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W E CRAMHEEMLRIIERET Cu-0.9Y03(WBM, %) &40k TEM Mgk SAD 4r&u: Cu Hiik biyssy
HEAKR Y203 ok, HTVHR-FRBRIFEE 5% 5.0 A1 20 nm, YoOs ik 5EAIHE, S (422)v,0, /(111)cu, &
i [011]v,05 /[112]cu. SEERLESRFH, Cu-0.9Y20s F-&FEHFHERE S 568 MPa, HIrLHlE % Orowan LRI
HLIERERA, HAp Orowan ML =4 R RERES 185 MPa, Yi#IbLH S E®ER M 195 MPa.
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ABSTRACT A growing trend to use new oxide dispersion strengthened (ODS) copper—based
composites is observed recently world—wide. Yttria (Y2O3) and most rare earth oxides are poten-
tially attractive as dispersiods for copper—based composites owing to their thermodynamic stability.
Cu-0.9Y203 (volume fraction, %) composites were prepared with Cu-0.4Y (mass fraction, %)
alloy by in situ reaction at liquidus temperature. The objective of the work was to investigate
changes in structure and strengthening mechanism of Cu-Y30j3 composites. TEM observation
and SAD analysis of the composites indicate that the obtained Y5Oz nano—particles are uni-
formly distributed in copper matrix, their mean size and space between particles are 5.0 nm and
20 nm, respectively, and the cubic Y303 phase is coherent with copper matrix, which indicated
(422)y,0, /(111)cy and [011]y,0,/[112]cu orientation relationship. The strengthening mechanism
of the composites is analyzed and explained in three aspects: matrix strengthening, fine particles
strengthening according to the Orowan model and shear model. The tensile strength of Cu-0.9Y203
composites is 568 MPa, which is strengthened by both Orowan mechanism and shear mechanism,
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the strength value added by Orowan mechanism and shear mechanism can be calculated to be 185 and

195 MPa, respectively.

KEY WORDS liquid phase in situ reaction, Cu—Y20O3 composite, coherent relationship,

strengthening mechanism

ERE SN G e (A et FEAETIEERAH S
SHIREERLSRE AR U DL Cu-Cr & hREW
ViRl &&, EAETI#ES Cu BEAH LR R AR
ek (Cr k) T EA SRR EE, HETEIREKILEE T
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1 ZEFE

SR EME Cu (> 99.9%, FRASE) AL
Y (>99.95%, JFHRAE0) hIEURE, 22 RO K ]
B Cu-04Y(RESMH, %) 64 HWESRERER
40 mmx50 mm {55E, FR T i e S Y B R
2.5 mm HIASHEE, FRRARIRELEBUE 1 mm fR,
SRIG RYTEIE — & R T AR A, B R SK-2-
12 BUSGRE R AT BRI . AR BRI
SRR A A B AR LR IR BT, (7 R TR RS T
B, B CuY —seslE P ma, Cu04Y 44
RIMZRIREE N 1070 C, B, AR TE280E Y

1070 C, 2 h, Tk No fEREMATT, No F1iy Og 43
JEHN 1072 Pa. Sa¥hlsagikeege Hy K4CF 600 C
BJGRIFE 1 h.

SMALE MeF3 BIEH Bi%EE (OM) EikfT, 1§
N 5 g FeCly+25 mL HCI+100 mL H>O. FJ/H
FEI Tecnai G20 BES 8 (TEM) M E G4 B0
4h4, BEAERLIESN 200 kKV. TEM B BEA 715K
LYETEYITE 0.5 mm A, YIBIEEZE 100 pm
VIF, shERER 3 mm R F, SRIF%4 Gatan 691 %l
BT, RABHSENBUESEE BT
B SRR SR RO RSE, HA il BRI . =R
fses e CSS-44200 BYH-FJ7 B ML EibAT, hrffik
REABUIR, HoPATBEi B R 50 mm, Jesk iR shm
1 mm/min.

