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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–0.9Y2O3 (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–Y2O3 composites. TEM observation
and SAD analysis of the composites indicate that the obtained Y2O3 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 Y2O3 phase is coherent with copper matrix, which indicated
(422)Y2O3

//(111)Cu and [011]Y2O3
//[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–0.9Y2O3

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–Y2O3 composite, coherent relationship,

strengthening mechanism!�!dPG
 (�G(I) y�	/;u�UPG
DV��UP℄�G(I [1]. , Cu–Cr G
d\�i;u�UPG
, 1gV�$D Cu ℄I�/&4qi�U>� (Cr (>) ���!i�}, _z%!h�Ug?3 [2−4]. , Cu–Al2O3 G
d\�iV��UP℄�G(I, 1 Al2O3 >��?�ixÆ!���=Ai%!h�Ug?, _ Al2O3 >�i Orowan �U_q (gV�;�U>�) i�U�:!�gV�$>�[3i�U�:A [5−7]. 1N, s�;u�UPG
i!�}DV��UPG
i=A%!h�Ug?3!�!dPG
 (�G(I) i�[��.

Y2O3 lpV�Uk&i��d3P℄�G(I
dG4iV��U{ [1,8]. _31dpV�Uk!�D
Al2O3 >�&���!i�?�ixÆ, ��z��i68(�0D Cu ℄I�g{pn4q, SG4i�-sgD Cu–Cr G
t Cr (>&��=D Cu ℄I�/&4qi{�[, O���p�(�0i Al2O3 >�C!g[3i�$>��U. INe[, pVH?S Cu �&tbmi3�}DH�i0��O�X.qpV�Uk>�iX�D9Y, O��<AG!P℄�G(Ii�}D��z%!h�Ug?.��, �a3>ApVS Cu tb�i3�}dnFq�--�i.e. 1dS3�}bf&=i Y2O3lpV�Uk>CD�, W!f�U�:; &^:;3�}, Y lpVH?X,
:rUGki�/q�A��J [8], >_�
:rUGk�Ugfi Y2O3 lpV�UkV�}3, �>�;APY, �U�:�HeWf.�-�+;%{Kg�7�q� Y2O3 V��UP℄�G(I, ���F Y2O3 >�i�=_:D(Ii�U_q.

1 )5��,�,t� Cu (> 99.9%, rC�=) DpV
Y(>99.95%, rC�=) dKI, >`,ts�7��qg Cu–0.4Y(rC�=, %) G
. yG
||=i�
40 mm×50 mm i|w, 
I�[|T�wM�$=K
2.5 mm iG
�o, Ry�oYq=K 1 mm i��,�Mx�$�	&xDUi��6�, y6��S SK–2–

12 �}��P7/Mt�%{Kg�7. %{Kg�7�3yG
o�f%{xh}, .�rK�S��Es��U. )� Cu–Y �H{U [9] +d, Cu–0.4Y G
i%{xh}d 1070 �, 1N, �,�i--,="d

1070 �, 2 h, ;-" N2 �d�U�r, N2 ti O2 ��d 10−3 Pa. 
Myqgi6�S H2 }�s 600 �YZVK 1 h.
{	gS MeF3 �
{ua� (OM) ��, �*%d: 5 g FeCl3+25 mL HCl+100 mL H2O. <;
FEI Tecnai G20 �S t� (TEM) 62�G(Ia6�0, -�t�d 200 kV. TEM 6�q�i��d: ;x�$���sK 0.5 mm i�r, _�v�m 100 µm,s, E�=i� 3 mm iLr, �M� Gatan 691 �8�v�)v�. +;�$x�D=r�l�xCi��x�>DV�{iDU, �YqH>��#U. 5h2$,�S CSS–44200 �t�^g6�_��, 2$6�d��, zv~i9}d 50 mm, lRi(z�Od
1 mm/min.

