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The iron-base east superaZloys XF-828 and XF-527 are cost- 
saving alternatives to certain cobalt-containing superaLLoys. 
These geopoliticalZy Zess sensitive new aZZoys have Zow raw mate- 
riaZs Cost, good eastability in air, good machinabiZity,and da 
not require heat-trea-tment. Alloy XF-818 is intended for appZi- 
cations requiring good elevated-temperature strength and oxida- 
tion resistance up to about 870 C (1600 FJ. Alloy XF-527 is in- 
tended for appZieations up to about 980 C (1800 F) that require 
moderateZy high elevated-temperature strength and good resis- 
tance to oxidation and/or hot corrosion. Properties are pre- 
sented and applications trials are discussed. 

INTRODUCTION 

Those concerned with cost reductions and energy and mate- 
rial conservation recognize that iron-base superalloys should 
be developed and promoted for certain applications now dominated 
by cobalt- and nickel-base alloys. Initial efforts were made 
about 25 years ago by the Chrysler Corporation and by Chrysler- 
sponsored researchers at the University of Michigan. Composi- 
tions and rupture strengths of the Chrysler CRM-GD, 15D, 17D and 
18D alloys are listed in Ref. (1). These alloys sometimes ex- 
perience extensive mold-metal reaction and require a prolonged 
aging heat treatment. An alloy developed in the program at the 
University of Michigan and containing Fe-lgCr-18Ni-5Mo-1.25B- 
0.3C had attractive rupture strength in the as-cast condition, 
being strengthened by eutectic borides and carbides (2). It has 
since been discovered at the Climax Laboratory that boron and 
carbon concentrations should be reduced to 0.7-0.9% and 0.08- 
0.20%, respectively, for better ductility. Depending on 
whether a proposed application requires higher strength or in- 
creased hot-corrosion resistance, two major alloy types were de- 
veloped. These are known as XF-818 (Fe-7.5Mo-18Cr-18Ni-0.7B- 
0.4Cb-0.3Si-0.2C-0.15Mn-O.l2N) and XF-527 (Fe-5Mo-27Cr-3ONi- 
1.5Si-0.9B-0.4Mn-O.12N-O.O8C). This paper will review key prop- 
erties of the two alloy types and will describe some of the 
heat-engine and die applications undergoing present consideration. 
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EXPERIMENTAL PROCEDURES 

The two principal alloys described in this paper are the most 
promising of many iron-base superalloys that were evaluated at the 
Climax Laboratory. Compositions of all heats tested, in % are: 

C Mfl si_ Cl- ti MO !2 E !! Fe 
XF-818 0.21 0.12 0.28 18.02 17.89 7.60 0.40 0.73 0.115 Bal. 

0.21 0.15 0.46 17.80 17.90 7.66 0.46 0.75 0.107 Bal. 

XF-527(MID-RANGE) 0.09 0.43 1.38 26.82 30.08 4.99 0 0.89 0.123 Bal. 
0.09 0.40 1.37 27.20 30.18 5.01 0 0.94 0.124 Bal. 
0.08 0.37 1.45 26.90 29.80 4.97 0 0.85 0.139 Bal. 

XF-527(LOW-END) 0.05 0.17 1.14 25.82 29.15 4.48 0 0.74 0.088 Bal. 

XF-527(HIGH-END) 0.13 0.59 1.59 27.64 31.29 5.38 0 1.00 0.158 Bal. 

