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Research Progress on Grain Refinement of Cast Magnesium Alloy
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Abstract: With the increasing demand for lightweight materials in the transportation and electronics industries, magnesium
alloys are a good substitute for existing alloys. However, the lack of comprehensive mechanical properties of magnesium
alloys greatly limits its application as structural components. Grain refinement, as one of the most important ways of alloy
strengthening, has attracted much attention because it can improve both the strength and plasticity of the material. The
progress of grain refining in magnesium alloy casting process is reviewed, and the refining mechanism, research status and
existing problems of different process methods are systematically discussed, so as to provide some ideas and references for

the farther development of grain refining of magnesium alloy.

Key words: mg alloy; grain refinement; refinement method; mechanism

21 20 R BREE VT s 2R I FEE 57
2TV R BEIR TUR S BRI 2N
KRR EHNZR  Hamploy S EBIFItEE5RE
YRR - ABERRRHE AR B ol FAERYAETR B
RMZMEAT A0S T SR S AL HEH Y A
A bR HE ORI 2 SN A e FLF™ BEE Y520 © Ui Rz
TIRERPES A ARG P s S iizE ik o &
JoTAA AR N FH S F A AE S SRR SE R N
TR AOE T B B 5 E A H RIS D RETF N AL
BpT St i R E (M) —

ek H 1 : 2020-07-03

HEOH « [EZ E 28R R T H (51301025,51141001) GiflEd
BFETIIH (10C0349) K /DHE T RFAE NG = R0HF
SEFI P R A v I B R S50 = T AR <2 (2018N G QO04)

TEE T BB ER(1979-) 8 Kb A it BB 55T J7 A6
HEJEADICH F 2 Jm iy I M RE B TAT A B oW &5 14
S . BB - 15084965088,
E-mail: hncsqgqwk86@ 163.com

B 5 [ AT TR EE R4} - H AT BRaiE:
FErrarEE o EE RS E AT ' P T
BEFIER ALJEEE3 o H 2R TRTZERTR IR
%5 FLT T AR A AR R A S U e S IR R T
MEYEEAL ~ BAMRERESR - EHESEHREROFHIA
e RORARIE TR R 2R » ZRT S HA
JE& (anEa &) MHED B e AERY —Shih s R T
ERYA R BRRERHY SR E A AT (PR MERE
DR B AR PP AT IS8 Tt - H ATz 5 LY T
EEEFENERE IOEMRL REGR{ BRI SR
o iR A RN R B A I T A Z — - XY
JE R doki A B AT LRI I s AR i 5 R A 2 P
T RAT AT SF LIRSS AN - T By ERE MR
B PHEIRER A - M S pIP M R i s 2
== O] Tan= R T A b R R b Rl > e e o
s EHYMRE R LE A BB MAHEE S0 R & &
J& - B R R AN EAERE  HLar & S MR RE TT




*1078«

BAESHEIIUED KAV LHET S E IR
R b— B R SRR FEIA R 2 — - TR i
FeENIEE T — &SR E R A B TR F ot T
AMAEATLEE - 285 IR BRI NSO A S E5 T
PR s N E i A bR 705 R HAT E

A S g EE e o e

el 4 LEVER IS TR RN JT T - —
TSI FE T NI S A LR B BT 2T 0
FH 2R - FHAG R [ (Free Growth Thory Model)##
SRFH ek FIURL R TR 02 T8 e dtobtr A LA s dkir
B KNSR 70U (Grain restriction Factor Model)
e FH SRARRE A BT R A S & S i 4 L2 i)
FHEH ARAFER 1A A Sl(Interdependence Theory Mod-
eD&i& 7S A FE R AL R AR L4 o]
Ligifsiir-54 )1 (Particle Potency) % LK A BT
m R R ST IS o IS T A B AIEY fR AR S5 44
WHT WA T SRR R Y S A& VO AE FE RN (Lattice
MatchingY DL Kz 35 53 VCHCER ¢ 8 (Edge to Edge
Model), S F— L EL AT Y F T I AZ I — AR it
TE SRR G5 Fa) ERIEMAR Y UCHCAR PR 1R 23X 7
JE AT DA SR SRR Sk A bR 2 o T SEIGHY
5 H M
1.1 5HH4EKHER

