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Effects of Cr on Microstructure and Mechanical Properties of High Vacuum

Die Casting AlISi7MgMn
Zheng Lingbo, Zhao Haidong
(National Engineering Research Centre of Near-net Shape Forming for Metallic Materials,
South China University of Technology)

Abstract: The AISiMgMnCr alloy with different Cr contents was perpared by high vacuum die casting. The micro-
structure and precipitated phase of the alloy were investigated by SEM and TEM. The area fraction and equivalent
diameter of iron phase in the alloy with different Cr content were calculated. The results reveal that with the in-
crease of Cr content, the yield strength of the T6 state alloy is increased and the tensile strength keeps stable,
while the elongation is decreased significantly. With the increase of Cr element, the area fraction and equivalent
diameter of iron phase in aluminum matrix are increased. Cr element was added into the alloy to form the precipi-
tated phase containing Cr. which inhibited the growth of g” phase in the aging stage, and the uniformity of §”
phase in aluminum matrix was decreased.
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Tab.1 Chemical composition of AISiMgMnCr alloy with
different Cr content %
g}ﬁ o wp
7 S Mg Fe Mn Cr  Ti S Al
1 6.974 0.301 0.063 0.640 0.004 0.09 0.01 K
2 7.127 0.305 0.067 0.648 0.104 0.09 0.01 A&
3 6.940 0.287 0.067 0.627 0.181 0.09 0.01 A
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Fig.2 Dimension of tensile specimens
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Fig.4 As-cast microstructure of high vacuum die casting

Al alloy with different Cr contentat

- o ‘ ‘;. R ,, X - s
3 s ¥ afe - PR N e S
L oFe o4 e R
)9 y ) ¢ X | n/ \r P )“a'_‘.,r. g
o~ ., 3w i g = o oFe Ligt I
v & a0 oo’ Si 3@ v ®
» -7 ‘1 4 g
o e | "‘ i b/ % L oAl /\ ‘uy? e
2 “ P &
e Sie » e o b R P f‘.u:ﬂ‘.a 2 1 ,:’:‘4‘
A a-Al ' [ S5 ity
x ) - 2, W R
. A Feot A e
. . 3 a-Al » vﬁz'\‘ < B ’g,-"’
Rl 4 ‘, . e |
v Tieh ree P’,!é * .
L wia, 2opm 0pm ATE TR 0um
(a) 15 (b) 2 % (o) 3%

B5 RARCrE&EZaATEHKAN T652MAR
Fig.5 Microstructure of T6 treated high vacuum die

casting Al alloy with different Cr contentat
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Tab.2 Fe phase characteristics of high vacuum die casting Al

alloy with different Cr content

s w(Cn/%  WBSHE/ % FHMAER/pm KT
1 0.004 0.263 2.304 1.818
2 0.104 0.946 2.617 1.646
3 0.181 1.423 3.508 1.657

2.3 TEM AL

3 5 R PR B sk (E B i TEM B3 & 87 5 43 HF 1
A DL 7, N 7a 0] LA Y, TEM TR
<001 J7 1] b HEAT . NBH 37 BR J op 5 3 4R BE K b 2y
S AT KR 25 nm, AR 3 nm ZE A WY BRI OK
Prifdf. ik AISiMg & 4 W (R I 50 55 R 23 i i
ANERIR B I AN AR L B S B RS H L AR BB @ =1.516
nm,h=0.405 nm,c=0.674 nm, ME 7Tb I UF L .5
HoA 5T 25 I A — BT W g ok T R A D B
R o RV B RO A B AR A A A P A B 5 R T
FR) 2 SRR SR O AR B 2 A AR AT AR
G I AR AL ROR AT ) PR AR T R

8 Jy 3 S FERY T6 T & Cr i Al W 354
e HATH AR B 9 A& Cr #r AR EDX Il & 4551,
M9 m] LA A AR Mn &5 52 B 85 T Fe &4,
w(Mn) /w (Fe) tEAEMT AT R T 5. i 7T T 48

361



iR B 3 A

G4 2021 FE 41 EBE 3

(a) A48
B7 3%4sekiinaatey TEMABHRAR'FH
L A e 3
Fig.7 TEM image of No.3 alloy with peak aging treatment

(b) 2 %A

and Fourier exchange of high resolution 8" phase
FEHEAT 3BT & 3o AR 0 7 5 85 ) a-AL(Fe, Mn) Si ) &
B B RO 1.256~1.265 nm Z A", @it X 3 Sl kE

