§527 K 4 W
Volume 27 Number 4

TEERERFR

The Chinese Journal of Nonferrous Metals

201744 H
April 2017

DOI: 10.19476/j.ysxb.1004.0609.2017.04.003

ZlK TiC/Ti BLFIIDNE XS

Al-Zn-Cu-Mg & & HAFN14 gE R 220

Rpate, BB, kA, &

sk, ARAEER

(P RHR S MOBLUE MR AR 5 s s, il 430074)

B E. RHASGEERELGIS SR Ti B 0340k Tic Bk E 44140 FI(TIC/Ti 414k 57), WA\ x4
Al-Zn-Mg-Cu 54 HZRPERE 2 . 45900 1. B TiC/Ti AMLFUMIA R840, Al-Zn-Mg-Cu 445 (1 ik R
SR AN 0.5%(R A EOR,  RIEA AR INAIAL 7T ) 525 pm MR @RS 119.7 pm 41
S BEE TR, A4 1R RSEETHAL . #54 Al-Zn-Mg-Cu 5421058 —H B T(A1ZnMgCu)
AHAD O(ALCu)FHAL S,  AREANAGAE S —AHZI b 08 (R IA INEAN AR 58 AR AR B Ai Ak A
SN, A PR R R 4 FRE R TS s 4RI R 0.5% 0, & 4 Hi o AR FE 43 71k 249.5 MPa

F137.3 HV, BRI EI2- 535 32.9%H81 16.4%.

KEEIR: Al-Zn-Mg-Cu 58 49K TiC/Ti 44k AN @RRIRT HURismpie, 4 fRhg

XE/HRS: 1004-0609(2017)-04-0692-09

FESES: TG146.2

XHkFRERS: A

Al-Zn-Mg-Cu & 4 HAT & 1 B R 2 n T e 284
ARSI, TN TRUEAUR . IRAR R M
A TP RS ZE T 2 AR ), 12 R A 4 W SR 5 it
A, G IRV RO J5 R 1 I 807 2O & A T iR
L. HTFXEAE SN G SBEER, Sk
BT« i S 3L S A U Il 8, 5 S0 4 TR A
PELTFIR ) T 240), aifb ok 40 & i 42
LI T YRR ) R E R B Hal, Tolk
T R SR AN A T VR R S, — SO R T
R 75 U BN U Bl 3 ) BT VERAT ki Ak, 55—
JEE AN A e R Bk () A e E g s . 31
W, T ARAE T VS, AR A R L
8o AEETTE T TR AN ALTI-B o E]
B, Pt a(ADZE L, Ak, H TiB, KT
SRERKRYUE, BO¥ Zr. Cro Mn ZJRF “d
A7 U 2 2 SR AL RIR

R B VA T 7R 40 P R R T B (A K S PR R RO
SRR RIS OB, ARG S,
MYKHALENKOV 25 O5R i 360 6 1 2 A 1 B0 o b 7%
B0 TN, A7 254 A T 2845 1) &k . BORODIANSKIY
20K AL S AK TIC MY RIRE G TR, I

Igis BEA: 2016-03-28; 1&iTHHA: 2016-07-07

X A356 G AT AL, I A356 G4 AR 259 pm
/DA 144 pme TP EERURL 5 AR 2, T
T 5 R — 5 15 5 IR . AU A AR
SIS I T < TR £ 34K TiC B4 TiN ok 5
EALH], XEAEFIR TAbgiER, Al-4Cu &4
Al Al-Zn-Mg-Cu & 4125 HAT R AP AN /EH -

UbAh, RSN SR A0 A 0 7 ik gk b,
PR A E I N it 4 e 1A B FLAR U . WANG
SEISER T AL-Ti-B-RE 414E510%} Al-7.08i-0.55Mg &4
HEATAA AR FE, 45 RTINS N 0.2%(i &
SEOR, BRI Ak, Prb Bk B .
JIANG Z5USIF5E T Ca 70 20 Mg-3A1-1Zn & 4 44k 3%
R, 5K, M Ca MININE R 0.08%HN, &
S MR I AE . AR SR Ti W 584K b e 8
b2 A ML FIRT Al-Zn-Mg-Cu &4 4L BUR R 1T,
{HANLF I X 45 2% Al-Zn-Mg-Cu & 4 [ 4L 2Uf
P RE IR 5000 0 AS WA

o, ASCHEH LG Ty Ak, SR REER
FEVESIRE T )8 TR gk TiC BUki 4K TiC/Ti
ARG O TiC/Ti 4i467), WFE &
Xf Al-Zn-Mg-Cu & & H A4 2P RE 1) 5210 o

