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Fig. 1 Classification of magnesium alloy materials
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Fig. 2 Comprehensive evaluation of material manufacturing difficulty and application development
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Table 1 Microstructure and material characteristics of typical magnesium alloys in China

o P B A
e ) a (BEE) +Mn-AlL & +MgpAlL,  EREHR (Mg-Al-Zn) | BYE . DIHIINT.
MB-2 FORE: 3003507 CHAR) . RS . BOBRBJCERIZER  FE. BLEPERGAF, NEAOMED N, SOHT-Ai%s
sl a S LT 5 FLAi S AR

P TRL F HMg-Zn-2r R AR e, K |

PSSR R ISR EMG-Znib A, GEARPE . WPABIRERS . PIN AR S R A
g URG: AFIEAATO CAORNT. g i zn-ZelibT o0y (IRZeh MR S8 THEIEA TR, 1T
N2 s MBH150 CRANZEES anfy ) | PRIEEIANEZOR R IE ) IS CHLHLE KT . IR RGN . Sl T
R, BEFRA 245 HEUHL 41 LHE <150 CHOLSHIRETBIE, |2 Tz

FLR LA IR 5 A 2 7l

BRI (o Mgz, MIZVEY RERELL GG, FAAL
LS. S PSS S R BT Mgy zn, T TARPLAIE B, BIYE . b
- i} o MBLGHEIE . I T S UIHIRE A . 5 LI
me-25 IHACRE: AR CRORAT BRI, WANIRIRALIIR, ¥ I TS AT
R SR, A EMEY Zn B T T T

Wi, s e MG BHUHATIRE S S TR KA

SENE . SR E(E 150 °C A R
PASITLAS : 25¥%iRk+ (180+5) T, 448414 a+MgZn (Hulk) |, BASE  Mg-Zn-Zr2 B 44, b, k. Wik
>12h3 (330+5) CRNEY ZniX A BRLRMOZn, A7ef P Ibr t, P abim A . AebEs, 5 oL s
ZML 4185, S12hibR+ (17555)°C.  fHifil, IS SIOTHTTES), Z00%E By, AT B AR 5] AL

28 ~ 32 NI+ (1955) °C . 16 hIHAC [41N 5} HBLZnZr, L T 7 HLEE . 2 IR I, SR FTLA R
TaRAs: (415+5) C/14~24h AL 0 +MgALL . [ SRl Mg-AI-Z?%%iﬁ%‘ﬁz‘, Tz?ﬁi%J‘réﬁ%\ ]
e e sueBAW, ROEH AU | MR RAALE, W0T
TOIE: (41525) CA= 20N [ |y COUE, JOD L AR 9T
HEAH1T5 CI16 sty KR O ReRR. BLE SRR

BEMN ot IIMER DI, 5zt bt Vot TR . P
e R (315e5) VAR BRRMARCRIMES ) G s i

16 h+551%

Yy, SO EREILEA, RARER
PiFAEERE s 315 °C/16 hAtak)s A i
HITTEAH

JEAHUE, T AL R SRS LI . 52
MRAEERLL, AR AT 35300 C

®2 AETHRAEASHRERR (WHEESE)
Table 2 Weight reduction effect of magnesium alloy for automotive ( compare with aluminum alloy )
R Bhdikg W i /kg W E kg R 3 %
Jeik 5.4 12.8 7.4 58
EIVIES:H 36.2 55.2 19.1 35
HRRS 1.8 3.2 14 44
HESE 7.2 14.5 7.3 50
A 25.9 62.2 36.3 58
N 21 31.2 10.2 33
K 18 3.9 21 54
i 3.9 5.6 1.7 30
il 103.2 188.6 85.4 45
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Table 3 Typical magnesium alloys for automotive parts

