2215737 NI TROGEN STRENGIHENED Fe-Ni -Cr ALLOY This invention rel ates
gener al Pyt o net al aIons cont ai ni ng.-subst-antial.-amunts of iron, nickel and
chrogi um,and nmore particularly to a carefully bal anced conposition suitable
for Use in 5 ~aggressive environnents at high tenperature. Many people
have attenpted to devel op all oys exhi biting high nmechanical strength, |ow
Creep-rates and good resistance to corrosion at various_tenperatures. In
Uni't eSt at es Patent 3,627,516 10 Bel | ot Er@ 1—1%;55%0” that it was
wel'l known to make all oys haV|ng mechani cal strength and corrosion
‘resistance by including in the alloy about 30%to 35% nickel, 23%to 27%
chrom um and rel atively | ow carbon, manganese, silicon, 15 _phosphor us
and sul phur. Mechani cal properties of this type of alloy were inproved by
addi ng tungsten and mol ybdenwpTRBSENC BTRENGTHENEDUFEORY _CIPReYBY Lhi s alloy
by addi ng ni obi umin a range-of—frommo—26%tto—3—8%cBy— years

| ater 20 in United States Patent 3,758,294 they taught that high
mechani cal strength, |ow creep rate and good corrosion resistance could be

obtained in the same Thpe ahvahkapnbyeilacksdigegetad¥yt ©o8ud¥ani obi um 0.3%

to 4.5% tungsten.and 0.02%to 0.25% nitrogen by 25 wei ght. 1
alloys containing substantial amounts of iron,

nickel and chromium and more particularly to a
carefully balanced composition suitable for use in
5 aggressive environments at high temperatdre.

Hany people have attempted to develop alloys
exhibiting high mechanical strength, low creep
rates and good resistance to cnrr031on at various
.temperatures. In United States Patent 3,627,516

10 Bellot and Hugo report that it was well known to
make alloyn having mechanical strength and
corrosion resistance by including in the alloy
abqut 30% to 35% nickel, 23% to 27% chromium and

¥¢f relatively low carbon, manganése, silicon,

15 pPhosphorus and sulphur. Mechanical properties of
thié type of alloy were improved by'adding
tungsten and molybdenum. Bellot and Hugo further
improved this alloy by adding niobium in a range
of from 0.20% to 3.0% by'ueight. Tuwo years later

20 in United States Patent 3,758,294 they taught that
high mechanical strength, low creep rate and.good
corrosion resistance could be obtained in the same
type of alloy by including 1.0%.to 8.0% niobium, 0.3%
to 4.5% tungsten and 0.02% to 0.25% nitrogen by

25 weight.

et



Both patents teach a carbon content of the alloy in the range 0.05%to o
'0.85% Bellot and Hugo appear to have no concern about the hot workabislity
and fabricability of their 5 alloys. It is well known that carbons
contents in excess of 0.20%greatly inpair hot workability and
fabricability. Many of the alloys disclosed by Bellot and Hugo have nore
than 0.20% car Borh Faeentai teach hotsrbbri coptérttss remsli{E1gpout 0.40%
carbon. 10 Because of these high carbon | evels such alloys are o
~difficult to hov wWoekrahghbrOoc@d® vo 0efd%r. In United States Patent
3,627,516 Bell ot and Hugo attenpt to avoid the use of expensive alloying
el ements such as tubgbieh ard Fwg9bLakpear 150 have ne ¢ompremwre nechani cal
properties by ing 0.20%to 3.0% niobium But in United States Patent

3,758,294 they? ‘g%r"‘r_? gt iEeTkabbli by and r £aer feabt bi vt dveGimh
of ol o and FhEETFs Rt FuRGE CHESYR HERGH CaTRRBFRITATTS Hocesoary to
ey cnsC" kS8 10! 0. BFELEE) e AN AN Y B
I R T LRt B EET
. tenperatures. addeHWEE® Wive more than 0.20% carbon. The claims of
' " both their patents require about 0.40% carbon.
10 - Because of these high c#rbon leveis such alloys are

-difficult to hot work, fabricate or repair.

