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REFRACTORY IRON-BASE ALLOY RESISTING T 
HIGH TEMPERATURES ’ 

The present invention is a Continuation-in-Part of 
our United States patent application Ser. No. 78,608 
?led Oct. 6, 1970, now abandoned. 
The present invention has for its object a refractory 

ironbase alloy possessing simultaneously a set of highly 
satisfactory properties at high temperatures comprised 
between 600°C and l,250°C, owing to which the said 
alloy is particularly suitable for the manufacture of 
parts adapted to work at high temperatures, for in 
stance outside or inside reforming and/or cracking fur 
naces, under particularly severe operating conditions. 

The present invention also concerns all articles or el 
ements constituted by the said refractory alloy. 
The parts working outside reforming or cracking fur 

naces are subjected to high temperatures, considerable 
temperature gradients and abrupt coolings, so that the 
alloys known at present, the characteristics of which 
are not sufficiently adapted for such use, do not afford 
sufficiently long working life and limit the performance 
of the said furnaces. 
The refractory alloys usually employed for such pur 

poses are either refractory alloys in the rolled or lami 
nated state, comprising for instance at least 0.08 % of 
carbon, about 32 % of nickel and about 21 % of chro 
mium, or moulded refractory alloys containing for in 
stance about 0.4 % of carbon, about 20 % of nickel and 
about 25 % of chromium, the carbon content of the 
said alloys being generally superior to about 0.20 %. 

All the above-mentioned percentages as well as the 
percentages given in the following description are per 
centages by weight. 
The working conditions of the parts or the form of 

the assemblies composed thereof limits the use of the 
known alloys of the aforesaid type, in the welded state; 
moreover, the creep resistance of these alloys is gener 
ally insufficient. In the particular case of more than 
0.20 %-carbon moulded alloys, which are very sensitive 
to thermal variations, there very frequently occur pre 
mature breakages of the parts made from such alloys. 

The alloy according to the present invention reme 
dies all the aforesaid drawbacks and may be used to 
make parts capable of constituting assemblies of quite 
various forms and of being used under very severe con 
ditions such as those mentioned above in the case of 
the outside of reforming and/or cracking furnaces. 
Thus, in a particular embodiment of the invention, 

the composition of said alloy is more particularly 
adapted to constitute metallic parts to be used on the 
outside of a reforming and/or cracking furnace. 

In another particular embodiment of the alloy ac 
cording to the invention, said alloy is intended to be 
used inside the reforming and/or cracking furnaces 
wherein there exists an oxidizing and ?ame atmosphere 
and a temperature which may reach 1,250°C, on the 
metallic parts used inside the furnace, instead of about 
l,l00°-l,l50°C on the metallic parts used outside the 
furnace, the temperature of the inside metallic parts 
being however more stable than the temperature of the 
outer metallic parts. 
The refractory alloy according to the present inven 

tion possesses simultaneously the following properties: 
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2 
high creep resistance up to l,250°C, 
high resistance to inter-granular oxidation even at 
high temperatures in oxidizing atmospheres, 

a very good general resistance to oxidation up to 
l,250‘~’C for certain speci?c compositions, the said 
resistance being however quite satisfactory up to 
l,l50°C, 

high resistance to thermal shocks, due mainly to suf 
?cient ductility and holding in course of time at 
working temperatures, enabling this alloy to be de 
fonned locally when the said thermal shocks occur, 

good resistance‘to heat stress or fatigue, 
good weldability during the‘ carrying out of any 
known industrial welding processes, 

good aptitude to deformability in the hot state, en 
abling shaping by way of bending ‘without by any 
means worsening the weldability properties or ‘the 
other properties mentionedhereabove. 