EX JéS
LR G  INRAINT (AZ91ID) 3 B4G#IME (AZ9ID) ; BHAHINE (AZ42) 3 WHLSCHE . M v mds . BaaEZE (AS41A)
B 75 SRS (ASAIA) 5 REWLIHES (AE44) 5 JRELTE (AZ42) 5 imAshFe, HEAUEE (AZ9IHP) 5 JRGLIK
(AZ91D) ; h#k. W35, %% (AZ91D)
SR I'THE (AM50/60) ; 1¢FAR (AM60B ) ; JHERI4E (AMEOB) ; #ahaU4 AL, JEH 14, A1 THM (AM20) ; 245840
I Se. INMAREE . BEATANE . BIEEE . ZETR (AMB0/60) ; Hil EARSCHELIME . T B
ERLFRGE 4L (AZ91D) 5 WHAME. Ik (AM50/60) ; fElE (AZ9IID) 5 FI4 IS AHIEHAEA (AZ91B)
x4 FASEMSMRIUSHIR A
Table 4 Application of magnesium alloys to aerospace field
AR RSt
1920 FENPLHINAE . ZEPLEM (FF) . SERME (M)
JUBBELVA L ICHFHE (5 ) . Hel77&JIUQ0FM (HEHAt) MM ZIR () | LR HBIRRIE (JEHF) . B-365 ML
1940 WA (H50E)
RRDarr &K siflLE M (1) . SSSEAMKSNNGEE (b ) . KEA SR Cid) - BEAPLIRREEE (R4
190 ) | AR EINLNLEL (BEIREME. BRIE) | B-ATUREINLISIE (BREIE) | C-12UMIC-124EHLRE S (R
1960  B-47FIB-52F Rk AL (§RfF) . BEFEMF (FFMF) . B-52TMIHESE (FVEIF(E) | ApollofiR B B4 V4 (b RIB5ET )
1970 F-2008 R B H LG s R e (RPELEE(T )
HIWUES RS (RIS ) . PWI00IRFE &SPl (#F) | PE331-14&-15 iR e R SHl (RPREE(E) | I 5wk s
1990 BUEH RS (§5F)
(a) ZEfkglithy; (o) RERER; (o) Kabla; (d) iR S; (e) 3C™ah;  (F) Ml
E3 SEaetringmii g
Fig. 3 Typical applications of magnesium alloy materials
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Table 5 Common rare earth additives used for magnesium alloys and their working mechanisms
fitoc# FEFIBLH
La LR SR, Afbdioks, S isering, BeEn e S BHAATE AR
Ce b 5 RIL A, B4 aliv i, R, LG IR
Nd LA, TR, B 1 RE
Gd BRI, emaeER . MR
Y LA ROWAL, BEE IR SRR, RELEa 1 ERE
REMLT  AbARi, PEEHURIREE . BRI JEITERE . PILAERE, BURIALAHRYRSTIESN  Bn SHr 2R, BES
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3.2 MiEESE

MHUES LS EBS IMG-AIRMHEESS (AZ,

ASFIAMZRZ )  Mg-ZnEMAEESE (ZE. ZCH
ZACEZ ) . Mg-Zn-AlRT#ES S 5Mg-REEMIIN
A% (WE. ZEFIQERZ ) ™, ERMNARSZH
ZM5TIAES S EAIER 9120 €, ZM6ERIRRA
1X200~250 C, HFEEKIPREZEEEL260 CHT,

ERNELHANE S-S HEE . EMAIWE4L3.

WES54, QE22. Electron2l S#ZErAIM 9. MI110.

M I 1< ER R IR AT3A228 CP%, R6pT I AmifinGE
BENERRNITEREERIE . TRESERR
WHFINRASRRNERL, BER/NETT BUE
X REuEEs. BEIERRBEE, SaEREN.

ritsad . HERBMEEEENL, TEURSMHE
BRR; EFi, —®EBEAARIRRULUEXERET
VEREE, RORRYEEE; B LTERTERR
MR ERAE, FTHRREILERRBE;

KA EA B AT R AT KSM/NRED AR
EIEES U E R . MMEEERREARFEEFT
AR FBmE: (1) HRER AR tECa. Sr. Ba
5NV, VIEREERMWES WA mNESIER

M, FRERRES; (2) RERERATIEHAK
RIDEPRTERAR, ReaSMPER, (3) X
RREFE. FREZRAFKE. HEXKE. FEKE

SRBERLIZ, LUEASHTEERRNY, 25
MiEitae; (4) BIHORMBERARSTZ%E, 12

SESNERRRT.

3.3 [EREESSE

LR RE, BENSENRIRT AR ZFLIER
MAMgOE, EEENN0.8, TiEEMNBEEIAIREEE
IR ERR R, RIESSBIEV IR BRI . £
SEERBIFEZEEBRFIBIR .. SAFBIPRSEEK
PEXARGIR, HIERNFEINBESEaRAAER, B
IFESTSFEEMUEIERR. XTHESESER
FRIPIBFIEZ R DB . B EREBIRAT D A
. (1) #EFCO,. SO, HAEF (/"&MHRSF. AT
JEHFC-134a. &MHEIE ) RNMESA; (2) ERAKE
fBHESHK . EaEBREIR—MRERICa. Be. Zn5
wmrinE, RNERNEMDZEE—RSTL, BN
BEBRER, R RIFIRFEE,

=6 MAESESERFNTEREERILE
Table 6 Common additives and their working mechanisms in heat resistant magnesium alloys

