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Table 1.  Chemical compositions of alloys (%).

Alloy B Sr La Si Fe Al
Untreated 0 0 0 7 06 &=
0.024%B 0.024 0 0 7 06 A=
0.02%Sr 0 002 0 7 06 Ah
0.02%Sr+0.024%B 0.024 0.02 0 7 06 &
0.02%La 0.024 002 002 7 06 K&
0.04%La 0.024 002 004 7 06 &KE
0.06%La 0.024 002 006 7 06 &KE
0.08%La 0.024 002 008 7 06 K&
0.10%La 0.024 0.02 010 7 06 &
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1 KA Sr, B, La @ IR B Al-7%Si-0.6%Fe & 4 3L Ak 9 SEM % (a) 0; (b) 0.024% B; (c) 0.02% Sr; (d) 0.02% Sr Al
0.024% B; (e) 0.02% Sr, 0.024% B #1 0.02% La; (f) 0.02% Sr, 0.024% B #1 0.1% La

Fig. 1. SEM images of eutectic Si in the Al-7%Si-0.6%Fe alloys with different Sr, B and La addition: (a) 0; (b) 0.024% B; (c) 0.02%
Sr; (d) 0.02% Sr and 0.024% B; (e) 0.02% Sr, 0.024% B and 0.02% La; (f) 0.02% Sr, 0.024% B and 0.1% La.

5 pm

5 pm

5 pm S 5 pm

& 2 Al7%Si-0.6%Fe-0.024%B-0.02%Sr & 4 ) SEI #1 EDS JLE 41 (a) SEL (b) Al (c) Si; (d) Sr; (e) Fe
Fig. 2. SEI and EDS element distribution of Al-7%Si-0.6%Fe-0.024%B-0.02%Sr alloy: (a) SEI; (b) Al; (c) Si; (d) Sr; (e) Fe.
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Kl 3 AL7%Si-0.6%Fe-0.024%B-0.02%Sr-0.02%La 4 4: i SEI fil EDS JLE 4 (a) SEL (b) Al; (c) Si; (d) Sr; (e) Fe; (f) La
Fig. 3. SEI and EDS element distribution of Al-7%Si-0.6%Fe-0.024%B-0.02%Sr-0.02%La alloy: (a) SEL; (b) Al; (c) Si; (d) Sr; (e) Fe;

(f) La.
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B 4 AL7%Si-0.6%Fe-0.024%B-0.02%S1-0.1%La & 4 i) SEI fl EDS JLE i (a) SEL (b) Al (c) Si; (d) Sr; (e) Fe; (f) La
Fig. 4. SEI and EDS element distribution of Al-7%Si-0.6%Fe-0.024%B-0.02%Sr-0.1%La alloy: (a) SEI; (b) Al; (c) Si; (d) Sr; (e) Fe;

(f) La.
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Bl 5 U 0.1%La i Al-7%Si-0.6%Fe & 4 (¥ 5 1] i 5 1 T E & (BEI) &t EPMA JCE W43+ 78  (a) BEL; (b) Al; (c) Si; (d) Sr;
(e) Fe; (f) La

Fig. 5. Backscattered electron image (BEI) and EPMA mappings of the Al-7%Si-0.6%Fe alloy with 0.1%La addition: (a) BEI;
(b) Al; (c) Si; (d) Sr; (e) Fe; (f) La.

7% 7500 jim )

500 pm 500y 500 pm

500 pm 500 prm 500" uny

E 6 ANF Sr, B, La B9 Al-7%Si-0.6%Fe A-4:19 OM g (a) 0; (b) 0.02% Sr; (c) 0.024% B; (d) 0.02% Sr #10.024% B; (e) 0.02%
Sr, 0.024% B Fl 0.02% La; (f) 0.02% Sr, 0.024% B #l 0.04% La; (g) 0.02% Sr, 0.024% B #1 0.06% La; (h) 0.02% Sr, 0.024% B #lI
0.08% La; (i) 0.02% Sr, 0.024% B #10.10% La

Fig. 6. OM images of Al-7%8Si-0.6%Fe alloys with different Sr, B, La addition: (a) 0; (b) 0.02% Sr; (c) 0.024% B; (d) 0.02% Sr and
0.024% B; (e) 0.02% Sr, 0.024% B and 0.02% La; (f) 0.02% Sr, 0.024% B and 0.04% La; (g) 0.02% Sr, 0.024% B and 0.06% La;
(h) 0.02% Sr, 0.024% B and 0.08% La; (i) 0.02% Sr, 0.024% B and 0.10% La.
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Fig. 7. Average grain size of Al-7%Si-0.6%Fe alloys with
different addition of La.
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Fig. 8. Differential thermal analysis (DTA) cooling curves
for the Al-7%Si-0.6%Fe alloys with different addition of La.

