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H Cu-Fe-C HHHEL M (RENH, %)A:
Fe=5, C=0.03, P<0.002, Si<0.01, Zn<0.001, Cu &
o SIS ERMAN BN 99.9% i 4l Cu. mrall Fe A
4l Co 1 ER A BB AR H] & Fe-0.6%C &4,
WIGKH S mal Cu 5 E I 45 & Pk & E 7 1%
% HH Cu-Fe-C EM G &, AP B2 E/NT 1Pa,
AT SR KA AT . AT n T
BIAT R S ST H SRR REI R, B A IR %
1) Cu-Fe-C HAH& & BT AR E A LT .

PLARSZIGTE MTS810 Hi ik £l B 4 RH 36 AL 3t
17, fifEZE AN 1 mm/min, H{HEE%E GB/T
228.1-2010 # 47, FrffiFe R~ w1 fras . Vickers
T B 0 & 7E 400MVD ML B kAT, SEEG#47 200 g,
BARER ] 15 s, &AL EEAE Axio Imager A2m
&M 5B (OM) 2B 4T, OM IR AF: il 4% K FH A i 1 4
FRE 8 J7%, AR 5 a7 R 5%FeCla+25 mL K
R+ B 1K 100 mL. F) A H A 3] B 22 43 8% A 7
AEFE M2IX B RTh R X B AT S (XRD) AT 4
A4 AT, HUE 40 KV, LR 150 mA, Cu ¥, 5 %% 0.022
HH7 OBk, FEEE 2 so FH WA RE i
{X(EDS)I*) SUPRA 55 17 & 5f Hi 1~ #514 & 5l 85 (SEM)
BEAT B ZUR B AR T Dy B . TEM L4 217
Tecnai G2 F30 S-TWIN B3 i ra B3 F k47 WL %2, TEM
FE it SR FHATL ok 9 7 + A28 00 % ik Y 02 o %, XUV
70% HNO3+30% CH5-OH, HiJEA 20~25V, HHEAN
—20~-30 C.
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Fig.1 Schematic of alloy sample for tensile test (mm)

5.0%11 Fe-0.6%C & 4 00z i T HAE Cu 8 44 b (1 il 7%
FE, AH 280 A BRI I 45 6 M A0 5 1 T 2[RI RE mT B3R
BN RAOEMHAL. ATEE - BEREITEE
BAR P Fe-C AR 43 A 5 100 LA S AH S5 48, o) 485 55 7 S AH
G 4T T TEM HARL K 5 (WKl 3 FroR). HEW
LLEH, A& ANKBRT OM il SEM FAEEEI R
SR 1.5~3 um 1) Fe-C fHZ b, &3S yRE i A R
&2 RSEAE 100 nm 7245 B ERTE R EohL 7, 0 A R
RLEAT RERE A, ARIEAHRL EDS &5 R R Z b
Fe-C-(Cu)#4 i (41 &l 3b Fr7). EDS 43 #1 Wik AH & 4 —
EEM Cut®, HASESKIET Culbfh. b, EH
200 nm A7 PR LA Y Fe-C AR BURE A 3E4T 16 X AT 4T,
Fr 5 RS b e 45 BN fee S5 MK y-Fe JURIAH (L& 3a
R EATR) .
2.2 ERHELEKRIRE

Kl 2~K 37n H TS S AHE & AR N THCK Fghok
HIRL T AT 0. MHE Cu-Fe LLK Fe-C —JtH
KUY, Ze i T Fe 76 Cu L4 rb i [ v B A Ak, B
£ 1000 Crmit T, HIEM WAL Jy 3.0%, 1MV
JCE C £ Cu AR EEFEJLF N 0. Fe-0.6%C &
HIA 5.0%0, WIRSH LRI Fe Ml C RIS &t
B FE e ok AR R K. BRI, ) & 3 i A 4kt
] T Ry 57 T HE A% S 28 SO R 2 REE Fe-C AHIY AR
By A () g 20,

K2 #Eaemriimas
Fig.2 OM images and SEM images (inset) of as-cast Cu-Fe-C

alloy: (a) low magnification and (b) high magnification
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Fig.3 TEM image and SAED pattern (inset) (a) and EDS
analysis (b) of as-cast Cu-Fe-C alloy
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ki 7 B (SRS, o N Cu 51Kk Fe-C ki1 [a] [ 5+
HIBE, o A Cu A4 R 57 1 18] (1) S IH g o A Fe-C
KLV RYE Cu AR IR A CulB IR E;
RN HL

