is protected by a uniform al um num contai ni ng oxi de | ayer
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improve the oxidation stability through an improved adhesion of the protective layer,
thereby positively affecting the long-term rupture strength.

Phosphorous, sulfur, zinc, lead, arsenic, bismuth, tin and tellurium are part of the
impurities and should therefore have the smallest possible concentrations.

Under these conditions, the alloy is particularly suited as a casting material for parts
of petrochemical plants, for example for manufacturing tube coils for cracker and
reformer furnaces, reformer tubes, but also as material for iron ore direct reduction
facilities as well as for similarly stressed components. These include furnace parts,
radiant tubes for heating furnaces, rolls for annealing furnaces, components of
continuous casting and strand casting machines, hoods and sleeves for annealing
furnaces, components of large diesel engines, and molds for catalytic converter

fillings.

Overall, the alloy is distinguished by a high oxidation and carburization stability as
well as excellent long-term rupture strength and creep resistance. The interior
surface of cracker and reformer tubes is characterized by a catalytically inert oxide
layer containing aluminum which prevents the generation of catalytic coke filaments,
so-called carbon nanotubes. The properties characterizing the material are retained
also after the coke, which inevitably segregates during cracking on the interior wall of
the tube, has been burned out several times.

Advantageously, the alloy can be used for producing tubes by centrifugal casting, if
these are drilled out with a contact pressure of 10 to 40 MPa, for example 10 to 25
MPa. Drilling the tubes out causes the tube material to be cold-worked or strain-
hardened in a zone near the surface having depths of, for example, 0.1 to 0.5 mm
due fo the contact pressure. When the tube is heated, the cold worked zone
recrystallizes, producing a very fine-grain structure. The recrystallized structure
improves the diffusion of the oxide-forming elements aluminum and chromium,
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promoting the creation of a continuous layer mostly made of aluminum oxide and

having high density and stability.

The produced firmly adhering aluminum-containing oxide forms a continuous
protective layer of the interior tube wall which is mostly free of catalytically active
centers, for example of nickel or iron, and is still stable even after a prolonged cyclic
thermal stress. Unlike other tube materials without such protective layer, this
aluminum-containing oxide layer prevents oxygen from entering the base material
and thus an interior oxidation of the tube material. In addition, the protective layer
does not only suppress carburization of the tube material, but also corrosion due to
impurities in the process gas. The protective layer is predominantly composed of
Al20; and the mixed oxide (Al, Cr),0; and is largely inert against catalytic coking. It is
depleted of elements which catalyze coking, such as iron and nickel.

Particularly advantageous for the formation of a durable protective oxide layer is heat
treatment which can also be economically performed in situ; it is used to condition,
for example, the interior surface of steam-cracker tubes after installation, when the

respective fumace is heated to its operating temperature.

This conditioning can be performed in form of a heat-up with intermediate isothermal
heat treatments in a furnace atmosphere which is adjusted during heat-up according
to the invention, for example in a weakly oxidizing, water vapor-containing
atmosphere with an oxygen partial pressure of at most 10°%°, preferably at most 10

bar.

An inert gas atmosphere of 0.1 to 10 mole-% water vapor, 7 to 99.9 mole-%
hydrogen or hydrocarbons, severally or in combination, and 0 to 88 mole-% noble
gases are particularly favorable.

The atmosphere during conditioning is preferably comprised of an extremely weakly
oxidizing mixture of water vapor, hydrogen, hydrocarbons and nobel gases with a
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mass ratio selected so that the oxygen partial pressure of the mixture at a
_temperature of 600°C is smaller than 102, preferably smaller than 10 bar.

The initial heat-up of the tube interior after prior mechanical removal of a surface
layer, i.e., the separate heat-up of the generated cold-worked surface zone, is
preferably performed under a very weakly oxidizing inert gas in several phases, each
at a speed of 10 to 100 °C/h initially to 400 to 750°C, preferably approximately 550°C
on the interior tube surface. The heat-up phase is followed by a one-hour to fifty-hour
hold in the described temperature range. The heat-up is performed in the presence of
a water vapor atmosphere, as soon as the temperature has reached a value that
prevents the generation of condensed water. After the hold, the tube is brought to the
operating temperature, for example to 800 to 900°C, thus becoming operational.