© In United States Patent 3,627,516 Bellot and

Hugo attempt to avoid the use of expensive

alloying elements such as tungsten and molybdenunm
15 . to improve mechanical propgrties by adding 0.20%
| to 3.0% niobium. But in United States Patent

3,758,294 they later find thatltungsten is

required to achieve high weldabilify and easy

resistance to carburization; Thus, the teaching ;)
20 of Bellot and Hugo is that tungsten althéugh
expensive is necessary‘to achieve high weldability
in a corrosion resistant alloy. |

Carbon and tungéten as well as other solid

solution strengtheners such as molybdenum are used
25 in alloys of the Ni-Cr-Fe family having génerally

about 15 to 45% nickel and 15 to 30% chrqmium to

provide strength at high temperatures. The use of

substantial amounts of carbon and solid soclution

strengtheners adversely affect thermal stability,

2




substantial anounts aof carbon and solid solution strengtheners adversely
affect thermal stability, 2 reduce resistance to thermal cycling and
usualyg y raise the cost of the product excessively. Precipitation hardening
is normally either limted to relatively |ow tenperature strength 5

or overent s of RS S AhSG eSSl VDN T ohP LR Y

probl efs. In addition to these strength cO € drt al I oys of

this a1y haveQnley dNCTREa &3 hEY Y Iaie LA Gedgqr essi ve hi gh

tenperature environnents such as 10 t hose contai ni ng hydrocarbons, 0,

[err] and sul plrfe GPIRANGH hBIALH 19Tl nBFHANIYN eliharFa1bistea al | oy
havi ng 1 nproved nechani cal properties and i nproved hot workability through
the addition of t» Yelatqarediyulllow caenpediataseasmpengdh ni trogen and the
provi sion of nitrogen, col unbium and carbon within a defined relationship.
Pref erabl y,> col umpremveirentcded thast assaicliateidn thedaalt stpbsducy conpl ex.
carbonitride conpound particles which formwhile the 20 alloy is in
servi ce, and pr &hdt £ adhrigadrildiivn@robdiemshi uhnaledditiepesoe$hrBSer ogen
solubility in the all.oy, which allows for a higher | evel of nitrogen to be
i ncl uded in t he SiNeRgthy opnSideriagion syt PEigrhart alloys of this

family have only average corrosion resistance to
aggressive high temperature environments such as
(o 10  those containing hydrocarbons, CO, €Oz and sulphur
compounds. '
The present invention is a Fe-Ni-Cr alioy
having improved mechanical properties and improved
hot uworkability through the addition of a
15  carefully controlled amount of nitrogen and the
provision.of nitrogen, columbjum and carbon within
a defined relationship. Preferably, columbium is
added to the alloy in order to produce complex
carbonitride compound particles which form while the
20 alloy is in service, and promote strengthéning.
Columbium also increases nitrogen solubility 1ﬁ the
alloy, which allows for a higher level of nitrogen to
be included in the alloy to yield higher stfength.
The presence of stronger nitride formers, such as
25 aluminium and zirconium is limited to avoid excessive
initial coarse nitride formation during alloy

manufacture and consequent loss of strength. Chromium



The presence of stronger nitride forners, such as 25: . al,um ni um and
zirconiumis limted to avoid excessive initial coarse nitride formatton
during all oy manufacture and consequent |oss of strength. Chromum3 _ ks
present at levels of at |east 12%to provide for both adequate oxidation
resi stance and adequate nitrogen solubility. Accordingly the present

I nvention provides a 5 - metal alloy conprised of, in weight percent.-30%,
to 45% ni ckelis pPeent38% tavelBuof at lLeast 0% ©b Prdd¥ade PLoP% col unsFum
0.2%to 4.0% tantal um and 0.05%to 1.0% vanadium up to 0.20% carbon, 0.05%
to 0.50% ni t boghnadequatiei ckbdadioni resishanpet and. 24eawaitehe 10 bal.ance
being iron plus inpurities and wherein (C+tN)F is greater than 0.14% and '
| ess than 0.2885P8eR] SB_Rh4l4E¥ined as [err] = C+N' - [err] The alloy may

- al so conpri se nnlﬁbden ungsten at a conbi ned wei ght percent of

m and 15 t

2.0 - 12 In the BPESEALRELY tBe REPEANT,LAUSREIPE PTARIA®EM i n the al | oy,
a veryesmall _a nt.of titaniumw |l have beneficial sire heni ng effects
(not o%er_o.ﬁﬁg§¥i }?%YIfggﬁrgﬁ?&L%kadg%d"ﬁ 8?% §?fﬁ%?%‘o%§%n?%e oxi dati on
20 . resistg ﬁeff99$?yeizx5£6e?ﬂk“cﬁf@ﬂ?uﬂffa99i§§9{yoﬂyeéfaépﬂi 1% si. So
two classes of alloy are possible: up

to 2.0% columbium, 0.2X to 4.0X% tantalum and 0.05% to

1.0% Qanadium, up to 0.20% carbon, 0.05% to 0.50%

nitrogen, an addition of t?tani&m up to 0.2%¥ and the ' ;J

10 .balance being iron plus impurities and wherein (C+N)F
is greater than 0.14% and less than 0.29% (C+N)r being

defined as

(C+N)» = C+N - Cb - V - Ta. - Ti.
‘9 ‘4.5 18 3.5

The alloy may also comprise molybdenum and
15 tungsten at a combined weight percent-of 2.0 —'12.
In the presenée of columbium, vanadium or tantalum
in the alloy, a very smali amount of titanium will have
beneficial strengthening effects (not over 0.20% Ti). ';)
Silicon may bde added up to 3.0% to optimize oxidation -
20 resistance, howevér, strength drops off markedly over
about 1% Si. So two classes of alloy are possible: up
to 1% Si has excellent strength and 1%-3% Si has lower

strength but better oxidation resistance.



