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Microstructural Evolution of Udimet 720 Superalloy
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The microstructural evolution of the nickel-base superalloy Udimet 720 (Special Metals Corp., New
Hartford, NY) aged at 850 °C for 1000 to 2000 h is presented. After aging, tifeprecipitates change from
cubic to globular morphology. Secondaryy particles and topologically close-packed phases were not
found. They mean diameter increases with aging times, following the Lifshitz-Wagner model. The ex-
perimented aging times have no strong effects on mechanical properties of Udimet 720.
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The chemical composition of the cast nickel-base alloy Udi-
met 720 examined in this study is given in Table 1.
Introduction Aging at 850 °C for 1000 h (sample 2), 1250 h (sample 3),

1500 h (sample 4), 1750 h (sample 5), and 2000 h (sample 6)

The term superalloy is normally used to describe multiphase Simulated the service. After aging, the microstructural charac-
and multicomponent alloys based on nickel, cobalt, or iron. terization was carried out with optical microscopy (OM), scan-
The most important properties of the superalloys are long-timeNing electron microscopy (SEM), and transmission electron
strength at high temperatures (above 650 °C) and resistance t&hicroscopy (TEM). To determine thy weight, a phase ex-
hot corrosion and erosion. Nickel-base superalloys are widely traction was done. _ _
employed in gas turbine engines (Ref 1) because of their good Metallographic specimens were obtained from aged and
behavior at high temperature with respect to creep (Ref 2), fa-unaged samples. They were sectioned, mounted, polished, and
tigue, corrosion, fracture toughness, and microstructural stabil-€tched using a Kalling reagent, and then they were elec-
ity. These properties are due to the mixture of face-centeredtroetched with 2% Cr@in aqueous solution. An electroetching
cubic (fcc)-ordereqt precipitate 3B type) embedded inthey ~ With 20 mL HPO, and 80 mL HO was adopted for SEM ex-
matrix, strength improving with increasiygvolume fraction. ~ @mination (Ref 1). Though the SEM depth of field permits the

Carbides are also present, particularly MC,484, and examination of specimen overetched by OM, great care was
M¢C; the topologically close-packed (TCP) phases are undesir-t8ken to avoid attacking the fine second@riRef 6). .
able because of their negative effect on the mechanical Thin foils for TEM were prepared from disks of 3 mm di-
strength. During services in gas turbines, the strong variations@meter, thinned to perforation in a Tenupol (Struers, Denmark)
in superalloy microstructural induced by aging can cause a re-twin-jet electropolisher. A solution of 5% perchloric acid in
duction in creep strength properties. As this reduction may butylglycole at—15 °C was used as electrolyte, and a voltage of

limit the residual life of a component part, an investigation into 30 V was applied. _ _
microstructural changes in aging is justified. The previously indicated etchants attack thelid solution,

This article describes the microstructural evolution of the Pringing outthe/ phase. Scanning electron microscopy obser-
nickel-base superalloy Udimet 720 (Special Metals Corp., New Vations were done in secondary and backscattered modes;
Hartford, NY) (Ref 3), aged at 850 °C for 1000 to 2000 h. This TEM micrographs were taken in bright-field mode.
alloy is increasingly used in the form of forged rotor bladesin  Specimens for phase extraction were first coarse ground and
land-based gas turbines (Ref 4, 5). Heat treatments for the prethen fine ground to remove oxide layers or corrosion deposits
cipitation-strengthened alloy Udimet 720 generally consist of a @and then weighed.

solution treatment in inert atmosphere (1170 °C for 4 h), fol- _ The dissolution was carried out with an aqueous solution of
lowed by stabilization (1080 °C for 4 h) and a two-step aging 1% tartaric acid and 1% (NpbSO,, in aqueous solution with
(850 °C for 24 h, 760 °C for 16 h). an anodic potential of about 1,000 V referred to the calomel

electrode and with a current density less than 10 mA/&fter
ultrasonic treatment, the solution was filtered on a Q&2
|. Calliari, M. Magrini, andM. Dabala, Department of Mechanical Millipore GSWP filter (Millipore Corp., Bedford, MA).
and Management Innovation, University of Padua, Via Marzolo, 9, The x-ray diffraction (XRD) (Cu K radiation, D500 Sie-
35141 Padova, Italy. Contact e-mail: calliari@ux1.unipd.it. : . . ]

mens), carried out on the filtered particles, did not reveal traces

Table 1 Chemical composition of Udimet 720

Composition, wt%
Alloy Cr Co Mo w Ti Al C B Zr Ni

Udimet 720 18.00 14.70 3.00 1.25 5.00 2.50 0.035 0.033 0.030 55.45
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of y phase. The fraction was obtained by weight loss, and its 1), which deplete the matrix of refractory elements responsible
chemical composition was determined by atomic absorption for solid-solution strengthening.
spectrometry (AAS).

