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Cu-3.2 Ti-1.1 Al-0.1 Fe (wt.%) alloy (Cu-Ti-Al-Fe) exhibits superior fatigue properties compared to
Cu-3.2 Ti alloy (Cu-Ti) . In this study, the microstructure of the Cu-Ti-Al-Fe alloy was identified, and then
investigated the initiation and propagation behavior of fatigue cracks in the alloy. In the solid solution
treated Cu-Ti-Al-Fe alloy, granular (CuFe)sTiz with a size of several tens of nanometers was dispersed

overall the alloy. The pinning effect of the (Cu,Fe)sTi2 particles results in a fine matrix grain size of 4 um.
On aging, f~Cus4Ti continuously precipitates within the grains, and simultaneously Cu2TiAl with a size of
about 1 um precipitates on the grain boundaries. Note that the cellular structure at grain boundaries in
aged Cu-Ti alloy is not formed. During fatigue tests, nucleation and growth of fatigue cracks suppressed in
the aged Cu-Ti-Al-Fe alloy due to no week cellular structure at grain boundaries, and due to the small

grain size, resulting in improvement of fatigue properties.
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Table 1 Mechanical properties and electrical conductivity of Cu-Ti and
Cu-Ti-Al-Fe alloys®.
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Fig.1 Microstructure of Cu-Ti LA after nanoindentation test applied
with 2.0 mN load.
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Fig. 2 Schematic illustration of tensile fatigue tests with AE sensor.
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Fig. 3 FE-SEM images of Cu-Ti ((a), (c), (e)) and Cu-Ti-Al-Fe ((b),
(d), (f)) alloys : (a), (b) solution-treated (SS), (c), (d) low
temperature annealed (LA), and (e), (f) over-aged (OA). (a)~
(d) : Electropolished. (e)~(f) : Mirror—finished with colloidal
silica.
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Fig. 4 Low-magnified TEM images taken from replica films of Cu-Ti-
Al-Fe alloys : (a) SS and (b) LA.

Fig. 5 Selected area electron diffraction (SAED) patterns taken from (a)

product A and (b) precipitate B.
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Table 2 Compositions of the products A and precipitates B, analyzed by
TEM-EDS measurements from the replica films of Cu-Ti-Al-Fe
specimens after solution—heat treatment and low temperature
annealing, respectively.

Product Composition (at. %)

P Phase

/Precipitate Cu Ti Al Fo
A (CuFe);Ti, 46.0+2.2 39.3+2.7 2.5+1.6 12.2+1.4
B CwTiAl  57.8+1.5 25.9+1.5 16.1+0.6 0.340.1

Fig. 6 3DAP Ti map with the 10 at% Ti isoconcentration surface of the
Cu-Ti-Al-Fe PA alloy.

a-Cu p'-Cu,Ti
/_\30 T T T T T T
X . |
= Ti g 2
=20 - £ 8
S o
g #
g
S10 - Py .
Q
§ et Al '
o 0 | [ %Ooo%mmomm
4 2 2 4
05 T T T T
& |
=
50.4 F <
Sos t
= Fe
502 -
= . | L
8 Y '...,.
£0.1 W \T
g %
© 0 | . | . L | . | i
-4 2 2 4

Distance from the interface /nm

Fig. 7 Concentration of Ti, Al and Fe atoms in the a-Cu matrix phase
and in the vicinity of f~Cu4Ti for the Cu-Ti-Al-Fe PA alloy.
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Table 3 Vickers hardness and electrical conductivity of Cu-Ti PA, Cu-
Ti-Al-Fe PA, Cu-Ti OA and Cu-Ti-Al-Fe OA.
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Fig. 8 Nanoindentation hardness of each microstructural component of
the Cu-Ti LA and Cu-Ti-Al-Fe LA specimens during
nanoindentation test at 2.0 mN.
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Fig. 9 Nanoindentation hardness of each microstructural component of