Heats weighing 25 or 60 kg (55 or 130 lb) were air-induction 
melted; threaded test bars were investment-cast and at least one 
Y-block was sand-cast for each alloy. Several processing vari- 
ables were examined for XF-527: 1) composition, with one heat at 
the low end, three heats at mid-range, and one heat at the high 
end of the melting range; 2) solidification rate, with Y-blocks 
chill-cast in 13 mm (0.5 in.) steel molds and sand cast in a 
heavy section, 75 mm (3 in.) mold; 3) welding, with full cross- 
section repair welds at mid-length of creep-rupture test bars. 
No heat treatment was used for XF-818 and XF-527 test materials. 
Appropriate specimens in the as-cast condition were evaluated 
for microstructure, phase identity, density, thermal expansion, 
impact strength, fracture toughness, hardness, tensile and creep- 
rupture properties, oxidation and hot corrosion resistance. 
Heats of cobalt-base FSX-414 (Co-0.28C-0.22Mn-0.72Si-29.43Cr- 
10.58Ni-7.10W-O.O12B-0.038N) and iron-base CRM-18D (Fe-0.78C- 
5.25Mn-0.58Si-23.41Cr-5.16Ni-5.08Co-1.96Cb-0.86Mo-0.83W-0.012B- 
0.226N) were cast, given their standard heat treatments, and sub- 
jected to certain tests as reference alloys. Moreover, 13 x 13 x 
75 mm (0.5 x 0.5 x 3 in.) bars of six commercial superalloys were 
supplied by an investment-casting firm for use as reference 
alloys in oxidation and sulfidation tests. The effects of aging 
at 650-980 C (1200-1800 F) for 1000 hours on hardness, micro- 
structure and tensile properties of XF-527 were determined. 

RESULTS AND DISCUSSION 

Characterization of As-Cast Material 

Microstructure. Austenite dendrites comprise the major con- 
stituent in both alloys, and dendrite arms are surrounded by 
boride- and carbide-containing eutectic constituents (Fig. 1). 
The dominant eutectic constituent in XF-818 (Fig. la) contains 
the (Mo,Cr) boride M3B2 interleaved with ductile austenite, giv- 
ing creep resistance with a modest amount of room-temperature 
ductility. Such a combination of ductile and hard phases re- 
sults only from boron, not carbon additions to alloys of the 
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(A) XF-818 (B) XF-527 

FIG. 1 MICROSTRUCTURE5 OF AS-CAST TENSILE TEST BARS OF XF-818 AND XF-527 
ETCHED ELECTROLYTICALLY WITH 50% HN03; X425 

present 'type, thus explaining their high boron and low carbon 
contents. The presence of nominally 0.2% C in XF-818 gives 
rise to :Eormation of a monolithic eutectic carbide, shown in 
the lowe-r left portion of Fig. la. Alloy 527, (Fig. lb), con- 
tains less of the lamellar eutectic and also contains large, 
irregularly shaped plates and rods identified as the (Cr,Mo) 
boride M,2B. 

Physical Properties. Densities of the subject alloy are 
given in Table 1. The values are comparable to those of most 
nickel-base superalloys, and nearly 10% lower than for cobalt- 
base superalloys. The thermal expansion coefficients of XF-818 
and Xl?-5.27 are moderately greater and just slightly greater, re- 
spective:Ly, than for nickel- and cobalt-base superalloys. 

Mechanical Properties at Room Temperature. Cast-to-size 
test bars of the subject alloys have hardness values of about 
HRC 20, Table 1. This low hardness, in combination with the 
chip-breaking effect of the eutectic constituents, makes the 
alloys readily machinable, although moderate tool wear is ex- 
perienced. 

As seen in Table 1, room-temperature yield and tensile 
strengths of investment-cast test bars, like hardness, are rel- 
atively :Low. Of special interest, in view of the large volume 
fractions of eutectic constituents in these alloys, are their 
room-temperature elongations of over 1.5%, as measured by elec- 
trical resistance strain gauges. 

Tests of three unnotched Charpy impact specimens each at 
room temperature reveal mean impact energies of 8.9 and 8.2 J 
(6.6 and 6.0 ft-lb) for XF-818 and XF-527, respectively. Frac- 
ture toughness values, as determined on three compact tension 
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TABLE I PHYSICAL AND MECHANICAL PROPERTIES 

PROPERTY XF-818 XF-527 

DENSITY 7.98 (0.288) 7.86 (0.284) 

LINEAR COEF. TH. EXP., 10-6/'=C ("F) 
RM. T. TO 760 C (1400 F) 17.00 (9.44) 15.94 (8.86) 
RM. T. TO 980 C (1800 F) 17.37 (9.65) 16.21 (9.01) 

