Total 198
No.2 2026

/o T A

COPPER ENGINEERING

R 1983
2026 4747 2 1)

Mg B I3F C19400 & & R RE L F0 ) F 1 BE R 220

FE, FMRA, X &L, BF&, xIRE, X

%, K R, EKHE, HRME

(7 W7 9L & FT AR AT IR A B, 3T 8 #1 % 453000)

E: ASCEAENTTE Mg ILRERT C19400 5 4 R AWERES J1sAMERERIRANA , S PR SR bR dIs . At SRATAAIE T 24 1A TR Mg 7
Y C19400 54, HEB XA Mg 3 it S AT B HAC BN T, JFHIHAT & S7ER RN TARZES T RO . JiArine . i, kit

3

T PERE . 25T Mg MM AREIN A 4 rh 8 ZARROBT I, AN A/ Nk ZEAHRDE AR AN IR, A5 4 B TR0 2 A e B2 B Mg 7
SN ; & Mg 1) C19400 5 & T s R AR AL RE AR, HARMLIR EE TR 3 490 °C; HIRIEEET, & Mgl C19400 A& TS 1 RE s ) .

KR C19400 545 Mg; J12-1ERE; mildxtl; Irsthae
doi: 10.3969/j.issn.1009-3842.2026.02.003

FESES: TG146.1°1 CERFRIRED: A XEHS: 1009-3842(2026)02-0020-07

C19400 & 42 2 23K N FH T 51 ZHE 42 1) 4
HAMEE, e E M F T 1970 458 & a2, i
WERR [ GRS T8 & 45 | R HEZLA B &
PO A SE T CuFe-P RA 4, Ho RN
R BT REE | SRR, B T AR R,
PEMY EERT, FEARAS IR . HL TR 4 ol s S A ek 3R
BN, Fe£E Cu H AV B (B 20400 58
i, 7E 635 CHAI3%0.15%, 7F 1050 “CH ]34 3.5%,
Fe LR IR AL BB AN AL b br, 34 BB 4E 2% P45
IR, TSGR G A 2R RE, RS E SRR
] ) LM R A (R(EAR DG 5 1T PAE Cu B
b B i A R, RN 1.75%, TE= R T IL
R0, ZICEAFTERERT IE Fe FALTE B 2% 1 4
W, JEOCET A AAGR, IR REEE R b A
C19400 A 4 19 2 f 4 2 2 2L o-Cu SRR FIHT Hi AH
(a-Fe, y-Fe, Fe,P, Fe,P25"") 2H A .

Bl R AW R R, SR 155 AT
T K PR B AL Z AL i s i, XTI
FHAERE B BG4 | R RN 32 1 0 a4 HE T O e
K, WEnm ., =S AR R S B A AR
. BT, B8N T T A 4 R C19400 5 4 H T
TR A% SEFRE 2 W EHE AR, PRRES A R,
B4 r= sl Ay, B, Ao%sit—201k
C19400 5 & MLE A PERE .

KFEHE: 2025-08-20; 1&iTHHA: 2025-12-16

ANV SIS o = 4 K/ e SR i | G VA 2
WEERAE A PR AR . Hod, A et BE
DAL T i s i T R R eI 1658, B T
ARTT R 0 i it R R AT R AR AR A . X T4
BT, TE Ca AR EI Mg, Mn, Ni, Si, Co,
Te Ml Ag %A & biE, IxT A e E Sk r
GRREE], T AU A 4 AR AR R AT R,
3G sE L Ty 2E e RE . TS MR b fb e
Hr, MgfEA—FMIRIA A 40, HA R
Tl R P TR AN AT AR R Cu-Fe
RESA R P RO A S e E e Y, IEAT
T Co JEAR Y P45 i, BRAK Fe M PR BN B, 410
FRATT (R Fe A, o Fe AH 43 A SN 3450, 26117 2 55
B AW I IERER R ALIRE . MR Mg
N ] Cu-30Fe £ 4 Ji IR 5 )3 32 785 40% 5 Al
Cu-6.5Fe-0.3Mg 5 4 1Y JiE IR . Brhiam g ik
R I B F 635 MPa, 704 MPa, 5.1% Fll
60.2%IACS™"; Al 44k Cu-Ni-Fe-P 45 1 ftokb KT il
(Ni, Fe),PHritiAH"™, iHER & 4 HaRE. SR,
KT Mg ICE TR INAT C19400 4 4x 2H 2RI RE 2 M 1Y)
WFEL