2 ALT%SI-0.6%Fe 54 a-Al It Si e
Wl E Ty Fdve e AT

Table 2. Change of the nucleation temperature
and the nucleation undercooling for the a-Al and the
eutectic Si with different La addition.

Alloy  Tx(a-Al)/K AT(a-Al)/K Ty(Si))/K AT(Si)/K

Untreated 883.1 6 846.0 1.1
0.00%La 883.1 3 844.0 3.1
0.04%La 884.2 1.9 843.8 3.3
0.10%La 885.2 0.9 843.8 3.3
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B 9 RIF La B AlL7%Si-0.6%Fe & 4 (5%
Fig. 9. Thermal conductivities of Al-7%Si-0.6%Fe alloys
with different addition of La.
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Fig. 10. Tensile properties of Al-7%Si-0.6%Fe alloys with

different addition of La at room temperature.
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i Si AR BRI B LR 7. Chen 55 191 IA
La/B Jii & L2k 2 B, BB &+ F1 Sr/B i1k
N, SEERFEAR ST RS AR, FR4E Chen 4510
LA, TEABESE T, La TSN 5 153 0.048% i
RETH AR AR BT 19 B, B 1k 3k Si AR B R 1Y
Bk, SR, SCH g SRR, B 0.02% La RIATA
R St, B RIS S 2 AR ON . 43 HrIA A
X FEZE W TR AELE V), Ti(gk), Cr(%)
G RTE M. BRI V, Ti, Cr & 445
JLEE B WIRAIAEKRT Sr-BIRAKAE (W3 3),
B B fin AJG —#5r s ide 52 ot %k (V, Ti, Cr
88 SO IE B B8, R b SEBR 5 St g Y
B &A%, I 0.02% La B AT A 2L 1 Sr, B
] B I BN B AR, 3L A STl K Atk AR
FERIE SGEERIE . L SiATE e B LR AN Bl
La iR A IR I AR L, X ULIAZEA N Sr/B 1%
T, Wi La BB LA 3L & Si g,
FRAE % 5 528 A S RN AN BR AR R (291 4 785 iy [
T5 Si JEF R LT 1.646 B, A8 FROTE BT
TNBEHE 175 A o 2 3 A8 B 28 T A, DT A8 Joit 2
fm Si. La 5 Si RFEE2 Hh 1.59, 43T 1.646,

%3 AR R AL 2
Table 3. Enthalpy of mixing between various ele-

ments(28),

Element B-Sr B-La B-Ti B-V B-Cr

Enthalpy/(kJ-mol') -18 47 58 42 31

R, La JCE BINATT LLE—70 Ak 5 Si, oo
5 Si B,

4.2 E La Xt a-Al BHIEI SN

£ AL-Si A4 Sr, B EF (K 6(d)), KAk
TP a-AL 1Y 5 B A% O 5 S, SrBy ok 26, A
M40k a-Al fki. T La 5 B IR ST T
Sr 5 B BIIRAK, Wik, La A JG IR 25k
JE B LaBg f0kr B0, By R ARG 4
SrBg Fll LaBg B JE G BE 1 & T a-Al BIE R
FE (660 C)BU. RERIE SrBg, LaBg fE R a-Al 55
TERILRAIAE ST, K Zhang 45 B2 $ H 1 T
BLAL RIS SrBy Al a-Al LI & LaBg Al a-Al fJF -+
[ BEES T BE f AN ST ) BE A LR fa AT 15,
R Bl

fr = — ) (1)

fd = ’ (2)

Krh, vy Flre S HRIEAZFEIRH - Al )53 [A]HE,
ds Ml d BT AZILRAT TN - AL BTHIRIHE. 18] 11
5T Al SrBg, LaBg B AR RS #), H AL b
O STIT 4 RE, StBg, LaBg A fRi HA7 4544, AL 1)
MeHEHN a=b=c=4049, a = 8 =7 = 90°%
SrBg IR W N a = b= c= 4198, a = B =
¥ = 90° LaBg B MASHEH a = b = ¢ = 4.157,
a=p0B=7=090°

Al
Sr

La

SrBg LaBg

€ 11  Al, SrBg il LaBg #H (1) A 45 4y 7 75 &
Fig. 11. Schematic diagram of crystal structure of Al, SrBg
and LaBg phases.

