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Abstract

Magnesium alloys have been attracting many attentions in recent
years due to their properties such as low density, high specific strength,
good castability, etc. Rare earths (RE), as an important class of alloying
elements to magnesium-based alloys, are often added in Mg matrix to
enhance the high temperature properties, corrosion-resistance and casting
characteristics of the alloys.

To improve our understanding about the precipitating process and
design alloy compositions, knowledge of phase diagrams and
thermodynamic data of the involved systems are crucially necessary. In
this paper experimental investigation and thermodynamic calculation
(CALPHAD) were carried out on the phase relations of some
magnesium-RE systems as described in the following.

(1) The phase relations in the Mg-rich part of the Mg-Nd-Y system
at 773 K were investigated by scanning electron microscopy (SEM),
X-ray diffraction (XRD) and electron-probe microanalysis (EPMA). The
experimental results show that there are three three-phase regions,
(Mg)tMgyYstB + (Mg)+tMgyNds+f + f+Mg,Y+MgzNd,  and five
two-phase regions, (Mg)+p. (Mg)+Mg, Nds. Mgy, Ys+B+ Mgy Nds+pB+
B+Mg;Nd. Both ternary phase B and binary phase Mg;Nd have largely
extended homogeneities along Nd to Y.

Thermodynamic assessment and optimization of the Mg-Nd system
was carried out. Gibbs energies of the disordered bcc A2 and ordered
bcc B2 phases were modeled with a single expression. Liquid and
terminal solutions were modeled as substitutional solutions, and other
intermediate phases were treated as stoichiometric compounds.
Reasonable agreement between the calculated and experimental data was
achieved.

A minor revision for the bcc B2 phase in the Mg-Y binary system
was carried out to reduce the orders of the parameters. Calculated results
based on this revision are in good agreement with the experimental data.

Based on the experiment results in the present work, the Mg-Nd-Y
ternary system was optimized. Reasonable agreement of the phase
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equilibria in the Mg-Nd-Y ternary system between thermodynamic
calculation and experiments was achieved.

(2) The Ce-Y system was critically evaluated and optimized. All
phases were treated as substitutional solution phases. It results in a
consistent formulation of the Gibbs energies of all phases in this system.

In order to treat the ordered and disordered transaction between
bce B2 phase and bec A2 phase, the ordered phase bee B2 in the Mg-Ce
binary system was described with a 2-sublattice model, instead of
stoichiometric compound model in the literature. The model parameters
were optimized in the present work. In comparison with experimental
data, the present results are more reasonable.

Based on the reported data, the Mg-Ce-Y ternary was optimized. The
calculated phase relations are in accord with experimental ones.

(3) A thermodynamic description of the Al-Yb binary system was
firstly developed based on critically evaluated experimental data. Two
different thermodynamic models were applied to two different types of
phases in this system, i.e., solution phases and stoichiometric compounds.
Calculated results from the obtained model parameters are in good
agreement with the selected experimental data.

Combined with the optimized parameters in the literature for the
Al-Mg and Mg-Yb binary systems, the Al-Mg-Yb ternary system was
extrapolated. The liquid project and several vertical and isothermal
sections were calculated.

(4) Using the present database and the one reported in the literature,
the equilibrium solidification and the solidification according to the
Scheil model were calculated for the alloys Mg-19.2 wt.% Y-8.03 wt.%
Ce, Mg-23 wt.% Ce, Mg-8 wt.% Al-1 wt.% Yb and Mg-6.4 at.% Zn-1.1
at.%Y. The calculated results were successfully applied to understand the
experimental microstructures reported in the literature for the above
mentioned Mg-Ce-Y alloys and Mg-Zn-Y alloy. The solidification
simulation for the Mg-Al-Yb alloy can help to understand the resulting
microstructure during solidification or annealing.

KEY WORDS Magnesium based alloy, rare earths, phase diagram,
CALPHAD, solidification simulation
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1o AH BRI 2 S S A Bl

B R A AT AR AR S R I BE A SRR B A S P AR, T LART
FIFH A SRR P L A2 P e a2 (R A2 A B AT AR AR i G 4enidh MOnT 4
G RV PERE RN AT o Y V22 I FH PR v (AR 28 7 R AN S AT A AR TR 17 O
N, AR =, s s A B = E AR, ARG R A B
X AT A VAR A T AT S ] o K R VAN R B R R & NS R
S TEAT R VA VRSB0 B Al H OB e S AT ] o VR AE A e v )2 Y
R, JEERRE S = A v A R AR SRR AR e AR R, AL LT 2 E—
BRI IT 10 INGIBTIE A 1 FE — e P P i S Sl 5[] 0 LA 3P st i
FEMMOC R o« A I GAHD M2k, 22047 (DTAD, /mZEHEHWE (DSCO)
o LTIV IEAAT S5 HR A2 1 8 He— DAL 1 25 M AHAR IR

PRI T A IR 7 R HE 37, 381, WLESRAN Sk B R Ty, AN
BURAE SR g A Vi, AT, 107 VAR AR A R e i Ag BT
W

1.3.2 HEERA

SELB N A R o — TR PR R 439 B 1) = O AR P A2 AT IR A
T IRT, AH 5 A S0 ff 5 4 14 L 5 0 1) P 1) — S R S s 4 e IR A P-4l LT
AFTRe. BT E&E&4 a2 o, ANA et 2R, RS e
RT3k 15 22 4 0 AH B A A B A i B Bk, AR R 38—
JE BT AR 5 R AR X RS 50T R JERR I 1 A, MBI EREAR
1S BIHGE KR, Wk A B BRI A RO

(1) H— R B EAH K

o SR BT SAH A —MANT EATAT S48, AR HT B KSR I ER T
HAHE[39, 4010 —VEIRBEUEEINEAE LB IIEA T I, B E
ST LA SO 2R & TC R I SR e B A1 18y S 00, ARG AT FAd (1)
AI(E I ZEL, ST AN &7 ok v S iz oA R S e
TEik5E, UG RE . A RARGER T i 56— RN GE T e an . AR
5% (Cluster Variation Method, fif5: CVMD 454, BEWIHE ok R,
Fa S In iR R A EI[41-44]. HAT, 25— BEEAET A6 0 K Re AIAH K
D7 AT T RS, XA SRR B BAT TR AR AL L ZOAT TS a SR
JR P o SRIMVEAETH R ASE I & AR NI SR A 22 PR, ik AN BIRS
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K AETVHEBOHFA 2R BT, A RO AN [ AH AR AR BAE 71, AR T
AR o XL R G T 1Z 595 AE DAL N o

(2) #Iyert S E

FHEW T Z 5, FR CALPHAD, J& H At 5t Bk R ECA Bt N H &%
Mz AHEITH R . CALPHAD HR O ZEMKRED S, BAE 1970 4,
Kaufman ! Bernstein H i1 (AHEVHEALEAR)Y [45], iy T AHE VA E 1,
AR BTSRRI T A LS . CALPHAD J5 7L 1S BUR MRS — oM = ok &b %
FHIRR P, CAE S ARG . WA P A 2 P AR S5 S, AR &R rh 2541
(RIS, I P T AR IR S N7 S A A ) 7 A 8T 1 PR R IA 2, e e i ok YA Al
SAFVH AT o S AR (1) — S8 8 S HR PR SCERHR T 10 300 2= 50 R AH ]
B, FU T ETEE RS CH R BGAEI AR BT A Thermo-Cale.
Pandat 55). )5, WLAMIER RG22 ok R A BRI %245 & . CALPHAD
JiEHEA B BAR IR [46] WL 1-3. EARZAEOLT, AMERSRAG I FE 2 0
B . XA, SEEG TAE FE R R UESMESS R, KORTE T A .

grenrs

v

ey

=

[%ﬁ%m%%ﬁ%ﬁm%%ﬁﬁ]

! !

[E%i%ﬁ@][ﬂ%&ﬁﬁ%ﬁ%%ﬁﬁ]

B 1-3 CALPHAD # Rt A0 B Afz
Fig.1-3 The CALPHAD approach used to obtain a thermodynamic

description of a multicomponent system

5 R SARAEL, CALPHAD R AEUS SR ALRSA IR, I A4
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B Z e FR, (DU T A2 B nT b 22 S 00 A5 B e SR, SERR 1R A2 A7 44
B R T WS, B s 2 D B AT B, 2
SR, WIS CALPHAD HRIITMNGET1, whr LR 8 — IR B ) — 2L}
ORIk, MEFESUCHILT CALPHAD HR 55— RELE A K
JRFAAHA[47-53]. T H LI &5 G o — R 4B AL &4 0 K IR e 1
CALPHAD V¥4, TSRS /> CALPHAD H AR+ RE e S50 H
FE, P2 dEE AN ER .