the Cu-Ti OA specimen during nanoindentation test at 0.4 mN.
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Fig. 10 S-N curves for the Cu-Ti LA and Cu-Ti-Al-Fe LA specimens of
tensile fatigue test (LD).
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Fig. 11 Changes in AE amplitude with increasing number of fatigue
cycles during fatigue tests at 700 MPa for (a) Cu-Ti LA and (b)
Cu-Ti-Al-Fe LA specimens.
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Fig. 12 (a) Changes in AE amplitude with increasing number of fatigue
cycles during fatigue tests at 700 MPa for the Cu-Ti LA
specimen. (b) and (c) SEM images after the tensile fatigue test.
Gray arrows indicate cracks at the cellular components.
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Fig. 13 (a) Changes in AE amplitude with increasing number of fatigue
cycles during fatigue tests at 700 MPa for the Cu-Ti LA specimen.
(b) and (c) SEM images after the tensile fatigue test. Black,
gray and white arrows indicate cracks near the grain boundaries,
at the cellular components and at grain interior, respectively.
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(a) Changes in AE amplitude with increasing number of fatigue
cycles during fatigue tests at 700 MPa for the Cu-Ti-Al-Fe LA
specimen. (b) and (c) SEM images after the tensile fatigue test.
Black arrow indicates a crack at the grain boundary.
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Mk L 25, BIVIRMBAMNEE TIEA-CwuTi L Y b a—Cu
THREPFFIZEWZ E2V9RENS. Ko T, Cu-TiTid
L IVIRHFE N D o-Cu TR IZEE LT 25 HER, KA
FAEB LR T hb720, EHEHOREE R RT
W (Fig. 12). 72, Cu-Ti LAMIZ#ESRZED KE L,
PESTEADHINT 5 & T FI - TRESRLN %
B s EEoEEM Lz, Zhid, SUF#ITAS
N5, REERENKECERHNO TR 1 THA L 72 M
INEBPREE L. BET2HEINE A% L TWwBEY, Cu-
Ti TIXBER IR TSI > 72 AT A (PFZ) 3R &
N7z iR ROMRE XSSO0 (Fig. 8).
KA 102 % 2 VIR O BRE AR, 20720, v
RAFEAET S ROEEERY), TIhoERLI-ZH
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Table 4 Ratio of fatigue cracks at grain boundary and grain interior for Cu-Ti LA, and Cu-Ti-Al-Fe LA alloys.

. Number of Types Types of Number of Observation
Specimens . B/A [% Remarks
P cycles  of AE Grain boundary (GB) ~ GBs/Grains: A Cracks: B el area [um’]
No precipitation 38 5 13.2
Cu-Ti 7387 single GB B-CmTl/a-Cu.(?eHPhr 30 12 40.0 3754 Fig. 12
LA peak Cu,TiAl precipitation N.D. N.A. N.A.
Grain interior 36 4 11.1
No precipitation 47 9 19.1
Cu-Ti 19499 group GB B-Cu4TF1/a-Cu.C'e]l.ular 31 17 54.8 4910 Fig. 13
LA peak Cu,TiAl precipitation N.D. N.A. N.A.
Grain interior 40 10 25.0
CuTi No precipitation 59 3 5.1
u-11- . .
ALFe 8575 single GB B-Cmffl/a-Cu.(?ellPlar N.D. N.A. N.A. 104 Fig. 14
LA peak Cu, TiAl precipitation 60 0 0
Grain interior 26 0 0
v KRR ORIN O F R 5 THETFAMIC & L0 3DAPICZ X V. 9% & RO KL O HEEND Al - Fe iR
?ﬁ\%ﬁ/ﬁkéﬂt%’(d\%’”&i%%éf?“%1&T\ FEVwE MOEBEZOWTHE Lz, AT s iR E
MR SN T 20, PFEITHWEIEHT L R, UTICENT 5.

