55 24 55 3 ) FEEEEBFIR 2014 4 3 J
Volume 24 Number 3 The Chinese Journal of Nonferrous Metals March 2014

TEHES: 1004-0609(2014)03-0668-10

EiwimE A B RIRE S NS RAFIEEIT AR

WA, Ak, REFE, Bk, iE, APRER, # B
(LBH MV R 2E PRLRN S TRE2ABE, EBH 110870)

O IR AN [ [ AL PR S T/ I X SEA T 1A o M AR PEREIINA S 2 SO 4%, WIS il
JEXT—FhTE Re B AR ERIEA SR AT ANEARAT Ry s . 25 3R] SARNIRIRL S BV AL, & 4 A di /i)
XIEHAANF TR, ORISR m, JCRMTRE RS, T R & S i AR U AT K IR A A i
800 ‘ClgAZIAE], &arh yHIOUE ARG, RIEHGERFOIRAL . B A0 i 22 S A AR TE L& A A 7
SR RETY) A, o, FERART RAE E R R . XS, R AR AR AR, BEASA A
B8, Iz yly BRI SHEIN 3 e, wTamEIA A BYUIHE N p A, A G e e R AR A I ) (R IR AR
TR RN o

KR SRS S OMRET: AR A AT

RESES: TG146.1 SCRRARAERD: A

Influence of solution temperature on composition segregation and
creep behaviors of single crystal nickel based superalloy

TIAN Su-gui, LI Qiu-yang, GUO Zhong-ge, XUE Yong-chao, SHU De-long, XIE Jun

(School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: By means of solution treatment at various temperatures, creep properties measurement and microstructure
observation, the effects of heat treatment on the composition segregation and creep properties of a single crystal
nickel-based superalloy were investigated. The results show that the various segregation extents of the elements display
in the interdendrite/dendrite regions of the alloy solution-treated at different temperatures, and the segregation extent of
the elements is improved with the increase of the solution temperature, which may obviously improve the creep resistance
and prolong the creep life of the alloy. During the creep at 800 C, the 9’ phase in the alloy only forms bunch-like
structure, and no fully rafting structure forms. The deformation mechanisms of the alloy during creep at intermediate
temperature/higher stress are the dislocations slipping in the matrix and shearing into y' phase. Thereinto, significant
amount of dislocations with single oriented and double oriented slipping features activated in the y matrix may hinder
dislocation motion due to the effect of deformation strengthening, and the stress field effect in the coherent interface of
y'/y phase can restrain dislocation shearing into y" phase, which is thought to be the main reason why the alloy keeps a
lower strain rate during steady state creep.
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Table 1 Distribution and segregation coefficients of elements in interdendrite/dendrite regions
Sample Mass fraction/% K/%
Area
state Al Ta W Cr Mo Co Ni Al Ta W Cr Mo Co Ni
Inter-dendrite  5.36 10.10 4.57 5.33 5.65 5.32 Bal
As-cast 2494 17.85 —25.81-12.34-30.59 11.76 Bal.
Dendrite 496 8.57 6.16 6.08 8.14 4.76 Bal
Solution-treated Inter-dendrite 5.01 9.64 4.98 5.58 6.08 5.18 Bal
7.97 687 —-829 —4.94 -9.79 4.86 Bal
at 1300 C Dendrite 464 9.02 543 587 6.74 494 Bal
Solution-treated Inter-dendrite 4.92 9.45 5.07 5.64 6.23 5.10 Bal
. 229 227 -3.61 —-1.57 546 2.20 Bal
at 1310 C Dendrite 481 924 526 573 6.59 4.99 Bal

Fig. 1 Dendrite morphology of single crystal nickel-based
superalloy on (001) plane
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Fig. 3 Creep curves of alloy at various temperatures and
stresses: (a) Applied stress of 775 MPa at various temperatures;

(b) Different applied stresses at 800 ‘C
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Fig. 6 Morphologies in different regions of alloy crept up to fracture at applied stress of 775 MPa and 800 C: (a) Schematic

diagram of marking observed locations in specimen; (b)—(d) SEM images corresponding to regions 4, B and C, respectively
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stacking faults; (b) Overlapping morphology of stacking faults
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WCEER, TR BT DIREN A, R R
FE AR A Y R) EAT B B AR R ) T B A

3.4 BETEHMRAST

TEMRAS S, BEMRASHEAT, G a0 A R
B, JEreA RS, N EERT y AR
MR BEIE, AL B AR I y'HH. — BATER D)
HEN A, RIS p AHAISRAE , BUE & S At
FIBA%, BEEIENIGEARE =B, ik, ARk
KV 64 IR AS BT ) 3 DTAH G

ST,y REI SR AT B [ Rk,
AReagtl, y'ly WAHIERE FLlafl . ARSI b i &
41 760~800 “C 1 750~800 MPa [JIF AL 411, 3777 y'/y
PAAHCRFFILA S, s N AR b W] BHAGAL BE BY DI EN
YA, LR N AR R A DNy A B TR
%[23]

67/53bf 1/2
Aty = [W} (6)
G AP S I R AT TR AV R LTI OO K VA= 5 ) A

BHGE AR AR, A R AERAL, SO AR (8]
HILALETE, Wil 7~10 Fros, AR e A
FETEAR A At 5 RS ER T A4 b GRS A i T 7
FUHAEDIN y WP, By MNP, DIy
AR A R N . b=(110), 3R AT
MIRREAL, AR T 50%, Pk, (745D
AN YA G REBCR AL .

B4y HHALE 760~800 CH BRI Z4 8, B5Y)
HEN TS AT AE {111V TR R 2E 20, T IRPI(112)
SR AZ R A A AL, Wi 7. 8
10 iR, ZAA AT T AC TR, HIR AR L H T
BRZHEX, PR AR, nrE ez s ke o,
R, AEEE BT DR y AR Ao i, TE RO A A



676 A G EE R

2014 £ 3 H

MIZERIAZS, AP e A2 5T 77 .

4 Zit

1) HAESETICE Al Ta Al Co & & THfA],
JGE W. Mo Ml Cr ‘& Th b T, Bl [l L,
TG ARG i/ TR) R B A B B S BAES, PT84 1)

ALY, IR S I AR A i

2) 1£ 800 C iV Sy A IE], & & rh e R K AY
B g, A 133 h Je A Eh yMARTE RGeS
ARG, AR AR 2

3) EFPHE N AT, e A SRR SR AR
6] (30 e A 568.3 kI/mol , A 4x 1E I A% B a] (1A T

PUBLR AR LA R AN U A, Jerb, ESRAA
TP R A R R AR IR L XU ) 1 A% A R T AR A
AR, TR E S, . oyfly PIARSRS St
T3 RIATHIAL A BT DIREN ' M, Al & BAERES
i A2 90 ) DR A1 I A2 R ) 2 2 Ji [
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