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Abstract

This article investigates the effects of rare earth element yttrium (Y) and solid solution treatment
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on the microstructure and mechanical properties of the Al-Si-Mg ZL101 system. The results show
that the addition of 0.5% rare earth Y can make the coarse a-Al in the alloy into a uniform coral
shape, which plays an obvious metamorphic effect, and can significantly reduce the tensile
strength and hardness of the alloy, but the increase of the elongation is not significant. When the
solution temperature was 525°C and the aging temperature was 170°C, the ZL101 with 0.5% Y was
treated with solution and aging for 1 h, 2 h and 3 h successively. After solution and aging treat-
ment for 1 h, the coral-like a-Al became coarse, the eutectic silicon was precipitated from the su-
persaturated solid solution, and the tensile strength and elongation of ZL101 were significantly
improved. With the increase of heat treatment time, the shape of eutectic silicon gradually coar-
sened into long strips, the tensile cleavage fracture degree increased, and the mechanical proper-
ties gradually decreased.
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1. 51§

Al-Si Ga T HR RGN, SR BN IHNE T MR N RGKPURIER, #1EhEE
BEENA TSI RATRZE TS 208 [1] [2]. £G4 T, ZL101 A S KR
KIEPERIRR IR EHIRIL S, RIS 95IE & 400 1 # R R ZE[3] W FERH, ¥ K[4] 5] #AbEE[6]
[7]~ #MintE3%[8] [9] [10]s WAk e &R 115 i Re A B #H G A S MR . b, tEH H
FIT ik e &R, sk EocR@@Iw, $0 La. Al Ce. 40 Y Flk Nd) I S R BN 2 100[12]
[13]. & TR N[14]0F5E T # o0 &K Ce. La Xt ZL101 &4 M5, RIM L TR T o-Al 4K,
Y1L T kL. Knuutinen 28 A [1518F 98 7 #+ Y. Yb. Ca. Ba X} A356 (A8 1FEH, KLY A1 Yb £ffidt
ek A SUE SR AR, T Ca Al Ba AT SV AR N A 44K . sk SRS N [16]RFF 78 T 6 T on % La Al
Ce Xf ZL201 B84 G AWoM 2H ZRT s o FEE FRT 2 ), 3 5 D VS N B 8 A0 A5 5 4 i 2 ORI 47 J A5 i )
FH, WS 0.2% La #1 0.6% Ce 1] ZL201 EEARES NS BTHz 5 BE 4 Al 3 = 1 10.7%H1 19.3%.

WS N[L7IHE T T ] 3 A 250n) TR 8640 A 4 ZL102 IS, R B R BERE RS FE & 4 10 1 24 1k
Ae 5 SAERE  JURE BR8] AL T FALBE T 25 ZL114A 854 S IR, %4 4 4E 530°C F[E ¥ 12 h 175°C
TR 9 h B, B RBURSREE, RN REF RAFAPIME . BEARRAE A [19]7E 505~550°C [F 7 iff 5 F
140~170°C B 250l P55 3 [l 9 I 0 1 O 3 R B S80I FE X ZL114A A ZR AN g ke sz, R BILAE
535°C/12 h (60°C/K¥&) + 155°C/6 h (V&) HALHE T 2N ZL114A 485 115 R i . B ie s N [2018F 72
T KA ZLL1AA B A S EREF M52, RIUKIEMER G PAG M L/KFI R LRI B A F AT
KR 2 PAG IS RIREE R 40°C . iS50 15% N, AR BN iReaf . t, Aidk—
W ZL101 MM A RS Ji2Etkae, A sl i Lo Y AR TZMRAEE, FE
FE0F ZL101 AHZIFIVERE S FUA: AL . AT TR G B T AME Z & A, [EHTERE. &
P2 LR AR A 7 A S DT IR BB 4R =
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2. WM R

AU SER BTk - RIAM R ZL101 & & (f 22 pisr WAk 1) EExEas ZL101 &4, R A F b2 75
E AR O ZURPERE: O 7EESIEEY RIS ZL101 556 458, ISHIE N 800°C . fF& @il %
JERIRES S, BRI Z 730CHIN AlY oo i & &7 AR . [RIRF, FEA A PR A. FEAR T
IR, 1E TI0°CHFE 20 708 E BCRHIGA, 55 BIEREIRS 8 ¢50 mm x 100 mm 1) 0.5% Y & &
ZL101 SRa&istt: @ YT Y &P 5A ZL101 (B) 0.5% Y + ZL101), FHHT AR TERIERE + I3
AR, [ R AN A G 43 ) B 525°C A 170°C, [ Y A [R) RN 25 T4 VKA L he 2 h f13 h, [V
FNEF 3802 5 o3 KA F A b B, BRI 5 R I3 2.

