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KT Cu-0.4Be-2.0Ni &4 LAl b, i s i
& Al TEBUGE S B 5 Be U, BHALT AL E
X Cu-0.3Be-2.0Ni-xAl & &85 E A i
RE 52 B AR R ALE, S F A AR 11 v i s i
Cu-Be-Ni-Al & &1 LB K LI 5% .

1 LI

S R AT RN B ARZE Cu(99.95%) Cu-3.5%Be
] &4, FRARAE Ni(99.9%)FTHLfE4l Al, RFHE
2B N R A TR TEL G EARADN 100
mm FJEFESESR, SRR 1250 °C, WIERER
1200 'C, &&SMs WK 1 s,

AR Al & BB & S5 5E7E 850 C IR
30 min JE AT AELEIEE N 2 mm FI& & H,
LRI PR K, R ELEEE N 1 mm 1
A, XA FL M AT A A DU A KB, [
MRE 950 °C, [V I E] 4 30 min.

T 8] 35 b B 5 7 4 E SR 26 D) 0 D) U
RFE, 2 HIFE 375~500 C REEATARIR 1 h AR R4k
B, I ROE BEREEAT J7 2 M R AN e ) A
KM EE, A ER SR . A E IR
N DR AS [F] B[R] 35 AT I AL B, CRIE I TR 10
min~8 ho MHAA[E Al £ &4 G 4 205 R 1Y)
JEARBREE « BUhL AT

1E HV-5 4 (Al P2 L kA7 i A ke,
AT 0.49 N, LRIEFIEA 15 s, FEREMAFEA
AL BN 5 AMEREAE, BOLPIME. RABFRIR
&/ FHMNLE 20 CTNESNMAFNSFHE,
WS RIFBOLTIME .

MEEEEVIBUIMS A d 3 mm>X 30 mm R K Hr
HRPE, RFETE AG—250KINS FL RIS HL AT 115

F1 BRI SER R

Table 1 Chemical composition of beryllium copper alloy

PERE S R I, REACRZA IS 3 AN R
FoPME .

2 HER5THE

2.1 Cu-0.4Be 5 Cu-0.3Be-2.0Ni £ 8EAYELER

BT TAERFFE T Ni & &=5X) Cu-0.4Be A &4
ZUVERE B KU ANE FHALER, R19 T A2 Ni
EE2.0%)%, IR L, A 4T Be SR
£ 0.2%, HYEREWIER 2 s

I 2 41, Cu-0.3Be-2.0Ni & &I {25 1)
fHEE N 225HV, o Cu-0.4Be & 4 AR IR 25 i 1 52
(115HV)#& & T 48%, i bt Cu-0.4Be-2.0Ni & 4 (1)
TP (331HV)FEMK T 30%. Cu-0.3Be-2.0Ni &4
SHRIEH] T 50%IACS, T Cu-0.4Be 545 H
R (44%IACS) 1 Cu-0.4Be-2.0Ni & & & i X
(40%IACS)s.

5 Cu-0.4Be &4 #t, Cu-0.3Be-2.0Ni &4
i EE AN T BRI A RSER, H5 Cu-0.4Be-2.0Ni
B MR, 1 i —24¢ 5 Cu-0.3Be-2.0Ni
Gar AT HER, ASEF BT ERIK Be &
AL B Cu-0.3Be-2.0Ni &4 INiERE Al
JCER, RIRMF PR ERE .

2.2 Al 223X Cu-0.3Be-2.0Ni-xAl &£ i5754HLH

5M4ERIS20T

1 A1 2 FroRar BN Al & B850 A &8
RS HHLA SEM . MWEHRTLLE H,
B EHENHLYNRKIENF AR, i A
Al FERINMAGH KL, 24 Al 585 0Ck Al
I, BASE BN, SRR SRR, 298
2600 pm(WLE 1(a)), Banfmir A355], KK R
B, TEEC T AN N ERIRAT A O B 1(b) FTE]

