%526 5 12 1)
Volume 26 Number 12

TEEREREFR

The Chinese Journal of Nonferrous Metals

2016 412 A
December 2016

XEHRS: 1004-0609(2016)-12-2506-10

BB ATEMNBESESNERES
=148

HFA L DR,

ERYR

T2, R

ﬂ_l,Z

(1. WK S 58 k240, FEat 210098;
2. VRS EEFSTRE, fiEiT 223800)

1 B RASEEE MBI T2 (ECAP)K IR B IE M E A 4:(ZL101 A1 ZL102)BHMT AN FIE R I 1, #F50shkL
A LHETEAS X E S J12EMERE R . 45 R 238K ECAP R A AR L SR EAH I S AR R R A rh 43
A, B RGEA/N AT R HAS M AL SRR (B & G L AR s 2= M RE s #5444 ECAP I L.
Jr R RIS, FEW+16 IR ECAP LG ZL102 &4 MK R MFTH R 5 4 0 410 5.04 f5A1 1.39
s BB RS I BG 0, PIRh G <6 0288 Ty 285 ol 1 B 28 1) B0 T A [ i 5 s T SRAGE R s B4

WAL ST 2

KR WA B MTL, SRAil; J0EEE; ATERE

FEYZES: TG146.2

SCHRFRERD: A

PSR S B AWM. IR N Atk
S RIEIK R BN E— RV A, EAE, &
s LS R B Al AT ) B L R A R
H AT TMErb N A2 1 ZL101 AT ZL102 & 444 4 W 3t
pnERRE S 4, S A LU R (a(AD+S) FI W] A=
a(ADFEARAH . Si A& AL-ST RAEETIEE A, AR
A AL P EAN AN, — IR A A T B R
R, B Z ABOR, &SRR gES T ™
HRIZOR, BUEE S0 )RR 2 T
B2, Rk, SR ZeHE T EAas il & &P o RER R
FARAR, FRIREARR AT . TEARFRAN, DS &
LRGP EPEREIE M BT 1 A R ST A

HAT, kA SocR It e B 27 54 4
BN JIE il BE A BRYE DL R A 2 A A, Tl b
T2 SR 0 NS SR 1) 5 32k S Bk A 1K 4m AR o
o Na. Sr (A8 R it . 428 #I(Na) %) AL-Si
A S IL A LA R FEH, (AfF£7E Na
W A edit, AR A RO R R, RORCRAR, I B E
TR ). A BYSE R MR T T 8 —— A
AP R(ECAP), I H 4k is &4 ahkn, JFocs

H£2EWHE: L4 ARFRERE4 R )T H (BK20131373)
Wi HER: 2015-09-29; f&ITHHA: 2016-04-08

22 B g SR 4 SO B i AR (N 4
by, WAEGAERREE ST 2), DI W 2
HIRIAC T BE 2 I Re L, SR B S I, BT EL ECAP
T2 MRS S AR R, XA A R
PERI T R ECAP ARSI divhr il 4 2 4 v 6 s
SRIERBPE A MTFB, @ ul vz N Tl 5
TRGUBAN GG BRI B, H ECAP HiR 4l
2 ARG ARLIR [N, 28 R B B0 A A A 25 A
S Ly AR 1R SO0 B 4 1 24T I IR s LA A
REWFTC. RIE, [T R 25 Ak B R A 4 1 i ik
HJ7k . Bt Iu A S AT M e R,
BIRERS . REFR A o AR KRR B ARk, T
PRV S 2 7 [ o R s N RS AR I e v K A 3
T St R s AU R RO R R, v N BRI
TR F SRR AT R, BRI A K S il
AAUT DRI, R ERE 2A BER AT 2 AR R
FREARIEAR . KN, w3 s iR i & S k2
PIPER e AR ARSI R, #F ECAP it
A7 T Ak B T gk 55 s 2 v R TR 52

R, ARSCYEH XS ANE ECAP Jin T IK ZL101

BIEEE: DR, #0%, Mt dif: 025-83787239; E-mail: aibin-ma@hhu.edu.cn



H26 G5 12

HFA, A SRR B AR S BB B P RE R R 2507

ZL102 A GUEAAN S AP REE AT 7T, JF4S
AR AL BT BT R LE,  BAE R T
FVEREMISETH AL L L E M St Rt 2% .