HARDNESS, HRC 20 19 

RM. TEMP. TENSILE PROPERTIESa 
0.2% Y.S., MPa (ksi) 411 394 
U.T.S 
ELONGI\;I!;: ?$si' 

672 19"y.t; 
1.60 

572 [;:-A{ 
1:71 

IMPACT TOUGHNESS, J (ft-lb) 8.9 (6.6) 8.2 (6.0) 
(UNN~TCHED CHARPY) 

FRACTURE TOUGHNESS, 44.7 (40.7) 45.3 (41.2) 
KIc, MPa h (ksi fi.) 

ELEV. TEMP. U.T.S., MPa (ksi); [% El.] 
650 C (1200 F) 629 (91.2) [4.5] 527 (76.4) [6.0 
760 C (1400 F) 528 (76.6) 15.01 447 (64.9) [7.5 
870 C (1600 F) 334 (48.4)[18.0] 308 (44.6)Lll.s 
980 C (1800 F) 183 (26.6)[16.0] 176 (25.5)[23.5 

1095 C (2000 F) 83 (12.0)[19." 

aAverages for duplicate specimens. b Measured as the plastic portion of 
total strain at fracture, using resistance strain gauges. 

specimens per alloy, are 44.7 and 45.3 MPa rrn (40.7 and 41.2 
ksi Kn.) for these alloys, respectively. These values are 
rather high for alloys with just over 1.5% elongation and are 
believed to reflect the presence of ductile austenite in eutectic 
constituents and the irregular fracture paths around dendrite arms. 

Elevated-Temperature Tensile Strength. Alloy XF-818 sur- 
passes XF-527 in tensile strength at 650 C (1200 F), but the ad- 
vantage tends to diminish at higher temperatures (Table 1). At 
870 C (1600 F), the two alloys have tensile strengths of 334 MPa 
(48.4 ksi) and 308 MPa (44.6 ksi), respectively, values that are 
unusually high for iron-base alloys and that rank high among those 
for all non-y'-strengthened superalloys. Elongations are signif- 
icantly higher at 650 C (1200 F) than at room temperature and in- 
crease markedly with rising temperature. 

Creep-Rupture Properties. The results of all creep-rupture 
tests performed on investment-cast test bars of XF-818 and "mid- 
range" XF-527 are represented by the data points and curves of 
Fig. 2. These test results exhibit only minor scatter. Alloy 
XF-818 is markedly superior in rupture strength to XF-527 at 
lower parameters but about half of the relative advantage is lost 
in going to the highest common testing parameters. Rupture elon- 
gations for XF-818 increase from about 5 to 25% and those for 
XF-527 increase from about 5 to 40% with increasing parameter. 
Also shown in Fig. 2 is a shaded band for XF-527. Included with- 
in this band are test results for specimens representing the 
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processing variations de- 
scribed in "Experimental 
Procedures." The results 
were as would be expected: 
"low-end" heats were at 
the bottom of the band and 
"high-end" heats at the top 
of the band; chill-cast 
specimens were represented 
by a steeper and heavy sec- 
tion specimens by a less 
steep Larson-Miller curve 
than for the investment- 
cast test bars. Also,points 
for welded specimens fell 
almost exactly on their re- 
spective Larson-Miller 
curves. Because the band 
representing all processing 
variations of XF-527 is 
relatively narrow, this 
alloy,and presumably XF- 
818, should exhibit rather 
consistent rupture be- 
havior when processed under 
a wide variety of conditions. 