Al SrBg, LaBg 9% HE G AL HE) J7 a4t
B OFPREHLA A, HAER TS Rk 4. £ 5
3 T Al Y5 SrBg, LaByg 1925 HE i 22 ] it 4l ic
FEHELE R WL, (100)A1/(100)SrBg =22 8] Y 4
Bt B 3.68%, (110)Al/(110)SrBg =2 [ i i e
J9 3.67%, (111)Al/(111)SrBg 22 [8) By 4% e B N
3.42%; (100)Al/(100)LaBg Z [0 IEEBCE K 2.67%,
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(110)Al/(110)LaBg 2Z [8] (AL L K 2.65%, (111)
Al/(111)LaBg ZIRIHEBCEE R 2.56%. 2563 4 1
45 TN N SrBg Ml LaBg ¥ VE R a-Al B 5 5
g, {0 StBg 5 Al Z A A4S ECE KT LaBg 5
Al Z RIS B, LaBg 5 TEN o-Al 5 5
TEHEIR.

i+ La 5 AlJFFPR 2 RAEK, La JEF1R
MEENAAE ALER T BEE - Al SR IER S 4R
K, La gHE, 76 /R ST & 4R, v] LRSI
Hil a-Al SR A K GVE. B La DRI K, &
SEBGINIRL, ] oR A A F AR A PEAG
La X} a-Al fibiAz K il e, A SCR FAE B
HlE T Q ekt i BU:

Q =mCo(k - 1), (3)

X, Co o La WYL, m = —2.034 4 Al-La —
TR RIRAHZERLE, k= 0.003 1 Al-La —JCik
ROV TR A Y La WINHEh 0.1% B, QX
0.2 K. 7 AL7%Si B4, 7% Si AR
ARKREIH T Q = 9.7 KB HI, ARG EERER
) i La X a- AL AE A BIRIVE F 0T L 22005

MR I 2 A A B ] 01, A L A A [ £
TR A SR D S OB AZ (R G . YA T T i
AT B7;
_ 2—3cosf+cos?d 27(AT“*A1)2T§‘_A1

4 AT AP

Loh, T8N R - AVBAZIREE, 0 N &4 W
LIRIE. 454 DTA BURA B R, i (4) R

f(0)

» (4)

AR XHFARE Sr, B, La E4EM S, a-Al
55 F RO Z 8] TR A A 11.5°; ¥ Sr A1 B
Joi, HOEIR A AR 2 8.2°; Bl La MUK, SFIE
MRS a-Al fb % 18] 59 98 A F— 25080, 24
La @00 0.10% B, VR A RERE 4.5°. DL R4
TR, i La AIVE N RIS MR, WO 5 BOE
BRIEYS a-Al fivhi 2 [B] TRV, 4010 SR

4.3 M= La W E&SHMEERFIT
R #5 Matthiessen’s rulel®, Al-7%Si-0.6%Fe
EBE&MEETH (5) XFR:

P = Pa1+ Pgb + Pd + Pss + Pps (5)

K, par FEEARHBH, po 7 A X5 FL B Y TR,
pa ABLEEXTHLBH B DTHR, pos A [T I -5 1 S 1 L
RH, pp FER—AHFEWHERH. Mayadas 1 Shatzkes!*)
IR, fb ROTERCKR L LA LR, 5 5300
HLBH peb 527N, 1T 2006, ARSZE R A4 i Ak R
BITE 100 pm DA _F, sk S H BE G 53k T 2200
ARSI 45 B AL-7%8Si-0.6%Fe &4x N5, R
IR, AL B AR, pa M BTERIREL /)N,
R, 7E Al-7%8Si-0.6%Fe &4, a-Al FEAR [
IR T 51 1Y pe MR A STRR Y pp JE P E Al-
7%8Si-0.6%Fe A 4 G2 AR M OCHE A 2.

El 12 AR La BN o- Al FHTE S A BEIX
[ XRD f7 5 B, v LAE H, La BINAFFE AR
a-Al (420) BT ST & A B B AR A . R4 Bragg's
Jrts, Gt 0 AL A S i A BE AR k. 3

#* 4 Al5 SrBg, Al LaBg Z W] AERYEHERTIT U HED T 1) SRRSO L

Table 4. Interatomic spacing misfit along possible matching directions between LaBg and Al matrix, SrBs and Al matrix.

