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Solidification Behavior of a Nickel-base Superalloy, IN-100
Yoshinori MURATA, Natsuo YUKAWA, Toshiharu NODA and Takashi MITANI
Synopsis :

Solidification behavior of IN-100 and effect of alloying elements on it were investigated by means of
differential thermal analysis (DTA), microstructural observation, X-ray diffraction, and EPMA analysis.

In alloy IN-100, it was revealed that six phase reactions took place successively during cooling from melt.
These reactions and the onset temperatures were as follows, 1) L—sy (1 329°C), 2) L—y+MGC(D) (1 319°C),
3) L>y+MC(ID) (1 310°C), 4) L—>y-+y' (1259°C), 5) y'-> (1 210°C), and 6) L—y+M,B, (1 200°C),
where L is melt, y is fcc phase. MC(D) and MC(ID) denote MC carbides formed among dendrite arms
and interdendritic regions, respectively. 7' is Ll, type ordered phase and M;B; denotes boride phase.

The occurrence of two kinds of carbide reactions {(2) and (3)) and M;B, eutectic reaction ((6)) was
identified for the first time in this study. SEM observation on the carbides, which were embossed on the
7 matrix by an electrolytic etching, showed that the carbides had three types of morphology. These were

blocky, lattice-like and flaky in shape.

while the lattice-like and flaky carbides were frequently found in MC(ID).

It was found that the blocky carbides were contained in MC(D),

The influence of C, Al, Ti,

and B on the above phase reactions and solidified structure was also clarified.
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Table 1. Chemical compositions of IN-100 alloys used in this study. (wt%)

Alloy number Cr Co Mo Ti Al \4 c B Zr Ni Remarks
1 8. 80 14,19 2,98 4, 84 5.62 0.79 0.17 0.016 0.04 bal. Mother alloy
R?® 8.78 14.01 2,85 4.64 5.72 0.73 0.16 0. 011 0.04 bal. Remelted the above®:
2 nm¥ nm nm nm nm nm (0. 25)% nm nm nm 0.08%C added
3 nm nm nm nm (6.03) nm nm nm nm nm 0. 44% Al added
4 nm nm nm nm (6.67) nm nm nm nm nm 1.12% Al added
5 nm nm nm (5.31) nm nm nm nm nm nm 0.50%Ti added
6 nm nm nm (5.78) nm nm nm nm nm nm 1.00%Ti added
7 nm nm nm nm nm nm nm (0. 038) nm nm 0.022%B added
8 nm nm nm nm nm nm nm (0.052) nm nm 0.036%B added
8 13 2 4.5 5 0.7 0,15 0.01 0.03
AMS® $ s $ § § 5 $ $ § bal.
11 17 4 5.0 6 1.2 0.2 0.02 0.09

1) Impurities: 0.02%Si, 0.004%P, 0.002%S, 0. 06%Fe, 0.05%W, 0,0008%N, 0.0010%0

2) Impurities: 0.02%Si, 0,004%P, 0.001%S, 0.06%Fe, 0.05%W, 0, 0008%N, 0.0009%0

3) Not modified

4) Amounts in ( ) denote matched composition

5) Remelting was carried out by using tri-arc furnace in a purified argon

6) Aerospace Material Specification
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Fig. 1. Schematic diagram of heat treatment for
identifying solidification behavior.
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a) P b) P 1335°C
B 1329°C ! P, 1308°C
P, 1319°C Py 1243 °C
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P 1310°c R R 1eoec 2 R
R, 1259 °C P
Ry 1210 °C 4 P
P, 1200 °C
RR R

a) Present study (No. 1), b) after BURTON.
Fig. 2. DTA thermograms of IN-100 alloy.

Photo. 1. Microstructure of IN-100 alloy (No. 1)
after DTA.
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a) 0.08%C added (No. 2), b) 1.12%Al added (No. 4),
¢) 1.00%Ti added (No. 6), d) 0.036%B added (No. 8).
Fig. 3. Effect of C. Al, Ti and B on DTA ther-

mogram of IN-100 alloy.
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a) C added, b) Al added, c) Ti added, d) B added.
Fig. 4. Effect of C, Al, Ti and B on the DTA

peak temperatures of IN-1000.
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¢) 1.00%Ti added (No. 6)
d) 0.036%B added (No. 8)

d’) magnified picture of d)
Photo. 2. Effect of C, Al, Ti and
B on the microstructure of IN-100

alloy.
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a) 1325°C, b) 1315°C, c) 1290°C.
Photo. 3. Microstructure of IN-100(No. 1) rapidly
cooled from the temperatures just below P;, P, and
P; during DTA.
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Table 2. Result of X-ray diffraction of extracted
MC carbide.

hkl d(A) Vo

111 2.49 80

200 2.16 100

220 1.53 40

311 1.30 30

222 1.25 20
a=4.31A
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Table 3. Result of EPMA analysis of MC
carbides, at%;.

