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¥ A Ni-Al-Ta-W-Cr-Mo-Co-0/2%Ru W5l %,
OYRIBES 4, SR FH IR VA e U FEE o 25 0 ) e ]
frh, L3 mm/min (IR AR, Hl# A0 Ru B
PR 7[00 1 THI [ B TR 5 4, 1148 HH B A Bl
(I RS) B4R 16 mm X 190 mm, i FEVE[001 15 ] I HK
) ZEPEHIE 7O LA, WA/ Ru i RS
IR T3 1. Aaik ARG B T2
(1280 C, 2 h)y+(1310 “C, 6 h, AC)+(1080 C, 4 h,
AC)+(870 C, 24 h, AC). H#H/J Ru WFH R/ 5 &
47 1080 ‘C L 200 h HEAT KR &b 2, PALLE T
% Ru A& H AR E MR .
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Table 1 Chemical compositions of single crystal nickel-based

superalloys (mass fraction,%)

Alloy 6 Mo W Ta Al Ru Ni
No.

1 50 - 60 60 75 60 - Bal
2 50 - 60 60 75 60 20 Bal

L0 AR ELE , WU (K100 1 TH m) 1) 1 oA
MRSR 4.5 mmX2.5 mm, FREEKR 20 mm 1 AR
“TF” IEARARE. A3/ Ru BB SR L
WEEE e e, HGILEN GWTS04 B il A5/ F8 A
I, 75 980 “CME H A A AEAN R S A F I AR 1
BB o RF I S RGR AR AN R B [R] L 28 0 A T 3R 45
AR A 41E TEM/SEM P THLESIME, %
TG Ru XS S A e s, WF5T
/7 Ru i & S AR AR AR 5 B R AE .
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A AU S TR EE A 260~300 pm, 0k b B A

80~100 um. 7 Ru HAAEMEIEELE 1(b)).

5 Ru &ML, & —k. IR ESHIE,
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wm, HEAERE i ) X 3k e 3 S A1 2N, iR Sk s .

Bl 1 A/ Ru B iE R AT
Fig. 1 Morphologies of dendrite/inter-dendrite in Ru-containing/

free alloys: (a) Ru-free alloy; (b) 2%Ru alloy
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Table 2 Composition distribution of elements in the dendrite/inter-dendrite regions of Ru-containing/free alloys
Mass fraction/%
States of alloy Area
Al Ta w Cr Mo Co Ru
Dendrite 5.51 6.63 7.05 5.40 6.98 4.65 0
As cast .
Inter-dendrite 6.34 8.17 5.20 4.30 5.32 3.62 0
Ru-free
K/% 15.06 23.23 —26.24 -20.37 —23.78 —22.15 0
Dendrite 5.82 6.97 6.02 5.28 6.27 4.25 0
Heat treated Inter-dendrite 6.05 7.54 5.81 4.94 5.85 4.05 0
K/% 3.95 8.18 -3.49 —6.44 -6.70 -4.71 0
Dendrite 542 6.72 7.26 5.28 7.12 3.51 1.65
As-cast Ru-containing Inter-dendrite 6.44 8.49 5.18 4.19 5.22 4.22 2.13
K/% 18.80 26.30 —28.65 —20.60 —26.69 20.20 29.10
Dendrite 5.79 7.39 6.05 5.10 6.24 3.87 1.87
Heat treated Inter-dendrite 6.21 8.04 5.53 4.75 5.81 4.11 2.05
K/% 7.25 8.79 —8.60 —6.86 —6.89 6.20 9.63

K is segregation coefficient.
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Fig. 2 Morphology of alloy after full heat treatment
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3 H/76 Ru &4:4 1080 ‘CHAL 200 h (ALZUES

Fig. 3 Microstructures of Ru-containing/free single crystal
nickel-based superalloys after aged for 200h at 1080 C: (a)
Ru-free alloy; (b) 2%Ru alloy
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Fig. 4 Morphology and diffraction spots of strip-like TCP

phase
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Fig. 5 Creep curves of with/free-Ru single crystal nickel-
based superalloys at 980 ‘C and 200 MPa
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Fig. 6 Creep curves of 2%Ru single crystal nickel-based
superalloy at different conditions: (a) Applied various stresses
at 980 ‘C; (b) Applied stress of 200 MPa at different

temperatures
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Fig. 7 Microstructure of Ru-free alloy crept for 123 h up to
fracture at 980 ‘C, 200 MPa
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Fig. 8 Microstructures of 2%Ru single crystal nickel-based superalloy crept for different times at 980 ‘C and 200 MPa: (a) Crept

for 100 h; (b), (c) Crept for 333 h up to fracture
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Fig. 9 Microstructures in various regions of Ru-free alloy after crept for 123 h up to fracture at 980 ‘C and 200 MPa: (a) TCP phase

in shoulder regions; (b) Initiation of cracks in region near TCP phase; (c) Breaking off of slice-like TCP phase

