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Abstract

Nickel-based single-crystal superalloys are of vital importance to the development of aerospace in-
dustry in China, serving as irreplaceable core materials for high-end power equipment and high-tem-
perature components. The lattice strain field at the y/y’ phase interface is a key factor governing the
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microstructural stability and service performance of such alloys. The refractory element rhenium (Re)
acts as the primary strengthening element in advanced nickel-based single-crystal superalloys. In this
paper, a Ni-Al-Re ternary single-crystal superalloy is taken as the research object. Convergent beam
electron diffraction (CBED) is employed to systematically characterize the lattice parameters of the
two phases and the interfacial misfit in the alloy. The two-phase misfit is measured to be 0.25% in the
dendrite core and 0.28% in the interdendritic region. Re weakens the long-range strain field of the
alloy, shortens the strain influence range of the y’ phase, and reduces its macroscopic compressive
strain; meanwhile, the strain field exhibits obvious dendrite-dependent heterogeneity. Providing crit-
ical data support for the compositional optimization of high-performance nickel-based single-crystal
superalloys.
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FERLIL, SRAG— 2L N AN [A] S 5 B AR R A o BB S2 IS ) HOLZ ekt 5 B Al 4t Sk
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3. RWER
3.1. FEHFEERY yHEF0 y HAYRRER

K 1R T DB T IXECREZI HOLZ ATt 1ert, IXSETEREAs3ELE » AHAD A I iR, H
BT RRME, U HZ X A R R AR S A AR . B R SIS AR RE SR HOLZ et s thatl &, 73
B TFAL ' AH I SR A% R 0.3564 nm, p AH I SRS & 40 0.3555 nm, AR LA A S AT TF 8 AR

it N+0.25%. BEAh, &2 iB—IFAH T A S T XK PIARF) HOLZ TekE . 28 [ SR FE RN LI
B, IS A TRy FH B A% $0Ch 0.3563nm,  p AH IR B RS &5 B0 0.3553 nm,  AH M A4 L B +0.28% .

Figure 1. Experimental and simulated HOLZ diffraction patterns of the dendritic core along the [114] zone axis: (a) HOLZ
diffraction pattern of the y' phase; (b) simulated pattern; (c) HOLZ diffraction pattern of the y phase; (d) simulated pattern

B 1. [114]5#HE S TR RTINS HOLZ fTHEEFIMRINER: (a) yHHEY HOLZ 17511E4E; (b) yHHRVIRINTESRE;
(c) y 1B HOLZ 1753 1E4E; (d) y HHATIRIATEHE
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Figure 2. Experimental and simulated HOLZ diffraction patterns of the interdendritic region along the [114] zone axis: (a)
HOLZ diffraction pattern of the y’ phase; (b) simulated pattern; (c) HOLZ diffraction pattern of the y phase; (d) simulated
pattern

E 2. L14]FHF M TREREINGH HOLZ fT5HERFIERITERE: (a) yMBAY HOLZ 153 7E4F; (b) yMERVRINTESRE;
(c) y 1089 HOLZ 753 LHE(d) y HHAVIRINTERE

DRGSR IR e AT 5 B, AT ARG T 5 B 1A DX e B 4 MRSZRG A B AR
FH, S AR i o B AT R, Adilalas RIC A T4 Lo

Table 1. Lattice constants and misfit of two phases in dendrite cores and interdendritic regions of Ni-Al-Re ternary alloy
# 1. Ni-Al-Re =t & &R BT REREHENSEERREERE

BT F IR
y (nm) 7" (nm) 9 (%) 7 (nm) Y (nm) 9 (%)
0.3555 0.3564 0.25% 0.3553 0.3563 0.28%
0.3556 0.3565 0.25% 0.3551 0.3562 0.28%
0.3554 0.3564 0.28% 0.3553 0.3563 0.28%
0.3554 0.3563 0.25% 0.3552 0.3561 0.25%