to 1% Si has excellent strength and 1% 3% Si has | ower strength but better

oxi dati o resistance. 4 The present alloy is a Fe-Ni -Cr all oy having

30% 45% ni ckel and 12%to 32% chromium More particularly the conposition
should fall within these ranges: 5 : Ni -

30%to 45% Cr - 12% to 32% Cb -

0.10 t0 2.0% (nmin. 9 x carbon content) 10 Ti

- Ahaddi ti on up to 0.20% max Si - Up to 3% nax N

- 0.05 to O 50% - 0] % : .
M | _ﬁhe Eﬁe?gng.%ag%%xiija FeOND20F 0a 1 4P ﬂ%&inng o 1. 0%
max M/ W 30%-45% nickelah® P2uNBX B2% chromium. MHore - Up to

0. 02% max Zr - Up to 0. 2% max 20 Co

- -Up to 5% napadtitalatky Rl compositionpshéwld. 1294 Mo ench thieedial ance
iron and typical inpurities The invention also provides a netal alloy

ranges:
Ni - 30% to 45%
Cr - 12% to 32%
Cv . - 0.10 to 2.0%
{min. 9 X carbon
content)
10 Ti ~ An addition
up to 0.20% max
Kﬁz - 81 - Up. to 3% max
> - N - 0.05 to 0.50%
' c -~ 0.02 to 0.20%
15 Mn - Up to 2.0% max
' Al - Up to 1.0% max
Mo/W - Up to 5% max
B - - Up to 0.02% max
Zr ) - Up to 0.2% max
20 Co - Up to 5% max
Y, La, Ce, REH - Up to 0O.1% max

and the balance iron and typical impurities
The invention also provides a metal alloy
comprised of in weight percent 30% tn 42% nickel, 20%
25 to 32% chromium, at least one of 0.2% to 1.0%
columﬁium. 0.2% to 4.0% tantalum; and 0.05% to 1.0%
vanadium, up to 0.2% carbon, 0.05% to 0.50% nitrngen,
an addition of titanium up to 6.2% and the balance
being iron plus impurities wherein (CtN)» is greater
. 30 than 0.14% and less than 0.28%, (C+N)r being defined
as

(C+N)g =C-Cb - V ~ Ta + N - Ti.

The alloy may further include at least one of, up
to 1% aluminium, up to 3% silicon, up to 2.0%

35 manganese, up



conprised of in weight percent 30%to 42@6n|ckel 20% 25 to 32%

chrom um at |east one of 0.2%to 1.0% col unbium 0.2%to 4.0%tantal em

and 0.05%to 1.0% vanadium up to 0.2% carbon, 0.05%to 0.50% nitrogen, an
addition of titaniumup to 0.2%and the bal ance being iron plus inpuritié€s
wherein [err] is greater 30 than 0.14% and | ess than 0.29% [err] being
defined as [err] The alloy may further include at |east one of, up to 1%
“aluminium up to 3%silicon, up to 2.0% 35 manganese, up 5 0. 029

boron, up to 0.2% zirconium up to 5.0%cobalt, up to 2.0%total nolybdenum-

plus tungst &g, 684l Higrd R, Cup %88 % 2x 2 d¥delud arﬁé}}a@: @GPl AN ot her

rare earth neta n yet ano er for oy may ‘conpri se at

L east _one ofy Sg'pt& $%%! 481 4 %1%4&%&0% Ol%aﬂgmmn@ B5%d 0 1. O

“silicon,. Yoto 1.2% nmanganese, up to 5% boron and up to O 1% total
yttrium Iarmhmumwerymﬁml Ordrethamie, edrfunlGind e Tarkhe nitrogen:

in the alloy acts as a solid solution strengthener and al so precipitates as
nltrldes|lweartM(n§tsls,further st rengt heni ng
5 ' In yet another form the alloy may comprise at
least one of up 0.5% aluminium, 0.01% to O. 1%

~ titanium, 0.25% to 1.0X silicon, 0.35% to 1.2%

C)

manganese, up to 0.015% boron and up to 0.1% total
yttriunm, lanthanum..cerium and other rare earth
10 metals.

