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&1 Cu-0.23%ALO; FREHI AR LA R T2
Table 1 Different treatment methods for Cu-0.23%Al,04

dispersion strengthened alloy

Sample

Treatment process
No.

Annealed in Hydrogen at 900 °C for 1 h after being
1 extruded, followed by cold forging with reduction of

60%
Annealed in argon at 375 “C for 1 h after being
2 cold-forged
3 Vacuum creep aged at 600 ‘C for 6 h after being

annealed at 375 °C for 1 h

BEAT, FEXHRESEE N 15 MPa FOTE E JE /7.

F12EPERE SEIRAE MTS-200 kN AU 75 B8R B0 HL L3k
175 EBSD 43 Ml I /2 ZEISS EVO18 R FHi i 7 &
e, BN EAE JEM—2100F AUE G B s bk
4T EBSD Ff il 2 1 F2 U0 R BURRIRIRAE kT
XPRMHATHURIL G, AT AR . Hfa b
FHI LR BCAAR TR L 101 RS S RERIE AR, it
FeFE PR BRI N 2 A, PDOBEEEN 9~12 55 BH
BRI & JNE W R R L UIEIN LB
FOREERTH . JEIEZN 0.5 mm, K 3T K BE
HHEEES] 100 pm A47, FFNITE, RAMH
JEJEILE] 50 um 7247, B SE HEAT XU P X
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Table 2 Mechanical properties of alloys under different

treatment conditions

Electrical
Sample
N 092/MPa o, /MPa A/% HBW conductivity/
0.
(%IACS)
1 345 354 9.6 41 94.5
2 339 348 9.9 40 95.0
3 312 327 129 38 96.0

MFE 2 ATLUREL, 433 375 CESIE K 600 C
FAIGEA AP IRE A, AT A BAREE, T2

B R . 375 CIBAKAFE PRI E T 1.7%, Ji
MRAEFE TR 1.7%, BHEE N IE 2.4%, WS TR
SR 0.5%:; 1M 600 “C A8 i 2% 5 R i 5
FETFIE 7.6%, JEARGREE T 9.6%, BRI 7.3%,
L AR T A RS IO 4R 5 1.6%.
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1 3 B EBSD ki e ]
Fig. 1 EBSD orientation maps of samples under different conditions: (a) Cold forging; (b) Annealing at 375 °C; (c) Creep aging;

(d) Orientation direction

2 ZHRFER S A BB AR A /N 10N B SR Y, TR 10°LL BRK A FE AR Y
Fig. 2 Distribution maps of grain boundary of samples under different conditions (Red line is low angle grain boundary (0°—10°),

blue line is high angle grain boundary (>10°)): (a) Cold forging; (b) Annealing at 375 C; (c) Creep aging
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Fig. 3 Fraction of low-angle grain boundaries of samples

under 3 conditions
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Table 3 Euler angle and Miller index of typical texture of
FCC metalst?)

Euler angle/(°) Slip Slip
Texture
[/ & plane  direction
Cube texture 0 0 0 {100} (001)
S texture 59 37 63 {123} (634)

Copper texture 90 35 45 {112} (111)
Brass texture 35 45 90 {011} 211)
Goss texture 0 45 90 {011} (100}

FiFy FCC ik g b LR R 230 4 230
(Brass){011}(211), i %4 2144 (Copper){112}(111), &
Hr 4K (Goss) {0111(100), BIEIZIFI(S){1231(634) FIL
J7 4K (Cube) {1003€001), 2 H R4 ff F2 84840 .
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RN T, S5a K S M6k, DT RSHRN
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(a) Inverse
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Fig. 4 Inverse pole maps of samples under different conditions: (a) Cold forging; (b) Annealing at 375 C; (c) Creep aging
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7 ABEFER TEM 4
Fig. 7 TEM images of sample by cold forging: (a) AL,O; particles; (b) Zone with much dislocation cell; (c) Zone with less

dislocation cell
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8 375 CIRKZIFEN TEM &
Fig. 8 TEM images of sample by annealing at 375 “C: (a) Decrease of dislocation density; (b) Dislocation net; (c) Relatively even

zone

9 IHARIN M AL TEM &
Fig. 9 TEM images of sample by creep aging: (a) Thin dislocation cell wall; (b) Tangle of dislocation cell wall; (¢) Pinning of
Al,Oj5 particles

PfRE, 5B RS AL BT, AL ETHL, RAFEAI A gl gs (LI 9(b)). IR RS ,
FERRAR, Arss B ELE 9(a). (b)), ARIIR V. & A B 2 B A, ] AR ALO; 44
SPHARYEFFAE 900 nm A2 A . (HHT ALO; 4K Ki 11 KoL F X AR AT FLOLE 9(c)). 99K ALO; Fi¥
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JERRARE P25 AL SR 5] S SR B B B A A
SIE A 38 B DA B (o iR A 38 e S R R 5 R L
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TRHIER, MR m. Uisisshnt, BT g
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B &S, HARMEEN RN, SitESHT TR
5, TFHE P43 Orowan 3% A AL il 7= 25 1) 5 B 3G &
AG orowan =75 MPa.

