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Fig. 1 Standard Gibbs free energy of oxidation reactions of
Mg and RE elements



Vol.70 No.1 2021

3 [
T te] Founore EASEH

2 FMRIGERBELIETZ

ERTASNASHISENESSATER,
BB ESTIREE TRIGATEINE, a2%
HBES HIEIOK TR, HEREE. FHRE
ARETSEEE. HREHEEESREERLE
SHESFENESEM. Eit, FRERTASIEHE
HBTERBEARHEES. XBECSHHRRE
XEE,

21 s eatiE
211 JAEFIE
BriEEEEaeREANRUEIEZ—. Hi%
HWRBENBBRERITDERIY), HERGHE
HREPEELZAERIHIR R IAE R URIR . &
BMQCLIIMgO .. Mg,N,E B RIFINEIERES, ERTS
iR SMgCLSEFKESRMFZRAIHCI H,BEf8 L
RERB R FIPESS, AMMICLESBMES B
FlEBHTZ—M, K2RETSHTERTSSRS
AYRI-6. IDMIFEIE K ZEE Magnesium Elektron/ A S5t
HEZES ST AN =FEIEFIRERS,
UK, E8SBEENPRZSEEMIClL. &
i, ATFHLTEAFUREE, BESSHBESGEXF

HIMQCI LS A A S W
3MgCl,+2[RE]=2RECI,+3Mg (4)

XANEERBENHTTEXEIRE, £2S
BUBIEFIAD SR IE . AL, & MgCLIYENEES
FRFINER T EEHANER . REXA CaClLAEE
FIFAIMOCLEETE—EIZE _LINFIFR TIREE, (B84
RIPF IR, LEEAHTREERISSHRL
MR, EAFEOMCLESNFHET, BE BRI
MmELTEMAY, RAEF AT R RIFBEEHE U0
FFEETRENER T ESTRBIENSY., B3RRL
5T RNCeCl,. GdCl,. YCL/ZA9IDMIEE SRS BN
BCe. Gd. YEB T TENESSH TIRFERINHIE
RS EIERI , @RI TS AT LA
Re&L (4) FHRETSUMIEE . B/INZR AR
ESHITERERN, NAHZEAEENF k&G
AT, NmisZIED B IR,

B EEN B ET SURERY, BEFE
BgE. RARE. BIESEEMNE, BEXRBIBFIE
BEFEEHCL CLESEMSIE, KBIBHISXER
B TIREHR, Y, BRIEBEFIEXISRIE
BT EEHhAEZEBRIFE TSI RE
HDER, #URRAE, AL, BRIPERESEHR L

R2 LMAENES SHEF
Table 2 Several different refining fluxes for Mg alloys

ol TN IC w, 1%
APk MgCl, KCI NaCl BaCl, CaF, MgF, CacCl,
RJ-6 54-56 15~25 14-16 27~29
JDMI 40~50 15~25 15~20 3~5 5~10 3~5
HE 35 8 44 13
TE 32 8 40 20
UE 34 3 27 15 21

R3 FMBFELSUYEHBEEFMERLEESSUBREF LR

Table 3 The effect of refining flux containing rare earth chloride on purification and rare earth loss of Mg-RE alloy

iR IES by snlkENig Eaxtg Fiis L A0UFE Je A RT3 K%

JDMJ 13% (Gd) 2.16

GdCl, JDMJ+5%GdCI, 11% (Gd) 0.84
JDMJ+10%GdCl, 7% (Gd) 1.02

GW103K

JDMJ 26% (Y) 0.482
YCl, JDMJI+5%YCl, 16% (Y) 0.395
JDMJ+10%YCl, 10% (Y) 0.389

JDMJ 28% (Ce) —

JDMJ+5%CeCl, 20% (Ce) —

CeCl, JDMJ+10%CeCl, 11% (Ce) —

AZ91+1%Ce
JDMJ+15%CeCl, 5% (Ce) —
JDMJ+20%CeCl, 2% (Ce) —
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Fig. 2 Schematic diagram of flux-free composite refining technology
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Fig. 5 Schematic diagram of homogenization treatment for magnesium melt by external physical field
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EE RS Beiii s C LR C s K /mm

1 RN 780
2 JDMJ 837
3 JDMJ+5GACI, 820
4 JDMI+10GdCl, 585
5  JDMJI+5YCI, 750 400 1270
6 JDMJ+10YClI, 647
7 RJ-6 828
8  RI-6+5GdCl, 1113
9  RJ-6+5YCI, 815
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Fig. 6 Correspondence between the content of inclusions in GW103K
alloy melt and the length of its flowing sample
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Table 5 Hot cracking tendency of GW103K alloy before
and after flux purification