20004, GreerZ: U5 H T2 AZ 0y KT BE @8 5201
S BITEAZ S M S Sl 4 LRSS R HH T
MIATIE Rl Jgg H e = BT TAZ BL e iy RS Ty S
IE'EdJ)_\E'_ 2r CLHTEAZFTIBURL B, Mz IG5
) S/ INT XA RS IRFR BE R = BT AL SR e
EIE AT 1A = BT AR B R i R T /= BT T Az
SRS NSy

BRI EEE - MITAE(L) ThE ) BUR R T RYSE =
P8 INI 5 A T IR R R B 5 Bk Ny = o T A%
FEJE - Gunthers5[a[ N B AR KEIGITHETT SICIHE
AZ31EEE e REE N YIRS SR - BT SICHE
PA{EAZI S BS T R S 9 AR & 1Y
(B2 BT bSLANSAH SR EESREN AR HE - R iz e
ARBEFC /T A frek ok
1. 28 & KAGEE S
AERANHIR T (CGRF) LAy QB B4
SZN TR RS T RN B e SR A Y 2
may o ZHEISINBE TR A S A R R =

FOUNDRY TECHNOLOGY

Vol.41 No. 11
Nov. 2020

FrEAR LRI A TEQTCS), M Bl /& i A A 5
RSB R K52 - SR
ST £ TE S, QU AT LA AT 2
et

Q=mc”K-1) 2)
HLr MBI C - 2 SR TE R AR
53 K IRTTHATT 55HE S5 - TEREAIQIEA S 5L
SO 2 B T RO, » B e LB TE
FEQIEILF ], HPCo=INY (A TR ES:
R 225, QUE I T AT AR 2k
RERYI LI RS & B SR A LR S50 TP 2
TR P QU AETIFII A S B
BT HG T BT IR BRI
=3

F1EEESETE WEBUTERQHE
Tab.l Q-values for solute elements in magnesium alloys

Elements Q=m(K-1) Elements Q=m(K-\)
Fe 52.26 Sr 351
Zr 38.29 Ce 2.74
Ca 11.94 Sc 2.61
Si 9.25 Yb 2.53
Ni 6.13 Y 17
Zn 5.31 Sn 1.47
Cu 5.28 Pb 1.03
Ge 4.41 Sh 0.53
Al 4.32 Mn 0.15

1. 3EEREER
20114F,SUChNFIQIanS E i JC i T AH 2Lk
FERGE  MIET T SRR BRI e 2 (6 5
Z o I T AR SR R R AR RO 2 K
& G BEEIN ) NMBEF  FEARIEER SR Sk
£ BT BT SR NI T 5 R 3 T2 At 5 i Sfefofi >
oA o BB O RO L R 52 4 S G ET A 45
o ZERRBE ST A (ATCS) R BRI A%
AEARE(AT )eE S T RER R AT

| c\-cl

)
Horpe R SR RST, FLIE AT — TIAX Y Sk A
TEEDR ST H Z FRE % L e B HEE LRI & FERB0E
BT AT TEAZ SR Y B 2 SHE AR S R A I SR SR
I il FE S 2 FE Ty B AR &S AR MR =
THGE R AT A SR 2 (Al AR &S, D2 B E %L
VBRI A KA GIZ R T HIAE R AN
FH R ST S fe K BT AR Py 75 < &8
ZATNEROE N — I IER B s 220 a2 e