1.4 ARBBFIARE

15 HHTEG 4 N A AW TR RS 00, SRS S AR B IE SO B 5
AR — AN EE ST W o WIS B ES SAH BRI, B e RS
SRR FHLEE, S6F 78 4301 FH 3 B =5 i B BN, 90, R R BB -
Bha, BAETENERE L.

AR SR T 3 S0 I 5 RO AR S v SR RO AR I 0 A M L BRI Al
Blo T AR 2 dl, BESCR SR, A7 R SCImiR 9 #Us ik,
oy 51 BURMG BRI, A SORER & S e BRI A I . [RIIRER
Thermo-Cale AT MMM A S THE T H . FEMRANEWT:

LKA X AT S A IR 7 20 M, IE Mg-Nd-Y =J0 & 753 K ‘& £k
FAMAHR R VH Mg-Nd-Y —J0 &R, 4 = ANAbr — o R BTE A0 % RAH E
Hlls, BORUAGTES. Mg-Nd —J0c &, % Mg-Y o RINES S8, AL
Mg-Nd-Y =Jt %K.

2. WAEIF VP Mg-Ce-Y =0 RAME ks o RIS EAE, ot 5
Ce-Y —JCH&, 4 Mg-Ce —JUART bee-B2 MM 248, FH L% S
0, AT Mg-Ce-Y =I5

3. A VPN SCRRFRIE K] AL-YD 70 2 (A 24 50 AR B Edls , puAb vt 5
Al-Yb TR, SRR Mg-Al F1 Mg-Yb AN RR e R S
#, AN Mg-AlYb =0 R AK .

4. WA IR 2E R I ) SR A S R, R Mg-Ce-Y
Mg-Zn-Y =S GEMSLIR S R, X Mg-Al-Yb = 0 &4 b B T2 &
AL

10
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FTEF Mg-Nd-Y = ZBIEEMESEHRHFIHE

2.1 3|5

i L iR REEEFHMNEE LR —, FEARE RS S NPUE LR
e J12a e . WES4 (Mg-5.0~5.5 wt.%Y-1.5~2.0 wt.%Nd-0.4 wt.% Zr) Fll
WE43 (Mg-4 wt.%Y -2.25 wt.%Nd-0.6 wt.%Zr), LAFit4 (YD) Figg (Nd) K&
TEEICHE, & H I K& LB S 4 [54]. A A SCHR[54-57100
WE RS IM5RACHLEIEAT T ST, K WE £ 478 HAb B AR AR BT H B
B Biv B VUANTLIEAM, BUAKKATHILR =4 v, By Bl By W AAH, B
HRETEAH o EE X LEAH BT HY AL A AL IE AN WA, AH I PR SESRAIF 5N S 56 R
filh B AR 2ot 5, KA B TR AR AR A AR AR, e SRR T
Ko

HEH AL, SCER X Mg-Nd-Y =6 Z& B AE 645 S F o0 R 2 .
Sviderskaya Fl1 Padezhnova [58]1H) H O 2% W T 85 A1 b Tl 5 43 A, BT T
Mg-Nd-Y =JC% 973 K. 773 K 1 573 K =AMEJE N & S0 A, AT
7E MgoNd. MgosYs Fl(Mg) =M, (R HE A XX = AT S5 /A . DA,
HATT R S 3 5 SR T RE AN . SCRR[54-57 10 WE BUA S UEATHFIT, 48 250°C K
R K JE, LW =JCAH B, 45iHRA MgsGd, 1%AH 58 IR . 2 H
A Ik, WA HB X =0 R SR AR5 B ARE, Mg-Nd-Y =JcRAHER)
P A R TR SR RS Mg-Nd. Mg-Y M Nd-Y = idkr It &,
SCHR X Mg-Nd A1 Mg-Y MANUBR IOt R Z - Jil, Gorsse 55 A [5914L
T Mg-Nd —JGH, WAH KA T s A N4 S s Ay, R A
VBRI ALIN,, TRSLEE IR S SR BRI S AN, TR 25 )i WO Y I - B 4
SSRGS, AR 1A % & R TR AH bee_ B2 (MgNd) [ ifFES
S bee B2 M5 bee A2 FHZ A PG 74648 « CAA SCHRAT Mg-Y b — oo R ik
AT T TEEE[60], B RS S W) S 8T, R TG SRR,
AIFAH bee_ B2 Hl TIRZ MBI ZSH . AP, Z588Z, Y E SCRBA Y]
fifio DRHAT D ZNZ = e RAHE TR, A% E e S it sT Mg-Nd-Y =
JCR 753 K &AM R, RIGX Mg-Nd e RUHATERMAL, X Mg-Y —
JCE M bee_B2 AHIIAIY ZH AT BOHHME IE, I )m 456 SR, i CALPHAD
FEARAL V1% = JC R A R

11
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2.2 300

2.2.1 &R &

M LR &G AR i B R, A, T BB 5 Tk, X4
A AR I e ARSI T MR . Wi R Y BUlE, 4 JE S AN
B0 T B HURM, 164 1k, A K T BRI e B = oAl I R 4RE
ARICRH G4k, KR % B TR e, IX M7k O S B E SEAE s ik R
A 2R B8 MBS & SR ATAT I [61]. S50 HARERAVE D IR R

PLZEFE 500 99.9% 99.5%F1 99.5%[11 48 Mg Nd 1Y A Jskl, Ee] T
FL 20g 19 10 ANEES, RT3 2-1. BEANRE S B T B S TR m A AR
AN, fE 1053 K AT, A THIR G SRR T4, H A
—, EURIELRE ROR RSO 2 /NI, IRIE YRR I . SRR, PR K
VK e ARTAEHBER BB X AT A TR, WA RIS kT
WA, UL IS ISR AT RE S TN TR A0, 3 Uk B R 5 A7 0 43 1y G o

FTAT IS I IO RE S 0T 753 KB K 2160 /NI, ZKVEEFiR . K RE S MW S
B, HER IR AT R, K BB Rb AU S AHRP AREE R, ARG .

R 2-1 At oy

Table 2-1 The compositions of samples

Number Composition (at.%)

Mg Nd Y
1 96 1 3
2 92 6 2
3 94 3 3
4 91 5 4
5 91 1 8
6 90 2 8
7 83 3 14
8 79 7 14
9 86 9 5
10 75 13 12

2. 2.2 FEGHEE
X PHERATH (XRD): X225 Dmax-2500VBX, #/E4A/h Cu #ll, Ka

12
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P EREN A AT (EPMA): 7EF L7 B ilds (B EU 1) W s 4
WA A e T8 L TR A R B 4 R S AT A 2 1 4y HL T BRET Y 5 TEOL
JXA-8800R. #E4M1 A HLE 20 kV, HEIR 20 nA.

2.2. 3 RWHERGTTIE

T X SR AT R R WU () < AR AR RS0 1) 13 2-2 v o SEER I E T
“AEHIX: MgHMgYs+By (Mg)+Mgy Nds+p Fl B+Mg, Y+MgsNd,  F AP AH
X: (Mg)+B+ (Mg)+MgsNds. Mgy Ys+B. Mgy Nds+B F1 B+MgsNd. =JCH B Al
ZICE ) MgsNd AT BRI AR BEVG L, SEER S5 TR an

& 2-2 Aa A 753 KB K 2160 /)N BFARZA AR B E Ak 2
Table 2-2 Constituent phases and compositions of alloys annealed at 753 K for 2160 h

Alloys Nominal composition Phases identified Phases distinguished Phase composition

(at. %) by XRD by BSE and EPMA  (at. %)-EPMA data
Mg Nd Y
1 96MgINd3Y Mg) Mg) 97.0 04 26
B B 843 68 88
2 92Mg6Nd2Y Mg) Mg) 976 0.6 1.8
Mg, Nds Mgy Nds 89.4 9.1 1.4
3 94Mg3Nd3Y Mg) 974 05 20
B 84.6 85 6.7
Mg Nds 892 92 1.6
4 91Mg5Nd4Y Mg) 97.1 1.0 19
B 856 76 6.8
Mg, 1Nds 89.8 87 15
5 91MgINd8Y Mg) 96.5 0.6 2.8
B 8.4 39 97
MgyYs 88.0 1.2 11.6
6 90Mg2Nd8Y Mg) 963 04 32
B 854 50 97
Mgy4Y's 87.1 16 113
7 83Mg3Nd14Y B B 834 3.1 13.5
Mg Ys Mg, Y's 839 1.1 14.9
8 79MgTNd14Y Mg;Nd Mg;Nd 81.6 63 12.1
B B 782 93 125
Mg, Y Mg, Y 742 2.7 231
9 86MgINdSY B 84.6 95 59
Mg, Nds 89.5 93 12
10 75Mgl13Nd12Y B B 83.0 97 73

Mg;Nd Mg;Nd 792 145 63

13



2 i3 B MeNAY =R RI SR A

(1) &4 96MgINd3Y (&4 1D

Kl 2-1 Ca) AT (b) 23 A& 1R il il 7~ B R X i o I i o i
REIXPIREI AR, A4 1 P A S0P AR N (Mg)F B o B EH TR
A, BRI (Mg), EREXENB .