XFEERTR, B lh T IX I p AT /A A% H B s KRR AN X 8, Re Jo 3R AE Bk [ i A2 53 fdr 22
BT X, HERME RSB IEAK, BT IR R LB R M. & eboi T 5H0RIE
DR AR W B S RO 22 5, ABTUR T Re JURAEREE LR B R T 1T 9. Re JRIIETH2 5
FERT NI R, SRS R AR RN, B BU T X8y AR A i % 1 B oK
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TERL f F] X3 AT () CBED HURE s A1 B LSRRI PR B, 38 54 T X R R e 4 — 80, BURE TSI
bz B 4a). & 4(b) s

)

200nm

Figure 3. CBED pattern acquisition positions in the dendrite core region, (a) Microstructural morphology of the region; (b)
Enlarged view of the area indicated by the box in (a), where numbers 1 to 9 denote the specific positions for CBED diffraction
pattern acquisition

E 3. K&AFX1E CBED HHREME, (a) ZXBHERFHE; (b) B@PHERLASHBAE, BEFiRs 1
£ 9 753/~ CBED TR B REME

Figure 4. CBED pattern acquisition positions in the interdendritic region, (a) Microstructural morphology of the region; (b)
Enlarged view of the area indicated by the box in (a), where numbers 1 to 9 denote the specific positions for CBED diffraction
pattern acquisition

& 4. #fiE X% CBED AEREME, (1) ZXEMEMFEIRE; (b) B+ HFEBLNEEHAE, EHirs 1
£ 9 73R CBED TS R RIEREME
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FEAARFF B IR 10 240K A B FE B A2 20 nm (IR E 3 I, HOLZ FERETFf 5 30 BF S5t FR R R 1k
W #— PR A EN 10 nm B4 E 4 &b, HOLZ TERERISFRIE RSk, SARTHH R4 BB 5 @
T, ARG IR ASRE R GO . TEREN G L R AR SORE TR B Ay A SR B AL E 5 AL, HOLZ
TR L re 2k £ AT R IE, AT S dE AIX 43 o BB A8 T BR T 9 5T R R . — 2 ply A LTI AR AT
TESRZLI AR IR, BT RS I I SR AR X AR S BUR AE SR, IR TR IS T 2 5% 2 S
ARG JEBERNAE TR RN 288 y A AN X, TERESMATHERE, RASBUER BRI,
X5 Chuvilin % \[17] [18] CBED Ml WS 2K R — 3. BN e y MHIXIRE, 7ERE B 7R 2 10
nm 075 6 &b, HOLZ fEFEIAL T BUBPRAS, 7EEET TS 20 nm A7 & 7 &b, HOLZ et BB A nl 4y
ek, A FRUEBAARIR A 2 A A PRI 2 30 nm (WALE 8 B, SIARTERIR I GAT R L AE1E «
BEEB ) 40 nm (AL E 9 4b, HOLZ 1eREA VR BN KU I Ba i i B i o

Figure 5. HOLZ diffraction patterns at different positions near the y/y’ phase interface in the alloy dendrite core region: (a) y’
phase, 40 nm from interface; (b) y’ phase, 30 nm from interface; (c) y’ phase, 20 nm from interface; (d) ' phase, 10 nm from
interface; (e) y/y’ phase interface; (f) y phase, 10 nm from interface; (g) y phase, 20 nm from interface; (h) y phase, 30 nm from
interface; (i) y phase, 40 nm from interface

5. A4e&R&ETXE yyHREMHE AR GLE R HOLZ FT847E4E: (a) yHBMIEERE 40 nm; (b) yHBAIEERE 30
nm; (c) yMBMIEERE 20 nm; (d) yHEMIERE 10 nm; (e) yyHEAEE; (f) y HAERE 10 nm; (g) y HAIERE 20
nm; (h) y HREERE 30 nm; (i) y HAIESRE 40 nm
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5 X 45 SEAH EU, 5 it 8] DX 35K pfy R T BRI 9 it e A S 0t — 0 22 57, ) 6 i o
15y, BEES Y 40 nm (ALE 1 4k, HOLZ TERERFr R A pBs o i E Ml S 2 e 5
FHIHIZ) 30 nm HIALE 2 4biF, HOLZ FEAERIIF4E tH G ARVERRIA R 5, BLT-R T X3 20 nm I 7
PRES. 7EEEES L 20 nm. 10 nm B E 3. 4 &b, HOLZ FERERIN FRIEBEIR AL 3 — B e, FLmfr &
5 R ITERE [FFE 56 A .