DR MR BEEIERE/C BURIRIEC BEUESE

1 ARG 8
2 JIDMJ 4
3 IJDMI+5GACI, 4
4 JDMJI+10GdCI, 8
5  JDMJ+5YCI, 750 150 0
6  JDMJ+10YCI, 8
7 RJ-6 16
8  RI-6+5GdCI, 0
9 RJ-6+5YCl, 16

(a) REZripe BH0ES:  (b) H02%Zritt - BHEUEM: (¢) AEZMYEIIES:  (d) &0.2%Zrit = WIE S
E8  NNZrimitIIMg-4.5Zn-0.4Y EEHIEALR I R EREUMEEAIFZI0
Fig. 8 Optical micrographs (a, b ) and macro photographs (¢, d) showing the effect of grain refinementbyZr on HTS
of Mg-4.5Zn-0.4Y-xZr alloy
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Fig. 9 The interaction between inclusion and dislocation (a) , and morphology of the interface of inclusion and gas blowhole ( b )
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Fig. 10 Effect of different purification processes on mechanical properties of as-castGW103K alloy
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Fig. 11 Surface morphology of GW103K alloy with typical non-metallic inclusions after being immersed in salt water for different times
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Table 6 Effect of varying flux purification on electrochemical performance and corrosion rate of GW103K alloy

gk 1.2 JFEE ALV JE AL ORI 4%/ (ohm - cm?) JEMUHE A/ (mg + cm®d™)
P4 -1.80 -1.82 289.83 2.0
JDMJ -1.70 -1.61 1000 1.3
RJ-6 -1.73 -1.69 946.09 1.9
JDMJ+5%GdCl, -1.64 -1.61 1000.7 1.1
JDMJ+10%GdCl, — — — 1.4
JDMJ+5%YCl, -1.69 -1.65 1 000 1.0
JDMJ+10%YCl, — — — 1.2
RJ-6+5%GdCl, -1.707 -1.70 2324.854 1.5
RJ-6+5%YCl, -1.68 -1.74 1604.7 1.6




'3 [
{EL% FOUNDRY %,%éﬁ%,—iﬁ Vol.70 No.1 2021

4 ZHESRE
fEERTA. XBEWE T CERRE, BRSHEERLIESEEMM BRI EEENRIREN
Ko M, BpERIaBRtEREEFBINE, aks. MURR. RYRWEESDETERS] 7R
BEMNTIUMHNAE. Fit, EROMFRATERLESIMEM L, . MUENBRGIET S, WE
EmT ettt @MEsSHERXNAMENSESNIRERE. FEME, AREARIFEPEINTL
RESERXE.

(1) BRERIEIBENIBBIRNABIRE . FEFTRNRISERLRIW) . BENRSBEFNSER
ERMWIR VAR, FIAHIER LGB RPN R, NIMRSBEHIEHRID B F R

(2) EEFhEEEUERTISSNACERYNBE, BETRIERPNZNEERS, TZ2nEEn. B0
IR LSS EYIE. AT 2 RRMEIER AR, SR, EKRIRITE.

(3) EmIaeBANa S, UGBTI Z2ZAFEEERN, MFLTR. BURRERHE
HWIZERBFESRETRERE, FBETHERNACZEMIEIRIERUEE . FENRNARFEEFLIET
ZZEFENeEXERE, nERE. KEEER I TIHHEEEIEICE!.

(4) BMBEF BT RRFPFENSESNR. BRRESUNFREREXREN . FENIIEERTIEEES
S, FARTIMEHEEFURARLIRDEHIRE . ERIMRED . B, &R ERLTEIBEEEE
B, RAELEALEWLIERR, SIMEFHEELESHIE.

SENH:
[1] RE%, BFEW, TX1. stiesEasnEatmtfritksRE ). £ES4R. 2018, 54 (5) : 28-37.
[2] &&, =22, XXE, & GEmPEaSFINAMAFRERE [J]. %is, 2013, 62 (1) : 33-36.

[3] LIUW, ZHOU B, WU G, et al. High temperature mechanical behavior of low-pressure sand-cast Mg-Gd-Y-Zr magnesium alloy [J].
Journal of Magnesium and Alloys, 2019, 7 (4) : 597-604.

[4] NODOOSHAN H, WU G, LIU W, et al. Effect of Gd content on high temperature mechanical properties of Mg-Gd-Y-Zr alloy [J].
Materials Science and Engineering A, 2016, 651: 840-847.

