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ALLO DEELOPENTFour wrought alloys were also said to showC t~ _ _ _ _ _promise in comparison with Udimet 700, and further
NASA Turbine Bucket Program property evaluations were suggested to determine

their full potential.j
A final report on the development of nickel-

aa base altoys for jet-engine buckets has been issued Air Force Wheel/Bucket Alloys
by TRW. 1l It describes a cast alloy, VI A, with
stress-rupture properties representing a 50 degree Universal-Cyclops has completed its evalua-

?WF improvement over present-da.y superalloyal its tion of three wrought nickel-base all ys for ad-
ductility, while below average, does not suffer ad- vanced whel/bucket applications: Rene'85, Unitemp

aq versely in the 1400 to 1600 F range, nor is it prone AF 2-lD, and Unitemp AF 2-lDA. On the basis of all
to the formation of embrittling phases such as the properties investigated, AF ~-DA was selected

Ah~siu, aes r t The composition of the alloy for scale-up to production size.~2  This alloy
W is as follows: had better workability, strength, and stability

then the other two and showed no tendency for sigma
-- ~~ ~ _..LM i L .~ .L R. .~. formation. Figure 2 is a Larson-Miller parameter

0.13 6.12 1 5,4 7.5 .8 .5 .43 plot for the three alloys.

BT ~... jL.NASA Vane Alloys

0.13 0.02 9 0.5 Bal TRW has completed a program for-ASA-Lewis to
develop a cobalt-'base alloy for stator vanes In ad-

Figure 1 shows the stress-rupture properties for vanced gas-turbine engines.(3) In all, 85 alloys
some of the experimental cast alloys and compares were evaluated in eight different series. Initial-
them with commercial alloys. ly, 15 elements were employed as alloy additions,
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U Unte~rpAF2IDA tionally, cold working of the alloys in combination
D~n~tmpAF21D with he'at treatmmnt was a possibility that was sug-

100 - -R- e no'e a5 2I gated.
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PaeIn ickel-Base Sugerallova

0

I superalloyst TRX found that Unitemp AF 2-DA con-
I - tained only eC nd U23C6 carbides after a "sigma

20 ae" 1500hous a 160 F)(5)X-ray results
showed no trace of sigma or mu in either this alloy
or In its companion: AP 2-1D. It was considered
that the latter is a borderline case similar to

10 Udimet 700, In which small vaiviations in heat chem-
36 38 40 42 44 46 48 80 52. istry will determine whether it is a stable or un-

Parameter T(20+1ogt) x 10-3 stable alloy. However, AF 2-lDA was considered to
be a "safe" alloy.

FIGURE 2. LARO-MILLER PAMETER CURVES COMPARING Five nickel-base superalloys were studied to
A 2-D(U1I2 PAP2IAM NT determine the type and the temperature of precipi-

tation of minor phases and the gasma-prime solution
temperature. The resultR of this examination

namely, tungsten, tantalum, carbon, zirconium, indicated that complet, solution of gamma prime did
titanium, chromium, nickel, vanadium, boron, haf- not occur in the cast alloys, IN1-100 and B-1900t
nium, molybdinum, columbiump manganese, rhenium, even at the highest exposure temperatures studied
and ruthenium. However, during the program, the (2200 F). Complete solution of gamma prime oc-
alloying elements that proved most effective were curred as followst
tungsten, tantalum, carbon, zirconium, titanium,
chromium, nickel, and vanadium. Temperature

Xroy~ght Alloy Range, F
The best alloy developed exhibited a mean

creep-rupture life of 24 hours at 8000 psi at 2125 U700 2000 to 2100
F under an argon atmosphere. The target composi-
tion of this alloy in weightc percent Was 19W1, llTa, Unitemp AF 2-1D 2000 to 2100
1.5C, 0.85Zrg l.lTi, 7.0Cr, 9.ONi, 1.7V, and bal-
ance Co. While the alloy represerts an improvement Reni 41 1900 to 2000.I

-over commercial cobalt-base alloys, it did not ex-
hibit sufficient strength to indicate that the pro- Minor phases were found as follows a
grim goal of a 3000-hour life at 2125 F and 4000
psi stress (in an argon atmosphere) would have been .AUS Conaitueats I
achieved. The alloy that was considered best In
terms of creep-rupture life appeared to have been I11-100 MC, 112306, M3B2
strengthened by a combination of (Ta,ZrTi)C pre- U7l00 9C, M23C4, Mcipitates and solid-solutioning effects. It was
also found that the best alloy was rolled at 2125 F Rend 41 MC, M23C6, U160, mu
without any cracking. However, alloys with higher AF 2-1D MC, M23C6 9 46Ccarbon contents had a laminar constituent in their
microstructure that prevented them from rolling 13-1900 MCt M6CP M3B2-
well.

