ERTUE S
2021 4 6 H

WHEERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.50, No.6
June 2021

Cu-2.0%Be & & ™ & 55 A L 8 33 55 14 14 58 B9 22 Mg

AR, RZk G, Fakdel, T P, RIRAS HEL, ERE
(1. TR B TR, U 4580 621999)
(2. WEIRIE TS MR RN TR2E, BRI WI/REE 150000)

 ZE: X Cu-2.0%Be UTiH) F bt SR IESAT AT ESR L H RAb B S 82 [0 1% REEAT T OT50, FIATIE
AZARI BV I 7 i e AR B2 4, 1 46 00 5 ) 22 B RSCOR PR AR e AP 0 206 O 35 A8t IE T o A B IS 0 i P AT
NI o NS A EEARTE T AL, By AR o RN B ARAEARZE SR BTEE A, R i PO ) # Ak
WSRO E ) TR ROR B, KA — G BN AT TGN SO A . SR AT O A AT A, IO R i
TR A B RS EOR, I I TN ESE T B ) y A5 RN RS R R, 7R y MR B TR S T T P R, AL 8 TE
AL R K S B T S, R A R T R, K A AR I o T TS A ) R SR AT SN AR AL

KOTEMALZER, PRSI .
KR Cu-Be &54; SWAMTHA; Wk, SAEE
REESES: TG146.1'1 XHkFRIRAD: A

NEHS: 1002-185X(2021)06-2194-07

Cu-Be &2 MM yiiE NG5, HAmm
JE. REFHISRPETERE, JUHOZ RN S PR N o BRI
2, EHAE RFR e WE . ok S
e T IXEEds S, Cu-Be A4 2N T8
HL TGRS A b R S e e T B KR )
BRAH, R A 5 A 6™ A A w] 3 i) i A
W&, oot fr s ok, Bt DL 0 EHE5T Cu-Be &
S B AR S AT A LR R 2R

TEE SRR R, AR 2GR B OCAEN] .
FLAE 1941 4, Zener ¥ S T W A SR H LA
FEMRIRY, B & F Ak (PRSI i B3 1 RE S AORE , AR
ARVa G TN AR . TR R A B R O AL
MottF1 GePVp 5l T “Island Model” Al “ TG 5t
TREBIAL”, WAk d A Bl (R R A i S A s
HIVHESE I By I G (0 — L8 S B TE AL, I Ak 2
FrAR AL JC Y B R, e (s EEHE S R A A R
HER, IR RN A AR Bl . 20 THEAD 70 AR
TFUE, A Z T AT EE AR DG BT, ABATTIA K &
G KRRt AR B 5 DR S8, e AT U A
PR S B R 2R o eAh, —SBFoue s, At ab
5 IBUIE) i 5 SRR /ST I (Facet)”, X 2B /NPT AS B
(facet junction) R & A PR &b 7 3l I 45 84 T T

ENZEERAET, b EAELSNH

fs HEA: 2020-06-28
E£ME: EXARFFREHEFILSE (51805497)

A1 (DP), DP [FAF AR Db 23] S S0 B 7 AR s, AN
SN HA A AR R 4 BOPR b RO B . Koyanagil®
WS T Ni-38Cr-3.8Al & & Mk AR ATy, KIS AR JE
S8 56 R R AR AN BT R R SR &5 R 35 B B )RR
Ky HHH . Goto!" W FY T Cu-Ni-Si & & AR ST H
AHAH B S5 AT M s AT R IR 57 Z4 80 1 S 4E b
Ab7 A, ARGR AN R AE AN TE ST AR FIEEAR I S . %)
T Cu-Be & 4, Monzen! " HF 5% 7 A3 L4 H A 1 42 K
AR, ST AR P AT AR p (CuBe <& 465 40D
Moo M C&E Cu B 418, y AHMER T LL{112}a
F{445 o WM IHD ROk, 100 SR R8s 1R S I, AN B AT
HAH I BCR T &

7t Cu-Be &R T db SEAELENT tHAH, &l NI
BT AR & S 1 D) R Re A A I W . AT
FIFH IE AR B BT 10 7 o6 & &l AT T R8T R %M
POLFRL, SR ZEFRAR K 2 dLFE . 7
IXECRE T AT O, 3 30 ST HAH 22 B AR ME 2
pn AT H o 22 S BRI RE S AT B

|

1 £ I§

SEA SR N T B, AHEST T IRE S oS 4
Fry B 0.15 mm B9 4 Cu-Be 5444 0.1 mm,
BN 33%. S uwmE 1 FiR.

