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Table 1 Nominal compositions of 4 kinds of superalloys («/%)

Alloy C Co Cr Mo % Al Ti Nb Zr B Hf Ni
Alloy-0 0.04 15.75 9.0 3.85 5.55 5.05 1.8 2.6 0.015 0.012 0.3 Bal.
Alloy-1 0.04 15.75 9.0 4.2 5.9 5.05 1.8 2.6 0.015 0.012 0.3 Bal.
Alloy-2 0.04 15.75 10.0 4.2 5.9 5.05 1.8 2.6 0.015 0.012 0.3 Bal.
Alloy-3 0.04 16.5 10.0 4.2 5.9 5.05 1.8 2.6 0.015 0.012 0.3 Bal.
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Fig.1 XRD patterns of 4 kinds of superalloys
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Table 2 y/y" misfit and lattice parameters of y and y’

Alloy a,/nm a,/nm Misfit, 6/%
Alloy-0 0.35938 0.35985 -0.129
Alloy-1 0.35939 0.35989 -0.139
Alloy-2 0.35945 0.36017 -0.200
Alloy-3 0.35947 0.36034 -0.243
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Fig.2 Morphologies of y’ phases in the 4 kinds of superalloys: (a, b) Alloy-0, (c, d) Alloy-1, (e, f) Alloy-2, and (g, h) Alloy-3
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Microstructures of 4 kinds of superalloys: (a) Alloy-0, (b) Alloy-1, (c) Alloy-2, and (d) Alloy-3
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Fig.4 Carbides in superalloys: (a) SEM image, (b) EDS result of precipitation in grain, and (c) EDS result of precipitation on grain

boundary

3.2 AEREXMNGESHHMRENTN

B TR AN SR Ty MR E 22,
AR N ML 737 o A7 S IR R A L 737 P 7 B2 77 (A
5y AEA A B SR WE .

A‘L’=2G§
8

()

Arh, Gy MEKIBI DR R, a, /247 alloy-0 &4

y FEERAR WAL Aa &y ARAR W AU SR & .
W, ERFEREANAZEELT, &8



%5 6 4]

RIS £ G on FOM BN R il £ 6 FGHOT 3L 1)

- 1581 -

Il 5 2 2 I ot A% K ) 8 B 2 1k 3% KA S0 Co Cr
Mo. W VA TCE ) 4 B & &b,y AH RS W 208G P
i, o 7 SRR RCR . AEARBT T, ()T

40
18401z, NNq, E@s v
1520+
1500 - 130
1480+ 7
7 7
& 1460 | | <
2 1440L ; 120 =
. 1080} 7
N ? %
e 110
1040} =
N
1000 AN 0
Alloy-0 Alloy-1 oy-2
Bl 5 = e
Fig.5 Tensile properties at room temperature
1440F 2%
1410} e, No, B v {35
o 1380f 130
% 1350+ Y g 15 <
= 1320} ? ;| {20
§ 7 k= -
< 1050T / gk {15 ©
1020+ g §§§ 110
% NSE
990+ é : ?§§ 5
960 N ANH 0
Alloy-2  Alloy-3
1260 140
1240}
s 135
1220 B v
< 1200 - 130
< 1180 ?
s 138
S 1160 7 3
(<) -
. 1000 7 3
7
960 g
%
/
920 g
N

Kl 6 ik A
Fig.6 Tensile properties at high temperatures: (a) 650 ‘C and

(b) 750 ‘C
faifb A :
Ar=K,Aa (3)

X, Ky R2FEERIGEF, AN Alloy-0 Hr oy A

RIBIYISR (G). AFR L (f) FIEHEHEL (a0) AR
p'TE y A LRGN H S, TE iy FETH BT AT E B S

By, PR RIATBRAL o /AR T I 4 HE RO

PRI R AL S IR N 338 ) P 32 B DEOR
Stk AR SR AL B BOR B 25 . AEALETAIEI T, 9!
R G J5E 5 o O 5 PS8 3 B () R AR A T

IS
£
f
()
IS
©
5
o
3
g
-
0352 1 1 1 1 1 1 1 1
3 6 9 12 15 18 21 24 27
0.359
< Cr b
IS » Mo
£ .w
§ * Co
£ 0.358
[
&
8
5 NigAl
0.357

