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Kl 1 Cu-Fe-(C)& & A R EAHH L

Fig.1 OM microstructures of Cu-Fe-(C) alloy under different conditions: (a) alloy 1# in the as-cast state; (b) alloy 2# in the as-cast state;

(c) alloy 1# after cold rolling 80% at low temperature; (d) alloy 2# after cold rolling 80% at low temperature

B 2 Cu-Fe-(C)&&#4E TEM BRI LR FFT
Fig.2 TEM microstructures of alloy 1# (a) and alloy 2# (b) in the as-cast state; HRTEM image and the corresponding FFT patterns of the

precipitates of the areas marked by A and B in the alloy 1# (c)



12

¥ % FiAY Cu-Fe-(C)RAHA &AL KB %50HT AT et LA 7E

* 4669 -

SEBE B 2c fros, @R BT e BLUR L 2 R
W R SRR IR, bR E W ELNIOER, &
AN p-Fe (01L& ), 5 2 3 B & 1 (111) [|]
FEN 0.2113 nm, S5WEAEIEE T, FitiE—2
E T A A R Y R A BEAR 00 9K G ) AR A R
TN LT 5K 1 p-Fe AH

HeAh, B BRI, 2 FiA &S HAREIRA
ARG, HXMNAESMARRERZEL L, JHA7
R BRI 2 ME &S mE KENY
/N y-Fe M, GIRYE FLASTY J5 1K B AH B 1% 23 K AR AH 451
A R TIEREERRA LSS AR p-Fe M4 A
L HA A SR, X 2 FhE SR LA
HEP KAEERBAT T TEM KS9URAE. K 3 735100 1#
1 2#5 S A TRAFLE T 80%)5 I TEM AL, Xf
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) d
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Fig.3  TEM microstructures and SAED patterns of Cu-Fe-(C) alloy in the condition of cold rolling 80% at low temperature: (a, b) alloy

1# and (c, d) alloy 2#
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M5, 246 HEITEWCKEYHEAM K2 55 7REr
TSR, HRSHARRTEN, R 72 v oK 2
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250 500
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4 Cu-Fe-(C)& & A RDIRAS TFE B ) - B AT il 25

Fig.4 Engineering stress-strain curves of Cu-Fe-(C) alloy in the as-cast state (a) and in the low temperature final cold rolling state (b)

R OIHH 2HEEBETMRLILTNF MR

Table 1 Mechanical properties of alloy 1# and 2# in the as-cast and low temperature cold rolling states

Condition c0../MPa on/MPa Elongation/% Hardness, HV/MPa
Alloy 1#, as-cast state 106.3 289.6 38.7 780.08
Alloy 2#, as-cast state 102.8 290.3 46.7 791.84
Alloy 1#, final cold rolling state 523.3 553.2 5.3 1571.92
Alloy 2#, final cold rolling state 520.2 582.5 9.4 1709.12
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R, 4200 C/1 h b EMELEZE T, 250 CLAEHE
F) 400 CHEMEREALBTRE. i, 5 1es
L, 286 & B ICEERRT a4, XFEZHT
PR [R5 RIBT 248 407 ANT HHBE 2 4/ 94 oK 2
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BOK. A, WEFTLLEH, WaEORAETETHLS
f TR P65 ol R P RS T DU 22 1) B S Y 2R 4
41 (il 6a Fian). MLTTE, WiN C LR 2#
Aa BRI E B E, H2XRET IS
i, RN IRIR B A KRR AS L. b, EAR 2#E
SFIFEALER S T AR L, B 2 B 1#
BEREWEAL. HILTT W, C LRGN FIF
AELA G &5 B0 2 E0R OGS FE A B P i
BACINHIME R . BeAh, X 1850 2#4 44 400 °C/1 h I}
RJG UTVE MR T AT Gk R, 2 Fld & N BT b
H I PTE A AR FE A 3 A 7E 45~60 nm 2 8], B K
T 2 P& E&HE T oA BT A AR T RS (180 24
B 4N B A AR 2y B8 31 F1 19 nm), 1 H 244 4
WU IE MRS BN T 18 NPT R T, X
FXULEE C 5] AT BLR 2 N4k Cu-Fe & & UTTE X%
HE, XX TS Cu-Fe RE LU HiE R E1E

