W51 5 mBEERMPIEI1E Vol.51,  No.5
2022 4F 5H RARE METAL MATERIALS AND ENGINEERING May 2022

P e A R e PR T

FAFL AR, R ML spaR FoRL it R Y &Rt R E
(1. PWMAEEME AR AR, B 752 710016)
(2. ZEMBETREE, HIN 2M 730050)
(3. P RS, BEPE P54 710065)

M OE: RAYUKRENSEIR TR T 48 W & IR 6 AR A AT N SRR A 2S5 W 0% R o 4 a8 T 4 Sl 38 J i oK
fiR LT (bee) 4xJ@ Mo. Gk @i 0 ar s (fee) 4xJ@ Ni DL AES Cuzr SABEFEMEE, Ingk B2 %4 0.005, 0.05,
0.1, 028", BFFLAI bec-Mo. foc-Ni LUK AR Cuzr 25 25 T 14 38 B Hh 1 38 () I 7 2 26 vk, 90 LB R 5 4 1 5
BRHLHIA R . bee-Mo BEZEAT N BB A7 45 £ SR S5 E3 AE, feo-Ni BB HAARHALMHEES, I

ih CuZr iE AT N BT ) B AR X (STZ) S NE.

KEEIR: IEAT NEGEER; BRG]

REZSHES: TG113.25'5 XHEEFRIREG: A

X EHS: 1002-185X(2022)05-1674-07

i AR A RHE TR R i — R RO A B
S RAR SR I BB A TEAT 9, A% G2 (05 A2 AT 0 — JBUAE
T 03Ty M EER A . SERWFFTRET, AR % &M
TIAEE T M KA AAT , JCHRX T 0K A
KL, MR S KE . &R R IEAEAT U T I
] By i RE AR 45 4 551 2 R, DUE
) i 22 AR T BT 9T 2 5 T R OK R & R AE i (T>
0.5Tn, T BRI &) MRS (955 B2 470 S0 I U5 22 182 7
Y. Tk, KERFFRRMAERR I,
R ADRE 2 R A URUR L N R B N R AR AR
T AT R iy oK FE IRV DA Sk T 3 5 1% GPa 43I
FINE ST, ORI TR RHG AR VE E R ) 2 i A 1k
BEMIH 78k AN, 9K B RA Y I sk RZ AN L
TAGUK BN AGK,  FRS A0 21 i AR AL AN [F]
RO &5 K BRGS0 s ke, PRkt gl vz B AE
/N ROBE R B3 T A T

AR T R UM IR AL (mD) R RAEM R IR AR A
M EESE. S TMEERR ST RS o, Hl
st AR 00 ST 4 JR UG AR SR 52 B P MR R A £
T T 0 7. 77 42 J i A2 £ 2R N s I R A T, OF
ISRV ST A AN T 4 NP & TRV Ap I8 =1 D L (=R AN
VLM RLPUE AZ PR RESE 5 SR T XT T 0 5277 )8 m
1 B8 o RO B AR A 35 R B o 0 T 9K @ ARHTT 5
I T & 5P o5 o BRI, A S A TR AL 3

Fs HEA: 2021-11-10

fil bee B fee B9 m AELRE & &R RS A 96 /1N 10 48
UG AR VEREFEAR,; BRubz Ab, ERWPFLRM, ARHM
BHER RN IERT, MakAEHEdig. HE,
Hom B RRAN LR EA AR A E 1. AR SRR 22
T E R E AR L, STZ BT N &, Wtk
W1, B AR STZ B 32NN A2 3 3 LK B
TR P (R

DRt R 90 2 2 E R RLE I 9K N SE 5,
T B /IR BRI A8 A2 TRAT D 1R 4 DA R I 383k
MR, NIRRT N S OS5 F I &

1 %5

K FH il 47 W 555 7 % A A SR L A o
fcc-Ni, bce-Mo PA M CuZr &4 H MR &
Si(L11)1E Ay 2 1 bF k), 55 4k b KL 2 43 Bt 44 T4 B DA
K Ay A S R 15 min, 5 TR E TR
SWEHEENETER. MM AES N 99.99%.
fcc-Ni #1 bee-Mo K Bk 5 751k, DU 3 R 4
W95 A1 7 nm/min; MG-CuZr 3% F 55 45 3% ik 5t 05
%, B R ZA 4 Ccu M zr S84, ff Cu Al
Zr BAE SI(L11) 5 YT . Cu #E 4 B W UR
Zr BEEE S AAUR, W DRI Th 28 100 W FiT il
2% VL TR S JEL 3 20 1000 pme