GaTE YEHIBLY
sn WISV, VI (Sn, Pb, Bi, Sb) , #ria4rssii M rsiiyme
Si S EmRLANART], TR AL A, SO ARERE, WIASAL, AS214 A
B 1k S P B R AL . Aifb g, TR E AL & IALCa, Mg,Ca, JLRLiE-MgAICa,, (Mg-3AI-3Ca-0.6Mn ) |
ca ACM52244: ( Mg-5AI1-2Ca-2RE-0.3Mn )
Sb PRE AR, MRS AR (>300 °C) YR, 7EEEG A h e BT
Ag. Ce HRE—[F s bl BEASMERE, SRS AE4L. AE425AE21

mm A A A R B R 5 AL ST MO A ST, s i PERE , BRI AJ51X ( Mg-5AI-1.2Sr) . AJ52X ( Mg-5A1-1.8Sr) 5

S AJ62X ( Mg-6AI-2.14Sr )
Zn R IRR I, MBS ZC63 ( Mg-6Zn-3Cu-0.5Mn) 52ZC62 ( Mg-6Zn-1.5Cu-0.35Mn )
Sc ISR (Sclir: 1541 °C), HAARIRAY HokE, WA SMg-Sc-Mn&4: . Mg-Ce-Sc-Mn-Zri5 4 FIMg-Y-Sc-Mn 4
R71 FEASERRIPBTLERTBLLL
Table 7 Chemical composition of typical protection flux for magnesium alloys Wg /%
Ji- MgCl, KCl BaCl, CaCl, NaCl CaF MgO VN H,0
BN-2 38~ 46 32~ 40 5~8 <8 <8 3~5 <15 <15 <2
BN-3 33~40 25 ~ 36 5~8 <8 <8 15~ 20 <15 <2
RJ-2 38~ 46 32~ 40 5~8 <8 <8 3~5 <15 <15 <2
Dow 230 34 55 9 2
Dow 234 50 25 20 5
Standard MZ 10 20 40 30
Standard E 35 10 15 10
Elrasal Z 44 41 6 5 4
Elrasal D 31 25 7 6 21 5
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Sa MRS EIH500 CIRSZET50 C, HCartxMlE
WK5%ET, EEMWIBIEI70 CASHRE min{iEEE
£, AT BeOERIRANFIREMN . SREYS,
A RAPEE MR NRESEIRARINGD, BEBKEE
THFE, BBenxS5EHRMMETFMgTx, Hitt
INBe TR A RS RIERIBEMIR . MgZniE R E LE
MoE W RIRAIER B NIRAE,, (BZncEiRINS &8s
SRNSEERE, ERNE—RAKT1.5%,

3.4 MmEsEs

WELFR, EEEERNEMERFESNBERB
B, R, eRBHRSSERREM. LRXBHRESEE
FEFRIPHERRET, MALREBERME. Mg-8LI.
Mg-Zn-Y-Al. Mg-Al-RE-Mn%, B« iEts, B
#EERBAEENBAFRQBIEMR, ER—REKNE
HHE, RIS EEERE THWIEITERS R
BEIR SR EMOTEERITER AV IR FIE IR,
MEE MBI MNARIRS SIMNEBRE E RSN,
PR B RRAOREREZ IO, BEIRITE & N B A E g
X, BPEERINDERENMN Y, SHIRIBTEEEME
HEEZEHNEEMg (OH) ,, FIAIL. Mn. Znfg,
DHERELND EEMERAREER, RIZFI4ERAMO/
Mg (OH) JALOJEFREBFLAIELEIT, IMNERT &
BB,

HElE BIASH SEEMRAZRNEEEEN
MR ERE, WFE@EESEME, Fe. Ni. Cu. Co.
Sh. SIETENRINEZ=EIRS, BENTRFNE

AN 85 TE
EEE T Founory [ [

N/NF0.1wt%, SOARIIE N /NF0.25wt% . EIRT AT
INEEMRETTETES SFRE R MNE K ZIRE,O,
g, EeEREBEMALRERE, B/ Mg,AlLMBRY
RE, WEESSHIMIMEMYE . FAZRYIESE RN
EENAITIBNEFRL B HINHE. RE, LEMit
HEE; NNA3% ~5%HICatEAIFZkMgCat BiE &
¥, IRemiREeE; AINEEZnaIFHEMIZnEAE,

FHRFRYER RS, EEMEEEURS. &
BINTIZTHEaEBTFENERSSEaE, HE
THIEBVFAItEBRRES, RIBSHXES AR
MREF MBI A . RAWRELRE. FESHEEEEN
P IBHIE TN T ESENIBAS SHNEE, B
SEEMELNEMNES, NEHEHERZ EZE R
>, AENEREINEESIIES, JBEXEMmMM
THEE,

3.5 THEESE

EEEERNN. BR. BHE, MTHEES,
NERUCIZZ2LURHEE IR, BB HIEHIE
RY@/AN, EULIMAIENE~HIE, SResE
tb, MAmEmEEY. SEMNTHSIZEL, T8
EESUERRETLELS . HE. 8. fikET
ZRIEHITEMR, Mk, B B 8. 258
HE¥p M, ATREEMMTER, WES. EHNTE
EASTEHIMg-MNEK . Mg-Al-ZnEZ5Mg-Zn-Zr&,
ZHRERTEAZRY . ZKRY) EHESHWFAMEK, W
AZ113. AZ15157ZM61%5,

(a) HUBEHL; (b)) sifhl;

