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ALLOY. DEVELOPMENT

m NASA Turbine Bucket Program

N A finsl report on the development of nickel-
base al%oys for jet-engine buckets has been issued
by TRW.\1) It describes a cast alloy, VI A, with
stresg-rupture properties representing a 50 degree

P*F improvement over present-day superalloys; its
ductility, while below average, does not suffer ad-

N versely in the 1400 to 1600 F range, nor is it rrone
te the formation of embrittling phases such as
sigma, Laves, or mu. The composition of tho alloy
i3 as follows:

L. Ce Mo I AL Co. N Re. _HE
ﬂo.m 6l 2 1 5.4 T5 58 0.5 0,43

Zr. _B_Ta Cb ML
0.13 0.02 9 0.5 Bal

Figure 1 shows the stress-rupture properties for
some of the experimental cast alloys and compares
them with commercial alloys.

Four wrought alloys were also said to show
promise in comparison with Udimet 700, and further
property evaluations were suggested to determmine
their full potential.

Air Force Wheel/Bucket Alioys

Universal-Cyclops has completed its evalua-
tion of three wrought nickel-bage all ys for ad-
vanced whesl/bucket applicationss Rens’85, Unitemp
AF 2-1D, and Unitemp AF 2~1DA, On the basis of all
the properties investigated, AF ?—;DA vas selected
for scale-up to production size.l2) This alloy
had better workability, strength, and atability
than the other two and showed no tendency for sigma
formation. Figure 2 is a Larson-Miller parameter
plot for the three alloys.

NASA A

‘TRW has cemploted o program for NASA-Lewis to
develop 2 cobalt~base alloy for stator vanes in ad-
vanced gas-turbine engines.(3) In all, 85 alloys
were evaluated in eight different series. Initial-
ly, 15 elements were employed as alloy additions,
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o 85, u;umap AF 2-1D, AND UNITBMP
AF 2-1DA(2

namely, tungsten, tantalum, carbon, zirconium,
titanium, chromium, nickel, vanadium, boxon, haf-
nium, molybdénum, columbium, manganese, rhenium,
and ruthenium. However, during the program, the
alloying elements that proved mcst effective were
tungsten, tantalum, carbon, zirconium, titanjum,
chromium, nickel, and vanadium.

The best alloy developed exhibited a mean
creap-rupture 1ifo of 24 hours at 8000 psi at 2125
® under an argon atmosphere. The terget composi-
tion of this alloy in weighc percent was )W, 1lTa,
1.5C, 0.8522, 1.1T8, 7.0Cr, 9.0H%, 1c7v') and bal-
ance Co. While the alloy represents an improvement

-~ over commercial cobalt-base allovs, it did not ex~
hibit sufficient strength to indicate that the pro-
gran goal of a 3000-hour life at 2125 F and 4000
psi stress (in an argon atmosphere) would have baen
achieved. The alloy that was considered best in
texms of craep~ruptuze life sppeared to have been
strengthened by a combination of (Ta,Zr,Ti)C pre-
cipitatas and solid-solutioning effects. It was
also found that the best alloy was rolled at 2125 F
vithout any cracking. However; alloys with higher
cerbon contents had a laminax constituent in their
microstructure that prevented them from rolling
well.

Adx Forco ot Compresgor Allov

Gsneral Electric has rolled the five expori-
msntal alloys (see Nickel- and Cobali~-Base Alloys
Review, August 11, 1967) intended for use es & disk
in the aft stages o§ the comptessox in advenced
turbojot eng’inea.(4 The alloys wore brat treated
end evaluated for tensile properties ¢ room tem=
perature to 1400 F and for creep-rupture at 1200 F.
Tho tonalle data ave shown in Figure 3 and the
croep-rupture rezulte ave shown in Figure 4. Alszo
plotted for compariscn aro the best data fxem the
eerlior X 1400 progeeam and en internsl GE goal
cuzve for ga alloy tommed Rand 70XD. Alloy 3 ex-
hibited the highest yield strength and best atxength
retanti.n with Lncressed temperatuse. Howsver, in-
stoed of the noxmal solution treatment of 00 E
£ollomed by a 1400-F eging treatment, additional
hoat tzestment ouggestsd fusthas $mprovement of the
low~temperature propesiles of the alloys. For ex-
ezple, an additional aglng et 1200 ¥, eithex before