The nitrogen in the alloy acts as a solid
solution strengthener and also precipitates as
nitrides in serv1ce'$s a further strengthening
nmechanism. The prior art involves alloys with

15 generally less than enough nickel io provide a stable
austenitic matrix when subjected to long term thermal
ageing in serv1cé-at elevated temperature. Nitrogen _ -
acts to stabilize austenitic structure, but if nickel
is less than 25%, once nitrides are precipitated

20 during service exposure at greater than 537.8°C
(1000°F), the matrix is depleted in nitrogen, and .

.alloys are prone to embrittlement from sigma phase
.precipitation. To avoid this, our alloys contain at

least 30% Ni.

5a

.



mechani spm The prior art  involves alloys with 15 generally less than
enough nickel to provide a stable austenitic matri x when subjected to | ong
termd hermal ageing in service at elevated tenperature. Nitrogen acts to
stabilize austenitic structure, but if nickel is |less than 25% once
nitrides are precipitated 20 during service exposure at greater than
[err]-{[err]), the matrix is depleted in nitrogen, and alloys are prone to
enbrit™ement from sigm 'g?se precipitation. To avoid this, our alloys
contain at |east 30%‘% .1£ nown thad Hdan Yt h i%heniPfieseRcen@fpr esence of

Nt de part; o UVEGREE o R adon-hareiating Ml eakor actur e and 5
contribute litt lﬁ&e@’@adnslee,l %Voaatres‘iepttei urneiﬁ,ti_r nq:ge}tii%li rvice. The

;
exclusion of titaniumfromthis type §$$g| oy "avoi ds pl'eéti6n of nitrogen

from the soli d yoladd of) ibAdele ISR WINGY ol rdRRRrR0paly OVi do

optimm 10 strengthening. W have found that in the presence of
col unbi um S/anadigierarbdsEtialuvne RdwdR d ledevad ege e mPEFalt ud@ount of

titaniumw || have beneficial strengthening effects as long as there is not
nmore than 0. 20%shiren@uis aqueseriwicere [They et luys ioh @£2@%taniun
" from this type of alloy avoids depletion.of
. nitrogen from the solid solution by the manner
~ described, but does not prov1deioptimum
10 stréngihening.. We have found that in fhe presence
of columbium, vanadium or tantalum in the alloy, a
very small amount of titanium will have'beneficial
strengthening effects as long as there is not more
than 0.20% Ti. Coﬁsequently, we provide up to 0.20%
15 | tifanium-in'our alloy. As those skilled in the art
will recognize, columbium, vanadium or tantalum, which
- have a somewhat greater affinity for carbon than for
o ~ nitrogen, can be added to this type of alloy to
increase nitrogen soiubility without depleting the
20 majority of the nitrogen as coarse primary nitride or
nitrogen-rich carbonitride particles. In excess of
2.0% columbium is undesirable because of a tendency to
form deletérious phases such as Fe=zCb laves phasé
or NiaCb orthorhombic phase. For this reason, we
25 prefer to provide a columbium to carbon ratio of at
least 9 to 1 but less than 2.0%. Without columbium or

an equivalent amount of wvanadium or tantalum, the

addition of nitrogen would not provide as much

6



15 titaniumin our alloy. As those skilled in the~art wll recognize,

col umbi um vanadi um or tantal um which have a sonewhat greater affinity for
¢arbon than for nitrogen, can be added to this type of alloy to I ncrease |
nitrogen solubility w thout depleting the 20 majority .of the nitrogen as
coarse primary nitride or nitrogen-rich carbonitride particles. In excess
of 2.0% col unbi umis undesirable because of a tendency to form del eterigus
phases such as [err] l|aves phase or [err] orthorhonbi c phase. For thlshf

reason, we 234reRlgth’ @ HEHYEQG §1ﬁ9hﬂ?bk9§hﬁescaﬁﬁ?? b1 Qe PEn et | edst 9

to 1 but less than 2.0% Wthout col unbium or an équival ent anotnt of

vanadi um or ganyahedsunheraddubientat ae&Pagemnwahdamh Bhewigdevas nuch 6
strength. To achieve simlar results, t he wei ght in vanadi um or doubl e

t he wei ght |nsbanuabnewebomhdybarassdbshematea foeycatembylmt i tuted for
columbium Silicon my be added up to 3.0%to optimze 5 oxi dation
resistance. Howe®adiconr syt bedrndgedohp narReGKytoveptambme 1% Si. Strong
nitride formers, such as alum niumand zirconium are |limted to avoid
excessi ve co8KXI@aRiON| BESASLAREPoN HGPPngaIFéyeﬁaﬁbfé§9aﬁe°fﬁnd consequent
| oss of stren umi s Riesent | evel s of at

I.n
| east 12%to® ng?ﬁag PBPrbﬁpﬂuédéﬁug?e g%FHSPﬁo teide fappers,

such as aluminium and zirconium, are limited to avoid
excessive coarse nitride formation durihg alloy
manufacture, and consequent loss of strength in

10 service. Chromium is present at levels of at least
12% to provide for both adequate oxidation resistance
&nd adequate'nitrogen sdlubility.