200pum

(c) 2Rl (d) ik

E4 HEESEIRILE

Fig. 4 Corrosion mechanism of magnesium alloy

(a) Habfs (b)) #krs (o) HrRBH
E5 TRES=Hm
Fig. 5 Wrought magnesium alloy products
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5K, BRERR. BXER. [HEEEM
kL [ERFREIEBNMRIEL, EEEBEM. LN
ES. nNBE#HREKRSESEN®R, BEEWRENR
RMERE, BRISTEMKXEE. 33 NET. 1o, 58S
MEEA . BANEWEEE T ZMA, 5IkETEAR
Rz X, S BVRBRYLEIEE D PAE
BEfE. EREMERE. MHEERUN SRR ER
B, METESEHENF AUERE, #HE
GranatoF[Luckei@ KAV B ETFL-FRETHEEL, BIG-LI2
1, SENRETRTEREERNGINN, K258
FIERMY ., HFaERetNET B AT =fT
ZHIEEI: BN SuERY. EEESMRTD
PWhIBEE ., RAJLMENES SRR ERESHZF
==

3.7 &YEss

EESFEAERMEEAFT{N20~50%7T, (A
FRMEEAT100~ 1 200E7T, ERAEMERME,
FN\FTAIAL 200~ 150 0007, fENIBEEEY
BAMENHF—RELFRERALEERPEESE
1, SHEETEMRIN ZHFRESHR . SEREY
EREEMRMEL, EESFABREANY, BEER
FHERBED, BRBIFTERE XFREBATE
MEmSeeNarER; (FALVMEXEME, I
BRUR/OIEEAME . MEBEREIEE . BREZ QM.
EYERESE—RESHFINEEMAL Si. Sn. Zn,
ZILIE NSRS, BARFALL In. Mn. Zn. Zro=d]
IEEA SRR FPIRMERIERR, RREDERE
BERkRELBEPTHEALARASY, BeisS
ERANIERREE, BRSEREREERN; &
B ZERZ NS EBER AT SN EDERE
&%, MURTFIEAAGBRERFLERR;, FEH
T EBE SIS RINEEEY ERES SRS
A, ABEARBERLRNGEK, FiESEEF
B IME

3.8 EHEAE
ZRRERET IR eFEEaESRE
A950%LL L, MERETLEHEESSHAES2TI
FEESSAENeswLU LY. KREREEMH—RE
BEERIFABERRSER . PEHEAAHED SR
RIRZEESD, RIRTIAE B EME M EFHIERIEAA
SEE . ST EIRE M X% RAIER SN -3 K
REERATHHBEEEE, MAERRIRIR
A, SIS TRINA-NEXR (BIRD-RaiRIE

*8 ENHESEIHRIEREF N1 1ERE
Table 8 Damping and mechanical properties of typical
magnesium alloys

PURiamE oG e

Gz Q*

IMPa /MPa 1%

GlEE-HAS 0.105 76 18 4
Mg-0.6Zr 0.13 142.8 57.3 8.5

ZK61 0.0136 275 160 5
Mg-7.0%Cu-2.3%Mn 0.0875 1833 — —
Mg-13.0%Ni-1.5%Zr 0.0605 2117 — —
Mg-1.0%Cu-0.04%Be ~ 0.1162  100.9 — —
Mg-0.5%Si 0.0605  208.7 — —
Mg-4.5%Cu-0.5%Cr 0.0828 1294 — —
Mg-10%Ni 0.0074 202 117 3.6
AZ61-FF IR 282.9 1346 135
Mg-1.5%Cu 0.0971 1372 — —
Mg-3.0%Cu-1.53%(Zr-Hf) 0.0907  138.2 — —
Mg-0.4%Ni-0.6%Nb 0.098 7 92 — —
Mg-2.8%Cu-0.5%Si 0.0859 1235 — —
Mg-0.5%Ti 0.1082  106.8 — —

Mg-0.2%Fe-0.6% ( Zr-Hf )  0.090 7 106.8 — —

(R) , tTEHERRRKS TUES RMAEZW,
IBMFEEA SR MRS ERE, BIRA—MIERIRE
IR A3B0EE S ETE35 MPafii ) ISR ESN S
1%, MAZIIDESENEIA25%; HN1J1KZE]100 MPa
AT, A3BOfEEEMZREBMAIN 4%, AZIIDEES
ML ZE53% ( AM60972%, AS4A1LHT0%) . (EEEE
BHIMNREFREEEE—RN25~35 mm, MESS
BEEEENEHRERDME, REEHMIEERIA
1.0~2.0 mm, BIRFFEEE+IIRAN+IEAIEIRITS
ERTR SRS, SR4ENEEEEMRELL, 77
SKISESHIEHRE . EEENEEFT A EE HIE
BEREA, EEIEFEEESNEEFEREHEERE
BEM2 ~3F, FATEAMEEFISA KRB EFHE
B BEL RS S B/IEF A,
EAEEHEFETIZEERE: (1) BExEH-
ERSREHEREESEESK, BOSILEE, 25
EEHEREERERE; (2) REEH-ERENAFTAN
SSWEMEESK, BRENANES, EBRAE
EEMSASHERNERESBRAYIN, BET
BERICERMIER; (3) FESEE-EERHuERG
FEIBIRIR1850% D E LA EMIEIRR D 5K, BIRE SIS
MHITESE; (4) SEESE-SBRBNESE NSEIHR
B7EE, 5E, ReEFHIHFNAEHEESHEMN