[6] TXI, RE%, FHN, & BRSMESSFAREENAINZ@IRAIEA ). Ei8ix, 2019, 36 (2) : 5-12.

[6] OUYANG S, YANG G, QIN H, etal. High temperature creep behavior and creep microstructure evolution of T6 state Mg-15Gd alloy [J].
Materials Science and Engineering A, 2020, 780: 139138.

[71 CIZEK J, PROCHAZKA I, SMOLA B, et al. Influence of deformation on precipitation process in Mg-15wt.%Gd alloy [J], Journal of
Alloys and Compounds, 2007, 430 : 92-96.

[8] TONG X, YOU G, WANG Y, et al. Effect of ultrasonic treatment on segregation and mechanical properties of as-cast Mg-Gd binary
alloys [J]. Materials Science and Engineering A, 2018, 731: 44-53.

[91 XU, XL, X HIEESSHERTRM ). B8Ees/E. 2003, 24 (1) : 27-3L

[10] BARIN I, SAUERTF, SCHULTZER E, et al. Thermochemical data of pure ssubstances [M]. 1995.

[11] LUO K, ZHANG L, WU G, et al. Effect of Y and Gd content on the microstructure and mechanical properties of Mg-Y-RE alloys [J].
Journal of Magnesium and Alloys, 2019, 7 (2) : 345-354.

[12] RE%, #0F, X5, & EE2@SUARINER [ FES22EFIR, 2010, 20 (6) : 1021-1031.

[13] TXOI. EaRFERA [M]. b3 BlEdiRit, 2007.

[14] 1, BEE, 75, F 26BN FRPSRUIHRSHRE [CI/ 2019 EFHEELNE, 2019.

[15] SUSEELAN N, MITTAL M. Rare Earths in magnesium alloys [J]. Materials Science Forum, 1991, 30: 89-104.

[16] WANG W, WU G, WANG Q, et al. Gd contents, mechanical and corrosion properties of Mg-10Gd-3Y-0.5Zr alloy purified by fluxes
containing GdCl, additions [J]. Materials Science and Engineering A, 2009, 507 (1-2) : 207-214.

[17] WANG W, HUANG Y, WU G, et al. Influence of flux containing YClI, additions on purifying effectiveness and properties of Mg-10Gd-
3Y-0.5Zr alloy [J]. Journal of Alloys and Compounds, 2010, 480 (2) : 386-391.

[18] SiftE. RE®E, B2, F. CeClyBCeEa T BT ETCefESMNEMN [J]. PFEBEEEESFIR, 2005, 15 (12) : 2003-2008.

[19] WU G, GUO H, ZENG X, et al. Effect of LaCl, on the structure and properties of magnesium alloys [J]. Materials Science Forum,
2005, 488-489: 111-114.



'- .
20216 SE1HI/ET0% ESEE W Founory

[20] MEIJ, LIU WC, W GH, et al. Effect of rotating gas bubble stirring process parameters on purifying effectiveness and mechanical
properties of sand-cast Mg-10Gd-3Y-0.5Zr alloy [J]. Journal of Materials Research, 2015, 30: 224-232.

[21] E£F. Mgl0Gd3Y0.5Zr&& 2/ #HIT A [D]. £i8: LEREAS, 2010.

[22] &E1EA, EER BABETRRAESINEES S HHEFPIMBME D). FMEEREESS, 1995 (2) : 19-21.

[23] KR, KoK, EER, & BEHEH NESSBRENIZE ] FrEEREea%, 2010 (11) : 988-991.

[24] Z=54T, ¥FOERR, EER. BHIAIHESSBEAYSUIFER []. BE2INTHEOR, 2008 (7) « 24-27.

[25] BEA. FEERTBHIELEHIEIC N KERRIAS [D]. EBIK: ERRKF, 2018,

[26] Rz, EEF], BER EFEESSSERPIEEBCRIRASRE V] FEEREEEE, 2007 (S1) @ 186-190.

[27] ZHANG H, FANJ, ZHANG L, et al. Effect of heat treatment on microstructure, mechanical properties and fracture behaviors of sand-
cast Mg-4Y-3Nd-1Gd-0.2Zn-0.5Zr alloy [J]. Materials Science and Engineering A, 2016, 677: 411-420.

[28] WANG D, FU P, PENG L, et al. Development of high strength sand cast Mg-Gd-Zn alloy by co-precipitation of the prismatic 8’ and
B 1 phases [J]. Materials Characterization, 2019, 153: 157-168.