EXAMPLE 1
To determine the influence of columbium in

15. this alloy, we prepared an alloy having a nominal
composition of 33% Ni, 21% Cr, 0.7% Hn, 0;5% Si, .
0.3% Al, plus.carbon. nitrogen, titanium and
columbium as set forth in Table 1 and the balance [,
iron. These alloys were tested to determine the

20 time required for one percent creep under three
temperature and stress conditions. The results of
that test are set forth in Table 1,

This data indicates thai Ti ties up N in

preferenée to carbon, forming TiN with possibly some

25 Ti (C, N). Cb ties up C in preference to N, so as
long as C/Cb ratio stays relatively constant, N is

available to form strengthening Cr=N and CbN



and, adequate nitrogen solubility. EXAMPLE 1 To determ ne the influence of
colunmbiutmin 15 this alloy, we prepared an alloy having a noni nal
conpgsition of 33% N, 21%Cr, 0.7% M, 0.5%Si, 0.3%Al, plus carbon
nitrogen, titaniumand colunbiumas set forth in Table 1 and the bal ance
iron. These alloys were tested to determne the 20 time required for one
percefft creep under three tenperature and stress conditions. The results of

that test are setPERFiRtTaLeSp|F 180 BHQVIAR S0 SRt 49Mt Ti ties up N

in preference to carbon,, fo

i i N.with i.bl 2 Ti. (C :
Cb ties up Cin p?*e‘f"e’?%ﬂbee“{‘tr%g {‘% Q\ég I’b’réeolgélt/ ‘;Ség’teled‘ bffﬁldré‘lyat :\?/el y
ynstant, N i i ta,f t i d N 7
oreci pi tates, or Thi BT v ST TS P dand g M8 (Whettrengt
I I hi bi t ed - - S ke 4.hat addi
niersozeﬁxtlo Iregl a%%dgﬁaé %ﬁtﬁ%/g%osiyt%aﬁi%gle%}%%%out Cbh%ongsé'lki?tt?e Itgg

inprove strength, yagn&yt AeHCESe Y1 L4 VSt AlBkdve Ssin g Olad. Al so,
sinply adding Cb to alloy containing Ti does 'hot significantly inprove

Sltlrength, as evi dencdshdwa Comar icys o lana G tverddya oy M.naldnso,t he
al I oys
simply adding Cb to alloy containing Ti does not

significantly improve strength, as evidenced by

e comparing alloy G to alloy A. Finally, the alloys
10 with titanium levels At 0.40 and 0.45 performed poorly
suggesting that such high titanium levels are
detrimental.
'
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with titaniumlevels at 0.40 and 0.45 perfornmed. poor |y suggesting that

such high titaniumlevels are detrinental.
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Ed ¥ Et In~~1L EXAMPLE 11 The effect of nitrogen and carbon is

revealed in tests of several alloys having the same nickel, chrom um
‘manganese, silicon and al um nium content as the iron-base alloys of Exanple

1-and carbon, 5 - nitrogen, titani um anBXAMPLEDhiLn content set forth in
Tabl e 2 and Table 2A. The data in Table 2 denonstrates that strength goes
up with increasing (CtN) Greater than 0.14% " free’” ssary for

good high 10 tenper ah8r BfEEFENGENNItRP8EN APANBAERP e%%erYeﬁfﬁgqb a
Caught by Bel [ot indsRugop! PREePRcat Toesnpatingobs Aran FAOKEY Lioqua e
for good Strengthhrggiggtahangagese, silicon and aluminium content
as the iron-base alloys of Example 1 and carbon,
5 nitrogen, titanium and columbium content set forth
U in Table 2 and Table 2A.
| The data in Table 2 demonstrates that
strenéth goes up with increasing (C+N). Greater
than 0.14% "free" (C+N) is necessary for_good high
10 temperature strength. At a columbium level of
0.20%, a carbon level of 0.05% and a nitfogén
content of 0.02% (the minimum values taﬁght by
Bellot and Hugo), the "free" (C+N) = 0.05% which
is not adequate for good strength.. To obtain the
15 needéd minimum‘of 0.14% "free" (C+N) with carbon
ﬁt 0.05% af least O0.11% nitrogen is required. At
a columbium level ﬁf 0.50% and carbon level of
0.05%, nitrogen greater than 0.15% is required to
obtain "free" (C+N) above 0.14%. 1If carbon is
20 increased to 0.10% with the same columbium
content, then more than 0.10% nitrogen is still
required to obtain the desired level of “"free"
(C+N). Finally, at a third level of columbiun of

