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55 It is accepted that the wire life test is directly related to performance in electrical resistance heating
element applications. The test is also expected to show a relationship to catalyst substrate uses as a
method of evaluating resistance to oxidation at high temperatures and retention of adherent oxides under
thermal cyclic conditions. Normally, flaking of oxide at the point of failure preceded actual failure in the
test. Alumina whiskers were not developed during the wire life testing. As part of the analysis of the data,

.. go heats having a wire life below 80 cycles were considered to be undesirable.
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0.013 5 0.0072 @VU@W 0.0010C20062 50 0.18 Ni  RV9027C 14. 89
6. 55 0.011 QW%@ 49 0054 0.0044 55 60 65 ¢ 091
526 TABLE. 1-16% Ci Healt htinud® Mh P
Si Y Tot jalRiRes25 - 0.0054 0.21
0.i002 10 0.30 0. 41 0/0036 0.006. 0. 009 . 001
0.{33 0.34 0.020 | Rves36, 18 - 0.001 0.003 .32
<g. 001 10 0.022 0%%3537 0.001 - 0. 002 0. 40
0.i020 + 0.020 0.p 0.001 0.001 0.25
0..016 ~ + &5 0. 028Rves40 (. &3 Ti 0{ 001 0.001 0. 27
0..020 + 0.022 0.p3 0.005 0. 005 0.28 -
0..033 + 0.016 © Q. j15vee08 89403 D. 001 . 0.23
0.,001 + 20 0.018 GudAs | 0.002 0. 0007 0.27
0092 0. 018 0.15 0/005 - 0.0p08 0.27
01120 25 0.018 RvV8766. 15 0. 00B 0.0016 0. 21
0820 0.015 0.15 0.J]005 - 0.0p09 0.26
04057 0.013 0.15 | Rv8763 o 10B87 Z 0. 0p04 0. 25 |
0/056 30 Q,0011 0.L%ver0 | 84092 D. 001 0.24
0.J0065 0. 0069 0. 15| 9. 003 0. poos 0.24
0£031 35 0.013 | Rve778. 13 0.18 zr 0. 00B 0. 0015 0. 24
040239, 018 0.32 | ... 0023 0.0p1 . 0. 40
04010 + 0, 012 0. 3p RV8774 100534 0} 002 0: 40
0f014 + 48 0.027 Qvehz | 0.00902023 0.001 0.41
04013 + 0. 024 0.u7 . 023 - D. 001 0.41
0§013 + 45 0.02p Rv8793 (). 48002 Ca. 0| 034 0. 002 q. 41
030299 0. 022 0.43 .Q34_ 0.po2 0.41
040309 0. 0%2 0. 42| RV8797 g.gg‘ézr 0. P02 0. 40
0:0241 50 55 RV8901 0.07 Zr; Nil Ca 0.14 Ni; 0.04 Cu
RV8902 0.07 Zr; Nil Ca | -0.26 Ni; 0.17 Cu
40 ' i
RV8903 0.06 Zr;_Nil Ca 0.50 Ni; 0.17 Cu
L\“ . RV8904 0.06 .Zr; Nil Ca 0.50 lNi; 0.17 Cu
45 RV9027A ) 0.19 Ni; 0.15 Cu; 0.048 Mo
§ RV90278 0.19 Ni; 0.15 Cu; 0.049 Mo
} RV9027C 0.19 Ni; 0.16 Cu; 0.050 Mo
50 .
55
§0
65 .
; 9
|
B R ¥

S



0 091'526 TABLE 1-16% O Heats Continued... Heat No.

i3t abi | i zer Qther 5 _ - RV7458 0.001 Ca
4 18 N RV7517 0.0044 Ca Rv8523 10 RV8536 RV8537 15 :

#5540 0.13 Ti RV8608 0.041 Zr RV8765 20 RV8766 RV8769
07 2r'25 RV8770 0 091 §260 Zr RV8773 0.18 zr
klve774 0.03 Zr 30 RV8792 Q 0.0002 Ca 35
V8797 0.34 zr RV8901 TABLE 857"32’?‘?s ﬁﬂ‘s pinic. 0.14 Ni; 0.04 Cu
f@ve002 = 0.07 zr; NI Ca 0. afmidbrs 0. 17 Cu 40 [RVAQ0Re 0.06 Zr;
81 Ca 0.50 Ni; 0.17 |CuRV8964 9. 06 2r- Nl Ga 9. 50 Ni; 0.17
E2u 45 5 RVEBR7A 173200, 10 Ni; 0.15
b4y 0.048 Mb RV9027B oK 0.19 Ni| fodfs Cuf 0.049 Mo
$/9027C 0.19 Ni; 0.15 Cu; 0.p5 50| 55 60 65 9
ig 091 526 TABLE 1-16% O |Heajis- Covikdd s Ghnd -codfd-SiaRdaS 82/170 Wre
gl fe 5 10 oK
f 173/ 203 OK— ~ Blades 137/ 155 ®&2%4 M xed fine and
o se-fl aked 82/ 170 1CbKG< B,adBI ades N 96/158 146/ 204
5 | OK— — Blades 161/178
OK— — Biades 180/214
Flaked : _ . 51/60 :
b 20 '

Not workable
Not workable

25 OK—

N Not workable 195
Not workable
30
oK : 74174
- oK 193/236
] _ PYE oK - 2417284
OK— 216/246
OK— o 272
40
B OK— 333/374
i A OK— 226/280
45 ' OK Coarse . 1201117
OK— Coarse _ 161/143
OK— Coarse . 193/165
50 -