2 )5"�9+&
2.1 2.A=�1

Cu–0.4Y G
�%{Kg�7MgfIa�=d
0.9% i Y2O3 V��UP℄�G(I, zua	g�U
1 C0. �U 1a C0, |E Cu–0.4Y G
	g>b��

- 1 $zJf�6~L Cu–0.4Y F	h	zt`�f
Fig.1 OM images of Cu–0.4Y alloy

(a) as–cast

(b) after liquid phase in situ reaction
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α–CuD��Sb�rH�Ci/�I (α–Cu+Cu–Y tr{) 	=, Nagorka l [8] D Engels l [10] i���^, �tr{7d Cu7Y. a Cu–0.4Y G
S%{xh}
(1070 �) �&Kg�7M, ;b��D/�X�', G
	g�dlx�, zv >�Nd 150 µm, �U 1b C0.�%{Kg�7M, Cu–0.4Y G
i�>�S>;b��=Flx�, _&�U�&S��Ei Cu–Y G
k3;�t. Æ7S/�h} (880 �) ,��Kg�7), {+,S Cu ℄I�&= Y2O3 >�, _ah}:;%{x), Y2O3 >�>AY}30yq�A�%�%�; �ah}SB{�), >ASS;7}, S Y �&Kg�7��X�&%� Cu %�&Q�~� [11], &=i Cu (>t Y2O3 >�i>C~�, dn Y2O3 >��#! Q.S%{xh}, aT� O SS), Cu–Y �%tSSk3D�UizEvI;�, Cu–Y �%!Xk3. a� O ���%t), Y XKg�U&= Y2O3 >�, S
Y2O3 >��i�%�FyX>At Y �=dM Cu�%. >AM Cu i�r!AN)i%{xh}, O�XS Y2O3 >��i�%�F�=k3C�i;7}, �� Y2O3 >�X,�Bgi�/Q��%�B [11]. S;7}D�Bgi/O�;s, �%�&lhk3, 
u�=lx��S.Slhk3Kxs, Y2O3 >�vbi�%&^k3,

Y2O3 >�i9Y;��>%{0��d3{0�, z9Y�}XY�{m, .qF Y2O3 >�i9YDq�, 
u�=bX Y2O3 (>V��U�G(I.U 2 dCq�i Cu–Y2O3 �G(Ii TEM �.+w, nHi(> QnV��#A Cu ℄I�, >��S�d���Z��, � SAD R� (0�U) i�x�:�^, �nH(>d bcc �0i Y2O3. Y2O3 (>i>��#�U 3 C0. dFgf>�iQi�:, �m�
500 'V�(>��n, �:�^, Y2O3 (>DUbS 0.7—9.5 nm f, v DUNd 5.0 nm, >�v r�d 20 nm.N[, >� �x�:V+,"H, Y2O3 D℄I�^ui	�4q, ��[ (422)Y2O3

//(111)Cu, �[x
[011]Y2O3

//[112]Cu, _�^ Y2O3 ��Fxi�[��nH.

Cu D Y2O3 B{�[i/&�}DVn} δ �4 [12−14]

δ =
2(d1 − d2)

d1 + d2
(1)/t, d1 D d2 ���0 Y2O3 D Cu B{�[r�, a δ�A 0.05)B{�[+,�d℄�/&, δ S 0.05—0.25er)d�/&, δ YA 0.25 )d�/& [15].*d (422)Y2O3

D (111)Cu i�[r���d

- 2 Cu–Y2O3 �F'Hh TEM ~
Fig.2 TEM image of Cu–Y2O3 composites (Inset showing

selected area diffraction pattern)
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Fig.3 Particle size distribution histograms of Y2O3

0.2165 D 0.2088 nm, e d1=0.2165 nm, d2=

0.2088 nm, \�/ (1) iAg δ=0.036,+,gH Y2O3{D Cu ℄I�/&4q.

2.2 (� ?,�/g Cu–0.9Y2O3(Ia�=, %) �G(Ii%2�}d 568 MPa, *dM Cu i%2�}Nd
200 MPa, U(Ii�}Wkd 368 MPa, �N�nz+gi�U_q�r��UDV��U. >A℄Ii�>DUd 150 µm(U 1b), )� Hall–Petch 4q+d,r��U�:�7�, +,NP. 1N, Cu–Y2O3 �G(Ii�U�:y�3>V��U5&. SV��UG
t, p�{>�DgVi{Q�;�/	/�;�/D�$�/ [16−18]. &��Uk(>Y�3!+��a>, C,p�{d�Uk), gVD>�i�;�/�d�;�/, e Orowan _q.OU 2 +,"f, Cu–Y2O3 �G(ItV��#i
Y2O3 (>i>�D>�r�{WfbXf, >�DUd
1—10 nm, Y2O3 >�Ia�=d 0.9%. M; Orowan
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∆σOrowan =
5710

r(
√

3π
2f − π/4)

ln(
πr

4b
) (2)/t, ∆σOrowan 3(I> Orowan_q5&i�}WC;

r d Y2O3 >���, zv kd 2.5 nm; f d Y2O3>�iIa�=, f=0.009; b d Burgers -C_, b=

0.255 nm. \�/ (2) gfM; Orowan _q.(I�}iWokd σOrowan=210 MPa. _D,j�}Wk
(368 MPa) {3~Y, 1N, Cu–Y2O3 �G(Ii�U7�!�3 Orowan �U. &Nf Y2O3 >�D Cu ℄Ii/&4q, �(>DUr�, 1N. >�DgVi{Q�;�/+g��$>�i_q [3,22].