1.0% we stilllsee a relationship between carbon

25 and nitrogen. With carbon at 0.05%, nitrogen

10



15 needed m ni mum of 0.14%"free" (C+N) with carbon.at 0.05% at | east
0.11%nitrogen is required. At a colunbiumlevel of 0.50% and carbon l-evel
of 0.05% nitrogen greater than 0.15%is required to obtain "free" (C+N)
above 0.14% If carbon is 20 increased to 0.10% w th the sane col unbi um
content, then nore than 0.10%nitrogen is still required to obtain the

desired |l evel of "free" (C+ Fi nal | at.a . third level of col unbium of.
1.0% we still Egageyefgéfoagﬂﬁpiﬁefﬁ%%h?%%rgﬁﬁ éﬁﬁ? (é&ﬂﬂrﬁ?fﬂben. WLA
carbon at 0.05%,pLt60 1 grea h 20% is required for free™
(C+tN) to be SLabobyQogER Wy ¢ 3 qoi6% N grdates HERAR 1506 1 s
required. Andg, g6xC 5 Pedw?péden AQre 1 hgn %4 Sy required.
Consequently, to 5 -a% i eve acceptab qutrgﬁg%%*ﬁgé%}?l(C+N) must be

greater than Ogldater Chha® TaPde 24 séPubrddat ddpsdlest AP ligy of high
(C+N) level conpositions can be poor. In order to naintai'n adequate
stability, "fraehi¢@NicedptabldOstrebgth ebevé hani®r®P%ustihey efore, (C+N)
must be | ess than 0.29% + Cb. Thus, the critical ranges of (C+N) 9 at four
| evel s of Cb ageeaterothamsO.14% + Cb. .

]
Table 2A shows that thermal stability of high

(C+N) level compositions can be poor. In order to

maintain adequate stability, "free" (C+N) should -
10 . be less than 0.29%. Therefore, (C+N) must be less
than 0.29% + Cb.Thus, the critical ranges of (C+N)
' 8
at four levels of Cb are as follows:
Cb (%) (C+N) min. (%) (C+N) max. (%)
0.25 | 0.17 0.32
15 0.50 0.20 0.35
0.75 0.22 0.37

1.00 .0.25 0.40 -

1
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I \3 EXAHPLE 111 The criticality of tigaphpfigcapibe seen fromcreep data
for alloys I, K, L and M which have simlar base materials as the other,

alloys 5 tested. THBEecsicERatiaty b0rtibaneuR! LOYSHé eséesl Bfomerr] and
89.82HPa (13 ksi) are shown in Table 3. In that table the ‘alloys are |isted

in order of inceeaspngatat poruattopseht.K, Thi sndalawhnch chdaes t hat any
titaniumis beneficial. However, the data 10 from Table 1 indicates an
upper titanium bimitaof base metertahs &s2kheldther alloys
5 tested. The creep data for those alloys tested
at'760°c (14005F) and 89.82MPa (13 ksi) are shouwn in
Table 3. In ﬁhat table the alloys are listed in order
-&“ of incfeasing titanium content. This data indicates
that aﬁy titanium is beneficial. However, the data
10 from Table 1 indicates an upper titanium limit of not

more than 0.2%.
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H 1. .. mE | *r- a ' 'S, 0 ~~ a ao co

O 0) Lt3]~~~~~ EXAMPLE IV Silicon is an |nportant conponent of the
alloy. Its influence is shown in Table 4. The data in that table indicates
that silicon nmust be carefully controlled to achieve optimum5

prpperties. Low levels of silicon are fine. However, when silicon levels
reach_and exceed about 2% performance drops sharply. This is apparently
caused«by silicon nitride which has forned in increasing anounts as the
'silicon level 10 i ncreases. 16 IEXAMPALE IV

- ti Cm

Silicon is an important component of the
alloy. Its influence is shown in Table 4. The
data in that tablefindicates'jhat silicon must be
carefully controlled to achieve optimunm

