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Abstract: Ni-base crystalline superalloy has excellent creep resistance, and is widely used in aerospace engineering, ener-
gy and power generation and other industrial fields. With the development of industry technology, the requirements for creep
properties of Ni-base crystalline superalloy have become more and more stringent. Researchers have carried out a lot of
work , focusing on the effect of alloying elements on the creep properties, in order to achieve maximum creep resistance im-
provement by adding alloying elements. The effect of alloying elements on carbide phase, grain boundary, y matrix phase
and vy’ precipitation phase is reviewed in this paper, providing some scientific guidance for the design, preparation and creep
properties improvement of Ni-base crystalline superalloys in the future.
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Fig. 1  Creep curves of DZ125 alloy at various conditions!" ; (a) applied stress of 700 MPa at different temperatures, (b) applied various

stresses at 780 °C
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b) (18] ;5 EDS characterization of MC carbides(c) [20]
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Alloy W Mo Co Ni Cr Nb

K20 67.52  5.55 4.54 14. 06 1.96 5.39

Inconel 601 71.41 6.53 4.05 14.30 1.00 1.43
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Fig. 6 SEM images for M,;C¢ carbide particles precipitated at grain boundaries (a, b) and creep curves (c¢) of high and low C Ni-base
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Fig. 7 Creep curves of Inconel 718 alloys with two different P content at 650 “C/580 MPa (a) and 700 °C/535 MPa (b) [46]
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Fig. 9 SEM images of GBs and precipitates in Ni-22Cr-20Co-2W-2Nb-1. 5A1-1. 5Ti-0. 03C alloy without any other elements (a, ¢) and

with B, Zr elements(b, d) [54]
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Fig. 10 SEM images of B free (a), low B content (b) and high B content (c) Ni-base high temperature alloy, creep curves of the three alloys (d) (5]
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Table 2 Composition of some Ni-base crystalline superalloys( w/%, bal. Ni) % 7]
Alloys Cr Mo \ Ta Nb Al Ti C B Zr
Mar-M246 8.3 0.7 10.0 3.0 — 5.5 1.0 0.14 0.02 0.05
Rene’80 14.0 4.0 10.0 — — 3.0 5.0 0.17 0.02 0.03
IN-713LC 12.0 4.5 — — 2.0 5.9 0.6 0.05 0.01 0.10
C1023 15.5 8.5 — — — 4.2 3.6 0.16 0.01 —
IN792 12.6 1.9 4.3 4.3 — 3.4 4.0 0.09 0.02 0.06
GTDI111 14.0 1.5 3.8 2.8 — 3.0 4.9 0.10 0.01 —
IN718 19.0 3.0 — — 5.1 0.5 0.9 — 0.02 —
Rene'41 19.0 10.0 — — — 1.5 3.1 0.09 0. 005 —
Nimonic80A 19.5 — — — — 1.4 2.4 0.06 0.003 0.06
Waspalay 19.5 4.3 — — — 1.3 3.0 0.08 0. 006 —
Udimet720 17.9 3.0 1.3 — — 2.5 5.0 0.03 0.03 0.03
4.1.1 BEIREAGR R R AN, TR  BEAAH B R Z AR, B e [

SESR R e il B 2 v LT IR W ESR DU § 4T
TOEJE, D DT A A T R, o AT R 5 I A R i
T A R 22 WU SRR FRE . HER R B RE AR,
FLE PRI A AR, R T e PR AR TERE . B
B BT, YR Nb T3 A LURE y BEORAR A

ORALAR , MR LB, Ta CEMENGHE
B AP ZHEREMIREAR, 24 Ta JTURE BN, RN
5 a/2< 110> WL IETE v/y N SLIIAL , KRB &N
G, W 1la s, 641 Ta SRPER, &4
VRZHEREIRAR, ARHELE y/y N AL SRS K A i

S \,

sl 12%Ta i
- 24%Ta ; 0.4
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LAl - 4.8%Ta P ,
g i/ | 203
g H |5
ol ! g ®0.2 0%Ta
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0 n N i " " " " 0.0 L . L . .
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Fig. 11

creep curves of alloys with different Ta content(g, h) >}

Dislocation configuration of Ni-base high temperature alloy with low Ta content (a), moderate Ta content (b~d) and high Ta content (e, f) ;
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Fig. 12 Effect of transition metal elements on stacking fault energy of y
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Fig. 13 Morphology of the 7y’ precipitate phase in FGH98 alloy with low
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