T S EAE RS S VSV, AT DUERIE KA R
Fe-C RL— Bk [E /7 57 i 42, AF 2 22 [ /9 57 1 4 % 1k
ORI, A hokL - (8] (R AH B B D 3 5, A AT RE
R AR B R BRI, [ /9 5 T HE A% o 26 I R
AT, HSOZ AR AE — I FE . 1Kl SV, AT B
HR A SR B HERS 7 Fo AR 1A B HE 70 F, 1

Bl 4[]/ 5 T VA A KL AR P 32 B R D0 i
Fig.4 Schematic diagram of a particle in front of the solid/liquid

interface (a) and the forces acting on the particle (b) 2°%%
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MR E R VSV, I, AT Fe-C RLFHIT
MEAER 12 R AFEREK K. Bk, fRIF Fe-C Y4
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JB V<VV o 4 TAE T 015, 68 B4 52 AR A & 42 b Fe-C
FEARGA N Fe b1, XFEATE a,=2.49%10™"° m,
0=0.114, 7=0.029 Pas®!, HIRKF Fe-C 5 Fe ki 1
5 [ 0 5 1D D ) A M S THD BRSO, (RO HAME KNG
SCHRPO e () H A A R — Ho g, DR T AR T
FIRER HAco=1 Nm. B 5 78 A A BE 2 R~ R 7
B VAV, AR, RIERT LA B, BEE R
T RSN, ARUERL T35 50 A T G AR Py 10 g [
G HERS T R X (AT AR A4 o AR LA B [ 5T HE R R
B 0 I K VA AR VA A T e R AT A, TR 5 R B
A EHE R FBEERAR “HE8M R FfER R
Hoh BARFEME R, Hod h {28 10°~10° Wim® K,
KA A AR AR A 3 B Th 3 9 d=40~60 mm. #4374
WA 7 Ak R /) (dT/dt) ==
~(hpCod)*(To-Ty), A & L AIEIHCH C,=385 J/kg K,
B E T p=8.93X10%kg/m®; & & IAALIETE T,
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Fig.5 Relationship between Fe-C particles radius and interface
removing velocity: (a) particles in range of 60 nm to 150

nm and (b) particles in range of 1.5 um to 2.5 um
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Fig.6 Effect of cold rolling reduction on the HV of Cu-Fe-C alloy
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B 55 18 3 (1 BELAS A BT 2

B 7 R~ TEMESE 80%A LRGN TEM
DA HEFTUEL, GakENFEREIELE
LB Lo AL B IR L4, LA T ROSH#E 0.5~1 um Yz
Wo BLhh, fEAIEIERE P A a5 RO AR, 12
TR AR JH B L Z2 B R B AL ZE A . RS G &+

Dislncatio%

El7 8l Cu-Fe-C EAHEEZ 80%A LA G TEM R
Fig.7 TEM images of Cu-Fe-C alloy after cold rolling 80%: (a) low
magnification microstructure and (b) high magnification

microstructure and SAED pattern (inset)

Fe-C KL+ A JEATIEHUATH 404, K ILZ R F 2 4b T
bee 45 a-Fe(Un B 7h Fiam).

NTH =S MEHESRMALESEEREKN
Fe-C A& K, A AR XS P FIRAS (& & EAT RS 4l XRD
M E 8 Frn). HEIHRIT LAY, BEHESEE8K
T Cu B (111) ¢, fiT i Vg 22 41, bee 4544 a-Fe AH(110) e
TSI M AFAE, A (110),.pe AT 5 06 98 B2 AR W AIG, X U0
HH 52 A A 4 70 3 [ 0 R v AR N (34> Fe-C AHZSHR
fcc 45 M1 y-Fe 1] bee 251 a-Fe 78 . IR AE A
BRI 80%)E, B T ATHIGEH — R EAR
B A, (110) .pe AT T V65 BE B I A0 o )5 2 TR
AR FEREGEN yp-Fe M a-Fe FIFTHTE. SCk
[24~26]7EW T Cu-Fe &M AT NI, KILEES &
& ROHT 1 p-Fe RLT %2 BN SR A
y-Fe—a-Fe A, Kk, BH B T2 LLHE K
Cu-Fe-C EM AL N y-Fe—a-Fe #FEAE, Likthfg
] R A T FR A i A 7290 (3 — p A 4 0 — 2 R a4
FIRAE N LA 8T) o 578 J5 BRL 6 18 b T 1 IR A4 25 44
W&/ bee 5 MY 220 & AR P AR R DTk . X
I F Fe-C AH 1) 45 44 % AR e 1 Sk 1 458 B Cu-Fe-C &
HH A 4 1A A BE AT N AR TR e 2 V) SE AT AT Y .



* 2692 -

Wit @M RS TR

46 %

(111)Cu - - - As-cast
N —— Cold rolling 80%

Intensity/a.u.