L ]
7500 * Mg
A p

—

1]

2]

=

S 5000

<]

o

=

w

| =

i)

£ | .

2500 5
* 4 O .
‘MJ i
ry A
0 A A ~ b v
20 30 40 50 60 70 80

2-Theta(deg.)
(b)
H2-1 &2 1 HFRHRA (a) o XHEATHHER (b)

Fig. 2-1 BSE image (a) and X-ray diffraction profile (b) of alloy 1

(2) &4 92Mg6Nd2Y (H4:2)
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B4 2 BT HUR AR XS ERAT S EE nE 2-2 () A1 (b) Flos. &l 2-2
(a) KW, &4 2 HWHA R, R X HLATHT (B 2-2 (b)) FIFK
BRIy (R 2-2), mAIWRARGAN I (Mg), AT Mgy Nds.

(Wlg)

IIga1tds

1250 1 * Mg

v Mg41Nds

1000

7501

500

Intensity(Counts)

2501

2-Theta(deg.)
(b)

B 2-2 a2 HATRA (a) A= XH&AT4HER (b)
Fig. 2-2 BSE image (a) and X-ray diffraction profile (b) of alloy 2

(3) &4 94Mg3Nd3Y (&4 3) il &4 91IMg5SNddY (54 4)
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E4 3 A4 415 753 K KRG E S, A& =AM (Mg). Mgy Nds Fl
B. & 2-3 (a) F1 (b) 4RI a4s 3 4 (P Eu e h, R 2-2 b1
BRI Sy, AT R R A (M), VKA MgaiNds, 3K
A B

(4) &4 91MgINd8Y (&4 5) &4 90Mg2Nd8Y (&4 6)
4 5 M6 7E 753 KB K 2160 /N5, HH(Mg)s MgoaYs il B —AH4 1k, &
2-4 (a) Al (o) 73l k&4 5 F 6 T EUN BT o XSG Rl 45 0% 2
MR, 1E 753 K, Mg-Nd-Y —JuRTAEIEMg) Mg Ys+ B —FHX .

B 2-3 &4 3(a) fobg 4 (b) 69 AR R
Fig. 2-3 BSE images of alloys 3 (a) and 4 (b)

(@ (b)

B 2-4 &4 5 (a) Anda 6 (b) 89 H AR A
Fig. 2-4 BSE images of alloys 5 (a) and 6 (b)
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(5) &4 83Mg3Nd14Y (&4 7)
G4 7 WS B FRAWE 2-5 (a) FioR, AN X SHERETE S A
2-5 (b) Fime X ST TR G A MgoaYs FI1 B, FLFHRER i 43
PP, O Y T R A MgasYs, REOAHN B .

Intensity(Counts)

4000

3500

3000

2500

2-Theta(deg.)
(b)

B 2-5 &2 T HaMHRBA (a) fo XHEATHER (D)
Fig. 2-5 BSE image (a) and X-ray diffraction profile (b) of alloy 7
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(6) &4 7T9MgTNd14Y (54 8)

Kl2-6 (a) 1 (b) A& 8 T HUN BT FI X ST Bl . P #R &
G4 8 AEE =M, X W& irifie — /M0 MgsNd. MgoY 1B o & T TR
BE RO o0 AT , E— 20 e 1 BUR B R R A E A MgaNd, K EAT R Mg, Y,
AN B .

® Mg3Nd
10.01 A B
¥ Mg2Y

8.0

Intensity(Counts)

2-Theta(deg.)
(b)

B 2-6 &2 8 9 HHATRA (a) F= XAFLATAHER (b)
Fig. 2-6 BSE image (a) and X-ray diffraction profile (b) of alloy 8
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(7) &4 86MgINASY (&4 9)
227 hEE 9 MEBSHBR R, &4 9 WSMmAMHE, EBIhah
Mg41Nd5, BZ@*H?'J B

Igalds

B 2-7T &4 9 9 HAHB A
Fig. 2-7 BSE image of alloy 9

(8) &4 75Mgl3Nd12Y (&4 10)
B4 10 FT A HL 1 IR 0 X 2 i 3 23 s T 2-8 (a) AT (B
X TR G4 B FI MgsNd WAMH, FREF U i R B, T U
WA IR AR B, AN MgsNd.

W3 LA ErHT, #2287 Mg-Nd-Y =JC& 753 K & B A4 iR ki,
W 2-9 fror. B R SRERE WA USRS, KB A, SEgkim H 1)
gE =B 4 0 S S I5E 1) = A X (Mg)+MgaaYs+HB « (Mg)+Mgy Nds+B Al
B+MgY+MgaNd, fUiRIEE A SEB0 Ml PR IX 454k, M4 AT AR L.
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VAT S Mg-Nd-Y —Ju R ISR E 5 #0015

2000 ® Mg3Nd
Ap
—~. 15004
2
c
=1
9“_’_ .
2 10001
‘®
o
2
£

2-Theta(deg.)
(b)

B 2-8 &2 10 89 HHATR A (a) Fo X HEATHIER (b)
Fig. 2-8 BSE image (a) and X-ray diffraction profile (b) of alloy 10
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74}
0.3

Mole Fraction, Y

B 2-9 Mg-Nd-Y =7L& 753K GEMGFRARE, *RTE2MNELRE, KEAHRTEH
AT, BEA LI GARR, ERILAH R TAENZ 64 &

Fig. 2-9 The isothermal section in the magnesium-rich part of the Mg-Nd-Y system at 753 K.
The * represent the investigated sample compositions. The solid triangles indicate well-defined
three-phase equilibria (measured results from the present work). The dashed triangles are

estimated three-phase equilibria. The measured tie-lines are shown with dotted lines

2.3 SRIUEHERYITAE

2.3.1 Mg-Nd Zt &

(1) A
PR A3 1 S B0 A, IR 15 Mg-Nd —Jt RAHKE 5 Mg-La. Mg-Ce. Mg-Pr
A AFAEAI I, Nayeb-Hashemi 1 Clark[62] B ¥ /2) il Hf Mg-Nd e &2 .
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PRI A K 22 BORH S T e S B0 5 , R 45 HA TR A ) v R S8 R v A T e 4
Ho MK, AR, inbrEEAM hep (Mg). dhep (Nd) Fl bee A2 (Mg),
DL HAN T 4L A9 MgioNd. Mgy Nds. MgzNd. MgoNd fl MgNd. & 803t
fn S MY liquid — hep(Mg) + MgoNd U EE R 548 £2°C, bee A2 FHAE 551°C kA
MM RN : bee A2 — dhep(Nd) + MgNd (bee B2). 5% Mg 7F dhep (Nd)
W KIS RS, Nayeb-Hashemi A Clark %52 7 Joseph 25 A [63]1) 5256 &5 5.
8.2 at.% Mg. K Nd 7F hep(Mg) ' (% fi# 5, Park 1 Wyman [64]. Rokhlin[65].
Drits & N[661%f ILABVE LT FT,  AE AT B S50 25 RAFAE BN 22 o Tl LU,
Nayeb-Hashemi Al Clark[62]1A 4, Park F1 Wyman[ 641 I A4} 4l BE AR B s, I
HAMW T 5, BURE T Z R 0.10 at.% Ndo ASCHRA Ti%4E.

