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The Role of Nb in Deformed Superalloys

Wang Zhigang'*, Wang Li*, Cao Zheng’
(1 High Temperature Materials Research Institute of Beijing Iron and Steel Research Institute , Beijing 100081 ,
China;2 Technical Center of Daye Special Steel Co., Ltd., Huangshi 435001 , China)

Abstract: In this paper, the main research object is the deformed superalloys that have passed the national acceptance,
identification or batch production, which are included in the China Superalloy Manual (2012 edition) , through a large
number of literature research, the role of Nb in deformed superalloys is summarized. The results show that Nb is not only
the main solution strengthening element, but also the main precipitation strengthening element in superalloys. In the solu-
tion strengthened superalloy, NbC and Z- (Ni; ,Cr, s;Feq 3) o (W sMoy oNbg 56) 5 ;N are mainly Nb formed, which can
significantly improve the creep strength of the alloy, reduce the creep rate, and ensure the good welding process perfor-
mance of the alloy; In precipitation strengthened superalloys vy’ - Ni, (Al, Ti) ,y”-Ni,Nb,8-Ni,Nb.&- Ni,(Nb, Ti) and
Laves-(FeCoNi), ,,(NbTiSi) etc are mainly Nb formed, and good comprehensive properties can be obtained by controlling
the changes of the size, morphology and distribution of the precipitated phase. At present, nearly 30% of deformed super-
alloys are strengthened by Nb, and the development of modern superalloy materials has been inseparable from the partici-
pation of Nb.
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Table 1 Main chemical composition of Nb containing solid solution strengthened superalloy %
G 4 C Cr Ni Co w Mo Al Ti Fe Nb \% N
. 19.00~  34.00 ~ 4.80 ~ 2.50 ~ 1.10 ~
GHIOLS <008 22.00 39.00 - 5.80 3.20 - & 1.60 -
19.00~  32.00 ~ ~ 500~  2.60~ B B N 090~  0.10~  0.13~
GHIOI6 <008 "»y60 3600 6.00 3.30 = 1.40 030 0.25
. 19.00~  25.00 ~ 480~ 280~ 0.70 ~ 0.15 ~
GHII3T <0.10 22.00 30.00 - 6.00 3.50 - - & 1.30 0.30
19.00 ~ 180~ 035~ 035~ 0.90 ~
GH3039  <0.08 2,00 73 - - 530 075 075 <3.00 130 - -
20.00 ~ 8.00 ~ 3.14 ~
GH3625  <0.10 2300 3800 <020 10,00 <0.40 <0.40 <5.00 115 -
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Table 2 Typical mechanical properties of solid solution strengthened superalloy containing Nb
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N [P 5 T ~ . SIS T PRERER,  WRIERR,, WURMKE  BURWE4ERZ
GRS /C WHITA SHiRIEC /MPa MPa AV% 1%
AC i =665 - =35 =40
GH1015 1140 ~1170 AC 700 >390 - >30 >35
AC 900 >175 - >40 >45
AC i >705 - >35 =40
GH1016 1150 ~1170 - 750 >390 - >30 >35
- 900 >185 - >40 >45
AC iR >735 >345 >32 =40
GH1131 1150 ~1170 AC 900 >186 - >40 >45
AC 1000 >110 - >50 >50
AC Ei >700 - >40 -
GH3039 1050 ~ 1 080 s
AC 800 >245 - =40 S
GH3625 950 ~ 1 030 AC il =930 >415 =30 S
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Fig. 1 Effect of Nb on plastic strain of GH3625 alloy (816 “C/52 MPa)
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Fig. 2 Effect of strengthening elements on creep strength of GH3625 alloy (816 °‘C/66 MPa) :(a) Nb , (b) Mo , (¢) Cr
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Table 3 Typical chemical composition of 625 alloy and its derivative products %
&% C Cr Ni Mo Al Ti Fe Nb HAx
625 0.06 21.50 61.00 9.00 0.20 0.20 2.50 3.60 -
625PLUS 0.01 21.00 61.00 8.00 0.20 1.30 2.50 3.40 N<0.02
725 0.01 21.00 57.00 8.00 0.25 1.50 9.00 3.50 -
718 0.04 19.00 52.50 3.00 0.50 0.90 18.50 5.10 B:0.002
706 0.03 16.00 41.50 - 0.20 175 40.00 2.90 -
B:0.005;
Rene 220 0.04 19.00 52.50 3.30 0.50 1.00 & 5.10 PP
PWA 1472 0.04 12.00 58.00 3.00 0.60 2.00 18.0 6.00 B:0.002
LI 22 ERE , WK 5, 18
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. 8
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Fig. 3 Effect of Nb content on the mass fraction of y ” phase at
different temperatures of GH4169 alloy (numerical simulation

results)
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Table 4 Main chemical compositions of some precipitation strengthened superalloys containing Nb %
B4 C Cr Ni Co Mo Al Ti Fe Nb Si
GH2907 <0.06 <1.00 35.00~40.00 12.00~16.00 - <0.20 1.30~1.80 4% 4.30~5.20 0.07~0.35
GH2909 <0.06 <1.00 35.00~40.00 12.00~16.00 - <0.20 1.30~1.80 4 4.30~5.20 0.25~0.50
GH4169 0.02~0.08 17.00~21.00 50.00~55.00 - 2.80~3.30 0.30~0.70 0.75~1.15 4% 4.75~5.50 <0.35
x5 WO ESNbREBULESESSMNAR ZEHREEKX
Table 5 Main mechanical properties of some precipitation strengthened superalloys containing Nb
G HRAh B LIEEESC PIRERE R MPa JEIRR,,/MPa WG A/% WS 468 2/%
980 ‘C+15 ‘Cx1 h,AC; =R >1 035 =725 =5.0 =>7.5
GH2907 775 C+15 Cx12 h/FC(55 °C/h)
—620 ‘C+15 ‘Cx8 h,AC 540 =825 >585 =12 =30
980 15 Cx1h,AC; Hi >1205 965 >8 >12
GH2909 980 Cx15 'Cx1 h,AC;
7 775 C+15 Cx12 h/FC(55 °C/h)
620 °C+15 Cx8 h. AC 650 =930 =720 =10 =15
950~980 ‘C+10 ‘Cx1 h,AC; =i >1 275 >1 035 =12 =15
GH4169 720 C+15 °Cx8 h/FC(55 °C/h)
—620 ‘C+15 ‘Cx8 h,AC 650 >1 000 =860 =12 =15
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