1 325§

R R A TG ZL101 Fi ZL102 &4, W
A S in sk 1 s,

A A ECAP BLEN A ik 5 St AT 218K
ECAP TN, HrIEREWIE 1 Pror. Sk dsaaem

BB EL RS 19.5 mm X 19.5 mmX 40 mm [FIEk
PRARFE, AR 1, RS PR

PR RN B RN 300 °CJE PR 30 min EAT
Bk, HRERN 4. 8. 12 R FHHE EK)E,
SR 1 FR T e 900, FRHEAT R BRI ET
J&, BRI FE AR 4 38 AT — R DU TE R i
FEIIAE(300+5) CHo P o 35 He ik B vp Bl s 2 1) s 0 42
E %7 AN ININBES i /NN 7o A LT PSP 7 R v 8 1
T 3ok 3 9l i) T D P - e AE 300 °CIRIBT R
O ORUESE R AT, 3 15 IR v,,=12.67

F£1 ZL101. ZL102 &4k iy
Table 1 Chemical composition of ZL101 and ZL102 alloys

mm/min. R4, MRS AN PUE B, RS
B AR R S TV 78 [ v e 0 LAl D 5% s o 7
HARE SR E P REBE R o T R BRI AR A
NN ), ECAP Ja A4 AT T 2: 3 7B K AR FR (R
300 “C FARI 1 h S BE A4,

%P ZL101 F1 ZL102 A &b AT [ +16 Ik [
IR DAEXS Lo [ T 2320 535 °C R 6 h
JE/KEE, ZL101 &4 T2 155 C Ry 6 h )i
258, ZL102 B T 200 175 C MR 3 h 5257

BRI T n & 2 Bros AR b iR, 78
Instron3367 X AE & 2 GG HL_E AT S pr
S, DURECE AR R IR RS . Prhrssps ., ke
GRS PAPIEEE BN 0.5 mm/min, AR
ARSI HAE PR AR T, RERPRAEA 4 AR s,
FLAR T D ARFT 85 L 1T A e A1 2 TR R R A L
U I PAT o 4T ECAP ARFE,  JLANEE N 5 5251 H 7 1)
PAT

K H Olympus—BX51M 7 4 A {2 43 8% (Optical
Microscope, OM) M #3FE 1 WAZH R . FIAERERT R
N TR B AL, SARR AR EF O 1%
() HF K30 204 10~15 55 R H 37 S3400N

Mass fraction/%

Alloy

Si Cu Mg Zn Mn Fe Ti Ni Al
ZL101 6.5-7.0 <0.2 0.3-0.5 <0.2 <0.35 <0.45 - - Bal.
Z1.102 10.0-13.0 <0.3 <0.3 <0.1 <0.5 <0.6 <0.2 - Bal.
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Fig. 1 Schematic illustration of ECAP technology
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Fig. 2 Illustration of tensile sample (Unit: mm)
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Fig. 3 Microstructures of Al-Si alloys with various ECAP passes: (a) As-cast, ZL101; (b) As-cast, ZL102; (c) 4 passes, ZL101;

(d) 4 passes, ZL102; (e) 12 passes, ZL101; ()12 passes, ZL102
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Bl 4 [f#A ZL101 Fl ZL102 £54:4 ECAP sl b #1LHT 5 1) S Al 4l 2L
Fig. 4 Microstructures of ZL101((a)—(c)) and ZL102((d)—(f)) alloys: (a), (d) Solution-treated; (b), (¢) Solution treatment+16

passes; (¢), (f) Solution+aging
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A1)

