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ABSTRACT Grain size is one of the most important parameters which affect the mechanical
properties of cast polycrystalline superalloys. To study the effect of grain refinement on the creep
behaviors of K417G superalloy, the creep behaviors of K417G superalloy with four grain sizes
were investigated at 760 ‘C/645 MPa, 900 ‘C/315 MPa and 950 °C/235 MPa. The longitudinal
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vicinity of the cracks were investigated by using SEM, TEM and EBSD techniques, thus the
deformation mechanism and effect of grain refinement on the creep properties of K417G
superalloy were determined under different creep conditions. The results showed that the effects of
grain refinement on the creep property of the alloy varied with the temperatures and stress. At
760 °C /645 MPa, grain refinement improved the creep life and reduces the steady-state
deformation rate of the alloy. The creep deformation was dominated by intragranular deformation.
At 900 ‘C/315 MPa, as grain size decreased, the creep life increased firstly and then decreased,
while the steady-state deformation rate decreased firstly and then increased. The creep
deformation showed a competitive effect of intragranular deformation and grain boundary sliding.
At 950 “C/235 MPa, the creep life decreased and the steady-state deformation rate increased with
the decrease of the grain size. Grain boundary sliding was the main deformation mode. At the
same time, grain refinement could cause a refinement of the dendrite and carbide of the alloy,
which would also affect the creep behavior of the alloy to a small extent. The TEM observation
showed that at 760 ‘C/645 MPa, the dislocations interacted with y’ particles through shearing
mechanism and no dislocation network was found in the matrix. While at 900 ‘C/315 MPa and
950 “C/235 MPa, the dislocations crossed the ' particles through Orowan bypass mechanism,
dislocation network formed in the matrix, and MyCg precipitated in the interior of the grains,
which had a [001]y2sce//[001]matix Orientation relationship between theM,3Cq precipitates and

matrix .
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2.1 @AE RIMMER T

MR R RS B R B INERFE S0 04 54 A, B, C, D. 23 5l e br P B
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Table 1 Average size of grains, carbides and y’ phase of K417G superalloy

Sample Grain Size / mm Carbides / um y’ phase / nm
A 2.500 4.4 750
B 1.700 4.4 670
C 0.430 3.7 650
D 0.075 3.3 580

1 KA17G & &l dioki o A 5 oW 4 2B 50
Fig.1 Morphologies of grain distributions (a~d), dendrites (e~h),carbides (i~I) and y’ phase (m~p)
for K417Gsuperalloy specimen A (a, e, i, m), B (b, f,j,n), C (¢, g, k, 0), D (d, h, I, p)
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BRI, S S22 R ZETER A TR e a] . B REIR AT T iR AL,
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Table 2 Creep lives of specimens A~D under different conditions

Creeplife/ h 760 C/645 MPa 900 ‘C/315 MPa 950 ‘C/235 MPa
A 60.7 126.4 90.2
B 79.0 166.2 76.2
C 87.5 113.9 70.0
D 105.4 105.5 54.7

760 ‘C/645 MPa 241 T, FiE KAL17G & & fhbi RTisk/lS, FLifi A2 F5w M 60.7
h 3Z#iH9 IN3] 105.4 h. BLIFFRLE /N AT D UG A2 1 B f£. 900 °C/315 MPa
FAEF, PHERRNSF R 2.5 mm /] 1.7 mm B, S &GS % B 126.4 h
W% 166.2 h, {21 1.7 mm /M $] 0.075 mm B, &4 RiFE24 7 166.2 h i%
Wi R E] 105.5 h. TEILSLIR 5 1F N & & AU A M BB B ok RSk IR T &
Ja ARSI B A BRI 1IE A2 RE. 950 °C/235 MPa 5 T, K417G A4
Fi 0 45 75 i i ok R E e 2.5 mm £ 0.075 mm J8 /TR, M 90.2 h ik /N E1 54.7
h, BEI SRR R AR A WE AV RR BT, T D U A 5 dy S fIK.
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Fig.2 Creep curves of specimens A~D under 760 “C/645 MPa (a), 900 “C/315 MPa (b) and 950 C
/235 MPa(c)
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26158 2 B B LT-FAT. 900 "C/315 MPa 26 #F T, B fki ~F £ 2.5 mm J8/)s
B 1.7 mm, K B/, SRR SR 1.7 mm /b3 0.075 mm, K AEZR#TIN, ki
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Table 3 Steady-state deformation rateK for K417G alloy with four different grain sizes at different
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conditions (s)

Sample 760 ‘C/645MPa 900 C/315MPa 950 °C/235 MPa
A 0.00406 0.00660 0.00692
B 0.00376 0.00440 0.00762
C 0.00290 0.00639 0.01222
D 0.00350 0.00746 0.01465
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FrBA ), Gk 3a s, RECEF RS R, WK 3c R, BURAUE T
B IR 2R B AR T R T 7 AR AR, TR B0 TR AH FL T T F ).
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3 ARSI f5 KALT & I B O 2 2L DL S 3R B e s A%
Fig.3 Microstructures of specimen A tested at 760 “C/645 MPa (a), specimen B tested at 900 C
/315 MPa (b), specimen C tested at 760 “C/645 MPa (c), specimen D tested at 900 ‘C/315 MPa

(d), and 950 °C/235 MPa (e, f)

2. 4 WrOY\&Lm EBSD 1%
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Fig.4 All Euler images (a, d, g), grain boundary images (b, e, h) and local misorientation images (c,



4/ % . ACTA METALLURGICA SINICA

f, i) of specimen D tested at 760 ‘C/645 MPa (a~c),900 ‘C/315 MPa (d~f) and 950 ‘C/235 MPa
(9~1)

K EBSD A LARFF LA L SOM 4SRN IB PE AR T (KA ELAE F, VP& 0 98
VEAS T I 1022 i e L B 42 AR A0 oy T 9B AR T 5 b A B K B g
2y, FEUF kL RN [F] X 3= AR B ) 22, T BB 1A TEAE kL A T 20 AT A3
51, VMRS TR BRI X SR SR BB E 1 225 th oK PPH. (A1 EBSD 1% r )= s HL ) 2
A CLRE I SRR AR T 70 A, a5 B AN S AR B, AT BRI D A
i CE AN [ R AR S5 T BB AR T AE 5 SN N IR 3 A 15 L. 7E 760 °C/645 MPa,
900 ‘C/315 MPa LA} 950 ‘C/235 MPa i %2 5255 5 D ¥ i Wr [ B 24 2311 EBSD
A 4 FioR.

