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=1 AIZn6NidMg2Cu (BB A EMLER S
Table 1 Chemical composition of AIZn6Ni4Mg2Cu aluminum
alloy (/%)

Zn Ni Mg Cu Ti Fe Si Al
6.08 412 212 110 0.203 0.037 0.072 Bal.

J1MEREMAR K T CMT-4105 7 hir A ik 56
Bl EAE 6 mm bR AE R R o A7 PR B2 IR
T 320HBS-3000 A7 [KHE i, 4NEKEAE 5 mm. &1
i 55 K F MH-50D S fefisf 5 1, 8 fir 0.098 N
S LM E R MEF4 B2 BB . G EM
2% FH Quanta 250 FEG i L+ e, FE ML
THMES K. KA R TERE, RERE
BUMRET B IF 900 . PAE 23 HT R H T D/max-2500/ PC X
SHERAT AL . Wi D IESH 4 H R T Quanta 250 FEG 1
T RAMEE, —IREFRE . i B R A Quanta
250 FEG HHi 7 RME N X 468 & (i 4

(EDS/EDX). Z# 3 #1 >R STA 449 F3 Jupiter [F]

PO prA, WRIIREE X 8 A 20~730 C, FFEREEN
10 ‘C/min. %51 ah v R H B ag e il i v, #
B0 1 AR P ARk, R R S Y, D R AR B
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2.2.1 Ni TERRINX M A LK &0

3 4 AIZn6Ni4Mg2Cu #Hi&E & & A 2 ) 1)
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Mo —Le 2 R0k, RSFA 2~5 um.
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1 AIZn6Ni4Mg2Cu ¥4 i& 55 & &5 A 1) XRD B i
Fig.1 XRD pattern of AlZn6Ni4Mg2Cu as-cast aluminum alloy
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2 AIZn6Ni4Mg2Cu it 45 A 4 I B 8
Fig.2 SEM backscatter electron images of cast AlIZn6Ni4Mg2Cu aluminum alloy: (a, c) as-cast and (b) T6 heat treatment

%2 2 i ESEE AlZn6NidAMg2Cu (B & S HIREIL ST R

Table 2 EDS results of cast AIZn6Ni4Mg2Cu aluminum alloys

by squeeze casting in Fig.2

Condition  Positions  Contents of element /ats ' OSSIPI®
phases
Spectrum 1 Ni32.55, Al67.45 AlsNi
As-cast | Spectrum 2 Cu21.23, Al78.77 Al,Cu
Spectrum 3 Mg2.44, Zn3.22, Al94.34 a-Al
Spectrum 7 Zn67.25, Mg32.75 MgZn,
Nj 0 Al (4 AlsNi
T6 heat _
treatment 123 Al:NiCu
=55 a-Al

3 AIZn6Ni4Mg2Cu %It &4 T6 AP SEM MR v
Fig.3 SEM image of cast AIZn6Ni4Mg2Cu casting aluminum

alloy after T6 heat treatment
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ik NN SR Ni, BEE Ni SR8, b
S it 2 1 T 100 8] 4 )y AlZn6Ni4Mg2Cu 45 it 4
HaMR Ml RS, w0 EETZEE . iRk,
FEP) & (D AFAE AlNT AH . AN AR /N TR A
)38 B AR T2 07 SN R, FAROIRI ALNT AH H S iy
2, WK da fioRs BUIRT AN AR 5 45 55 1A 1 122 il
SR, BRI R, Wikl 4b Fros. WAl
ALNI FTEZE A & TR 7 iREeRER, Ni ok
A s 7 iZmA SN mE.
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Kl 4 AIZn6Ni4Mg2Cu #5i& 45 & 4 i b 0 50
Fig.4 SEM tension fractures of cast AIZn6Ni4Mg2Cu aluminum
alloys after T6 heat treatment: (a) fractured AlsNi phases
and (b) unfractured AlsNi phases