BIEEE: 0%, #9%, it Hif: 027-87558190; E-mail: caigizhou@hust.edu.cn



RIS 90K TiC/Ti LRI XT 43S Al-Zn-Cu-Mg & G4 ZUIPERERI I 693

2754
o
1 3Kig

1.1 REFIH &

Bk TIiC #3(30~50 nm) LK Ti #3(10~20
um)fZ LLGIFR RS, RH QM-SP4 2w e Bk S HL K
B, e TIC/Ti 404675 AEFIESR W 1 B, A
1@ AT LA, TR RARAS RN, R 1 A K
K TIC Foki; B 1(0)FTh Ti B R seR &, A
B R Rl DU Ti R AR T oK & TiC ks, R A5
REEREE IR, TR A & RN A T RIESRE W
YK TIC S RANE AR 54T, gk TiC 2 #E
Ti KRR THT Bl 1Y) P R BN 5 4 Ay A T B ik 45
¥y, MITAE R F-942K TiC ki AL 2 .

(2)

Ti particle

B 1 49K TiC/Ti 416 FIE S
Fig. 1 Morphologies of nano-TiC/Ti refiner: (a) Single

particle of Ti; (b) Surface amplification of Ti particle
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Fig. 2 Permanent mold of cast ingot (Unit: mm)
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Fig.3 Schematic diagram of tensile samples (Unit: mm)
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Fig. 4 Macrostructures of Al-Zn-
Mg-Cu alloy: (a) 0%; (b) 0.1%;
(c) 0.3%; (d) 0.5%; (e) 0.7%
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Fig. 5 Microstructures of Al-Zn-Mg-Cu
alloy: (a) 0%; (b) 0.1%; (c) 0.3%; (d) 0.5%;
(e) 0.7%

Average grain size/um
W
S
S

0 1 i § 1 1

0 02 0.4 0.6 0.8
Addition of refiner, w/%

B 6 AHEAMLFIIAEF Al-Zn-Mg-Cu #4071 Sk

RAJ

Fig. 6 Average grain size of Al-Zn-Mg-Cu aluminum alloy

with various additions of refiner
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Fig. 8 SEM images of Al-Zn-Mg-Cu alloy with 0.5% refiner
added: (a) Morphology at low magnification; (b) Morphology
of secondary phase; (c) Morphology of secondary phase
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Fig. 10 DSC curve of alloy during heating process
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Effect of nano TiC/Ti refiner addition on
microstructure and properties of as-cast Al-Zn-Mg-Cu alloy

ZHAO Bing-yi, CAI Qi-zhou, LI Xin-wei, LI Bing, CHENG Jing-fan

(State Key Laboratory of Material Processing and Die and Mould Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: A novel kind of Ti supporting nano-sized TiC particles grain refiner (TiC/Ti refiner) was prepared by
high-energy ball milling. The effect of refiner addition amount on the microstructure and mechanical properties of as-cast
Al-Zn-Mg-Cu alloy was investigated. The results show that with the increase addition of TiC/Ti refiner, the average grain
size of alloy decreases gradually. When the addition amount is 0.5% (mass fraction), the a(Al) grains transform from
dendrites with average size of 525 pm to equiaxed grains with average size of 119.7 pm. The secondary phases of as-cast
Al-Zn-Mg-Cu alloy consisted of 7(AlZnMgCu) and O(Al,Cu). The refining of a(Al) grain results in fine and uniformly
distributed secondary phases, while the composition has not been changed. The tensile strength and hardness increase
with the TiC/Ti refiner content; when the addition amount reaches to 0.5%, the optimized mechanical properties of the
refined alloy is obtained with a tensile strength of 249.5 MPa and hardness of 137.3 HV. Compared to the unrefined alloy,
the tensile strength and hardness are improved by 32.9% and 16.4%, respectively.
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