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To investigate the mechanism of the change in stress relaxation resistance of solid-
solution copper alloys depending on the type of solid solution elements, the relationship between
the stress relaxation resistance and dislocation parameters, which was evaluated by X-ray

a RIKKZRFREGCE TR 2R B ST iR ET 4-12-1 7 316-8511  k jHf%3E 54 © shigeo.sato.ar@vc.ibaraki.ac.jp
b RIRKRET2EER 2RI H AT IR AT 4-12-1 T 316-8511

¢ =#EX T VIV S EAN IS ERE I LY > 4 — B ERILART FAF 7-147 T 364-0028

d =237 U 7 VRS EM R E R SRR REESEEE IR 128-7 T 965-8522

e =X T U VIV SRR S AT XL O W 3-2-3 T 100-8117

fHRILRFER A 7 0L AT AMEHERHE L Y — EIREAE T HEEXAFE2-1-1 T 980-8577

XD 55

205
Adv. X-Ray. Chem. Anal., Japan 55, pp.205-213 (2024)



FE VAT 5 < DT I ST RRFNARFE IS 0§ D SR & #ah 0 BB O

diffraction line-profile analysis, was examined for copper alloys containing Sn, Al, and Si as
solid solution elements. The stress relaxation test showed that the Cu-Sn alloy had the best stress
relaxation resistance, while the Cu-Al alloy was inferior. However, the dislocation density of
each alloy showed the opposite trend to that expected from the stress relaxation properties, with
the Cu-Sn alloy having the highest dislocation density and the Cu-Al alloy having the lowest.
Therefore, stress relaxation resistance characteristics were considered from the dislocation
mobility. The size effect based on the size difference between Cu and the solid-solution elements
is largest for Sn. The large size effect of Sn is likely to have reduced the mobility of dislocations
and improved the stress relaxation resistance properties. On the other hand, the difference in the
stress relaxation resistance between the Cu-Si and Cu-Al alloys is attributed to the difference in
bonding strength between Cu and solid-solution elements, which was estimated from the charge
density distribution based on first-principles calculations. The bonding strength of Cu-Si is
estimated to be higher than that of Cu-Al, indicating that the mobility of dislocations in the Cu-Si
alloy is smaller than that in the Cu-Al alloy. As a result, the stress relaxation resistance of the Cu-
Si alloy would be superior to that of the Cu-Al alloy.

[Key words] X-ray diffraction, Line-profile analysis, Stress relaxation, Dislocation, Solid-
solution copper alloys, Size effect, First-principles calculation
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Fig.1 Schematic diagram of the stress relaxation test.
di and o, denote initial and residual bend, respectively.

207



FE VAT 5 < DT I ST RRFNARFE IS 0§ D SR & #ah 0 BB O

(Geometrically Necessary) $ifiZICHEE K $ 5. DE
D, EBSD #1582 X % KAM Y v 77 5 GN iz
MEEEFET 22 EMTES. 728, GNig
LS, BERHAYICERI E 115 SS (Statistically
Stored) #x{.3H 0D, XRD 1 > 70771 )
FRAT N S 3K 5 N B IE GN =L & SS
SRAL DR DIBERNL B 2 KT 5.

XRD #IE 21 Cu Ka ##2 A X FRICTHWE
Bragg-Brentano JC*# R 2 AL /=, EEIE - &
WIZENFTN 40KV, 40mA E L7 £/, %
WMAY Y hEZHAY v MIENETN12°, 0.1
mm & U 7z. LaBe ¥ R (NIST, SRM660c) % £%
BRI E UTHIE L, e REskOEITE—2
DI ZRD 7z, W BIEREOWEE 2 RET
5720, WMBRICKXVERAT Y F > TZL,
XRD HIE#AEIE Lz, T4 > T 07 7 A IR
Mrizid, CMWP (Convolutional Multiple Whole
Profile fitting) %~ ' % i 1 2. CMWP 7% Tl
ALICK DI 7 00T HERETICLDTA X
IR, HFREROIENODT A>T aT 7 A
WEHEICHmT A > 7a7 71 IVERD, H
T4 TaTrANCH LTy T 42T
9 5. CMWPIEICK DERAL &G 5T ICBET %
INT A= —& it L, WBAEE p, BALIC
KB0TALZDOKE IR, FEETHA XA
BHEND. GAEE/INT A—F— MIT R &R
RrRIBEEEL =1/p THELL 2%kl DX 0,
M=RJp ELTKDENS. MM 1 XDKE
WIZE, BMOVDTAHBZIIILN > TS IREE
REBL, SRAIIEYET T ¥ ATHmL TN
HIRREZRT. W1 XKO/NIWIFE, LD
O ARG/ 2REZ R L, A0SR
FILTWBIRRERIRT. CMWP iKIT & 5 fiEff
Bl & LT, Fig2IZ 623 K D{KiRBE 2 fiti L 7=
Cu-Si 542D XRD /X% — 1% U CMWP {41

208

10° — . :
220 Measured
. 200 Calculated
& 311
>
810%t ;
CHEN 420
.LJ 400 331
50 100 150
20/ deg

Fig.2 CMWP fitting for the X-ray diffraction pattern
of Cu-Si alloy after the low-temperature annealing at
623 K.
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