The present alloys are compared in Fig. 3 with some widely 
used commercial alloys on the basis of loo-hour rupture strength 
over a range of temperatures. At 650 C (1200 F) the rupture 
strength of XF-818 is comparable to the highest values shown for 
alloy 713C and cast Udimet-500 at higher temperatures. The XF- 
818 curve lies between curves for the high strength cobalt-base 
alloy Mar-M509 and the hot-corrosion-resistant cobalt-base 
alloys FSX-414 and X-45. Moreover, XF-818 is several times as 
strong as both cast HK alloy and wrought AISI 316 stainless steel. 
As previously shown, XF-527 has lower rupture strength than XF- 
818. Alloy XF-527 is about 18 MPa (2.5 ksi) weaker than FSX-414 
at all temperatures, but surpasses X-45 in loo-hour rupture 
strength at temperatures up to about 815 C (1500 F). A compari- 
son of XF-818 with commercial alloys at a loo-hour rupture 
strength of 350 MPa (50 ksi) shows that the y'-strengthened U- 
500 and 713C have 90 and 125 C (160 and 225 F) advantages in 
operating capability, respectively, over XF-818. This suggests 
the use of XF-818 in those applications not requiring the full 
temperature capabilities of the vacuum-melted nickel-base alloys, 
but for which those alloys have been used, for lack of a suitable 
iron-base replacement. 



78 / Superalloys 1980 

TEMPERATURE, 100 C 

FIG.3 EFFECT OF TEMPERATURE ON THE 100.HOUR RUPTURE STRENGTH OF XF-818 AND XF-527 AND OF 
SEVEN COMMERCIAL ALLOYS. ALL OF THE COMMERCIAL ALLOYS ARE CAST, EXCEPT AI51 316. 

Ductility of Aged XF-527 and Reference Alloys 

Loss of ductility during service is a common problem in 
elevated-temperature alloys. The effect of aging for 1000 hours 
at 650, 760, 870 and 980 C (1200, 1400, 1600 and 1800 F) on room 
temperature ductility of XF-527 and two reference alloys is 
shown in Fig. 4. Represented in Fig. 4 are average data from 
duplicate investment-cast test bars of standard (mid-range) XF- 
527 and its low-end and high-end compositional variations, and 
of FSX-414 and CRM-18D, and from specimens machined from the 
13 mm (0.5 in.) chill-cast and the 75 mm (3 in.) sand-cast Y- 
blocks of XF-527. There is a progressive lowering of the curve 
for investment-cast XF-527 as composition increases from the 
low end to the high end of the range, owing mainly to the in- 
creased volume fraction of second phases. Aging causes at least 
a minor loss of ductility for all processing variations of XF- 
527 at most temperatures. This is reflected in the moderate 
downward slope of the dashed curve in Fig. 4 that represents the 
average elongation for all XF-527 specimens. These losses, how- 
ever, are far less drastic than the loss experienced by FSX-414 
at 760 and 870 C (1400 and 1600 F). Although heat-treated FSX- 
414 has 6.3% elongation before aging, the ductility after aging 
at 760 C (1400 F) drops sharply to 0.87%, a value lower than 
for three of the five XF-527 processing conditions. At 870 C 
(1600 F), FSX-414 is less seriously embrittled, but its 1.44% 
elongation is still below that for two of the XF-527 process- 
ing conditions. Marked loss of ductility by cast cobalt-base 
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INVESTMEMT- CHILL-CAST SAND-CPST 
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superalloys has been observed previously, and is attributed 
primarily to the profuse precipitation of fine M23C6 part- 
titles in the matrix (3-6). Because XF-527 has low carbon 
content, it is not embrittled by carbide precipitation, al- 
though the alloy suffers mild loss of ductility from forma- 
tion of some platelets at 760 C (1400 F). The profuse car- 
bide precipitation occurring during the standard 650 C 
(1200 F)/lOO hour heat treatment of CRM-18D causes low initial 
ductility in this alloy. Elongation values of this alloy 
after the lOOO-hour aging treatments are somewhat higher, 
suggesting that the fine initial carbides have been overaged. 
In spite of this, the elongation values for aged CRM-18D are 
the lowest in this study. 

Surface Stability 

Alloy XF-818 was designed primarily to have high rupture 
strength at moderate temperatures -- up to about 870 C (1600 F), 
and its oxidation resistance at this temperature is relatively 
high. E;ecause the chromium content of this alloy is too low 
to afford hot corrosion resistance, XF-527 was subsequently de- 
veloped for use in sulfur/salt-bearing atmospheres and for ex- 
posure in air at temperatures up to about 980 C (1800 F). 