5 properties. Low leyels of silicon ﬁre fine.
However, when silicon levels.reach and exceed

about 2% performance drops sharply. This is

apparently caused by silicon nitride which has
formed in increasing amounts as the silicon level
10 increases.
e
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Ha O .nglFnoro0O>NUA=rdi 7z . ~4 EXAMPLE
V The data shomn in Table 5 reveal s that the presence of zirconiumat 0.02%
dramatically reduces creep tinme. Also, as al uminium content approaches 1 0%
it produces a simlar result. 18 c7" C) 00 ~0 ARi6- o W C

C. 3~~~~~nm - A~ 2 C 0 V) e U
\'?\
EXANPLE V

The data shown in Table 5 reveals that the
presence of zirconium at 0.02% dramatically
reduces creep time. Also, as aluminium content

approaches 1.0% it produces a similar result.
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Based upon the data from Tables 1 through 5,
‘'we selected alloys 1 and two other alloys, U and
V, and provide creep data in Table 6.

Alloys I and V.compare (dvourably-to prior
5 . 'arﬁ alloys in mechanical properties as shown in

Tables 7; 8 and 9.
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9) - , 03 ul) ° o~U cr1
059). ‘0 C . ) 0 cJ '3 0 0o - 0)
OoiL..v O n'- 0) 3) " t- . .0 1>M
S S _~~Z~j Fromthe data di scussed above, we
have found that an alloy conprised of 30 to 45% nickel, 12%to 32%
chromum at least_one of 0.1%to 2.0% colunbium 0.2%to 4.0% tantal upxand
0.05%to 1.0% vanatli oy the dats disquseed cabanm, we O69%e of D1rbD %N it rogegh
and an addition of,titaniumw th §he balance being iron plus Inpurities has
good hot V\ork%'bi?h?/ya?l%'“?'éb??‘ia%éI?Qyt%rf%ﬁ’édl@r‘i%‘t'i cB2%rtsviR [err] i's

t th 49/ t han. 0. 29% ere 10 . [err] [err] ' :
_glg_lr ?Zn?lrjm i 2na%‘ e%"*%ﬂn?r‘b{r g@%ﬁ%{]e%’be rEsi ‘t%c‘é’. %o‘iﬁkf’é’r'iul"}'}b‘t“%fb ggt}ag 0. 20%
i i um sh . gl oy ug to 3% by
titani um shouigl b.%#%tﬁal{slﬁ Cei)?{(’:heﬁyo# 1adjdlec1{%1qvaql1lr%ei Uy, " P %‘? .

weight. Up to 1% silicon ent” streng | 015
si|iconShas |@vErx dd18wi h REsPeld &, 09 AL Uk L Sindt A GadfBNgANese and
al um nium may be added basically to enhance environment resistance, but
shoul d gener aif ytitanium with the balance being iron plus impurities

has good hoi workability and fabricability

characteristics provided (C4+N)» is greater than ©O.14%

and less than 0.29%, where
. N
10 (CHNDF = C4N = Cb. - V - Ta -~ Ti
9 4.5 .8 3.5

Titanium is added to improve creep rasistance.
However, not more than 0.20% titanium shonld be used.
Silicon may be added to the alloy up to 3% by ueight._'
Up to 1% silicon has excellent strength wuhile 1% to 3%
15 silicon has lower strength but better ox{dation
resistance.

—Hanganese and aluminium may be added basically to
enhance environment resistance, but should generally
be limited to less thaﬁ 2.0% and 1.0% respectively.

20 Boron, molybdenum, tungsten and cobhalt may Ee
added in moderate amounts to furthef enhance

strength at elevated temperatures. Boron content

of up to 0.02% will improve creep strength, but

25



be limited to less than 2.0% and 1.0% respectively.- 20 Bor on

nol ybderium tungsten and cobalt may be added in noderate anmounts to further
enhance strength at el evated tenperatures. Boron content of up to 0.02%
will inprove creep strength, but 25 hi gher levels will inpair

wel dability markedly. Ml ybdenum and tungsten will provide additional
strength wi thout significant thermal stability debit up to 5% Hi gher
l'evel i Il pro SO VRIS WAl 6 dfaSS ive iidayinaltys malidedy,., but can
provi.de significant further strengthening up to a conbined content of 12%
26 CLAI M5; 1.Molybderivd adld @yungygen 3ad lofprovi deeciagidii tipemadnt , 30%to
45% ni ckel , 12%to 32% chromium at |east one of 0.1%to 2.0% col unbi um
0.2%to 4.0%5 strdmgeimlwinlend GiEPoficant0%heamad whabud ity 0. 20% car bon,
'0.05%to 0.50% nitrogen, an addition of titaniumup to 0.2% and the bal ance
bei ng iron plus delpur iup eo H witigher [levels sudrle@tr@dumaﬁomlem% and | ess

than 0.29% [err] being defined as [err]=
5 measurable loss in thermal stability, but can