Table 1. Chemical composition of ZL101 aluminum alloy
F* 1. ZL101 SBE SN ERS

ToE Si Mg Cu Mn HAh Al
B (Wt%) 6.5~7.5 0.25~0.45 <0.2 <0.35 <0.1 PElfS

Table 2. Experimental schemes of heat treatment
F2 HABTZHRRAR

T [ 5 Ak 2 I 2R b B
1 525°C x 1 h, K% 170°C x 1 h, =¥
2 525°C x 2 h, K% 170°C x 2 h, =¥
3 525°C x 3h, K& 170°C x3h, %%

SR P MR5000 761 G BEILEE RE R BIOML L 41, 37 5 P F R sk 49 19 HF T J88 ke 19y 20~25
2RI HV-10001S 944k [ PO BE V2R AR LORE (881 , 36T 0 200 g, £ 5138 20 s. il il INSTRON8BOL
P LA PR 55 A LM R (R e B bR R 1B, BrfdE R 1 mmymin. F A
SU1510 AT 224714t v 1 B B B LR T LU0, I L O 20 KV

0 ¢ 34
’-
o ©
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Figure 1.Schematic diagram of tensile specimen
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3. KRERE
3.1 WMBBRDH

2 FiR )R TS ZL101 F10.5% Y + ZL101 ffA 20 2R . B %] 2 AT 401, 4575 K ZL101 F110.5% Y + ZL101
TR 2L 2R ER 2 oAl (BA 3350840 ) RN f b (€ e I 35 0 ) 4L Ao o EE ] 2(a) A 2(b) v & B, #6745 F ZL101
B o-Al RSFAEE) B BN, B TR 20 A 0.5%Y J&, o-Al RES KL EE
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A, HRH a-Al ZZBIMIPR, SRR, SRS I EAE AR 5 0. Mt Y X o-Al
EAEIERT, et T B M AR AR

() %S (b) 0.5% Y + ZL101

Figure 2. Microstructure of ZL101 and 0.5% Y + ZL101
2.ZL101 F10.5% Y + ZL101 M EfLALR

K 3 iR 5y 0.5% Y + ZL101 K& + W& 1 he 2 h Al 3 holRA PR . xFEEE 3(a) Al
3L)ATEH, AR + ML hE, o-Al HIPRASAHRC, & At S e G 4 B OROIR, D
AR, HEh At N 3L ik 2 DO AN A b it IR SR o0 A T4 . B 3(b~d) AT &
MR 2h F3h 5, a-Al RS SEER 2010 TR ZER], (HoAmE NAEL, BURRIR I e 1R T
AR IAR, A ISR i RO (RIS, Al BT 4/ N R B, Ak amik
FEXS AL FHAZ BRSBTS, S L e 20 A [21]

(©) Fl% + B 2h (d) % + B 3h
Figure 3. Microstructure for 0.5% Y + ZL101 under different heat treatments
E 3. FERALIETZHE 05% Y + ZL101 RHLALN
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3.2. JIFEMRESHT

4 TGS ZL101 A1 0.5% Y + ZL101 i /g - AR 2RI . e AT, MO ATA N 0.5% Y ) ZL101
Prh R E 7304 152.1 MPa 1 118.8 MPa, T{#HK 2737 2.58% 41 2.89%. SH¥IaatEHLL, Zeid Y 48
G A IPURL R EE N B (208 22%), HHARK RS A B3 . X RN 0.5%F L IeH Y RRiE FEAK
B, EX R S IR AR . SRR TR R F TR U 0.5%F LIt R Y 26 & KHuH
MRE, %FE05% Y + ZL101 A& i RRATER. XS, A N[22 7N 0.3% Sc
J& ZL101 [ o B AN R 43 514 197.3 MPa A1 11.06%, 1 RI58 AN PE 8 83 . ka0, A
A LouEA ZL101 HE S HRERIREm AT R B AN . 456 1 2 RO inT 7, A& S48
RR,  H3k SRR A AR ORI 5), MG A T R BRI A e s [FIR, K] 4 FRETE
AR L E] 0.015~0.025 JaFEI N, By - NARHIZR I U/INEE B, X AT RE R A G 4 N — S S AL R IE B
S ESGIIN