Oxidation Resistance. The weight gain of XF-818 after 
500 hG.s in humidified air at 870 C (1600 F) is relatively 
low, 0.54 mg/cm2. After a lOOO-hour exposure (ten loo-hour 
cycles) at 900 C (1650 F) in humidified air, 25 x 10 x 2.5 mm 
(1.0 x 0.4 x 0.1 in.) specimens of XF-527 and reference alloys 
experience the following weight gains (mg/cm'): 
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XF-527 0.68 Mar-M509 1.29 
FSX-414 0.88 Multimet (N-155) 1.39 
CRM-18D 1.25 IN-738 2.53 
Alloy 713C 1.27 x-45 3.14 

This suggests that XF-527 would have adequate oxidation resis- 
tance for many applications. 

Hot Corrosion Resistance. The same set of alloys de- 
scribed in the previous section was subjected to two hot corro- 
sion tests. 
mg/cm' 

In the first test, coupons were coated with 1 
of 70% Na2SO4/30% NaCl and exposed in humidified air at 

900 C (1650 F) for 1000 hours. At loo-hour intervals, the 
specimens were cooled outside the furnace, weighed, and re- 
coated as before. The results of this test (Fig. 5) show that 
alloy 713C corroded rapidly from the start, but that all other 
alloys had low initial attack. After 300 or 400 hours, six 
alloys, including "low-end" and "mid-range" XF-527, began suf- 
fering rather high weight gains under the influence of this 
high-chloride salt mixture. The "low-end" alloy was removed 
from test after 700 hours and the "mid-range" alloy was removed 
from test after 800 hours. The "high-end" alloy maintained ex- 
ceptionally low weight gains through the first 900 hours of 
test but gained a substantial amount of weight in the final 100 
hours of testing. Metallographic examination of the tested 
specimens revealed that IN-738 and X-45 suffered severe internal 
degradation during this test; grain boundaries throughout the 
specimens were attacked, rendering the test coupons weak and 
brittle. 

I I I I I 

0 XF-527 (MID-RANGE) 0 CRM-18D o FSX-414 (COMM.) 

250- 0 ~~-527 (LOW-END) o MULTIMET . FSX-414 (LAB.) 

A xF-527 (HIGH-END) o IN738 h Mar-M509 
a ALLOY 713C p x-45 

r,mCOllPLETE GRAIN BOUFIDARY ATTACK 

"E 
200 

t 

AT END OF TEST 
" 

2 
P P 

EXPOSURE TIME, hr 

FIG. 5 WEIGHT GAINS OF XF-527 AND SEVEN COMMERCIAL SUPERALLOY8 DURING HOT 
SION TESTING AT 900 C (1650 Fj. SPECIMENS WERE COATED WITH 1 mg/cm 5 

ORRO 
OF 

70.'. Na so4/30': NaCl INITIALLY AN0 THEN EVERY 100 HOURS. (FOR CLARITY, 
SOME E D TA OMITTED FROM CONGESTED LOWER LEFT PORTION OF GRAPH,) 
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, The second hot corrosion test 
was an immersion crucible test 
performed as described in Fig. 
6, the 99% NazSO4/1% NaCl salt 
mixture being that used in 
earlier crucible tests by 
Graham et a1.(7). As shown in 
Fig. 6, there was a very wide 
range of results. The three 
XF-527 specimens had low metal 
weight loss, and IN-738 was 
nearly as good. Much greater 
losses were suffered by the 
other six alloys, three of the 
alloys -- CPM-18D, Multimet 

116. 6 WFlGHT loss OF xi-527 AhO SE’IEN COMFKRCIAL S”PFRALL”YS IliTER and X-45 -- having been total- I"-,,""K CHliCIBLF I,MMLRSI",< TEST AT 900 c (1650 ij 
ly destroyed. 