The change of the amount of these constituents was
ALT Force Hot 9 XorssoX A1loy recorded In graphical form such as that shown in

Figure 5 for Alloy B-1900* (Notes The constitu-
General Electric has rolled the five expert- ents were found as a result of aging at tempera-

mintal alloys (see Nickel- and Cobalt-Base Alloys tures from 1400 to 2200 F but the temperature at
Review, August 11, 1967) intended for use as a d4.sk which the phases were stable varied for each con-
in the aft 'stages of the comptessor in advanced stituent and alloy).
turbojet enjines,(4) The alloys were f-pat treated
and evaluated for tensile properties L. room tame- Si22a in Hastelloy X
perature to 1400 F and for creop-rupture9 at 1200 F.
Th6 tensile data are shown In Figure 3 and the Acrojet-General has reported progress in Its
creep-rupture rosults are shown in Figure 4. Also evaluation of Hastelloy X as a nuclear olading.(6)
p.16tted for comparison mr the best data from the Aditional studies were un dertaken to characterize
earlier X 1400 program and an Internal CM goal the morphology of sigma formation In Hastolloy X
curve for 4 a4o0y termed bnd 700!. Alloy 3 ex- aftor exposura to timporatures of 1100 and 1450 F.
hibited Wh highest yield strength and best strength Residue samples obtained emeottolytically fIt=
xetenti~a with increased tnipexatuxe. Howevex, in- apeoians GontaLling sigma were pombined and treated
stood of the norma! solution treatsnt of 2000 F chemically Pith Muzakeais' reagent, which would
tolleod by a M-0~F aging treatment, additonal a0lectively attack~ tfw 'Carbide phases while leyving
beat teatlent ouggeatad futhor oveme~ont of the sigma pbass taitively uniffected. X-ray diffxac-
1ow-temjprabir propeartI06 of t4Ne allols . For exc- tiarn enalysis and photaomicrogxaphy indi~cated that
ample, an additional aging at 1200 F, eithex be fore grgin-biun~ay pvocipItates and rglrsae
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Particles distributed throughout the matrix are e6C
arbideg The rod-shaped fomatiths are signa-phase. Roe *toength r eneie tt for tubing

AS, pointed oUt, the itandaid, pattern xeported-by Ro tmoauetnietssfrtbn
ASIU , or 146C also lists the indice's Attributed to dpecimens aged for 75300 hours in air at 19b0 and

tosigma phase. Ao'cordingly, it was recoa~ended 2000 F and for sheet ppeciiend aged; at 100?F were
that w6e following 4-spacings bo used to Identify obtained.' the results of tests bf the 1900?F sheet
sigma phasis i,5f 195t 2., and 1*04. The speciaens are plotted in Figure 6. The ultimate
d;spacings for positive Identificitio~li of M4C In tensIle .stiengths gveeally wpre foutsd to decrease

Hastelloy X are as follows; 2.09, 2.22, 1.92, and with exposure, but the elongation was not greatly
1.25. chaoged, The results for tubing weve similar
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Niekel-tlolybdenum Alloys

312 Teledyne Materials Research Company reported
on Its study of dippersion-strengthaning nickel-
molybdenum alloys.?8A) The matrix was Ni-S~o toii which was added 2, 5, and 7.5 volume percent alumina
or thoria* Selective reduction of oxides was chosen
as the method of preparing the alloys. On the basis
of the analysi of the structure before and after

theial-tabiitytests, three alloys were recom-
mended for the evaluation of mechanical properties.

X These alloys contained 2 and 5 volume percent thor-
\Mww MMMia, and 2 volume percent alumina. The tensile prop-

erties at room temperature and 2000 F are shown in
Table 1. The creep-rupture proportier, at 2000 F
in an argon atmosphere were determined, and it was

j found that the stresses for 3000-hour life were
_________________________________ 6009 1000, and 450 psi, respectively, for the al-

loys containing 2 and 5 percent thoria and 2 percent
alumina. These low values were attributed, at least

X411Min part, to the fact that the materials were tested
in-~the as-extruded condition without any prior cold
work. It was concluded, however, that very stable
structures can be produced by the method of .selec-
tive zeduction of oxides.