0 2 4 6 8 10 12 14 16

Mole Fraction of Solute/%

7 A& TTERX Ni i NisAl 5% 5 5
Fig.7 Influence of alloy elements on lattice parameters of Ni (a)
and NisAl (b)Y

Ar=AG|o["* (%)1’2 (4)

R, A NSRRI S, G IR, Ay
(PERUS 5, b R IR, vy 2 p I P S 45
AR A EHRIE 4 FCEB AR i A
WotE, A yHIEmAL N, 3 p AR AR S 2 f
RIS SRR g (RS0 A L2 . 3 (4) AT 4L A -
At =Kj|o[*"? (5)

ﬁ¢,@zxﬁ%w,%%%m&ﬁmﬁ%o

AL, AN R A R 2R B, R R |0
BLNEAAL, AW T p/y R R 260 A B AR AL - 23
W, REemEREANEES NN PN EEREK.

C.B S5 JC 3 72 RN il & v iy S AT AR ) 32 22
TLEM, RLRIIBATMIRMREITR, LhEBR
Bl 4 & SR ST A AN N AL iR W
B, GaEfTRMNEE yMirlRaERm. et
R 5R FGHIT & &M UTIE s ORI, ik



+ 1582 -

Wity @A RS TR

46 %

AR F) 5 R 1
b, WEESTESEI 3 ME SN R
BT R, VA SRAGA SR AR SRR R L 2 MR ER
HT T S8 2 7E i T K IR T4, BT A 4l
ZURME RE K R e v+ > BB, 7 IR R PR R
A E MK RS S R AR 1, R A
S A S A R TL R A 4 4k AT K A Ak B
WS A G RERE I K R E R LB
3.3 [ELRRALFNILN R 2558 103 AR GR A R STk
Gidy 3.2 WIAHT, A& TeEXT o SR 5
MR, LT RENE] p kb, BT kG
BRSPS DLW, B Ry M SRk
ROA . R, T LAIA A S A RO B A 25 PR B 0
JoE AR FEE 1 B v 5 DUk, R R [ O SR A T A
AR B AL T A DR 0 B 4 RS BT BB, DA TR 4
3
Ki(Aa,)i+Ko(A|6]*%)=AT (6)
X, i=1, 2, 3;(Aa,); /& 15 Alloy-i &4+ y 415 Alloy-0
Bd oy MM ZEME: AP & Alloy-i 5
Alloy-0 & 4191017 1 25 18 .
R6) . i Ki(Aa,); 2 [ T A6 6 i 5 R 48
TTHRAE, Ko(A|0[2); & 3L A% 157 4% i Ak o J I 5 3 48
TTRE -
FIFH S A R B B, 49 3 — ANy R 4L

I
I

(Aay)l (A|5|3/2)1 A-[l
(aa), (afs] ), ‘[Elj:{AQJ %
a), @, | A

FIH DN ZRZHAEH Ky Ky BIE, 258
5.3x10* MPa/nm. 8.3x10* MPa. T-/&, #tal LAt 15
I (6) /2 I TL, By AHE VA SR A . A% AR B AL
Xof B iR PR 5 B ) DUMRARL (R 3) o [V B AL X IR
P A7 50 1 B 10 DT O S T AL AR B AR s, 2 5]
T U R B0 B T B R R

*x3 2MBEUERENEIRITNEEE ST
Table 3 Contributions of two strengthening factors to Az at

room temperature (MPa)

Alloy-1 Alloy-2 Alloy-3
Ki(Aa,)i 25 16.8 26.1
Ka(Alo[)i 0.4 3.6 6.1
Fitted Az 2.9 20.4 315
Actual At 3 20 32
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Strengthening Effect of Alloying Elements on Powder Metallurgical FGH97
Superalloys

Tan Liming" ?, Jia Jian* 2, Zhang Yiwen"'?
(1. Central Iron and Steel Research Institute, Beijing 100081, China)
(2. Beijing Key Laboratory of Advanced High Temperature Materials, Beijing 100081, China)

Abstract: Based on typical FGH97 components, three P/M superalloys were designed and prepared by modifying alloying elements
contents of Co, Cr, Mo and W. The strengthening effect of alloying elements on FGH97 was investigated. The results show that after
modifying four alloying elements contents, the lattice parameters of y phases increase which enhances the effect of solid solution
strengthening, and absolute values of y/y’ misfit increase which enhances coherent strain strengthening. However, there is no precipitation
strengthening or grain boundary strengthening. Solid solution strengthening makes the largest contribution to the increment of tensile
strength at room temperature.
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