From these results it is evident that the surface stability 
of XF-527 is relatively good, but that some adjustment in composi- 
tion may be necessary to assure satisfactory hot corrosion resis- 
tance if high-chloride environments are to be encountered. 

APPLICATIONS 

While evaluating the alloys as described in the preceding 
sections, some important processing advantages became apparent: 

The alloys are cobalt-free and relatively inexpensive. 
They can be melted and cast in air, and have high fluidity. 
Heat-treating is not required. 
Machinability is markedly better than for other superalloys. 

These advantages suggest the possibility of the cost-saving re- 
placement of various alloys by the present alloys in certain 
applications. In general, the alloys most amenable to substitu- 
tion are cast cobalt-containing X-40, X-45, FSX-414, and Multimet 
(N-155), because cobalt is a geopolitically sensitive and costly 
metal. In applications not requiring the full temperature capa- 
bility of nickel-base alloys such as 713C, GMR-235, or cast U-500, 
replacement by XF-818 and possibly XF-527 may be considered. 

Because of its good elevated-temperature strength, XF-818 
has been evaluated for automotive exhaust valves. Two cost- 
saving variations were cast into valves in shell molds and eval- 
uated by a U.S. automobile manufacturer. These alloys have sig- 
nificantly higher hot hardness and rupture strength (Fig. 7) 
than wrought 21-4N, an alloy widely used for exhaust valves. 
After passing preliminary fatigue tests, the valves were engine- 
tested under the conditions shown in Table 2. The valves per- 
formed comparably to 21-4N, experiencing no significant amount 
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of stretch or oxidation and no 
breakage under the repeated im- 
pact loading to which exhaust 
valves are subjected. Non- 
technical considerations have 
prevented these alloys from be- 
ing tested further as of the 
present time. These alloys 
have attractive possibilities 
for exhaust valves, however, 
especially if rising operating 
temperatures of valves in 
clean-burning and fuel- 

P T,p + iog t11o-3 

5 
$ 
5 

efficient engines should sur- P T"p + log t)10-3 
pass the temperature capa- FIG. 7 LARSON-MlLLER CURYES FOR XF-8,751 and MOlFIED XF-*I* (BOTH AS-CAST) AND FOR WROUGHT 21-w 
bility of the present 21-4N (HEAT-TREATED) 
type of alloy. Economics may 

TABLE II CONDITIONS FOR TESTING XF-818-TYPE EXHAUST VALVES IN V-B ENGINES 

NO. OF 
TYPE OF TEST ENGINES TESTING CONDITIONS LENGTH OF TESTS 

DYNAMOMETER 4 

I I 

75% OF TIME AT PEAK POWER [4200- 110-159 HOURS 
DURABILITY TEST 4400 RPM; -200 km/h (125 MPH)] 

25% OF TIME AT PEAK TORQUE 

VEHICLE 3 

I I 

NORMAL DRIVING WITH FREQUENT 40,000-56,000 km 
DURABILITY TEST INTERVALS AT-160 km/h (100 MPH) (25,000-35,000 miles) 

INTERSPERSED 

dictate that the high fluidity of the XF-818 type alloy be ex- 
ploited, by die casting or permanent-mold casting the valves; 
feasibility of this has been explored with favorable results. 

There is interest in using iron-base superalloys for 
small integral turbine wheels operating at moderate tempera- 
tures. Potential applica- 
tions are automotive turbo- 
chargers and small gas tur- 
bine engines that would 
serve as lightweight, low- 
emission propulsion units in 
snowmobiles, garden tractors, 
etc. A prototype turbine en- 
gine wheel made of an XF-818- 
type alloy is shown in Fig. 8. 
Tensile properties obtained 
on sub-sized specimens from 
the thick hub of this radial- 
flow wheel (Table 3) compare 
rather favorably with those 
of a cast-to-size tensile 
specimen, showing the good 

/ 

. -WY--- 

-. 

‘)‘ . 