Ik, Delfino 25 N[67]f& )T DTA. XRD. &AHHTA S0 HT, REH
W5 7 Mg-Nd —Ju ZAHE . KA XRD W& T 1% 48 R0 S A0 R 5030
K DTA W& T HEA 10330 N IRRAR 26, 870 [ AR S, J A0 Y. R FE
I HAE B TO6 5 BB A/ s, R T O 7 A 5 e I 1) e B R
bee A2 M SL AT 20 IR FE AT Mg 76 dhep (Nd)D I 5 K [l W B #8 5
Nayeb-Hashemi 1 Clark[62] VAl 45 2R — 3. Prill s i) & BRI 5 S N 2R « liquid —
hep(Mg) + Mgy Nds, JLEh R A 92.5 at.% Mg, JWiliEh 818 K (545°C), &
N g5 Nayeb-Hashemi I Clark[62]1 PPAL 45 RIEA 3,  Fr AN A A A& 123
SN A A A Y MgaNds, T2 MgoNde SEEIIE T L85 Y liquid —
MgNd (bec_B2) + MgyNd (1) [ Wi 5 4 1023 K, Delfino a2, 7EBS =T 1023 K,
KA Y liquid + MgsNd — MgoNd, A2p MgoNd Mo te4bh, i FAE IR
KA PRI MgoNd 4, K, Delfino Wi, MgoNd WA .. 2
BAT I EA YR TE ], {HEAE 818 K (bee A2 AHISLHT 0 iRIELIE ), 44.0
475 at.% Mg Frimhh, W2 DTA /5. WbE K MgNd i Mg 1975 5
ZE T 47.5 at%. B2, SLhrENE, DTA 55 2 fEAH R W 2, 76
XA RE T, 5 kA AT e, Rk, Mg 76 MgNd 9 )& st al GBS T 47.5
at.%.

B, Xu 28 A[681WFFT T 4E 773 KB K 100 /M) Mg-Nd ¥ #5uff, &% #e
B HILT MgNd Fl MgsNd §7 502, He b &l IR KRR A, WA R,
T X P ZAT 2B, M43 1) MgNd AR 0 R 40-50 at.% Mg, MgsNd
ROy FEAFAR A E T R

(2) #S)2FEHE
K Z8Y5 5125, Pahlman A1 Smith [69]M]5€ T iZA& R 5T TR R & 404F 773 K
(KT 75 A o E R BE AT ks, Ogren 25 A [701005%E T MgNd A TE ks, P4
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WFFCE il i MgNd A0 I8 TE BRI & AR LT« BRFH 558 N [7112R ] Miedema

BB THE T T T IRAH ) 0 K ITE RS, (H5 SEIEAF AR KR 22, X 51Tk

IS (0 KD 52 g (773 KO RIA K& Miedema HHig 5 A B (1) fj AL Ak

A, AT, XETHEEARY A T8, (R TSRO 41T
Mg-Nd 3B 4 1) 2R SR 3 A TFHRIE .

2.3.2 Mg-Y ZTRFMNI-Y ZT&H

7 Mg-Y 0 &Y, BT MgY A, HEAH#RM T Fabrichnaya 55 A[60]1k
11240 A} Fabrichnaya 58 ALALIY MgY AH, I T RKZMSE, ASCHZAH
ZHEHAE 7% IR RS2 5 845 5 Fabrichnaya 25 A\ D0AK IR HH 1) 52 56
PRI, AR ok A SCER[72-74),  #O2AEdE ok B SCHR[73, 75].

Nd-Y =70 & 1) 56 56 Ho s SOk i AR 2>, B Gschneidner Al
Calderwood[ 761X %R RBEAT T VAL, mH TAHE, (HE2EZHMHALATT. M
H, TERHELIX, dhep 5891 Nd Fl hep S5HI10 Y B BGESEE A, R4 5 45 44
ANFE], XA GE WAHIIERIZE RN EY) . NdFY R HI0E,
PEBUE— e R BARIT, DA, ASSCKEZ AR 2 b B AH AR 1) B AR B O BRARIS
WA IR R AT .

2.3.3 Mg-Nd-Y =&
Mg-Nd-Y =JCR M58 EERH T ARSI S an 45 R .

2.4 NS iEE

Mg-Nd-Y =JuRSARKH A PEILR 2-3, LN PRI 44 8 PR X
(¥ A i 9 e RE

2.4.1 ARy B I RE

ARG, Ry A 2 FEAERHE, RSB e AR AN BEA 2 LA R
S P AR - AR BRI S PRI B i Re 2, Btk Hok 298 K AR E TER 1
MRAETRRMER AN ZFES, WNEEILESHS (SER: Stable Element
Reference), LAHFRoR, W4id]yc @ A0 A B AE R8N -

'G® =G® - HF A3t (2-1)
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{1V A NP = W i s 2 AV R

°G® =a+bT+cTLnT+dT* +€T° + fT +gT’ +hT” 2 (22

AR ETTESHER, NPT (SGTE) JLFPAUb A T pr a4k
JTCRIEANFFE T E AN B HaeSRENERIARX, JFAREME T HRE
CALPHAD I1[77], M #AF Thermo-Cale i iR 2 It ESHE .

£ 2-3 Mg-Nd-Y =70 % B R A 69 4 J) A5 A
Table 2-3  Summary of the thermodynamic models adopted in the Mg-Nd-Y ternary system

Phase Name Structure Type  Model Comment

liquid Mg, Nd, Y) Disordered phase

hcp A3 or (Mg) hP2-Mg Mg, Nd, Y) Disordered phase

dhcp or (aNd) hP4-La (Mg, Nd) Disordered phase

bcec A2 or (BNd)  cI2-W Mg, Nd, Y) Disordered phase

beec B2 c¢P2-CsCl (Mg,Nd,Y)o5:(Mg,Nd,Y)os Ordered phase related to bcc A2
Mg,Nd cF24-MgCu, (Mg)o.6667:(Nd)0.3333 Stoichiometric compound
Mg, Nd;s t192-CesMgy; (Mg)o.8913:(Nd)g.1087 Stoichiometric compound
Mg;Nd cF16-BiF; Mg .75:(Nd,Y)o.25 Linear compound

Mg, Y hP12-MgZn, Mg,Y)2:(Y,Mg), Stoichiometric compound
MgosYs clsg-aMn (Mg)24:(Mg,Y)4:(Y)y Stoichiometric compound
§ MgsGd Mg $3333:(Nd,Y)o.16667 Linear compound

2.4.2 BAK1E
ARARWAH . hep AHAT dhep AHR A B #es i A ki, 545 07 5 g
KRN

Ge= > X'G"+RT > xIlnx+FG® At (0-3)

i=Mg,Nd.Y i=Mg,Nd.Y

Aef, 'GP RALTEE O MKBUR AN g, BTGP f1 'GP kT
F Dinsdale[78] 1A Nl 15, 362 "Gy #1° Gy #R % #7E CALPHAD |11y

SGTE %3771, Gy 5 3Cik[60]h i—80. A3 (2-3) 3 I 4 HALR A 5|
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AT E bR, 55— DRI ZE T2 O BEALS M I &5 A 0 B iR . BEG®
SRS AT A A, RIS S FEARVA VR R . TR s, ) A
o A e 5 B 155 &2 — % 7] ] Redlish-Kister 22 T2 K 7w

G = Xyig Xnd Z jL(I\);Ig,Nd (XMg - XNd)j

j=0.1...

T Xug Xy Z j'—ag,v(XMg_X«)j Al (2-4)

j=0,1...

+Xna Xy Z jLﬁd,Y(XNd_XY)j

j=0.1...

KA EEASE L R TR
L® = A+BT A (2-5)
A BB, RIS

2.4.3 BF—TLF5THY bee_B2 # bec_A2 #H

bec A2 Al (Z5HIZRELN cl2-W) I FALE 1 bee B2 #H (45F92R A4
cP2-CsCD), [ 2-10 APAHI AL M7~ B K [79]. JC/F1H bee A2 FHITI A AR L5 14
o, BT R 5 A B S A RN (I 2-10a), T4 PRI bee B2 M Sk Si kg,
AR REA S (] 2-106), BRARM) G4 OUE, — PR B R T A
A, R B B S AT B S, A, UERT IR 1 1 1k
54 AB.

MNPl I Y R VAR T Lt A 37 PN A R RS ST (Al SN AR
eV R H A P AH bee_B2.