AT 568 A6 BE 00 B 7 5 0 A5 R A% 8O 1,264 nm, PRI

AISi7MgMnCr, w1 (# #r i A s S 440 37 J7 S5 4,

FCr Mn, Feid J % 0 R 7€ &b 4% b mT LUK B8 A, P
. \“ .' v am

’

(a) T6 5 FF3prditaey TEM BB (b)) R & FATHEH
B8 T6&TFHiAbineg TEM 95t ik K & F 47 44 164
Fig.8 TEM images of blocky phase in the T6 alloy and EBSD

DAFCAT A0 A @~ AL(Mn, Cr, Fe) Si. 5 544 i1 £ 4
3\% /?\ %j: < 110 >A1//< OO]- >A1(Mn.Fe,Cr)Si ’ { 1]-]- }Al//
{SBO}AI(Mn.Fe.Cr)Sio

600 Al
Al TE wi% /%

500 Al 6027 71.68
Si 889 1015

400 Cr 514 319
2 Mn 2241 13.09
5 300 Fe 329 189

Cr

Mn S_i
100{Mn Mn Mny -
0 g o

0 2 4 6 8 10

o=

HEE/keV
B9 & Crrdidneg fe i v 2%
EDS of the precipitates containing Cr

Fig.9
3 A FHAESHT

3.1 NEFlEge

B 10 AN Cr & 6 3 ROl AR 35 8 R T6 &1 )
VERE. ATLAE H L T6 $AAL B A & (R B BTt
KRBT, HA8T 3 50 IR o B AT iR 3 LA
AL 3 5 R i i R L T R A 340 5N
135 MPa,266 MPa.,12.35% , Herf 2 S RE AT F 1 5
MBI R TR T 20.9%, T6 5G4 .bE Cr g8
B Je A 5 BB 1S I FE A BRI, B o BE AR AR AN
KR TR E, T6 & 2 5k H ki JE N 256
MPa, 1 S MK E K 11.97% . 3 41X FEHhr 38 FF 1
H316 MPa, fHET 1 54, 2 56 4 W Mok B 52 7+
T 22.5% MEKETHET 35.7%,

mEeME2A M. GaPHRMCrotRiRm T H

201

W

}

450 ¢ 450 o
wmb B15 400 ;g
2% g
350 mm3e 350 =
300 f 300
£ 20} & 250}
= =
o 200 = 200
150 150
100} 100
50t 50 /
0 0 s
% T6 #HE

(a) J&JR 3% JE
A 10

(b) Hriiik &

RRCroEd A2 EdeE N FIHE

T6 #wH T6

Fig.10 Mechanical properties of the high vacuum die casting Al alloy with different Cr content at different states

FERh Fe AR Y A5 A% (5 A% T BR 23 %50 5 4 v e B Y
Fe fI7ESN IR R T By th BUIE A7 46 s AN F 44 i 28
PEEGE . L Cr & m A9 $ET1 . (45 Fe A1 H BLH R
RN Fe MWURL 5 73 B A R BUR IR 80 37 18 1 Ar
B AL R R AR AR A . X T R BB Cr
B HEA T6 MR T M, b US4
HBTT 20 K i A AR  BELAS (67 5 12 B« $1 5 E L fFL [R] I e
R B e T6 HAb FG & 408 B2 T i . WP %
362

fik.

TEM 4413 Hr W]l i T6 Huab B 55 5 A4
ST KRB A 0 B AR L T SR BONT A RO Ry
A RS 2 DU R 5 4 I 28R AL S8R B L T6 AL RS 5
B B PR TAL R B W] A B v o 2 PR I A PR R
PR AT R BRI B L TR /N 7R UKL B A5
S R AL s S TR T A SR EE .
F. & Cr (77 SR B AR i 50 nme Ay H AH J 1]



Cr Xt B 25 % AISITMgMn HAFI T A PERERISE R Mk 45

DX 3 A B KT A B, W LT RE Si R g
SR BT S i E R B  Cr A AR & D 87 7 s A G 38
SIMETN RS T R WO R L3 S A B O e
Hi A Al(Mn, Cr,Fe) Si X} 88 & 4 (10 B 85008 fb & 45 A Fl
S H R T 7 ST R AR AR SR AR P i B AR DL T6 A
Qb B A A A R R R B LASREONT i g L
Cr (97 e b7 th AH X T6 440 B 5 A 4 52 B/, B Ut
T6 AR FEPLRL 58 JE AR/
32 hHEOSH

