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Effect of silicon on microstructure and
stress rupture properties at 1100°C of yttrium
modified Ni-Al-Mo-B alloy IC6

C. B. XIAO, Y. F. HAN

Beijing Institute of Aeronautical Materials (BIAM), PO. Box 81-1,
Beijing 100095, People’s Republic of China

E-mail: CBXiao@263.net

The effect of adding 0.10-0.30 wt%Si on microstructure of the yttrium modified alloy IC6
was examined by scanning electron microscope (SEM), energy dispersive spectrum(EDS)
technique of electron probe micro-analyzer (EPMA) and transmission electron

microscope (TEM). The results show that two bulk shape phases, Mo, 24Nig 76 and

Mog(Nip 75Sig.25)7 are formed in the interdendritic area in the alloy with addition of
0.10-0.20 Siwt% and 0.12 wt%Y, and that a needle like phase named Y-NiMo precipitates in
the interdendritic area in the alloy with addition of 0.30 wt% silicon and 0.12 wt% yttrium
besides the formation of the bulk shape phases mentioned above. The stress rupture
properties under 1100°C/80 MPa were improved by adding 0.12 wt%Y but decreased by
adding 0.10-1.30 wt%Si and 0.12 wt%Y. © 2001 Kluwer Academic Publishers

1. Introduction duces anill defined eutectic. Silicon(0.4 wt%) increases
A directionally solidified alloy IC6 with the chemical the formation ofy/Laves constituent and promotes for-
composition of Ni-(7.5-8.5)Al-(13.0-15.0)Mo-(0.02- mation ofy/MgC constituent at low levels{0.01 wt%)
0.1)B wt% has been recently developed in BIAM as aof C, while promotes the//MC and y/Laves con-
high-temperature structural material used for advancedtituents at higher levels (0.035 wt%%) of C in Alloy
jet-engine blades and vanes operating in the temper#25 [7]. Durberet al. [8] found that there were little mi-
ture range of 1050-115C [1]. The alloy not only has croporisty and increased amount of a phase rich in Ni
high yield strength and fairly good ductility from room and Hf which induces a slight decrease in stress rupture
temperature to 110CC, but also has high creep resis- properties in Si doped nickel base superalloy MAR-
tance in the temperature range of 760-1100Alloy = M002. Guo and Zhou [9] reported that Si promotes the
IC6 has low density(7.9 g/cth low cost, high incipient  segregation of niobium and formation of Laves phase,
melting temperature (130Q). Its hightemperature ox- raises they/Laves eutectic reaction temperature and
idation resistance is substantially improved by addinglecreases the tensile strength and ductility of cast alloy
proper amount of yttrium [2, 3], and silicon can further 718. In IN738 superalloy [10], Si segregates mainly in
improve the high temperature oxidation resistance anihterdendritic regions and promotes the segregation of
hot corrosion resistance of the yttrium modified alloy other elements, Si affects the morphology of the liquid-
IC6 [4]. The purpose of the present work is to inves-solid interface of the alloy during solidification and
tigate the effect of silicon on microstructure and highgives the alloy a tendency to form well-developed den-
temperature stress rupture properties of yttrium modidrites, Si also enlarges the solidus-liquidus temperature
fied alloy IC6. interval. Tsutsumi and Takahashi [11] found that the
Silicon may be used as refining additions duringsolidification cracking susceptibility of (wt%) 70Ni-
melting. However, with some exceptions, its presencel4Cr-4Mo-2Nb Inconel-type weld metal increases with
in the final alloys is considered harmful to the mechan-dncreasing Si content and that the cracks are associated
ical properties and the therefore upper limit is usuallywith the low melting point of Nb and Si precipitates
controlled at a low level, and its harmful effect is usu-formed as a result of the segregation of Si and Nb.
ally caused by the phase change due to the presence of
silicon. Rizzo and Buzzanell [5] found that silicon pro-
motes the formation of WC and stabilizes the Laves
phase and hence decreases the room temperature d@c-Experimental procedure
tility of alloy Unitemp 718. Mason and Rawlings [6] The master alloy was first prepared by a vacuum induc-
reported that the presence of Si in (wt%) 50Ni-32Mo-tion furnace, and then the columnar grain specimens
2Si-15Cr increases the proportion of primary phasewith addition of different amount of silicon and yttrium
stabilizes the hexagonal form of Laves phase and prowere produced by rapid solidification technique in a
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commercial DS vacuum induction furnace. The as-cast
specimens were homogenized at 126Gor 10 h with
oil-quenching.

The size of the specimens for stress rupture tests is
5 mm in diameter and 25 mm in gauge length. The
stress rupture tests were carried out in air by using con-
stant load creep machines at 12@) with the testing
temperatures controlled withih5°C.

The specimens after homogenization for microstruc-
tural analysis were polished and etched in the solu-
tion of 25 vol% nitric acid, 50 vol% hydrofluoric acid
and 25 vol% glycerin, and then examined in a JSM-35
scanning electron microscope(SEM) and a JXA 8600
electron probe mlcro-analyzer(I_EP_MA). The th_m foils Figure 2 Back scattered electron image (BSEI) of alloy with 0.10—
for TEM study were done by twin-jet electrolytic pol- 0.20 wi%si and 0.12 widY.
ishing from a starting thickness of 30—40m using
17 vol.% perchloric acid and 83 vol.% alcohol solution
under conditions of about 90 V at20°C or below
and then examined in a JEM 2010 transmission elec-
tron microscope under 200 kV. The micro-hardness of
precipitates due to the addition of silicon was analyzed
in MVK-E at room temperature.