However, the tube temperature slowly increases further during the cracking operation
as a result of the deposition of pyrolytic coke, reaching approximately 1000°C and
even 1050°C on the interior surface. At this temperature, the interior layer, which
essentially consists of Al;O; and to a small degree of (Al, Cr),03, is converted from a
transitional oxide, such as y—, 8— or 8-Al,0, into stable a—aluminum oxide.

The tube, with its interior layer mechanically removed, has then reached its operating
state in a multi-step, however preferably single process.

However, the process need not necessarily be performed in a single step, but may
also start with a separate preliminary step. This preliminary step includes the initial
heat-up after removal of the interior surface until a hold at 400 to 750°C. The tube
pretreated in this way can then be further processed, for example at a different
manufacturing site, starting from the cold state in the aforedescribed manner in situy,
i.e., can be brought to the operating temperature after installation.

The aforementioned separate pretreatment, however, is not limited to tubes, but can
also be used for partial or complete conditioning of surface zones of other
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workpieces, which are then further treated commensurate with their structure and
use, either according to the invention or with a different process, however, with a

defined initial state.

The invention will now be described with reference to five exemplary nickel alloys
according to the invention and in comparison with ten conventional nickel alloys
having the composition listed in Table I, which differ in particular from the nickel
chromium iron alloy according to the invention with respect to their carbon content
(alloys 5 and 6), chromium content (alloys 4, 13 and 14), aluminum content (alloys
12, 13), cobalt content (alloys 1, 2), and iron content (alloys 3, 12, 14, 15).

As shown in the diagram of FIG. 1, the alloy 9 according to the invention does not
exhibit any interior oxidation even after more than 200 cycles of 45-minute annealing
at 1150°C in air, whereas the two comparison alloys 12 and 13 already undergo an
increasing weight loss due to the catastrophic oxidation after only a few cycles..

The alloy 9 is also distinguished by a high carburizing stability; because the alloy 9
has, due to its small weight gain, after all three carburizing treatments according to
the diagram of FIG. 2 the smallest weight gain compared to the conventional alloys
12 and 13.

Moreover, the diagrams of FIGS. 3a and 3b show that the long-term rupture strength
of the nickel alloy 11 according to the invention is in an important range still superior
over that of the comparison alloys 12 and 13. The alloy 15, which is not part of the
invention because its iron content is too low, is an exception, having significantly

inferior oxidizing, carburizing and coking stability.

The diagram of FIG. 4 finally shows that the creep resistance of the alloy 11 is
significantly better than that of the comparison alloy 12.
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In addition, in a series of simulations of a cracking operation, several tube sections
made of a nickel alloy according to the invention where inserted in a laboratory
system to perform heat-up experiments under different gas atmospheres and
different heat-up conditions, followed by a 30-minute cracking phase at a temperature
of 900°C, in order to investigate and evaluate the initial phase of catalytic coking, or

the tendency for catalytic coking.

The data and the results of these experiments with samples of the alloy 11 from
Table | are summarized in Table Ii. They show that the respective gas atmosphere in
conjunction with temperature control according to the invention is associated with a
significant reduction of the already low catalytic coking.

Examples of the surface properties of the tube interior of furnace tubes having the
composition of the alloy 8, which is part of the invention, can be seen from FIGS. 5
and 6. FIG. 6 (Experiment 7 in Table IlI) shows the superiority of the surface after
conditioning according to the invention compared to FIG. 5 which relates to a surface
that was not conditioned according to the invention (Table i, Experiment 2).