AW LIAHTR T 208 T AN TR Mg 7 1) C19400
B4, MEI TEMERINT T T, Mgt
FIUS AT C19400 & 4 AR 2L, J12ERe . SR,

EERN: #IUE1974—), 5, WEGH £ N, 21, TR, FF55 1 : BESEINT., E-mail: 1486422960@qq.com; M{FIEH : BK4,

TR, E-mail: kmdyfzx2024@126.com
20



FTIUEEE Mg IIASHIRT C19400 &4 WAMEH R AN S PR BE AT FE

2026 4F55 2 4]

AL BRI B PERER S L, O e 2 Tk Ak A=
PSR TERERI LR AL T 2%

T C19400 8 5 4 19 Tl Ak A= 7= T2 2 B
ELFRAVA NS S UCs o 7id e 7 U ks s T e RO 2 R
KRB H BRI, A S 7
2P 4 2 5 3 i 45 K [R] Mg J5 2 43 41000, 0.2%,
0.24%, 0.29%, 0.38%, 0.46%, 0.65%) FJ C19400
Pk, JXHEEEI T LT T A0 VIBReE5E k2
IEFTEE SR BRI ; 78 TR IR LR R — B B[]
(950 °C x5 h); AELBNHEE R JG I, DB IR
FE43 A TTB 1E AR 2K s B I 2 SR T 14 4
LBz, Dl S A A J5 200 T ot b kL 3% 1
T BBt B R K B 1 S R Y L B A AR
FERELARME LATE 22 (T8 A8 FAAE B T2 0 T A [) 5
&, HrP AR Mg & 5548 B9 T 20 AR

GEMFER 38T . SR ARL4460 K AL EL 3
AL AT AT

i 4 214 Mro 2K F Nikon ECLIPSE MA200
A W RUBE(OM) X RE b T 2 2Lk AT g8, ik
FEfl o el AN RRLAR SiCRPACRT H AR 29 50 nm
(9 ALO, BT W LA TR] — 07 [l WIS Al O, L B4
T8 BB DG B Z 5 195 ml C,H,OH+5 ml
HCI+5 g FeClL MR AL R T 10~15 s RIS ST
Z eI HET

P 12 A RE IR . AR GB/T 228.1—2021, 7F
Zwick/Roell MBHALHHL (55 7 (35 4 0~100 kN)
AT, R AR LU A S5 5LE T R (GW) F

20 um

—_—

A7 AR 8 2o o o T AR, A A 75 mm ., 58
JE912.5 mmo FESEATRLMEGHT, XbalRE R b
NG AT T AL B

S SR EE ARG L AE Zwick/Roell 4 FC R FE ()
T 0.2~30 kgf) FHEATIN, BC10 YUY F-24)
HAERZE SR

HL 5 R 2, R HISIGMATEST 2.069 Hi &
R A AT I, % A A I Y O 1%~
112%IACS, MHEHEEE A £0.5%.

