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Crystal Orientation Distribution and Elastic Anisotropy in Cu-Ni-Si alloy sheets
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Chemical composition of specimens (mass%)

Ni | Si |Zn| Sn | Cr | Mg | Cu
2.3Ni alloy (UNS 64775) |2.30|0.65|050|0.15(0.15 | 0.10 | Bal.
3.8Ni alloy (UNS 64790) |3.76|0.89 | 0.51 | 0.15|0.20 | 0.09 | Bal.
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Measurement system of Young's modulus by resonance
method.
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Comparison of resonance method and tensile method
in measurement of Young's modulus.
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Grain configuration. (a) Reuss and Voigt model, (b) Hill
model.
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Elastic compliance and stiffness in crystal coordinate
system used to calculate the Yonung's modulus.
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R5 38Nifr&MDEIES [ (RD) LUEJI (TD) (2 B§ % ki
RN BT % Sl AR
Contour plot of crystal direction density of 3.8Ni alloys
for rolling direction (RD) and transversal direction
(TD) in inverse pole figure.
®3 AHE TS OTIRE (%) ORI 10°)
Area fractions (%) of each crystal orientation
component. The threshold angle is 10 degrees.
Cube RD-Cube BR R Cu
L1 36 3 10 0
L2 20 6 11 0
L3 1 2 13 3
L4 0 5 33 15 1
H1 25 7 7 10 1
H2 12 10 14 12 0
H3 1 3 6 13 3
H4 1 32 19 0

X4

23NI A OIEIET 1R (RD) &WEJ71) (TD) (B85 2 ik

BBV B Sl EE

Contour plot of crystal axial density of 2.3Ni alloys for
rolling direction (RD) and transversal direction (TD)

in inverse pole figure.
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Components of elastic compliance calculated by Hill model.
Sample s $7ym §M3553 sz sz %y sz sz sy
L1 0.0097 0.0094 0.0097 -0.0035 | -0.0038 | -0.0035 | 0.0048 0.0046 0.0048
L2 0.0089 0.0086 0.0089 -0.0031 | -0.0034 | -0.0031 0.0052 0.0049 0.0052
L3 0.0078 0.0076 0.0078 -0.0026 | -0.0028 | -0.0026 0.0056 0.0054 0.0056
L4 0.0074 0.0078 0.0078 -0.0025 | -0.0025 | -0.0029 0.0057 0.0058 0.0053
H1 0.0094 0.0089 0.0093 -0.0033 | -0.0036 | -0.0032 0.0049 0.0047 0.0050
H2 0.0087 0.0083 0.0086 -0.0030 | -0.0033 | -0.0029 0.0052 0.0050 0.0053
H3 0.0078 0.0075 0.0078 -0.0026 | -0.0028 | -0.0025 0.0057 0.0054 0.0057
H4 0.0075 0.0077 0.0077 -0.0025 | -0.0025 | -0.0027 0.0057 0.0057 0.0055
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Measured and calculated Young's modulus of 2.3Ni
alloys.
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Measured and calculated Young's modulus of 3.8Ni
alloys.
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— misorientation is 5-180 degrees

X8 EBSDHMIEIZ & % 23NiE&DiEMF A~y 7 (a)Ll, (b) L2, (c)L3, (d) L4
Grain boundary maps obtained from EBSD measurements of the 2.3Ni-alloys, (a) L1, (b) L2, (c) L3, and (d) L4.
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=— misorientation is 5-180 degrees

X9 EBSDHMlEIZ &L 5 38NIA&EDMEFIAR~y 7 (a)Ll, (b) L2, (c)L3, (d) L4
Grain boundary maps obtained from EBSD measurements of the 3.8Ni-alloys, (a) H1, (b) H2, (c) H3, and (d) H4.
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(b)

minor axis direction of twin

major axis
minor axis

10 (a) BHES & Ao (b) Aol &
(a) Example of matrix and its twin crystal, (b)
Direction of twin crystal plate.

