Hs53L 2
2024 4F 2H

BRERMBSTIRE

RARE METAL MATERIALS AND ENGINEERING

Vol.53, No.2
February 2024

DOI: 10.12442/j.i1ssn.1002-185X.20230053

T6 FRALTEXT# R A T B 2 3 ARl & Ti@(AI-Si-Ti),/
A356Al E & #r#l B LR Fnl4 g8 B9 22 M

RIS E M, MARE M kg 12,

Eagng P

(1. ZMBETRZE MRR2S TEZE, il M 730050)
(2. ZINBE T KY AEtEsasBroiln T SHAHERESLE =, Hilt 21 7300500

B OB KA ARSI A S & T e8GR TR A3S6A1 EAMEL, RSB Te MM — b B i%
HEMEGEE SR G5 RRW], 70 5 G SRR R A R 98 3R i R A MR PT R SR BE . REE (B2
3R 18.0%F1 32.7%), IEMZ 10.8%, A&HEEEES (12.4%) MHAMEME. £ Te #MbBd e, FE R Bt A
MK, ZEAEMRSEE . AWM (1~7h, BIREZEO FEAD (9~12h, BEEZO, 768 h B kSR AME (A
VRS R0, RIS A A R bR SR L IR S R B 4 i 325.4 MPa. 254.4 MPa 1 1019.2 MPa, Lt #R A3 A 43 ) 42
1 33.7%. 74.0%F1 48.5%; WE LM 3N 9.4%, SHGEHATHLL L FRA TR, & Te ML )5, «“&-5874
PR SRR T REAE 48 = S A ARL SR R LB, B R B AR B R AP B . S, 40 W7 TR AL 8 R 12 h S A MR
R AT AR RS BRI, R FRAL ML AT T R

XBEIR: MEEAME: BARMABRE: G-557 450 Te MUt MLI5 1R

FE%ESES: TB331 XHERFRIRAD: A

YEHS: 1002-185X(2024)02-0520-09

HT®%EK. 5 SHIFE. mEmhEE. T
AR AR — RV A, BESET R RE.
HLF . BT SR 2] T iz p AU, (E RS SRR
FoR XM EMEREE R I A T =, RaEaE (R
AR Ok e TR, B masae
SRS RNy A AR T R N RS v
(PRAMCs), BERegkKEE & &M BAMKEN A,
ST I S B AR URE A 33 B A O 5 N B A R A
KIEEREA AL MsR. SR, LEems,
PRAMCs B A LU5m B« i B 40 % 57 Ve 4 . #AZ MK
FBCA RST e v RS0 A, REAEIR KRR b
MRAE iR & e vE e LR U,

DRI 9 o B2 vey o TR S 0 1 4 g 8 DR I sk A 7k
(SiC). &R (Si0,). —itbEk (TiB,) %, &
PRAMCs 35 )32 N F 3 s ok 7100, B+
W) G UL FH R B 4 AR LTI 25 6 SR FEAIR, AR TR 5 K
A GRTHBORG W R RIORL S 5 ER R B G R I I 2
i TV v [ 5 e el %y b S S I A R R LT
LIRS FHER & S 50 A FE R A I, 50 AT

Ui HEA: 2023-04-11
EE&mME: EXAARFES (51564035

PEE B AR T o Dy T B e 48 A UKL A £

SEARTE] (0 S 4 R, AR B R IRTH R S MR
IAVE, FORMIE 7T SR A e B R T 3 o S AR 1A
FAT S IR ¥ R TRl A0 (i AT, AlgFel')
5D B NHESRIRTRL, SIS SR AR AT, 2
SRR B B RN S . AR, e A AL
T WVRORL T 5 BRI I 7 AR RSP RN R
Zota. yREMAM R R, e RS Y
TR 389 56 BRI 5245 MORLATY A7 8 3 3 A0 28 P L A A0 3 10
KA. EEMERRRERINE—ERNIT, REf
BRI RAILB — e KEN A2k R, 7R Bk,
oKL ROT TAT ORI R BTN g, DR FFR R
PERO2 ORI, AN E N A SR Fel SR
K& B E Y AlFel R B ith -5 IR 3 5k A J0RL
i, BAR 04 R B R B R SR T 41 = < s TR
WEMTEEN, HRS KRN 5356, RS0 H
A S AL JERRTA R Fe AR IE, {3 28000 Bl
e, MIMTEESE . PHAG T RSUNY . R Ob-5e a5 fkE
THISEM Al SEE S APRLEA HAL St R AL & P i