The heats of Table | are nominally 16% chromium and 5% aluminium alloys. Heats RV7458 and RV7517
are comparative examples and are typical of iron-chromium-aluminium-yttrium alloys that have been
55 considered for catalytic substrates. Heats RV8523 and RV8765 without significant yttrium or rare earth
additions are further comparative examples and showed flaking of the oxide whisker surface and reduced
wire life, Figure 1 is a photomicrograph at 500x magnification of a sample at Heat RV8765 which shows
that the surface oxide had poor adherence and easily flaked off. Figure 2 is a photomicrograph at 5000
magpnification of the same sampie which shows that a whiskered oxide surface was formed, although it was
so nhot adherent.
Heats RV8536, RV8537 RV8640 and RV8608 were melted with additions of lanthanum metal and show
that this element, by itseif, is effective in providing the desired. oxide adherence.
Heats RV8766, RV8769, RV8773 and RV8774 are further comparative examples and all have rare earth
content above 0.05% and all were found to break up during hot working. Heat RV8770 with near optimum
65 cerium and lanthanum content and partial stabilization with zirconium can be hot and cold worked to

. 10



bl

- o),< - Blades L 96/ 158 15 K-
- |Bl ades 161/ 178 OK- - Bl ades :
180/ 214 Fl aked . ' 61/ 60 20 Not workabl e hbt
wor kabl e 25 OB-oQWtsggrkable
195 wor kabl e 30 OK ' 741 74 K

193/ 236 35 produce foil exhlbltmg acceptable prcm'nes Heat RV8792 with lower cerium and lanthanum and
241/ 284 CK_mmgmflcant zirconium stabilization content shows accep(aﬁ %%( I'ﬁ th but marginal wire life.

Heats RVB8793 and RV8797 were melted using a ceri é? i the rare earth addition.
272 40 K- Acceptable whisker growth and wire life were obtained b out zirconium stabilization.

226/ 280 45 Heats RV8901 through RV8904 with relat@ﬂy highaln@imium content and residual element (Ni, Cu, Si, Mn,
120/ 117 Q(_P Sb spndents typical of those obtained inelectric furnacq @1 APRPr@essingokadsan addition of

§93/165 50 ¢ ﬁ;} Qg?%&%” fo o hﬁf%ﬂk@k@i@ﬁ h%ﬁb{cl‘“‘;rfgf{qr?f mifPRpRIe! SR RgAts Al um
I 1oys. Hedt'sy R a2k edsh € Uerd i 5 (8RCL A Sntll ithisOF

I on- chr @gniseries at tedis/ i ddfibe/debr thitAtidubiO¥cSedtdd &tthaavﬁnh%nw SkefPE\oth A6réacksiaRd the
cat al yti ¢ swledife acresases leie aluginRv8 5&BenaisdinéeBe65 W t hout significant yttrium

br rare earth additions are further conparative exanples and showed fl aking
pf the oxi de whi sker surface and reduced wire life. Figure 1 is-a

bhot om cppgraph at 500x magni fication of a sanple at Heat RV8765 which
shows that the surface oxide had poor adherence and easily flaked off.
Figure 2 is a photomicrograph at 5000x ‘magni fication of the same sanple

whi ch shows that a whi skered oxide surface was forned, although it was 60
of adherent. Heats RV8536, RV8537, Rv8540 and ‘Rv8608 were nelted with
gaddi ti ons of | anthanum netal and show that this elenent, by itself, is
‘ective in providing the desired. oxide adherence. Heats RV8766, RV8769,
8773 and RV8774 are further conparative exanples and all have rare earth
ontent above 0.05% and all were found to break up during hot working. Heat
/8770 wft h near opti mum. 65 cerium and | ant hanum content and parti al
tabilization with zirconiumcan be hot and cold worked to 10 0 091 526
rodibet foil exhibiting acceptable properties. Heat RV8792 with | ower
erium and | anthanum and i nsignificant zirconiumstabilization content
?mes acéept abl e whi sker growth but marginal wire life. Heats RV8793 and

8797 were nelted using a ceriumnickel alloy for the rare earth addition.
fAccept abl e whi sker growth and wire life were obtained both with and w thout
zi rconium stabilization.- 5 Heats RV8901 through RV8904 with relatively high
al umi ni udf content and residual element (Ni, Cu, Si, M, P. S) contents
[ ypi cal of those obtained in electric furnace or AOD processing had an
addi ti on of cal ciiumal um ni um made prior to the addition of rare earths in
[ he formof mschnetal. These heats all show acceptabl e whi sker growt h and
ndher enceoand excellent wire life. The rare earth additions to Heats
RV9027A through C were made in the formof mschnmetal. In this -

.

45
50
55

60

‘65
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- series of heats, it can be seen that although acceptabl e, the unlformty
whi sker growt h decreases and the wire life increases as al um nium

pntent is increased. 15 20 25 30 35 40 45 50 55 60 65 0 091 526 TABLE
-21‘V\o_/Cr Heats Heat No. Cr : Al Ce La