PR AL REI . ARHE GB/T 33370—2016
PifE, 4 Y ERAGIR BE SR I R b G R RS R
S W) AT FE 11 80% HRF X6 7 R SR o

P v A Il e BROL 4 ) 2 oty 3k 3 AL
WDW-S5 FXFAE AT, e ST 25 A0 A i
RIMEAHANE P PERE

2 HREW®

2.1 MAR

Xt Mg Fl JC Mg 1 #% 25 C19400 45 4 3 FE 43
AT WU S, S5 SR An 1T R, A,
C19400 % 4= 1 b AR A 20 2l Cu FER AR (4 €5 1)
B b AR AL A, o I8 Mg A 4 AT H A RS T
PR, BORHF Mg 5 P AYSEAH EAEHREM ] Fe,P
BB AR, R BUR 0 A0 1 Mg, P UkE, 34
ST R BT FLARORE s AT R AR SR AL 5 LR
RRILRIERTT , & Mg &4 R RE T vy, HL RS B
AR 2, SR T TR, X531 TR AR
o Mg TG E FINARTAT H A 1T Bk 1) 1 2 E AR
RN, AR AR RS T Mg G R R Il =

500X

B C10400 44 S8 IS (a) B Mg s (b) & Mg 2o
Fig. 1  Microstructure of as-cast C19400 alloy: (a) Mg-free alloy; (b) Mg-containing alloy
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R1 BB C19400 5 & HIMERE
Table 1 Properties of as-cast C19400 alloy

IR ffEE (HV ) 2 IACS
JC Mg 85 +4.24 44.6 +0.37
Mg 94 +3.96 43.9+£0.28
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Table 2 Properties of Mg-free and Mg-containing C19400 alloy specimens after identical solution treatment

Mg 71t OISR /MPa Jit AR /M Pa FEAAR /% BEFE(HV) HLFR/%IACS
Jo Mg 306 142 29.6 84 +£4.01 40.89 £ 0.39
Mg 356 184 359 92 +4.47 39.26 + 0.44

K2 ARFEASFE RIS 194005 B PERE : (a) HUALREEFNGEA; (b) L FR

Fig. 2 Properties of C19400 alloy after aging under different deformation amount : (a) Tensile strength and elongation

(b) Electrical conductivity
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Fig. 3 Properties of rolled C19400 alloy with different Mg contents: (a) Tensile strength; (b) Electrical conductivity and hardness
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Table 3 Properties of C19400 alloy in the aged state with varying Mg content

Mg JiH 5344/ % PP AE /MPa Jef IR B /M Pa FEAfIER /% ffifE (HV) LR /%IACS
0 495 478 4.3 146 +2.02 71.53 +0.54
0.46 524 502 4.2 151+ 1.86 70.16 + 0.56
0.65 530 513 155+2.17 68.74 +0.37
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Fig. 4  Softening resistance curves of C19400 alloy at different

temperatures for the same duration
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Effect of Mg Addition on Microstructure and Mechanical Properties of C19400
Alloy

MENG Fanjian, LI Linjie, LIU Aikui, DONG Xuemao, LIU Zhaoyang, LIU Yan, ZHANG Ying, LU Changjian,
GAO Xiaowei

(He'nan KMD Advanced Materials and Technology Co., Ltd., Xinxiang 453000, China)

Abstract: This study aims to investigate the influence of Mg addition on the microstructure and properties of C19400 alloy, providing a
potential approach for performance enhancement. To this end, C19400 alloys with varying Mg contents were fabricated under identical
processing conditions, and then the alloys with different Mg contents were processed by thermomechanical treatment. Microstructure,
mechanical properties, electrical conductivity, softening temperature, and bending performance of the alloys in different processing
states were examined. Results revealed that Mg addition suppressed the precipitation of secondary phase, leading to a finer and more
homogeneous dispersion. Under the same deformation and heat treatment conditions, tensile strength and hardness of the alloys increased
with Mg content. Moreover, Mg-containing C19400 alloys exhibited superior high-temperature softening resistance, with the softening
temperature reaching 490 ‘C. Bending performance of Mg-containing C19400 alloys was significantly improved compared with the Mg-free
alloys with the same thickness.

Key words: C19400 alloy; Mg; mechanical property; high temperature softening resistance; bending property
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