R4 RHERE G SRS
Table 4 Parameters of alumina dispersion strengthened
copper alloy

M  G/GPa  b/nm v Amhm  dynm  f/%

3.1 45.5 0.255 034 310 13 0.207
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H B G A S ] 1, 20 I AR I KU R R
B R OR AR, 33K AR A2 5 005 A B A 1) i i
J5 55 VA8 FE R 1 e R P A B R P ) R R R, B
SE R E AR R B, TEANEAAEEE . AR
IMiAE TEM AR M43 B HERG A 45 2 . 2%
SEEG R, AR U R R IR GRS 312 MPa,
e g 7 I AR I 2805 AR R IR (0, 0 )~ 3B
AL B ( ACrowan )~ £ RALIEE (Ao, ) FIAE
R IA( Aoy )o FTLA, AT LATHERAS B0 H o A3
BN 2 MPa.

IEARI AL S, 2 a2 (C11000) ) Ji AR 5 5
N 45 MPa, HLSR N 100% IACS; 1112 I 25 77 Bt
HRE S A RGN 312 MPa, HL SN 96%IACS.
TEIHR AR B UG FI R BV & b, 5 H s b AL i &
FEME iR, 1 60.90%; LU= 58 — Al amib ML),
5 24.04%; BT EIGARI 205, ArAS 5 R KR B BE
fiX, AL E AR, R b 0.64%. Bk, £
600 ‘C 6 h F.7* I AR 28 f5 IR B & &, 451
SEAGHLIE 58 = SRR .

4 Z5ip

1) Cu-0.23%AL,0; x5 A & 6 Fe bt 22 1% 4
A+ 375 CIBK+600 CH A MG RACEL 5, i Ao
FE AR LS A4 345 MPa B&SIIGAR N 245 (1)
312 MPa, [EHEHN 9.5%: HKZH 9.6% 5= 2] 12.9%:;
HL 5 R 94.5%IACS $2 %] 96.0%IACS.

2) 375 CIiBk+600 C B A G ARR SUb B 5, ki
PR AR E ) ZE A5 38 1 ORI FE R B s R PR /N S BE
REHTERZ; Cube LHIMAT>EIE N, Copper
LU KB Goss 2%, T Brass U FIT S 2K {4
FA Hk b o

3) &3 600 C. 6 h EXWEAK )5, 1€
Cu-0.05%AL0; TR HUHAE I J IR fE b, 4544 5
MU &5 ROVE T S8 60.9%, 55 A s AL L] &5
24.0%, FArgE LSl A b 0.6% . 5% A I RS 1)
Cu-0.05%AL,0; VREUH 5 15 R KA 2l A LG, JE
IRIEEIR = T 4 600%, HSENTHET 4%.

REFERENCES

[1] YAMADA T, NOTO H, HISHINUMA Y, MUROGA T,
NAKAMURA H. Development of a dispersion strengthened
copper alloy using a MA-HIP method[J]. Nuclear Materials and

(2]

(3]

(4]

(3]

(6]

(7

(8]

(9]

[10]

[11]

[12]

[13]

Energy, 2016, 9(C): 455—458.

ZHANG X H, LIN C G CUI S, LI Z. Characteristics of
nano-alumina particles dispersion strengthened copper fabricated
by reaction synthesis[J]. Rare Metal Materials and Engineering,
2016, 45(4): 893—896.

GUO M X, WANG M P. The relationship among microstructure
evolution, mechanical property and in situ reaction mechanisms
in preparing Cu-1.6wt%TiB, alloys[J]. Materials Chemistry and
Physics, 2013, 138(1): 95-101.

ZHOU Y, HU M. Mechanical behaviors of nanocrystalline
Cu/SiC
Computational Materials Science, 2017, 129: 129—136.

REN F, LI X, REN J, XIONG Y, VOLINSKY A, TIAN B.

composites: An atomistic investigation[J].

Precipitated ALO; phase characterization in internally oxidized
Cu-Al alloy sheets[J]. Journal of Alloys and Compounds, 2016,
695: 452—-457.

TRERZE, VEWIAN. oo i 3 e R kB A A < T B
IR, MEFHFIR, 2004, 18(2): 38—41.

CHENG J Y, WANG M P. Progress in research on high-strength
high-conductivity —and  high-heat resistance  dispersion
strengthened copper alloy[J]. Materials Review, 2004, 18(2):
38-41.

ZHANG X H, LI X X, CHEN H, LI T B, SU W, GUO S.
Investigation on microstructure and properties of Cu-ALO;
composites fabricated by a novel in-situ reactive synthesis[J].
Materials & Design, 2016, 92: 58—63.

XIANG Z Q, LI Z, LEI Q, et al. High temperature mechanical
behavior of alumina dispersion strengthened copper alloy with
high content of alumina[J]. Transactions of Nonferrous Metals
Society of China, 2015, 25(2): 444—450.