PN
BEo
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EHEEEETED NAZERY (Mg-Al-Zn-Mn) |
AMZZ! ( Mg-Al-Mn) . ASZZI ( Mg-Al-Si ) 5AEZZ
(Mg-Al-fst ) , EREHESENFHERENEI.,

4 FEEMIHZARARIVIRRLE
EE

EaeHHOmBaEaenNIaEIZ8tsE
A940%, EHEALLESSHERHTERI6%LAL . %
BEEEBEDNREEEFESAEEE, REEHENDS
YHEEBESENIESE, BREBIMNCEEDEES. 7
EHIE. FESHMERFHESMERFHFE™ . i
TMAREGSHMETHREN. |2, —RSik
REEIS . FTEBERIEARENTERE SR/
MRE, RERE—RAKT2 m/s, FEEDMET
70 MPa, HFEFHHIZMGIERC T ZN S HERES
EFESEEFEHEC, FESHTREHFERE
BEBENAE SEBREREDRIFBEISKE, 5
EERERITHATENE. MEHERBHIFIRE

=
A S E rounory

R (ARl ) SBResERBIXINAZBIRRX ,
EBEESRBEREINERTE, RENHIHEEGEE
Ea. DEHEsEm. EasEESHEMRFL
SHIER ZMERENEL0 ., RIPFIRAEESEREM
FHNE T ZRINTLLER .

S5EMNESAFE TZMEL, aIRARS. 5KE
SELHIZE MR T 2 MU R RSB HMUALR, Eik
MEIRNENSTIL. RIREHSHE, R DZEN
gt. FRNEREGESZNTHESSE, WIML. M2,
AZ31. AZ61. AZ63. AZ80. ZK60ZHES; %4
EEEZEBMg-MnE&% (1IMB1. MBS ) tiMg-
Al-ZnZ& ( AZ31B) 5Mg-LixK (LA141) , BF4iE
FERSERT M. SEEEEFETIZHRE,
ERE—#ESTFI50 C, £175 CHERE FFIELL
B]1£2.0, 7£225 CFAEJIA3.0, ERNEEEEEN
AZ31B. ZM21. ZK60ASHK31E, 5 REIES
WMSFE, BERE—MRITHITE200~400 C, HEE
REBHA00 CHY, ZrrEEmait. RXEAE, B8
ETEMHRERE,

R HERAEHESENIF R
Table 9 Mechanical properties of commonly used die-casting magnesium alloys

G4 Rn/MPa Ryo2/MPa Al% E IGPa P70 B IMPa 8 wol%? o ,IMPa® HB
AZ91D 240 160 3 45 50 ~ 70 35 35 70
AM60B 225 130 8 45 50 ~ 70 15 — 65
AMS50A 210 125 10 45 — — — 60
AM20 190 20 12 45 — — — 45

AS41 215 140 6 45 50 ~ 70 0.35 — 60

AS42 230 145 10 45 — — — 60

A380 331 165 3 71 140 — 140 80

e 1) Wk a5 x 101K ; 2) 175 °C. 35 MPa., 100 hiffi2; 3) 149 °C. 100 hj=4:0.5% i 2L /1% /1 .

R10 HEEEEHSHEHSHRENEMEE
Table 10 Typical mechanical properties of magnesium alloy for die casting and squeeze casting

P )y FRUUPIPIRAN Brhiss E/MPa HK21% i EEHBS IEHIEIN
JE4% (AZ91) A 238 5.5 75 7.8
PR (AM60) [ 5+ 5K 263 7.4 90 12.0
R11 HFEEEHEREHNETTEITLE
Table 11 Comparison of casting forming methods for magnesium alloys
Wi T2 A FREJE /mm L% A7 R s I 368 A BORWE
W 0.8~1.0 0.8~1 30 HREAT A4 ik =
B R 0.8~1.0 3~5 40 JELRE S A ik [
i 5 1.0~1.2 <1 40 JERES IR th h
il A% 55 HH B 0.7~12 1~2 60 ERE AT e = i
AR BUE 0.7~12 0~1 30 HIREST I h h
FEJ1 O 0.7~12 <1 180 THPRE ST )% = H
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S5ZHBMRAER, EesBIRESENE
MEMSHEEZIBERRSRTFHIBENM, oJfEN X
RATF0.01 sTFIRESIA100%LL EHIEKSR, SLUE
BEE R RIRSTRRLTE . MB265EE&£7£1.67x10° ~
4.1x10?% sTRIZNIRE 5250 ~ 480 CIRETFTEBGRIF
RORBEEME; MIBEFZE350 ~ 450 CRHEKZEA Fik
520%, 1E1.17 x 10° s'WEFER5400 CREKRAIL
1 450% ., E6NES BB EHRERIISTYIR
=E.

