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Table 1 Nominal chemical compositions of two experimental

alloys (/%)

Alloy Al Co Cr+Mo+W+Ta Re Ru Ni

ORu 6.0 9.0 19.5 5.0 0 Bal.

2Ru 6.0 9.0 195 50 2.0 Bal
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Fig.1 OM images of alloys ORu (a) and 2Ru (b) after fully heat

treatment
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Fig.2 TEM images of alloys ORu (a) and 2Ru (b) after fully heat

treatment
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Table 2 Size and volume fraction of y' phase, channel width

of y phase in the alloys after fully heat treatment

Alloy Size of y’ Volume fraction Channel width
phase/nm of y’ phase/% of y phase/nm
ORu 394454 66.644.1 72428
2Ru 294464 64.3+4.2 6321

I Ru 23 BRAR T A &y AR R ST Ry J8IE RT3
Xof oy AR AR AR S B A R R
2.2 y/y R EHHER S 5 R 4FIE

KR E D PERZE RN 2 M d & A 5 4 4
() y Ay AH AT PR E (B 2 JPHEXS) 3R AT 0 4
AT B 342 2 Bl G AE y Ay A ST BRI DX 3511
HADDF HE B o I 3w a] DLy IF p ALy AH o 38 i 0
B, ORu & 41 y Ay H I A% 5 05 518 0.2076
A1 0.2085 nm, 2Ru & 41y F o FH 0 5 k& 5 200 0 oN
0.2095 A1 0.2097 nm. M HADDF & ;1] L& i, ORu
B EAE ply FHFUTH BT AT LRSS AT B, X B K
B ESE TR AL )y AL, IR H y fHhE T
ZWREREET yM. T 2Ru & 4 A& K I 81 o
B X3, Y E T ERAE p oy A RS 5.

B 4 Sy i 4y W Be G o A R A5 2 B A S A F T X
WotE ARG R TULE H, R o B B S A 2
L, y #&E % Cr. Co. Mo. Re fil Ru JG &, yH T
% AL, Ta fI Ni o &K . @i gt o, 2Ru
441 Cr. Co. Mo. Re. Al. Ta Al Ni £ y 1 y'#H
S LAt FE AT ORu & 4. UL Ru 0N 5535 42
BT I T R y Ay MR ARSI EREE
Mg, WInREFHEINAREET y MG ER, ME
AT 2 Fhdrdrp, W TR AE y Ay M B 38 2
Vil

Interface b

K3 &< ORu M 2Ru 7 y Al 4 5 1 MY 3 [X 35 K] HADDF &y
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interface
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Fig.6 Creep strain-time (a) and creep strain rate-time curves (b)

of alloys ORu and 2Ru under 1120 “C/140 MPa
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Fig.8 SEM-BSE images of longitudinal sections of creep
ruptured fracture of alloys ORu (a) and 2Ru (b) under
1120 “C/140 MPa

WAE TCP MALHE A, T 2Ru & 4&I0H 10% 2404
TCP M4bHA4E . XTELE 8a Al 8b, 784> UiHH, Ru i
TEEAR INEGE R TCP MM, kb T RS .

3 mriTie

KA F 7 013105 1, AL B iR A 4 IR AR
JS7 77 P 055 28 1 B 3 R o AR R ST B AR 4y By T TR
FE ply BEECEE R TCP MMM & 6. AWt 4 3
FW, RuMIIMAEZENE T HENEMAL,
A& R AR MR
3.1 yHRSTMy BERE

AL SR A S R B M, AR
DE RIS EEM T EEREEEEEM.
Murakumo ZUIRFR £, & &MIGEEMERS YK
TR BATAE B DI D0 R IEBE o AR AR 2 H 1 388 I
PR B, 2y AR AR 4 BAE 60%~70%  [B] I, i
TR IR B . ASLsedh, 2 Fad y Mm%
B0 65% 75 47, PRI Ru Sy MAR B 23 B0 53 i
Wy MRS, fTABFRERE, & 8REREIHEEHT
B 0 o AR B ST B oy WA B BCRE (AR Rl TG AR L1518,
K 9 J& Neumeier™2s A\ 3L T4 Re fl Ru JG 2 1984 5
iR ASBIELH K. SREW, T4 Re A% Ru
() B A Bk Bk, AR RSEAE 0.52 pm 22 45 (& & Wl /E
1100 ‘C/137 MPa 3R ARG L ERE . % T [F IS