3 ZHCRE T TR A5 A R0, E R 1 SRR 5 A8 I T6
BWF O a0 IR 11, RTRAE B 82 S O A
T R AN R D) £ 4457 23 e RSP /NS T S R Y 7 A
BT, o fige B DT S ) T fige LT SR ) e W 4 = ) L 2
SUTE N ) A6 R B AR R R B 20E o Y
A 7 AU RSO =2 1) 7 4 T R T g e 4 3
We . 58 ATLNW I IE A58 4 AN R, Bk 31 5 I8 1 531
R R AN B S W e R R T R A
T LB T B LSS B ) 5 G FBAF AE I e Wy 5 3 A b A
B GHRFR Ry SEARURD) o 32 2040 VR FI B 4R 361k & 2R
SRR AR T L B A 5 S b JOUREL 8] L A K I T R L 8K
6 5L 18T 43 JF 5 S A AOREL H BT T TR AL . RS
SAPEAR T Ak S ALY R B M AL R B — o B
B 5 28 5 EOPE BT Y

i
(a) % 4 (b) T6 &
B 11 1 5 A o B R

Fig.11 Typical tensile fracture morphology of the No.1 alloy
4 % &

(DREE Cr FiRtiem . & 2 A K% AISiTMgMn i
FEGE 2SN i M A0 iz 5 B2 P Sh A/ KRR T B 5 T6 25
T Je AR B AR T PR R B AN AR P R B R R

(Cr & Hh o HmF 0.18% B}, AlSi7MgMn &
SO ZH S Y Fe A T AR 43 B00FN 45 2R AR K, Fe
FHH LA R G B R 1Y Fe AHBOR AR R 2800 sk §-
Je& B AL R R AR R 8 4

(3) i L4585 AISiMgMnCr & 448 T6 #itH5
YRECHT H 1 B 2 L B B g B B T R R ALy
R ALCMn, Cr,Fe) Si 47 Hi A Xt 8" 1 TE 1A 30 44 7E

F GRS B B A A 3 SIHE R R
5 % X W

L1 ARAT B8R R AN L2 7E ¥R 4 3% 5 Ak i iy 2 T LT . BB Q08 5 0
. 2019(5): 148-150.

[2] ZHAOHD, WANGF, L1Y Y, et al. Experimental and numerical
analysis of gas entrapment defects in plate ADC12 die castings[ J].
Journal of Materials Processing Technology, 2009, 209(9) . 4 537-
4 542.

(3] sk@7e. 7 L B E e RR S 2R 50 5 B 1R 4 3 0 B A 19 L 45 H R I
KLV AR 5 3 JoA @442 2009, 29(11): 1030-1 032.

(4] Wi AR LA R 55 ADCL2 %% 1) 25 (R A48 K Sou L3
MBI FE L0 A5 Fh e A & . 2017, 37(1): 70-74.

[5] WAN L, HU Z Q, WU S S. Mechanical properties and fatigue be-
havior of vacuum-assistdie cast AIMgSiMn alloy[J]. Materials Sci-
ence and Engineering, 2013, A576. 252-258.

[6] XUJJ, PANY, LU T. Synergistic effects of composition and heat
treatment on microstructureand properties of vacuum die cast Al-
Si-Mg-Mn alloys[J]. China Foundry, 2018, 18(2): 117-122

[7] BOSCH D, POGATSCHER S, HUMMEL M. Secondary Al-Si-Mg
high-pressure die casting alloys with enhanced ductility[ J]. Metal-
lurgical and MaterialsTransactions, 2015, A46(3): 1 035-1 045.

[8] HYUN Y K, SANG W H. The influence of Mn and Cr on the ten-
sile properties of A356-0.20Fe alloy[ J].Materials Letters, 2006, 60
(15). 1 880-1 883.

[9] EIDHED W. Modification of 8-Al; FeSi compound in recycled Al-Si-
Fe cast alloy by using Sr, Mg and Cr additions[ ] ].Journal of Mate-
rials Science and Technology, 2008, 24(1) . 45-47.

[10] LIYG, YANGY, WU Y Y. Supportive strengthening role of Cr-
rich phase on Al-Si multicomponent piston alloy at elevated tem-
perature[ J ]. Materials Science and Engineering, 2011, A528(13-
14) . 4 427-4 430.