NFEHMEREE. SNE. ShFEMEEES
#H, AIRBMARRETIEHE, TEDNRELRE
MFRAESHARSEFTTREARY, DR EETA
(PSIPM ) BiT R EIERSHE, BBIIHERELS
BIRRL, RIBHTHEIS . Mg-Zn. Mg-Al. Mg-Ag.
Mg-CafIMg-RER A & RARS/IPMAFIZAVINALEE
957F500 MPa, AZI1EAERABRSIPMEFIEETHL
SR 313 MPat¥ZE517 MPa, [EARSRE 226 MPatyZE=
457 MPa, REIZT Z2hAHENEERESSNALR
EA 514935 MPa“, IEEHAR (E)7 ) RESEEMS
SHRENERIBN, FEAREERSRERREIKSE
HSEMR £, SIIRMES. BE. BEFAX
BARY), BXEMTRE. BEELH . BEEHIR
FrEl &tk BEERERS .. MREHD . DEH
BT 2, 5SEEEEatt, R SEREE
AR BIRE17%527.8%, $HEERNERERFIA/N . A4S
4], BIKEKREIIENN8.5% LA . RSN ARHI S
MEETREESESNNZFENEL2,

brERINT T2, SEEERAMMAINN T
AR BIEREUMEHEAR . SRBFERAR. 8
AR WEERINTEARSRIRELFH A, K
BRI RSPD AT B 6 A R N BB LA R 4R L = T 1A
KIDPEPKE, BHANYREE, IohEBER
ARESRRBE . SEMAFEECAPEER NEEE
ERBERE, MEEFEERTEIMm M BENE
gk (£2390° |« 120° ) FEXREIENHSTE, &2
REEHRETFERESHNEEY ., SEHEHPTH
i rRHARF R E RIS . AT IEF O
BERES, MHABSXIGNENALEEREGE
SO BRI TFSPAER R LRIZUWER TRl =4
RIZIRVEEMEZS T, SCHIM R @A . HORALRIYS
WEBEN. BRI RIHEITEE . HEH. 5
. AEE, FZREER/N, LEREHENRRMN
TE, BEBSECAEBHMENMNEES, FLEDREH
Z, MEIRNERERHST,

AEASNINIEES, fokegr4f—L%
NIESLAR . ATINEENE, IBAEX
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2B R ERAERRE, BEIMAMRERE
KERakE, SIZAMAEREAE. TaERAERE
EeE, WEHHBSFMAENDBEESRRZEEZS
MAEREAER, RABEKSENRESRAEREE
RIEEAEBIFNAEEESMH, ILTZ2HE
MEBEEEMHATZNATEY . XihFiT,
BIIZHIEIENES.

No.1 Undeformed

|
|

No.2 107%s ", 6=197%
Nn3 440°CNH ha! M02s" 4=173%

No.4 480°C/1 ht 107 o), 5=220%

No.5 520°C/1 m@“w* s, 6=362%

H——-

No.6 540°C/1 h+B40°CNM07 s, 0=203%

P—

No.7 560°C/1 h+840°C/107s", 6=246%
No.8 6@°Cl1ms".m

No.9 640°C/1 h+

=i

07s", 6=207%

El6 #HEamilBBEMEIEHEEE
Fig. 6 Fracture elongation of magnesium alloy after superplastic
forming

E7 SasBEsniuRREE
Fig. 7 Spray deposition technology schematic of magnesium alloy

*12 EHNREHEEETIESSNNZMEEE
Table 12 Mechanical properties of magnesium-based
engineering alloys prepared by spray deposition

G4 Rp,/MPa  R,/MPa /%
Mg-8.4A1-0.2Zr 351 253 18
Mg-5.6Zn-0.3Zr 354 303 14

QE22 350 290 10

Mg-7Al-1.5Zn-4.5Ca-1.0RE 480 435 5
Mg-8.5A1-0.6Zn-2.0Ca-0.2Mn 365 305 95
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5 BESENAFNMMARIRERERE

ek

EASNATENEBIBBERIF. RES
EEBIP® ., EFESEBRBIETHBIPEEER
FACO,. SO,5&F5SK ( SF,. HFC-134alU& )5
Fluorinated Ketones@ (LEE ) E/x M MHESAHITRIF,
e FSF TR IR AT BT B IRRGDP RV EH S ;
ERArEBEESARIFE, EEARIRVIBIFET,
LARI-25 BB KAAHIIDMFRBIEL SR, BIFEIAK
WRRFEAAF- SIS . EaSEEth I RA
BETERBTRIP, —REEMECa. Be. ZnSREJT
£, INCa. REAJEALEZHICaO5SRE, O, &R,
FNBe. ZnAZALEUZRIBeOMIMOZnBE 2, 23R
FROPAMKIR . SRS EML, EEE0EACCl.
MgCO,5CaCO it T#E/E, HRNNIMgCO,5CaCOfE, 15
WIS FEFTAERICO, AT RIFAIHFS SRER . SA
EEe—REBEERAIRME LS REMRIRINEHT
TRIE, EMESEERMIZITRFETRELE., &
ETRTAHESHARAAEE T —EEBRESEHN
—REAREFTE (E9) , aLIEksixRTd
EHOWERP . EF5EBRBEEEBIPAREEESSE
22 (1) HHIBEERERIF. SRMt. BEER
58T B IEENETT T ZRE, L
MEEEBRFRIENSS R, (2) FREES
EEMNESSRBE. TRI1IZ, BUasBRaEt
S58RMHIEsaShFMes; (3) FAELAML
SRESEIRIEZINIFIE, BIEESSHTRE;
(4) Rk, (5%, CiT L ERESEME
Tk, FRHEEESEANBIERIR T 25EE.