AILTCFAH bee A2 R, HIFPAH bee B2 SR HIXU s BEAS Y
(Mg,Nd,Y)os5:(Mg,Nd,Y)os[11, 60, 79, 80]. A4 T 4P bee B2 AHFI bee A2 M
FPICIT6AE PR IR 25 A1 1 1 ER RERFH [R]— N2k 2O IR [79]

G, =G (X)+Ga (¥, ') =G (X, %) A3 (2-6)
X, ) ARRAIGT MEERSEL Y] Ry B R, st e ss — A

S AN R IR AL ST G (x, ) AR T A bee_A2 175 A0 E 1
e, AR (2-3) AARBECERAIER . R (2-6) 3 IR = Il
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Gy, y")y -G (x,, X, ) fRFATIFHE bee B2 (15 A 7 F EHAS, 55 THRISE =
WA T (AR 2-7) Fik, MAFENE Y =y = X B, XM R 0,
NI (2-6) FEAT N T IPMHIEE R . A3 (2-6) HAr 42442 Sundman 28 A\

[81]JF & ) Thermo-Calc %1

Gr?mrd (in 5 yiH) = ZZ in Y}I Gi:j
i

+0.5RTY (Y Iny +y'Iny")

222 VYV 2L (- YD AR 2D
i i K v=0,1...

22 2 YWY D L (=)
i gk v=0,1...

ZHCL H5AKX (2-5) FEAMIE, BRI SRR, FIALUT RS
[79]:

G.=G,, AR (2-82)

VLk'i j:VLi ik vl (2-8b)

(a) (b)

B 2-10 bec-A2 Aabce-B2 ARG k2 A TR E, (2 )49 bee-A2, (b) A A4 bee-B2
Fig.2-10 Schematic crystallographic structure of the bcc A2 and bcc B2 phases. (a)
bee A2, disordered bec structure: all the sites are equivalent. (b) bec B2, ordered bec

structure
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2.4.4 MgNd 1 B 4

R ARSI 25 51, FE Mg-Nd-Y =J0 &R+, Y & oA MgNd 47
BORIIHIREE, AR Y WA %M MgaNd WP Mg & &, XU, Y R
TAEZAE Y VM E B T Nd J5i 1. [FRE, BR=TEY B AR
IV YalE, B Mg S48/, Nd JRFR Y JRFAE %4 A4 ot & A LY
RIIKFR . AICK MgsNd F B IX AN A YR B Mg,p:(Nd,Y) Ab 3, Hs A
Wy B R RERIATE AT

G® = YnaCugng + Yy Ougy
q

P+q

+ Yna Yy ( Z jL(l\);lg:Nd,Y (Yna — yv)j)

j=0,1...

+

RT (Yyg In Yy + Yy Inyy) nil (2-9)

A Ynag A Yy 230028 Nd JTRTY J5 77858 =N B P R B3 8. Gg g
F1 Gy AR MgaNdg AT Mg, Yo (/R S5 A 17 1 AE.  Ligingy 2105
PACI S AL, AR 728 =AW B Nd A Y B AR AR . A3, p+q

B 1

2.4.5 {LEFIT=LLiE

R ARSI AR, AW Mgy Nds BT ER N, A ) MgoNd %
i L PRI AT SRR, DAL, AR SCREX AN G ] S A B A A 2 T LA,
H AT E AR A

GV%M =a’Gy® +h"Gy® + D + ET A3t (2410

X a A b 25l & Mg Jst 581 Nd st 7 (I BEZR 73 %, D AT E 2 Ak
24

2.4.6 L& Mg..Ys FA Mg,Y

MR SEI 45, 28 —HTAE e &) MeosYs AR EEAR/IN, 1fT7E MgoY
(P P S0 R e S8 A T o DA SO 2% 185 — e E X I ML G i
WAL, MM SHE KM T Fabrichnaya 55 A [601ILAL45 R
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2.5 HEER5HL
ZH I FE 2 E Thermo-Cale 4 ) PARROT AEER[82]1F HEATHT,
Mg-Nd-Y = o 2T 43 ) — o = e BEAE S HULEK 2-4.

& 2-4 Mg-Nd-Y Z L4 693 H 5 53k
Table 2-4 Thermodynamic parameters in the Mg-Nd-Y ternary system

Phases Parameters References
liquid “Lygna = -43547.1419.4151-T this work
"Lygnag = -30060.5+10.7752-T this work
Lygna = -26879.5+22.2298+T this work
“Lygy = - 41165.302+17.564479-T [60]
Lygy = -15726.994+4.7053255-T [60]
hep A3 0GP =-6902.93+110.6866645-T-27.0858+T+LN(T) [78]
+0.556125°107T%-2.692310°- T°+34887-T"'; (298.15-900K)
0GP =-5484.083+83.2468915-T-22.7536- T-LN(T)-4.20402107+ T* [78]
-1.80210°¢-T° (900-1128K)
0GP =-224110.846+1672.625024+T-238.1828733-T+LN(T) [78]

+78.615997107+T%-6.04820710°-T>+38810350-T"';  (1128-1799K)

0GP =-24242.331+275.8413625+ T-48.7854* T*LN(T)  (1799-1800K) [78]
“Lygng = -13200.0 this work
“Lygy = -26612.849+13.946079T [60]
"Ly =-2836.2085 [60]
dhep ‘G =GP +5000 [78]
Lygna = -24643.8+16.1584-T this work
bec A2 “Lygng = -43765.4+20.8739-T this work
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SR A

i Mg Nd-Y LR SR S

beec B2

Mgsz

Mg, Nds

Mg3Nd

Mg Ys

Mng

Lygna = -14395.1

“Lygy = -47104.461+22.301481+T

"Lygy = -4967.1494

G

MgMg — Nd Nd — GYY
Gygng = Cnamg = 412134

Gygy =Gymg = -10236.52+3.32225-T
0 0

LNd:Mg,Nd: LMg’Nd:Nd = -54472.2
lLNd:Mg,Nd ZILMg,Nd:Nd = +9847.8+5.56333-T
Y:Mg,Y :OLMg’Y;Y = +49935.26
0 0 _
LMg:Mg,Y_ LMg,Y:Mg = -34012.93
lLYMgY LMg’Y:Y = -4051.54

1
LMg Mg,Y — LMg,Y;Mg = -19857.34

0 _0 _

LMg:Nd,Y_ LNd,Y:Mg = -4000

Gyygng -0-66667 0(3;;‘3’ +0.33333 "GP = -15110.0+2.72588+T
Gygna —0.89130-°G&‘;”+0.10870-OG,‘jZC":-17103.7+13.1O63-T

Gygna -0.75 ‘G +0.25+ ‘G ™ = -19765.1+7.55809- T
Gygy -0.75+ "GP +0.25- °Gy® = -12400+9.5-T
OLMg:Nd,Y = -9250

1
LMg:Nd,Y = 5000

Gugngy = Gv® —28°G? = -10710.115

Gugyy —5'Gy® —24°Gy¥ = -227282.28+36.52985T

Gugmg— G = +5000

Gy —"GJ® = +5000

Gygy — 0.33333°Gy® —0.66667°G> = -12600+2.2-T
G

g — 0.66667°Gy® —0.33333°Gy® = +22600-2.2-T

this work
[60]

[60]

this work
this work
this work
this work
this work
this work
this work
this work

this work

this work

this work

this work

this work
[60]
this work

this work

[60]

[60]

[60]
[60]
[60]

[60]
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0 0 0

LMgY:Mg: LMgY:Y: LMgY:Ce: +7000 [60]
0 0 0

Lugmgy = Lyagy = Loemgy = -7000+2.5-T [60]
Gyygna -0-83333+ ‘G ® +0.16667 "GP = -17257.6+15.0266+ T this work
Gyygy - 0.83333+ "G +0.16667+ "Gy = -8809.60+5.79184-T this work
"Lygngy = -26644.4+11.7040-T this work

2.5.1 Mg-Nd —T%&

KARACFTAR IS E, VHEK Me-Nd A 2-11 s, Hh R R kW
MRS oy H) AR 2-5 e T EUEE, ARG U SR S O SRR AR AH — 2
THEIT) MgNd AH7E 773 K [P LI A 42-50 at.% Mg, 11 SCHR[6714RIE ) X
SR IRTINAE A J2: 40-50 at.% Mg, THEZRAEGEIRZEBBEZ . WE 2-11
R UG, 7F 818 K, )k 44 at.%Mg Fl 47.5 at.% Mg [K)&4 47T MgNd H.
FHIX, IX PN B2 (R A 424 818 K 1) DTA 15 5 [67] 0] RE ST A6V FIRL R & A A1
I8 T 7 AR T