2 ZRER5ITR
2.1 ERARMA

Cu-04Y GE&ZLWH IR N 5153 RS8N
0.9% By Y203 iREGRIHFER S48, H AL mE
1 R A la R, %5 Cu-04Y &8 hEIR

B 1 ARV Cu-0.4Y #4/4HBMAs
Fig.1 OM images of Cu—0.4Y alloy
(a) as—cast

(b) after liquid phase in situ reaction
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[4H) 418k, Nagorka 45 B fil Engels % 10 gyfses
B, AR CurY. 2 Cu-0.4Y S@7emiiigRin e
(1070 C) RAFBLIZIIG, WERERILHENE, &4
LGV R, HAPHPRARZ Sk 150 pm, 40P 1b B

ZAEOL VG, Cu-0.4Y &4 S5 v
B T S, X R EARBAY CuY 4
SRE . REEILEIREE (880 C) YA LHEATIELL
BB, #ATLIAE Cu 3k BAERR YoOs BT {524 A
HL AT, Y203 KT T8 B 2 S s T b
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B Cu Bokid YoOs RTHIEERD, B8 Y203 kT
SRR
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Y203 R F-MEE M R KB i T4 Y mm ks Cu
PR HITSE Cu fR 5 T I R MOZRIR B, T2
TE Yo O RT3 4 JR R K 0 B B e it Y B, T
H Y203 R T-&bUB#H et mmose M. st
Ve BERIE AR B SE R T, MR A S, A
A B

FESRBEE ST, Yo O L7 F 00— EL SR,
Y203 KT et Bk i AR T 08 S B AR B, Hok
KBS KIBHAL, M T Y203 R TRIKAHRE, &
ZILRATK Y20, BRIV ECRALE A A1E

B 2 RFrl&a Cu-Y.03 Z &bk TEM 4.
AL, B B R ST IR B AT T Cu 3tk b, R TI%
FL NEOR. BEEOIR, X SAD 7ERE (RAE) HkiEss
EW], AT BRI bee Z5HIH Y205, YoOs Bk
RABSMT M 3 B b T EERAMSEIE S, ED
500 ANIRECBURLIEFT AT, 25 5FW, Y205 BB R
B 0.7—9.5 nm Y, FHRFL% 5.0 nm, B F-F-H[H]
BE-~ 20 nm.

BAh, mATATAR R BB T, Yo0; H3kfk
AW BRBNER, BEE (422)v,0,/(T1T)cu, S
01T}y, 0, /[T12]cu, X YoOu W Here & 1 5
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Cu fl Y203 WiARA R SLm R SE50E 0 &
3% [12—14]

2(dy — do)

STt W

R, dy Fil do 53135 Y203 1 Cu BIHIAE HIEE, % 0

/NF-0.05 BFFAR S AT LA b 554368, 0 78 0.05—0.25
ZIEE K3, 0 KT 0.25 B ARstsg 18],

BA (422)v,0, F1 (T1T)cu B8 TE (] BE S 51 K

2 Cu-Y203 E&HHEH) TEM 4
Fig.2 TEM image of Cu-Y203 composites (Inset showing
selected area diffraction pattern)
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Frequency, %

Size, nm

3 Y203 KRsMFE I

Fig.3 Particle size distribution histograms of Y203
0.2165 F1 0.2088 nm, §l d;=0.21656 nm, do=
0.2088 nm, fRAZ (1) 7545 6=0.036, FTLIfEH Y203
5 Cu BEEAILHRE.
2.2 SR1LHLE

LEME Cu-0.9Y20;(RREL, %) Zabrra
PRl 568 MPa, BHIZl Cu MFHMEL N
200 MPa, AR R ENEEA 368 MPa, 4 H
AR SRALALE A 40 SR AL AT IR BRI
BRF N 150 pm(E 1b), HigE Hall Petch %R 4,
AR BOCRAR R /D, ATLA 2. R, Cu-Y203 Z A4
LSRR E B IR RORAL . EWRHGRAL & &
o, 5 AR TS AL R A ELAE O N R Se r XA)
B 1618 R R R AR AT ok, T
LASE AR AL, (s SR T /e 7 X2 hagid J7
=, Bl Orowan #L#l.