KEEENHRGIETZ o MEES SR, B8
IZIRERERL, SRERIFBHIMY,; MERWARGS
. RY. & RESD T, 2omi e,
FREGESIVIBEEERUME L ZH—TIRSY
KHRESEN, HrRiEssftEdEaaaid
BRSNS, RISHHETNE, Ratotras
TTEZEE R IIRTRACIBMMA R S HZERERI SR
BSERNH.

tEemifit. MEMZE, BEdEBHIFLUR
SEMMEESKEHZME, SRNEARBIFIE
FEEUFEN (i) BRI, EIREMEE.
ME AL . B/MEREELIE . ABR. MIESHET
R WEEENR. 3B FEAN. B BB EA.
BR-RREA . @EERMIRERARES,

HEEATBIWERNTEEBVMEEBRENRS
BRI, B VEBEGE, TEDNIRE
HE. BRIER. BIRER. sERIRSEERLS

AN 85 TE
EEE T Founory [ [

RE, SREEUBHRSERRBCIEMANE,
FE BN R EBERTERENEESEES
Mg TEESE, BHETZADow A TDow7 LE,
Sharma A KEFXIMg-LIiE EHIFEEI 78~ 11 p migER
EHEPY RATREHPCNIMEEES R, BalfE
BERMERL . HEIEEEHFERASIERLTENE
SHEIHWFERMETS, RIShrAIEEESERLE
BUENT 228 . SHEEAERL, RikaEtst
EREEEWEN, AEEBRBANEMITRRIRTE
EEMARIEENEAE, RkAEESE, BREAF
BN, %, R, SE5SHERENEHZIERECrT
EM9Dowl7. Cr-221 52, FERERBUBERE . SEER
. oAMERE . mERHE. SE0wiNatayrE
MEEEREMACIETZ (FIRIHAEL Z. MAGOXID
ENEWE LHEBBR) . Ea2BRELED I
ERNBRESZHEINIER, —REHTEEREEL
1B, RUNEESEANPRENTIZSH .. LIk
MRFNEMREE IR B, B EEaomn
THARTESSEANA—ERRUNEREE, B
TEASEREERIAEDRE, EEILSE@PGF
MR . HAMazda N B RBZmAEESSRAETK T
50 nmALIKAIS-ALCUMgFIKIE S EHIAS-ALCUMGHE, B
IZMRESERINSEITESZRE .

@ SREEERTT
24 RS AR

R RS ot
WRENRAELDRE

FER N
BRENERERRE

wiEE EESEE

BRz
BEesBERYETRRUAETLELL

Es REESEHEILENE
Fig. 8 Schematic diagram of process flow for preparing foamed
magnesium alloy

Eo ZFEaslaEEIrIZES
Fig. 9 Smelting and die-casting protective equipment
of magnesium alloy
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T te] Founore EASEH

EEeUXRABREIZEXRELREZER,
TE2REABEE>BHEELEE-SNIER B
i, ZiACUSCU-NI-CrER. WEFEEFAEER
S5RBEAEERPRESMERRRLN, FELINI-PHE
ERE, E6EEB/MFENTEEERSEREN
&, EsniieRsEasmEsRE-2BH, iX
BUZFERNEREER, BHTBEMMEE, —KREX
BiEE - BRI -SRI TE
BOoRMUFERNTIZRE. SaSNIESENR
2 (PVD) XEMIFPIZEFECEETEE. KHE
BIEFEE . BFERYIBSIENIREB-PVD, EH#E
SEXEFXAPVDEARFIECISCINZEER, aIEEX
EL5ENMWEMERE, PVDHEISTEZMARE, BHHE
BE—MRZH450~550 C, s THESSHRENER
[, WEEfR T AEF AR,