Gerold D Haberkorn[23] ;(�OÆ`Æ:QiAHgV+,�;i/&nH{i
Y�� rmax

rmax = Γ/2Gbε (3)/t, G d℄I Cu iu�_C, G=45.5 GPa; Γ 3�nH{vXigVix℄? [24], � Γ = αGb2, α i�Ubd 0.089—0.5; ε d δ i?= [25]

ε = |δ|[1 +
2G(1− 2νP)

GP(1 + νP)
] (4)/t, Gp D νP ��dnH{iu�_CD Possion �,

Gp=90.4 GPa, vP=0.220. \��/g ε=0.052, �My ε=0.052 \�/ (3) gf+,��;i/&nH{i
Y�� rmax=1.2 nm, e
YDUd 2.4 nm.>%{Kg�7&=i Y2O3 >�iDUb3
1—10 nm, ��X�%� Y2O3 >�iDU�A 2.4 nm,_&%�i>�7,��$i�/�U℄I.gV�$/&V�{T=�7?iWC ∆τ

[26,27]
cs d

∆τcs = x(εG)3/2(
rfb

Γ
)1/2 (5)/t, q= x M7	 x=2.6. y/ (3) d{4,=\�,gf�$/&V�{5&i
Y�}kWC ∆σcs d

∆σcs = 4350f1/2 (6)>>��#U (U 3) +d, DU�A 2.4 nmi Y2O3 >�HvisONd 22%, >NAgDUS
2.4 nm ,fi Y2O3 >�iIa�=d 0.2%, DUYA 2.4 nm i>�iIa�=Ud 0.7%. y f=0.002 \�/ (6) g�$_q5&i�}Wkd ∆σcs=195 MPa,Ry f=0.007 \�/ (2) g Orowan _q5&i�Ukd ∆σOrowan=185 MPa. >Ngf�G(IiiA�}

kd 580 MPa, D,/k (568 MPa) {a, 1N, Cu–

Y2O3 �G(I3> Orowan _qD�$_q/O�U,��>�$_q4|i�U�:*A.

3 "&
(1) Cu–0.4Y(rC�=, %) �%{Kg�7&=

Cu–0.9Y2O3(Ia�=, %) �G(I, �; 1070 �,

2 h iKg�7M, gfbXf Y2O3 >� QV��#S Cu ℄I�, >��S�d��[Z��, DUbS 0.7—9.5 nmf,v DUDr���d 5.0D 20 nm,� Y2O3 >�D℄I�/&4q.

(2) Cu–0.9Y2O3 �G(Ii%2�}d 568 MPa.

Cu–0.9Y2O3 �G(I> Orowan _qD�$_q/O�U, zt Orowan_q5&i�}Wkd 185 MPa, �$_q5&i�}Wkd 195 MPa, ��$_qi�U�:*^u.�#03
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[17] Toualbi L, Ratti M, André G, Onimus F, Carlan Y. J Nucl

Mater, 2011; 417: 225

[18] Cheng J Y, Yu F X, Ao X W. Adv Mater, 2011; 189–193:

70

[19] Nagorka M S, Lucas G E, Levi C G. Metall Mater Trans,

1995; 26A: 873

[20] Lee J, Jung J Y, Lee E, Park W J, Ahn S, Kim N J. Mater

Sci Eng, 2000; A277: 274

[21] Zhu A W, Chen J, Starke JR E A. Acta Mater, 2000; 48:

2239

[22] Guo S H, Zhang M, Peng G Y, Tang J C. Adv Mater, 2011;

194–196: 1301

[23] Gerold V, Haberkorn H. Phys Status Solidi, 1966; 16B:

675

[24] Holzwarth U, Stamm H. J Nucl Mater, 2000; 279: 31

[25] Ardell A J. Metall Mater Trans, 1985; 16A: 2131

[26] Yong M, Ardell A J. Acta Mater, 2007; 55: 4419

[27] Datta A, Soffa W A. Acta Mater, 1976; 24: 987

(NIBF: LJE)