160 ZL101

ZL101+0. 5%Y
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Figure 4. Stress-strain curve of ZL101 and 0.5% Y + ZL101
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Figure 5. Stress-strain curves of 0.5% Y + ZL101 after different heat treatments
B 5. FEIEA + BETE T 0.5% Y + ZL101 B 7 - R 2ehsk
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K] 5 AR AR EE T 0.5% Y +ZL101 /) - NARHIZR. eI v, (A + BHak1h, 2h f13 h 51
Ui smE 4354 163.1 MPa. 140.3 MPa 1 105.2 MPa ., = iR 255 87 K 3 4351 31.0%- 18.29% 411 8.5% .
WK, HARMATHAEEE 0.5% Y + ZL101 GAHEL, VS + B 1h [FE &M 5RERT 37.2%, K&
2110 %, RIS BN B35 W eks . Bl S A I R0 TR AR, DU s BT %, (KR
WG R + B L h B E, A/ e 2 DO VRN [ A b AT RS SRR o A TR,
XA AR () B B A K R AT W R T, (EREE GV + I IR0, o-Al FER ke T 2480, HILE
fik FHBURDIR SRR, 30T 0.5% Y + ZL101 Z55 75 PERE TR o 3 150 B3 21 B (1] (19 [T B R R A 22 T
2] [ B ZL101 F g AN i

EH AR PEREIR AT 0, AN ZL101 (15 AE A B B 2, 7RSIV 2 L h RN 0.5% Y
+ ZL101 W) p2# R g i . (R, LB — D WS b PN ZL101 W PSR . 14 6 it 1
ANFEFAEET 0.5% Y + ZL101 &M ES . HEIRT AL, fEEE + B h s, WrOdHSh AT 24
NI s A + B2 h B, W R AN e, I AP TSR SR s B+
W3 h i, W PR R B RO RO D el s, AW B, BEERENE + B0 )
RN, & S RPIPEWTZRE B WD, T AR BRI R . BRIV + B0 L h RIS
R S e I ) [ P T VA 0= M G e <8 3] 2 1

. I:' 1 1
100um

SU1510 20.0kY 19 7mm x500 SE
(b) W& + BF&k2h
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Figure 6. Fracture morphologies of 0.5%Y + ZL101 after different heat treatments
6. REIFRALIE 0.5%Y + ZL101 & & /I OS5

78 T HRIRAS L AR AR AR EE + [+ BRGEEE 1 hy 2h A3 h JE ZL101 RE A,
SR  1~5 SR . WA 1, #8484 S MEREL T — M R, HAZ) 70 Kgfimm?,
2 HRIN 0.5% Y I, &4 N 57.3 Kgfimm?, FF&Z) 18%. 454 ECE 5 st nl&n, R bnfs+
JEMBH BV A B 8, (R AR LS B N R . AR PR FEINEVERT 2L 1 hy 2 h 1 3 h 5 R
4354 310.3 Kgf/mm?., 260 Kgf/mm? 1 236.3 Kgf/mm?, 1 h [El ¥ 5 20 L VIR 1R TH4) 342%, 2 [
VI RS 1 ZL101 FLARE B . 45 L SCRIE 7 e, AR SRR B T A A SR
TR, AL T B AT TR ARG, R A R T PR
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Figure 7. Comparison of hardness for ZL101 alloys under different conditions
7. FEMAAT ZL101 & &R E ST

4. Z5ig
1) 7E453 ZL101 &4 A 0.5% M 12 Y IR, LK a-Al 538 IIERIR, o-Al IEERI K, St
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e A N, RS, E PR B A, SR TR Y X ZL101 S B E A,
RAET BRI AR

2) EVE + BRCL h i, a-Al BIIBRASRA O, kS A RT3 50 ki 23 A
TR, B A RO AR A K, JBORDIR L e R AR B, TR K ZtR

3) BEAE [ B [E K, ZL101 SR-A 4 BT smBE . BRIk . AL 35 BE I [A) IZ M A P ek bk 11 v,
PIVEWT 2L, (RN, A + WL hiey, B EEfebiRl, BudisiE N 163.1 MPa,
K2 31.0%, H#E > 310.3 Kgf/mm?,

EEWHE
I 5% [ SR} 3 4 W B0 I (52065045); V19644 207 7T RHE T H (DA202203123).
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