3. Results and discussion
3.1. Effect of silicon on microstructure of

the yttrium modified alloy IC6
The microstructure of alloy IC6 after homogenization
at 1260C for 10 h and oil quenching was examined by :
SEM. The reSUIt_S _ShOV\_’ed t_hat the mu_:r_ostructure O_f _aI'Figure 3 Back scattered electronimage (BSEI) of alloy with 0.30 wt%Si
loy IC6 can be divided into interdendritic and dendritic and 0.12 wtoey.
areas, A and B respectively, as shown in Fig. 1. The
volume percent of phase is about 20-25% and that of
v’ phase is about 75-80%. The dimensiopgbrecipi-  in Fig. 2. The volume percent of the bulk shape phases
tatesis 0.1-0.@mininterdendriticareaand 1+3nin  increases with the increasing addition amount of sil-
dendritic area. Boride usually appears in the interdenicon. The EDS results show that there are two kinds
dritic area when boron content exceeds 0.16 at% [12]of bulk shape phases in Fig. 2, one containing Si and
The results of SEM also showed that the microstructureéhe other one containing no Si. The conventional TEM
of alloy IC6 with addition of 0.12 wt% yttrium has no analysis results show that the bulk shape phase contain-
obvious difference compared with that of alloy without ing Si is Mas(Nig 75 Sig 25)7 and the one containing no
yttrium [2, 13]. Some bulk shape phases (white color)Sij is Moy 24 Nio 76 [14].
are formed in the interdendritic area of the alloy with  Besides the formation of the bulk shape phases men-
addition of 0.10-0.20 wt% Siand 0.12 wt%Y, as showntioned above, a needle like phase enveloped by large
sizey’ phase precipitates in the interdendritic area in
the alloy with addition of 0.3 wt%Si and 0.12 wt%Y,
as shown in Fig. 3. The chemical composition of the
needle like phase is analyzed to be 46.9Ni-49.7Mo-
3.4Al(at%) by EDS of EPMA. The atomic percentage
ratio between Niand Mo is about 1. Conventional TEM
analysis results indicated that the needle like phase has
the same crystal structure as that of Y-NiMo phase
precipitated during the aging at 900—-1T8Din alloy
IC6 [15].

3.2. Stress rupture properties

The stress rupture lives under 12@280 MPa of alloy
IC6 and alloys with different amount of silicon and yt-
trium are shown in Fig. 4. The results in Fig. 4 show that
the stress rupture life of alloy with 0.12 wt%Y is longer
than that of alloy IC6 without yttrium, the improvement
Figure 1 SEM image of homogenized specimen of alloy IC6. in stress rupture life for alloys with addition of yttrium
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Figure 4 Stress rupture lives under 11@80 MPa of alloys with dif-
ferent amount of yttrium and silicon.

. . Figure 5 Brightfield image of TEM showing deformation of M(Nig.75
may be attributed to the following three roles playedsi, ,s); by twinning.

by yttrium: (a) Substantially improving the oxidation
resistance of alloy IC6 [3, 16]. The stress rupture tests

were carried out with constant load in air at 1160  {hese hard phases, especially the needle like Y-NiMo

The oxide scale spalled easily at 110Gor alloy with- - shase and matrix, and hence decrease the stress rupture
out yttrium, which induced the rapid increment of real properties.

stress. While for the alloy with addition of yttrium, the

adherence of the oxide scale to the substrate is substan-

tially improved, which makes the increasing speed of .
real stress slow down and the stress rupture life longeft- Conclusions

(b) Desulfurization. Yttrium can easily react with sulfur 1h€ Stress rupture properties under 11080 MPa

to form sulfides of high incipient melting temperature &€ improved by adding 0.12 wi%Y but decreased
during melting. The usual form of sulfide i$%. The Py adding 0.12 wt% yttrium and 0.10-0.30 wt% sil-

density of S, is 3.87 g/crd, which is much lower icON- The increment in stress rupture property can
than that of alloy IC6. ¥Ss is floatable in the melt and D€ attributed to the improvement of the high temper-
can adhere to the wall of the crucible during melting.2turé oxidation resistance of the alloy, desulfuriza-
Hence the content of sulfur remained in the alloy is defion, and formation of the fine dendrite due to the
creased, which decreases the harmful effects of sulfupresence of yttrium. The hard phases J¥MNio ze,

on materials strength; (c) Promoting the formation ofM0s(Nio75Slo25)7, and Y-NiMo which can be de-

a fine dendrite. Yttrium usually segregates to the interformed only through twinning account for the decre-

face between solid and liquid during solidification to MeNtin stress rupture properties of the alloys with ad-
inhibit the growth of crystal and keep a fine dendrite,dition of 0.12 wt%Y and 0.10-0.30 wt%Si.
which increases the strength of the alloy.

The results in Fig. 4 also show that the stress rup-
ture properties under 1100/80 MPa of alloys with Acknowledgements
0.10-0.30 wt%Si and 0.12 wt%Y decreases steadilyThe authors wish to acknowledge the Advanced Mate-
with the increasing amount of silicon, the decrement inrials Committee of China for the financial support.
stress rupture property is caused bydiio 75 Sip 25)7,
Mo1.24 Nig76 and needle like Y-NiMo phases precip-
itated in the interdendritic area due to the presenc
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