RV8442 21. 30 0 0915528 0. 0165 0. 0092
8 0069 RV8767 21. 05 4 . 063 0. 063 0. 025
| ~21.90 5. 77 Tg’g)‘ﬁ.‘b'o?é% & Heats 0.003° _ 0.002 10
©21. 08 Heat No. P 45r Qi 002 e . 00Q5 Ra 0005
- 20. 80 okl 0-046 G- 018 0048 15
5 20. 97 Rvea42 5 B30 $82016| 0.0165 (. ODW92 ~ 0.006806 RV8776
5.63 0. 030 0. 3 0.d 14 8794 20. 90
0.018 | "VEy, ops zos |04 Rys 798 - 1.28 *%° | 566
0.004| Rvs7es 0.021.68V8798 577 21098 0.003 4. P80.002 0. 009
100. 003 25 RV8825A 21. 90 5[ 04 0.016
0091 RV8825B BVB7H0 21.08 5} Q%45 #:001 1 ) 0.0005 9, N0BA90RV8I825C
'5.00 0.0p 0.003813 8849 12
| 0.018 | ™% ob7Mgage S|Py | orsy 1 Zboft D. 010
2002 35 s RE3B49C 2097 21. 4203 0036 15| o0.005 O} 00606
001 RV8867 21.18 5.46 0.010 0.0D3 0. 003
21.1¢ Rv8776 | @b18 9%p1g| 0030 (g 0B9'3 08'4007| 40
21. 20 b. 99 De11 d. 093, B0004| RV8873
RV8794 g0 ) 0.018 8 0o
0 D.67 0.0p 0. %08 ' 0. 009 45} i Rv8898
: 5.77 Rv8795 0. 3021.23 05.6602 RV3BH 0.00421. bZ 0.002 5.76
0. 005 {RV8900 22103 5.70 0. 0p9 : 0. 004
§ RV8910 21. BVE798 25085 498 o (o009 Bo%¥os RvEEIEL
25 2 76 | Rvesagk Ol 2190  10.888 5% o018 0.0d3Y89(12 21. 60
3 . 0. 009 0. 0p2 RV891.: _ 21. 80 5.7p D. 0091
30039 0.004 | Rvss2sB 21.50 500 | 0.011 0.0054
RV8825C 21.35 5.00 0.007 0.0038 .
% RVE849A 21.89 320 | 0018 0.007
RVSB49B | 21.53 3.16 0.010 0.002
35 RV8849C 21.42 315 | 0.006 0.001
3 RV8867 21.18 5.46 0.010 .~ 0.003 0.003
= RV8869 21.10 5.69 0.018 0.005 0.007
s 40 .
% RV8871 21.20 5.50 0.011 0.003 0.004
5 RV8873 21.22 567 0.023 0.008 0.009
% 45 | Rv8sgs 21.81 577 0.007 0.002
_ f | RV8899 21.82 5.76 0.009 0.005
i RV8900 2203 5.70 0.009 10,004
1 RV8910 21.52 582 | 0003 . | 0005
“ RV8911 21.58 576 . 0.011 © 0.003
3 55 RV8912 21.60 578 | 0.009 0.002 |
’f ' RVE913 | 21 80 5.76 00001 | o 0039 0.004
. B RV8945 20.80 645 | 0038 | 0.001
3 : 60 : . . .
RV8946 20.86 ' 6.62 0.024 0.001
RV8947 2083 659 | 0021 | 0001
65 RV8948 - 20.82 6.53 0003 0.039
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o+ e A e Aot AR %

\/8945

. 0.038

20. 80 . 6. 45 0. 001 60 RV8946
0. 86 6.62 . 0.024 - ~0.001 RVB947 - 20. 83 6. 59
d.021 0.001 65 RVAD 491 526 20. 82 6.53
0. 003 0.039 12 0 091 SZQBLI'AIBLEO - Hl% Cr Heats Conti nued. Pr
C \/ Mh - ESI—21 % Cr Heats gpntlnued “Total Re 5 .
. 0017 [0703% - co. 13[ mn 0]002p 0. g02 si 0. 43 Total Ra0] 036
. 006 014 014 0004 0.-0012 Q.26 0.-126
.001 5 |0.0@pg17 | 0.019, 15 0.13 0. pO™.002 (.199016 0.230. 26003 0011
,’flO Ni | 0. .15 0} 006 0. 0001 ' 0.126 0] 003
0. 004 d. of%g"8 0'(6.916 014 0. po5-004 o.‘tf’ggﬁ 0269289126 o (88
i15 0.0020.001 Q. Qa7 0.45 14| o.005 O| OGfoots 0.4406} 0011 0.27
0. 029 0.003 0. 010 0.14 0. 00pb . 0007 0. 27
0. 060 0.002 Nilp. 0Qge»-008 0.4% 0.096 008 0.0001 0. ()0 1%126 0.003 25
0.032 20 Ni| 0.0 0 . 0p2 0.Joq . 23
0.014 Nil 0.26%4 107“““o. 16 2 o.o"o"z?g 4%8b11 s 0. 24""89 ). 15
25 15 0.002 0.d1h9 0. 38| o0.006 O} 0240006 0.442 0.029 2. 00
'0.0251 + 0.025 0. 37 0. 029] - 0.003 3.03 0.0164 +
0. 066 0. 3903 1028 0.14) (2 0.005 P-997 (37108 0089 0. (21
0.41 0. 0364, Op. 28 1.98 0l 025:..+ 0.|0 40
0.036 , 0.0 o8t P | 0B orh 90gs | Covor O10%s | adfa?
0.40 0. 036Nl 0)01001- 0.15 3. 08 0.002 0. 0062 + (. 0£6 0.094 0039
0. 16 0. 005 0001 | 0. 27 0{017 0.0032 Q. 0021
0\;,5 0. oo@\t 00‘6601 0.16 o, p7 0004 o) 03%004H 0.j0%H# | 9008
0.15 0. 006 §901 | 038 0- 26 gozs 0]018,9. 003 ,,0 .
0. 15 2 0. 006 0. 0001 0. 26 0] 043 45 ' %%51 *
0. 012 0.35 0.@25027| 037 0. ()020.029 00.®2 £03009 010164 624
0. 33 0. 024 0. 002 0. 32 0]014 + 0.|0o16 0. 49
0. 026_ ol 001 096833 | 08 013 928 op2 0002 g 139 0.039%%) ¢4
0.002" * 10.39 | 0p8R8 |F 00831 | 00360 18 0.001 O: 40718 0%2903-
0. 36 0.014 + 55 - | 0.033 0./18 7004
0. 002 0. 31 00211 |- 00.8D1 | 0.03. 030 0.001 0.31® oow. 804
0. 001 D. 33 0 8 6D 0,030 " <0.{005
0.003 ** p.oo1i 0. .%30. 0.4, 039 *P 17901 do. ¥ | 9099 o300
0.30 0.030 0.0666 005 o0.0039 O} 00816 Op, 6483 0.00010. 30 027 (. QRA7 + 65
. 0. 019 <0. P05 -{0. 003 0. 003 0.31
0.041 13 0.002 0.0021 0.15 0.006 0.0001 0.27 0.032
i 40 : .
0.001 0.008 - 015 - 0.006 0.0001 0.26 0.019
0.003 0.003 0.15 0.006 0.0001 0.26 0.043
L 0.012 035 | 0027 0.002 0.32 0.009 +
- 0.024 0.33 0.024 0.002 0.32 0.014 +
0.016 0.49 0.026 0.001 0.33 0.013 +
50 : '
- 0.022 0.17 0.004 0.002 '0.39 0.008 +
0.031 018 | 0007 0.002 036 | 0014 +
s5 0.033 - 018 . | 0004 0.002 0.31 0011 +
0.001 0.030 017 | 0004 | 0.001 033 | 0018
0.030 <0.005 . 0.003 0.001 _ 0.30 0.039 +
* 0017 | <0.005 0.003 0.003 030 | 025 +
0.030 . - <0.005 . 0.003 -~ 0.003 0.30 0.022 +
s 0019 | <0005 |- 0.003 0.003" 031 | 0041 +




