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Abstract: In response to the current technical problem of balancing electrical conductivity, mechanical properties, cost and
die-casting fluidity of cast aluminum alloys, a novel Al-Fe alloy was investigated with gradient Fe contents to maximize
mechanical properties while maintaining a high electrical conductivity. The microstructure, high-temperature stability and
different heat treatment processes were also examined. The results suggest that Al-(0.25%~3.0%)Fe-0.02%B(mass fraction)
alloys exhibit good casting fluidity. Adding Fe could significantly improve the mechanical properties but slightly lower the
electrical conductivity, as the strength increases by 130%, but the electrical conductivity decreases by 17% when the Fe
content varies from 0.25% to 3.0% . The electrical conductivity and mechanical strength both slightly decrease in a
high-temperature environment with decent stability. Aging treatment slightly improves both the electrical conductivity and
strength by approximately 1.4%IACS and 7 MPa, respectively. The Al-Fe alloy should be a promising candidate for a high
conductivity, middle strength, low-cost die-casting material.
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ALK AE Al-Fe Z &2 NA 0.02%B J7TE,
9% Fe & X Al-wFe-0.02B & & TEREAY SR, 7E
0.25%~3.0%X [a1 5 & 7 4~ Fe M #0E, RAE
25 7KV i) T S0 R I A M o 4 R v R A A e
R EE%EE, KA EEOEE{ SPECTRO MAXX07
ML B 43 Fe JU 3 24 S8 S Sl & i3k 1
TN o R PR M 4 AR R ) 48 77 06 X U 3R ET R A T 4T
JESEIE i, FH Olympus DSXS10 4 A1 2 3 55 W 2%
OGRS &0 WA, B R R EE I 3 A
SEATIREE 2R Sigma2008A 5 H FIMH A 2 18 B
TR R HVS200701 £ 2 4 B Al 1) A
i S RE AR 1o 1N 4EHE 15 s e @ ), O ¥E
ERNRAEUE, RH1%h 160 T YL 1124 brife
PR (] 1), %5 K 1 70~80 MPa, 45 1 1 4
700~720 C, 5 A 2~3 m/s, BEAAS s 3
R Al-xFe-0.02B & # i # T CMT5105 7 Gg ik 45 AL
HEATRLARI G, HL AR 22 2 mm/min, 3K 45 S
XA,

#F 1 Al-xFe-0.02B &£ Fe TEZ X SERLNEE
Tab.1 Nominal and measured Fe content of the
Al-xFe-0.02B alloys
(mass fraction/%)

No. 1# 24 3# 44 S5# o# T#
Nominal 0.25 0.5 1 1.5 2 2.5 3
Measured 0.277 0478 0957 145 196 247 2091
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HB LA B AH A T A A Sl W R 5 S 1#~T#
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0.25%HF , 78 W B~ JL-F- S AS 2] Al-Fe H 8] 4 (1)
FELE MEET A 4 @ T I 2 5 1 6107 000 20 214
a-Al HIAD R 914 AlFe 41, Fe & BRI E 1.5%
I, & 4L Fe i 3k 5 a0 A0 1.8% 18 vl LI i
LI ) 65 G 4 BRI 3 5 4 A Al K R B IR ALFe
tH, KEZHN 5~15 pm, BEE Fe & makZaifim s
3.0%, et Tl IR AS  AlFe B K/ 4K
FRARAEAFA R, KB HE— D1 & 15~25 pm, H 2L
AL 2 L2 ILE, WIR Fe & R4k Lt K K& 1E
B & LR p I 2] AlFe AH 19 Az g2,
22 BHEREE

K3 AABCEBE 7 515 2R A Fe & it &
SRR TR A E 3 iR, Fe &ifE
0.25%~0.5%Z a1, 4T i R 5 4E A0 Y  Fe & &
BN G o R T 24 Fe & XA 0.5%~3.0%
BF, & 4 T o R TR, (0 3.0%HHK SR e by
B S H R 50%IACS; Y Fe &4 0.25%
~3.00% 0}, B B 5 Fe & & 2 IFE A ¢, Fe & #>1%
BF B R S BT ARl AL RS8N 3.0%0Y Fe, B ]
BT 1565,