HEE X 6] A 44.4 °C. AlIZn6Ni4Mg2Cu 4540 & 4 %6
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Mg+Cu)-4Ni (1 Zn:Mg:Cu=6:2:1) T F #k [ #H &
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FrEFIE AIZn6Ni4Mg2Cu F5i& 45 & 42 K 22 o i i 28
DSC curves of AIZn6Ni4Mg2Cu aluminum alloy by
squeeze casting: (a) elevated temperature curve and

(b) falling temperature curve
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ZIILTAL Ca-Al+AINID . 7EEBEE AW, FHHE
XK 22, IRIR B 2R 1) e SR AR A 3 i 2
g2 S AU %, R RIR B AR A AR
NN S E P B O 3 NS R B s RN AR R
AR AL =4, Wnmsh k. Bk, Nioo
KRN T AlZn6NidMg2Cu %40 & & 1%
M RE .

2.3 AESBEIES AlZn6NidMg2Cu $5iE5R & £4A
2014 BE A 2 M

Bl 7a~7c 7 BIARD BLER G . &R AL IE OB R A
it AIZn6Ni4Mg2Cu #5148 & & 85 A B RO 24H 24
BE#5E T 2R, SR RSFREE A 20
ARG . R I &)@ B 1 R B R 4 3 1 11
bl R ~For 298 100, 50 A1 40 um. &6
AlZn6Ni4Mg2Cu #i&Em & & E MEEFKEBMN
AlLNi AHFTEE &) AlL,Cu A . WP BLEFIE BT AlNi A 25t
e MR, RSPl 7~18 pm, E4AECRS A &RE

# 3 Al-6%Zn-2%Mg-1%Cu F1 AIZn6Ni4Mg2Cu $51& 58 & & K5 B X (8] Fn g5 1 4 48
Table 3 Solidification ranges and casting properties of Al-6%2Zn-2%Mg-1%Cu and AlZn6Ni4Mg2Cu casting aluminum alloy

In condition of equilibrium solidification

Length of flowing Width of hot

Chemical composition, o/% Liquid line  Solid line temperature, Solidification range g
! ! les/ t /
temperature, T,/ C Ts/C ATIC sampies/mm earing ringsimm
Al-6Zn-4Ni-2Mg-1Cu 634.0 589.6 44.4 350 25
Al-6Zn-2Mg-1Cu 635.0 570.0 65.0 280 35
20 :
F—ome. \=c” 7 3 Tl 73" c
~~ > ’ . L=
’_\—T - 800 C - ” 600 C " s
%,/15-;—‘5133\ o L’ Gm/,C ’ AI%Ni”,‘ GOOi,\q\ I [ At,_w
910~- ezg,;c‘ ~~ szo;c»z' O Alwu;t
g “s.sag-f T :
pa o _ 640 C - 500 }—2
N 5+ T-- 2 [Fop
N =~ 650 C A‘GZWCM- 640 C 2" b,““'i‘?t‘!.‘ﬂ-@-&,-".’--
~ ~ 650 C - -'A.,» .M
+ + a8
2 4 6 g 72 1 6 8

Ni Content, w/%

Ni Content, w/%

(Zn+Mg+Cu) Content, w/%



<2 G EAE AEN

46 %

K6 Al-Zn-Ni-Mg-Cu # &
Fig.6 Al-Zn-Ni-Mg-Cu phase diagrams'*"): (a) liquidus of the phase diagram Al-Zn-Ni-Mg-Cu in the cross-section Al-Y(Zn+Mg+Cu)-Ni,

Zn:Mg:Cu=6:2:1; (b) vertical cross-sections of the Al-6Zn-2Mg-1Cu-xNi phase diagram; (c) vertical cross-sections of the

Al-4Ni-x(Zn+Mg+Cu) phase diagram, Zn:Mg:Cu=6:2:1
Brig it AlNi AH 28 AR, RPN 3~8 um, 2 RER
) BREFIER ALNI A2 KR 48R, B
g 2~5um, KJEHN5~30 um, EERERS M, SR
B IE FIBT R B5 G T AN AH 305 A . 2 T /0 B 45
i, RSHNT %G . AlLCu M EBE G R D&
AT, BV 10 B2 B G ORI 2 . B 7d~7F b Y
Wit SRMFIEMET LG AlZn6NiAMg2Cu #i&
Ba < BVA AL B S O 2R . R A FL S AlCu Al
A, AN MR, AHE AR, ARREERR.
BeAh, Wb BRI N <5 R B SRS N AR AR D B, BE
JEE G I B, TC AR R