091 526 TABLE®11-21% COr Heats Continued... Heat No. o Al

La - Nd 5 RV8949 "~ 20.80 6. 56
. 0b2 0. 027 RV8950 20. 82 6. 58 ~0.0005 0.013
V8955 20. 69 5. 79 . 0.023 0. 007 0. 007 RV8956
0. 62 5. 85 0. 048 @'???; og ~ 0.0011 RVB957 - 20.68
: P 0. 0023 0. 028 SHho%E RV8958 |
20059  5.77 © 0. OOFABLE "—2101» O3eats Contingd006 RVB959 20. 84
EH. 83 0. 004 J. 0057 003§ RVSY6U0 20 62 . 5.88
D 0071 0. 0o4gest No. 0.0329 2 I?j§961, &0 gg'e fd73
). 0090 5 0.00%3gvasse |0. @036 RVY8968s 0600. 59 o027 bB.87
. 0045 0. 0029 0.0022 2§ 83 20. 89
£ 32 0.003 Rvesso . 0@e:8711463658 10000 | 0013 5 55 0. 022
D. 009 0. 009 ABLIE 1% O Heat's
bont i nued,, . Pr R0s955 c 2069 5.19 0023 |, 0.00% b6 72
Total Re @vEdB6€ 2069. 005 s5.85 0.d)xa8 0.0010. Ob4ooo11 0.25
23.029 + 35 0. 02( <d. 005 0. 003 0. 003 0.31

k9. 0135 + 0.0025 | RvEsD, (og 2068 | 058%5 | 00038 Q3 0028 | oOGEMS

9. 31 0. 0395 |4y aoce 99131 5 0./027, o 933056 0005 0] 003
b 002 0. 3 0.|0523%. odos 0835 p6 1" 0. 003
ED. 002 0.32 Rvesse 0.[0326.89. 00095.83 . | (n.@@8 000520 053.0033 0. 003
§D. 003 0.31 0.{0366 45 (. 0016 - 0.023, 0. 061 0. 005 -
#Pp. 003 0.33 RV8%00.10208%. 0q10°%8 0. HFF |} 00000 H5P002 | 0. 002
5+ QU 0.31 Rvgoe10-10150680 | 573 0:-[000ge0 0.90592% ‘00035 P- 063
£d. 002 0. 003 0. 32 0.0183 |0. 0003 . 0. 0p2 0. 063
EP. 002 0. 003 Rv8%62 | 0.2829 680097 00.889 | 0.00290.[180.0022 |0.003
). 003 0. 53 0./004 + 55 0.0035 0.015 - 0.40
9. 012 25 (. Q(2XWs3 0.44$9 538424 6°%s5 1@ 000 0b1 526 TPBLE -
r 1- 21{/0/Cr Heat s QOQHsggéed . .1gngat N0.5.55 St @Mz' | ZeT 0.009 0009 heér RV8442
9. 049 Zzr Rv8767 10 RJ8768-RVEIZ71. 0821 RV8772
. 12 zr 15 -~ RV8775 0.022 Zr RVB776 0.11 zr
30 TABLE [1—21% Cr Heats Continued...
Pr c Mn P S ' Si Total Re
0.030 <0.005 0.003 0.004 0.25 0.029 +
35
0.020 <0.005 0.003 0.003 - 031 0.0135 +
0.0025 0.008 ' 0.065 0.003 _ b.002 0.31 0.0395
40 0.0013 .0.027 : 0.056 0.003 0.002 0.32 0.0514
I&\uf ' 0.0008 0.025 0.061 . 0.003 0.002 0.32 0.0316
' 0.0009 0028 | 0057 . 0003 | 0.003 - 0.31 .0.0366
45 : : .
- 0.0016 _0.023 0.061 0.005. 0.003 0.32 © 0.0201
0.0010 0.023 0057 | * 0.002 0.002 031" 0.0150
50 0.0005 . 0.026 ) .0.063 0.002 0.003 0.32 0.0183
0.0003 0.022 1. 0.063 0.002 0.003 0.32 0.0097
0.030 _ - 0.18 © 0.003 0.003 0.53 0.004 +
55 o . .
0.0035 0.015 - - 0.40 0.012 0.002 0.31 0.0425 _

60

65
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g

RV8I794 0. 0002 Ca 20 RV8795 0.003 Zr RV8798
0.37 Zr 25 ' RV88-25A_ . ' 0.03 N ;
0. 015 Cu RvB8825B _ 0.027 ~ Ni; 0.015 Cu Rv8825C
0.03(1)_\Ei; 0. 016 Cu RV8849A .0.091 52624 Ni; 0.017 Cu Rv8849B
0.02 i ; 0.018 Cu 35 ' . 49C 0.61 Nb
0.G27 Ni: 0.019 Cu RV8867 RV8§6§LE46‘%2\/8§’7T“15\1%§“%“

- RV8898 0.07 Zr T3k 16 NI sckbilRd Chi RVBS@ther ). 06 Zr
0.%0 N ; _0. 17 Cu RV8900 -0 08 Zr B—560N——06—%61 Cu 50 RV8910
0.07 Zr RvV8911 ‘0. 06 AV . 0.049 Zr Rv8912 0.07 Zr
RVB913 0. 06 Zr Rv8945 " N 0. 0015 Cal60 RvV8946
0. p035 Ca Rv8947 RV8767 0. 0032 Ca 65 -