The forgeability of ‘the alloy according to the inven 
tion enables to carry out hot shaping of. rough castings 
and to make for instance from the latter forged, lami 
nated or rolled parts or elements. The preservation of 
the main mechanical properties ‘subsequent to hot 
shaping aswell as the preservation of the weldability 
properties enable to construct satisfactory assemblies 
with elementsproceeding from one and the same man 
ufacturing process. 
Said alloys are characterized by the following compo 

sition: 

C ‘0.05 — 0.20 ~ % by weight 
Ni 30 — 40 % do. 
Cr 20 — 30 % do. 
Nb 0.2 - 2 % do. 
N 0.04 — 0.2 % do. 
Mn 0.6 _ 2 % do. 
Si 0.6 - 2 % do. 
Ta 0 — 0.3 % do. 
Ti 0 - l % do. 
Mo 0 — 0.5 % do. 
Al 0 — 0.05 % do. 
Pb 0 - 0.0l % do. 
Sn 0 - 0.0] % do. 
Zn 0 - 0._0l % do. 
Cu 0 — 0.25 % do. 

Other impurities 0 - 0.50 % do. 
Fe complementary percentage 

According to the preferred form of embodiment of 
the present invention, the respective proportions of the 
various elements comply with a basic formula resulting 
in the improvement of at least some of the following 
properties: creep resistance, resistance to thermal 
shocks, resistance to corrosion at high temperatures by 
oxygen, carbon, sulphur or any other corrosive element 
likely to come into contact with the alloy, more partic 
ularly resistance to intergranular oxidation, weldability, 
resistance to ageing, more particularly thermal ageing, 
good aptitude to deformation in the hot state enabling 
the said alloy to be readily shaped by way of bending, 
forging, etc.; such properties allow the alloy to resist at 
best to the contact of the combustion gases, which al 
ways have an oxidizing effect owing to the excess of air 
required for the combustion of the fuel used as a heat 
ing means for the said furnaces. 
The aforesaid basic formula is as follows: 

wherein C %, Ni %, Mn %, N %, Cr %, Nb %, Ta %, Ti 
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%, Si % and Mo % represent respectively the ponderal 
percentage of each cited element. 
Where the respective proportions of the various ele 

ments comply with the aforesaid general composition 
and also with said formula, suitable relative proportions 
for the austenitic and ferritic phases are maintained. In 
the said formula, the elements mentioned on the left 
hand side are austenizing or gamma-producing ele 
ments, whereas the elements in the second member are 
ferritizing or‘ alpha-producing elements; in the case of 
titanium and of molybdenum, the contents of Ti, Ta 
and Mo may be zero as indicated above. 

Preferably, one'manages to have the following for 
mula complied with: A = B i 20 % 
with A = 30 X C % 

By complying with the above-mentioned two formu 
las, maximum stabilization of the austenetic and ferritic 
phases is obtained and intergranular corrosion through 
oxidation at high temperatures, on the order of from 
900° to 1,250°C, is thus completely avoided. 
According to one feature of the present invention, it 

is highly preferable, more particularly for alloys used 
for constituting metallic parts inside reforming and/or 
cracking furnaces, that the silicon proportion be com 
prised between 10 and 1.8 % by weight; indeed, where 
the proportion is less than 1.0 %, resistance to oxida 
tion and recarburization is insufficient above l,l50°C 
and it does not become excellent unless the said pro 
portion is at least on the order of 1.2 %; where the sili 
con proportion is higher than 1.8 % weldability is poor 
and it is preferable that this proportion be at most equal 
to 1.5 % in order that weldability and ductility be excel 
lent; the chromium proportion should be comprised 
preferably between 23 and 30 %, and more advanta 
geously between 24 and 28 % in order to obtain the 
best resistance to oxidation and corrosion without prej~ 
udice to the other properties; the nickel proportion is 
then preferably higher than 33 % to increase the maxi 
mal temperature of use. 