In the FIGS. 7 (alloy 14) and 8 (invention), regions near the surface are shown in a
metallographic cross-section. The samples were heated to 950°C and then subjected
to 10 cracking cycles of 10 hours each in an atmosphere of water vapor, hydrogen
and hydrocarbons. After each cycle, the sample tubes were burned out for one hour
to remove the coke deposits. The micrograph of FIG. 7 shows in form of dark regions
the large-area and hence also large-volume result of an interior oxidation on the
interior tube side with a conventional nickel chromium cast alloy as compared to the
micrograph of the FIG. 8 of the alloy 9 according to the invention, which virtually did
not experience any interior oxidation, although both samples with subjected in an
identical manner to multiple cyclical treatments of cracking, on one hand, and
removal of the carbon deposits, on the other hand.
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The experiments show that samples from conventional alloys experience strong
interior oxidation on the interior tube side, originating from surface defects. As a
result, small metallic centers with a high nickel content are produced on the interior
tube surface, on which a significant amount of carbon in form of carbon nanotubes is
formed (FIG. 11). ‘

Conversely, Sample 9 from an alloy according to the invention does not exhibit any
nanotubes following the same 10-fold cyclical cracking and thereafter storage in a
coking atmosphere, which is the result of an essentially continuous sealed,
catalytically inert aluminum-containing oxide layer. Conversely, FIG. 11 shows an
REM top view of the conventional sample shown in FIG. 7 in a polished section;
catastrophic oxidation and therefore catastrophic generation of catalytic coke in the
form of carbon nanotubes is here observed due to the missing protective layer.

In a comparison of the diagrams of FIGS. 9 and 10, the stability of the oxide layer on
an alloy according to the invention is particularly clearly demonstrated by the shape
of the aluminum concentration as a function of depth of the marginal zone following
ten cracking phases accompanied by an intermediate phase where the coke deposits
were removed by burning out. Whereas according to the diagram of FIG. 9 the
material is depleted of aluminum in the region near the surface due to the local failure
of the protective cover layer and subsequently strong interior aluminum oxidation, the
aluminum concentration in the diagram of FIG. 10 is still approximately at the initial
level of the cast material. This shows clearly the significance of a continuous, sealed
and in particular firmly adhering interior aluminum-containing oxide layer in the tubes

according to the invention.

The stability of the aluminum-containing oxide layer was also investigated in
extended time tests in a laboratory system under process-like conditions. The
samples of the alloys 9 and 11 according to the invention were heated in water vapor
to 950°C and then each subjected three times to 72-hour cracking at this
temperature; they were then each burned out for four hours at 900°C. FIG. 12 shows
the continuous aluminum-containing oxide layer after the three cracking cycles and in
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addition, how the aluminium-containing oxide layer covers the material even across
chromium carbides in the surface. It can be seen that chromium carbides residing at

the surface are completely covered by the aluminum-containing oxide layer.

As clearly shown in the micrograph of FIG. 13, the material is protected by a uniform
aluminum-containing oxide layer even in disturbed surface regions, where primary
carbides of the basic material have accumulated and which are therefore particularly
susceptible to interior oxidation. As can be seen, oxidized former MC-carbide is

overgrown by aluminum-containing oxide and hence encapsulated.

FIGS. 14 and 15 show in the micrographs of the zone near the surface that interior
oxidation has not occurred even after the extended cyclic time tests, which is a result

of the stable and continuous aluminum-containing oxide layer.

Samples of the alloys 8 to 11 according to the invention were used in these

experiments.

Overall, the nickel chromium iron alloy according to the invention, for example as a
tube material, is differentiated by a high oxidation and corrosion stability, and more
particularly by a high long-term rupture strength and creep resistance, after the
interior surface is removed under mechanical pressure and a subsequent multi-step
in situ heat treatment for conditioning the interior surface.