W 00 WO 0 0 5000 7500 KQO Nickel4Aolvbdent6-Chromium Alloys
Exposure Tirms, hr

FIGURE 6. 0M-TEAPERATURE TENSILE PROPERTIES OF Melpar has reported on its attempt to produce
VARIOUS HASTELLOY X SHEET HEATS EXPOSED a 70Ni-2OCr-OMo dispersion-strengthened alloy by
INI AIR AT 1900 F(6) plating 0.1-micron-diameter zirconia particlessc

cessively with molybdenum, chromium, and nick 1.(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 are
characterized by high carbon content. However,
when attempts were made to vapor plate molybdenum

- PRI~SSDEVEPMET bymolydirim pntachloride reduction at 575 C
PROCSS-EVELMW(10671~), the zirconia particleu agglomerated and

sintered Into 25 to 50-microni-diametar particles.
Union Carbid6 has reported on it~s program to it was concludedi therefore, that the fluidized-

roll lidimet 700 sheet.k.7)' Maximum hot ductility bed technique would be 'mpossible to use to produce
was obtained by ovaraging the material at 2050 F dispersion-strngthened alloys containing molybdenum
for 4 nours. Fabrication studies demonstrated that unless suitable compounds were found that would de-
consumable-electrode vacuum-melted and vacuum- - compose at lower temperatures and would not result
induction,miaeted material could be hot worked much 'in inherently high carbon content.
better if'tinned than i'f'bare. 'However; electroslag
remelted miterial 'could be forged in thie bare condi- Utilizgtion in Aeiospace Structures
tion. Hot-rolling experiments on the latter materi-
al are not complete. Powder-conolidation tech- The alloy, 1ii -26-thO2, has been selected
niques, were attempted for the production of sheet, by Douglas Aircraft Company for further development
but were discontinued bicause of unsatisfactory re-
sults. echaical-property data on the sheet thus
far produced show that at 1400 F, tensile, creep- TABLE, 1. TERSILE PROPWRUES AT M~ TWEPRATURE AD AT 2000 F OF

ruptures and creep data are below those reported AIt0Y5
for bar. At 1800 F, the properties are better, but Ulim~to 0.02 Percent
still do not comparv with published bar data. Ad- Tonsila Yield alongi- Reduction
ditional tests are under way to characterize further stenth Stngh tiono In Arel~as

the properties of Udimet 700 sheet. It. is believed Ala OlpssoL s psi pucent pEicmnt

that the Iota of alloying elements at the surface -=Of
of the sheet and during exposure -to the test on- 2 2 vql T 6,4W0 4:950 7.2 5*9

viroraient is responsible for the lower high- 3 2 Al 000 4,800 0.8 8.0,
4 5 ol.X 5#4 440 -~ 10.8

temperature properties. Future work~ will include 5 Vol % Ah 4,00 20500. 1,2 2.0
evaluation of 15- and. 20-m-thick sheet. Also, 6 7.5 iv % t 5 ,10( 3,000 8.6 8.4

the process will1 be sciled up, and approximatelyRo 0!au
400 pounds of eheot bar Is- to be. processed into 6 .Vo A102 131,100 115,300 2.4 3*
shebt. Htowever, because the elictroalag remelted 6 7.8 Vol$T~ 131,W0 t24,500 1,6 4.0

materiel has not boaq completely evaluated, the
choice of melting method .is not certain at this
time.



in Phase III of a program to develop structural de- 5100 percent joint efficiency was realized in all
sign data# fabrication techniques, and a capability tests at all temperatures in solution-treatid and
for structural utilization of dispersion-strengthened aged weldeents. In TIC-welded material, the weld
oxidstipn-resistant nickel-bas and cobalt-base joint efficiency, using tensile strength as the
alloys,' 10) Ih the joining tests, resistapce spot criterion, was approximately 93 percent at -423 Ft
welding, spot-diffusion bonding, brazing, and dif- and 95 percent at ambient temperature and 1200 Fe
fusion bonding have been investigated. Mechanical
joining teats included the preparation of the sheet
for flush rivets by dimpling and the performance of
actual riveting tests with rivets of the same ma-
terial. Fabrication experiments included shearing
and slitting tests on 0.004-inch foil materials.