Preferably, the proportion of titanium should be ap 
proximately twice that of the carbon proportion, 
whereas the niobium proportion (in the absence of tan 
talum) should be at least equal to six times the carbon 
proportion in order to maintain adequate creep resis 
tance irrespective of the carbon proportion within the 
said range (0.05-0.20 %). 
Niobium may be partially replaced by tantalum, as 

appears from the preceding formulas corresponding to 
the conditions of maximum stabilization, the propor 
tions in this case being two parts of tantalum for one 
part of niobium; it will be noted that tantalum is gener 
ally present, owing to the fact that the niobium of usual 
grade used generally to form niobium alloys contains a 
certain proportion of tantalum as an impurity. 
Molybdenum is an unharmful impurity provided the 

proportion thereof does not exceed 0.50 %. 
The Applicant has also discovered that certain ele 

ments frequently encountered among the impurities in 
iron, in addition to phosphorous and sulphur, the sum 
of which should be preferably limited to 0.05 %, are 
particularly harmful to some of the desired properties 
of the alloy of the invention; for this reason, the propor 
tions of casual impurities such as aluminium, lead, tin, 
zinc and copper are limited respectively to 0.05 %-0.01 
%-0.01 % - 0.01 % and 0.25 %. The effect of these ele 
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4 
ments is either to reduce cold or hot ductility, or to ren~ 
der hot fonning more difficult or, again, to reduce 
creep resistance or thermal fatigue. 
Ordinary microscope and electronic microscope ex 

‘ amination of raw cast samples of the alloys of the pres 
ent invention reveals an austenitic structure in which 
are ?nely dispersed carbide precipitates of the M23 C6 
type in the form of small rectangular plates, the dimen 
sions of which are for instance on the order of 800A, 
or in the form of ?sh bones, the said structure display 
ing microdislocation regions surrounding the particles 
of thesaid precipitate, appearing in the fonn of long 
bands. The said examinations reveal neither ferrite nor 
carbide of the M 7 C 3 type. 
Micrographic examination reveals that intergranular 

oxidation is considerably reduced as compared with the 
known refractory alloys considered as offeringgood re 
sistance to oxidation in the hot state. 

Forgeability, which is defined as the capability of a 
metal tovbe shaped through plastic deformation in the 
hot state without producing defects, may be deter 
mined in the case of refractory steels: 
by rolling or forging an ingot for the manufacture of ' 
wires 

by bending extruded tubes. 
The steels of the present invention offer the best 

forgeability through rolling or forging under the follow- ' 
ing conditions: 
maximum temperature during the heating 1,200°C 
temperature at the end forging: ? 950°C. 
They offer the best aptitude to defonnation through 

bending under the following conditions: 
heating temperature: 1,050° to l,l00°C 
bending at 2 950°C, preferably from l,050° through 

l,l00°C. 
The refractory alloy according to the present inven 

tion may be in the state of moulded or centrifuged arti 
cles, parts or elements which are apt to be shaped in the 
hot state, as mentioned above, for instance by way of 
bending, forging, lamination or rolling. 
The fact that centrifuged tubes may be bent in the 

hot state while at the same time holding good creep re 
sistance, insensitivity to inter-granular corrosion, resis 
tance to heat stress or fatigue and good weldability, 
renders the alloy of the present invention extremely in 
teresting for speci?c uses in the above-mentioned 
range of temperatures (800°—1,250°C). 
The above experimental results are con?rmed by the 

excellent behaviour of the assemblies or parts made 
from alloys of the present invention, under particularly 
severe conditions (up to 1,250°C in oxidizing atmo 
sphere for long periods of time). 
According to a ?rst embodiment, corresponding to 

an alloy well-adapted to be used in metallic parts out 
side a cracking and/or reforming furnace the composi 
tion is as follows: 

Carbon from 0.10 to 0.15 % by wt 
Nickel from 30 to 35 % do. 
Chromium from 20 to 28 % do. 
Niobium from 0.5 to 1.2 % do. 
Nitrogen from 0.05 to 0.15 % do. 
Manganese from 0.8 to 1.2 % do. 
Silicon from 0.8 to 1.5 % do. 
Tantalum from 0 to 0.3 % do. 
Molybdenum from 0 to 0.5 % do. 
Titanum from 0 to 0.20 % do. 
Aluminum from 0 to 0.05 % do. 
Lead from 0 to 0.01 % do. 
Tin from 0 to 0.01 % do. 
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-Contmued 
Zinc from 0 to 0.01 % do. 
Copper from 0 to 0.25 % do. 
Phosphorous 
+ sulphur < 0.05 ‘70 do. 
Iron complementary percentage 