948 rva9s0031l Ca 15 0 091 526 TABLE 11-21% Cr
Hept s Contjonued. .. Wi skers Wre lifle 5
Not wor kabl e RVS771 P08/2408/ 481/ 535 K

01811240 10 K _ 217/ 255 {Not wor kabl e 15

O:(? RVeTIz | 0122536/0274 Not workablle OK-
270 20 K RV8775 0.022 Zr 112/ 113 OK-
147/ 181 25 XK

26b/ 211 K RV8776 0.11 Zr 180/ 156 K
133/91 RV8794 00002 Ca
L 2 RV8795 0.003 Zr
e RVE798 | 037 Zr
25 RV8825A 0.03 Ni: 0.015 Cu
_ RVE825B 0.027 Ni; 0.015 Cu
~ RV8825C 0.031 Ni; 0.016 Cu
o RV8849A 0.024 Ni; 0.017 Cu
RVS849B 0.026 Ni; 0.018 Cu
15 RvEs49C | 0.61 Nb- 0.027 Ni; 0.019 Cu
RV8867 '
RV8869 -
0 RVES71
Lf‘” RVE873
L _
i s RVE898 0.07 Zr 0.26 Ni; 0.04 Cu
| RV8899 '6.06 Zr 0.50 Ni; 0.17 Cu
RV8900 | 0.06 Zr | 0.50 Ni; 0.16 Cu
%0 - ' RVE910 | 007 Zr
RVE911 0.06 Zr
. RVE912 | 0.07 Zr
RV8913 0.06 Zr
'RVE945 0.0015 Ca
80 RVE946 0.0035 Ca
. RVE947, 0.0032 Ca
o5 RvB348 0.0031 Ca

15




ok - o | 121/119 OK
164/ 111 35 K

174/ 98 K- o ' : 241/ 147 XK

i 248/ 309 40 K- . 254/ 263 K-
§ 276/ 39 45 ' : - :
H 255/ 306 OK- - . - 091 526 277/ 375 K- -
@ 289/ 337 50 K- " TABLE 1—21% Cr Heats Continued498/ 437 OK-
8 464/ 397 55 - S N
] 455/ 601 OK- Whiskers | a5V o |short rosettes
[§ 195/ 226 g0 OK- Short rosepkes 183/ 185 (K Very short
i§rosettes 295/ 212 65 OK- Very short
@ osettes 218ppwerkate 0 091 5262FABPARYPY- 21% O Heats
i Cont i nued. .. Heat No. oﬁt abi l'i zer _ O heds %0
j§ Rv8949 0. 0031 Ca Rv8950 _ 0. 0021 Ca
4 RV8955 ok0. 0012 Ca 10 ~ 217/285 RVv8955
4 0. 002 Ca RV8956 0. 0025 Ca Rv8957
4 0.0019 Ca 15 Not woriRIi® 58 0. 0021 Ca
B RV8959 0. 01 Co RV8960 - 0.20 Co 20
i 15 OK=- ) 236/274
HRV8961 0.43 Co Rv8962 _ 0.90 Co 25
A X\\B3 0.10 Zr 011563kyot workable 0.24 Ni; 0.0 Cu; 0.02 M;
#0.02 Co; 0.001 Ca 30 TABLE 11-21% Cr Heats Contji nued. ... Whi skers ’
IWre life 35 OK— OK- Very short| roset¥®s
8320/ 264 GR- Very short frosgites | 351/,36R340
Very short rosettes 418/ 375
OK— _ 147/181
25 | oK 265/211
U oK ' 180/156
oK 133/91
30 oK . 1217119
oK : 164/111
35 oK 174/98
OK - 241147
oK _ : 248/309
40 ' :
Ok— 254/263
L/  OK— | 2761239
45 OK— — , - 255/306
Ok— — | 27375
OK— — : .. 289/337
% QK.;_. : 498/437
OK— . 4841397
55 _ ' OK— o 455/601
OK— . - 451/492
OK Short rosettes '195/226
° OK— Shoﬁ rosettes 183/185.
OK Very short rosettes : 295/212
" &5 ' ~ OK— Very short rosettes _ . 216/216

16



O(_

- Very short
428/ 475 OK- - Short
rosettes
290/ 247 55
195/ 209. K- -

heats of Table I

morkable K- V@ry short

206/ 243 45

1414/ 323 K-
264/ 189 50 OK Very short

236/ 292 OK- Very short
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The heats of Table ili are nominally 13% chromium and 4% to 6% aluminium. Heat RV7772 a
65 comparative example was made without rare earth addition and exhibited whisker growth but oxide flaking
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1. A hot workable ferritic stainless steel alloy resistant to thermal cyclic oxidation and scaling at
elevated temperatures and suitable for forming thereon an adherent textured aluminium oxide surface,
- 40 characterized in that the alloy consists of, by weight, 8.0—~25.0% chromium, 3.0-—8.0% aluminium, and an
_ \J " addition of at least 0.002% and up to 0.05% cerium, lanthanum neodymium and/or praseodymium, a total
T e of all rare earths up to 0.060%, up to 4.0% silicon, 0.06% to 1.0% manganese and normal steelmaking
impurities of less than 0.050% carbon, less than 0.050% nitrogen, less than 0.020% oxygen, less than
0.040% phosphorus, less than 0.030% suifur, less than 0.50% copper, less than 1.0% nickel, the sum of
45 calcium and magnesium less than 0.005%, up to
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zirconium to stabilize the alloy, and/or up to
- %C %N
_ 93[ (—) + (——) +0.013]%
55 12 14
niobium for stabilization and elevated creep strength, and the remainder being iron.
2. An alloy according to claim 1, characterized in that the rare earth addition consists of cerium and/or
lanthanum.
60 3. An alloy according to claim 1 or 2, characterized in that the minimum total cerium and/or lanthanum
amounts in the alloy are proportional to the chromium content as expressed by
% Cr
&5 2200
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zirconium to stabilise the alloy, andfor up to
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. niobium for stabilisation and elevated creep strength, the remainder bemg iron,
- 60 producing a ferritic stainless steel -article from the melt; and
I - treating the steel article to form an adherent textured aluminium oxide surface thereon. -
Patentanspriiche