400 C aging for 1 h

—a— Alloy 1#
—e— Alloy 2#

15 20 25 30
Strain/%

0 5 10

5 Cu-Fe-(C) % 4 I 25T 4b R A 2 St BROAR 765 18 7 - B A% it 2
Fig.5 Age-hardening curves (a) and typical stress-strain curves (b) of Cu-Fe-(C) alloy

2 1 248 S RTHUS R SRR
Table 2 Mechanical properties of alloy 1# and 2# in the

age state

Condition 002/MPa o,/MPa  6/%

Alloy 1#, 400 ‘C/1 h aging state 79.73 164.94 24.44

Alloy 2#, 400 "C/1 h aging state 188.48 332.42 29.38

S5 ) LA R S 2D 1A 285 & AT H
FHREAT IR B, 2 M e AT A UOE R B8 20 28
53R B AEILRE X R (WA ey 6f from), RIRHESIT
ML a-Fe M8 F. Ak 1#E& Sl T RISINE BT
2 C, ULUENT R A AL, & A 2R mT Bl
M2 ) /b B 8 B 3R AT AR 1 9-Fe JLIEAH (]
6b Tk BT
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- /5(200)
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(110)
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B 6 L1#H 245 & A ELE S 400 C/Lh RS K TEM A5
Fig.6 TEM microstructures of cold rolled Cu-Fe-(C) alloys after aging at 400 ‘C for 1 h: (a, b) alloy 1#; (c, d) alloy 2#; high

magnification morphology of precipitate of the alloy 1# and its corresponding SAED patterns (e); high magnification morphology

of precipitate of the alloy 2# (f)
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LA a-Fe HINER T (A3 2 S 804 4 3R R
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IR 25 £ o A B30 M U i AR T 2 B B FE TR . % 18
5] y-Fe 15 Cu JEAR IR A T 3ekeoth s LA 77
TR IORIERE, Bk, -Fe MUEHUR AL 2 10 0
MR O Ao % 8 LS A AR R
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H50 R R 2 5200 e i 5 P 1 = = A ) S B R A H s
M FEFE L S A T y-Fe YTUEAH. RHE 2 Fh & EI55EEM
RS TEM HAUGRIEZE R, FTRAGETH 16 &M 24
BEWBEEIE y-Fe MR TXIRM | AR 2 54:
0.07%#1 31.57 nm (1#&4), 0.14%M119.37 nm (2#&
&): MBS E a-Fe MiRT (BER 1458 2#
EENZAEH BN y-Fe YITEM, 1IN THET
{6, BT 53 A B UTIE AR N & a-Fe MID KRR f A1 R 43
WM 2.45%F1 55.01 nm (1#442), 5.09%7#1 50.6 nm (2#
Ga). Wi LIRE IR AL LG AR, " anlihE
#1285 SIRERITE y-Fe A=A 10 JE IR 58 FE 51wk
Ac,.re 9 30.20 F1 31.64 MPa; I 16 4l 2#5 S I 3L
B a-Fe M A JE IR L TTBR Ao,re 70 14 69.3
A1 109.93 MPa. MM HEAERTUUEH, 2454 H
THFTHE C M NERE ST R INH/NE y-Fe,
B 4 I 5 A5 A I H AR PR JeR IR 5 FEE AR v P S A 28 T
HIX M G, B A 4 400 AR IR R VA FLAR T )5 o
FEIRTT 25 1R 1, 285 4 AR GRS 2 T H 50 vy (1) A i 22
(W L. B ERTR, ZA6&RAILESEERS
AEfZE, FERHET C mERMGIAEW | MK
L [RARAH AR S Ak 26, {5 A9 B AR IR IR V2 LA A0 SR e ik B 0
SN/ p-Fe M, 1ZAHE G SR B T AF R AR
TERETT, MNTIAEAFZ G S AT5 IR 58 0% 4 F7 50 1 1Y) ZE A 26

MM S, WREESEEAENITHEKE a-Fe U
FH, FORSE R AR 43 B0 6 4 IR 5 B 32 - [R) BF 52
B3, BT 2#5 &4 HIRRIRA S Y f5 FAE 400 C
R, VUEMERRHE T HE4E8m, iba4