To investigate/ and secondary phases, a selective solution
of particles adhering to the filter was performed with a Ber- Optical Microscopy and SEM Examinations
zelius reagent (160 g of Cuf2H,0, 140 g of KCI, 10 g of tar-
taric acid in 7.5% HCI aqueous solution). A filtration was
carried out with 0.22im Millipore GSWP filter, and the parti-
cles were submitted to XRD.

The fractions off and of secondary phases were determine
by weighing. After elimination of Cu by electrolysis at 2 V, the
chemical composition of was determined by AAS.

Figure 1 shows the microstructure of sample 1 with hetero-
geneous grain size of ASTM No. 0. There are also fine precipi-
tates in intergranular and transgranular positions, with

d preferential alignment parallel to blade axis, in parallel to cool-
ing hole. At grain boundaries and in particular at triple points,
zones with lamella morphology of eutectic phase, arising
from melt cooling, are shown.

A SEM micrograph of an unaged sample is shown in Fig. 2.

Results and Discussion A cubic primaryy phase and a secondary globylgrhase are

evident. The size of the cubic phase is in the 0.5 tquth6
Table 2 provides the mean values of microhardness. As the'@nge, without preferential orientation on specific crystalline
time of service lengthens, the Vickers hardness values delane. The globular particles, probably arising from direct

crease. This may be due to the growth gf®4 and M,C (Ref cooling from melt, have uniform sizes of about 006. The
acicular TCP phases, responsible for strong deterioration of

mechanical properties, are absent. Carbides are present both in
transgranular and intergranular position with MC-type block
morphology (Fig. 3).

Figures 4 and 5 show the SEM micrographs of samples aged
for 1250 and 2000 h. Both samples have globular prinfary
phase with size in 0.35 to Ou8n range; even if there is no evi-
dence of secondany phase, some globules of about 026
were found. The precipitate volume fractions seem to be con-
stant as the aging time increases. Carbides are localized at trans-
granular positions, and the TCP acicular phases are absent (Fig. 6).

Table 2 Mean values of microhardness in samples at
different aging times

Aging Microhardness,
time, h 0.2HV
0 468
' 1000 426
Fig. 1 Microstructure of an unaged sample (marker = 1 mm), ;ggg ﬁg

ASTM grain size No. 0

Fig. 2 SEM image of an unaged sample showing primary and Fig. 3 Carbides with MC-type morphology (SEM image,
secondary phases unaged sample)
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From the reported results, one may deduce that the adopted In order to apply the Lifshitz-Wagner criteria (Ref 8, 9), the
aging times are probably too short to induce remarkable micro-sample 5 diameter value was assumed to be determined with
structural changes; still with these aging times, the following more accuracy than the sample 2 diameter (160 data against
effects have been found: 150). Thus, the calculated mean diameter for sample 2 is 514

nm, the difference from the experimental value is about 5%.
*  The evolution of primary phase from cubic morphology  One may conclude that the model adequately describes the ki-
(typical of unaged material) to globular morphology (typi- netic ofy growth.
cal of aged material)

¢ Inaged samples, the disappearance of secoydaimase Phase Extraction

Table 3 reports the weight fractions (mean values of two de-
Transmission Electron Microscopy Examinations terminations) of the superalloy phases obtained with selective
extractions. The sum of the fractions of the different phases is
almost constant in all samples. The mean valuegfi@action is
61.8%, while that foy’ and the secondary phase is 38.2%. The
mean value of weight fractionspfphase, determined after se-
lective extraction with Berzelius reagent, is 37%. The XRD
patterns of secondary-phase particles show that titanium car-
bide and MCq carbide (probably GiMo,Cg) are present in
all samples. The data reported in Table 3 do not show signifi-
cant variations in weight fractions with increase of aging

As seen with SEM, TEM did not reveal strong micro-
structural modifications in aged samples. hphase has cu-
bic (0.6 to 0.7um) and globular (0.4 to 0/8m) morphology,
mainly distributed as single particles with few aggregates (Fig.
7, 8). The transition of from spherical to cubic shape occurs
wheny dimensions are larger than @&. This value is higher
than those reported (about ud) (Ref 1, 7) for other types of
superalloys. This difference may be due toytlyemisfit: if it is
about 0, as in Udimet 720, thelastic deformation is small and the
precipitates have to be large enough to avoid shape deformation.

