531 B 6 M rERERERFR

Volume 31 Number 6 The Chinese Journal of Nonferrous Metals

2021 4F 6 H
June 2021

DOI: 10.11817/j.ysxb.1004.0609.2021-39798

Ni\ Si JTE%} Cu-Fe &%
AL NF R F2 N0

HWmE, B, waEF, FEXR
(CREF TR MEREES TR, KE 116024)

& E: MR EME. TR BT BB X AT B LI SRR 7T Ny Si
JCEX Cu-20Fe(JAE T EL, %) & & MM K IR m .. S5 5K ¥n Ni 1 Si JE 5 Cu-20Fe
G &t o-Fe B AR A RIHAAT N . 104, HTAEICRE KR INAETS p-Fe F1E 4T H A 2 4] (1) 52 e
N, ONTIAEAS & 4RAT AR TE SR A2 B354k, RIERIE BRI H AR NS T . BT RIBING&&0&= M =0

HEME, BMaELRZ)E, LHTE SR RN BTSSR .

2 T < ) T Al 5 L AT i R 23

59 304 MPa 1 16%. 8 BRGTHERISEIGI0AIE, € & <5 0 32 SR AL D A s A AT H sk o

REIA: WAL R Frififgs SRALE
MEHRS: 1004-0609(2021)-06-1485-09

hESES: TF11.31

NaEktrEE: A

SITig=: WS, B, dhEr, 55 Niv SijoEX Cu-Fe &4 R ) # M Re i semi[)]. o EA
408 24, 2021, 31(6): 1485-1493. DOI: 10.11817/j.ysxb.1004.0609.2021-39798
YUE Shi-peng, JIE Jin-chuan, QU Jian-ping, et al. Effect of Ni and Si on microstructure and mechanical properties

of Cu-Fe alloy[J]. The Chinese Journal of Nonferrous Metals, 2021, 31(6):

10.11817/j.ysxb.1004.0609.2021-39798

1485—-1493. DOIL:

LR, BT AR 3 R A 5 A AR s
B AW () s AN Ly 1) S i e, RS2 BRI AN
G2 eyl ™Y, 3 R P A v ek e A £
H 422 i 25 1 51 2R HE B2 DL R AR D v i i 3 v ik v
SR B E AL, 6 LR A B
FLB) iz B 2 SR A 2 A AR S Cu-Ag &
Cu-Nb £ Cu-Fe %, Hrh, Cu-Ag &M Cu-Nb
FAHEL Cu-Fe &1 5 fEESmIME S, B Ag. Nb
FYET &R, HBURES: 1MH Nb M SR
o IXIBIPRE] T IZIEMRIE Tl 254 R B R HIABE |
%o M, XT Cu-Fe RifiF, HEALUTHAME
#: 1) Fe fEME R I EBONF S, BIULHM IR
EE; 2) Fe MG UK, il T2 L. (H
f& Cu-Fe RMWAFAER N ZE IS, B BEIRIE =R
™ Cu 5 Fe 2z [H] ¥ AH L[ VA B 2 AR /NP, AE2 i
T Fe 7£ Cu [P [l FE AR e i, ELARIHR T AT

A R ENE . B, MHERT Cu-Ag HA
Cu-Nb REAMEEMENE, Cu-Fe R FHRE
FZEIK. AP AL PRV RS BT I sy
ML, FrLE kN 7L Cu-Fe R I5REEFI
FRIFERIT AT~ A AL B EE A L& 4
AL R S . SONG P IF 78 T 45 =41 7€ Cr. Ag.
Co Xf B4 Cu-Fe Ji A0 &G MR IRV RE R 5200,
S5REW], Ag JE AN E BRE s[RI SCaRAk 1A
FeAfk, 11 Cr. Co &FJEF Mgl 7 & 2httdih, HAH
BT Cry Co%yuEK, Ag KRR 25 Cu-Fe &
JE AL AR R A G, it sl i — b
R AL T Ag R X Cu-Fe &4 H
SHKEm, GRRW Fe [R5 Ag R PRSI
e S e R R . IR T Ag e BN
Cu/Fe FHHIEIEA M5, 45 RKWIFEE Ag TR &
30 Cu/Fe [A] S HE TR A 25 DN, 7871y

E@WH: EXREAHIERBINTH(2018YFE0306103); T+ i KR £ 15i(2018B10030)

s HEA: 2021-10-10; 1&iTHHA: 2021-12-03

BIEEE: Be)l, BI%FE, Wt Bk 15941130325; E-mail: jicjc@dlut.edu.cn



1486 hEA O RYR

2021 46 A

iR T Ag JLEST Fe B IANLAUR

ISR AR A AT e s PR RE B, ST A
KT 2 R AT R Y AT H AR R S £ 5
WEFC AN WARIE . (A, ABFFUEIL A Cu-Fe &
SN NS Si TEEOR AR H R & & A2 75
PERE. FriEicRET LRI %S &E: 1) &
AT TERY, AR AL AR 58 AT DL TR
IR, BIE SRR 55 B IO T S AR A £F
Y AT Y 5 S AR R 7 B K2 A AN 514X
A AE ST 21 i 3 9 A ) P S8 L AR B o R &
FOBESREZ RSN, AR AT TEIZ S [F AR 70 K
A 5 BN S ARLR AN . 2) i i)
Ni. Si oz w] IAEARIR I R K, DIk, b
FARH) HL 23 21 R AR5 -

1 SEe

SIS ) CugoFeay Ml CussFeyoNigSiy (i & 47
B, %)RFH AR (99.95%) TML4l4k(99.7%)-
FEL AR R AR (99.95%) LA FL 16 4 SR FE (99.7%) 4 HR 44 X
AT BT 5 BT RBACHIH R N 3, SR B A N
PR AL R AL SR R B N AT, R
A JE B J A L B PR T v A2(1900+20) K FEARIE S
min, AR5 G EREEHE R RSN EAT 45 mm X 150
mm [ [ET A SR, 76 S5 T 2R A5 .