FER AN a-Fe YT e AH 55 % B ey, 1 HL R~
B /N T 1 S W UTIE A IR ST o TR & BT 03 A 1)
UEAh o> A AL , S AfE TS 285 & R IRGRFE L 1A &1
Mol E . MRS E S R KL TEM HH
RAEFT LRI, HE SN EREER T 56 &58E N
Fribh KRE/NE a-Fe JUEMA RZAL, &5 2864
VAR5 25 BT o R B Al p-Fe ULUEAH, 7EREAI
TRV FLAS T B AR AT AL A Al o-Fe AHA 6. HoAk
ME, IR RAFLIE AR T B 4/ p-Fe A% 40 1 Sk i
Y/ o-Fe AH, AXAS B BT DASR AL A3 s i, 1 HL
W] DAAE SR A LRI RO R A AT LA, AT fE
RS G AENREEZ WAL (s 6c Bt
TR, FREH I A SN A SRR . LRA BRI LT
MR 2, f& D IRE15 I S 246 &R I H B= 1 E
Ao FE A prhr st (LR 2). HUFE, Z&&0E
DL A R, X R T U A S S e Sk
HA TR RE /I s, itk ml W, £ Cu-Fe
REEWGINEFRIGE C, MU UL SH L,
T L3 AT % 5 2 48 7 A0 2500 FE 72 AR R R i A
Chr v SR FE AN i B MR 26, B HE X p-Fe—a-Fe AR H %
A B BT FR A% 2 S5 R 5 1 o

4 & it

1 WIEFuE C ArXE Cu-3.0%Fe(fii & 70 80) &
SRR A LRIVERE " A EERE W, C uER A AT %
Cu-3%Fe & & fn AT I R KA BIR 1G-S 2#
B EIBES IR AN AL, fee S50 y-Fe
MANE, B2 285805 p-Fe HIEEZE TR R
FE/IN, RIS A5 12 6 4 o IR o P LA, T S A 2R 0 A o

2) WESN 245 &2 BIRIRIRA TG, mE
PAF R ER S, JERGREE 520 MPa L I, il 2#
BEREMRIP R ST A S0 BIRERA LT
i1 2 M& &N p-Fe MR AE D IRIAH AR y-Fe—a-Fe,
HREHBT CIUEMGIN, 2858 NSRS A/
y-Fe M, MR IZIRE S SRR EME,

3) HARIRIRAELA 18 285 &4 A R I 3L
1h G, BRI &, B R AR S & FEE
S RERRE B R A BRI AR L#FN 285 44 400 °C/1 h
WS R A A, (B2 205 &R E, B
BT B 2 41/ a-Fe JLIEM, A SFBZEE&RE
2 1 1) R R A R R
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Deformation and Precipitation Behavior of Advanced Cu-Fe-(C) Alloys

Yang Kuo!, Wang Hu?**, Mo Yongda®*, Lou Huafen®3, Guo Mingxing*
(1. State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing, Beijing 100083, China)
(2. China Copper Institute of Engineering and Technology, Beijing 102209, China)
(3. Chinalco Research Institute of Science and Technology Co., Ltd, Beijing 102209, China)
(4. Beijing Branch, Kunming Metallurgical Research Institute Co., Ltd, Beijing 102209, China)

Abstract: The advanced Cu-Fe-(C) alloys with dual-phase structure was prepared by combining a vacuum melting and rapid solidification.
The microstructure evolution and deformation behaviors of Cu-Fe-(C) alloys under different conditions were studied by OM, TEM and
mechanical properties test. The results show that the addition of C element is beneficial to avoid the grain boundary segregation of the
Cu-3wt%Fe alloy in the as-cast state, reduces the size of the fine y-Fe phases and increases the number density in the matrix, so that the
alloy has a lower yield strength and higher elongation; although most of the y-Fe phases can be transformed into a-Fe phases after cold
rolling at low temperature, resulting in the significant increased yield strength above 520 MPa, yet, the addition of C can reduce the
transformation rate of y-Fe—a-Fe in the alloy during the cold rolling, causing the higher elongation in this state; additionally, if the cold
rolled alloys are aged for 1 h at different temperatures, the hardness of the alloys decreases with the increase of the temperature,
corresponding to the recovery and recrystallization; however, compared with alloy 1#, much more fine precipitates and remained
dislocations can be found in the alloy 2# after aging at 400 'C for 1 h, finally resulting in the higher strengths and elongation. In addition,
based on the TEM characterization on the precipitates in the alloys and the calculated strengthening contribution of them, the different
strengthening mechanisms were discussed in this paper.
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