Mass fraction/%

Sample
Al Be Fe Ni Pb Si Cu
Cu-0.3Be-2.0Ni 0 0.30 <0.01 2.24 <0.01 <0.025 Bal.
Cu-0.3Be-2.0Ni-0.1Al 0.10 0.28 <0.01 2.26 <0.01 <0.025 Bal.
Cu-0.3Be-2.0Ni-0.15A1 0.15 0.33 <0.01 2.22 <0.01 <0.025 Bal.
Cu-0.3Be-2.0Ni-0.2Al 0.20 0.30 <0.01 2.22 <0.01 <0.025 Bal.
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Table 2 Comparisons of mechanical property of three 259 1300 pm( LI 1(c)), H AL Hy ik, H
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Fig. 1 Metallographic structures of beryllium copper alloy cast samples with different Al contents: (a), (b) Cu-0.3Be-2.0Nj;
(c), (d)Cu-0.3Be-2.0Ni-0.1Al; (e), (f) Cu-0.3Be-2.0Ni-0.15AlL; (g), (h) Cu-0.3Be-2.0Ni-0.2A1
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Fig. 2 SEM images of microstructures of beryllium copper alloy cast samples with different Al contents: (a) Cu-0.3Be-2.0Ni;
(b) Cu-0.3Be-2.0Ni-0.1Al; (c) Cu-0.3Be-2.0Ni-0.15A1; (d) Cu-0.3Be-2.0Ni-0.2Al

*®3 PR GERE R A S BT AR NI AT Cu (5 &

Table 3 Contents of Ni and Cu in matrix and precipitated phase of beryllium copper alloy cast samples

Mass fraction/%
Sample Precipitated phase Cu matrix
Ni Cu Al Ni Cu Al
Cu-0.3Be-2.0Ni 59.27 40.73 0.00 2.16 97.84 0.00
Cu-0.3Be-2.0Ni-0.1Al 58.62 41.20 0.18 2.19 97.68 0.13
Cu-0.3Be-2.0Ni-0.15A1 24.07 60.53 15.40 2.19 97.64 0.17
Cu-0.3Be-2.0Ni-0.2Al 49.83 40.66 9.51 4.10 95.68 0.21
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Fig. 3 XRD patterns of beryllium copper alloy cast

samples with different Al contents
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Be. Ni. Al UHREFHEZH . MWK 5 WLEH,
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Table 4 Mechanical properties of cast specimens of beryllium copper alloy with different Al contents

Sample Modulus of elasticity/ Yield strength/ Tensile strength/ Elongation/
GPa MPa MPa %
Cu-0.3Be-2.0Ni 115 160 349 18.1
Cu-0.3Be-2.0Ni-0.1Al 121 188 375 20.2
Cu-0.3Be-2.0Ni-0.2Al 127 173 363 19.7
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Table 5 Element density parameter of Be, Ni, Cu and Al elements

[14]

Element Atom diameter/nm Gram atomic volume/(cm’-g '-atom ") Density parameter
Be 0.2260 4.96 0.0892
Ni 0.2544 6.64 0.0595
Cu 0.2560 7.11 0.0549
Al 0.2860 9.99 0.0349

TR ORI, (2L SR AL, [RIEFE
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Fig. 4 Variation curves of hardness of beryllium-copper

alloy with different Al contents
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Fig. 5 Hardness change curves of beryllium-copper alloy

after aging at 450 C with aging time
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Fig. 6 Electrical conductivity change curves of beryllium-

copper alloy after aging at 450 ‘C with aging time
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Effect of Al content on
microstructure and properties of Cu-Be-Ni alloy
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(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Institute for Advanced Materials and Technology,
University of Science and Technology Beijing, Beijing 100083, China;
3. Key Laboratory for Advanced Materials Processing, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Adding other alloying elements for partial replacement of beryllium is one of the research hotspots of
low-cost and high-performance beryllium copper. The effects of 0-0.2% Al content on the microstructure and
properties of Cu-0.3Be-2.0Ni alloy and its mechanism were studied. The results show that, as the Al content
increasing, the grain size of the cast sample decreases and the number of precipitated phase increases. When the Al
contents are 0.1% and 0.15%, the needle-like Ni;Al phase precipitates inside the grains, which is mainly distributed
in the interdendritic area. When the Al content increases to 0.2%, a large number of needle-like phases form inside
grains, and a rod-shaped Ni;Al phase with a chain distribution forms at grain boundaries. Addition of Al improves
the elastic modulus of the alloy. When the Al content increases from 0 to 0.2%, the elastic modulus increases from
115 GPa to 127 GPa, increased by 10%. The Ni;Al phase formed by Al and Ni with high elastic modulus is the
main reason for the increase of elastic modulus. The peak hardness and electrical conductivity of Cu-0.3Be-2.0 Ni
alloy containing 0.2% Al after conventional aging are 238HV and 44%IACS, respectively, whose hardness is
increased by 6%, the overaging resistance is improved and the electrical conductivity is decreased by 6%IACS
comparing with the alloy without Al .
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