R FE TR 7 R G R T B A I R RS
ALNI AHBTES M AR TR s . &R R G
(2 IR IR o FE AT BRI S5 N BE A B AT
ol A WHE BV B S AN IR G T, 20 A 3 s,
R K AAEILE R, TE R a-Al+AlNI )35 5202,
Ve A ORI, kv FE R OR, TR A VB BV B
TEE, A a-Al+ALNI F) 3 H Bk £ .

& BRI . BRI I (¥4 20 B K T b 2 4 1
VA EEFE . NIk, &)@ eEiE . BY RGN 1) AlNi
M E R Z TSGR AN FHEE, HS A2
REWR, HAEWPERILSHSEE. o, fEFEE
iR, BT AIZn6NidAMQ2Cu 45 it 55 A 4 Tk ] i AR FR
Wedi, EMEERT, IGFSZERE KK, B
DR E G, S, MEEMEEEA, FEE
DGR SR, A RESE . DRk, % i bR AT
AT B N
WG, &8I IE MY R%GIE T, AlZn6Ni4-
Mg2Cu #FiE 8 & & 1) /1 HERE ISR 4 P o B (e h A
TR A 2R AN 8 P o AR R T 5 it )
(P B D AIK ,  B 5 BE AT 6 43 i) - 486 MPa.
1.0%; $f %5 1E I B RE iy, o 5 2 A K 2 0y
il 79 586 MPa. 3.5%. #hHKLAT AlsNi AHZH/ N HIEL
WO T R IE X G & 0 et T R B

AN R R A ) B A

.
f
20 pm

B 7 AIZnBNi4AMg2Cu #4545 A 4 H oW 4 47

Fig.7 Microstructures of cast AIZn6Ni4Mg2Cu aluminum alloys: (a) sand casting, as-cast; (b) permanent mold casting, as-cast;

(c) squeeze casting, as-cast; (d) sand casting, T4 heat treatment; (e) permanent mold casting, T4 heat treatment; (f) squeeze casting,

T4 heat treatment

F4 AREIHEITE AlZn6NidMg2Cu BB E& &M
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Table 4 Effect of casting processes on mechanical properties of cast AlZn6Ni4Mg2Cu casting aluminum alloys

Casting process Heat treatment

Ultimate tensile strength/MPa

Elongation/% Hardness, HBW5/250/MPa

Sand casting T6 486 1.0 1700
Permanent mold casting T6 510 25 1820
Squeeze casting T6 586 3.5 1880
700 Heat treatment As-cast Solid solution Solid solution and aging
-----Sand casting process
600 - Permanent mold casting
—— Squeeze casting Hardness
500 + !
. HBWS/250 1140 1230 1880
=9 r VN . N
s o B HT AIZn6NiI4AMg2Cu 4438 45 & 4 I s AL AL

Strain /%
K8 T6 #HALFE AIZNn6Ni4Mg2Cu 5538 55 & & 1 B0 7 o0 45 i 2%
Fig.8 Stress-strain curves of cast AIZn6Ni4Mg2Cu aluminum

alloys by T6 heat treatment

2.4 HALIBEXT AIZn6NidAMg2Cu iR & S LHA M AE

A

* 5 NF LG AlZn6Ni4Mg2Cu #iE 4R & &
A AR HRAS T RIRERE . w0, [V A3 SR A
T B 38 0, ]85 I 5 Ak B R P E— B 8, A
W K{E . 7£ AlZn6NidMg2Cu #it4R &4+, Zn. Mg
FRIE T Ha 3k LA, IETE R MgZn, A, MgZn, AHZ
[E] 5 e 28 A B S AE R G B AR TR BT (Mg Zny)
A, R T RSGRIAIIVER . Rk, [ DD R B R
TR A S ERIE
2.5 SERLHLE