Secondary and acicular TCP phases were not evidenced
by TEM investigation. The resolution of TEM micrographs has
allowed the measurement of the mean diametgt pfecipi-
tates in samples 2 and 5. Sample 2 hae@an diameter of 490
nm (standard deviation, SD = 105 nm, number of valNes,
150), while sample 5 has a mean diameter of 620 nm (S.D.
106 nm,N = 160), values that confirm the growthyfphase
with aging.

Table 3 Weight fractions of superalloy phases

Y + secondary Secondary

Sample yphase, % phase, % Yy phase, % phase,%

1 62.3 37.7 36.5 1.2

2 61.9 38.1 37.2 0.9

3 62.2 37.8 36.0 13

4 61.4 39.0 37.2 17

5 62.3 37.5 36.6 1.0

6 60.7 39.3 37.9 14 Fig. 5 SEM image of sample 6 with globulgdrphase

Fig. 6 SEM (BSE) image of sample 5 with carbides at trans-
Fig. 4 SEM image of sample 3 with globulgrphase granular positions
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time, as already reported for similarly employed superalloys contrast with the TCP precipitation caused by the decrease in
(Ref9). the electronic vacancies mean numhlgy,. This value can be

Tables 4 and 5 report the compositions (at.%Yy ahdy determined with the PHACOMP method developed by Sims,
phases; these data were obtained with AAS analysis of solustarting from the atomic matrix composition. Figure 10 shows
tions from selective extractions. theN,,, values trend as a function of aging time.

They phase composition is almost constant with increasing  Regardingy phase, no significant variations in chemical
aging time, apart from the chromium decrease and the nickelcomposition have been evidenced. Although there is no univer-
increase. The low content of chromium after long aging times sally recognized stoichiometry gfphase, several formulas have
may be due to the formation of precipitated carbides. One canbeen proposed. Nickel and aluminum, which form the intermetal-
suppose that, after a long exposure to high temperature, the follic compound NjAl, can be substituted by other alloy elements,

lowing reaction might take place: such as cobalt, tungsten, titanium, chromium, and molybdenum.
Cobalt and tungsten may substitute nickel, titanium may
Mo4(Ni,C0);Cq + Cr — Cr,4M0,Cq + (Ni,Co,M0) substitute aluminum, while chromium and molybdenum may

substitute both elements. Three stoichiometrieg/fafdimet

As chromium has a high number of electronic vacancies 720 alloy have been formulated:

(4.66), a lowering of its content improvephase stability in ¢ (NizCoMo WCrgy (Al¢Tig)

Table 4 Compositions offphase

Aging time, h
Element 0 1000 1250 1500 1750 2000
Ni 43.70 44.60 45.22 46.26 4597 47.84
Co 17.65 17.08 18.41 18.60 18.71 18.49
. X Cr 34.62 33.58 32.38 33.07 30.65 29.60
: Mo 3.46 4.19 3.52 3.35 4.15 3.67
.l' -r Ti 0.56 0.54 0.48 0.21 0.50 0.45
’ . Table 5 Compositions off phase
Aging time, h
Element 0 1000 1250 1500 1750 2000
f Ni 67.94 67.88 67.61 65.82 67.38 67.68
Co 5.03 4.98 4.77 4.90 4.93 5.32
Cr 2.83 2.56 2.56 2.78 2.70 2.63
W 1.84 1.71 1.57 1.78 1.84 2.10
Al 10.11 10.07 10.69 10.87 10.21 9.72
, , . . Mo 0.88 0.64 0.75 0.91 092 072
Fig. 7 TEM (BF) image of sample 2 with globular and cupic Ti 11.40 12.26 12.05 12.93 11.75 11.83

phase

Fig. 8 TEM (BF) images of sample 5 with globulaphase Fig. 9 TEM (BF) images of sample 5 with globulaphase
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Fig. 10 Trend of the Ny, values as a function of aging time

° (Nia:COOrMOder)k.(Alf:Tig:CI’é)
« (NigCayMogWeCre)y(Alp.TigCrg)

FromTable 5, the authors suggest hypothesis 2 as the most®:

From the above results, one can conclude that, within the

adopted aging times, the mechanical properties of Udimet 720
did not undergo significant variations.
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