FIG. S INTEGRAL TURBINE WHEEL OF MODIFIED 
XF-818 THAT WAS PREPARED FOR ROOM TEM- 
PERATURE SPIN TEST. THIS RADIAL FLOW 
WHEEL DESIGN IS FOR A SMALL. SINGLE 
STAGE DEVELOPMENTAL GAS TURBINE ENGINE. 
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TABLE III TENSILE PROPERTIES OF SUB-SIZED TENSILE SPECIMENS 
MACHINED FROM XF-818-TYPE SMALL GAS TURBINE WHEEL 

castability of this alloy (8). During room-temperature spin 
tests of 115 mm (4.5 in.) diameter wheels, rotational speeds of 
122,000 to 133,000 rpm have been achieved before failure oc- 
curred (9). The subject wheels had been cast without any opti- 
mization of processing parameters. Significantly higher rota- 
tional velocities could probably be achieved by making minor 
changes in alloy composition and by studying the effects of 
casting conditions, and possibly of heat treatment. 

Alloy XF-527 is under consideration as a nozzle-vane mate- 
rial for large industrial gas turbine engines. Typical nozzle 
vanes are pictured in the Westinghouse W-501D vane segment of 
Fig. 9. This first trial casting of a vane segment from the 
present type of alloy was defect-free, thus demonstrating good 
castability. Alloy XF-527 has high resistance to scale forma- 
tion in burner rig.tests, but the mode of internal attack has 
yet to be identified. Minor alloy changes may be necessary. 

The cast superalloy used thus far for cylinder heads and 
regenerator housings in the automotive Stirling-engine develop- 
ment program is cobalt-base X-40. During the D.O.E. Contractors' 
Coordination Meeting of October 23-25, 1979, it was stated that 
materials testing will begin on replacing X-40 with XF-818. A 
rupture-strength advantage at operating temperatures and the 
weight saving that results from 
lower density add further justi- 
fication beyond cost saving. 

Isothermal or "hot-die" forg- 
ing of titanium alloys permits forg- 
ing of parts much closer to final 
dimensions than conventionally. Be- 
cause of lower forging pressures, 
larger shapes can be forged with 
existing equipment. Isothermal 
forging of the low-@-transus alloy 
Ti-lOV-2Fe-3Al at 8451760 C (15501 
1400 F) with dies of XF-818 
appears feasible because the low 
material cost and good machinability 

FIG. 9 TRIAL CASTING OF AN INDUSTRIAL GAS 
TURBINE VANE SEGMENT. THIS CASTING 
WEIGHS MORE THAN 36 kg (80 lb). 
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FIG. 10 CAST DIE SET OF XF-818 FOR THE ISOTHERMAL FORGING OF TITANIUM 

of this alloy help to avoid high die costs. Such dies have 
been cast (Fig. 10). No die damage was observed after stressing 
this die set with a previously forged wheel of Ren& 95 by 
squeezing 150 times at an average stress of 240-310 MPa (35-45 
ksi) and a maximum die temperature of 815 C (1500 F) (10). The 
die set was further tested by isothermally forging six wheels 
satisfactorily from titanium alloy bar stock, not from preforms. 
Further development of the isothermal forging of titanium alloys 
with XF-818 dies is under consideration. Other uses of XF-818 
or XF-527 may also be considered. 

SUMMARY 

Two cobalt-free, iron-base cast superalloys possessing at- 
tractive strength at elevated temperatues have been described. 
Because of low raw materials costs, excellent castability in air, 
good machinability, and the ability to be used in the as-cast 
condition, the alloys offer a significant cost-saving potential 
over other superalloys, especially those containing cobalt. Alloy 
XF-818 is intended for service at temperatures up to about 870 C 
(1600 F) in applications requiring good elevated-temperature 
strength and oxidation resistance. Alloy XF-527 is intended for 
service at temperatures up to about 980 C (1800 F) in applica- 
tions where good hot corrosion resistance and moderately high 
elevated-temperature s-trength are required. Although these alloys 
may be suitable for certain applications without modification, 
some optimization of composition and/or processing may be advanta- 
geous for other applications, depending on service conditions.' 
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