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£1 LAFIAZIIDAELEZERS
Table 1 Chemical compositions of the LA42 and

AZ91Dalloys W /%
G La Al Zn Mn Mg
AZ91D - 8.64 071 0.31 A
LA42 4.05 218 - 0.3 A
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SCL40L/E$5mAL, KAMNEZEKE 760 mm, LEIAT
1815 s, FERFEBEFEE (Supreium®) BIY EHIIE
HEELEFE I ESHHTHAEERY, BIRKESE
TZEWR2. RAEFEXCTIILAMFIAZIIDEHHFLIR
. RBGRERED BHTER, LIFELALE
ERIRHZEES]

®2 HFAKWHARANEFEIZSH
Table 2 HPDC processing parameters adopted in this work

TZ GEE DRUEIRLEC MRS (m-s™) PHASHIE (m-s™) K J1/MPa BRI C
AZ91D 680 0.2 6 70 180
A 680 0.2 6 70 180
B 720 0.2 6 70 250
LA42
c 720 0.2 6 90 250
D 760 0.2 6 90 250

FEEHERRYENERL12.7 mmlEE, YIESRIE
EZ915 mm x 3.5 mmAtREHR 5, SRIEREAAFIT
AEERIES R . BERBE BB 2~ . K
LFA46 TN SN ER B MR o, EAEE
it ( Sartorius Quintix124-1CN ) X R EIBZ Epit
T, EEEESKIENeumann-KoppE A skit& >,

cp(T):Zcp,i(T)xi (1)
X €, (T) NEESPETENEEIIAS, 9%
TEAESETHNRESE.

E2 HSFE AR B E
Fig. 2 Sampling locationsof thermal conductivity disc specimens and
tensile test specimens
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C, (Mg)=0.89+458 x 10" (T+273)  (2)

C, (Al)=0.67+5.90x 10" (7+273)  (3)

C, (Mn)=0.38+3.27 x 10* (7+273)  (4)

C, (La)=0.19+0.17 x 10* ( T+273) (5)

RETHENEFRTLIRT (6) K15
I=apC, (6)

NF: IR BRE, pABE, CHLRASR,

AEMTSHIEIRIEHL_ELL0.5 mm/minfYhy iR
I AR E R TEIRA IR . SO T
BE. MEFIASEE ST AMZIF (4 mLAEERFI96 mLZ
£2 ) BiH5 sia, RS EFEMIEAXIO SCOPE 5
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THET (BSE) BR, EED+NEIRXISAEDS =T
EEXNSEBRFRE .
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BiBE180 C, ZEUTLALES ®IEYR, BET
LA42E £ B E X 8 A£97E630~580 °C, immTAZ91D
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(BRI ZAGLATIBUE ) , MEBK, Mok
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Fig. 3 Numerical simulation results of LA42 alloy at the same mold filling moment ( 2.88 s ) during slow injectionunder different HPDC process
parameters
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Fig. 4 Numerical simulation results of air entrapment pressure under different HPDC processes
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Fig. 5 Numerical simulation results of liquid tracking for process B PEHFTIERT . LAREESHFHFTIEEARTE, B%
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Fig. 6 Numerical simulation results of shrinkageporosities and cavities under different HPDC processes
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Fig. 7 The surface quality images of the LA42 and AZ91D alloy filter shell castings
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Fig. 8 3D defect distribution resultsobtained by XCT for the LA42 and AZ91Dmagnesium alloy filter shellcastings
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Fig. 9 OMimagesof LA42alloyfilter shell
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Fig. 10 Numerical simulation results of solidification temperature field of LA42 alloy filter shell
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Table 3 Thermal conductivities and mechanical properties of different locations of LA42 alloy filter shell