“H Re Ml Ru K& 4, yMRSE 032 pm 24
& &R G MMM IR A e RE . AW LR &4 ORu &
ARG E, y RSN 394 nm, ANbTE 9 H
B A A RS X3V B P, AR T R R R 1T B 4 2Ru
1)y FHR A 294 nm, AT 9 H sy A RSTIX
WACEIW, IGERERRMK. BFik, RuBImAN, &3
ANy RRSE, BRAK T SRR AR AR, S TR
AR VERE . Ay AHIETE RS Pollock ZE1 SN 7t % 1,
L@ AR y BIEE BN BT R Orowan R 7j
wor 5 7 S BEEH IR, B TORZ\Eﬁs g
w NEIUIREE, b AMIKRKE, h Ny @IEEE, SN
Schmid A7 AWF7LRY, BEE RuiIIIA, yilEAR
2 (E 23K 2), Fitk, (45123 FT7 0 Orowan ¥ 7
WK, & a i qr A R R i o
3.2 H/MRTIREALEEE

R P GRS R, ALE57E y AR A
WIENIEE, FFAEHAT KRR P A& IR
AR IROBL, AE ply'PAH FE I 2 A T R A 1 = e AL
£ . Zhang® AN Carroll™ 25 5t 6 B, 4R 3E 5 5
T A A 1 T TR S 7 T M0 5 /0 05 7 5k SR R i A8 i
A X3 BE DL S A 4 AR T BE 55 A OG . RN RS TC FE
A 33 8 HE A RD 40 5 A7 5 X BT B, AT ASE o7 i HE T )
| ply BHA, BB/ HEE, RAREEE
(I AR 7 o B PR BT FE R W], Ru AR {8 20 v
&4 ply RFMERTECEE A, ply SRR 35 AL 4 [R) #R AR
AN, BERES S SRR ] )5 AR VERE .

A ST AR e B 738 5 8 I o7 i PR (1] 2 R gk )~ T e
fi5, x5 zhang® @0 Carroll®™ & I MR —3. %
7T B R TR R, AL IR TR DA R a3 A 3 )

7/
Alloy ORu
in this study
10°F .
RS " Alloy 2Ru S
- I |
E L in this study '
§
)
® Alloy ReRu
0 Alloy Re
10'7 ,5/ ] 1 1
0200 300 400 500 600

y'-size/nm

K19 & Re Fl Ru Ju 3 (M8 i il & WG AR MERE AL » AR W1 4R R
RRHESA
Fig.9 Relationship of creep properties and the initial size of y’ in

single crystal superalloys containing Re and Rul*®!



* 1724 -

Wity @A RS TR

i 45 %

PR S A S AR R R R WA
TS 9 5 R T BEAS A e v B RO T prdH, IX &
T AN B 53 A ) S A I A ] R K X S 2 5 il
WA AR . AREFFE R R, I Ru AT BAYE N SR
TR A7 4685 DX T B2 sy 7 T A7 605 PO 199 s 1 DA S A S T
LA o AT N 5] (B 7)), XA R T B RS
IR, EKIGEARE 2 BB SET A), ig e
A & 1 i A T
3.3 TCP#H

eI N 78 AR B 3 B B R AR I AR 8 AR S
TGE G R, AR N AR ORI N, S LA AR TR Py
KAEWH., MERERRRBRESTHREELE RS
BRI, ARy MRS MR n, &4
K AR A I AR R R G M HE TCP M, XA N R A ZIA
R Ef — R E BRI . TCP AAE 4 Jifi A8 FH £E i AR AR
e FE R S BEIR ply B S S, $R AL LU
ARG E, T E AR FLIE R R, XA
IR o K 45 A AR B 2 B BERO R TR], S R AR AR
3 BB AR AT, H AT, Ru TTLAIME] TCP A
HOEMRI AN, HEZW LG A, il E 5
Hh T Ru L&A B 5liE“A & on K o r .

AHFFEH, Ru I, X Ni F1W 82 23 Bl b
WA B R, HEIBEK T Re. Mo 1 Cr 853 73 ic
b, KT y Mt Re. Mo Al Cr & TCP ARt &
AT . ANFR T 5 A8 BE 4y BT, TCP AR T AX DK 5))
715 y #h TCP AT Byt 3 B W F0 R 45 i o [RL
Ru #il] TCP MM TEAZ & B T IHBEAR Ty A 0
B KBRS BIGIE T OHara & AR LK “& 4
TR IS B RN . RIS, TCP AR A, kb T
G ST ERIGE AT R R LR, A SR m iR
R MR HCH SR e %, AR TREEES
i U A2 P e
4 2 #

1) Ru fEIIAST A 4 #0425 1)y AR AR 2 08
ER, S ERCN Ty M RST Koy AR @ B R

2) Ru FRIIINAE ply' Wi AH 5 %) TCP AHBT A H 2 5
M f¥] Res Mo 1 Cr st R /- FLEE M 5), R Ru 10
NP B IR R L. FN, RuTTEASE y H
HEE.