65 " 1. Warmverformbare, ferriﬁsche, nicht-rostende Stahllegierung, .die gegentiber thermischer zyklischer
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bis zu 8,0% Al uni ni umj weni gst ens 1% Cr/22001% ei nm

und/ oder- Lant han, wobei die.Gesant menge -aller Sel tjmuﬁr 050%
betrigt, bis zu30%S|I|C|um 0,10 bis 0,50% Mang rm,@m f

St ahl;her st el | ungs- Ver unr ei ni gungen-ni.t weni ger als @, 030% Ko

weni g\e‘( als 0,030% Stickstoff, weni Qed9tI826), 010% Sauer st of f, weni ger aI S

0, 030% Ph hor weni al s 020% Sctavvefe weni er als 0, 4% Eﬂﬁéer .
veni g ab3 mgﬁe%mgsg% rooiod o e ezl el dod s,
al's 0,003 8gi gen auf Gewicht, besteht aus 8,0—25,0% Chrom, 3,0—8,0% Aluminiu d einem Zu ; 91[

(-) + |-) vorD wWaRigst8ks 18002% und Hid z£i0j0BBNCerMntag, MEyarLhaQdeUPrsdeadinl, ivedbeir &
und/ oders ﬁlesanzmenﬁgllé%ﬁeltene Erggq bis zu 0.981% [fetrfigt.ibig 2u.4,0% SHRIUDDT.8608/Hig 1.0% Manganlind

e g}% I e Tl

Rest 0% Kupfer, weniger als 1 0% Nickel, der Summe von Calcium und Magnesium von weniger