B 10 2%Ru 44 980 C. 200 MPa 45 333 h Wi %4 o Uz 11 X4 (1 A= 559 g
Fig. 10 Initiation and propagation of crack in region near fracture of alloy crept for 333 h up to fracture at 980 ‘C and 200 MPa: (a)

Initiation of crack; (b) Growth of crack; (c) Propagation of crack
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G138 P S N IV I PSR VA= R e S NG RN EE C N IE 757
TR y A% WA, A AR vy W
AFT () S A7 4685 P9 B A A /N (R TR B, e AR A A A
IR BTN, TS AATAS R A O, T R
YRR T RIS I ), RS AL R EI R 2R
B WBE, BT IeE Ru al LA M Rl EE,
fRERIRA T BE kN, AT RS AU AR 0 [m] 1R 22
Kk, JCE Ru AAAEGIRIEE, HA (e gl 2%
¥, N IIEPIER .

TN Ru so# g m & mAgitaett, oy
B INA AR I AR, H BRI R
—ERE, Hah yMRERME, a4 Ik
R ERN, 90y SR IR ARAR 23 B, ki T
B SR AE TG R MR il i, ) TCP AH T
PR &0 E Ru e &AL 20 e M AR AR A

g LR TR, IAJGER Ru n gL A
& I AR P RE B R PTG AT R e 1) S TR
15y SARFH A RE, S0 & SRS S b
th TCP AH, I T A5 4 PR R A3 A 0 25 1 [ s et A A
s 2) S8InG4rb 'y WA SRS RTBC RS, 44k A
SRR RIAEAR Y, AR A G 4 v R B S 28R I 1) 67
AR, TR RRAS IR AR WA IR A 45 R 258, AELR Y. J)
e, WOTE Ru WG S &1 ik pi ) .

4 g

1)J0% Cr. W. Mo. Co &HET Ru & &Mk i
T8, o Al Ta BEHETEMFXE. JtE Cr.
W. Mo &4T 2%Ru &&MH X, 65 Al
Ta. Ru. Co & TR A XL, Hr, A Rufis
B ICER Co MUl A IE AT . b HE AT K s



28 455 2

M35, %%: RuXMGUEREE

G4

LR EIHARAT I 283

JE B AR T AR A At/ R B A AT R

2) JC Ru HLEHERIE S 4 1E 1080°C K B 2 1],
WE {111} A BT s B e TR I EHR TCP Hy
s &P InA 2%Ru 5 TCP AT H . 56
Ru A4&AHLE, 2%Ru H4HA 47 980°C/200MPa 1]l
ApFEdw it 123 h #2758 333 h, & S ER ARG AR A 1)
B FIAIN P VAT ¥t N IR P 2R P T ORI

3) WEAR G, A AR TEALE S A e A
BAMBIUIEN yAH, BEEGARREAT, T IEB RSP
HINACE R38N, BIUIHENFR v A, v BUE Ry AR
i, HARRAMUIES. L, WEE TR vy W
AP AR RSO AR SR, HRINR, BA
B AU AR 5 WA L

4) 5 2%Ru A4, L Ru A& i KRR
BEAR w AH, SO IR AR g AH XK A 240
EHYRE, HAREARNR, 2 Ru &8 HAA B
AR BT R R0l A 7 i P 2 i P
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Influence of element Ru on microstructure and
creep behavior of single crystal nickel-based superalloy

TIAN Su-gui', ZHU Xin-jie', TIAN Ning?, LI Qiu-yang', LIANG Shuang'

(1. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China;
2. Guizhou University of Engineering Science, Bijie 551700, China)

Abstract: By means of aged treatment, creep property measurement and microstructure observation, the influence of
element Ru on the microstructure and creep behavior of single crystal nickel-based superalloy was investigated. The
results show that the Co is a negative segregation element in Ru-free alloy, whereas adding Ru makes Co transform into
positive segregation element. And the segregation extent of elements on the dendrite/inter-dendrite regions may be
decreased, to a great extent, by heat treatment. During being aged at 1080 “C, the slice-like u phase is precipitated along
{111} plane in Ru-free superalloy, and the precipitation of TCP phase may be restrained by adding 2%Ru (mass fraction).
Compared to Ru-free alloy, the creep life of the 2%Ru superalloy at 980 ‘C, 200 MPa increases form 123 h to 333 h. The
deformation mechanism of alloy in the later stage of creep is dislocations slipping in y matrix and shearing into the rafted
7 phase, wherein, the alternate activation of the primary/secondary slipping dislocations results in the twisted of the
rafted y phase to form the irregular configuration. Compared to 2%Ru alloy, the slice-like p phase precipitated in Ru-free
alloy may promote the initiation and propagation of cracks up to fracture, which is thought to be the main reason of the
alloy having a lower creep resistances and shorter lifetime.

Key words: single crystal nickel-based superalloy; element Ru; microstructure; TCP phase; creep; deformation feature
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