3) AE Ru & 4078 hnk i 72 b A & T Ak
T E% Re. W HI Cr n& I TCP AH, Ru [ hn A4
T TCPAHIINT Hi, & Ru & 4 i 4% 200 h 3K 41 Hi TCP
i

4) Ru AN 23w & 4 iR AR B ) 5% 1

(1120 ‘C/140 MPa) FHIGEZFHfr, X5 Ru /Ny
FRSY Fe y AR I 58 B S 980/ ply! FETH T 35 47 45 18] 2 DA
e A A% 04k b () TCP AR T HY 25 ) 4 6 .

SE 30K

[1] Pollock T M, Tin S. Journal of Propulsion and Power[J],
2006, 22(2): 361

[2] Das D K, Murphy K S, Ma S et al. Metallurgical and
Materials Transactions A[J], 2008, 39(7): 1647

References

[3] Reed R C. The Superalloys Fundamentals and Applications[M].
New York: Cambridge University Press, 2006

[4] O'Hara K S, Walston W S, Ross E W et al. US Patent,
5482789 [P], 1996

[5] Reed R C, Yeh A C, Tin S et al. Scripta Materialia[J], 2004,
51(4): 327

[6] Chen Jingyang([¥: & FH1), Hu Pinpin(#i1414), Feng Qiang(¥%
i§) et al. The Chinese Journal of Nonferrous Metals(# & &
4 8 3R [J], 2011, 21(2): 332

[71 Yeh AC, Rae C M F, Tin S. Superalloys 2004[C]. Champion,
PA: TMS, 2004: 677

[8] Tin S, Zhang L, Hobbs R A et al. Superalloys 2008[C].
Champion, PA: TMS, 2008: 81

[9] Zbhang J X, Murakumo T, Harada H et al. Superalloys
2004[C]. Champion, PA: TMS, 2004: 189

[10] zhang J X, Murakumo T, Harada H et al. Scripta
Materialia[J], 2003, 48(3): 287

[11] Zhang J X, Murakumo T, Koizumi Y et al. Metallurgical and
Materials Transactions A[J], 2002, 33(12): 3741

[12] zhang J X, Murakumo T, Koizumi Y et al. Journal of
Materials Science[J], 2003, 38(24): 4883

[13] zhang J X, Wang J C, Harada H et al. Acta Materialia[J],
2005, 53(17): 4623

[14] Carroll L J, Feng Q, Pollock T M. Metallurgical and
Materials Transactions A[J], 2008, 39 A(6): 1290

[15] Neumeier S, Pyczak F, Goken M. Superalloys 2008[C].
Champion, PA: TMS, 2008: 109

[16] Zhao Yunsong(X = #4), Zhang Jian(5k 1), Luo Yushi(3%5iT)
et al. Acta Materialia Sinica(4: )& 24#)[J], 2015, 51(10): 1261

[17] Murakumo T, Koizumi Y, Kobayashi K et al. Acta
Materialia[J], 2004, 52(12): 3737

[18] Nathal M. Metallurgical and Materials Transactions A[J],
1987, 18(11): 1961

[19] Pollock T M, Argon A. Acta Materialia[J], 1992, 40(1): 1

[20] Reed R C, Cox D C, Rae C M F. Materials Science &
Engineering A [J], 2007, 448: 88



57 B I 45 Ru X — i Re SR 8k vy i 2 < oy R o 70 3R 93 A1 e T s A2 P R R B2 - 1725 -

Effect of Ru on Partitioning of Elements in p/y’ Phase and High Temperature Creep
Properties of a High Re Single Crystal Superalloy

Luo Yushi?, Zhao Yunsong'?, Yang Shuai’, Ge Binghui®, Zhang Jian*, Tang Dingzhong*
(1. Science and Technology on Advanced High Temperature Structural Materials Laboratory,
Beijing Institute of Aeronautical Materials, Beijing 100095, China)
(2. State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing, Beijing 100083, China)
(3. Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: The influence of Ru element on the creep properties of high Re Ni-based single crystal superalloys with two levels of Ru (0
wit%, 2wt%) additions under 1120 <C/140 MPa was investigated. The y/y’ phase, partitioning ratio of alloying elements, deformation
microstructures and the morphology of dislocations were studied by SEM, STEM/TEM and EDS. The results indicate that Ru addition
results in uniform elemental partitioning ratio of Re, Mo and Cr which are important for the precipitation of TCP phase. In addition, Ru
addition decreases the size of y’ phase and width of y channel, reduces the spacing of y/y’ interfacial dislocation networks and inhibits the
precipitation of TCP phase in the process of creep loading, finally improving the creep properties of the investigated alloy significantly.
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