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Feature and formation mechanism of inclusions in
K4169 Ni-based superalloy
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Abstract: A method of electrolytic extraction combined with in-situ SEM analysis was utilized to characterize the
inclusions in K4169 Ni-based superalloy prepared by vacuum induction melting (VIM). The phases, compositions,
morphologies, distribution and formation mechanism of the inclusions were analyzed by SEM in situ analysis. The results
indicate that the inclusions of single phase in K4169 include mainly oxide, nitride and carbide(TiN, Al,O3, SiO,, TiO, and
SiC). The inclusions of composite phases include mainly Al,03-Si0,, Al,03;-MgO, TiC-TiN, TiC-TiO,-TiN, Mo-Ni-Fe-O
and Nb-Ni-O. TiN inclusions mainly distribute near the Laves phase. SiC inclusions distribute in the edge of the cast
ingots. Most oxide inclusions distribute in the shrinkage cavities which locate at the center of the cast ingots. The
inclusions of Si and Al oxides become a new aluminosilicate complex composition inclusion by chemical reaction or
mechanical combination in K4169 by the VIM. The composite metal oxide inclusions are precipitated from liquid
segregation oxidized during the solidification process. There are two types of nitride inclusions. The one is the TiC-TiN
and TiC-TiO,-TiN inclusion which grow by means of spontaneous nucleation. The other one is MgO-Al,O; which
provide a heterogeneous nucleus for the growth of TiN. The composite metal oxide inclusions precipitated from liquid
segregation are oxidized during the solidification process.

Key words: vacuum induction melting; Ni-based superalloy; inclusions; formation mechanism

(2012CB722806) (51461029) (Q2012203)
2014-10-27 2015-06-14
:0931-2976378  E-mail: guotm@]Iut.cn



2404

2015 9

K4169 650
650
(4] K4169
K4169
Bl K4169
GH4169 + (
)
+ +
K4169
GH4169
K4169
GH4169
GH4169
K4169
SEM EDS XRD
K4169
1
1.1
( ) (99.96%)
(99.2%) (99.99%) (99.99%) Nb-Ni
( 67%) K4169
50kg  ZG-50
15 Pa 1450
1400 d31.5mm K4169
1
ONHS836
1.2
K4169
(2%NaCl+1%FeS04+1%NiSO,+2% Na;CsHsO+(
)) K4169

15V

1 K4169
Table 1 Chemical composition of K4169 Ni-base superalloy

(mass fraction, %)

Ni Cr Fe Nb Mo
52.97 19.57 18.29 498 2.62
Ti Al Mn O N
1.09 0.62 0.39 0.005506  0.009409
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Fig. 1 Anode polarization curve of K4169 superalloy in
electrolytic solution
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Fig. 2 Schematic diagram of electrolytic device



2405

25 9 K4169
120 mA/cm’ 20h
pH Q * — A|203
= «—siC
3 H * — TiO,
¥ — Tiyy 4Mog oFes,CrsSis ;
=~ |~ 2SI
Clean anode = == v — TiN
surface with = | L~ .
ultrasonic S \, v S a
instrument /53/ —_n
(400) 8§ o 2
3 /f—:." »—‘?’8'1'{: —_
. il =285 g
Fig. 3 Flow chart of electrolytic powders +-SO T 8
N L-LLL.MWWM
20 40 60 80 100 120
20/(°)
4 5 K4169 XRD
DSADVANCE Fig. 5 XRD patterns of inclusions extracted from K4169
X (XRD) superalloy
(EDS) JSM—5600LV
(SEM) XRD
13 22
K4169
4 ( K4169
) EDS
XRD K4169
3
(a) (b)
31.5mm
&' —— 2.2.1
~
A 6
N 0mm 6(a) (c) i
15.75 mm 0) Na Ca Al XRD
Fig. 4 Schematic diagram of sample position (a) and shape (b) 100
pm 150~200 pm
2 I 8i0,
2.1
5 XRD 5 6(b) (d)
Laves (Ti20'4M08‘9F650- 10 pm
CrsSis;) Laves K4169 Si Al O XRD AlLO;-
Si0,
ALO, 7 SEM
SiC EDS

Si0, TiO, TiN



2406

(©) Si . (d) Si :
Element Mole fraction/% Element Mole fraction/%
(8] 55.7 (8] 47.5
Si 354 Si 394
Al 0.9 Al 13.1
Ca 1.5
Na 6.5
[\_ Ca l
. A A A A h 3 e e
0 05 1.0 1.5 2.0 25 3.0 35 4.0 45 50 0 05 1.0 1.5 20 25 3.0 35 40 45 5.0
Energy/keV Energy/keV

6

Fig. 6 Morphologies ((a), (b)) and EDS spectra ((c), (d)) of Si and Al oxide inclusions prepared by electrolytic extraction method:
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Fig. 7 Morphologies ((a), (c), (¢)) and EDS spectra ((b), (d), (f)) of Si and Al oxide inclusions by in situ analysis: (a), (b) SiO,; (¢),
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Fig. 9 Morphologies ((a), (c)) and EDS spectra ((b), (d)) of SiC inclusion: (a), (b) SiC inclusion with electrolytic extraction method;

(c), (d) In situ SEM analysis of SiC inclusion
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Fig. 10 Morphologies ((a), (c), (¢)) and EDS
spectra ((b), (d), (f), (g)) of carbonitride: (a),
(b) TiC-TiO,-TiN inclusion with electrolytic
extraction method; (¢), (d) TiC-TiN inclusion
in-situ analysis; (e), (f), (g) MgO-Al,O; and

TiN inclusions in-situ analysis



25 9 K4169

2411

(b) Element Mole fraction/% Ti
0] 60.2
Ti 32.6
Nb 43
Al 2.9
0 Nb
Ti

0 OI.S lI,O 1I,5 210 215 3.0 35 40 415 5.0

Energy/keV
(d)
Nb Mole
Element  graction/%
0 44.7
Ni 30.2
Nb 15.6
Ti 4.8
Si 3.8
Al 0.9

0 05 1.0 1.5 2.0 25 3.0 35 40 45 50

Energy/keV
M Mo Element Mole fraction/%
(0] 23.7
Mo 46.8
Ni 18.4
Fe 8.8
Cr 1.9
Nb 0.4
Ni i
i
ol il

0 2 4 6 8 10 12 14 16 18

Energy/keV
(h) Mo Element Mole fraction/%
O 594
Mo 19.8
Fe 94
¢ Cr 7.0
Ni 4.4
Cr
Ni
Fe
Ni
L
0 2 4 g8 10 12 14 16 18
Energy/keV

11

Fig. 11 Morphologies ((a), (c), (¢), (g)) and EDS spectra ((b), (d), (f), (h)) of metal oxide inclusions: (a), (b) TiO,; (c), (d) Nb-Ni-C-
O; (e), (f) Nb-Ni-O; (g), (h) Mo-Ni-Fe-O ((a), (c) and (e) showing inclusions by electrolytic extraction method; (d) showing

inclusions located in center of ingot.)
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