G4 (VA PEK/(W-m' - K") Jet I8 B /M Pa BrhisEEE/MPa 1%
L A2 SEIRT S 112.3+2.4 138.4+47 223.0+6.3 3.8+0.8
A 107.7+3.0 170.1+4.5 184.1+8.1 11+0.2
250 B, AKX SEBRENEMNNREANRY, &
sl By EeNEA AR FARMIR, BEREE
' HEESTHRAREIXIE . AMETRE KR EF]
£150 + miseEERERTFAEES, XEAEFTEREXIER
# 100 R4 BHESBEETRRBEREFRE
— Table 4 Concentration of solute atoms in different regions
50k — el of the filter shell
0 . : : . (AL VIR THE La/Al/Mn/at.%
0 1 I-?.JF._J...JE;; 4 5 BN S = ] 0.08/1.14/0.12
o SEATS IR ST R L 0.08/1.02/0.09
11 /ﬁ/&uui’fZ’SZH*B1JLA42A$lt$$$J{$Eé£ ﬁﬁ&uﬁﬁﬁ’fﬁﬂ%@ﬁ 0.15/1.67/0.15
Fig. 11 Engineering stress-strain curves of LA42 alloyspecimens in i -
[ CSE S RN T TN 0.12/1.49/0.13

different locations of filter shell
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Fig. 12 BSE imagesof different locations of LA42 alloyfilter shell

PRI FLIRIERRE ‘@,'ﬁﬁgciuggdéﬂgp\gq#ﬁr X

NERLN, EERERER, <RBMLL Hﬁ%ﬁaﬂﬂﬂﬂ (2) LAL2E 2 RIREEF RS BBFI B A X 15
KEOPMEHzE, HOMMEEEERK. HAEXKERTS MR

3

x, BNME), BEBREERBRRF, BLtHSE

it i£[107.7 W/ (m-K)], ER:2ES (170.1 MPa) ,

(1) MEEER e R A EpEagy  (CRBEEESRIILARETRERER K. 8

ﬁ%ﬁ:r%ﬁl#a y’EE/mrL?ZO oC *;E }-‘—250 oC i }iv Y :‘b:‘zB,h\’%z;[llz.3 W/ (m'K)]a EHE%EJ;{EE

EEjjgo MPa, “’%ﬁlgﬁgﬂlﬁﬂﬁkﬁﬂﬁf/ﬂiunmﬁ-‘%

ZREITOI.

(138.4MPa)

SEHR:

[1] RE&EE. BXZE, 818, & LEDBESSHAREHFELZRAR [J]. 518, 2015, 64 (5) : 403-408.

[21 FEXR. Biafk D0\, & AZIDESSTMFESFEH RSB RI0EIEENL [J]. &, 2005, 54 (10) : 984-988.

Bl WMZE, RFEE, &, & EoSERETEBIMETEAAR [J1]. 518, 2014, 63 (4) : 328-331.

[4] RONGJ, XIAOW, FUY, etal. Ahigh performance Mg-Al-Ca alloy processed by high pressure die casting: Microstructure, mechanical
properties and thermal conductivity [J]. Materials Science and Engineering: A, 2022, 849: 143500.

[5] ZHAO X, LI Z, ZHOU W, et al. Effect of Al content on microstructure, thermal conductivity, and mechanical properties of Mg-La-Al-
Mn alloys [J]. Journal of Materials Research, 2021, 36 (15) : 3145-3154.

[6] EZ%, =FW, iR, & ExEFESDREENERIERE ). SMEEREEEaE, 2022, 42 (4) : 467-472.

[71 MINGY, YOUG, XU X, etal. Effect of thickness on the thermal conductivity and microstructure of die-cast AZ91D magnesium alloy [J].
Metallurgical and Materials Transactions A, 2019, 50 (12) : 5969-5976.

[8] BER, F2E, REE, F AZIDBHEEICABRINTEF L ZSHNNK D). SMEEREEeEE, 2016, 36 (10) : 1057-
1060.

[9] , TR, X2, & ABISEERSREFLZMR V). FMEEREEaE, 2022, 42 (5) : 655-657.

[10] NIU Z, LIUG, LIT, etal. Effectof high pressure die casting on the castability, defects and mechanical properties of aluminium alloys in



¥ [)
20244 $2HAIHTIE EHBER Founory

extra-large thin-wall castings [J]. Journal of Materials Processing Technology, 2022, 303: 117525.

