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Abstract: Mn is one of the most common alloying elements in commercial Al alloys, which, however, can signifi-
cantly reduce the electrical conductivity of Al alloys. The Al-7Si-1Fe alloy containing Mn was modified by B and Y
elements to reveal the influences on its electrical conductivity as well as the modification mechanism. The results
indicate that B and Y elements can effectively improve the electrical conductivity of the alloys, where the coarse
slate-like eutectic silicon is transformed into the fine coral-like under the condition of Y. Meanwhile, the long nee-
dle-like Fe-rich phase in the alloy is refined and the solution Si is precipitated in the form of Al,Si, Y. Element B
can promote Mn adsorption onto AlB, to form borides. Under the compound modification of B and Y, Mn and Y
elements are adsorbed by AIB, to generate Al,;, Mn,Y adsorption layer. Moreover, surplus Y element can refine
the eutectic silicon and iron-rich phases, further enhancing the electrical conductivity of the Mn-containing Al-7Si-
1Fe alloys. With the melt holding time prolonging, the thickness of the Al,;Mn,Y adsorption layer is increased.
Modification effect on eutectic Si is weakened due to the Y content reduction in the melt, leading to the significant
decrease of conductivity consequently.
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Fig.1 Effect of B and Y modification on the electrical
conductivity of Al-7Si-1Fe-0.4Mn alloy
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Fig.2 Effects of melt holding time on the electrical conductivity
of Al-7Si-1Fe-0.4Mn alloy modified by 0.2% B and 0.5% Y
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Fig.4 Cooling curves and their first and second order derivatives of Al-7Si-1Fe-0.4Mn alloy before and after modification

by B and Y elements
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Tab.1 The initial nucleation temperature(Ty ), minimum
nucleation temperature( Ty, ) , lowest temperature(T¢) and

lowest undercooling( AT ) of eutectic silicon before and

after modification by B/Y elements

BRTZ Tn/C Twin/C T¢/C ATq/C
AR 576.06 574.17 575.39 1.22
0.3% 1Y 572.28 569.76 570.49 0.73
0.2%M B 575.55 573.74 575.16 1.42
0.2% 1) B+0.5% ) Y 575.07 572.98 573.09 0.11
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Fig.5 SEM images and EDS results of static sedimentation experiments for Al-7Si-1Fe-0.4Mn alloy with different B and Y content

L 2 K H EDS 43 #r g 1 .

GiEHEAL TR W TR — BAERNA 4,
BT I SiAEFIE Fe AL . &P A BB FNiE
ks 7 BIRLAS N REIR S SR S5, (HE AR E
BB REMSFE Al & & & MR ALY, B ALB, W Fff
BV AE Al G4 iy Mn oo 3 K H At (9 52 I8 7% 2% it oo
R I TE B R 48 2 T AL P, UL BT Sa FTE Sb, H[E
VTR R T 0 5 R K T A AR, R B
IR REAE —~ERE FREEEMB SR, MET
0.3% 1) Y AR5 — 5 T & 4 By 3 & Stk K B AR
FOREEAS R A0 /NS EIIR 4H 2L 3R T 5 o AL 12 ik
AT R R A% i B A% DT D8/ L P O RO R . ) —
J5TH s N ERE DU IR 45 Rk B LY 10 A RE 48 42 1F [
WA ALy SiocR AT L 454 EDS #l XRD 73 #4521
ATNZAT HHAH R AL Si, Y AH, DL Sc &l 5d FTE 6, L
LA B XS AlL7Si-1Fe-0.4Mn & 4 () HL 3 3
KA B FE WP E SR THE .

FE Se~K S5k N4 0.2% R BH0.5% K Y 5247
JEARIR 3 h B9 A 4 oW 41 21 e H EDS T 47 $ 45 R

* | # + a-Al

o o
ty s

v Al Fe, Si,

» ALSLY
.© ALMn,Y
0.2%HIB+0.5% 1Y

=
b,
.

.

CPS

0.5%H7Y

At 2 0.2%M1B

purt J , A AR
30 40 50 60 70
20/(%)

B6 ZAWMEH AL7Si-1Fe-0.4Mn & 24 R %
X AR XRD B 3%

Fig.6 XRD patterns of the bottom of Al-7Si-1Fe-0.4Mn alloy
sedimentation specimens before and after modification
ALB, J& il [ i B B 7 Min R Y J5 5, HL 3 20 Al FE AR
— BRI 6 1y XRD 245 8 AL, B MY A
Baniaar s T AloMn, Y M. AL 7E B ALY
JLRE BRI, —J5 . ALB, M1 5E T a- ALHT i, [R] i
MR BEE e A TP g Min ALY A P G Al M, Y AL 2
F BEAR o~ AL T Mn {0 53 BE 5 55— J5 T B AR Y KR
AMRB L ey STA% A Sy UE I IR 25 4 o [ I 2 Ak 1 BEIR
W Fefl. P76 B ALY &G4 Bums . DA b J5 1 A

49




Fefp i oA (05 &

2022 FEEE 42 B 1

KW FEAEA L LR 32 TF AFTSi-1Fe-0.4Mn & 4 19 T H
PERE

(EAF U RS2 » BEE DRI I ) 8 4, 5 2 R B F R
YA B R ARG 9 S PR T T 45 < R B T ARAE 720 TC Y
PRI E T A 78 23 B9 L EE AL (R R (H i B AT Y
HAEFRK G SRERILNEE. 4G LiRsR.
X 2 G A JB R TS A B TROW T B 4T 20 B R B 24 AR
I 1) S O s ALB, J& [ i W B J2 R ALl 2 pm 2247
MR 3 hJa, AlB, Bl AY Al Mn, Y % B2 5 B ) 4
INE 6~8 pm, H LM Ik, BE R I I 8] 4
AlIB, Ji I B A9 Mn Ml Y % S 3A & Mo Y
R AW OIS Y XS 3G ST 9 7 R B H 5
FET BANY MR BR, S B GO ALTSI-
1Fe-0.4Mn 5 4 WL R A SR THROR A AR 208 L AR AL
il HLER UL & 7.