TEBE N sk ABER, 59, 1985 4248, f4, [ TAEYEHE AR B T TROHET, WU 43FH 621999, E-mail: zhangweiwei0509103@163.com



556 W FRAFERSE: Cu-2.0%Be & & i ST HAHR Stk 1k RE 1R 5 +2195 ¢
F1 Cu-2.0%Be &&LFHEM + S LA
2 pEBEE5Y
Table 1 Chemical composition of Cu-2.0%Be alloy (w/%) % 'ﬁ -[j-lt'
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Table 2 Orthogonal test arrangement of heat treatment parameters

Solid solution

First aging Second aging

Group Temperature/ C Time/min Temperature/ C Time/h Temperature/C Time/h
1 765 3 150 1 280 2.5
2 765 8 175 1.5 300 3
3 765 13 200 2 320 3.5
4 765 18 225 2.5 340 4
5 765 23 250 3 360 4.5
6 775 3 175 340 4.5
7 775 8 200 2.5 360 2.5
8 775 13 225 3 280 3
9 775 18 250 300 3.5
10 775 23 150 1.5 320
11 785 3 200 3 300 4
12 785 8 225 1 320 4.5
13 785 13 250 1.5 340 2.5
14 785 18 150 2 360 3
15 785 23 175 2.5 280 3.5
16 795 3 225 1.5 360 3.5
17 795 8 250 2 280 4
18 795 13 150 2.5 300 4.5
19 795 18 175 3 320 2.5
20 795 23 200 1 340
21 805 3 250 2.5 320
22 805 8 150 3 340 3.5
23 805 13 175 1 360 4
24 805 18 200 1.5 280 4.5
25 805 23 225 2 300 2.5
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Fig.1 OM images (a, c) and distribution diagram of precipitates at grain boundaries (b, d) of sample 18 (a, b) and sample 22 (c, d)

20 nm
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Fig.2 TEM images of grain boundary region of sample 22: (a) no grain boundary precipitates and (b) containing grain boundary precipitates
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Fig.3 Trend curves of grain boundary reaction amount of Cu-2.0%Be alloy under different heat treatment parameters: (a) solid solution

temperature, (b) solid solution time, (c) first aging temperature, (d) first aging time, (e) second aging temperature, and (f) second

aging time

0.3 B Temperature (7)
B Time (1)

0.2

0.1

Solid-solution
treatment
Heat Treatment Process

First aging ~ Second aging

B4 SN ok R & AR B DT IR R
Fig.4 Range analysis of the influence of heat treatment parameters

on grain boundary reaction amount
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TEM images of grain boundaries of sample 18 after solution treatment (a) and aging treatment (b)
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Table 3 Statistics of tensile strength and grain boundary reaction

amount of five groups of samples selected
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Fig.6 TEM images of grains of sample 18 (a) and sample 22 (b)
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Fig.7 Elastic hysteresis distribution curves of sample 6, 9, 13,

18, 22 under different loading times
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Fig.8 HRTEM image of continuous precipitates (a) and local enlarged image (b); HRTEM image of grain boundary precipitates (c) and

local enlarged image (d)
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Fig.9 TEM images of sample 18 after cyclic loading test: (a) the

first position and (b) the second position
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Effect of Grain Boundary Precipitation on Elastic Properties of Cu-2.0%Be Alloy

Zhang Weiwei', Zhao Zhihe?, Fang Jihua', He Ping', Chao Zhenlong®, Chen Guoqin®, Jiang Longtao®
(1. Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang 621999, China)
(2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150000, China)

Abstract: The morphology of discontinuous precipitates at the grain boundary of Cu-2.0wt%Be alloy and the relationship between the
discontinuous precipitates and heat treatment parameters were studied. The heat treatment parameters were selected by orthogonal
experimental design, and the samples with a large difference in microstructure were prepared. The results show that the discontinuous
precipitates mainly exist at the grain boundary and are mainly composed of y phase and a matrix phase. According to the results of range
analysis, the main heat treatment parameters affecting grain boundary reaction amount are secondary aging temperature, followed by
primary aging time and secondary aging time. The analysis of anelastic behavior shows that the grain boundary reaction amount has a
great influence on the deformation of the sample during loading. This is due to the non coherent relationship between the y phase formed
by discontinuous precipitation and the matrix. There is a disordered region around the y phase, where the annihilation of dislocations
causes the rearrangement of atoms, resulting in crystal slip and plastic deformation of the alloy. However, the two sides of the grain
boundary without boundary reactants are crisscrossed with y' phase, where dislocations are easy to pile up and hinder the crystal sliding.

Key words: Cu-Be alloy; grain boundary precipitate; anelasticity; crystal slip
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