[100] 41/ [100] a1/ [100]41/ [110]a1/ [110]41/ (110]a1/ (112] 51/ [112]0/ [112]51/

[100]s:p6 [110]s:6 (111]srm6 [100]s6 (110]sr6 [111]s:m6 [100]ss6 [110]s,86 [111]s,86

3.68% 46.63% 79.57% 26.69% 3.68% 26.98% 15.35% 19.72% 46.62%

[100] 41/ [100] a1/ [100] 41/ [110]a1/ [110]41/ (110]a1/ (112] 51/ [112]01/ (100] a1/

[100] L6 [110]L.6 [111]p.p6 [100] .56 [110]L.86 [111]p.p6 [100] .56 [110]L.6 [111]p.m6

2.67% 45.20% 77.82% 27.40% 2.67% 25.74% 16.17% 18.55% 45.19%

# 5  SrBg 5 Al LaBg 55 Al Z[]W] Bl HEFT (U aHE T B2 A e B2

Table 5.  Interplanar spacing mismatch between close or nearly close packed planes in LaBg and Al matrix, SrBg and Al
matrix.

(200) 51/ (200) 41/ (200) 01/ (220) 1/ (220) 01/ (220) o1/ (111) 51/ (111) 5/ (111) 51/
(100) ;3¢ (110)g;36 (111)g:¢ (100)g:36 (110)g:¢ (111) g6 (100)g:¢ (110) 3¢ (111)gp¢
3.68% 26.70% 40.23% 46.63% 3.67% 15.47% 79.40% 26.84% 3.42%
(200) a1/ (200) 41/ (200) 01/ (220)a1/ (220) 01/ (220) a1/ (111) 51/ (111) a1/ (111) 51/
(100) a6 (110) a6 (111) e (100) .16 (110) s (111)1.p6 (100) a6 (110) a6 (111)p.p6
2.67% 27.41% 40.73% 45.20% 2.65% 16.17% 77.65% 26.60% 2.56%
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IR G 40 17255 DEAT IR A, A8 SC
1 AL7%Si-0.6%Fe & &I R MTARTEALBE, I,
AL BYAT BTG 15 Im A% 32 252 Al FE AR v [ %5 )51
WRERZ . BT ALAF ST IF R A La 090 A &
A, B AL S BRI R AR Ak, X R a-Al
SR [ TR v BE T AR R La AT &A=

1.

A1(420) — 0% La
— 0.04% La
— 0.10% La

Intensity/arb. units

115 116 117 118
20/(%)

B 12 AR [l B La i o-AL M 72 5 £ BF X 8] /9 XRD
&3

Fig. 12. XRD spectra of a-Al phase in an elevation-angle
zone with different addition of La.

FE Al-7%Si-0.6%Fe &4, SiJoR E DI
fn Si B AR, HAE RIE S XG40 S 3k
REAT A Y M2 1O, > La SN 0 B, i
T Sr/B FALRN, Mo Si ESHIRIIBUIR, Xt A
HEL P BRSO, R S SR fE R 22, 24
La #2EDy 0.02% W, La AT Se/B 2 ALAL,
i Si AR REF YRR, BT EZEEELYE, &
& TH L SRR B R T, SR, A La SR
PE— K, A4 R4 LaAlSi A, H S R
La G R M A, B4 (19 LaAlSi AHXFH Hi
T 132 B S, AR ALL7%8Si-0.6%Fe

4.4 HELaXEaE&hFERE
SRR B AT A R Y

0 =00+ 0gp + 04 + 0ss + 0p, (6)
Kp, o0 WERRSREE, og AT (A M5RIL) XI5
FER TR, oq AAOLEE XTI E A DTk, oy R R IR
T 5 B A TR, o AT AR (L5 M) X
BE R sTEk. AFSET, AL-7%Si-0.6%Fe &4 Y% H
AR B 51 120, F A e L ) A8 H 8 s b B
TR I A 4 v A7 8% o) i 8 1) B ik 4 /. R A Hall-