[11] 3k, Z=BHK, 5KkFIH, & EFSURITENRFEEBAINEEFEIIAR [J]. 515, 2023, 72 (4) : 451-454,

[12] RUDAJEVOVA A, LUKAC P. Comparison of the thermal properties of AM20 and AS21 magnesium alloys [J]. Materials Science and
Engineering: A, 2005, 397 (1-2) . 16-21.

[13] RUDAJEVOVA A, STANEK M, LUKAC P. Determination of thermal diffusivity and thermal conductivity of Mg-Al alloys [J]. Materials
Science andEngineering: A, 2003, 341 (1) : 152-157.

[14] LEITNER J, VONKA P, SEDMIDUBSKY D, et al. Application of Neumann-Kopp rule for the estimation of heat capacity of mixed
oxides [J]. Thermochimica Acta, 2010, 497 (1-2) : 7-13.

[15] LIUY F, JIAXJ, QIAO X G, et al. Effect of La content on microstructure, thermal conductivity and mechanical properties of Mg-4Al
magnesium alloys [J]. Journal of Alloys and Compounds, 2019, 806: 71-78.

[16] LI Z, LI D, ZHOU W, et al. Characterization on the formation of porosity and tensile properties prediction in die casting Mg alloys [J].
Journal of Magnesium and Alloys, 2022, 10 (7) : 1857-1867.

[17] =707, KSR, FEI, & BETEFVULALESESASETMNNFMEERNN (] 5B ERB8Ee &%, 2023, 43 (5) : 590-
595.

[18] SUC, LID, LUOAA, etal. Effect of solute atoms and second phases on the thermal conductivity of Mg-RE alloys: A quantitative study
[J]. Journal of Alloys and Compounds, 2018, 747: 431-437.

[19] SU C, LI D, LUO AA, et al. Quantitative study of microstructure-dependent thermal conductivity in Mg-4Ce-xAl-0.5Mn alloys [J].
Metallurgical and Materials Transactions A, 2019, 50A (4) : 1970-1984.

[20] LI X, XIONG S M, GUO Z. Correlation between porosity and fracture mechanism in high pressure die casting of AM60B alloy [J]. Journal
of Materials Science and Technology, 2016, 32 (1) : 54-61.

HPDC Process, Microstructure and Property Study of High Thermal
Conductivity Magnesium Alloy Filter Shell

ZHOU Li-ping’, LI Zi-xin', ZHANG Wei-chen’, LIN Zhan-hong?, JIN Chen’, ZHAO Shou?, ZENG Xiao-gin’,
LI De-jiang*

(1. National Engineering Research Center of Light Alloy Net Forming, School of Materials Science and Engineering, Shanghai Jiaotong
University, Shanghai200240, China; 2. Qinghai Salt Lake Tri-Magnesium Co., Ltd., Xining 811600, Qinghai, China)

Abstract:

Using the methods of OM, XCT, numerical simulation and so on, and comparingwith conventional AZ91D
High-pressure die casting (HPDC) process, an optimized HPDC process suitable for Mg-4La-2Al-0.3Mn
(LA42)alloy filter shell was investigated. It was found that the optimized HPDC process for the filter shell
showing a pouring temperature of 720 °C , die temperature of 250 °C and pressurization pressure of 90 MPa.
The microstructures and properties of the filter shells prepared under this process appear significant
differencesbetween the back and heat radiation teeth. The back of the shell shows a slow cooling rate and a
large grain size, accompanied by numerous externally solidified crystals (ESCs). Whereas the heat radiation
teeth show a high cooling rate, fine grain size, accompanied by cold shuts and pore defects. The thermal
conductivity of the heatradiation teeth (107.7 W/(m - K))is lower than that of the shell back (112.3 W/(m - K)).
The yield strength of the heat radiation teeth is 170.1 MPa, which is much higher than that of the shell back
(138.4 MPa). However, because obvious cold shuts and pore defectscontaining inthe heat radiation tooth
region, it significantly affects the elongation.

Key words:
magnesium alloy; thermal conductivity; mechanical properties; die casting
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