e A6~ G
~~~~~~~~~ * 91l —) 4 (—) +0,0041%
l 1111111 111111 11111 11111 11 11111%) 091 Y26 * c L

* 8. Ver WeiihaN Om&did) Bdgidnfig A tHRisiBRk, NundloBsiasd ans ei nem der vor angehenden
Anspruche zur Herstellung eines oxidati onsbestandi gen, katal yti schen

Substrats. 9. Katalytisches System W&durcheNekennzei chnet, dal 3 es ein
oxi dati onsbesti ndi ges, kat al ytisc?ﬁnL bt Far §eR¥Pe Anspruch 8 unfalit. 5
10. Verfahren zur Herstellung eines rmvertornbaren, ferritischen,
r\eght - T S INGIBORIP sBbbibraing dfd e.gaganumrstameam&c ORT adHekd @edhag, Oxi dat i on

best andi g i s2. uagidrueg mecht Axsptuch @y tiaiudsh Lekemnzeivbat,dddBeddr | Saiéne, ErdineZugs) ensube r
Ver zunder un@{mbeélll-a@hﬂﬂo'?ﬂs{?ht Tenper at uren best andi g |st bESI'tZta dadur C/Eder
Choipit et st e eyl AR R ey
Al unj ni tim e| nem Zusatz von weni gstens &, 602% und bi s zu 0, 05% Cer
Lanth-a’n Neodym und/ oder Praseodym wobe+—di e Gesant nenge all er Sel tene
Erden bis zu 0, 060% betragt, bis zu 4,099 licium 0,06%bis 1,0% Mangan

o AT RS B bl Bty

weni ger als 0,040% Phosphor weni ger als 0,030% ? Schwefel, weniger als
0, 50% Kupfer, weniger als 1,0% Ni ckel , (4Gf%CrBurme von Cal ci um und Magnesi um

von weni ger als 0,005%bis zu % %J—Qg‘—('l"/ﬁ + (-) +0,0041% 12 14
20 Zi rkff‘n um di e Le i erung zu stabilisieren, und/ oder bis zu % 9N 91]
( ) + _ L? hmmdestenselnem dervorangehenden Anspriiche, dadurch gekennigchnet,dafs sig4q
Ni ob Z‘” ELeil RGO 683 v ﬁ%%ﬂ e Alspribhed t
Ei sen i st ,01Uq;. hﬁﬁ te?‘err%?sc en %\I %t @rgteérf]a b;chg%wm]%%hgg{]dsatﬁgﬁdes

au s der 45Sch mlwamverfmdnbare> ferritische, nichBedsndbcstahiiefierurty, dib igeyeaibes thamieBer zykischer

shi | dund@xidatien urfde\eriypdearengdeeherhdrdont Taniperatusen WRis\indio vodrax iAdsbilddhgodiner fdsthefire

da uf * “enden, texturierten Aluminiumoxidoberfliche darauf geeignet ist, dadurch gekennzeichnet, daB die
Legierung, bezogen auf Gewicht, besteht aus 12,0~23,0% Chrom,

45 _ . © {40-%Cr)
: 1%
o 6
bis zu 8,0% Aluminium, wenigstens [% Cr/2200]% eines Zusatzes an Cer und/oder Lanthan, wobei die
-Gesamtmenge aller Seitene Erden bis zu 0,050% betragt, bis zu 3,0% Silicium, 0,10 bis 0,50% Mangan, und
normalen Stahlherstellungs-Verunremlgungen mit weniger ais 0,030% Kohienstoff, weniger als 0,030%
Stickstoff, weniger als 0,010% Sauerstoff, weniger als 0,030% Phosphor, weniger als 0,020% Schwefel,
weniger als 0,4% Kupfer, weniger ais 0,4% Nlckel der Summe von Calcium und Magnesium von wenlger
als 0,003%, bis zu :
55 . . %C %N
9 (—) + (~——) +0,003]%
12 14

50

Zirkon, um die Leglerung u stabmsueren und/oder bls Zu
50 %C . %N
) + (——). +0,0075]%

93
12 14

: 65 Niob zur Stabilisierung unc_! erhéhten Temp_éljatur-Dauerstandfestigkeit, und der Rest Eisen ist.
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i cations 1. Un alliage d' acier inoxydable fe 3 chaud
Lant A | ' oxydation, cyclique thern gque 35 et a‘“llmmWIuEmnﬂm
: atures el evees et sur |equel Beﬂm A2% fornee*une surftace d"oxyde
QI, nium g Wédﬁ%ﬁ@h%ﬁmr@ néchf AMkiEkdnS Coifthh @6r GbkBndehdtlabrd 2GEprGMBSIUBT €
: ds, HeRteBury gifbnsdeE@mdigen kabiiylisdBen dutskrerad ni um et une addition d' au
s 0, 002%. d'tata]vusqeﬂ Ws@ﬂ)@%ucm @bﬁﬂnvwhnquedaﬁamteh‘am@atlﬁéb%@wmkaéQ'Yt@%heﬁie
eodyn@Ubflﬁrﬁt E a&| Ar&er e;es A1 e ornrit)aéi;e%s feorgljtuvhaéﬂt nic! tt-troes en en tghIQthe
U a 54% k..{%%?) atiol Bl LOGHAGHIE tékurfeROiGmint RSk T
' e@eﬂ; \le?z deﬁ.‘ﬂ oﬂt@h ¢émpePéﬁir&$bé§ﬁn@g %Q%It‘ﬂ@ddﬂ&cﬁt@él&amachnﬁvl ns
0 050%ddf$&3$)t/8fahf§ﬂldi‘5$td@n®ln‘m%}d oxygene, noins de 0, 040% de phosphore,
i ns de 0, OBOselite einsr Schmelagp pesishens G‘SSKﬁZﬂ@“dﬁf \ﬁeé"“h'nﬁPTTQs e Chramm, HE—8.0%

i 1 ckel é‘\ % (%%I! dutz (\:rgrl v%enlgraeng 0, B’dé%”{ﬁmg %Eszh UB?‘:"‘/etC@PLanltHgI\, el dﬁ’)dgr ?9§o{9ym,
usqu’ A % QIObEI d lismmenge aller Seltene Erden bis zu 0,060% betrégt, bis zu |C| m, 0,06 1.0%

+§#0, 0041% Irangan und nbfindidd ﬂdhltﬁ&fulutfﬁb-p%ﬁretﬁfga&yeh hﬁmenlge&ild 0 asg‘m Kehibmtbfi, werdger a
-p0 als 0,050% Stickstoff, weniger als 0,020% Sauerstoff, vigfiiger als 0,04084 lglg ph r yvemg(egr l@ls)o ,030%

+o 013196 Behwefel, weniger e 0.60% Kyrieh wasiger #ig 1.8% Afigkpl; ‘éeétst"aﬁ'eé?" i updshiagqesium
| uage aux’°P NFPEral'tPAY%RPERes, 1 e yestantygtant du fer. 2. Un alliage

sel on Ia revendication 1, caract 6 $e—en-ce—queobosdditif des terres rares |
consi ste en ceriumetlou en | anthane123. Un4lliage selon | a revendication
1 ou 2, 2¢aracterise en ce que |l e total mninmmdes quantltes de cerium

et/ ou de Iza’h?’hé.'ﬁ\ed'ﬁérl’%e’f"“gaf‘ﬂ ?‘%fﬂ@'effgt“'ﬁpdﬁfo?'f Pbnnel A la teneur en chrone,
conr ne expr| me par: 50 %N % CR 2200
A—"Un alli age selon | a revendi Catsmm—L) 2 pu—Bﬂ-omaaa]‘ﬁcterl se en ce que les
quantites mninales 65 d'al um ni um GAns I a4 i age sont . basees sur |a

t eneur en chr?rre cgnm&: e l% i e par beL]E %

0 091 526 (4(2 rsﬁuén / r$|t|schen, mht%qstmzrr gg%isb&\d} %d':ﬁg n‘éﬁéﬁ des
Irevendi cat i oRg,dak é?ﬂ: f erﬁﬁﬁ&g Gl AuSEldeRY ﬁer@H&thh en@&ﬂie&ﬁﬂ&ﬂd’lmmsm&%-

Si | it u ury, dberflékheadatduage se? une quel conque des revendications
recedentes, caracterise en ce qu'il contient 0,10 a 0,50% de manganbse. 7.
n al l'i ageﬂﬂfeedi#ﬂéP"si noxydabl e ferritique ouvrable a chaud resistant 6

' oxydati on Y N Lo ritftfue BuvrabRCAInhd AEGetaH X G TREE Blcklus ShefhigYeEES
t sur 3§qafé|lég%lé§ag§elg:mg‘rmu Iféi%&%wg'{eaﬁﬂpdlteﬁé’ emad unb tﬁﬂaéﬁ diRy X Slurhidiim

dh6r ent'e, tekfriseebaticrente, @PacBeasspt ee duedibllidgacmsiste re paidseerd P50 tsle erorhd, 39240 %