201()

8 HrfY Cu-Fe-C EAH & G55 80%4 FLASI (11 XRD 1%
Fig.8 XRD patterns of as-cast and cold rolled Cu-Fe-C alloy
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BSOS A A S 5R N Fe-C A ZE M (15 B vT
W, ISR S SRR N I Fe-C AW LA LT LAR 4
y-Fe—a-Fe A, ik, EMEELETIHESHA
FLAS I A4 5 P JOREAH 18] 1) B R AR AT N — 8 AR AE
BMKZER. B9 RHTHEEM Cu A& T AR
B TREN J-N A 2k . AT LG 1, I8 EE
S0 FEAK, WG A R w1 AR ALY 80%)5
G e R T R, (R A G B BRI (4 )
REUIER 1 FoR). B G E b T8 A0 BA B s rn
THEEHE % (n=0.3628), HowmTHLAR 4l Cu 1yin LAgfL
5 H(n=0.358% 451y 3 — e B A A i 5 AT S
ARG v 5L 309% I A FE PRl & A= BTG . il
72055 LE P AR S EAR & & 00 AR Ry -RiAR 2k, o]
DU I AH & 4o b T AN RDIR 25 I Fe i A AR T AT iy [F)
R KER . BEEME ST Cu AH fec 4514
(1) y-Fe 5 FE ¥ 3K, A7 4 3 2 A B8 AH X B8 5 i3 AT
BT LAZOIR 2 & 4 i IR o P A, B i B o 1978 o (1 38
I, ALES AN G, R RN, R R - R AR
LRI R R 25 0B 7 B AR 51 38 0 4k 2 1
Be EZXTT 80% A LA G4, BT H IRk A H %
fECERE, K E g A 7 BB KR A
ATRESEEL, AT DAMLE R s s . S — 7T,
TAEUBRFEKR T y-Feoa-Fe MEAR, BEAEG4HE
RN KRB N BT 2T 3 fE — H 5 bee 45141 o-Fe
FHIE, 4 78 LA kA JE R T AH B 8 T A B
Ko MNTIT S A5 8L g - AR i 2 2 0 i A B 7 F BRI 52
(Wi 9 FizR).