In fact, for the above-mentioned use, the carbon con 
tent is preferably between 0.10 - 0.15 %, more particu 
larly between 0.10 —'0.l3 % since above 0.13 % the 
ductility may be insufficient and below 10 % the creep 
resistance may be insufficient (with Ni 30-33 %, Cr 
20-23 %). 
According to another embodiment of the present in 

vention, the alloy has the following composition which 
is particularly suitable for constituting parts inside the 
cracking and/or reforming furnaces: 

% 
Cr 23 to 30 by weight 
Ni 30 to 40 do. 
Mn 0.6 to 1.50 do. 
Si 1.0 to 1.8 do. 
N 0.04 to 0.2 do. 
(Nb + 5‘: Ta) 0.5 to 1.3 do. 
Ti 0 to 1.00 do. 
Mo 0 to 0.30 do. 
S + P $ 0.05 do. 

the contents of the other elements complying with the 
general disclosure of the composition of an alloy ac 

I0 
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C ' 0.10 by weight 
Ni 33 do. 
Cr 22 do. 
Si 1 do. 
Nb 1.1 do. 
Mn 1 do. 
N 0.05 do. 
Ti 0.2 do. 
Ta 0 . do. 
Mo 0 do. 

Fe, impurities and other elements within the general 
range of the alloys according to the invention. 

Investigation of creep resistance 
Creep resistance tests have been carried out at tem 

peratures comprised between 750° and 1,150°C during 
periods of time of from 100 to more than 10,000 hours, 
with a view to determining the resistance to rupture as 
a result of creeping of a 0.10 %-carbon nickel 
chromium alloy with no addition of niobium and nitro 
gen in a ?rst case and with simultaneous addition of ni 
obium and nitrogen in a second case. 
From the following table I it is seen that the value of W 

the magnitude characterizing the creep resistance at 
830°C is practically doubled by adding niobium and ni 
trogen, by comparing the centrifuged alloy C according 
to the invention with the centrifuged alloy B similar to 
C but containing neither niobium nor nitrogen. 

Table I 

COMPOSITION Creep resistance 
N° Sample at 830°C 

Ni Cr Nb N 0' R l04h 0' R [05h 

A laminated or rolled 33 21 — — 1.8 hbar 1.1 hbar 
B centrifuged 33 22 — — 2.3 do. 1.5 do. 
C centrifuged 33 22 1.1 0.06 4.5 do 3.1 do. 

cording to the invention. 
More preferably the following more limitative con 

tents are used in said alloy: 
% 

C 0.10 to 0.15 by weight 
Cr 24 to 28 do. 
Ni 33 to 37 do. 
Mn 0 8 to 1.2 do. 
Si 1.2 to 1.5 do. 
(Nb + ‘1% Ta) 0.6 to 1.2 do. 
Ti 0.1 to 0.8 do. 
N 0.05 to 0.15 do. 

Example I 
The following alloy C according to the invention is 

now considered: 

35 

40 

45 

Investigation of resistance to inter-granular oxidation 

Since the effect of the increase in inter-granular oxi 
dation is to reduce the time of rupture during a creep 
test, [the time of rupture and the ultimate elongation of 
samples subjected to creep tests at 850°C have been de 
termined in the following alloys B, C, C’ and C" for 
various values of stress. 
Moreover, a micrographic examination of the broken 

samples has been effected on the one hand to verify the 
absence of intergranular oxidation and on the other 
hand to study the mode of rupture. 
The results are shown in the following tables 11 and 

111. 