— 7. Cu-Ti-Al-Fe LA# iZ. %10 nm~100 nm ®
(CuFe)sTighri T-DERNZ & o THEERZEH /NS v,
A F-CuTi O H THAL SN TEH Y, AL
BN S (~1 pm) CueTiAlD 3k 5. BT
BN Y (CweTiAD fHE T F /24 v F v F—2 3
VX 1345~50 GPaTH . NV IRHMHE (~30 GPa)
IbEw. 2FD, AL Fe @Mz L h 2o
ME 7 B VIR 2 JIHIC© & 72 2 & AN ST TR s 1S
BEA%9 5. Table 412 XU, 2 OFEEITFH MR T
HAHIEIREND. T, I XD SRR T
WCHEEMSEESINE Z LITER L TE Y, SUFH TA
SNMEME LEZLTWAEY, FelRNC X o THi b
ﬁ?%#d\é(&étéb\ LG ADE S A G/ @Y 4N %’”

FEANT I S IR FF IR R K R B, R BSEERKIC
FE R ISR - TERMER T 255, K dbRL ﬁ‘f?ugl‘fﬂif
570 EREBEBRIGHINGEZ L MR I
WA 72 CupTiAl (~410 HVI®) @0 #d 5 2 &
TEROBESHEIND Z LD, EHHFEIEDOER
E b,

Cu-Al& & Tid, BEAIZ 2N T 513 E R ALY
HEA 2 [E 2 S 5720, PEITMEN BB IE S Tw
510 o5 F b, Cu-Ti-Al-Fe LA# Tl o-Cu B (2
Al2SRAET 22 L b, EHFMHEUHFIRELLH 2 Tw
UMD H 5. Al Fe D3RI X % Cu-Tifr & D
W7 HEPE OB & e IR T A 7o 01T, HIT,
FE AL O R F R CieTIAlO % E D 522, o-CuBEA
O ARERGEE R EE R T 2LEND 5.

4. 8
Cu-32 wt.% Ti&4I211 wt% Al& 01 wt.% Fe %t
WL 72 Cu-Ti-Al-Fe 5412 B W T, ﬂ‘//(‘/?‘/i‘—
va vk, AEBZ EH L 725 RE B S 51
BL7)AECE)ERL 72~ TEM 754 K O

(1) Cu-Ti-Al-Fe B &ALM T3 A & 2410 nm~100 nm
D FLIK (CuFe)sTiz (Tetragonal) 283K 12T K

EN 5. (CuFe)sTighi 70 ¥ ¥ ko sy H T HAN
ERRIARIE 4 um E NS e B BERDIC X o THE SR

WTIES-CuaTi DS AT il 3 5. AT L RS Tl
ANZEAIZ  Feld f-Cu T B S N AN H 5.
B-CusTi O #HAT H & FIRFIZ, SRR RICIER &
E1 um A E O CuTIAI AT IR 5. Cu-Tilxh# T
HHNDL B IVIRHFRD A B I TH 5.
(2) Cu-TiRIRBESEH Tl TR N R R FRE D F 2 A
YTFV =Y a S EREL T, VKRR S
ATy T —va YENEE K. Cu-Ti-
Al-Fe {RiRBESTAT Tid, BEARK N KL, CueTiAl
ERMEDODRMOVTNEF 24 T T—var
TS 13 45~50 GPaD#ELFANTH 1 ALK NI AH
B HF BT I 2 v,
9 7 AR BRIE 2, Cu-TifR I BESi AT CTIIHE S DR
VKM E RO EFR L 2D T v, —F,
Cu-Ti-Al-Fe iR BESiAT Tl HARPNAH X 1255

(3)

WEIFT D 2wz, SRIIELSHICER IRV,
7z FROBEBLOCERSK AP LR IZ0, SR

PRSI NTH, MmAEI NS W & R
[ % CugTIALKL F 23 BICR i s A2 & T &
AR L2 < < MR R 5.

B EE

REARRFZHE= 72 ¥ ZAEBRIIIE L » 5 —  PHARSE
KMENZZ, FI/A T T =2 a VRBR O — RN
WA —TORETRBOBC, TERTIREZL ) IELH
AL R E9. F7o, AERBIZIT R RS & )m A RHE
22T R K L " DOWA X 7 V7 v 7 (k) #BHEE
try— FHEEROZTMNICLE2EDTHY, 22
WCHEERLET.
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