1EZEIAY: skiGE, B, 1996 44, MWitA, ZMBE T RAEMLEEEOSREAN T SHERAHEERESEEE, Bl =1 730050,

E-mail: ZZG9941029@163.com



52 14

TRIGESE: T6 HAbH TRy A Ml 28 B 35 AR il %% Ti@(AL-Si-Ti)/A356 A1 & A AT RHHA LRI M RE R 520 + 521 ¢

RIS ER L B A MR TR AL S (0 ) 2R, UH R
U (I

MR K, AW TR AR R R R kAR
BTG AR, %l ik B A, R AT
JE SR KA T, HOE G % KR & R TR 1 24
Mt al. BL A356 HE& ARG 4, BRI &HA
ZoR4E Tiv SN2 N AL-TI-Si B LS “ -7
gERRLT GEfE Ti@(AI-Si-Ti),), LA% ik PRAMCs 5
FEFIIRPE T M A KOG &R, RAF M Rl a4k . R,
T HBR A356 FRE A E AR HOH ORI L A ST R
REAIAS REZI , ) % 1 Ti@(A1-Si-Ti), #58% A356 43
G A& GETE Ti@(AL-Si-Ti),/A356) HEAT T6 #kb
H, DIocEIL S St MRS B S A, KA
Ti@(Al-Si-Ti),/A356 RIS G ELES 712V Re ik
— BTt

1 % I

ARSI R KD RA & BB IR A 7 S04
P A356 F5E Ak R AN Ti by, Hib A356 85540
KN Al-7.28i-0.26Mg (%, JRE>%), TikralifE
98.82%. 2 PRy RIESLUIE 1a 1 1c Frox, $9ERR
BORERIR, HK M EHEMIESS G (B 1b M
1d). Git 45 R EIR, A356 ¥ K-FHRE A 19.44 um,
Ti ¥ FHRAE N 19.85 pm. FAh, A356 K&K 1) 2 #
ST SRR RP, R 2R Sy A 572.2 C
611.0 C.

WE 2 fion, ARSI ITVER AT 4 AN D%
COERBEIRFY . 3% Ti 15 A356 #5684 I M AE i ALsTi
RS S EARTY 10%11 5, FREL 40 g A356 #H4
SRR 2.05 ¢ Ti #r, RSN ND7-21 172 Bk &
FUEREB R & . BREES 4. BREHEN 5:1, d 100
r/min, EREENSE] A 40 min, BREEHLIE S 4% i 18] 6] 55 A
5 min; (2) #JRkess. PR 80 g IRAFHIMA, 15
AWIEA @45 mmX 30 mm [HERBLH P, K H ik
NHEEIIERLE P (B5 GWL-VSF-1200RY) Ff4il £

Frequency/%
o N b S

Particle Size/um

0 10 20 30 40 50 60 70 80

2 ARIETFIE IR, 24K 717 3] 100 kN 7245 B FF 46
e, I F 440 kKN FEOREF, T EETHE 2 200 C IR
30 min, BEJGBBLECHE RS (3D MAREUE . KA
RAEE T HHGRE N 595 CHEXRESP (S
9 SK-G08123K-HD, HZREE/NT 1.33 Pa) 1, &%
HIF 50 min, HAJE R N THGEFE 200 CHILE
H, £ 190 MPa J& /) R AT AR RO, fRIE 20 5. B
JE13 3] @50 mmX 15 mm MEEMEEER. EED L
YR, RVRTHIAR —HE 2 A A ORMEE R T A AL B S5
(4) FAALEE ot fil A8 15 21 1 52 A MORME A 340 21 )
(BI04 SX2-4-10) A HEAT [F] i AT 2 b 3, [ 9 b
HBHON 545 °C, 1 W7, BUHJETE 60 CHIKHHREAT
PO K N TH US40 170 °C, (0~12) h, H
H ] Y Ak R B 250 Ak B PR B ] () B AR I 1 e

X} 1l 2% A5 AUAS [F) FA AL BERES T 1 52 & M RHEURE
HEAT H UM 5 AL M RE AR5 . B 8 AH RE ik
40042 200041 WP ARFT B, ARG, f i FH o & 50 38
N 4%M) NaOH 7K AT IR ke SR A LSMB00 6% ¥
T (OM)HEAT 4H 240 22 Al QUANTA FEG 450 B it 4
EDS (1434 B85 (SEM) X A 2 47 2H SO0 5% LA J A 73
I3 HT o A5 FH A% K AE R U EIHL ) B U B 3 7 (e
WEE, RS AGS-X 300 kN {1 H T /5 il 3 ML Ltk 47
FLHRES, hifEZR 0.2 mm/min, BNSEEEH
BEEADYIH 3 ANRaeE, BOLPIEE R &N &
. RSN WILSON VHI1202 fi S fchei 5 13
SRR, InEAT 0.1 kg, INERETA 15 s, AEAMAEERE
FUIR 5 AN a5, B P B A Dy fo 44 1) S Al s 2 A
(HV). i/ FEI Talos F200X %3FFA & A M LIS )
(HAADF- STEM) HUGHR 3k 132 5 B 85 WL 42 T UE AH 1
RS TS, BREHL R 200 kV.