Table II 

Creep results at 850°C 
COMPOSITION 

N" Sample Rupture Ultimate 
Stress time elonga‘ 

Ni Cr Nb N I.’ hbar hours tion % 

B centrifuged tube 33 22 — —- 5 54 2.0 
B do. do. do. — — 4 176 1.0 
B do. do. do. — — 3 662 <0.5 
C centrifuged tube 33 22 1.1 0.06 6 718 25 
C’ do. do. do. do. do. 5 2 925 14 
C" moulded element do. do. do. do. 4 4 138 25 

Table III 

COMPOSITION Examination of broken samples 
N° Ni Cr Nb N lntergranular oxidation Mode of rupture 

B 33 22 — — yes intergranular 
without 

deformation 
C 33 22 1.1 0.06 none' transgranular 

subsequent to 
deformation 
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It is ?rst noted that the alloys C, C’ and C" according 
to the present invention, containing niobium and nitro 
gen, have a low carbon-content, of the order of 0.10 %, 
and their ultimate elongation is always at least equal to 
10 %, in contradistinction to the alloys B having the 
same carbon-content but containing neither colum 
bium nor nitrogen. 
More generally, whatever the duration of the arti?c 

ial “ageing” obtained with stress (or creeping) or with 
out stress may be, the alloy according to the invention 
always has an ultimate elongation superior to l0 % as 
shown by numerous tests carried out by the applicant 
at temperatures comprised between 750° and 950°C. 

It should also be noted that the alloy C according to 
the present invention displays no intergranular oxida 
tion in the region of rupture of the samples, in contra 
distinction to the alloy B compared therewith. 

It should also be pointed out that the absence of in 
tergranular oxidation prevents embrittlement of the 
alloy and therefore increases the heat stress or fatigue, 
a fact that appears clearly from the following example. 

Investigation of the heat stress or fatigue 

8 
Examples II and III 

The alloys having the following compositions are par 
ticularly adapted to be used for very prolonged periods 
of time as inner construction parts or elements resisting 

5 to the severe conditions prevailing outside the reform 
ing and/or cracking furnaces, that of Example II at a 
temperature of 800° to l,O00°C and that of Example III 
at a temperature of 1,000° to l,l50°C. 

l0 
% by weight Example ll (*) Example III (*) 

C 0.1 I 0.1 1 
Ni 33 33 
Cr 22 25 
Nb 1.0 1.0 

15 N 0.06 0.06 
Mn 1.0 1.0 
Si 0.9 1.4 
Ti,M0 0 0 
P + S $ 0.05 $ 0.05 

20 (*) the contents of the other elements particularly of impurities comply with the 
general disclosure of the composition of an alloy according to the invention. 

Example IV 
Another alloy according to the present invention has 

the following composition: 
The test carried out consisted in rapidly heating and 25 % 

cooling the edge of triangular-section samples. g 22-10 by sleight 
The values measured or the criteria examined are as N; 33 d8: 

follows: Mn 1 do. 
' ' ~ - - Si 1.5 do. 

1. number of cycles leading to the initiation of a (Nb + % Ta) 12 do‘ 
crack I 30 N 0.10 do. 

2. crack extension rate 8.; go. 
3. nature of crack 5 i P s 0:05 d2: 
The I'CSUItS obtained are SI'lOWl’l Il’l {1'16 following table: Fe and impurities : complementary percentage 

COMPOSITION Initiation Propagation Nature of 
Number of crack 

N” cycles ‘ 
Ni Cr Nb N (l) (2) (3) 

32 22 — — 50/60 3 mm after intergranular 
l00 cycles 

C 33 22 L1 0.06 450/500 0.7 mm after transgranular 
2500 cycles 

An intergranular crack, i.e. a crack extending be- Example V 
tween the grains, IS an indication of brittleness of the 45 Another alloy according to the present invention has 
alloy, whereas a transgranular crack is characteristic of 
good ductility and aptitude to mechanical consolida 
tion; it is thus obvious that the alloy according to the 
invention retains good ductility and good mechanical 
properties subsequent to thermal ageing; otherwise sta 
ted, it therefore o?ers high resistance to heat stress or 
fatigue. 