No. Ti Mo \' Ni Co Cr C
Mc ! 39, 86 6. 68 1.81 0.98 0.20 0.59 50,0
any 2 39, 93 6. 58 1.52 1.20 0.20 0. 60 50,0
3 39. 59 7.1 1. 46 0. 94 0.20 0.65 50.0
Mc ¢ 39.85 6.79 1,70 0. 89 0.20 0. 65 50.0
D 5 38.81 7.17 2,13 0. 96 0.23 0. 68 50.0
6 39.0 6. 96 2.07 1.08 0.21 0.68 50.0

Table 4. Result of X-ray diffraction of extracted
boride in alloy No. 8.

hkl d(A) ‘ I/lo
210 2. 56 80
201 2.09 80
211 1.97 100
411 1.25 50

a=5.70A, c=3.05A, c/a=0.535

o MC BRI O =)k T BT bMrbIsW. £ 2
CE®EEE L IN-100 # — v v #EH (9.19Cr, 14.01
Co, 2.97Mo, 4.67Ti, 5.43Al, 0.74V, 0.16C, 0.017
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RO RE EEEHE (SEM) i IoTHEL
7-. Photo. 5 13ft&fy7c SEM & Ch 52, MCRIE
MREC=ooHBNEINS = Livbh otk T
a) IAEMERD blocky (b &) THEHEIXD I

a) 1290°C, b) 1230°C, c) 1160°C,
b’) magnified picture of b), ¢’) magnified
picture of c).

Photo. 4. Microstructure of IN-100

(No. 1) after water quenching from
the temperatures just below Py, Py
and Pg (holding time, 15 min).
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flaky

v t—— p—— — — T— — ——

MC (ID)
2 ) blacky., b} latrice-like, ¢} flaky,
Photo. 5. Morphology of MC carbide in IN-100 alloy.

Burton Of(cgl?” La':{’%"l"?ts This study g: se
"=
4 2%
1350 L» 7T L» ¥ L» T £n:c:c:
(L S SRS (£ 2 1)
=N B o _L"L:y‘c‘ = MC):"L-—I'-FA(_:(_IET 1
57D a & 100 LLfe MQT
Ph L> ¥ P2 L>7+M P3 L>r+MC(I < amrer”]
SR e A R T s B R
p ] 7 xS e @ P . AN . ~
L S [ reel o] 5
ok 2 1200+ , -1 8%
g ¥ L_I?'r—j L*r+MyB,) ‘ ]
y < 1150 ¢
’ Cr| 9.5 10.1 9.5 8.80
Po L>¢e ¥ Ps_L>'+M3B; ~ Co|150 |[14.9 [142 [149
. [ . - Y . 1 2.93 2.98
Flgﬁ. 5. Schematic illustration of the solidifi- E TM,O 2(5) 2,57 4.60 | 4.84
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% vi 1.0 1.02 0.81 0.7%
. . R 2 C 0.18 0.18 0.16 0.17
T +MsB, D SR BEIG (Po) 232 DCHEE 23 g 8l 001 | 001 | oo | 0o
= © Zr| 0.06 0.65 0.04 | 0.04
IS Ni| bal | bat. | bal. | bat
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TRLfcod Fig. 6 T, ThEhOEBRCRAWI-&84
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Fig. 6. Comparison of solidification sequence

and composition of IN-100.
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BIVERFEOR ML HDEEL B,

4. ]

Ni ESEEBHEE S IN-100 O ¥E s X O BREES
ORI EEbMCT A LR BME LT, C, Al
Ti 5 IO BoHmER, DTA, 24EE, HAHKE
22, XEHTE L0 EPMA S Hiafi o e, ko
WOME BT

(1) IN-100 A&*a@tH, HoHT%5 L& DTA i
b 6 oMY — 7 BnBRDLA, ThbILhEh
I TBE B H CIEATH RIS IR T % 2 E BB b
& et

P, : Loy 1329+3°C
P, : Ly +MC(D) 131943°C
P;: Ly +MC(D) 1310+ 3°C
Py: Loy+y! 1259+ 3°C
P;: y—y' 12104+7°C
Pg: Ly +M;B; 12004+ 7°C

ot MC(D) 10 MC(ID) xxhZh#ldh v #
DFVEFA LT —alH, BIOEHT vV VS5 A E]TRE
Wb LI RGE o TAERT A MC Rkt Tch 5.

(2) MCRIHOFRBC=208MnH S 2B
N Lic. Th b ERRCRS 5 \ I AE G RO
blocky, NEFEOROOEKBIEELTT — & % ¥ K
Lzt 2 Hh b lattice-like, 3 X ¢ flaky o 3 ffifH
<, lattice-like r flaky (I§E3K script Fok & L T4
HINTWidbDTHS. Thbd 5 b blocky 13 MC
(D) k&, flaky 13 MC(AD) % < Rbh, lat-
tice-like iz & LT MC(UID) wRohi.

(3) MC pit#orFERE MC(D) X 0"MC
(ID) oL FhbimiEgL <, 4.31Acror.

(4) CoEmmmt MCG(D) ¥ XU MC(ID) o 4: B
BEELIEAIYE, ThbEHETs DTA Y —270
BT, ERRICORBECIIZEASHEL G2
o,

(5) Al sxox Ti ofFmvThd v HE sl
(P) X0 MC R{EMER (P, X0 Py) BEA W
THhHAET RS2 7 Mt Ps) BEZIZELALE
L. AR onwTideitil v ByEnse
5.

(6) Bixy @l (P) BECILE A EEEY
Gz lowns, ThUMAOZERIGE - 7 BEZVTHhE B
BoORmME & CBIFERICE T T /88, a0
ERREEEEBREOMME & b AT 5. ¥ 72 B
Py(Loy+7") 8LV Pe(Lo>y+MB,) ofr—75/
IERFLLELT%. ko Ltz Bommz MC &
HPLIEBHD, Kf v BERHEMIES L E LA
M,B, fEx$tdh r' MHEBE LN ARCET XS,

#ib i, IN-100 &5 REShch)| BREEES
BR), 7O —FRE OS2 T IR Vi 7iw
TR E~ A% — 2 &2 2 (BR) % X OKFEHE 2R (k) g
HRmcHEr &+ 5.
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