Bl S B R PRl G AN RN T AR B2 53R (1 47
e bERe . Rl R R, BEZ, JUILEH
ORI AR o AR 1) 2R FH R g R Hh 280 s
R MIBAARRE S S5 IR 2 REY . BT, W
T TR R R ERIRA R Rk, Z ek
EASIT A RS SV VAVAE. U LR 0A LB U e A e o
gU,  DAIOR 20 T A0 86 A BR Ak & B I hr s AR
A 220 B2 ZL101 A ZL102 &4 (3T si i 4y 5l
226 MPa 1 150 MPa, K Z5h 524%F0
5.18%.
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12 W T, ZL101 Al ZL102 &4 it s i 43 5
15 277.2 MPa F1 237.5 MPa, £ #2510 1.23 {51 1.58
ff; ZL101 F1 ZL102 A4 i3 000 17.3%F
24.2%, 2B 3.30 fi5H 4.67 5. R EeL ik
F1 4 T8 VN T 5 A A2 B 45 21 525 (138 7t

HH L 5(b)FI(d) T %1, 5 [T+ R Ak BE R AH
L, [EI+16 38 IR A 4 i) i i B R K R 34 B vy
P ZL101 4. B+ RN +16 8 OGRAE bt
Fr a5 )4 304 MPa 1 265.7 MPa, 241 4 #4511 1.35
FEAT 118 firs [+ SORE 16 18 JORFE i
RAYHIA 9.78%H1 17.76%, L1055 2511) 1.87 £5H1 3.39
fe X ZL102 Hr: [+ O [EE+16 38 UGAFE
(RIHTHL IR 4> 5k 174.4 MPa F1 209.5 MPa, 25 854
1) 1.16 £ F0 1.39 s [+ RORT [T +16 18 DA
AR 5104 9.82%K1 26.1%, LI 1.90 1%
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Fig. 5 Engineering stress—strain curves of ZL101 ((a), (b)) and ZL102((c), (d)) alloys with various processing histories
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B7 A TARET ZL101 S4h R e N 11 SEM 14

Fig. 7 SEM images of tensile fracture surfaces of ZL101 alloys with various processing histories: (a) As-cast; (b) 12 passes;

(c) Solution+16 passes; (d) Solution+aging

Fig. 8 SEM images of tensile fracture surfaces of ZL102 alloys with various processing histories: (a) As-cast; (b)12 passes;

(c) Solution+16 passes; (d) Solution+aging

OCAE PR e lRE A T A7 B K R0 e S (AR BT T A7 AL BRI A AR PR S B, A 0 A
JETPIVERRE; I 8(d) TN, SRS A, WDy sCUUR BRI RO T, FPRHEITE T . ZL102
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Effect of equal-channel angular pressing on
Si particles morphology and mechanical properties of Al-Si alloys

ZHENG Yu-xi', MA Ai-bin"2, JIANG Jing-hua"? SONG Dan"?

(1. School of Mechanics and Materials, Hohai University, Nanjing 210098, China;
2. Sugqian Institute, Hohai University, Suqian 223800, China)

Abstract: Two casting Al-Si alloys(ZL101 and ZL102) were processed by multi-pass equal-channel angular pressing
(ECAP) for grain refinement, and the effects of morphology change of Si particles on their mechanical behaviors were
studied. The results show that ECAP could effectively reduce the size of needle-like eutectic silicon and homogeneously
disperse it in the Al matrix. The alloy with small and obtuse silicon particles dispersed in the Al matrix has better
mechanical behaviors. ECAP can simultaneously improve the strength and plasticity of the as-cast alloys. The elongation
and the tensile strength of the ZL. 102 alloy after solution-treatment plus 16 ECAP passes are 5.04 and 1.39 times as much
as those of the as-cast sample, respectively. With the increase of the pressing pass, the fracture mechanism of two alloys
changes from brittle fracture to ductile fracture. The combination of solution treatment and ECAP can obtain excellent
strength and plasticity of the Al-Si alloys, which can meet the needs of manufacturing industry.

Key words: Al-Si alloy; equal-channel angular pressing; grain refinement; eutectic silicon; mechanical behavior
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