N5 B 0 A 7] w5 5 P A A8 T R o 350 5 R
1 SR A XRF-1800 Y X 528 5 Yo il 43 T G 47
RSy i, A RWE 1 s, ARG H&
BEL s, SR 5 g =&k, 5 mL EhERAT 95
mL Jo7K Z P EC i R AT A . SR B
MREHT GX51 822 BT 1 JEOL JEM—2100F 7Y
R BB R E AN RS . R
EPMA-1600 7 H-FHREF 0 Hilb 47 6 R 0 Hr. KA

" PILLRE S 44 SR R R
Table 1 Nominal and measured chemical compositions of

both samples

Mass fraction/%

As-cast alloy

Fe Ni Si Cu
CUgoFezo 19.974 - - Bal.
CuysFeyNiySi; 19.704  3.961 0.945 Bal.

EMPYREAN1600 % X S £ A7 5O AN A & 4 1A
YR AT A0 AT, HAAR A BE Dy 20°~100°, FHH#E R
9 4 (°)/min. SIS AE MTS-CMT 5205 HLH
F RN BT, hfE AN 0.5 mm/min. &
YRR 3 ANPAT (1 S B0 Af A Jo O35
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Fig. 1 Solidification macrostructures of as-cast Cu-Fe alloy
with different compositions: (a) CuggFe,; (b) CussFeyoNigSiy
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E2 ZiuhHE4E EPMA 5T

W8 Fig. 2 EPMA analysis of multicomponent
3 alloy: (a) Backscattered electron image; (b) Cu

element mapping distribution; (c¢) Fe element
mapping distribution; (d) Ni element mapping

y distribution; (E) Si element mapping

distribution
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Table 2 Chemical composition of copper matrix and a-Fe
Mass fraction/%
As-cast alloy Phase
Cu Fe Ni Si
Copper matrix 97.91 2.09 - -
CUgoFezo .
Fe-rich phase 13.03 86.97 - -
o Copper matrix 92.52 4.70 2.05 0.73
CU75F620N14SII .
Fe-rich phase 13.05 78.31 6.92 1.73
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Fig.3 XRD patterns of alloys with different compositions
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Table 3 Interplanar distance of copper matrix and a-Fe dendrite for both samples

Interplanar distance/A

As-cast alloy
Copper matrix

o-Fe dendrite

CugoFey 2.0872 1.8075 1.2781 2.0229 1.4304 1.1679
CuysFesNi,Si; 2.0860 1.8065 1.2774 2.0267 1.4331 1.1701
Interplanar (111) (200) (220) (110) (200) @11)
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Fig. 4 TEM bright field image(a), HAADF(b) of a-Fe and corresponding element mapping distribution of Cu(c), Fe(d) and

EDS patterns(e) in as-cast binary alloy
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Fig. 5 TEM bright field image(a), HAADF(b) of FCC Cu particles and corresponding element mapping distribution of Cu(c),
Fe(d), Ni(e), Si(f) and EDS patterns(g) in as-cast multi-constituent alloy
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Fig. 7 Engineering stress—strain curves of alloys with

different compositions at room temperature
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Table 4 Ultimate tensile strength, yield strength and total

elongation of both sample

AHOy O'UTs/MPa Uo_z/MPa &l%
CugoFey 318+6 207+5 11.69+0.31
CuysFe;NiySi, 436+2 30443 16.43+0.78

N T 3255 HT Ni. Si JGE X 70 Cu-Fe &4
IsRAAE T, MRHE A IR B A B0 %A SR AL AL
95 T A S T R ISR TTRR A T TR X
TE&HBERIFAIWHESE 2 RICEEER
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Table 5 Misfit parameters for copper alloys

Alloy & &
Cu-Si +0.020 —-0.76
Cu-Ni —0.031 +0.48
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Effect of Ni and Si on microstructure and
mechanical properties of Cu-Fe alloy

YUE Shi-peng, JIE Jin-chuan, QU Jian-ping, LI Ting-ju

(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: The effects of Ni and Si elements on the microstructure and mechanical properties of Cu-20Fe (mass
fraction, %) alloy were studied by optical microscope, electron probe analysis, transmission electron microscope,
X-ray diffractometer and tensile experiment. The results show that the addition of Ni and Si elements leads to
obvious coarsening behavior of the a-Fe dendrites in the Cu-20Fe alloy. In addition, due to the addition of alloying
elements, the interface energy between y-Fe and the copper-rich precipitation phase is reduced, so that the
morphology of the copper-rich precipitation phase has undergone a significant change, that is, it changes from a
nearly spherical shape to a cube. Compared with the binary alloy without adding alloying elements, the strength
and plasticity of the multi-component alloy are improved after the addition of alloying elements. The yield strength
and elongation of the multi-component alloy are 304MPa and 16%, respectively. Through theoretical calculation
and experimental verification, it is determined that the main strengthening mechanism of the alloy is solid solution
strengthening and precipitation strengthening.
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