It is necessary to note that during the above 
mentioned creep or fatigue tests, the samples were sub 
jected to such stresses as to render rupture or cracking 
inevitable, whereas under industrial working conditions 
even as severe as those mentioned above for reforming 
and/or cracking furnaces, the stresses have neither the 

, same intensity nor the same frequency. 
In any case, the aforementioned tests show that the 

behaviour of the alloys B (or A) on the one hand and 
the alloys C according to the present invention, on the 
other hand, are quite different. The said tests reveal the 
favourable in?uence of simultaneous addition of nio 
bium, silicon and nitrogen into an iron-base nickel‘ 
chromium alloy having a low carbon content. 

the following composition: 

50 c 0.i2 by weight 
Cr 25 do. 
Ni 35 do. 
Mn l do. 
Si 15 do. 
(Nb + Va Ta) 0.7 do. 
N 0.08 do. 

55 Ti 0.3 do. 
Mo 0.20 do. 
S + P S 0.05 do. 
Fe and impurities : complementary percentage 

60 
Examples VI to VIII 

Said alloys are particularly adapted to be used for 
constituting inner metallic parts of cracking and/or re 
forming furnaces. 
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‘71 by weight Example V1 Example V11 Example Vlll 
(*1 (*1 (*l 

C 0.08 0.18 0.06 
Ni 30.0 33.5 39.0 
Cr 20.5 29 28.8 
Nb 0.8 1.0 0.35 
N 0.16 0.05 0.04 
Mn 12 2.0 1.8 
Si 0.9 1.8 1.95 
M0 0.2 0.4 0.38 
Ti 0.] 0 0.10 
P + S s 0.05 s 0.05 s 0.05 

(*) the contents of the other elements particularly o1v impurities comply with the 
general disclosure of the composition of an alloy according to the invention. 

Of course the invention is by no means limited to the 
forms of embodiment described and illustrated, which 
have been given by way of example only. In particular, 
it comprises all the means constituting technical equiv 
alents to the means described as well as their combina 
tions, should the latter be carried out according to the 
spirit of the invention. 
What is claimed is: 
1. Refractory iron-base alloy offering high resistance 

to creep, thermal shocks, heat fatigue and intergranular 
oxidation, as well as good weldability, consisting essen 
tially of the following elements in the following weight 
proportions: 

C 0.05 — 0.20 
Ni 30 - 40 
Cr 20 - 30 
Nb 0.2 — 2 

N 0.04 — 0.2 
Mn 0.6 — 2 
Si 0.6 — 2 
Ta 0 — 0.3 
Ti 0 — 1 
Mo 0 — 0.5 
Al 0 — 0.05 
Pb 0 — 001 
Sn 0 — 0.01 
Zn 0 - 0.01 
Cu 0 -— 0.25 

and the balance essentially iron and wherein the weight 
proportions of the aforesaid elements comply with the 
following formulas: 
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10 
2. Alloy according to claim 1 wherein the weight pro 

portion of niobium added to half the weight'proportion 
of tantalum is at least equal to six times the proportion 
of carbon. 

3. Alloy according to claim 1 wherein the weight pro 
portion of titanium is susbstantially twice that of car 
bon. 

4. Alloy according to claim 1 containing the follow 
ing elements in the following weight proportions: 

% 
C 0.10 - 0.15 
Ni 30 — 35 
Cr 20 — 28 

Nb 0.5 — 1.2 

N 0.05 - 0.l5 
Mn 08 — 1.2 
Si 0.8 - 1.5 
P + S 5 0.05 

5. Alloy according to claim 1 containing, by weight, 
0.10 — 0.13 % of carbon, 30 — 33 % of nickel and 20 - 
23 % of chromium. 

6. Alloy according to claim 1 containing the follow 
ing elements in the following weight proportions: 

C 0.05 — 0.20 
Ni 30 - 40 

Cr 23 — 30 

(Nb+1/éTa) 0.5 — 1.3 
N 0.04 - 0.2 
Mn 06 — 1.5 
Si 10 — 1.8 
Ti 0 — 1.0 
MO 0 -— 0.30 

P + S $ 0.05 

7. Alloy according to claim 1 containing the follow 
ing elements in the following weight proportions. 

C 0.10 
Ni 
Cr 
(Nb + 1/2 Ta) 
N 
Mn 
Si 
Ti 
Mo 
P + S 

lllllllllqQ 
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