MONi JCE . B T 2R HE ) 2 230 B 2
E, AlLNi HEEA 3% AlZn6Ni4Mg2Cu & 554 41
HiEvEee, WS TR ERE. Zny Mg 2 Mt R
5 Ni ANkA RN, B Zn, Mg 7Ei%458 &4 e e
M 57E Al-Zn-Mg-Cu REH &M EAMIE . 25 &
BTk, AIZn6NidMg2Cu %5 i& 55 & 4 1) 3 5 v LK 58
AlNi A TR BRI AN n(MaZny) HH R 25tV o

K4 AlgNi A LAAE, 353738 Mg,Si. AlgFeNi A AlgFe,Si
st A RE RN 3% Al-Zn-Mg-Cu $8& & s gt
e RO, pR TR R T R SR AL A o

#R5 TRALETIZHHESE AIZn6NidMg2Cu BB A
ERCIES
Table 5 Effect of heat treatment processes on hardness of
cast AIZn6Ni4Mg2Cu aluminum alloys by squeeze
casting (MPa)

B, N TIRBPLESEARREOR, WL R fE
T 2 SRR ZA, DLEs & e ipeiE P ag; 3L
i EAT R R BE R RE , BETE B AR AR ) 2, T
SETHAR, UERITREORLIIER, fEma e
PERE: FLRATE ROt R A SN RERA TR A B RN, A
S DT BR LA A I R0 A RBOR o 3 Bt s AL AR DR T A8
MR & e TR RTTIA .

3 &

1) AIZn6Ni4Mg2Cu it 4a & & B A B I R,
RE A AR 53 T2 T Al ik 586 MPa. %4545 <45
JE v B S DR 2 LA T p(MOZing) A 1 B 45538 Ak A A AN
AN FH IR EGRICIER , AN AN, &5t
VAT
2) AIZn6Ni4Mg2Cu it 55 & 4 1 G M Re A T
FANN Ni LLET Al-6%Zn-2%Mg-1%Cu )55 & 11 fg
Wi R L BGE MR BEE T2 & & & A B M3t
fmHZR Ca-Al+AIGNID,
3) LA ALNI BRI 32 = T AIZn6Ni4-
Mg2Cu ¥ i& 50 & & I iE tERE AR B, TR T —
FBn 1 %% 1 40 & @ 1 aR AL ML —IL doeR Ak, fE
Al-Zn-Mg-Cu 456 4 1Al b 51 N 3L f oAl AT A I e
PG R REAN IR IE, MONTTAH M M iR A B S 4R )
TR IETT I .
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Abstract: In order to develop new high-strength cast aluminum alloys, AlZn6Ni4Mg2Cu cast aluminum alloys based on Al-Ni eutectic
system were prepared by sand casting, permanent-mold casting and squeeze casting processes. The influence of Ni element, casting
process and heat treatment on the microstructure and mechanical properties was studied. The results indicate 4% Ni (mass fraction) forms
a great deal of eutectic structure (a-Al+Al3Ni) in the aluminum alloy. AlsNi improves casting properties and mechanical properties of the
alloy and plays a role of eutectic strengthening. Solution and aging treatment cause globalization of AlsNi phases and aging precipitation
of MgZn, and A;;Cu phases; as a result, the strength of AIZn6Ni4Mg2Cu cast aluminum alloy is increased. Compared to the samples by
sand casting and permanent-mold casting, the sample by squeeze casting possesses the finest grain and AlsNi phase, as well as the
optimum mechanical properties, whose tensile strength is 586 MPa, and the elongation percent is 3.5%. It is concluded that the
strengthening mechanism of AIZn6Ni4Mg2Cu cast aluminum alloy is aging strengthening of #(MgZn,) phases and dispersion
strengthening of Al;Ni phases. The mechanical properties reach their highest values by squeeze casting and T6 heat treatment.

Key words: Al-Zn-Ni-Mg-Cu aluminum alloy; Al;Ni phases; squeeze casting; eutectic strengthening
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