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Table 1  Chemical composition of K4169 alloy 
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§ 1  ¨©=ªt�F=«{| 

Fig.1  Schematic drawing of tensile test sample (mm)  

 

í�Æ�1095 ö� <+995 öx!+720~620 ö�

8ñ��³Gàáú���( Zwick/RoellZ050 øù

úÄ�� SANS "#úÄ�¦�$Cøù� 650 ö

/620 MPaBC"#ÃÄ�W( Thermo-Calc%&'(

º)*+N�.7wx`a� «Æ�,-C��°�

ÝÅ./01��Z2«3�'(�ÙK�4ÐL N

�k@AúûI�(5�ç6��6 Φ3 mm×2 mm�

7* DSCú��uµ89���<:�¥` SETARAM 

SETSYS EVOLUTION 18 DSC/DTAãú��E�<;

<=�>
*+N¦� DSCÃÄ�6 Φ16 mm×10 mm

�7*�Cwx?@ÃÄ���uµ�AB89��

�<:�	d 10 mL�<;<=y�uµCD�<;

EF���¦¡G�<�ÐL N�k��Hd2<=

¡L	d<=®Iy�JKÐL N�k����LL

�?@�' 10 ö/min ���MCî 1450 ö�JC

15 minïðN<�ë' 10 ö/min����Cî�C

C��JC 15 min�C�O�'ñ¦�?@�³´P

5åþ 2&æ�?@���(5�çEL¡QR�S�

4G7Kú���9TUTñE 1:1V¹WX!Yy�

10 V Z[ 5 s��( Observer.Z1m TF/�\�

MERLIN Compact ] ^ Z _ / � \ � JEOL 

JXA-8530FZ_`a¦�bc�×0ÐL N�k��

EÐLC�d&N�wx|}�¹?ñ������

e`2��¯�Þãkfg�k�&''��T��

k2á�fgZ\���( 10%B��hi!Y¦�

jk�E TECNAI G2fgZ_/�\¦�bc��

��������

�����K4169 ����	
��

2.1.1  Thermo-Calc �� 

þ 3 lÙm Thermo-Calc no'(�)p�4þ

yb'qÙ�.7�YK5C�2 1350 ö�xK5

C�2 1200 ö�N �kn.7�xYK5�v/#

$�,- N �k�MB��<r�ÙC�MB�30N

��y��<r��ÙC�2 1440 ö�100 N��y

�<r�ÙC�2 1600 ö�N �kns<r��Ù

C��v/#$� tK��ÙC��ExK5'N�

u°�s��<r��ÙC���

2.1.2  DSC �� 

30 N��� DSCÃÄ)påþ 4&æ�b'qÙ

.7�YK5C�2 1341 ö�xK5C�2 1259 ö�

MC�ÙvC�2 1299 ö�LavesK�Ùv2 1163 ö�

 w N �k��� DSC úÄ)påu 2 &x�b'

qÙ�N �kn.7�xYK5C��s<r�ÙC

��v/#$��

2.1.3  ���� 

ÝÅ Thermo-Calc'(�DSCÃÄ�)p�K4169

.7�wxy�z�E 1340 { 1200 ö|�����

�Cwx?@ÃÄ�C�XY±�2 1350î 1200 ö�

C��}2 10 ö��

ÝÅ?@ÃÄ)p(åu 3 &æ)�.7�YK5

2 1350 ö�xK52 1240 ö�N�kn.7�xY

K5�v/#$��

4 1280 öwxÃÄ���Z_`a~��µ]

^)pH�bÈ�Ni�Cr�Fe���ExK�y�C�

Mo�Nb�Ti��EYK�y�s<ry�� Nbfg�

�<ry�� Tifg�s��<rb'�G�����

�

�

�

�

 

 

 

 

 

 

§ 2  9:¬>�­®¯ 

  Fig.2  Temperature curve of the quenching experiment�
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§ 3  Thermo-Calc/0®¯ 

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 

 

 

 

 

 

 

 

 

 

 

§ 4  30 Nª²A DSCq�8®¯ 

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 (�

��

�) 

Alloy 17 N 30 N 50 N 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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 5  1280 �������������� 

Fig.5  EPMA mapping analysis of samples quenched at 1280 �: (a) C, (b) Cr, (c) Fe, (d) Mo, (e) Nb, (f) Ni, (g) Ti, and (h) microstructure 
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Table 3  Results of ISQ experiment for samples with different N contents (�

��

�) 

Alloy 17 N 30 N 50 N 70 N 100 N 

Liquidus 1350 1350 1350 1350 1350 

Solidus 1240 1240 1240 124 1240 

 

� 4  ��������������� 

Table 4  Segregation coefficient of the major elements for K4169 at different temperatures 

Temperature/� Alloy Ni Fe Cr Mo Nb Ti C 

17 N 1.15 1.48 1.59 0.62 0.16 0.39 0.31 

30 N 1.10 1.54 1.64 0.51 0.20 0.52 0.18 

50 N 1.21 1.78 1.53 0.53 0.18 0.63 0.35 

70 N 1.24 1.77 1.56 0.51 0.16 0.68 0.36 

1330 

100 N 1.26 1.76 1.45 0.55 0.17 0.87 0.31 

17 N 1.19 1.83 1.47 0.62 0.13 0.27 0.14 

30 N 1.06 2.06 1.80 0.72 0.18 0.32 0.28 

50 N 1.13 1.66 1.39 0.62 0.21 0.50 0.32 

70 N 1.17 1.73 1.41 0.58 0.19 0.76 0.43 

1280 

100 N 1.19 1.74 1.41 0.56 0.19 0.99 0.58 

17 N 1.04 1.68 1.83 0.48 0.14 1.14 0.30 

30 N 1.28 1.79 1.51 0.49 0.17 1.34 0.38 

50 N 1.22 1.75 1.59 0.52 0.16 5.89 0.45 

70 N 1.19 1.78 1.61 0.52 0.16 6.34 0.56 

1220 

100 N 1.20 1.79 1.57 0.51 0.17 6.16 0.64 
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 6  1234����56 

Fig.6  Morphologies of samples quenched at different temperatures: (a~e) 1330 �, (a

1

~e

1

) 1300 �, and (a

2

~e

2

) 1220 �   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 7  "78 TEM9:)-; 

Fig.7  TEM morphology and EDS spectrum of the nitride in  

K4169 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 8  <78 TEM9:)-; 

Fig.8  TEM morphology and EDS spectrum of the carbide in  

K4169 
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Fig.9  EPMA microstructures of carbides in samples with different N contents: (a) 17 N, (b) 30 N, (c) 50 N, (d) 70 N, and (e, f) 100 N 
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Fig.10  Segregation coefficient of the major elements for K4169 

with different N contents 
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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 
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 13  12 N=>��.OPQR56 

Fig.13  Tensile fracture surface morphologies of samples with different N contents: (a) 17 N, (b) 30 N, (c) 50 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, (c) 50 N, (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, e) 50 N, and  

(c, f) 100 N 
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Effect of Nitrogen Content on the Microstructure and Mechanical Properties  

of K4169 Alloy 
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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 µg/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 µg/g and this number is decreased significantly when the content of N is increased to 

70 and 100 µg/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 µg/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 µg/g in K4169 alloy. 

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