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Tablel Nominal composition (N) and melting composition (M) of alloys (@/%)

Alloy Al Ti Ta Cr Mo w Co C N O S Ni
N 5.50 1 6 8 2 8 8
DD98M Bal.
M 5.64 1 5.98 8.15 2.02 7.87 8 0.002 0.0003 0.0004 0.001
N 5.65 0.85 6.24 5.44 1.70 6.34 8.21
DD98MC
M 5.72 0.85 6.22 5.60 1.70 6.22 8.22 0.002 0.0003 0.0005 0.001
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%2 1273K KEARIZ 500 h &y MIHREE R REERE
Table 2 Lattice constants of y and y’ phases and their lattice

misfit ¢ after long-term aging at 1273 K for 500 h

Alloy a,/nm ay/nm 0/%
DD98M 0.3616 0.3601 -0.42
DD98MC 0.3606 0.3593 -0.36

Note: a,-lattice parameter of y phase; a,-lattice parameter of '

phase; J-lattice misfit of y and y’ phases
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Fig.3  Variations of alloy lattice misfit  with the aging time at
1273 K
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Fig.4 Morphologies of DD98M and DD98MC alloys after solution aging (a-b) and long-term aging at 1273 K for 20 h (c-d), 100 h (e-f),
300 h (g-h), and 500 h (i-j)
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Fig.7 EPMA element mappings of DD98M (a-b) and DD98MC (c-d) alloys undergoing solution aging (a, ¢) and long-term aging (b, d) at
1273 K for 500 h



SMeRESE . KI8T Cre Mo W X DDISM & 446 2541 43 5 11 BE 1 5 0

* 733 -

Il DD9sM-ST

| Il DDoSM
[ pD98MC-ST
| Il DDYSMC

Segregation Coefficient

OrAl Ti Ta

Element

B8 [ (ST) Al 1273 K FAEKBAR 2L 500 h &4 K10
AT R
Fig.8 Element segregation coefficient of the alloys after solution

aging (ST) and long-term aging at 1273 K for 500 h

460
< —=— DD98M a
E 440 —e— DD9SMC
*x
g 420
Eﬂ 400}
£ 380¢
5
T 360}
340 — . . . . .
0 100 200 300 400 500
Aging Time/h
600

b

—— DD98M
500 F —— DD98MC

0 1 1 1 1 1
00 01 02 03 04 05 0.6
Strain/%

B9 1273 K T A il B2 i i A% I () 22 A0 A 1273 KR ST 2%
500 h J& & G V- B AE 2R

Fig.9 Variations of alloy hardness with aging time at 1273 K (a);

stress-strain curves of alloys after long-term aging at

1273 K (b)

Coarsened y’

‘o

2.5 Cr/Mo/W X KEART & & & R4 8 #2019

10 4 1273 K ' DD98M #il DDISMC & 4= K 1
I 2% 500 h [ & S S SR . Wil 10a AT 10b fir
N, fE 1273 K KNS 2 500 h 5, DDISM & 4 i 7t
AN A RSFRICHy M (i), A7 AR
Ry A AL Ry R (SR EET ). @it EPMA 241 T
DDI98M ¢ 7t Fl d N I T 3= 40 A i oL (K] 11a A
11b), ATLLRIL Wl Mo & SRAEHUIRBR H, Niv Al
Ti 1 Ta & HEAERL Ay A o 1K LEHOR IR P38 2 N
Ni27.01Cr17.66M014.41W23.82C010.902Al0.50 Tio.53Tas.76(at %) , It
H1(Cr, Mo):(Ni, C0)=32.07:37.93, #%ifo—(Cr, Mo)(Ni,
Co)tf .

P 10c & DD9SMC & 4= 1F 1273 K K AR 21 500 h
J& ih SR A 2 FhEOIRBURL 4> A . FIH EPMA 4387 7 3
TEa AR TR ARG, W 1le Fix. HE 1l
A LRI —F o Ti. Ta F1 C F & MBIk, 5—Fp
N W I Mo & 5 IR .

W Fil Mo & & BURL 1) ~F 35 20 BN Nias.12Cris 32
Moi5.21W23.38C00.33Al0.61 Tio.sTas 23R T 7350, %), HH
(Cr,Mo):(Ni,C0)=33.53:37.45, #:iL6—(Cr, Mo) (Ni, Co)
M. BESEASST EER MC B, MeC BLH
Ma3Ce 2 3 AL T tHAH R C m R B 4, Hh MC
RUBRALY)(TIC F1 TaC)F Ti M Ta JCE I E 4. HILH
5E DDISMC K I 2 500 h &y FL AL 2 Fh kL 43 51 N
oA MC BLBRALY

5 DD9SMC # L, DD98M 7E & FFl & 34 K
EWok A, okl N HLA [ tep . XK DDISM
BEZLZM Cr. Mo W, XL uE 2 8B tep FHTE K
Jt&, Crv Mo. W &R i & Edk top MM H .
K, #BAK Crv Mo. W & & 1) DDISMC & % [1otf
Prib R, HRIERAH .

¥ 4

.
Coarsened y’

Bl 10 1273 K 'F DD98M Al DDISMC 4 K SIS 24 500 h Fr i 52 A1 3 79 T2 351
Fig.10 Morphologies of grain boundary (a, ¢) and intragranular (b) of DD98M (a-b) and DD98MC (c) alloys aged at 1273 K for 500 h
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Fig.11 EPMA element mappings of grain boundary (a, ¢) and intragranular (b) of DD98M and DD98MC alloys aged for 500 h at 1273 K
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Effect of Cr, Mo and W on the As-Cast Microstructure and Properties of DD98M Alloy
During Long-Term Aging

Xia Penghui, Wang Weiqiang, Lu Chao, Cao Tieshan, Min Xiaohua
(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Based on the “cluster plus connected atoms” model and the ideal composition formula of nickel-based superalloys, the element
content of Cr, Mo, W of DD98M alloy was reduced, and the DD98MC alloy was obtained. The parent alloys of the two alloys were
prepared by vacuum induction melting. Then they were subjected to solution aging and long-term aging at 1273 K. The as-cast
microstructure of the two alloys after aging was studied by XRD, SEM and EPMA. The effects of long-term aging at high temperature and
Cr/Mo/W on the as-cast microstructure and properties of the alloys were analyzed. The results show that long-term aging causes partial
decomposition of y’ phase, promotes element diffusion and intensifies element segregation. With the extension of long-term aging time, y’
phase coarsens or even becomes rafting, the hardness decreases, the absolute value of misfit decreases, and the cubic degree of y’ phase
decreases. As the content of Cr, Mo, W elements decreases, the absolute value of misfit decreases, the cubic degree of y' phase decreases
and the hardness decreases. Under long-term aging, the y' phase of DD98M alloy becomes rafting. Meanwhile, coarse y’ phases form and a
large amount of ¢ phase precipitate in grain boundaries and grains. Under long-term aging, for the DD98MC alloy, only ¢ phase and MC
carbide precipitate in grain boundaries. Compared with the DD98M, the DD98MC has better structural stability and mechanical properties.
Key words: DD98M; cluster plus connected atom model; as-cast microstructure; long-term aging; Cr/Mo/W

Corresponding author: Wang Weiqiang, Ph. D., Associate Professor, School of Materials Science and Engineering, Dalian University of
Technology, Dalian 116024, P. R. China, E-mail: wangwq@dlut.edu.cn