e chrone, ddlgm(nﬂlﬁn eﬁm afidigon dau moins 0,002% et jusqu’a 0,05% de cérium, de lanthane, de néodyme -

o) e %3 e e
i

et | ou de,, | ee S ncmém 20980% @bikygéne! AbiRSdeRRUILEES Mieﬂdélﬁs
0, 050% “ugg nﬁf@ Hﬁb:hé & Mm d0 cdilre, 3mbinS 694,008 demitga,1e s@nred dcom‘mn et du

I mpur et es Ragn@luesétale ihferichieeby D,00804, dusad® | ' aci er noi ns de 0, 030% de car bone,
noi ns de 0, 30% 20 d' azote, noins de 0 O%Q/ xygene, noi ns de. 0, 030% de
pposphore, noins de 0,020% de soufge, T %‘PI N8 "ch On @5fgesle cuivre, noins de
0,4% de 4ii ckel, la somme du cal ci um ejf, du meg@gn6si um etant inferieure 3

de zirconium pour stabiliser I’alliage et/ou jusqu’a.

%C %N
)+ ) +0,0131%
12 14

50

93[ ¢

de niobium pourla stablllsatlon et la résistance au fluage aux températures élevées, ie restant étant du fer.
2. Un alliage selon la revendication 1, caracterlsé en ce que I'additif des terres rares consiste en cérium
et/ou en lanthane. -
3. Un alliage selon la revendication 1 ou 2, caractérisé en ce que le total minimum des quantltes de
cérium et/ou de lanthane dans l'alllage est proportnonnel a la teneur en chrome, comme exprimé par:

55 °

pe—_ 0]

%CR

2200

60

4. Un alliage selon la revendication 1, 2 ou 3, caractérisé en ce que les quantutes minimales

g5 d'aluminium dans I'alliage sont basées sur la teneur en chrome comme exprlme par
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0,003% jusqu' 3 %€ 9N 25 91T (-

J([J)S(;Josoggl% 12 14, de.zi 'rcO.m umpour stabil i Sdl“’"ﬂ"‘"“ﬁﬂﬂﬂmm) .

(-) +0,00751% 12 14 de ni obi um-pour | a stabilisaticontet asre~5| st ance
au fl uage aux tenperatures el evées,0109% 826ant 6tant du fer.

Uilisation d un alliage confornmenent ?o—l’ chne quel conque des revend| cat i ons
pr60edent es pour |a production d' un s[u.bs.ﬁt_a.t]%cat al ytique resistant a

| " oxydation. 9. Un systbne catal ytique caracterise en ce qu'il conmprend un
substrat catal ytique r6§| stant A |'oxydation confornmenent 3 la

revendi éaf i én”%f"' s:f'lu Fyse Sueleaagies "‘T"&’H’Pﬁaﬂ‘t!\ér‘"et‘jﬂ‘ea%? EFra914{5% S AUl contient
ferritiqué O%H&usl&%héet AR ovdicafnd drich od Qara B bR AIGRTILE
et ayant - gi§fea s;;n%areem ganasele alumniumtexturisée resistant a ['ecaillage
aux terrperat‘fu!:hwhayleG&aeesnowdnbaderﬁﬂql&@u\eableéc urébigtant l’pwdﬂedevwwplwmaut es
6t apes muftpdieatiage aux teyp vra%élwﬁes@rﬂq«ﬁ @ efre fRam e fieydedalyminiun de
8, 0- 25, 094 Ye PAPTTAS. carapiesv e o5 I VYR A ?ﬂ"‘rﬁ%’ﬁsée ay8ar ?8’?1’%1‘*‘{?"%1)F?1§h’ MB0F et
jusqu' 3 0,05%de cerium de |anthane, @ggoytgodyne eatou de pr aseodyrre un
total de toutes les terres rares pouvihi—attjai ndre 0, 060% jusqu' 3 4, 0% de
silicium O, 06 45 a 1, 0% de nanganese eﬁ comre | mpur et es nor nal es de

f ab t de 0, oy d % d'
o e B s e i S TR
X0 |

soufre, nsunmﬁe ﬂestél 1Y FdBricdtibh B&l' ilno ,080% 63l:arbdna rﬁ&ﬁﬁ&e 180%
al Ci ungyet’atbes, n‘agmeso um'/ed'mgenlenf\mns deuxoaoaa d@plﬁlﬁﬁ%e, Jrio§ té 80266 de soufre, moins
0 de/f4% de cuivre, moins de 0,4% de nickel, la somme du calcium et du quesan ptamt m(engure ]
+0, 0041% %803%. jusau'y4 de zirconium pour stabiliser |'alliage et/ou jusqu' a
55 %C 9N 91[ (-) + (-) +0,0131%4Q %N 14 60 de niobium pour |a
stabiligation et |la résistance awif |-Lage. auxt gopmeat ures el evees, le
restant etant du fer, La production # un artdicle en acier |noxydabl e

ferriMique A partir de | a masse fondue; et Le traitenment de |'article en
aci er pouf® FFPRYEM %Pé‘é%g"'ifhéa“éﬁﬁ?feﬁ%'uaq”o%(yde d' al uni ni um texturi s6e
adherente. 65 28 %C %N
30
93[ (——) + ¢

} +0,0075]%
12 14 :

de niobium pour la stabilisation et ia résistance au fluage aux températures élevées, le restant étant du fer.
35 8. Utilisation d'un alliage conformément & I'une quelconque des revendications précédentes pour la
production d’un substrat catalytique résistant a I"oxydation.
9. Un systéme catalytique caractérisé en ce gu’il comprend un substrat catalytique reslstant a
‘oxydation conformément & la revendication 8.
10. Un procédé pour fabriquer un acier inoxydable ferritique ouvrable a chaud résistant a I'oxydation
4p cyclique thermique et ayant-une surface d’oxyde d'aluminium texturisée résistant a |'écaillage aux
températures élevées, caractérisé en ce que ledit procédé comporte les étapes suivantes:
'\/ La préparation d’'une masse fondue constituée en poids de 8,0—25,0% de chrome, 3,0—8%
' d'aluminium, une addition d’au moins 0,002% et jusqu’a 0,05% de cérium, de lanthane, de néodyme et/ou
de praséodyme, un total de toutes les terres rares pouvant atteindre 0,060%, jusqu’a 4,0% de silicium, 0,06
45 a 1,0% de manganése et comme impuretés normales de fabrication d‘acier moins de 0,050% de carbone,
moins de 0,050% d’azote, moins de 0,020% d’oxygéne, moins de 0,040% de phosphore, moins de 0,030%
de soufre, moins de 0,50% de cuivre, moins de 1,0% de nickel, la somme de calcium et de magnésium étant
inférieure a 0,005%., jusqu’a :

50 - . %C %N
: ' 91 (——} + (—) +0,004]%
12 14 '
~ de zirconium pbur sfabiliser I'alliage et/ou iﬁsqu'é
55 .
%C %N
911 | } + } +0,013]1%
. 12 14

g0 de niobium pour la stabilisation et la résistance au fluage aux températures élevées, le restant étant du fer,
La production d'un article en acier inoxydable ferritique a partir de la masse fondue; et
Le traitement de I’article en acier pour former dessus une surface d'oxyde d'aluminium textunsee
‘adhérente.
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