In particular, the outstanding carburizing stability of the material should be
mentioned, which is caused by rapid formation of a substantially closed and stable
oxide layer or Al,Os-layer, respectively. This layer also substantially suppresses in
steam-cracker and reformer tubes the generation of catalytically active centers
accompanied by risk of catalytic coking. These material properties are still retained
even after large number of significantly prolonged cracking cycles, in conjunction with
burning out the deposited coke.
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u/ 0 1. %WCD WV0O %BWO 990" 0 Tenperature curve during heat-up phase
From 150C to 875C, 50C/ h; 40 h hold at 875C From 150C to 600C, 50C/ h; 40 h
hol d at 600C, from 600C to 875C, 50C/ h; Gas conposition during heat-up
phase 100% air 100% water vapor 70% water vapor 30% net hane 3% wat er
vapor 97%ret hane 3% water vapor 97% net hane (+H2S-shock**) 3% wat er vapor
97% et hane (+H2S-shock**) 3% water vapor 97% ethane 1;sal zl cl

Patent Claims

1. Nickel-chromium alloy with high oxidation and carburization resistance, long-
term rupture strength and creep resistance, comprising:
0.4 to 0.6% carbon
28 to 33% chromium
15 to 25% iron
2 to 6% aluminum
up to 2% silicon
up to 2% manganese
up to 1.5% niobium
up to 1.5% tantalum
up to 1.0% tungsten
up to 1.0% titanium
up to 1.0% zirconium
up to 0.5% yttrium
up to 0.5% cerium
up to 0.5% molybdenum
up to 0.1% nitrogen
remainder nickel with melt-induced impurities.

2. Alloy according to claim 1, comprising severally or in combination
0.4 to 0.6% carbon
28 t0 33 % chromium
17 to 22% iron
3 10 4.5% aluminum
0.01 to 1% silicon
0.01 to 0.5% manganese
0.01 to 1.0% niobium
0.01 to 0.5% tantalum
0.01 to 0.6% tungsten

13



, 91 91 Patent Cains 1. N ckel-chromumalloy with high oxidation and
carburization resistance, longtermrupture strength and creep resistance,
conprising: 0.4 to 0.6% carbon 28 to 33% chromium 15 to 25%iron 2 to 6%
alumnumup to 2% silicon up to 2% manganese up to 1.5% niobiumup to 1.5%
tantalumup to 1. 0% tungsten up to 1.0% titaniumup to 1.0% zirconiumup to
0.5% yttriumup to 0.5%ceriumup to 0.5% nol ybdenum up to 0. 1% ni trogen
remai nder nickel with nelt-induced inpurities. 2. Alloy according to claim
1, conprising severally or in conbination 0.4 to 0.6% carbon 28 to 33 %
chromum 17 to 22%iron 3 to 4.5% alumnum0.01 to 1% silicon 0.01 to 0.5%

manganese 0.01 tg ob10%dE59064RILA, 01 to 0.5%tantal um 0.01 to 0. 6% tungsten
0.001 to 0.5%titani um O.gbigto .3% zirconium 0.001 to 0.3%yttrium 0.001

" to 0.3%cerium 00@01tto 3B sirwinidenum 0. 001 to 0. 1% nitrogen. 3. Method

for at |east partial i,tioning of objects made froman all oy according
toclaiml1l or 2 P}Qﬁa t§3ﬂ$&é’c€9%e by mechani cal renobval with a contact

pressure of 10 t0.009 tdye3% ¢briampsequent heating with a heat-up speed of 10
to 100C h to a tenperature at the surface of 400 to 740C under weak

oxi di zi ng condi t PO S%mplybAgNY@ndensat e formation. 4. Method according

to claim 3, chargeberid &t Mitrd the contact pressure is 15 to 30 MPa. 5.
Met hod according to c?ai m 3 or@' characterized in that the heat-up is

performed under inert gas. 6. Method according to claim3 to 5,
charactgriz ' during.renoval a surface zone @f 0.1 to 0.5 depth
2 col dSior REIoR fol B i vagtd SR ron el OB Sts e Prors haRyApafig | e
by subsequeldtclainnéariig,a botfadegoredby méchdpital esthsvaltwidPa dohtath Pressans
subsequent hfe1aot-u5) R/IO the operating tenperature with a speed of 10 to 100
c h. o to 40 MPa and subsequent heating with a heat-up speed of 10 to 100°C/h

to a temperature at the surface of 400 to 740°C under weak oxidizing conditions

by avoiding condensate formation.