($535H7 K 11/2020

B o MBCIMERL A E] DUR 3 BTN A% 2 S
HEARBLEEES SR T BB BN SR A Sk R
~FEAA X BESREES > A o DU AT DUEN an Bt 4
FEREE RESHOE T — k% Aok ks K
KNEFIH BB A REEE T — KB NIE - 5
G 3 SR EG IS R B IR 2R A AZ T
B R~ R R T R FHIQIE S S BRI & £15
BEUARSTHT » iZEHIG LR TN FH 1 et Mg-Al
MQ-Zr & &R0 MBSt 4 EA LA 53 b v IUAR,
FHUR B T SRk A LEC R R R o JTRE(3) 34
12E 55 (s GpaFIBH ) = ] LI 1Bl

A IFFR(3) H 3P EEE (Xes XA IFIxsd) R E &
Fig.l Schematic diagram of three distances(xcs”™xdl and xsd)
in equation (3)
1.4 FARUCECE
rrf UCHC B 1 25 A T A S BT AR B X
RLATAIA B iZ B G T R BT AZ B R R i e 34
T E Yo F U AR LT T R AR E S
R R & sz A SR AR A AR SR HEO BRI
FZFRI R AR AR gy BATFRVIENE M s RS
LB SR PUPAZERS RSP IR AR R Y
SLHIRE R JEAZ R =Bl - 20 SLEAERYIN 2R
HIRZ H P B RS AR UEHC I S o AR A 6%
FARHTRTIER M AR R ST S5  d4 A& UEHC
R P SR M) 2 [t AR B R 5~ Al 573 2 1
B E A ZR
19524F , Turnbul lF1Vonnegut|a] & 4 = 1R E1 &
REERIAE SR A E P EVEE SR A S ST IR 57
A TEATCNI AR FENCE § S0 T — Mk
FEATRY.
ATc=ic/ASv)8) 4
Horfr IR TR AS™ B s AL (AR = 5T
RFRIMIEAR A2 S A S ICREE AT IR BA T 72
&
&=Aa/ao (%)
Horh Qalg = T AL ES R A B AR FE LY S A8 £
72 , A (RFE L LAY S AE H A - MTTHZ(4)

ERFR 2 #aiE o a i A b re it e

*1079«

mJ LA ATCHIFERRIELE « —feskind — D BAFHY
e A BT S B AR HT AR FEBCE6 WS %~ 15% - {H
ZARE A A R o A RS R A B AR A B i 225 HY
T EAMECUETEEF IR EE o RN E - R AR
19704=, Bramfitteir 2 T iz H A N A5 450w =
HEH T 3 A A AR T R RAS FEACRE - 2N HUEL
SPEE BARTTRRAT

d\uvw\ cosO-JL /d[uyw]n }/3x100%

(6)
Herp SiE S PP AZ R R AMIE AR B (R FE £ A&
5O RE, (hKDsR (hK),, 73 5l S BT A% AL R AR 4
HYEEFEECEA , [uvw] s R [uvw Ingy Bl fig & (hkl)s
FreeHE 4 (KO _E- iy & 1 d[unhn ] $Fd [ uvw I n 25
IGayi 22 9o RN Se N it e = =N D)
(] EE - J2 [zzpw]sF1[upw]., 2 [RIHY A5 - Bramfittid & my
Il 5 A 1 2%, d 0 AR IC S R T 12% 4 JT RE R Bk
A RE S TUPAL RS - H AT 2 RS et 2 M
TR S TR BTG RY A BRI - &
S TAZIT AR S R R Y e I AR BC L0 2R 2 BBl
2B TALT SRR S AR G54 A S EU S BRI RLAR A

FRNCRE
Tab.2 Lattice structure, lattice parameter of partial

nucleation particles and the calculated mismatch degree to
magnesium

S i) A H & /nm FECIE (%)

a-Mg HPC a=0.320 3 ¢=0.520 02

Al4C3 HPC a=0.333 1 ¢=0.499 0 4.05

AL20C HPC a=0.327 0 c=0.507 8 0.9
SiC Cubic(znS) a=0.435 4
TiC Cubic(NaCl) a=0.303 4.8
TiB? HPC a=0.303 2 ¢=0.323 1| 5.6
AlB? HPC 0=0300 3 c=0.325 1 6.2
AIN HPC a=0.31 c=0.497 3.4
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