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Fig.1  Schematic of the engine of GE90-115B and its temperature 

and pressure resistance
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� 2  Nb-Si���� 

Fig.2  Binary Nb-Si phase diagram representing the basis for the 

NbSi-based in-situ composites (the range of Si concentrations 

investigated is shown by the vertical arrows)
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� 3  Nb-SiM
 TTT��

 

Fig.3  Time temperature transformation (TTT) diagram of the 

Nb-Si binary alloy
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Fig.4  Liquid Projection of Nb-Ti-Si at the Nb-rich region 
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� 5  Nb-16Si����� 

Fig.5  Microstructures of the Nb-16Si alloys 
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Fig.6  Microstructures of the longitudinal-sections of the steady- 

state zones of integrally directionally solidified Nb-Ti-Cr-Si 

under different solidifying rates: (a) 6 mm/min and (b) 18 

mm/min 
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Fig.7  Typical R curve of Nb-Si composite, showing an initiation 

toughness of 23 MPa·m

1/2

 and a peak toughness of 35 

MPa·m

1/2[38]
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Fig.8  SEM images of fracture and crack behavior of the casting alloy (a, c) and the DS alloy at the growth rate of 10 mm/h (b, d)
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Fig.9  Specimens before and after deformation at 1450 � and 

initial strain rate of 2.31×10
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Fig.10  Equiaxed structure with small size

[41]

 

 

qÑ�ôvüî».���¤(ÒÓ0¨1¿�.1

ðÔ)�á¤$îï5��¨1�éKVR�þ±ü

î».�¤(�ë�J?�]ª¨0ü9��¾��

.¬'ùÕ0îï�1ð567�¡óú�q÷v¨

1pq120�ô Nb

4

Fe

3

Si

5

���?��'¿ô��

�?�= 0¨1��:¥¼Û�/0123�4

[40]

�

, 1450 s�ô���?�Z 24%�]�p^ÜÝ:

� 03¾¨5 

èÍvÁ+/ :üîÖÎ·�¢,áû
O¨

1�:üîª«9Ë��O :�¾��.�ª¨�

ô¨1�á×Ø�è²�-°×Ø�DëÙ�7¾�

�.·�Ú¢ª¨á¤1W¼:�����¨1�q

�á´S���*¢ª¨G����SÃ´µ5'è

�ô9Ë.�ã÷�ô Nb

4

Fe

3

Si

5

�,·��ÊË�/

^�ô�Û¼�4ÛüîÍv�ç��²�Üüî�

Ív üî�C�ÓÀ�û^VR�§�ÊË�¨1

�O�¾��.H
Õ¿�ô¨Û¼9ËëÙ�¬'

wD�¤��OÛÝ ¡�¢G}l�O :� 0

3¨1H�5,�Ý=^�-�¢G}lv~�}l

�NO.��ô��4��©×Øü9Ív��{á


O¨15',��= ¡¢G}l 03¨1RZ

�NO.�Õ¿=¨1ÃV�ô%}©¿Þ�ô1Ã

�?ý
H� ¡¢G}l 03¨1¿�.��ô

�×ØÊ6v�Ý�NO�,�2�{¤3�6'�

�ÅV�ä=]C?VR�h�NO5 

�����	

-.���

 ¡��pG��¦ÈÉ3H"©ÎÏÐëÖ�

;<�%3�� 12 mn0á7n}l�¦ÈÉ3=

*�[Ã��� ¡�¢G}l�~pH�³Z 1200 

sd100 h�ÈÉß�<25 µmh

[38]

5,�-�ÈÉ¿

�.��µ�ÈÉ1ðz{y�>��ÈÉy�rÊ�

ª¨,ÈÉ���-9Ë��O�¾��ª¨ÈÉÆ

��µ�ÇÈ�0¨v§¨5ÈÉÆ.�¾��ÔÅ 

 

 

 

 

 

 

 

 

 

� 11  Nb

4

Fe

3

Si

5

��¹º»¼ 

Fig.11  Liquid phase Nb

4

Fe

3

Si

5 

has obvious extension

[41]

 

 

ë���në�©,ÈÉÆ$pO¼·�O�O¼¾

�Pò©/^�-���ÈÉÆ��á7�_àáv

È�3H'�O�_¾�5¾�¢ÛÈÉy�µ��

V
Oâ�3ÈÉ�ª¨�- Nb áH,�z{xy

��p?c|¼ÚÛ4���JÅ=-xã¦ÈÉx

y�øù¦ÈÉóúëS�-�p¦ÈÉ3H5 

� 13 mn0 ¡}lvpq�;�t£äåÈ

É3H�Z�ÎÚ ¡É� D�¦ÈÉ3H* ¡É

� BS�0 1ê�÷b5, ¡G���
.���

kH, 1370 �ZËpq| 10 h ÈÉÆÊqt^   

200 µm�>©År/, 1315 �ZËpq| 100 hÈÉ

ÆÊqt^ 25 µm�[\Ëz¸G���a3HlË

Ä�i:�j�5 

,Û4¦ÈÉxy·�-nyÔÅ�æÉ��¡

É��ç�-$5æÉ�xyDÖ<=�>´ç4^

Ö¼$pÈÉåè�4��pq²^ 1400 s�z{

·.�ý�,_w���|23xyû1ðîï��

ÇÈP¡É�xy_	23��Û4pq�r 1600 s�

H~��2�¨1Pç�-xy�����¦éê 

 

 

 

 

 

 

 

 

 

 

 

 

� 12  ½¾NOe8,fm¿ 

Fig.12  Oxidation rate of various ultrahigh-temperature materials
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Fig.13  Measured material loss (cyclic oxidation behavior) of the 

NbSi composites as a function of temperature
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Abstract: This paper discussed the research status quo of the ultrahigh-temperature Nb-Si-based composites. It summarized the improvement 

in alloying and preparation techniques to obtain a good match between room temperature fracture toughness, high temperature strength and 

oxidation resistance, which provided a foundation for optimization of preparation and research of NiSi-based composites.   
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