- or after aging at 1400 ¥, was considered. Addi-

tienslly, cold working of the alloys in combination
with ge‘at treatmont was a passibility that waz sug-
gestad.

oIy i IL1

Phases in Nickel-Base Superallioys

In their study of instability in nickel-base
superalloys, TR¥ found that Unitsmp AF 2-1DA con-
tained only MC and Mp3Cg cazbides after a "sigua
2ge” (1300 hours at 1600 F) o(5) X-zay results
showed no trace of sigma or mu in either this alloy
or in its compenion, AF 2-1D. It was considered
that the latter is a borderline case similar to
Udimet 700, in which emall variations in heat chem~
istry will determine whether it is a stable or un-
steble alloy. Hewever, AF 2-1DA was considared to
be s "safe" 2lloy.

Five nickel-base superalloys were studied to
determine the type and the temperature of precipi-
taticn of minor phases and the gemma-prime solution
temperatures Tho results of this examination
indicated that complet- .olution of gamma prime did
not occur in the cast alloys, IN-100 and B-1900,
even at the highest exposure temperatures studied

(2200 F). Complete solution of gemma prime oc-
curred as followss
Temperature
Mrought Alloy ~Rsnge, F
U700 2000 to 2100
Unitemp AF 2-1D 2000 to 2100
Rend 41 1900 to 2000.

Minor phases were found as followss

Alloy Sonstituont
IN-100 MC, M23Ce, M3B2
U700 MC, M23Ce, HaB2
Rend 41 MC, M23Cgy MgC, mu
AF 2-1D MC, Mo3Cgy MgC .
B~1900 MC, M¢Cy KaBoe

The change of the emount of these constituents was
recorded in graphical form such as that shown in
Figure 5 for Alloy B~1900. (Mote: The constitu~
ents wora found as a result of aging at tempera-
tures from 1400 to 2200 F but the temperature at
which the phases were stable varied for each con-
stituent and elloy).

Sigma in Hastelloy X

Aoxojet-Goneral has reported progress in its
evaluation of Hastelloy X as a nuclear cladding.(6)
Additional studies were undexiaken to charoctarize
the morphology of aigma formation in Hastelioy X
aftar exposure to temporatuzes of 1300 and 14%0 F.
Residus ssmples obtalned easctiolyticelly from
spacimers contalaing signa were gombined end treated
chemically with Muzekemals' redgent, which would
sdlectively atisek the cexbide pheses while lcaving
sigma phacs solatively unaffscted. X-zsy diffxac-
tion analysla end photemicrogzaphy indlcated that
grain-boundesy preclipitatos end regulsr-shepad
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DATA AND GE-MDLO GOAL(4)

particles distributed throughout the mateix are MgC
cerbide: The rod~shgped formaticns are signa-phase.
‘As pointed cut, the stendatd pattssn reported by
ASTH. for WgC also liats the indices atiributed to
tho signa phase. Accoxdingly, it was recommended
that tne following d-spscings be used to ldentify
siw phasas 1,958, 1,995, 2.15, and 1,91, The
d-gpacings for poaltive ldentification of HeC in
ila;gelloy X axe as followas 2.09, 2.22, 1,92, &nd
a *
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Room-temperature tensile tests for tubing
spacimens aged fox 7500 hours in alr &t 1900 and
2000 F and for sheet specimens aged at 1300 F were
obtainad. The resulte of taste of the 1900 ¥ sheet
speciméns are plottsd in Figure 6. The ultimute
tensllé strengths generally wozé found to decrease
with exposurs, but thé elongation was not graatly
changed, The results for tubing were similare
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FIGURE 6. ROOM-TEMPERATURE TENSILE PROPERTIES OF

VARIOUS HASTELLOY X SHEET HEATS EXPOSED
IN AIR AT 1500 F(6)