It XRD-7000 ZY 4 £ it S5 4 B AH

EEWEH: EXRBEARFEES (52101099) ; Bty AR AFHEES (2021)Q-977, 2020JQ-924, 2021JQ-976)
fEEEN: &V, 5, 1970 4, S TR, WEHALSBEMEFARAERAR, VG 5% 710016, Hif: 029-86229762,

E-mail: jinpingwu7@126.com



%5 5

R TEE: SR MR S AR M IO R IERT 7

* 1675 -

R IR L R Cu Ka BF48 (4=0.154 056
nm) , HEE AN 89Imin, &K Cu. Ni W& R
JLHIN 30-80° dEfh Cuzr BRI B A VO HL N
20-80° K H w2y HEE G BB (TEMD & R 1)
O 4H 25 ) o

SKH 49K N Nanoindenter XP® 2 4 Il 4 k) ik
AT N B3R Berkovich &WIf7 =Kk L, &
kR 424 150 nmo SR E A RN 0.1 nm
100 uN. FEFESERIFEI (CSM) J53k R, @it i hn
IRMAF #4359 0,005, 0.05, 0.1, 0.2s?, 1##% 100s,
SRIGEN R 10% 5 K3, G e . T ANIREE
€4 100 nm (1/7~1/10 M8 5o i B iR 1 4T 0 AR
AT R T SR HodE i AT SR, AN IR
A AR TR TR 16 A

2 GRS

2.1 &R

P 1 4 bee-Mo - fee-Ni A1 CuZr 1) XRD B i .bee-Mo
Al fee-Ni N dik g, AR AT IE; M1 Cuzr NiE
e, WA R AT IE, XRD 3% E IR A B

25 . HF HaEd REE /- pr A, 49 Cuczr MR- EE
N 46:54.,

2 4y fce-Ni K& bee-Mo 1 TEM 14 &% SAED
TERE, I X fm R R AT HEAT ik, 49 H fee-Ni (1 &k
R~ 2550.9 nm (I 2b), bee-Mo &4 kL R ~F 9 38.4 nm
(K 2d).

——Ni
— Mo
— Cuzr

- A

30 40 50 60 70 8 90
201(°)

Intensity/a.u.

B 1 gk fee-Niv bee-Mo KAl Cuzr i) XRD i
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Fig.3 HRTEM images (a, c) and corresponding inverse Fourier transform diagrams (b, d) for interior grain and grain boundary structures

of bce-Mo (Fig.3d inverse Fourier transform diagram is corresponding to the red box area of Fig.3c)

Bl 4 fec-Ni 4@ il TEM Al Sz e B kA% 6 &

Fig.4 HRTEM image (a) and corresponding inverse Fourier transform diagram (b) for fcc-Ni metal thin film



%5 5

R TEE: SR MR S AR M IO R IERT 7

* 1677 -

K 5 MG-CuZr [ 4> ¥ TEM 15 K J fd B -5 e

Fig.5 HRTEM image (a) and corresponding inverse Fourier transform diagram (b) for MG-CuZr
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Relationship Between Creep Deformation and Materials Structure of Metal Thin Films

Wau Jinping®, Li Chunchen®?, Zhao Bin', Qiu Longshi*, Xin Chao®, Pan Xiaolong®, Zhao Heng"?, Li Huan', Zhao Jing*
(1. Xi’an Rare Metal Materials Institute Co., Ltd, Xi’an 710016, China)
(2. Lanzhou University of Technology, Lanzhou 730050, China)
(3. Xi’an Shiyou University, Xi’an 710065, China)

Abstract: The relationship between the creep behavior and the microstructure of metal films at room temperature was evaluated by
nanoindentation experiment. Nanocrystalline body center-cubic (bcc) metal Mo, nanocrystalline face center-cubic (fcc) metal Ni and
amorphous CuZr were selected as the study materials, and the loading strain rates were 0.005, 0.05, 0.1 and 0.2 s™. According to research,
the creep deformation of bcc-Mo, fce-Ni and amorphous CuZr exhibits strong loading strain rate dependence, and the main reason is
related to the dominant deformation mechanism. The creep behavior of bcc-Mo is dominated by the mixed dislocation movement
dominated by screw dislocation, the creep behavior of fcc-Ni is dominated by the grain boundary emission incomplete dislocation, and the
creep behavior of amorphous CuZr is dominated by the shear deformation transition zone (STZ).

Key words: creep; loading strain rate; deformation mechanism
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