Average grain size, R/pm

R11 RD (EEEJ5 ) & TD (W) (23> TEIWrEs & ol
TE & NI I SR
Average grain size measured by intercept method
along RD or TD.
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DEOBATZ DX ) HEIHIE %R Ve A Eninrandom VKT
H o 72H3TD I ERB O F TR b <011> FEEN %<, »
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FLi&, #EAER SOV TRAEMNZTENLETH ) 51H%D
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Wb ZORBIIREL WD EEZ BN,
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RD:54.7° RD:54.7°

TD:54.7° TD:57.1°
© (d)

RD:58.7° RD:57.2°
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e
© ..

D
RD:52.9°
TD:62.6°

12 A OFERFIOmEiKER  (a) Cube i (b) RD
[al#% Cube A (c) BRANM (d) RARL  (e) Cuifis
FRA T OB, 6 J)7R [RD $721&TD] & 2364
FEDFI9 Ml
Pole figure (PF) of twin plane normal in each grains
(a) Cube, (b) RD-rotated Cube, (c) BR, (d) R and (e)
copper orientation. Average angles between stress
direction (RD or TD) and minor axis directions are
shown in the lower right of each PF.
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(3) 2.3NiLA M O 38NiMEL TV & 7 K F2llfE & Himﬁ
RO 2= L, #HRILHOAFE 5o
Y TEAOFEENI TN O E L T V) /J\
AN

—

)

10)
11)

12)
13)

14)
15)
16)

17)
18)

19)

20)
21)

e PN

H. Eichelkraut, J. Hirsch and K. Liicke: Z. Metallkd, 75 (1984) ,
113-123.

O. Engler: Acta mater, 49 (2001) , 1237-1247.

K. H. Virnich and K. Lucke: Proc. the Sixth International
Conference on Textures of Materials (ICOTOM-6), (1981),
560.

G. Simmons and H. Wang: Single Crystal Elastic constants and
Calculated Aggregate Properties, MIT Press, Cambridge,
(1971).

H. Inoue, J. Iwata: J. Japan Inst. Copper, 50 (2011), 204-209.

H. Kaneko, T. Eguchi: J. Japan Inst. Copper, 51 (2012), 20-24.
L. M. T. Hopkin, H. Pursey and M. F. Markham: Z. Metallkd,
61 (1970), 535-540.

M. G. Corson: Inst. Metals Div., AIME, (1927), 435.

H. Fujiwara, T. Sato and A Kamio: J. Japan Inst. Metals, 62
(1998), 301-309.

H. Kaneko, K. Hirose, N. Tanaka and T. Eguchi: Proc. 58th
IWCS/IICIT, (2008), 351-357.

V. Randle: Microstructure Determination and Its Application,
The Institute of Materials, London, (1992).

A. Reuss: Z. Angew. Math. Mech, 9 (1929), 49-58.

W. Voigt: Lehrbuch der Kristallphysik, B. G. Teubner, Leipzig,
(1910).

R. Hill: Proc. Phys. Soc., A65 (1952), 349-354.

H. Inoue: J. Japan Inst. Light Metal, 60 (2010), 666-675.

H. J. Bunge: Texture Analysis in Materials Science,
Butterworths, London, (1982), 294-329.

S. Onaka, K. Ando: J. Japan Inst. Metals, 63 (1999), 1283-1289.
L. J. Chen: Silicide Technology for Integrated Circuits, Peter
Peregrinus Ltd, (2005), 102.

a4 & A 44 EFCUBE-820, 5l f TR, 127 (2011),
19-20.

H. Kaneko, T. Eguchi: Mater. Trans. 53 (2012) 1847-1851.
R T A 7 ¥ FSHA 44 EFCUBE-ST O Bi5E, i 75 TR,
130 (2012), 15-16.

HAETTRRE 1355 (FH28F2R) 49