©  PROCESS DEVELOPMENT 5

Union Carbide has yeported on its program to
Toll Udimet 700 sheet.\7) Maximm hot ductility
was obtained by overaging the materiel at 20%0 F
for 4 nours. Fabrication studies demonstrated that
consumsble-slectrode vacuum-melted and vacuum-
induction-melted material céuld ba hot worked much
petter if "¢cdnndd than if bare. Howsver, electroslag
remelted msterial could be forged in the bare condi-
tfon. Hot-rolling experiments on the latter materli-
sl are not complete. Powder-concolidation tech-
niquas were attempted for the production of sheet,
but viere discontinued because of unsatisfactory re-
sults. Mechanical-propexty data on the sheet thus
far produced show that at 1400 F, tensile, creep-
rupture, and creep dats are below those reported
for baxr. A% )1B0D F, the properties are better, but
83411 do not compaxe with published bar data. Ad-
ditional tests are under way %o characterize further
the properties of Udimet 700 sheet, It is believed
that the loss of 2lloying elements at tho surface
of the shaet and during exposure to the test en-
vircrment 4s responsible for the lower high-
temperature properties. Fubuze work will include
avaluation of )%= and.20-mil~thick sheet. Alsc,
the process will be ucaled up, and approximatsly
400 pounds of sheet bar le to be processed into
sheot. Howover, bocmise the slectroslag remelted
materisl has not bpen coppletely evaluated, the
cholce of melting method is not cextain at this
tima,

-

NickeleMolybdenum Alloye

Teladyne Matesrials Resasrch Company reported
on iis study of ditgersion«atrengthaning nickel~
molybdenum alloys.\8) The matrix was Ni-1SHo to
which was added 2, 5, and 7.5 volume parcent alumina
or theria., Selective reduction of oxides was chogen
as the mathod of preparing the slloys. On the basis
of tha analysis of the structure before and after

- thermal-stability tests, thres alloys were recom~
mended for the evaluation of mechanical properties.
These alloys contained 2 and 5 volume percent thox-
ia, and 2 volume percent alumina. The tensile prop~
erties at room temperature and 2000 F are shown in
Tsbla 1. The creep~rupture properties at 2000 F
in an argon atmosphere were determined, and it was
found that tha stresses for 3000-hour life were
606, 1000, and 450 psi, respactively, for the al~
loys containing 2 and 5 percent thoria and 2 percent
alumina. These low values were attributed, at least
in part, to the fact that the materials were tested
in -the as-extruded condition without any prior cold
worke I% was conéluded, however, that very stable
structures can be produced by the method of selec-
tive zeduction of oxides.

Nickel-Molybdentum-Chromium Alloys

Meipar has reported on its sttempt to produce
a 70M1-20Cr-10Mo dispersion-strengthened alloy by
plating O.l-micron-diameter zirconia particles guc~
cessively with molybdenum, chromium, and nickel.(9)
They found that vapor plating of fine oxide parti-
cles in a fluidized bed was suitable for producing
nickel or chromium with apparently good oxide-
particle distribution, although such samples arve
characterized by high carbon content. However,
when attempts werd made to vapor plate molybdentm
by fiolybdenum pentachloridé reduction st 575 C
(1067 F), the zirconia particles agglomerated and
sintered into 25 to 50-micron~diametsr particles.
It was concluded; therefore, that the fluidized-
bad technique would be ‘impossible to use to produce
dispersion-strengthened alloys containing molybdenum
unless suitable compounds were found that would de-
compose at lower temperatures and would not result
4n inherently high carbon content.