HEN y RIS, A A ) DX A5k p A AR s AR S I3 ) 5 5 T XS AR — 2, EL 2 PE RS 5T 40 nm
b, HOLZ FErEAWKIZ By R U5 MR

Figure 6. HOLZ diffraction patterns at different test positions near the y/y’ phase interface in the interdendritic region of the
alloy: (a) y' phase, 40 nm from interface; (b) y’ phase, 30 nm from interface; (c) y’ phase, 20 nm from interface; (d) y’ phase, 10
nm from interface; () y/y’ phase interface; (f) y phase, 10 nm from interface; (g) y phase, 20 nm from interface; (h) y phase, 30
nm from interface; (i) y phase, 40 nm from interface

& 6. &&fmiE X yiyEREHHEAR RN E B HOLZ £7814E: () yHAEERE 40 nm; (b) yHAERE 30
nm; (c) yHAERE 20 nm; (d) yHEAERE 10 nm; (e) yHy'HBF@E; (f) y HHAERE 10 nm; (g) y HHAERE 20
nm; (h) y FAERE 30 nm; (i) y HRIERE 40 nm

IR AN RN B AL R AR M SE58 HOLZ 1ERE 5 AHRBISAUAEREREAT X LE /0B, RATIRAS T ol #H 5
THT PRET 1) A B AR e B 4G S, FLAR SR ST 10 nm BAPY BRI X IRANTE BIRSE S 2 N, ks 5%
TR 2 . HRPEIEATRIL: Ni-Al-Re =J0& 4 y Ak T X8k ) 02 28 37 5 a3 LK T4
B X4k 5 Ni-Al —JoRi A &4 B A8 37 76 FE =% 80 nm AHEL[18], Re MUIIAMIES T &4 KRN AR,
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Table 2. The degree of lattice distortion and the amount of strain in the region near the y/y’ phase interface in the dendrite core
and interdendritic regions
2. KT &EE yy HREMHEXENREETIEESNTE

L E a (nm) ¢ (nm) AR
1 0.3562 0.3562 0%
2 0.3560 0.3560 —0.0562%
) 3 0.3558 0.3558 -0.1120%
1 3 7]
7 0.3555 0.3555 0.0563%
8 0.3555 0.3555 0.0563%
9 0.3554 0.3554 0.0282%
1 0.3564 0.3564 0%
2 0.3564 0.3564 0%
3 0.3561 0.3561 —0.0842%
Bl T
7 0.3557 0.3557 0.0563%
8 0.3557 0.3557 0.0563%
9 0.3556 0.3556 0.0281%
4. 45ig

ASCLA Ni-Al-Re =JCE S AR, RGRAE 1 & &P S P G 0% & SO, 7R T Re
TCERX A G NI, R EE R

(1) Ni-Al-Re =06 A% i T X35y A0V 3 5k o 4 0.3555 nm, p/AHF-35 4% 4 0.3564 nm,
PAHSF S5 L RE y 0.26%; A5 d 1] X 38y AP 25 i b 5 #0hy 0.3552 nm, -y AH~F- 1 A 5 %0l 0.3562 nm,
PIAHSF S HE LBy 0.28%; Ak o DX 4B A A A o 50 X T o R X s, AT S S AR TR I X3, &5
Re JGE MR & (R T ARFAE BLHAH G o

(2) Re JLE MM 35 111 55 1 HR 5L 5 i R LA S (K RE AR 3, 1 o A P 1) A% 582 i 1 L ) S 4
IS Ty A RN AR s A4 N AR RIS 2 A 22 ek, BRI R AR /N T4
[ X 35 .
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