ALFe HH BT H R S5 A0 A8 fiff S H R R B R

Bl 1 S8 e 1 (a) IR TR A5 B R (b) IE#5 R, () 10K R

Fig.1 Experimental sample images: (a) test bar die, (b) die-casted test bars, (c) test bar size
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[ 2 Al-xFe-0.02B J& 8 4 M 4121 . (a) 0.25%, (b) 0.5%, () 1.0%, (d) 1.5%, (e) 2.0%, (f) 2.5%, (g) 3.0%
Fig.2 Microstructure of die-casted Al-xFe-0.02B alloys: (a) 0.25%, (b) 0.5%, (c) 1.0%, (d) 1.5%, (e) 2.0%, (f) 2.5%, (g) 3.0%

3 Al-wFe-0.02B F 55 {14 11 5 e, 48 K fl
Fig.3 Electrical conductivity and hardness and of die-casted
Al-xFe-0.02B alloys
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Fig.4 Tensile properties of die-casted Al-xFe-0.02B alloys
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Fig.5 High temperature properties of 6#& 7# die-casted specimens: (a) electrical conductivity-temperature curve, (b) tensile
strength-temperature curve

K 6 FALLTRXT 6# T# T P11 RE A 521« (a) 3t L - s8] BE i 2k, (b) o i B — i A o 3 it 2
Fig.6 The effect of heat treatment on the properties of 6# & 7# die-casted specimens: (a) electrical conductivity-heat treatment
condition curve, (b) tensile strength-heat treatment condition curve



(EEIE A )12/2023

HERZA,% Fe R8B3 Al-Fe EHAE & SR ERIMIE LN

-1143.

Q)TERIR O T Al-Fe &4 4 1Y HL R HI0R JiE

TEEARW R, SRR B 0 R AR E PR RE . X
Al-Fe & & 4 #E17 150 180°CHIAL 1.2 3 h JFa ¥
FE R, 0T VR TR S R

S % 30k
(1] Hemedy sk, IR %, %5 RmHEe & MRS M Stk r

[10]

BRI HE )], s £ A 2023, 44(6): 537-552.

BI X Q, ZHANG S, XU Q, et al. Research progress on the method
of improving conductivity for aluminum alloy and aluminum ma-
trix composites[J]. Foundry Technology, 2023, 44(6): 537-552.
WANG L, MAKHLOUF M, APELIAN D. Aluminium die casting
alloys: Alloy composition, microstructure, and properties-perfor
mance relationships[J]. International Materials Reviews, 1995, 40
(6): 221-238.

K, VR ROBK 5K/ A TR e R B B R R TR S S A
RSB (9 B [T]. 53 B 2022, 43(4): 290-294.

XUE B, XU Z B, ZHANG X Y, et al. Application of lightweight
precision casting technology in aerospace key components [J].
Foundry Technology, 2022, 43(4): 290-294.

LIY X, HU A, FU Y T, et al. Al alloys and casting processes for
induction motor applications in battery-powered electric vehicles:
A review[J]. Metals, 2022, 12(2): 216.

BYBERE  ZRH KA RS R B = OM]. B B ERS
i R R, 2010.

HU G X, CAI X, RONG Y H. Fundamentals of materials science
(3rd edition)[M]. Shanghai: Shanghai Jiao Tong University Press,
2010.

ROSSITER P L. The electrical resistivity of metals and alloys[M].
Cambridge: Cambridge University Press, 1987.