Utilizdtion 4in Aefospacs Struttures

The alloy, Ni=20Cr-2Th05, has been selected
by Douglas Aircraft Compuny for further development

TABLE 1, TENSILE PROPERTIES AY ROCH TEMPERATURE AND AT 2000 F OF
IWTRUDED ALLOYS

Ultinate 0.02 Percent

Tensile Yield Elongs+~ Recuction
Strength, Stxength, tion, 1n Ares,
Alloy Dlispersold psi [118 paresnt  percent
200k
2 2wl ¥T02 6,430 4,5% 7.2 8%
3 2vwiXA 3,000 4,500 0.0 840
4 swliT B840 4450 ~— 18.8
3 Bwvel¥AL 4,500 2,90 L2 249
L6 TSwi 5,100 3,000 8é 81
foos Temoarature
% SwliXA03 131,10 11%900 2.4 35}
é 7.5 wIX bz 131,200 124,500 1d 4,0
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in Phase III of & program to davelop structural de-
sign data, fabricetion techniques, and a cepability
for structural utilization of dispersion-strengthened
oxidnti?n-fesiftant nicksl-bass and cobsit-base
alloys.\ 107 In the joining tests, resistance spot
welding, spot-difiusion bonding, brazing, send dif~
fusion bonding have besn investigated. Machanicel
Joining tests included the preparation of the sheet
for flush zivets by dimpling and the paxformance of
actual riveting tests with rivets of the same me~
terial, Fabrication expsriments included shearing
and slitting tests on 0.,004~inch folil materials.

EVALUATION AHD APPLICATIONS
Hypersonic Heat Shields

Solar Division of Internstional Harvester
Company has initiated a program on the evaluation of
suporanﬂl for hypersonic-vehicle honeycomb heat
shields.{11) Six alloys selected for evalustion
were Inconal 625, Haynes 25, Rend 41, Alloy 718,
TDHi, snd TDNIC., The effects of slow cyclic-
oxidation exposure snd long-time exposure stability
will be investigated.once base-line data-have been
obtained,

Udimet 630 for Turbine and Compressor Disks

Udimet 630 was exemined for use as turbine
and cogpressor disks in advanced engines.(12) It
was xeportad that the material was notch sensitive
when treated in the solution-treated {1950 F) and
aged condition os recommended by the vendors How=
ever, when compressor disk forgings were mede at
forging temperstures of 1860 and 1600 F, no tensile
or xupture-notch sensitivity was observed when the
forged matarisl was solution heat trestad at 1830 F
followed by a standsrd age (1400 F, 10 hr, FC +
1200 F, 10 hr, AC). Material that hed been "Wini-
processed™ gave superior tensile-fatigue and creep
properties without notch sensitivity. MHini.-
processing is a proprietary thesmomachenical treat-
ment developed by Curtiss-Wright Corporationi Since
the results of tha investigstion were from a eingle
heat of materisl, further investigation was rocom-
mended before the materisl is adopted for use.

Welded Alloy 718

Stress-rupture .data have bean dovelcssd by
Curtiss~-Nright for welded Alloy 7iS premexed by bsin
inert-ges turigsten arc and the electren~beis preo-
cossea . 13) The test established thet both meiding
processes degrade the creep-rupture 1ife of. Alloy
T18. The welding process caused a sensitized region
to develcp in the fusion lins. The creep-rupture
test at 13500 F ceused 2. stress-induced boundsry
procipitation that oxerted s detrimental influence
on croop-rupturs life. Tho spacification celled
for @ 24~hour life at 1300 F undar & load of 70 ksl.
Hany of the olectron-beer-woldéd spacimens and TIG-
wolded apecimens fell below this xanga. Almoat all
of the fallures in tho electron-bosm-weldad speci-
maas wers in the fusion line.

Asxciet-Ganeral, on the othar hend, xeported
rosults of mechanical-property testing ?m! walding
of Alloy 718 for Bl enjlné coopononts\(14) The
tosts showod ¢hat Alloy 718 could bo welded by
vlastaneboam mnd TIG pathods with high Soint ¢ffl-
otenciess For éxsple, in teste condusted ot ~320
£, zubignt m@mmg €0 By 1200 ¥, and 1350 ¥,

- o iR Y
S "1"% o Lo X

=

® 160 peszcent joint efficiency wae realized in all

tests at 81l temperstures in solutlon-tréatéd and
aged weldments. In 7IG-welded materisl, the weld
Joint efficiency, using tensile strength ss the

criterion, was spproximately 93 parcent st -423 F,
and 95 percent 2% ambient temperature snd 1200 F.
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