Petch 22 2R fA 40 AT G 5 B 1Y BTk 142
Ao = KIBAG05, (7)
Hrr, KO8 f Hall-Petch %0, X FiiE4, KO8 =
68 MPa-um , Ad K kL RSP A8 4. i 0.1% La
i Al-7%Si-0.6%Fe & 4z dn b4 R F 4 140 pm
oA, SRR TR o ~ 1.6 MPa, PRI A4
fEXT Al-7%Si-0.6%Fe £ 42 3 3 I JC i 3 5 ), i
5 sk WAHST . 78 ALT%Si-0.6%Fe & 4xth, 4t
fn S EEWEE A, HOEE MM & Wi
I REE G P E MR FERL R R, AL A
(AT Gl 2 A W7 T B HE B 8 G A AL Si A, 1 R
JRFRIE I B AL ST AR AE La 0
HOM 0 B, BT Sr/B #ARAEH, S8 Si o KRR
FZMR, MK B R 265 ST — T 1 ™ B 5 4 40 %
i, 3 — 5 WSR2 J) AN, AR 3L ST Rl a-Al
TR HA 7= A SRR S S, AR AR AR i
PRI &R (18 13(a)), SEE &M E. R
Jin0.02% LaJ&, AT Sr/B #L/EH, 34 Si
RAF AR 51 240/0N, SRt g e v SR G a5, W 11
TS B ER (B 13(b)), A B F& 4 bk fse
FERIRHE TE. 2S8R0 0.1% La i, 3£ 5 Si 5%
La iS4 0.02% B JLF- I8 4k, H LaAlSi i fife
ME D, RIEEm0.1% Lals, Al-7%Si-
0.6%Fe &4 B B FEAMEL R IR & 28 4k

\ ~ £ & !
\ Ly 4 [
) Y /
dleavag p];;mes\
< -,
] g
| h- Y ]

Bl 13 BN La )5 Al-7%Si-0.6%Fe-0.025r-0.024B £ 4
PIRLAIET DJESE (a) RASIN La; (b) %0 0.02% La

Fig. 13. Tensile fracture morphology of Al-7%Si-0.6%Fe
alloys before and after addition of La: (a) Without La;
(b) add 0.02% La.
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BEXF ALSi A 4 RIS N Sr A B A2 7R “rh
FME, AL Al-7%Si-0.6%Fe &4 E Tt
% AERIA N T Sr A1 B BYS1F T, BRSSO e
+ La Xt& 4 HEURERE RS2 M K AR FHBLEL. 43 n
TR Hs + La nTA R AN Sr 5 B ARRAL 00, 12
FhI 5 Si AR AR AN, SRRt La BTN
AR5 o-ALFETC B AR Y LaBg b £ 25 A,
FHE R R IEEFIR N a-Al 5 5 BB LK Z ]
TR 1, B TG AZ R HtE— 25 Ak o-Al Sk
I 5SS T LA K - AL R 28 A6 A7 B T ] s
$E Tt Al-7%Si-0.6%Fe G 4 1 #2812 PEfE.
M Hi + La AU INETE 0.02%—0.06% Z [A] 1}, 5
TG La WA LA 4 TR BUpiim B | e {32
ST 8.9%, 8.3%, 83.3%, {HFE— 4 K La &
i, A AR EREASEAN T, I TR %

S7% 30k
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Abstract

Al-Si alloys have been widely used in electronic information, communication, and other fields because of
their high specific strength, excellent castability and good thermal conductivity. In recent years, with the rapid
development of 5G communication technology, electronic communication equipment is gradually developing
towards high integration and lightweight. The power of related equipment is higher and higher, which puts
forward higher requirements for thermal conductivity and mechanical properties of materials.

Si can improve the fluidity and strength of the Al-Si alloy, but a large amount of Si will aggravate the
lattice distortion and increases amount of eutectic Si. This will reduce the plasticity of the alloy, increase the
electron scattering and reduce the thermal conductivity. In order to improve the mechanical properties and
thermal conductivity of Al-Si alloys, chemical inoculation is generally used. Sr is usually used as modifier and
Al-B serves as grain refiner. However, the simultaneous addition of Sr and B into Al-Si alloy results in
“poisoning” phenomenon, it becomes impossible to refine a-Al grains and modify eutectic Si simultaneously.

In recent years, rare earth La has attracted more and more attention in improving the properties of
aluminum alloys. However, previous studies mainly focused on the effects of La addition, consequently, the
research on the effects of combined addition of La, Sr, B on the microstructure and properties of Al-7%Si-
0.6%Fe alloy is lacking. In this work, solidification experiments are performed to investigate the effects of
combined addition of La, Sr, B on the microstructure and properties of Al-7%Si-0.6%Fe alloy. The results show
that the addition of trace rare earth La can effectively eliminate the poisoning effect of Sr and B, and enhance
the modification effect of eutectic Si. Besides, the addition of La can promote the formation of «-Al
heterogeneous nucleation substrate LaBg and La can be used as a surfactant to reduce the undercooling of a-Al
nucleation, thus it refines a-Al grains. The thermal conductivity of the alloy is significantly improved when the
addition of La ranges from 0.02% to 0.06%; with the further increase of La addition, LaAlSi intermetallic

compounds are formed in the alloy, leading the thermal conductivity of the alloy to decrease.
Keywords: Al-Si alloys, micro-alloying element La, solidification microstructure, thermal conductivity
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