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Effect mechanism and control of nitrogen in cast superalloys

YUAN Chao', GUO Jian-tingl, LI Gu-songl, ZHOU Lan-zhangl, GE Yun-chao?, WANG Wei?

(1. Department of Superalloys, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China;
2. Navy Commissary Department, Harbin Gas Turbine Co., Ltd., Harbin 150046, China)

Abstract: The resent work in the Department of Superalloys and Itermetallic Composites, Institute of Metal Research,
about the effect of nitrogen (N) on the microstructure and properties of cast superalloys was summarized. The control of
N cast superalloys melting process was discussed. The results show that N content increases with the increase of Cr
content in the virgin alloys, and the increment of recycle times or revert proportion in reverted alloys. Increasing N
content considerably reduces the mechanical properties of both cast Ni-based superalloys and Co-based superalloys. In
cast Ni-based superalloys, N reacts mainly with Ti to form TiN particles in the melt, which acts as profuse nucleus for
subsequent carbides nucleation and growth at a higher temperature than in the normal solidification. These blocky
carbides with large size can block the dendrite channels, and reduce the fluidity of the final liquid fraction and the
permeability of the solidification structure. Consequently, increasing N content results in a greater degree of
microporosity, which leads to a significant decrease in the mechanical properties of cast Ni-based superalloys. In
Co-based superalloy, high N content will extend the solidification window during the solidification process, and then
leads to the coarse carbide eutectic structure by increasing the quantity of the interdendritic Cr,C; carbide eutectic, which
restrains the Mp;Cq particles precipitates in the interdendritic regions. This microstructure is conducive to promote the
initiation and propagation of the cracks and decrease the mechanical properties of cast Ni-based superalloys.
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Table 1 Interaction coefficients of N with main elements in

alloy K452 at 1 600

Element ek i) el co e e el Ref.
Cr —0.076 6 0.0021 [11-14]
Co —0.0118 0.0105 [11-14]
W —0.007 [14]
Mo —0.008 [14]
Nb —0.042 [14]
Al 0.040 [14]
Ti —0.53 [11]
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Fig.5 Typical microstructures of cast superalloys
with high N content: (a) Carbides in alloy K452
with 4> 107 N; (b) Carbides in alloy K444 with
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Fig.6 Morphologies of cavities and cracks in alloy K452 with 4> 107> N: (a) Stress-rupture test at 900 and 201 MPa for 30 h;
(b) Tensile test at 900
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Table 2 Chemical compositions of testing alloys K640S 10 N)/10°6 0
W
I Mass fraction/% 25
Alloy .
C Cr Ni W (0] N Co ®) (815 C, 300s)HWQ, 55)
250 cycles
A 047 2596 10.50 7.70 0.0016 0.0024 Bal. 207 '
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1.5} Z
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P Z
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Table 3 DSC results of alloys A and E
Critical temperature/
Alloy  Process Solidus/eutectic Eutectic bulk y matrix y matrix
Ma3Ce solvus starting melt melting starting to melt bulk melting
A 12158 1277.4 1291.5 13252 1398.1
Heating
No 1284.8 1294.5 1324.6 1 408.6
Critical temperature/
Alloy  Process
Liquidus/full liquid forming Liquidus/y starting to form y bulk solidification M,3C¢ formation
A 1428.3 1304.2 1306.8 1221.1
Cooling
1428.5 1321.8 13263 No
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4 13 K640S EDS
Table 4 EDS results of different phases for alloy K640S shown in Fig.13

Mass fraction/%

Alloy Position Feature
Cr Co W Ni Others
1 81.77 10.36 7.87 M,C,
2 23.27 56.28 12.17 8.29 y matrix
Ti 24.03,
A 3 6.74 3.49 44.63 0.99 Nb 2012 MC
4 76.17 11.25 1.27 11.32 CiN
5 66.45 21.20 8.70 3.65 M,;Cs
E 6 79.67 10.40 9.93 M;C;

13 N K640S
Fig.13 Microstructures of low N content alloy A ((a)—(d)) and high N content alloy E ((e)—(f))
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Fig.14 Morphologies of cracks and cavities in alloy K640S with high N content: (a) Tensile test at 900  ; (b) Stress-rupture test at
815 and 201 MPa for 193 h
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TiN NbN CrN GH2328
N Cr Mass fraction/10°
Alloy
o N S
S N Raw materials Fe+Cr 190 1 060 100
Table 5 N content in raw materials for superalloys Fe-Cr-Al 63 470 20
w(N)/10°° GH2328 20 40 15
Raw material
Measured Ref.
Electrolytic Ni9999 10 2] 4.2
Electrolytic C09998 3 Measured
JCr99-5A 500 [25] (VIM) N
W-1 30 [25] (18] 27] Ca0 (1]
Mo-1 30 [25] 28] [29] N
A00-Al 75 [2] N
H-Ti 40 Measured




21

743

CaO

Cco

o N
N
Al Ti 3)
N /
4)
N /
N 27.30] N 5)
3 1) N 500 kg
/ K452 7
2)N / 3)N 7
/ N ASTM 2280 o
K452 1) N 12>x<10° N 1.3%<10°
CO Cr 21%
N 2) 3) K452
N N
N N
N N
TiN
K452 N N K452
2.5%107° N ( 16) 1)
K452 2] 400pm N 107
( 15) 1) C Ni Cr Co W Mo N K452
Nb  MgO ( )
0.5 mm 2)
50% 3)
2) C o [N] 4)
300
Adding Al, Ti, B, Zr _
250 F Melting Lt St;r;;];g St;rl];l;g
2.5Pa Stirring _‘
1Pa
2001 i Superheating at 1 500 C
> Starting for 20min, 0.1 Pa
% 150 3Pa \
E3
< Casting
100 L at 1500 C
0.1 P:H [
20Pa Superheating at 1 500 ‘C
50F for 20 min and adding, 1/2 C
| Cf::oling .
0 50 100 150 200 250 300 350 400
Time/min
15 K452

Fig.15 Improving VIM technology of alloy K452



744 2011 4

160
1ot 0.04P
Melting <
0.06 P
120 oo
0.25Pa 0.01 Pa
100
g
T 80 9.25Pa
2
:
60
0.04 Pa
a0l 0.01Pa
0.02Pa
Superheating at 1 650 'C
201 [Superheating at 1400 C for 5 min | for 12 min adding C and slag
| |
0 20 40 60 80 100 120 140
Time/min
16 K452
Fig.16 Improving VIM technology of reverted alloy K452
7 K452 O S
Table 7 Chemical composition of alloy K452 N N
Mass fraction/% Mass fraction/ N 6)
Element Element o
Ingot head Ingot tail /o
C 0.10 0.1 Si 0.10 N
-5
Cr 20.86 21.26 P 0.005 [N] 3><10
-5
Co 10.99 0.55 S 0.003 [N] 24>10
w 3.67 3.70 Ag 0.000 1 17 K452
Mo 0.53 0.55 As 0.000 5
Nb 0.26 0.29 Bi 0.000 05
Al 2.70 2.66 Ga 0.002 60
Ti 3.35 3.64 Mg 0.001 5
4]
B 0.015 0.014 Pb 0.000 3 501 -
<
Zr 0.02 0.03 Sb 0.000 2 ®
= 40+
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]
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Mn 0.01 0.01 . . (O] . .
0 2 4 6 8 10
Melting number
17 K452
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