2-12 KL B 5 S B 1 L A, 5748 5 Pahlman AT Smith [69].
Ogren 25 N [707FT () S BB W) A e 4o TR 2-13 S THGEI 773 K IR TE RS A A
HIREA LI AE HEAT T HEBL. AR Box, Mg-Nd —Jc & Tt &% h
MgiNd, X5 Pahlman 1 Smith [¥)5256 45 H[69] /& —ELK) . T Mgy Nds A1 11
wATET A B RS LR O, KRS E S SR E A . BT
Mg Nds & FHAL A SO A2 B, ZEAE il &k R b, W RS AR AE D R R Al .
DRI AR SCUE A 5 SEIO A R i 22 40— e R R B2 T L2 1)

2.5.2 Mg-Y Z_TT&R

[AI#F K H Fabrichnaya 55 N[601fEALIN BT FH K 1) SE36 Kcdfe %t bee B2 M2
HOIAT THEIE P B HULE 230 KT Gugy+ Grwg + "Lugy + "Lvavai
lLMg:Mg,Y ’ ]LMg,Y:Mg ’ OLY:Mg,Y ’ OLMg,Y:Y ’ lLY:Mg,Y ’ lLMg,Y:Y TMI P24, Fabrichnaya
SE[601H Km0 Lvgmgyy ~ ZLMg,Y:Mg - Lvmgy ~ ZLMg,Y:Y A OLMg,Y:Mg,Y , fE
AILPEA KM bee_B2 MIZHCRITAE IR, LEAAZHCKHA] Fabrichnaya
HENPIVAAE, BTt & Mg-Nd AHE 18 2-14 Hsi&por, B & 84k
] Fabrichnaya %5 N[NSH[601VHIZ . WL, WHEHAIHERS
Fabrichnaya [t H 458 L5682 &, XU, 5 Fabrichnaya 55 A\ )45 R L,
A SCHIAA G R 50 ) B B
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Temperature, K
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B 2-11 #56 Mg-Nd 488, B+
Fig. 2-11 Phase diagram of the Mg-Nd system calculated by present work

o

-]

o
1

800

Mg41Nds

@ thermal effects observed on heating and cooling
A thermal effects observed on heating
V' thermal effects observed on cooling
<& diffusion couple

0.2

|
0.4

I
0.6

Mole Fraction, Nd

VL=

i

0.8

together with experimental data from [67,68]

#.2-5 Mg-Nd — LA PR T F R M

Table 2-5 Special Points of the Mg-Nd Phase Diagram

1.0

H AR [67, 68] It 44 52 5o AL I

Present work

Reaction type

Reference [67 ]

Reaction
T(K) x(Mg) T(K) x(Mg)

lig—bcec_ A2+bec B2 1054 0386 0.301 0.465 Eutectic 1048 0.425 0340 -
bce A2—dheptbec B2 817 0.182 0.051 0.416 Eutectoid 818 0.170 0.080 -
lig—bcc B2 1075 - 0.488 - Congruent 1073 - - -
lig—bce B2+Mg,Nd 1016 0.618 0.501 0.667 Eutectic 1023 0.645 - -
ligtMgzNd—Mg,Nd 1028  0.666 0.667 0.750 Peritectic >1023 - - -
Mg,Nd—bce B2+Mg;Nd 932 0.667 0.500 0.750 Eutectoid 933 - - -
lig—>Mg;Nd 1058 - 0.750 - Congruent 1053 - - -
ligtMgzNd—Mg,Nd5 833 0917 0.750 0.891 Peritectic 833 0915 - -
lig—hep A3+Mgy Nd5 822 0.937 0999 0.891 Eutectic 818 0.925 0999 -
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0 1 1 1
E < Pahlman et al.
o -2 O Ogren et al. L
= A Ouyang et al.
5 ad| e L
=
£ 6 -
2 -104 ) =
<
E -12- s -
[
o -141 o .
2 .16 :
=
E‘ -18 ® o —
-20 T T T T
0 0.2 0.4 0.6 0.8 1.0

Mole Fraction, Nd

B 2-12 4+ F- 69 Mg-Nd 4R 2 897 8, 455 A Pahlman.Ogren.Ouyang 3R89 4045 [69-71]
Fig. 2-12  Calculated enthalpy of formation in the Mg-Nd system together with the
experimental data measured by Pahlman et al. [69] and Ogren et al. [70] and calculated by
Ouyang et al. [71]

é) 0 | 1
=] O Pahlman et al.
< -2 L
[
=]
) | L
g 4
v
= -6 i
=
= _8- L
=
o
= .10 -
< o
.;‘Q,;’P-]z_ L
2 o
5 -14 S L
ﬁ o
) -16 T T T 1

0 0.2 04 0.6 0.8 1.0

Mole Fraction, Nd
B 2-13 3+ H 49 Mg-Nd 4R R 697 sE A A7 B déE, 455 2 Pahlman S A [69] ATt 69 52 34 4%

Fig. 2-13 Calculated Gibbs energies of formation in the Mg-Nd system together with the
experimental data measured by Pahlman et al. [69]
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1800 J l : 1
A Gibson and Clark
W Smith et al.
+ Flandorfer et al.
1500 -
liquid
N
5 1200 -
=
= A
2]
i
L
o,
E 900 - 888 K N
L
=~ 845
Y Halt A
(=] B o
p— [T L
600 e 2
300 | |

I I
A 0 0.2 04 0.6 0.8 1.0
Mole Fraction, Y

B 2-14 HHe Mg-Y 8B 5 3038 [72-74] 69 bbER, FTRARIEMISELR, E4EH
Fabrichnaya & A [60] 8945 %

Fig. 2-14 Calculated Mg-Y phase diagram compared with most of the experimental data [72-74].
Solid lines: present revision. Dotted lines: the results of Fabrichnaya et al [60]

2.5.3 Mg-Nd-Y =&

KA S5, T Mg-Nd-Y =I5 753 K f1 523 K 263 R 1
WP 2-15 F1 2-16 fin. 552I6H 753 K SRR b (B 2-9), WML
WP AR S B 5 S0 (B A AR 2200, 3K 2 DR R A SCHE AR IR Y . S E LA T
AT T 2 MR B THER 753 K AR R H SR 45 R 84— 3. 78 523 K,
= JCHI B 5 Mg VAT, IX 5 SCHR[54-57]HF HRE i 45 At — 8. XA
R, A S E U A B

SCHRH AT FH R BG UE AR SOV 45 S S0 B Lu i/, (R, fEE BRI, T
GER GG R — B, XA ST E A AT EE . O T3ROS 0 I 2
IR ZAER AR, AL — PRSI,

AR, ETHET Mg-Nd-Y —=JoRIBAHTI R E CanEl 2-17 Pros). Bl
MBS, VIR R B b AR e e N 5 A A1) TR 2-6
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bee B2+(Y)

Mg3Nd+Mg2Y+bee B2

™

Mg) MgY A N
A 0 Me2sv50.2 0.4 0.6 0.8 1.0
Mole Fraction, Y

A 2-15 354 Mg-Nd-Y =T 4 753 K 8952 8®
Fig. 2-15 Isothermal section at 753 K of the Mg-Nd-Y system

bee B2H(Y)

B+Mg3Nd+bee B2
B+Mg2Y+bce B2

a2y A N\ A

Avg 175 Mg . A
A 0 Me4v50.2 0.4 0.6 0.8 1.0
Mole Fraction, Y

A 2-16 i+ 54 Mg-Nd-Y =T 4 523 K 8952 8®
Fig. 2-16 Isothermal section at 523 K of the Mg-Nd-Y system
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] ]

j i :
1500 ltill[] 1 "‘!1]“

I : : :
Mg |7 ~ A

~ —n
0 Mga4vs0.2 0.4 0.6 0.8 1.0
Mole Fraction, Y
(a)

100K,

Mole Fraction, Y
(b)

B 2-17 569 Mg-Nd-Y =LA GRAAEEFE, (a) BEARSTEE N GRMEBEFE; (b)
TR BRI

Fig. 2-17 Calculated liquidus projection of Mg-Nd-Y system with isotherms (dotted lines), (a) the
liquidus projection in a complete composition; (b) the enlarged liquidus projection in the Mg-rich

side
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& 2-6 Mg-Nd-Y Z L& ¥ 5iARH KR K2R REL R
Table 2-6 Calculated temperatures and compositions of the liquid at the

invariant equilibria in the Mg-Nd-Y ternary system

Reaction Type T(K) liquid

X(Mg) X(Nd) X(Y)