FIH R RE 0 7 3 %% A356 &4, ARG AT
545 C, 1 h WJEELE, JRAE 170 CF o5 AT
0~10 h A AV [A) B 25, BEAT RLA RS, JExT 86 S M
g I 2% 1) A356 A 4 Fl OM Al SEM it 47 4 4 %2,
JiiE R b

Frequency/%

—_
SN A N0 O

0 6 121824 3036 42 48 54
Particle Size/um

K1 s aak R TR 30 K HRLRE 23 A6
Fig.1 SEM morphologies (a, c) and particle size distributions (b, d) of A356 alloy powder (a-b) and Ti powder (c-d)
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Fig.2 Process drawing of Ti@(Al-Si-Ti),/A356Al composite prepared by powder-thixoforming
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Fig.4 Variation of Vickers hardness with aging time of the

composite
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K5 S%EEEMEREHMAN
Fig.5 Microstructures of as-fabricated composite: (a) OM image, (b) SEM image of the eutectics, and (¢) SEM image of a CS particle

and inset is magnified image of the shell
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Fig.6 SEM image (a) and EDS mappings of Mg (b), Al (c), Si (d), Ti (e) elements of a core-shell structured (CS) particulate

K7 S4MEEH4HE5K OM Al SEM M
Fig.7 OM and SEM images of the composites aged for different time: (a) O h, (b) 2 h, (¢c) 8 h, and (d) 12 h
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K8 S # Kl SSSs SEM H v
Fig.8 SEM images of SSSs composites aged for different time: (a) 0 h, (b) 2 h, (c) 8 h, and (d) 12 h

2 nm

Klo SaMEET 8 h N R 5 IR BT AR TEM BI34% . &2 BB R T 17 4 B A8 46t
Fig.9 TEM images of the precipitates of the composite aged for 8 h: (a) bright field image and (b-e) HRTEM images (inset in Fig.9a is

the SAED pattern and insets in Fig.9b-Fig.9e are corresponding fast Fourier transform (FFT) patterns of the precipitates)

K10 SaMEaEd 12 h i 80 R R AT H A TEM 3318 . 20 2 AR B 0 7 43 BL 28 46t
Fig.10 TEM images of the precipitates of the composite aged for 12 h: (a) bright field image and (b-e) HRTEM images (inset in Fig.10a

is the SAED pattern and insets in Fig.10b-Fig.10e are corresponding FFT patterns of the precipitates)
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Fig.11 Microstructures of A356 alloy: (a-b) as-cast and (c-d) aging for S h
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Fig.12 Tensile properties of as-cast and T6 treated composite
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Fig.13 Tensile properties of as-cast and T6 treated A356 alloy
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Effect of T6 Heat Treatment on Microstructure and Properties of Ti@(Al-Si-Ti),/A356Al
Composites Fabricated via Powder Thixoforming

Zhang Zhiguo'?, Chen Tijun'?, Zhang Xuezheng'*, Wang Yanming'-*
(1. School of Material Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology,
Lanzhou 730050, China)

Abstract: An A356 Al alloy based composite reinforced by core-shell structured (CS) particulates was prepared by powder thixoforming,
and then the comprehensive mechanical properties of the composite were further improved by T6 heat treatment. The results show that the
CS particulates not only improve the ultimate tensile strength and yield strength of the composite (increased by 18.0% and 32.7%,
respectively), but also render the composite an excellent elongation of 10.8% equivalent to that of the A356 alloy (12.4%). During the T6
heat treatment, the strength and hardness of the composite increase firstly (1-7 h, i.e., under-aging) and then decrease (9-12 h, i.e.,
over-aging) with the extension of the aging time, reaching the maximum value at 8 h (i.e., peak aging). The ultimate tensile strength, yield
strength and hardness of the composite at peak aging are 325.4 MPa, 254.4 MPa and 1019.2 MPa, respectively, which are 33.7%, 74.0%
and 48.5% higher than those without the heat treatment, and the elongation is 9.4%, which has almost no decrease compared with that
without heat treatment. In other words, after the T6 heat treatment, the CS particulates can improve the strength of the composite while
retaining its good plasticity. Finally, the strengthening mechanisms of the composite were discussed by analyzing the size, density and type
of the precipitates in the matrix of the composites aged for 8 and 12 h.

Key words: Al matrix composite; powder-thixoforming; “core-shell” structure; T6 heat treatment; microstructure and properties

Corresponding author: Chen Tijun, Ph. D., Professor, State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, P. R. China, E-mail: chentj@lut.edu.cn



