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Fig. 1 Mapping distribution of elements distribution on (001) plane of as-cast alloy: (a) Mo; (b) Ta; (c) W; (d) Cr; (e) Co; (f) Ru
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Table 1 Composition distribution and segregation coefficient of each element in dendrite/inter-dendrite of 2%Ru alloy

Mass fraction/%
State Region
Al Ta w Cr Mo Co Ru
Inter-dendrite 4.83 8.39 4.88 421 6.51 3.88 2.02
As-cast Dendrite 6.12 6.80 6.37 4.08 5.59 4.04 1.99
K/% —21.1 234 -23.4 32 16.5 -3.9 1.5
Inter-dendrite 6.00 7.57 5.88 4.18 6.18 3.85 2.03
Heat treatment Dendrite 6.09 7.46 6.12 4.09 5.89 391 2.00
K/% -1.4 1.5 -39 2.2 4.9 -1.6 1.5
K: Segregation coefficient.
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Fig. 2 Diagram of concentration distribution of elements in Ta-Ru-free alloy(a), Mo-Ru-free alloy(b), Ta-2%Ru alloy(c) and
Mo-2%Ru alloy (d) after heat treatment
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Table 2 Element concentration distribution of y/y’ phases in with and without Ru alloys

Mole fraction/%

Alloy Region
Al Ta Cr Co Mo w Ru Total
y phase 2.72 0.45 16.4 11.78 8.32 232 0 41.99
Without Ru  y' phase 18.91 3.72 1.68 3.00 1.53 0.81 0 29.65
Ratio 6.95/1 8.28/1 1/9.74 1/3.92 1/5.44 1/2.85 - 1/1.42
y phase 4.69 0.49 15.12 10.75 7.13 227 3.13 43.58
2% Ru y/y' phase 18.20 3.52 1.98 4.03 221 1.73 1.41 33.08
Ratio 3.88/1 7.18/1 1/7.64 1/2.67 1/3.22 1/1.31 1/2.21 1/1.32
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Fig. 5 Diagrams of concentration distribution of elements in Ta-Ru-free alloy(a), Mo-Ru-free alloy(b), Ta-2%Rualloy(c),

Mo-2%Ru alloy(d) after creep rupture under 1100 ‘C, 137 MPa
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Table 3 Elements concentration distribution in y/y’ phases of with and without Ru alloy after creep
Mole fraction/%
Alloy Region Al Ta Cr Co Mo w Ru Total
y phase 2.41 0.45 13.91 11.14 8.97 2.82 0 39.70
Without Ru  y' phase 14.23 4.62 1.24 3.02 1.14 0.32 0 24.57
Ratio 5.90/1 10.27/1 1/11.20 1/3.69 1/7.87 1/8.81 - 1/1.62
y phase 4.48 0.51 11.89 10.85 6.91 2.33 3.19 40.16
2% Ru y' phase 15.31 3.53 1.89 3.94 2.17 1.69 1.38 29.91
Ratio 3.42/1 6.92/1 1/6.29 1/2.75 1/3.18 1/1.38 1/2.31 1/1.34
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Fig. 6 Concentration distributions of elements Mo(a) and
W(b) in near y/y’ two-phase interface region of Ru-free alloys

before and after creep
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Fig. 7 Element Mo(a) and W(b) concentration distributions of
near y/y’ two-phase interface region of 2%Ru alloy before and

after creep
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treatment: (a) Alloy 1; (b) Alloy 2
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Al LAAEFE R R 7 WL Mo. Co.  Cr %577, #ffiix
Rt YA BIRF AT pfy WIAHIEAE 55 S AL
], &2 %KM, HL Ru GE&FEICEL p/y AR
BEA AT AR FE LEAAH R, AR A DL PT [A) 45 I BTG 2=
1E y SRR AL . Hor, fEE Ruh, &ILHRAE Y
FHH AR L /N B R IIIT 9 Cry Mos Cos 1E 2%Ru
W, B ICERAE y A R R /N BRI A Cr. Cos
Mo. Ru. IXFEHILE Ru W[HINICE Mo 7E y fHIE
RS . SN Ru 5, HaTEBEN y A, I i
Ni;Al 1 AlTa) 5 I E, T R E T Al(Ta)
JRF N y M. J6FR Al Ta. Ru 7E y/y WA ST
XS R EERA RN, HotE Al(Ta)5 0% Ru Z[H
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(R FE A3 AT AFAE ELANRFAE,  FHOLHERT, BEICE Ru %
Ay HIIF EHE NiAL ) AL R PG E, AIfE NisAl
Al JRFEERD, XEaeheR ATa)fios
Ru 7E p/y B ABAELEIR FE BLAME 3 225 A