7E 760 “C/645 MPa I, & Ft B R divk N BB A7 AE 126 (18] 4b), BRSBIEARTE 5
TN B, B dc SR RFRELA 2 KA B AL T SN, 5 TR Bk A
BRGSO G D B O S AR T A R A AR L, AR
HEAK.

7£900 °C/315 MPa 1 950 ‘C/235 MPa T, & 4e Al h R A b AR % A%k
S, RIS IR AFTESB AR T 51 1/ BE UG . B 4F R0 i o R i ) 22 K
(Rfr B AL S S Ab, BEHTX 2 FP 2 AF R, D RS RSB IR T £ B T AL

2.5 {USELHAS I ER

5 NEI%AE G KA17G &4 IAr L 402 KMo 23K TEM 14

Fig.5 TEM image of precipitates (a), selected area diffraction pattern (b) and dislocation structure
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(c) of specimen C tested at 950 °C/235 MPa, TEM images of specimen D tested at 760 ‘C/645
MPa (d), 900 “C/315 MPa (e) and 950 °C/235 MPa (f)
B 5d i, KESh D 40T 760 °C/645 MPa i A8 5286 5, o # R AR AE K BN 2
#, VLI A I AN e AL DI AL p AH. TIFE 900 "C/315 MPa #1950 C

1235 MPa I 4% SIS I (Al FR A L2 31 2 R, 7 £ 2538 5d Orowan #LiiI Seid
YA, W 5c FioR.

760 ‘C/645 MPa i A8 SR Ji, B 4@ 18 A7 F % BERUIR, K T A A IE
H 4754 (B 5d). T 900 “C/315 MPa A1 950 °C/235 MPa i AZ SE46 i, FEARE
T8 H A7 B R B, BB AL RS M (] 5e 1 f). Herb, 950 °C/235 MPa Sk f&
A o T R D T 245 B R0 (1 ).

Wl 5a firzs, fF 900 ‘C/315 MPa 1 950 °C/235 MPa i 45 S5 Je A i v & B
A BRI B, RSF2908 300 nm. EDS &2y R M, %M & KRR Cr
L /b &) Mo, Ni F1 Co. 3 X A7 41 45 5 (Bl o) B, %47 A0 5 5 i 47 78
[001]mz3ce//[001 ] matrix HXIFI5¢ R, IS BE bR Uk BN ARALY) MosCe, o ARHE
297 1.058nm, X2 1A SRR ZE I BT, y AR AL, B Cr Fl Mo 4%
JCRHEH B AEIE, TIFE y SARIETE A4 Cr, Mo SR B X, JEHLE A
EREHy fy A SR T e % FEAL A N, T C R0 ) TR W 5 2R A i D B, T
Ji% C T & & £ XI5, Cr, Mo %5571 H1 C J 1725 2 i A2 T 1) & R AR 3 T MosCe ik
AR F AT K 1237290,

3 e
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Intragranular Deformation Grain Boundary Sliding
Kl 6l A AR TN i S S 1
Fig.6Schematic diagrams of intragranular deformation (a) and grain boundary sliding (b)
(c—applied stress)

% i G I S AR T AL S A AL S AU R R 6 poR. 18
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ATEE TP SR N BT RS P (] da~c), BLBH AR SRR T S A SR, IR, 0
ARTEAR N EE O N T, BIALAEER T Sohr B R A P iz . SRR
BN, RS R, RN SR TN, ok N AR 21, IF HLA ok
Z IRV E IR 5y, AT ekl N R R g SR DS, 7 AR RS T E P
AN LR ALTT LE B A 4 760 ‘CI645 MPa I T A i, IR
AR KA. (EZ i TR R, SR E RN, Fits
BURCHOLR, D FEah i) K KT C FEm,

f£950 C/235 MPa ', I METHILER Won R 2 it a i Y (K 3f), D
Ff-ih EBSD T4 R Bon BVEAR AR AR i AL (K] 4g~i), Ui B LI I AR AR T O
A I R BT T ARt N e S, e bR AR R AE R AL IR H.
Kevin SR 7 2 G IR iR A S IR A PR BRI R B, B RLK SR A 4
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100, FHIHALHE A A 7R B RE TG HhIZ 2l R R, ANWTTURITE pfy! ST T 34
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UM EAER, 5808 2 A0 N8 TE B 7 RS, 55 A2 AR T 1 2B PRI,
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900 °C/315 MPa ', A FlI B Ffdh dikic ROTAAREUR, LI & N AR TE o 3 2
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. T A U IR AR T A (RSN T 2E. ST 760 “C/645 MPa iEAR S 1E R I

A~D FEELF1 900 ‘C/315 MPa A8 261 T AL B AL, 2 a2 2L
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4  ZEip

(1) 7£760 "C/645 MPa ', fmkidiith 242 5 K417G 4 417 2 75 45 900 °C/315 MPa
N, ERRLAE S A A i A A i RIS S R #5950 °C/235 MPa T,
R A A 4 A0 25 iy PR AR
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