RVAUATION aN AEPL;;TON (1) Collins, H. E., "Development of High Tompora-
ture Nickel-Bass Alloys for Jet Engine Tur-

!boersonic Heat Shields bine Bucket Applicatione , Report NASA CR-
54507, TRW, Inc., Cleveland, 0., Contract

Solar Division of International Harvester NAS-37267 (April 1, 1965 to May 31, 1967).
Company has initiated a program on the evaluation of
superallpy for hyeronio-vehicle honeycomb heat (2) Preliminary information reported by Univetsal-
shields.tl) Six alloys selected for evaluation Cyclops Specialty Steel Division, Cyclops
wetro Inconal 625, Haynes 25, Rend 41, Alloy 718, Corporation, Bridgeville, Pa., under U. S~.
TDi and TDNiC. The effects of slow cyclic- Air Force Contract F 33615-67-01056.
oxidation exposure and long-time exposure stability (3 rkofJ.E9adGhmLDt"evlp
will ka investigated.once base-line data-have been (3 okffJ.Bad rhmLD,"eeop
obtained. ment of High Temperature Cobalt-Base Alloys

for Application as Jet Engine Stator Vanes,,
Udjmt 6Q fr~urineandReport NASA at-54W4, TRW, Inc., Clevelandi

Udiet 30 or urbne ndCompressor Disks 0., Contract NAS 3-7600 (June 1, 1965 to Msy

Udimet 630 was examined for use as turbine 2,16)14CN.648
and compressor'disks in advanced engines.(12) It (4) Preliminary Information reported by General
was reported that the material was notch sensitive Electric Company, Cincinnati, 0., under Us. So
when triatid In the solution-treated (1950 F) and ArFreCnrc 31-7C31
aged condition as recommended by the vendor. How- ArFreCnrc 31-7031
ever, when ooq~ressor disk forgings were made at (5) Prelimiv.:ry information reported by To~In.
forgihg temperatures of 1860 and 1800 F, no tensile Cleveland 0., under U. S. Air Forvi Contract
or rupture-notch sensitivity was observed when the AF 33(615S-5126.

* forged material was solution heat treated at 1850 F
followed by a standard age (1400 F, 10 hi, FC + (6-rlmnreifrainrportec -by ;tpt

10F,10 hr, AC). Material that had been "Mini- General Corporation$ San Ranpon, wll. 4de
processed" gave superior tensile-fatigue and creep U. S. ABC Contract, AT0)-365. -

properties without notch sensitivity. Mini-
processing is a proprietary thermomechanical treat- (7) Pridpong J. V.9 and sh&Tiou, Vs,# "RPceva
mont developed by Curtiss-Wright Corporation. Since Davl~ent for I~vd 'h~fn'
the results of the Investigation were from a single SM, valley shtet' R*Iort IR-.Z1 iioji
heat of material, further investigation was recomn- Carbide 'Ao-4o Corl Kktrtinct
mended before the material Is adopted for use. Ap 33*5) 8 --it Im toMy

Welded Alloy 718 1967) WIC Nk WZ

Stress-rupturi deta have been dovelopod by N Re16o. R. C Wi&er, ii, Tho Develop-
CuQrtiss-Wright for welded Alloy 718 prepared by both laet of blspigsiorn-Strengthened Nickel-
inert-9ps tuiigsten arc and the elecc - Molybdenum Non-Oxidation Resistant Alloys",
coste. .i) The test establishod that both .veidint Report NASA Ql-54502p Teledyne-Matorials
processes degrade the creep-rupture life of. Alloy Research Company, Division of Teledyne, Inc.,
710s The welding process caused a sensitized region Waltham, Mass., Contract NAS 3-7265 (April
to develop In the fusion line* The creep-rupture 1967) 1IC1 Noe 695656
test at 1300 F caused a.stress-induced boundary
prictpitation that exerted a detrimental influence (9) 'The Development of Dispersion-Strengthened
on creep-rupture life. The specification called Nickel-Base Corrosion-Resis tant Alloys",
for a 24-hour life at 1300 F tinder~ a load of 70 kei. Report NASA CR-54580 Melpar, Incs, Falls
Many of the olect~ron-bo&%-we lded specimens and TOG- Church, Va., Contract RAS 3,-7271 (May 1967)I welded ipecimens fell below this ranoe, AimnAt all 13410 No* 69007.
of the failure's In the electton-beam-welded speci- (0 rlmnr nomto eotdb h
mole were in the fusion line. 1)Peiiayifrainrpre y h

Douglai Aircraft Company, Santo.Monica,
Aarcoet.General, on the other hand, repovtod Calif., under Us 8. Air Force Contract

results of scatl-retytesting ad welding F 33615-67-C-1319.
of Alloy 710 for.9-1 engino omponontsM a
tts showed that Alloy 718 could be weldad by (11) Preliminary information reported by the Solarj ,ectron-bam end 110 t~3wt ih on fi iiio fItrainl avse oa
ctenoles* for oueplas In tedsa conducted, at -T San Diego, Calif., und-. U. So Air 7orco
V, x:2biant tworaturv# 000 F, 1200 Y, and 13W0 Fs Cobtrict F 33615467-04917o
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