PEARNE2 2 W Mo JERBA AR, #Itk
Z I mdiE AR, Hf Ru-W HZEGHN
~715.62 eV, Ni-W 145568 8-714.8 eV, Ru-Mo [
ZEABEN—T14.31 eV, Ni-Mo 45 & HEN-713.46 V.
XERHMUEEFIRMITE Ru iy, Mo. W 5 Ni HI45
& 71/NFIEE Mo W 5 Ru 454 71, Fibh, %4 Ru
JEF 4 A AlTa) DL B, A5 — 2 HCE T W
Mo JETIEN y'Hl, iX& 2%Ru &4 H Mo. W 7E o'
FETRI A P v 1) R R

HGELRMIIGEEIE, NEITCERE oy AR E
AR, miREEN G EP & ICERE oy AR
FE S ATAFAE B 5, E2 Ru AT P0HIIX Fh R 1) K
A, BRI W Mo JEF )y AHIERS, (REF & ICRLE oy
PR PR A B LU AR G AR s R A TE I 5% 6 40 AR T/
JE O TSRS 15 298 E . PRl & & AE PbHE R H
AECONHRIMHZTES, HIHE TCP M. 78
1100 ‘C. 137 MPa IG5 5% T, Pifh& &AL
BIE BT BT R R AR S5 R, XONET G Ru &
& y'AH WL Mo JEFalyHHIE R S 2t TCP AH, H
T TCP MG THitERar, mAdifae .
2%Ru &4 I3 Ru AT HIHIX R0 A R A, #ek
BT H TCP #H.

4 ZEip

1) HAEFRET, PFG S5 /A TR & e R
IS RTINS+ e, 2858 A A EE (1280 C, 2
h, AC)+(1315 °C, 4 h, AC)+(1070 °C, 4 h, AC)+(870 C,

24 h, AC))Ja, PRI E e 1 R i AT BLR 29145 20 . 2
3

= o

2) HEIRIEA 4N 1100 ‘C 137 MPa i, &
Ru &4 MG F 6 A 68 h, 2%Ru & 411528 7 6 Ny
125 h, RWILE Ru W EREHEERLHEREEN
AP RE .

3) JG#& Ru H[XIEEH & ICRLE oy PIAH IR EE
OIARFA A LA : JCER Ru AlEHE 21 W, Mo %7t
RIEN y'H, BARIELAE oy WIR IR FE r lC L, IR BLnT
R TCFRAE p/y PAH ST DX 380 R 5 M6 82 P AR, 37

S y AP BRICER Ni Sh AT R E SR,
HEfERHARENE, X2 2%Ru & &R A B
AR RE (1 2 2 A

4) LR Ru "X & e ORGSR £ B 85
Wi 7EmiRIGEE RS Ru &40 TCP 4, M
2%Ru RN TCP M. 2 HTiAN, iR AT
EEPSTCRAE p/y AR IR 73 A1 A7 £E W] . 2
B Ru AR AN K A A, RO WL Mo JR-1
[ y AHIERS » PREFATCERAE o/y P AR B E LE AR A
IE o
5) J& Ru & <efE mih i A2 ] 4y 1 Aok TCP
F, HMEE SR 5T, RO REREOE, X
B I AR T RE LR 2 B A
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Effect of Ru on element concentration distribution and
creep performance of nickel-based single crystal alloys under
high temperature

LIANG Shuang, ZHAO Feng-qin, LIU Zhi-xin

(Yingkou Institute of Technology, Department of Mechanical and Power Engineering, Yingkou 115000, China)

Abstract: By meaning of measuring the creep properties under high temperatures of Ru-free and 2%Ru nickel-based
single crystal superalloy. The results show that 2%Ru alloy exhibit longer creep life at 1100 ‘C and 137 MPa, which is
125h, while that of Ru-free alloys is only 58h. And the effect mechanism of Ru improving the creep resistance of
nickel-based single superalloy is studied by measuring the concentration distribution of elements in y/y' phases of
free/with Ru alloy before and after crept. The results show that Ru element can increase the solubility of other elements in
y/y" phases, decrease the concentration distribution ratio of other elements in y/y’ phases and enhance the alloying extent
of elements in y’ phase. After creep of Ru-free at 1100 ‘C/137 MPa, the concentration distribution of elements changes
obviously in y/y’ phase, and the concentration distribution ratio of W element changes from 1/2.875 to 1/8.81, at the same
time, the concentration gradient of elements at the interface of y/y’ phase increases significantly. The change of
concentration distribution leads to the increase of the content of insoluble elements of y phase and the precipitation of
TCP phase, which can destroy the continuous rafted structure of y' phase and greatly reduce the creep property of the
alloy. However, the concentration distribution of element in y/y’ phase and the concentration gradient at the interface of
y/y" phase of 2%Ru alloy do not change significantly, which is shown that the high temperature creep can affect the
concentration distribution of elements in y/y’ phase and the concentration gradient at the phase interface, but Ru element
can restrain the effect.

Key words: Ru; nickel-based single crystal superalloy; element concentration distribution; high temperature creep
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