provide significant further strengthening up to a

combined content of 12%.
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10 [err] 2. The alloy of claim1 further including at |east one of up
to 1% alumnium 0.01 to 0.2%titanium up to 3%silicon, up to 2% »
manganese, up to 5% cobalt, up to 5%t ot a—motybdenum and tungsten, up t:o
0.02% 15 boron, up to 0.2% zirconium an | yttrium ’
| ant hanum cerium and other rare earth net Emmmmﬁlﬁmlﬂmoy of claiml
containing 30%to 42%nickel, 20%to 32% chrkontum one sof *col unbi um 0. 2% to
1.0% 0.2% toChkAGUSEant al um and 0. 05% t o 20 1. 0% vanadi um 0. 02% t O.ng#
0. 09% car bon. 4. The alloy of claim3 further conprising at |east one. of
up to 1% al unilmi unft Bptesd 3¥9§V|cemnriapdtgfz@anangaabse, up to 0.02%
boron, up to 0.2% zircQniu 0-5.0% cobal t, ugrto 25 2.0% t ot al

m up t
mol ybdenum pl BEFERAYst ER%ah8 ngtBiﬁki@&tb?&It9t$ uphremhemanat cerium
he al | oy of clainjB

d other rar th netalg. ... .* C._L S * b T
ggnp?ising nn??gg%nﬁﬁ$aﬁg @Uﬁﬁsf@nza?%acﬁgaﬁphgﬂ'w%i%ﬁtt%e4c%%t in fhe
fs 2. 0% The.,al L o claim3 also conprising at |east
gﬁggg s of%%gt%?§% g?ﬂn?h?ﬁﬁ]L%.%18%OV%Y3€%?Tta%?uﬁ?q%iéégﬁto 1. OX
silicon, 0.35¢a}Bon; 280 68898866 S50% Pn 1 £r el 2% POL LR Ak Upp Lo 0. 1% total
yttrium |anthanum cerium

titanium up to 0.2% and the balance being iron plus

impurities and wherein (C+N)» is greater than 0. 14%
and less than 0.29% (C+N)s being defined as (C+N)z = | \_)

10 C+N - Cb -V - Ta. - Ti.
- 9 4.5 18 3.5

2. The alloy of claim 1 furfher including at
least one of up to 1% aluminium, 0.01 to 0.2% titanium,
up to 3% silicon, up to 2% manganese, up to 5% cobalt,
up to 5% total molybdenum and tungsten, up to 0.02%

15 boron, up to 0.2% zirconium, and up to 0.1% total
yttrigm. lanthanum, cerium and other rare earth metals.
3. The alloy of claim 1 containing 30% to 42%
nickel, 20% to 32% chromium, one of columbiun
0.2% to 1.0%, 0.2% to 4.0% tantalum and 0.05% to

20 1.0% vanadium, 0.02% to 0.09% carbon.
4, The alioy of claim 3 further comprising at
least one of up to 1% aluminium, up to 3%
silicon, up to 2% manganese, up to 0.02% boron,
up to 0.2% zirconium, up to 5.0% cobalt, up to

25 2.0% total molybdenum plus tungsten and up to

0.1% total yttrium, lanthanum, cerium and other

rare earth metals.

-z7-



and other rare earth netdls.” 7. 'The aIon of claim3 also conprising from
1.0%to, 10 3.0%silicon. 8. The all oy of cl
nol ydenum and tungsten at a conbi ned wei ght perce in the range of ~2. 0%

to 12% 9. The alloy of claim1 also conprising fram ﬂ”ﬂﬂ 3. 0%
silicon. 10. The alloy of claim1l also conprising f mﬂm”m&

si.licon. 11. The all oy of cIa|n11 produced as a castlng 28 "
~

5. The alloy of claim 3 comprising molybdenum and

tungsten at a combined weight percent in the range of

2.0% to 12x%. |

6. The alloy of claim 3 also comprising at least one
5 of up 0.5% aluminium, 0.01 to O.1% titanium, 0.25% to

1.0% silicon, 0.35% to 1.2% manganese, ﬁp to 0.015%

boron and up td 0.1% total yttriunm, lanthanum, ceriunm

(U ~and other rare earth metals.
7. The alloy of claimn 3 also éomprising from 1.0% to

10 3.0% silicon.

8. The alloy of claim 1 also comprising molybdenun

and tungsten at a combined weight perdent in the range

of 2.0% to 12X. | |

8. The alloy of claim 1 aiso comprising from 1.0% to
15 3.0% stlicon.

10. The alloy of claim 1 also comprising from 0.25%

to 1.0% silicon.

o 11. The alloy of claim 1 produced as a casting.