LigtMg,Nd — Mg;Nd+bec B2 U, 1011 0.646 0.330 0.021

Ligtbcc B2 — MgzNd+Mg,Y U, 942 0.748 0.075 0.177

Lig+ Mg;Nd+Mg,Y — B P, 883 0.833 0.038 0.129

Ligt Mg, Y — Mgy Ys+ B Us 871 0.854 0.020 0.126

Lig+ Mg;Nd — Mgy Nds+ B Us 830 0.914 0.078 0.007

Liq — Mgy Nds+(Mg)+ B E, 819 0.932 0.060 0.008

Lig+tMgy,Ys — (Mg)+ B Uy 836 0.915 0.010 0.075
2.6 NG

AFEEPNET Mg-Nd-Y =JCHR 753 K &EMIMAHCR, KUET = I B 1947
76, BB =AS =X (M) +MgasYs+Bs (Mg) +MgyNds+B p+Mg, Y+MgsNd,
HAPAHX: (Mg) +p. (Mg) +MgyNds. Mg Ys+B. Mgy Nds+B. p+MgsNd.
Jfil il CALPHAD $ARFH VP 04 T Mg-Nd —Jc & BIET Mg-Y It R
H bee B2 AHIZSEL. M DTl ) Sk, A T Mg-Nd-Y =JtR. B
A5 RS S0 45 BRI & L o A T AT B SORTRA I S 80 iR 1% — oo iR R A
KR, Ta it — SIS,
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[EEne A =5 Mg-Ce-Y —JC RN A ST

F=F MgCe Y ZLEAMANFMUETE

3.13|

Mt oo EAE Db B DUR-SH H B US4, Bli(Ce) 2 TR G T H %
MU TTERZ —, BILEWm I IuE—F, At S5 meia & nIPuE A2 Pk e =i
TR BRIt R —. Bk, BT % Ce MBS AHEIX 228654
(Rt S AR A B X

ML)\ RIS, 8 R TS5 E Mg-Ce-Y = IR 8 AH B 4R
1E[83, 84], HEIHAFI AL, EERRFVHIIZAL SUHH TAEMARTE . A4
FT JCER Mg-Y RIS T TAE CE 58 e GFE L B %), X Ce-Y IR,

164 NI EAH R ERA S THE IRIE . X Mg-Ce It R, HARKKINESE
AL 2B E—COSTS07[85]1 0 5 T AR RN 4k, (Hig, X bec_B2
(CeMg) FHI &R I AL R TH & ELAH, %A % 5E bee B2 #H5 bee A2 AHZ [H]
AP HEAS . AT Ce-Y U RTINS, SO X fi BRI Ak
AEFE Mg-Ce —JCEH bee B2. 4 T ALPE bee B2 M5 bee A2 M #6744 78,
PRAFR) 5 AT 00 B RER [ — AR IA R, AR5 AR SCRIRE 1) Mg-Ce-Y —
TCRIMSEREE, vh5 Mg-Ce-Y It R,

3.2 SKISEHERIITAE

3.2.1 Ce-Y ZTTLHR

Ce-Y HIEB R HIRA (K 3-1) K H Gschneidner il Calderwood[86]1 L1,
DRI Ry it /D> SZEG K04l XA AH P R R R G a) i (1) . B TR RLFE A . bee A2
hep_A3. fec_Al. dhep Fl 6 HANAEAH. b bee A2 7F 973K A At s b A=
% fce A1 Al dhepo FRAEHT AN IWEITE5 %, Gschneidner A1 Calderwood[86]iA A,
8 A& A PR A K. R, MW 3-1 &, fEmT 6 R e AR L,
in ARG R ANF] KPR AH dhep A1 hep JERBGEZE I EAR, AR, XEAGHL.

it , Flandorfer 45 A\[74] FIH] DTA Hl X 45 £ 1342 HAONSE T Ce-Y —J0R,
AT, Y T EH S5 50%0 &< /E 773 K 1B K 3000 /NffE, 6 A 2%,
i H, SR E AR R G g 28, AR T A7AE dhep A1 hep PIAHIX
XV & AW AR, [MIL, Flandorfer 25 A\ [74] & T —/ANHig /M, ©

37
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HOARFRAL S AL 8 Ao ABATIEME T RN FLE RN, —ME
beec A2 #H7E 973 K, 10 at.% Y 5 &Ab, KRAEILHT RN bee A2 — fec Al + dheps
F—ANETE 1053 K R AN R V: bee A2 +hep A3 — dhep.

{H%, Flandorfer 55 A [74] (1) 5555 (1) DTA 852 25K, DTA In#GFi
HBAR BRI . IR AR ) LA ISR, TAT T A In# Bt v 4K
P ARE . DR, RS E, R AR RO A .
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| 1 Y 1 jl 1 1 ] 1
1600 Frrrrrrrrrrrreere ey — : , =
L T ]
T, — Il g /
I o g N
--------- 7" .7 1478°C
lzw i e T ""¢' ""G
————————— . “-’ /4
,,,,,,,,,, T .
0 798°C I ob _,-"'
ol T
) L T ces it -
5 Lo e (Sl PPtae
2 Pt e
E 800 +*°" o, e T
g = 726°C Tt ~46, 700°C
.....
g }o~00%C TN
gol o 7N
) ]
—1- (vCe) ! ! i \
- (yCe) ; 1 \
1 FCC ! ' L \
s00{ | / ! o \
] 1 1 1 ) \
h ’ H 1 1 N
H ’ § ] [ 5
! / ! P !
o A (BCe) 16 \ (aY)
/ DHCP ! I ! HCP
PR ! HE !
2o~ H ' ] H
61°C ! [ !
0 M ] T T T T T T T A
0 10 20 30 40 50 60 70 80 %0 100
Ce Atomic Percent Yttrium Y

B 3-1Gschneidner #= Calderwood /&84 Ce—Y A0 E [86]
Fig. 3-1 Assessed phase diagram of Ce-Y system [86]

3.2.2 Mg-Ce ZT%
Nayeb-Hashemi F Clack [87]HF AT A HISEEE 25 %, PPN T Mg-Ce —Jt R AH
K, AR5 bee B2 A RN EFALE R NVAPIA: (1) liquid + CeMg, — bee B2
(984K); (2) liquid — bce B2 +bec A2 (961 K); (3) CeMg, — CeMg;+ bee B2
(888 K); (4) bec A2 — bee B2 + (yCe) (778 K)o A SCAE A4S bee B2 AHAHE
RSH, KTV . % bee B2 AH [V B a1 4RE KD, SOk
[7414RIELE 500°Ch 49-50 at.% Mg, 49% T HFIREF T 45 8, AR,
50% 29T X SR it B, HER AR
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3.2.3 Mg—Ce-Y =T&

Drits. Padezhnova %5 A\[83, 8411 Bl T-#r#r7ik (DTA), #lkilw T
Mg-Ce-Y —JUHRAHE . MM TAEEZE T AT TS, WE T &E5M=1EH
M . YoosMgoos — CeoossYoo0riMgosor « Ceo.0sMgoo7 — Ceo034Y 0.07sMgogor Al
Yo.10sMgo.895s — Ceo.0a0Mgo.051,  F ELA I 21 & B A 1 WRAH TH A7AE = J6 e i e Y
liquid — (Mg) + MguYs+ CeMg, (816 K).

T, Flandorfer £ N\[7418 1L X HF£k. FIH0 M1 AR L1 RET B o 9
M, ME 7% —=J05 500°CISEIAR (P& 3-2)0 7RISk I 1 & B (Bt Jat

Ce-Mg-Y
Isothermal 500 ¢

1
1
'
1
1
1
1
1
i
'
'

R T UM L L 1 L

e N0Ce ) ISNEYCONNY

20 L0 60 80 "'Y
Atomic Percent Yttrium ——e ’

A 3-2 Flandorfer ZF A [74] M %E 45 Mg—Ce-Y = L2 500C #5848
Fig. 3-2 Isothermal section of the system Mg-Ce-Y at 500°C [74]

THPETER=50%), AR Sl i PRSI E 1 (HAEBES RN T 50%
RS PP E Sl = o0 88 | B R N YA P R P N R 75 i i LV ' e 5 L BN o
RO X ST ERREAN DR R, ABETAFRGHA AT, DX — AR o
HEZL N ARTIIWT AT R o, %R FAHIC Y £ otk 59 CeMgs AT
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BRIV IRE, —JutH CeMg M MgY, ZiRZRAUADY CsCl, 7E=J0 R T IEHUE
SRR, b, BRI =0 A CernY<Mgsy (0.39<x<0.84; 0<y
<0.60), Zik2EM A MgsGd, F1 Cei Y Mgy (x=~0.67), Fify2A1h MgCus,.
DTA /1R, (LAY Cer Y Mgsy £E x=0.6, y=0.3 I, FKILHIEF S #aear
N, SMRRE mp<<597°C; LAY Cer Y Mg, E x~0.67 I, LRI A AERH B>
FEAl, o3l S mp<<760°C o AR TR WY, w B A T A7 AE = ek il ) M,
DTA R 2% Wi g &y 815 K, iX5 Drits. Padezhnova %5 A\ [83, 8415745
RRE—H.