4. Method according to claim 3, characterized in that the contact pressure is 15 to
30 MPa.

5. Method according to claim 3 or 4, characterized in that the heat-up is performed
under inert gas.

6. Method according to claim 3 to 5, characterized in that during removal a surface
zone of 0.1 to 0.5 mm depth is cold-worked.

7. Method according to one of claims 3 to 6, characterized by subsequent
annealing, holding for 1 to 50 hours at 400 to 750°C, and subsequent heat-up to

the operating temperature with a speed of 10 to 100 °C/h.

8. Method according to claim 7, characterized in that the holding temperature is
550 to 650°C.

9. Method according to one of claims 7 to 8, characterized in that the annealing
atmosphere is comprised of a weakly oxidizing mixture of water vapor,

14



8. Method according to claim7, characterized in that the hol ding
tenperature is 550 to 650C. 9. Method according to one of clains 7 to 8,
characterized in that the annealing atnosphere is conprised of a weakly
oxidizing m xture of water vapor, hydrogen, hydrocarbons and nobl e gases
wi th an oxygen partial pressure at 600C bel ow 10.20 bar. 10. Method
according to claim9, characterized by an oxygen partial pressure bel ow
10-3 bar. 11. Method according to one of clainms 3 to 10, characterized in
that the annealing atnosphere is conprised of 0.1 to 10 nol e- % wat er vapor,
7 to 99.9 nol e-% hydrogen and hydrocarbons, severally or in conbination, as

well as Ot =9 V, | Y Qr ol i | e of
an all oy acglalrﬁ ﬁ?%gg"’ f.h 3’ %@é&%ﬁ?@s%ag hgé‘%llsa?oﬁﬁ aiﬂ '?) ())(%ﬁwggﬁgdl 3&:’%%‘%% or
produci ng c#&90°Clhebmw 40?1 Bar.Use of an alloy according to one or nore of the

claims 1 to 11 as a material for petrochem cal plants. 14. Use of an all oy
according to one or nore of the clains 1 to 11 as a nmaterial for tube coils

of crackey. aMethoebetoRing t9 BaRRD, chaRchkeed sy an @i%éﬁbaﬂiﬁb&%s@@r‘é balew
direct reduction plants.  15. Use of an alloy according to one or nore of

the clainms 10tob8% as a material for produci ng furnace parts, radiant tubes
for heating furnaces, rolls for annealing furnaces, conponents of
continuous casting and strand casti ng nachi nes, hoods and sl eeves for
anneal i ig. f Methet acceminmienne affcldiarsge tali1@s eharmuterizes), incthdt thel alsnéaling
catal ytic Cgprﬁlgéﬁheerrefi's Iclo'mn Ss'ed of 0.1 to 10 mole-% water vapor, 7 to 99.9 mole-%
hydrogen and hydrocarbons, severally or in combination, as well as 0 to 88

mole-% noble gases, severally or in combination.

12. Use of an alloy according to one or more of the claims 1 to 11 as a material for
producing cast objects.

13. Use of an alloy according to one or more of the claims 1 to 11 as a material for
petrochemical plants.

14. Use of an alloy according to one or more of the claims 1 to 11 as a material for
tube coils of cracker and reformer furnaces, pre-heaters, reformer tubes and

iron direct reduction plants.

15. Use of an alloy according to one or more of the claims 1 to 11 as a material for
producing furnace parts, radiant tubes for heating furnaces, rolls for annealing
furnaces, components of continuous casting and strand casting machines,
hoods and sleeves for annealing furaces, components of large diesel engines,
and molds for catalytic converter fillings.
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