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F1 K4169 SEHLER S
Table 1 Chemical composition of K4169 alloy

Ni Cr Fe Nb Mo Al Ti C Si Ca
52.2 19.05 Bal. 4.86 3.03 0.53 0.99 0.063 0.02 0.01

K1 B ulRE IR e RS

Fig.1 Schematic drawing of tensile test sample (mm)
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Fig.2 Temperature curve of the quenching experiment
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Fig.3 Thermo-Calc calculation curve of K4169 alloy: (a) equilibrium phase and their mass fraction at each temperature and (b) volume curves

of alloys with different nitride contents at different temperatures
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Fig.4 Heating (a) and cooling (b) curves of DSC for 30 N alloy sample
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Table 2 Results of DSC experiment for samples with different N contents ('C)
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Alloy 17N 30N 50N 70 N 100 N
Liquidus 1340 1341 1340 1341 1341
Carbide 1300 1299 1301 1298 1297
Solidus 1261 1259 1264 1265 1263
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Fig.5 EPMA mapping analysis of samples quenched at 1280 °C: (a) C, (b) Cr, (c) Fe, (d) Mo, () Nb, (f) Ni, (g) Ti, and (h) microstructure
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Table 3 Results of ISQ experiment for samples with different N contents (‘C)

Alloy 17N 30N 50N 70N 100 N
Liquidus 1350 1350 1350 1350 1350
Solidus 1240 1240 1240 124 1240
*4 FTRIBEEZFHHEETZBITRE
Table 4 Segregation coefficient of the major elements for K4169 at different temperatures
Temperature/ C Alloy Ni Fe Cr Mo Nb Ti C
17N 1.15 1.48 1.59 0.62 0.16 0.39 0.31
30N 1.10 1.54 1.64 0.51 0.20 0.52 0.18
1330 50N 1.21 1.78 1.53 0.53 0.18 0.63 0.35
70N 1.24 1.77 1.56 0.51 0.16 0.68 0.36
100N 1.26 1.76 1.45 0.55 0.17 0.87 0.31
17N 1.19 1.83 1.47 0.62 0.13 0.27 0.14
30N 1.06 2.06 1.80 0.72 0.18 0.32 0.28
1280 50N 1.13 1.66 1.39 0.62 0.21 0.50 0.32
70N 1.17 1.73 1.41 0.58 0.19 0.76 0.43
100 N 1.19 1.74 1.41 0.56 0.19 0.99 0.58
17N 1.04 1.68 1.83 0.48 0.14 1.14 0.30
30N 1.28 1.79 1.51 0.49 0.17 1.34 0.38
1220 50N 1.22 1.75 1.59 0.52 0.16 5.89 0.45
70N 1.19 1.78 1.61 0.52 0.16 6.34 0.56
100N 1.20 1.79 1.57 0.51 0.17 6.16 0.64
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Fig.6 Morphologies of samples quenched at different temperatures: (a~e) 1330 C, (a;~e;) 1300 ‘C, and (a,~ez) 1220 C
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Fig.9 EPMA microstructures of carbides in samples with different N contents: (a) 17 N, (b) 30 N, (¢) 50N, (d) 70 N, and (e, f) 100 N
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Fig.10 Segregation coefficient of the major elements for K4169
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Table 5 Quantities of various carbides per field of view(288 pm X196 pm) in the samples with various N contents
Carbide size 17N 30N 50N 70 N 100 N
<5 um 165 183 279 257 205
5~10 um 52 60 49 76 96
>10 um 29 24 25 16 6
Chain-like 42 34 29 7 1
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Fig.11  M,3C¢on grain boundary of samples with different N contents: (a) 17 N, (b) 30 N, (c) 50N, (d) 70 N, and (e) 100 N
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Fig.12 Mechanical properties of samples with various N contents: (a) yield strength and tensile strength at room temperature and

(b) elongation and area reduction



* 1512 -

Wi @M RS TR

48 2%

K13

30.1mm x20 SE

ANTA] N 5 S AR i 4 o e BT 11 T 50

Fig.13 Tensile fracture surface morphologies of samples with different N contents: (a) 17 N, (b) 30 N, (c) SO N, (d) 70 N, and (e) 100 N
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Fig.14 Rupture life (a) and elongation (b) of samples with various N contents
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Fig.15 Creep-rupture fracture surface morphologies of samples with different N contents: (a) 17 N, (b) 30 N, (¢) 50N, (d) 70 N, and (e)100 N
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Fig.16  Vertical section of the tensile fracture area
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Fig.17 Element C mapping analysis on grain boundary
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Fig.18 Cracked blocky carbides near the fracture surface
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Fig. 19 Longitudinal section of creep-rupture fracture surface morphology for samples with different N contents: (a, d) 17 N, (b, €) 50 N, and
(c, ) 100N
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Effect of Nitrogen Content on the Microstructure and Mechanical Properties
of K4169 Alloy

Teng Yujun'?, Ou Meigiong', Xing Weiwei', Ma Yingche', Liu Kui'
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. University of Science and Technology of China, Hefei 230026, China)

Abstract: The influence of nitrogen content on the microstructure and mechanical properties of superalloy K4169 was investigated through
Thermo-Calc calculation, DSC analysis and quenching experiments with optical microscopy (OM), scanning electronic microscopy (SEM),
electron-probe micro-analyzer (EPMA) and transmission electron microscope (TEM). The results indicate that when the content of nitrogen in the
alloy increases from 17 to 100 pg/g, the precipitation temperature and the quantities of carbides and nitrides are also increased. Moreover it has
been proved that the morphologies and amount of carbides can be greatly affected by the content of the nitrogen. A number of large bar-like
carbides can be identified when the N content is less than 50 pg/g and this number is decreased significantly when the content of N is increased to
70 and 100 ng/g. With the increasing content of N, the morphologies of MC carbides are changed from bar-like to block-like. The elevated
temperature performance of this alloy can be greatly affected by the N content while the room temperature performance is rarely changed. When
the content of N increases from 17 to 100 pg/g, the creep-rupture life and elongation are decreased from 300 h and 3% to 2.26 h and 2.34%,
respectively. Based on this research, as an overall consideration, it is rational to control the N content below 30 pg/g in K4169 alloy.

Key words: K4169 alloy; microstructure; mechanical property; nitride; carbide
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