SCAPIN M, PERONI L, FICHERA C. Mechanical behavior of
glidcop al-15 at high temperature and strain rate[J]. Journal of
Materials 2014, 23(5):
1641-1650.

SONG Y F, DING X F, ZHAO X J, XIAO L R, GUO L. The

Engineering and Performance,

effect of stress-aging on dimensional stability behavior of
Al-Cu-Mg alloy[J]. Journal of Alloys and Compounds, 2017,
718:298-303.

LI L, LT Z, LEI Q, XIAO Z, LIU B, LIU N. Microstructure
evolution of alumina dispersion strengthened copper alloy
deformed under different conditions[J]. Transactions of
Nonferrous Metals Society of China, 2015, 25(12): 3953-3958.
FRERZE, RSO, AR, SRBLE. ALO; SRECHL %] Cu-ALO;
iRk R AT, A 4R R, 2009,
19(11): 1928-1933.

CHENGJ Y, AO X W, WANG M P, GUO M X. Effect of Al,Os3
disperoid on microstructure of Cu-ALO; alloy annealed at
elevated temperatures. The Chinese Journal of Nonferrous
Metals, 2009, 19(11): 1928—1933.

ZHOU Y, NEALE K W, TOTH LS. Analytical solutions for the



F2958 1

BALA, S AFACHDRES T R BRI & &R 12T N 43

[14]

[15]

[16]

ideal orientations of FCC rolling textures[J]. Acta Metallurgica
et Materialia, 1991, 39(11): 2921-2930.

HONG S H, DONG N L. The evolution of the cube
recrystallization texture in cold rolled copper sheets[J]. Materials
Science and Engineering A, 2003, 351(1): 133—147.

CHAUHAN A, BERGNER F, ETIENNE A, AKTAA J,
CARLAN Y, HEINTZE C, LITVINOV D, HERNANDEZ M,
ONORBE E, RADIGUET B. Microstructure characterization
and strengthening mechanisms of oxide dispersion strengthened
(ODS) Fe-9%Cr and Fe-14%Cr extruded bars[J]. Journal of
Nuclear Materials, 2017, 495: 6—19.

AR EE I, W4, B, Hall-Petch ¢ RIK PSS M HE
RIS ). BN, 2012, 30(6): 13-17.

ZOU Z X, XIANG J Z, XU S Y, Theoretical Derivation of
Hall-Petch Relationship and Discussion of Its Applicable Range.
Physics Examination and Testing, 2012, 30(6): 13—17.

[17]

(18]

[19]

[20]

HAHN S I, HWANG S J. Estimate of the Hall-Petch and
Orowan effects in Cu with ALO;,
dispersoid[J]. Journal of Alloys and Compounds, 2009, 483(1):
207-208.

ZHANG Z, CHEN D L. Consideration of Orowan strengthening

the nanocrystalline

effect in particulate-reinforced metal matrix nanocomposites: A
model for predicting their yield strength[J]. Scripta Materialia,
2006, 54(7): 1321-1326.

PENG L, XIE H, HUANG G, XU G, YIN X, FENG X, YANG Z.
The phase transformation and strengthening of a Cu-0.71wt%Cr
alloy[J]. Journal of Alloys and Compounds, 2017, 708:
1096—-1102.

LEE J, JUNG J Y, LEE E S, PARK W J, AHN S, KIM N J.
Microstructure and properties of titanium boride dispersed Cu
alloys fabricated by spray forming[J]. Materials Science and
Engineering A, 2000, 277(1/2): 274-283.

Mechanical behaviors of alumina dispersion
strengthened copper alloy under different treatments
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4. State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China;
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Ministry of Education, Changsha 410083, China)

Abstract: The mechanical and electrical properties of the Cu-0.23%Al,0; dispersion strengthened alloy treated with cold

forging, annealing at 375 “C and creep aging at 600 ‘C for 6 hours after annealing at 375 ‘C were measured respectively.

The microstructure and properties evolution were investigated by EBSD and TEM. The tensile strength, yield strength,

elongation and electrical conductivity of the cold forged sample, which is also the primary sample, are 354 MPa, 345
MPa, 9.6% and 94.5%IACS, respectively. After the alloy is annealed at 375 °C, the yield strength reduces by 1.7%, but
the electrical conductivity only increases by 0.5%. After annealed at 375 “C and creep aged at 600 C for 6 h, the yield

strength of the alloy treated with creep aging at 600 ‘C for 6 h reduces by 9.6% and electrical conductivity increases by

1.6%, compared with the primary sample. The yield strength of creep aging alloy decreases slightly compared with that

of the cold forging alloy, which attributes to the dispersion distribution nano-alumina particles with high temperature

stability and effectively pinning the grain boundaries and sub-grain boundaries at high temperature. The main

strengthening mechanism is sub-structure strengthening and dispersion strengthening.

Key words: copper alloy; dispersion strengthened; creep aging; sub-grain boundary; mechanical behavior
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