[29] SUN M, STJOHN D, EASTON M, et al. Effect of cooling rate on the grain refinement of Mg-Y-Zr alloys [J]. Metallurgical and Materials
Transactions A, 2020, 51 (1) : 482-496.

[30] AR, hEIEEIEMY-Gd-Y & R E T A SRR HIAR [D]. B/8: BB AE, 2015.

[31] STIOHN D, EASTON M, QIAN M, et al. Grain refinement of magnesium alloys: a review of recent research, theoretical
developments, and their application [J]. Metallurgical and Materials Transactions A, 2013, 44: 2935-2949.

[32] ALI'Y, QIU D, JIANG B, et al. Current research progress in grain refinement of cast magnesium alloys: a review article [J]. Journal of
Alloys and Compounds, 2015, 619 (10) : 639-651.

[33] CAOP, QIAN M, STJOHN D, etal. Uptake of iron and its effect on grain refinement of pure magnesium by zirconium [J]. Metal Science
Journal, 2004, 20 (5) : 585-592.

[34] HORST F, BARRY M. Magnesium technology: metallurgy, design data, applications [M]. Heidelberg: Springer-Verlag, 2006: 128-
143.

[35] MAQ, ZHENG L, GRAHAM D, etal. Settling of undissolved zirconium particles in pure magnesium melts [J]. Journal of Light Metals,
2001, 1(3) : 157-165.

[36] VISWANATHAN S, SAHA P, FOLEY D, et al. Engineering a more efficient zirconium grain refiner for magnesium [J]. Magnesium
Technology 2011, 2011: 559-564.

[37] WANG C, SUN M, ZHENG F, et al. Improvement in grain refinement efficiency of Mg-Zr master alloy for magnesium alloy by friction
stir processing [J]. Journal of Magnesium and Alloys, 2014 (2) : 239-244.

[38] ZHANG Z, ZHANG Y, ZHANG J, et al. Effect of ZrB2-modified on microstructure and mechanical properties of Mg-Zn-Y-Mn alloy [J].
Journal of Magnesium and Alloys, 2018, 6 (3) : 255-262.

[39] SUN M, WU G, DAIJ, et al. Grain refinement behavior of potassium fluozirconate ( K,ZrFs) salts mixture introduced into Mg-10Gd-
3Y magnesium alloy [J]. Journal of Alloys and Compounds, 2010, 494 (1-2) : 426-433.

[40] DAIJ, EASTON M, ZHANG M, et al. Effects of cooling rate and solute content on the grain refinement of Mg-Gd-Y alloys by aluminum
[J]. Metallurgical and Materials Transactions A, 2014, 45A: 4665-4678.

[41] QIU D, ZHANG M, TAYLORJ, etal. Anew approach to designing a grain refiner for Mg casting alloys and its use in Mg-Y-based alloys
[J]. ActaMaterialia, 2009, 57 (10) : 3052-3059.

[42] WANG C, DAIJ, LIU W, et al. Effect of Al additions on grain refinement and mechanical properties of Mg-Sm alloys [J]. Journal of
Alloys and Compounds, 2015, 620: 172-179.

[43] JIANG Z, JIANG B, ZENGY, etal. Role of Al modification on the microstructure and mechanical properties of as-cast Mg-6Ce alloys [J].
Materials Science and Engineering A, 2015, 645: 57-64.

[44] DAlJ, ZHU S, EASTON M, etal. Precipitation process in a Mg-Gd-Y alloy grain-refined by Al addition [J]. Materials Characterization,
2014, 88: 7-14.

[45] DAIJ, ZHU S, EASTON M, et al. Heat treatment, microstructure and mechanical properties of a Mg-Gd-Y alloy grain-refined by Al
additions [J]. Materials Science and Engineering A, 2013, 576: 298-305.

[46] XUE H, XING Z, ZHANG W, et al. Effects of ultrasonic treatment on microstructure and mechanical properties of Mg-6Zn-0.5Y-2Sn
alloy [J]. Transactions of Nonferrous Metals Society of China, 2016, 26 (7) : 1826-1834.

[47] ZHANG L, ZHOU W, HU P, et al. Microstructural characteristics and mechanical properties of Mg-Zn-Y alloy containing icosahedral
quasicrystals phase treated by pulsed magnetic field [J]. Journal of Alloys and Compounds, 2016, 688: 868-874.

[48] NAGASIVAMUNI B, WANG G, STJOHN D, et al. Effect of ultrasonic treatment on the alloying and grain refinement efficiency of a Mg-
Zr master alloy added to magnesium at hypo- and hyper-peritectic compositions [J]. Journal of Crystal Growth, 2019, 512: 20-32.

