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Ay’-phase Volume-fraction at Effect on the Hot Corrosion Resistance of Ni-based Superalloys
Varying the Compositions Along ay-y" Tie Line

Shogo Mivazaki, Yoshihiro Kusunoki, Yoshinori Murara and Masahiko Morinaca

Synopsis : The effect of the y'-phase volume-fraction on the corrosion resistance was investigated of nickel-based superalloys in
a Na,SO,-25wt%NaCl salt. Both Ni-Al-Cr-Ti-Ta-W system and Ni-Al-Cr-Ti-Ta-W-Mo system were used in this
study and their compositions lay on a constant y-y’ tie line. The corrosion resistance was evaluated by means of the
coated test, the immersion test and the thermobalance test, and the corrosion products were identified by the EPMA
analysis and the conventional X-ray diffraction method. In addition, morphological changes of the y and the " phases
at the interface between the salt and the base alloy were observed by scanning electron microscopy (SEM). It was
found that the corrosion resistance did not change with the ¥’ volume-fractions in the alloys as far as they were
positioned on the same y-y” tie-line. Furthermore, some kinds of oxides and sulfides were formed as the corrosion
products in every alloy. The SEM observation of the corrosion interface indicated that a single phase region having a
composition similar to that of the y phase was produced underneath the corrosion products. This region is considered
to be formed as the result of fading away the y’-former elements such as Al and Ti from the surface.

Key words : nickel-based superalloy ; hot-corrosion ; y’-phase volume-fraction ; tie-line.
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Table 1. Nominal compositions of TUT-WTbh
series. alloys having various y’ volume-
fractions but the same in the respective
compositions of the y and the y” phases in

them.
Composition (mol%)
Alloy y 'vol.%| Ni Al Cr Ti Ta W Mo
Al 30 7040 829 1523 147 095 3.66
B| 40 7096 924 1354 167 111 348
C} SO 71.52 10.19 1185 1.87 127 3.30
TUT-WT5|D| 60 72.09 11.14 10.15 2.07 143 3.12
E[ 70 72.65 12.09 846 228 158 294 -
Phase Ni Al Cr Ti Ta W Mo
y’ 7433 1494 338 289 206 240 -
y 68.71 544 2031 0.86 048 4.20

Table 2. Nominal compositions of TUT-131 series
alloys having various y” volume-fractions
but the same in the respective composi-
tions of the y and the y” phases in them.

Composition (mol%)
Alloy 7 'vol.%| Ni Al Cr Ti Ta W Mo
A] 30 68.12 985 1727 083 132 178 083
B 40 68.79 1085 1536 096 156 1.71 0.77
C 50 6945 11.86 1345 109 180 1.64 0.71
TUT-131|D 60 70.14 12.84 11.54 122 204 157 0.5
E 70 7081 1384 963 135 228 150 0.59
Phase Ni Al Cr Ti Ta w Mo
y’ 72.85 16.83 3.89 1.73 3.00 128 041
Y 66.10 6.86 23.00 044 0.60 199 1.01
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Fig. 1. Typical SEM image of TUT-WT5E alloy
after heat treatment.
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Fig. 2. Weight change of TUT-WT5 series alloys

mesured by means of (1) coated test, (2)
immersion test and (3) thermobalance test.
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Fig. 3. Weight change of TUT-131 series alloys
mesured by means of (1) coated test, (2)
immersion test and (3) thermobalance test.
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Fig. 4. A SEM image and the corresponding characteristic X-ray images taken from a cross section of
TUT-WT5A alloy, coated with a Na,SO,-25wt%NaCl salt, and then exposed to dry-air steam of
8.33X10~" m/s at 1173K for 72ks.

Fig. 5. A SEM image and the corresponding characteristic X-ray images taken from a cross section of
TUT-WT5E alloy, coated with a Na,S0O,-25wt%NaCl salt, and then -exposed to dry-air steam of
8.33%X10~7 m/s at 1173K for 72ks.

Table 3. Results of corrosion products identified by

X-ray diffraction of TUT-WT5AE al- | Sinele Phase
loys, coated with a Na,SO,-25wt%NaCl ' Region
salt, and then exposed to dry-air stream of Y °8
8.33%X10"7 m/s at 1173K for 72Ks. )
Salt Simple oxide | Complex oxide| Sulfide y+y " Phase
Region
TUT-WT5A | NaySO, NiO, TiO NawoO; Cr3S, right:coarsened,
eft:non-coarsend
TUT-WTSE | NaySO, NiO, TiO NaWO; Cr3S,
E 1S5, m _'_
X . ) . Fig. 6. Typical SEM image of TUT-WT5D alloy
B, LW T, TOR—MMTRyBRIEEVRZL, ¥ after hot-corrosion test, in which the Ifo?lr-
4 et 3 = 5 ! h i i
FRGEEDT L L T b LS 4 5, ?ier?eidoge:nd v’ phases coexisted with the
4. B
% Table 4. Comparison of the chemical compositions
of the single-phase region formed beneath
4.1 BERCZEBOETI the corrosion products in TUT-WTS5D
. R . with those of the ¥ and ¢’ phases.
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SN TN - N ( Composition (mol%) -
iT’ iR nijﬁ’f H 5Na,SO,iNaCl#xinz % ;f 2 O X Alloy | Phase | Ni Al Cro T Ta W Mo
th’:ETﬁ%@ﬁ'ﬂ!"ﬁﬁ%& ( ’ i 7:%@7\ b‘_}l/@%u%& %) ﬁ_ :. lsz:]ggleo:'hase 83.09 0.88 8.46 1'33 1'57 4.67 _
PITLY,EBEPMET L LCIME»H L9719, L L TUTWTSD | o, " 74,33 14.94 3.38 2.89 2.06 240 -
16, Fig. 4 % L UFig. 5 65395 & 5 CBRBL2 A Y 68.71 5.44 20.31 0.86 0.48 4.20 -
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Table 5. Nominal compositions of the Rene95 series
alloys with various ¢’ volume - fractions
(refer to 7).

Composition (mass%)

Alloy v ' vol.%| Ni Al Cr Ti Nb w Mo Co
25 53.8 2.1 20.5 14 20 38 48 116
50 60.0 3.1 152 22 30 36 39 90
70 652 39 108 28 39 34 31 69
85 689 45 76 34 45 33 25 53

100 72.8 52 43 39 5.1 31 1.9 3.7

115 768 58 10 44 56 30 13 21

120 784 6.1 00 48 59 29 09 10
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Content of y "-phases (%)

Fig. 7. Varlatlon of metal diameter against y'-
phase content after dip-test (refer to 7).
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-MoRA & DRI—D y-/ I E Ty tEEEE L BRI IS
LI ENAETR, yHEBREOKE 3 2 b 6 THENE
BIBIE—ETh-T1,

(2)Ni-Al-Cr-Ti-Ta-WRAE DT, #KRKBIZL 5
BERRBEOMHEBEOKE, Al TiVKE(RZILIHE
MRS HTFER S 1, T DHEBIZyHEERITR CEATITHEK
BELTwI,

(3)E—Dy-y BB LELOAETE, BERAF—NT
#502 [Rl—AEB D BRI AT 3, R DTy M
BELFCEFLLECECIBHRES 22D LERINI
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