AERES A BIlsERE FHRRRAEER
IR EEINAEFBUNANDS, LeSRBAEERES

BEAEE, BUMHENNESTIRERE, E652
AT AEEN B -Mg Al R R, ERAT AL
FRtEE. BERERS. RERANIEERRS,
FEIRELHNIAE . BB, ME. HRBES
IBLUES R EIREEP, Sulzer MetcoATIFF A H
T Protal HFtHEENIAENR T 2, A ESENEmEE
SnERESTE—R, EESEVMNA. BISHE
BETZRNAE . HEESHT 2R EMEIFaT, AIX
BiaEmis. BEbs. &K, HiE. HE. h5E
MATEL, ERER. SUERSBARRP, BEME
MRE, BEeSRMETZRE. NFHRREEEE
NEEEHE, TIXRBAEFIAXARIFIZ, B
FIEANTEL0~ 100 KVEREE A ETINE T, £INE
NEEFaRIMTEIAESEMRAE, FARES
BrEeE. MEMEMNRSEERX, BEFEEEM
AN ERSGERNVES, TERAENTISE
SnEmti, BeEasmmtee. hFk, &

K13 HESUFRUBRTIZSY
Table 13 Chemical conversion coating process parameters of magnesium alloys

VAL T A5
90.0 g - L'K,Cr,0;, 40.0g-L*MnSO,, 40.0g-L"MgSO,, 1~2g-L’'KF IRAE. 55~90 °C, WHA): 2~3h, ELPE. 15k
1359 + L'KH,PO,, 27.0g * L*K,HPO,, 3~5¢ - L'NaHF, WA 50~60 °C, pHIE: 5~7, &ii: 20~50min, /K. T
WEE: 20~60 °C, pHfE: 3.0~35, £&E Tk 3~10min,

100.0g * L™NaPO,, 10~50g + L*KMnO,

K. THE

1~20g - L4 )@EF, 1~509 - L'ZRBMIRE T, 01~20g - L?

WA, 05~1.09 - L FmimHH

WRFE: 40~70 °C, pHfE: 8~11, #2i: 2~15min, K¥k. T4

0.01~050g - L"Zr*, 0.08~0.13g - L*Ca®, 0.01~0.60g - L'F*

MHE: 25~60 °C, pHE: 2~5, &, WS, Kk, T

R4 SFAEHEBEHLTEZSH

Table 14 Anodizing process parameters of magnesium alloys

T RN, AbFR A A B o
. . W : 70~80 C, Hfi#/E: 0.5~5.0A (dm” -
225 ~ 450 g+ L*NH,HF,, 50 ~ 125 g L™*Na,Cr,0, - . ) ) 56~ 30 wm,
Dow1? g e g( ; 1 (AC)), ML 6570V, FHEl: 4~5min; :ﬁﬁ@ MAH:%
H,0, 50~ 110 mL-L™H,PO, ( 85% . ‘ . IFEES N
’ TR JELS- LR 90~ 100V, Bl 25 min i H
ra2 25g-L"'Cr,0;, 25ml-L"HF (50% ) , 50 g-L"H,PO, HHEE: 75~95°C, R : 16mA - cm”’ ——
r- SR 0
(85%) , 160 ~80 mL +L*NH,0H (30% ) (AC) , HLJE: 350V A~ =
M. <80 C, HWHE: 1.5~25A (dm? )
359 L'KF, 35g-L'Na;PO,, 35g-L"Al (OH) ., ‘ JEJEE5 ~ 40 pm,
HAE . ) i (AC) ), ME-fL/E: 65~70V, M 7~ .
165 g- L'KOH, 20 g-L*K,MnO,5KMnO, ) X C REEAm A
10 min; JEE-HE: 80~90V, HFE: 60~ 90 min
250 ~ 300 g+ L"KOH, 25~45g-L"Na,SiO,, . 77~93 °C, MBS, 20~32mA - cm?
Manodyz B o - T 11
2~5g-L"CsHsOH MH: 4~8V
Fl | WE: 20~25°C, LB 48 ~100mA - cm?
ussal Lt Lt SYETEE T
450 g-L*NH,F, 25g-L™" (NH,) ,HPO, (ACKEEE) . HUE: 100V JCIGPERY A o fli b
pHff: 55, JJE: (24+1) C, WHE: 60 min,
Sharma 25¢-L*K,Cr,0,, 25g-L* (NH,) ,SO, HIGHZERE: 0.8 ~2.4mA - cm?, HLFEZE. L

12~36mV - cm?
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Research Status and Development Trend of Magnesium Alloys

FAN Zhen-zhong'?, CHEN Jun-zhou'?, LU Zheng'?, XIONG Yan-cai'
(1. Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. Beijing Advanced Engineering Technology and
Application Research Center of Aluminum Materials, Beijing 100095, China)

Abstract:

This paper provides an overview on the characteristics, material classification and application status of
magnesium alloys at home and abroad, with emphasis on the typical application, material research status and
development trend, processing technology research status and development trend, application evaluation status
and development trend of magnesium alloy materials. The paper also summarizes the preparation technology,
microstructure, mechanical properties and smelting protection, surface protection and application technology
of magnesium alloys, and briefly reviews the technology development and product application status of
magnesium alloys. Finally, the future development direction and problems to be solved urgently are forecast.

Key words:
magnesium alloy; research status; development trend; surface protection; microstructure; mechanical
properties
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