Yoo o
o o o ,
o {RIE3 h 20
[e]
o B 0o o© BT %%

O o oAap O 0

o _C
o o . - Q.0
aB- o 0 g RIEOh JPoc RiE3h T o
o) C AlB, OO AIB, 0o
0 0 o AlB o o & R0
o o a (s}
o o o

® Al © Mn AlB, @Y

A7 AlBAL&HEM MnY #HH =& H
Fig.7 Schematic diagram of the mechanism of Mn and

Y adsorption by AlB,

(DFE B MY BA— 0 H AR JF B, Al-7Si-1Fe-0.4Mn
EENBESRERNET.FE 0.2% R B 0.3% K Y B
KB s . 4 A0 18.05 MS/m Al 18.72 MS/m; & &
AR, 0.2% 1) B+0.5% /) Y &4 748 BT i 350 B A
B B R RBORE U T 21.3% .

()Y 23 i — J5 W fe ¥ Al-7Si-1Fe-0.4Mn & 4 4t
A ST A H A A A 25 R A 728 A A /0 1 S AR AR A
L I O E R s ) — T RE S B R ALty Sioot
FIE L ALSLY A7, BEAR Si 76 AL il [ 3 B2 W5 J7 1
K2R PR A G0 kR, B A2 B — 7 i 2ok
Al-7Si-1Fe-0.4Mn &4 3L 5 SitHFIE Fe 4. 55— W
ALB, W2 B EAAE AL Hh i) Mn S HoAth 3 I I A e &%
B 4B ALY . 38 & A & n S TR RE

O BMY BE4A K Al-7Si-1Fe-0.4Mn & 4},
ALB, [F] I 02 B Mn #1Y Jf 47 5 Al Mn, Y. & 3 FE AR
Mn 7E AL A [ BE L [ Ay Y i) 8 sk & Si A

50

ML E Fe M, & BRI G20 T RIERE.
{ELBE A Ol I 18] S . ALB, W B3 A b Y & B
R G SiAR 942 RACR 55, K4 B ALY (19354
WR.FEHAEEHIFREFE .

& E® X W

[1] GUO Y, WANG Y, YANG]J, et al. A study of the mechanical and
thermal characteristics of an Al-Si-Fe alloy fabricated by rolling and
heat treatment[ ] ]. Metals, 2019, 9(1): 9-16.

[2] QIM, KANGY, LIJ, et al. Improvement in mechanical, thermal
conductivity and corrosion performances of a new high-thermally
conductive Al-Si-Fe alloy through a novel R-HPDC process[J]. J.
Mater. Process Tech., 2020, 279 116 586-116 590.

[3] RAUTA V. CINGI C, ORKAS ]. Effect of annealing and mtallur-
gical treatments on thermal cnductivity of aluminium alloys[J]. In-
ternational Journal of Metalcasting, 2016, 10(2): 1-15.

(4] sREEMT, RHW]. ALSI & LUK M HZEAERMLTL B SH].
2018, 32(11): 1 870-1 877.

[5] KIMCW, CHOJI, CHOI SW, et al. The effect of alloying ele-
ments on thermal conductivity and casting characteristic in high
pressure die casting of aluminum alloy[]J]. Advanced Materials Re-
search, 2012, 813. 175-178.

[6] LINGY, KUN LI, FENG D, et al. Effects of La-Ce addition on
microstructure and mechanical properties of Al-18Si-4Cu-0.5Mg al-
loy[J]. Transactions of Nonferrous Metals Society of China, 2019,
29(8): 1 592-1 600.

[7] WENC, GAN]J Q, LI C B, et al. Comparative study on relation-
ship between modification of Si phase and thermal conductivity of
Al-7Si alloy modified by Sr/RE/B/Sb elements[]]. International
Journal of Metalcasting, 2020, 15(1): 1-12.

[8] KARABAY S, UZMAN 1. A study on the possible usage of contin-
uously cast aluminium 99.6% containing high Ti, V, and Cr impu-
rities as feedstock for the manufacturing of electrical conductors[J].
Materials and Manufacturing Processes, 2005, 20: 231-243.

[9] CUI X, WU Y, HONG W C, et al. The improvement of boron
treatment efficiency and electrical conductivity of AA1070Al a-
chieved by trace Ti assistant[J]. Journal of Alloys and Compounds,
2017, 735(2): 62-67.

[10] ZRF= R, BI XS4 vh 2% B0 R i 1 HE B R /i S 385 ma [ D, 107

R R TR, 2003,

(110 =¢WIgE, REARAG, TERE, 5. B Lo R X 1070 44 i B %
ML), #Um T T2, 2020, 49(2) :45-49.

[12] DING W, ZHAO X, CHEN T, et al. Effect of rare earth Y and
Al-Ti-B master alloy on the microstructure and mechanical prop-
erties of 6063 aluminum alloy[ J]. Journal of Alloys and Com-
pounds, 2020, 830(6): 154 685.

[13] ARANDA V, FIGUEROA I, GONZALEZ G, et al. Effect of
small additions of Cr, Ti, and Mn on the microstructure and
hardness of Al-Si-Fe-X alloys[]J]. Metals, 2019, 9(2);: 136-141.

[14] GAO T, HU K, WANG L, et al. Morphological evolution and
strengthening behavior of a-Al(Fe,Mn) Si in Al-6Si-2Fe-x Mn al-
loys[J]. Results in Physics, 2017(7): 1 051-1 054.

(%)