[49] CHEN X, JIAY, LE Q, et al. The interaction between in situ grain refiner and ultrasonic treatment and its influence on the mechanical
properties of Mg-Sm-Al magnesium alloy [J]. Journal of Materials Research and Technology, 2020, 9 (4) : 9262-9270.

[50] WANG B, YANG Y. Microstructure refinement of Mg-Gd-Y-Zr alloy under pulsed magnetic field [J]. $NE£FASRFIR: ZES0hR, 2012



'3 [
{EL% FOUNDRY %\E‘é’%gﬂﬂ Vol.70 No.1 2021

(S1) : 446-450.

[51] LIU X, LE Q, ZHANG Z, et al. Effects of casting process on microstructures and flow stress behavior of Mg-9Gd-3Y-1.5Zn-0.8Zr semi-
continuous casting billets [J]. Journal of Magnesium and Alloys, 2014, 2 (4) : 342-348.

[52] ERE, =KZE, XBR, & BNREHIWAZNESSHIEMEREMNINN]. $51E5R, 2005 (10) : 977-979.

[53] GAO H, WU G, DING W, etal. Recycling of magnesium alloy AZ91 scrap by a B,0,-containing flux [J]. Journal of Materials Science,
2004, 39: 6449-6456.

[54] XY, RELE, Fi5, £ BXISHEIMg-Gd-Y-ZrE SRS/ [J], 51, 2009, 58 (2) , 104-107.

[65] EESE. Mg-Gd-Y-Zra£AIAEATREDIEMS [D]. LG LBZIEKRE, 2009.

[56] SONG J, PAN F, JIANG B, et al. A review on hot tearing of magnesium alloys [J]. Journal of Magnesium and Alloys, 2016, 4 (3) :
151-172.

[57] EASTON M, GIBSON M, ZHU S, etal. An apriorihot-tearing indicator applied to die-cast magnesium-rare earth alloys [J]. Metallurgical
& Materials Transactions A, 2014, 45 (8) : 3586-3595.

[58] D'ELIA F, RAVINDRAN C, SEDIAKO D, et al. Hot tearing mechanisms of B206 aluminum-copper alloy [J]. Materials & Design,
2014, 64: 44-55.

[59] LI J, CHEN R, MAY, et al. Hot tearing of sand cast Mg-5wt.% Y-4wt.% RE (WE54 ) alloy [J]. ActaMetallurgicaSinica ( English
Letters ) , 2013, 26 (6) : 728-734.

[60] WANG Z, SONG J, HUANG Y, et al. An investigation on hot tearing of Mg-4.5Zn- ( 0.5Zr ) alloys with Y additions [J]. Metallurgical
and Materials Transactions A, 2015, 46: 2108-2118.

[61] LIANG M, WU G, DING W, et al. Effect of inclusion on service properties of GW103K magnesium alloy [J]. Transactions of Nonferrous
Metals Society of China, 2011, 21 (4) . 717-724.

[62] 16f2. GWI03KFE LHEASIAAEGLMEIT MR [D]. LiE: EBIBAZ, 2015.

Research Status and Prospect of Melt Treatment of Magnesium-Rare Earth
Alloy

WU Guo-hua', TONG Xin', SUI Huai-ming®, DING Wen-jiang'

(1. National Engineering Research Center of Light Alloys Net Forming and State Key Laboratory of Metal Matrix Composite,
Shanghai Jiao Tong University, Shanghai 200030, China; 2. Yangzhou Fengming Photoelectriv Mew Material Co., Ltd.,
Yangzhou 225117, Jiangsu, China)

Abstract:

As the demand for lightweight equipment in aerospace, national defense and military industries becomes more
and more urgent, the development and application of lightweight, high-strength, heat-resistant magnesium-
rare earth (Mg-RE) alloys has become a research focus in the field of magnesium alloys. The development
of appropriate melt treatment processesaccording to the melt characteristics of Mg-RE alloys is the basic
guarantee to improve the quality of alloy melts for obtaining high-performance Mg-RE alloy castings. This
review article first comprehensively analyzes the characteristics of Mg-RE alloy melt and the difficulties
of their melt treatment, and then systematically summarizes the latest research results of melt treatment
technology of Mg-RE alloys.The effect of the melt treatment on the key performance indicators of Mg-RE
alloys has also been clarified. Finally, the shortages and development trends of the melt treatment technology
of Mg-RE alloys are discussed in consideration of their actual application requirements.
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