[11] MARIALAURA T, RICCAEDO D, GIULIANO A. Effect of Cr
and Mn addition and heat treatment on AlSi3Mg casting alloy[]].
Materials Characterization, 2017, 123, 75-82.

[12] ZHAN H Y, HU B. Analyzing the microstructural evolution and
hardening response of an Al-Si-Mg casting alloy with Cr addition
[J].Materials Characterization, 2018, 142; 602-612.

(131 fodkJe. g %t ADCL2 JE % 0 MO0 4 415 ) 2 Pk E 79 5% i
[DJ. J7 M AL p BT k4 2016,

[14] WU XY, ZHANG H R, MA Z. Interactions between Fe-rich in-
termetallics and Mg-Si phase in Al-7Si-x Mg alloys[ ] ].Journal of
Alloys and Compounds, 2019, 786. 205-214.

[15] DONG X X, YANG H L. High strength and ductility aluminium
alloy processed by high pressure die casting[ ]J].Journal of Alloys
and Compounds,2019,733:86-96.

[16] CHENR, XU Q Y, GUO H T. Correlation of solidification mi-
crostructure refining scale, Mg composition and heat treatment
conditions with mechanicalproperties in Al-7Si-Mg cast aluminum
alloys[]].Materials Science and Engineering,2017, A685:391-402.

[17] WENG Y Y. JIA Z H, DING L P. Effect of Ag and Cu additions
on natural aging and precipitation hardening behavior in Al-Mg-Si
alloys[J]. Journal of Alloys and Compounds, 2017, 695; 2 444-
2 452,

363



Mar. 2021
Vol. 41 No. 3

FERR PR A B &
SPECIAL CASTING & NONFERROUS ALLOYS

PALIEXT WE43 $2 & & B RAE A T F 1% 8 1Y 72 i

&

b

ME-G&8I12

FEE RER A Bl BMHK FKRmE
(L AR KAy 5 ALARAT 20 PT)

W OE RAMKESER & T WE 844 1 OM,SEM.EDS §IF5¢ 1 #u Ak PERT 5 & 4 19 B 8 K e R A 1B 00 3% 1y 2%
PEBEFEAT IR, 43 BT AL B0 L Sy S e RE B2, S5 SRR WELS B8 2B AU £ Bl o Mg SR & T Y Mg, Y, 35§ 41
B, Zeid 520 CX10 h+225 CX14 h #AbHS . WEA3 84 4 R H o Mg LR 7 B R .0 B3R 4 Mg, Ys 3 SR B #HIR 1 1)
BT A L. S A AL B S WE43 864 4 (0 B0 B A1 Al 58 B 2 42 &, 43 9135 31 305.9 MPa 1 191.8 MPa, {H fi
KETHEE31%,

KR WEL G S PUbH; BRI e
RESEES TG146.22 TEARERD A
DOI:10.15980/].1222.2021.03.022

HEEB KRR X K

(S

EAE

FFR A (FIRAR S ) RIS (OSID)

Influence of Heat Treatment on Microstructure and Properties of

WE43 Magnesium Alloy
Wang Zhengyuan, Qin Shouyi, Wang Xianfei, Yu Guokang, He Kai, Zeng Baidong,
Chen Jiayun, Jiang Lichao, Wu Xiaosong, Wang Lin

(Shanghai Spaceflight Precision Machinery Institute)
Abstract: The WE43 magnesium alloy was prepared by low-pressure die casting. The microstructure of WE43
magnesium alloy before and after heat treatment was observed by optical microscope, scanning electron micro-
scope and energy dispersive spectroscopy. The effects of heat treatment process on mechanical properties of WE43
alloy were also analyzed. The results show that the as-cast microstructure of the alloy is composed of primary
a-Mg and eutectic phase with Mg,, Y;. With the heat treatment of 520 'C X10 h+225 ‘C X 14 h, the microstruc-
ture of the alloy is composed of primary «-Mg. cluster of square phase, residual eutectic phase with Mg,, Y; and
aging precipitation phase. By heat treatment, the tensile strength and yield strength of the alloy are increased to
305.9 MPa and 191.8 MPa, respectively, and the elongation is decreased to 3.1%.
Key Words: WE43 Magnesium Alloy, Heat Treatment, Microstructure, Mechanical Properties
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