K10 R H TS SR EL 80% & & &R AR
J& () SEM Wt 18 o B AT DA B &L Cu-Fe-C & AH
G T AFERE N ZBIAT WK E R X T
ARG S, (KRN O LA A KRS AR i

~~~~~~~ Cold rolling 80%
— As-cast
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9 ANEPRZAHT A Cu-Fe-C ARG Y LHER 77 -8 iHh 2k
Fig.9 Stress-strain curves of Cu-Fe-C alloy under different

conditions

#£1 AERESHE Cu-Fe-C EHEEMNEMEE
Table 1 Mechanical properties of Cu-Fe-C alloy in different

conditions
Condition n Elongation/% oo.2/MPa ¢,/MPa
As-cast 0.3628 39.3 1242 309.2

Cold rolling 80%  0.0691 10.8

n=strain hardening exponent

458.62  483.6

) e (A 10a frox), HRSF@ KT Fe-C #H RS
2 JR ORI DUE B T kA4 4 35 50 43 A I BR )
2N, BOKZE Fe-C ARTEWI 245 0t B0 T #2490 & (n
Bl 10b fioR). BEEATER (R R S Cu Bk L Th 45 &
R U7 Fe-C At AR A2 B E MM X FE &l T
FAR N 73 AT K Fe-C AHKRL ¥~ KRB 73 4L T fee 45, H
HAER B, SAHESETR MR, W5 h
A i) Fe-C AR T AT UL Cu Bk — it kAWML H
. B, W5 Cu-Fe-C EM &4 NI Fe-C M
5 Cu HEAR AT R I H AR 5 U AL AT A

HREXNTAHLSEMES, HTAHLTEAERT
y-Fe—a-Fe H#AF, f#153 Cu IR 445 1) Fe-C M5%
FEW RN, 0 Cu AR B b0 A Ak [ R 15 5
KNG TE o PRI, W05 378 LA 52 AR & 4 16 iz e 7
R BN 2 (B 10 fin). xRk fi 5 Fe-C
RLF (1 DS 3R AT O P BLR B, BSR40 AT A UK 2%
Fe-C AHALT (19 X 3t HE I 7 AH RE O 89 &, FL 3
[FRE o> A0 A7 5 2 (/B (W Bl 10d foR), {H 2 K
8RS/ TR SSRGS NIRYE R~ (&l 10b
FiR), HEARS5HIUE Fe-C Mk FRAFH Y. X F 22
T Fe-C AHKLF K AE M AL J5 5 HAR VR AR B A At
S EFES

Bl 11 2] TS S MR LS E M A S h b
AR, ] R RO BB BRI R T AR OK 4
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B 10 AFEMRZAHE Cu-Fe-C B A& & i O A5
Fig.10 Tensile fracture morphologies of Cu-Fe-C alloy in different conditions: (a, b) as-cast state, (c, d) cold rolling 80%; (a, c) low

magnification, (b, d) high magnification

11 5B Cu-Fe-C B A A e 7EA [FIIR 25 I Ffir fef by A Y

Fig.11 Fracture models of Cu-Fe-C alloy in the different conditions:

(a~c) as-cast state and (a’~c") cold rolling state

Fe-C A, 2L pUIRKLFAREIIKY Fe-C M. HHS
SR B G B AR N 43 A1 1) Fe-C AR R 4> B9 40 T foc 4544
H5 RIS G RAF, 5340 f AR % 1 fe i i,
BT LA Fe-C RLFBg T IERL M fE sp b K 2 4, ik 2>
TR A 2 Ja 2 82k A — 8 B AR T 7= AR K &
BRI (1 11a~11c FiR) AR M EMEG &4
AR 2 JG, Cu HeMr 47 — @ in LAk, 1 A
Fe-C Al H T R A4 7 MU A TRgfk, HomfE & k4
BORMERE BT, Kk, Cu FEKAN Fe-C MY &5 R~
VR FE B SR8/, 17 HLAFAE Fe-C AR B X 34 7 )5 7% B4
TR R AR EISBS &SR EE T
KA R A B B 28/ (W B 11a'~11¢ i)

3 4 i

1R P 0225 8 MR AR B T 1] 5 925 T LA A 6 Y 2L 20
L5 B Cu-Fe-C B &, & Ei kNI

B (2~3 um)Fl 100 nm A4 B AR EE 2 Fe-C
FHRL s IXRERL - (1) 35 50 43 AT 2 B gk [ 5 T #E 4% 3 %2
V BB L Vo<V<Vy, ARAHLLTT &, FWOK Fe-C KL
0T L P IS 23 R /N T AN K ) Fe-C R (13 26
TaH

2) T RERITE Fe £ Cu FaA& K %A A [ R
~F Fe-C MIIIARLE, ISR E MG & B A Bm i L
162 (n=0.3628), M3 S G 4R %50 30%I fifl fiZ
RAERMEE BT, B BmALERE, 26
HH G 4 1R A8 8 184 o T 3 PG

3) ¥ Cu-Fe-C HHEEHSA 80%AFLALIY 5]
PLiF R E A& &R NI Fe-C MR p-Fe—a-Fe Ml
A, A FIHIX —AMAE R T Cu-Fe-C A&
& 5 R AR T R

4 BARIE SR LA Cu-Fe-C EMEG & AR
BT bR AR AR (R ARG 5, Fe-C AHAL T fec
SERIIS I KE 85 8 A ST R B AR AT N
AR S AR I AR A A 4 10 2 S3E Ak DA R A T 1T 35
Pt 7% KA S AR AT R Y R e
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Development and Deformation Behavior of Advanced Cu-Fe-C Alloy
with Dual-Phase Microstructure

Wang Fei, Guo Mingxing, Yi Long
(State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: An advanced Cu-Fe-C alloy with dual-phase structure was prepared by combining vacuum melting and rapid solidification. The
microstructure evolution and deformation behavior of the alloy in the as-cast and rolled states were studied by OM, SEM, TEM and XRD
characterization, and mechanical property measurements. The results show that when the moving speed of freezing interface satisfies the
relationship of V.<V<V,, both micro-scale and nano-scale Fe-C particles are uniformly distributed in the alloy matrix, but the range between V.
and V, for micro-scale particles is much narrower than that of nano-scale particles. Due to the solution of Fe in the Cu matrix and the existence
of Fe-C particles with different sizes, the Cu-Fe-C alloy in the as-cast state possesses a much higher work hardening exponent (n=0.3628). The
phase transformation of Fe-C particles from y-Fe to a-Fe can be induced by cold rolling 80%, which can be greatly used to control and
optimize the strength and deformation performance of Cu-Fe-C alloy. Although the deformability of Cu-Fe-C alloy in both the as-cast and
rolled states is good, compared with the cold rolled state, the alloy in the as-cast state possesses a much better coordinative deformation
performance owing to the fcc structure of Fe-C phases in this state. Additionally, according to the microstructure evolution and tensile fracture
morphologies of Cu-Fe-C alloy with a dual-phase structure, the coordinative deformation and fracture models were put forward.

Key words: Cu-Fe-C alloy; Fe-C phase; phase transformation; deformation behavior; modeling
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