ZOU C, ZHONG G, QIU C, et al. Microstructure characterization
and properties of cast Al-Si-Fe-Zn alloys with high thermal
conductivity [M]//CHESONIS C. The Minerals, Metals & Materi-
als Series: Light Metals 2019. Cham: Springer, 2019: 487-492.
WANG Y, ZHU L J, NIU G D, et al. Conductive Al alloys: The
contradiction between strength and electrical conductivity [J]. Ad-
vanced Engineering Materials, 2021, 23(5): 2001249.
CUBERO-SESIN J M, ARITA M, HORITA Z. High strength and
electrical conductivity of Al-Fe alloys produced by synergistic
combination of high-pressure torsion and aging[J]. Advanced En-
gineering Materials, 2015, 17(12): 1792-1803.

PALANIVEL S, KUEHMANN C, STUCKI J R, et al. Aluminum
alloys for die casting: U.S. Patent Application, 17/264,537[P].
2021-9-23.

[11] VANDERSLUIS E, EMADI P, ANDILAB B, et al. The role of sili-

con morphology in the electrical conductivity and mechanical

properties of as-cast B319 aluminum alloy [J]. Metallurgical and

[12]

Materials Transactions A, 2020, 51: 1874-1886.

HOU J P, LI R, WANG Q, et al. Origin of abnormal strength-elec-
trical conductivity relation for an Al-Fe alloy wire[J]. Materialia,
2019, 7: 100403.

[13] KOTIADIS S, ZIMMER A, ELSAYED A, et al. High electrical and

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

thermal conductivity cast Al-Fe-Mg-Si alloys with Ni addi-
tions[J]. Metallurgical and Materials Transactions A, 2020, 51:
4195-4214.

PV JEHHR A &P A ST R WER- K D] B4 2012 (2):
150, 170.

LIANG T. The function and application of alloy elements in die
casting aluminium alloy[J]. Silicon Valley, 2012(2): 150, 170.

JEA BT B AR AL BT 6101 B4 G B R ALY
M PERE R SZ R[], 25 A N T4 R 2020, 48(4): 42-46.

ZHOU W, MO Y F, SU Z Q, et al. Effect of boronizing on
electrical conductivity of 6101 aluminum alloy extrusion pro-
file[J]. Light Alloy Fabrication Technology, 2020, 48(4): 42-46.
CUI XL, WUY Y, CULHW, et al. The improvement of boron
treatment efficiency and electrical conductivity of AA1070Al
achieved by trace Ti assistant[J]. Journal of Alloys and Compounds,
2018, 735: 62-67.

MBUYA T O, ODERA B O, NG'ANG'A S P. Influence of iron on
castability and properties of aluminium silicon alloys: Literature re-
view[J]. International Journal of Cast Metals Research, 2003, 16
(5): 451-465.

SWEET L, ZHU S M, GAO S X, et al. The effect of iron content on
the iron-containing intermetallic phases in a cast 6060 aluminum
alloy [J]. Metallurgical and Materials Transactions A, 2011, 42:
1737-1749.

B A 5 S Al-Fe Je A 4 HEAURE S GRS [D). 1M AE
BETORA%,2021.

LUO G. Study on microstructure regulation and performance of
Al-Fe based alloys with high thermal conductivity[D]. Guangzhou:
South China University of Technology, 2021.

OKAMOTO H. Phase diagrams for binary alloys[M]. America:
ASM International, 2000.

FEALEE, HREE. $1 45 & S TR = RBOM]. Kb i
K2 A, 2000.

WANG Z T, TIAN R Z. Handbook of aluminum and its processing
(3rd edition)[M]. Changsha: Central South University Press, 2000.
R, BT AL G B0 R I AL HXS AL-7Si-0.8Fe i
A G A ERE R B RISE R[] o A 6 68 24T, 2022,
32(6): 1571-1578.

LI M N, LUO G, DU J. Synergistic effects of alloy elements and
annealing on electrical conductivity and mechanical properties of
Al-7Si-0.8Fe casting aluminum alloy[J]. The Chinese Journal of
Nonferrous Metals, 2022, 32(6): 1571-1578.



