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Phase transformations and their mechanisms in
Fe- and Ni-base superalloys

GUO Jian-ting, ZHOU Lan-zhang, QIN Xue-zhi

(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The studies of Superalloy and Intermetallic Group of Institute of Metal Research in the past fifty years on the
phase transformation phenomena in Fe- and Ni-base superalloys were reviewed. The phase transformations in the two
kinds of superalloys include: the solidification reactions which occur during the solidification, e.g. L — y + Laves, L — y
+y'and L — y + M;B,; precipitation of carbides, borides, silicides, GCP and TCP phases from the supersaturated y solid
solution; precipitation reactions which occur in the y ' phase; and the decomposition reactions of MC carbides.
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Fig.3 (y+y’) eutectic microstructure of hot-corrosion resistant
cast alloy K435
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Fig4 (y + y') eutectic microstructures of hot-corrosion

resistant cast alloy K444™
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Fig.5 Effect of B content on (y +M;B,) eutectic temperatures
of GH2135 alloy™
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Fig.6 Effect of solid solution temperature and B content on
quantity of eutectic in GH2135 alloy™: (a) 0.048% B,
solid-solution treated at 1 240 °C; (b) 0.048% B, solid-solution
treated at 1 260 C; (¢) 0.092% B, solid-solution treated at
1240 C;
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Fig.7 Microstructure of GH2135 alloy after heat treatment of
(1220 °C, 2 h, AC)+(900 °C, 8 h, AC)+(700 C, 16 h, AC) !
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Fig.8 Microstructures of cast nickel-base superalloy K444
after standard heat treatment: : (a) y' phase in dendritic core
and interdendritic areas; (b) y' phase in dendritic core;

(c) Magnified image of dashed area in Fig.8(b)
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Fig.9 Morphology of S-NiAl phases precipitated in iron-base
superalloy with Ti/Al mass ratio of 0.5 (Main composition in
mass fraction is Al 4.34%, Ti 2.18%, Cr 14.30%, Ni 34.88%, W
1.84%, Mo 2.15%, C 0.08%, B 0.015%, Ce 0.014%, Fe Bal.
Heat treatment: standard heat treatment + (800 ‘C, 500 h,

long-term aging treatment™))
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Fig.10 Morphology of o-Ni,AlTi phases precipitated in

N
“~ed.

10 um

iron-base superalloy with Ti/Al mass ratio of 1™, (Main
composition mass fraction is Al 2.54%, Ti 2.60%, Cr 14.61%,
Ni 35.01%, W 1.75%, Mo 2.01%, C 0.07%, B 0.016%, Ce
0.01%, Fe Bal. Heat treatment: Standard heat treatment + (800

C, 500 h, long-term aging treatment))
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Fig.11
with Ti/Al mass ratio of 2¥: white are 77-Ni3Ti phase, black

7-NisTi phases precipitated in iron-base superalloy

phase is o phase. (Main composition of alloy is Al 1.95%, Ti
4.07%, Cr 14.78%, Ni 34.93%, W 1.82%, Mo 2.18%, C 0.04%,
B 0.016%, Ce 0.004%, Fe Bal. Heat treatment: standard heat
treatment + (800 °C, 500 h, long-term aging treatment™'))
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Fig.12 Morphologies of secondary TiC (a) and M;B, (b) in
GH2135 alloy in standard heat treatment condition”
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Fig.13  Microstructure of GH2135 alloy with 2.15%Si in
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Fig.14 Effect of Si content on microstructures of GH2135
alloy after long-term aging at 700 “C"!

L, Si ARt G ARITERG 1 H AN ot AT -

2.4 TCPHEHHESHEEXE

feilm A4 ) TCP AW H o A, Laves AHAI4
FHEE . MR G SR RS, BRENTH y 'y s
A ) S B S5 P o] 5 A 22 0 35, R B9 PR
Fepkrh TCP AHE K ITE, Wl Cr. Fe. Ti. W. Mo,
Ni fll Co S5 & i 146 p JEARP IR ARIEIS, HirThE
PL TCP AH I B AT i

PREE RIS 4 GH2135 ZehrUEAAL B, kAT
KIS, 5 AT REHT H o o 50 g 5= 2 I ) GH2135
B S AEAN R EAT H ohHS I (] ) G R AN B 15 TR
HiP 15 vl WL, 7E 650~850 ‘CA IR vl 1 H o,
Py C Mgk, AL Ti &l BoAR kv B R
GH2135 445, £ 800 ‘C. 500 h I &EHr i %k o
MESWE 16 FiaPl. AUEATHEIK K444 5544
800 'C. 5000 h KM &4 5, By th K& ERIR oAl

850 |

800

750

Aging temperature/C

700 -

102 2X 10> 4X10? 103
Aging time/h

2X10° 4X10°

15 GH2135 A& ZebrE b 3 /5 oT i) C ik
Fig.15 C curve of o phase precipitated from GH2135 alloy
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Fig.16 Needle ophase of GH2135 alloy with high content of
Al (3.04%) and Ti (3.02%) after long-term aging at 800 C and
500 h*
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Fig.17 Morphology of Laves phase precipitated in
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Fig.18 Effect of Al and Ti contents on precipitates in
35Ni-15Cr type iron-based superalloy after long-term aging at
700 ‘C for 5 000 h[4]( 7', M3B,, TiC and Y phases commonly
existed are not drawn)
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Fig.19 SEM image showing interdendritic coarse and

dendritic small y ' particles, MC and y -y ' eutectic structuret'”
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Fig.20 TEM image showing interdendritic region containing
two size distributions of y’ and fine precipitate in coarse y’
phase for IN738LC at standard heat-treatment!'*!
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precipitate (a) and their electron diffraction pattern (b) in

specimens crept at 750 °C and 275 MPa for 1 000 ht'¥

TEM image showing coarse y’' phase with fine

£1 pHI A a (5"
Table 1 d and a values of 3 phaset'”

hkl d/nm a/nm
Measured  Ref.[14] Measured  Ref.[14]

110 0.203 0.202 0.289" 0.288"

200 0.144 0.143

211 0.116 0.117

220 0.103 0.102

310 0.092 0.091

222 0.083 0.083

1) Average value.
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PRI LE R TR SR G SR iy A E T
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FEAE— AR, y AL AT A (A 22 o %)y B BHHA
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Fig.22 Microstructures of K452 alloy after long-term aging!"> '®!: (a, b) 850 °C, 5 000 h, SE images; (c) 900 ‘C, 10 000 h, SE

images; (d) 900 C, 10 000 h, BE image
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Fig.23 Appearance, electron diffraction pattern (a) and its indexing (b) of grain boundary TiC and needle Laves in GH2135 alloy

after long-term aging!"”
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Fig.24 Laves phase (b) formed on edge of TiC (a) under duration condition of 700 °C, 200 MPa and 31 800 h''*
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