ME 2 ATRLER], Cu-Y203 EEAEyrE /i
Y203 BORLHPRARHURL TR BEE A B PIKR K, BT RTH
1—10 nm, Y203 RFHARAECHN 0.9%. Bid Orowan
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B BRI e s R (1921

5710 mr
A0Orowan = —hl(ﬂ) (2)

r(y/3F —7/4)

KA, Acorowan AELH Orowan ALl 7= Az 158 BEHS
r A Y203 K72, HFHER 2.5 nm; f ) Y203
BT R %, f=0.009; b Jy Burgers KEM, b=
0.255 nm. AR (2) BF#EL Orowan AL H#1K}
SREERIHEIMER 00rowan=210 MPa. X5 SCkr 58 EEHE
(368 MPa) fHEH K, EHIH, Cu-Y203 &M BRI
MZAUZ Orowan 584k, FEFH| Y03 K145 Cu
RAIERESC R, EUBOR RSHA/DN, B, B S5 0 AH A
YRR I7 AT REA VIR Ty HLaR (522,

Gerold i1 Haberkorn (23 J 4% i [ #4: s B34 1440
H L5 AT AP B S AT A B KR P max

Tmax = I'/2Gbe (3)

K, G HFE:MR Cu WETYIEIE, G=45.5 GPa; I' 2
PrHARETHL AL Ak ) Y, B T = oGV, o #978
fEFEFE A 0.089—0.5; € 7 & [y k%L (2°)
2G(1 — 2vp)

=|9|[1
e= I+ T i

] (4)
e, Gy M vp 5BHHT AR BT IELEA Possion K,
Gp:90.4 GPa, vp=0.220. LA LR £=0.052, R)5
¥ e=0.052 FEASR (3) BT LIgE VIt 3L H7 Hh AR B
BB Pmax=1.2 nm, HIKRSF A 2.4 nm.

H R B S R AR R Y205 R TR R Tt BB
1—10 nm, WREHFHD Y203 R FHIRSF/NF 2.4 nim,
X TSR T AR ) B 7 R AL S
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Aoes = 4350 f1/2 (6)

gkctesrAilE (B 3) mra, RsP/AF 24 nm
B YoOs3 ki TFHEERELA N 22%, hEERFE
2.4 nm PR Y203 RFHEBRSECH 0.2%, Rk
T 2.4 nm FPRTFRIARFREONA 0.7%. K f=0.002 1%
AR (6) HIBIHLE =4 f R B K Aoes=195 MPa,
R f=0.007 fRAR (2) 1 Orowan ALl = AE Hy SR AL(E
N AoOrowan=185 MPa. HIGE|E & HHE AR E

ik 530 MPa, SI0fE (568 MPa) 1%, i, Cu-
Y205 HABERH Orowan HLEAIENLEIEREML
17 L B0 L3 3 A B R 50

3 it

(1) Cu-0.4Y(FREMEL, %) GWAR BRI A B
Cu-0.9Y203 (kR 4, %) HEHE, &t 1070 ¢,
2 h WEALRIVE, BBIG0KK Y203 KBS 9RES
fife Cu Hfk b, WML HERREEERR, RSP
£ 0.7—9.5 nm P, P RFAIEIEESM 324 5.0 A1 20 nm,
H Y203 k7 5EAA LR

(2) Cu-0.9Y203 EEAPEAIHTHIRE R 568 MPa.
Cu-0.9Y,03 E&H1EH Orowan ML FITIFIHL&H:H
Ak, A Orowan #L ™ £ RER{EHR 185 MPa, 4]
FNHLH 2 A SR BERSME S 195 MPa, HYJEIHLE AL
AR S B
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