3.3 MAIFIEE

Mg-Ce-Y =JCHRT, WRMRHZHEBBAIFIA . K H A A0l 5
FH AE R IA A KA Z AR R bee B2 fll bee A2 X —H P LA %, H,
bee_ B2 AR AT i BEBAL (Mg,Ce,Y) 05:Mg,Ce,Y) 5. Ce 7E o5 Y Mg, Y
AR VAL, R fUFERC R (Mg, Y, Ce)o.s6667:(Ce, Y,ME)o 33333 KA IR 1ZAH 6
It BEY) CeMgs F1=Jttb AW CerxYMgs.y #H BRI REVE R, HotER
Mg XA PP IR T H o B REAAAR, X PH] Ce 1Y s AH BT
KER, KX MEAEPIR B Mgy (Ce,Y)q 2B . —Iuib B4 CerxY Mgy
FESEEGHGE R LN, WAL, ASCK I B b ik A . ootk &d)
FH CeMgiz. CesMgarn CeMgy MgoyY's fE SRR IE (S T, FEAWAT S =417t
(ISR, AN SCH PR SCHER[60, 8514k IE MAH HAE 244

3.3.1 i&{KiH
Mg-Ce-Y —JC AR MIVEAAIE WA hep A3(Mg)HH. dhep #. fec Al(yCe)#H,
BRI e v e, 5 A il A ege T UKo

Gr= D, X'G"+RT > xIn)

i=MgCeY i=MgCeY

gk D LKy =%0) FXuk DL Ky = %) %X D L% —X,)"
v=0,1... v=0,1... v=0,1...

+ XMgXCeX{ (XMgo L(l\p;IgCeY + XCe1 L:\};IgCeY + X{ ? L(l\p;IgCeY)

N (3-1D)
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A, 'GP RAiIGE o BRI E tBE, AT AI R T AT At e R4l
B PWAH foc A1 AH AR A i Re 51 Dinsdale[77] 208, 2% M)A |
hep A3 AHIIT A7 18 R SCik[e0]h 8. “Ga®, °GM® A1 "Gy i
BR[60, 771 A R, A3 "GE® SR COSTS07 Hii (851 HIHE, °GXP  Fi
"G SRHISCHR[88] I — R SIS . RIATB R

'GIP="G* ~190+0.56886*T (J-mol™) At (3-2)
"G’ ="Gee +8500 (J-mol™) A3k (3-3)
'G/*="G)® + 6000 (J-mol™) AR (3-4)

"Gy SRR, ARSORZEHHMT T . VLT AR EAE R
L R M B

L® = A? + BST AR (3-5)
X AP 1 BY Rk S5

3.3.2 AF — L F4THY bee_B2 A bee_A2 1H
TCIF T bee A2 AHAIE I bee B2 AHFIE A 0 A HHRER H A — AN R IAA K
ik«

Gm = Gr?qis(xi )+ Gr?qrd (in> inI)_ G;rd (Xi > Xi) ni (3-6)

b ox ARELLTT | MEERDEL Y Ry RS B (site fraction), EI41TC
O3 BRAE S — AR AN S BRI B R 38 P s —T0 G° (%), IREER
FH bee_ A2 BT AT H HRE, FATEE mRERIAEAE 250 (3-1) HFE. 5 5
MEE=IZ G (y!, v —G % (X, %) AREA T4 bee B2 354 0 A Hi i,
o IO R = I A B g, AR A
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Gord(yI ,yIII) Zzyll II i:.

+05RTzkylnM“+ﬁWnﬁb

+ZZZV.‘y§yS LY -y AR (37
i v=0,1...

+ZZZyiy.“yf‘ > L (Y -y
i > v=0,1...

Z e B AR RR IR 2, XA S EE T DU Ok
c;jﬂ:: c;kj 2~ (3-8a)
VLkhj:VLth i, (3-8b)

Byl =yl =x i, Gy Ly H G (X, X, ) AHEAR, I, 24 3(3-6)
WO N T I e AR & A 40 3 B RE

3.3.3 Mg,Y #H

MR AHEE, T Ce /£ MY HABKKEMIEL. SCER[601LiL Mg-Y
TICRN, MgY AR SRR (Mg, Y)ossss7:(Y,ME)os3333, A CAEAL AL
Mg-Ce-Y =JCHRM, fEM DL mFEh, #EE T Ce Mwfig, HI:
(Mg, Y,Ce)o.6667 :(Ce, Y, ME)o33333,  1AH T AT H HIRER N«

G, =ZZ y'Y|G,

+0. 66667RTZ y'Iny' +0. 33333RTZy Iny'"

+ZZZV.IVIYE ZV i,j:k(yi - j) ni (3-9)

i j> Kk v=0,1..
+Zzzy|l<ylny}l Z Lkl ](yIH_y]
i v=0,1..

Kepryl My BRGNS AN SRR S R, Gy
AW g go667 Joszzss MIEATH A AL FREIL jo kAR Mg, Ce. Y. Li:j,k
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A A IS, o B 5 R AN R B i e 38, 35 20 bR — P
FErh A A G 3R

AR (3-9) 1, A 9 ANBARMAEAR KL S, 18 MHEAEHZ%. &
A GMg;Y F GY;Mg ik Mg-Y —JCRH I MY AH, AR K H Fabrichnaya 55 A
[601IPFA S5 5 e Gg.ce ARE LN hP12-MgZn, [ FAL A9 Me,Ce (K]
AT E A, %25 MY HHAE Mg Y-MgoCe J7 1] IR R JEAT 5%, AR SUARYE
S KR NS HOIAT T itk . Gemg MURBARL A CeaMg H 75 41 1 A FHBE,
KRR

GCe:Mg - GMg:Mg + GCe:Ce - GMg:Ce /Z-\\it (3-10)

Gey M Gy.ce REMBAMMAD CerY A YoCe 1AM A Hfe, ASCER I
H5 T 5000
MHEAEHZH, AET UM R

Li,j:i = Li,j:j = Li,j:k n (3-11a)
Li:i,j = Lj:i,j = Lk:i,j nF (3-11b)

FHAEH 2% LMg:Mg,y N LY:Mg Yo LMg yv:mg A LMg vy KXH T Fabrichnaya
SE160] AL H B8 Lyg cece B Ligimg.ce 59 MeoY HIZETEEL T Mg, Y-Mg)Ce
J7 W) RV AR AT O, AR SOARAR R 38 S 30 B R X PN 2 8k AT 104k . e A
HAFHSHEZEAMK, ASCRAHEEAIREN.

3.3.4 CeMg,#1 Ce..Y Mg, H

It B CeMgs MI=Je G W) CeY Mgs.y ALV AR BEO I, BRI RT3
Iy AR, X U0 B R S A AR, P, AR SR BT
Mgy:(Ce,Y ) KAIBIX AN, FEE R & Al B RER R -

Gq) = yCeGMg:Ce + yYGMg:Y

q
p+q RT(yCeln yCe+yY 11’1 yY) /A\J_it (3_12)
+ Yee yY( Z JL(I\glg:Ce,Y (yCe - yY)J)
j=0,1...
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R, Yoo F Yy 40502 Ce A1 Y 7R AW ABETIAFESNHL  Gyg.ce Al
Gugy 2 B Mg,Ce A1 Mg,y A5 ETHAE, ' Ligcey AWEFRALIIZ
e, AR AW AFED Ce [ MY I EAEM . X, p+qich 1.

3.3.5 {LFITE Lt

M Mg-Ce-Y =JCH 500 CHFMRME, —IoHAEY CerxY Mgy A A HY
il RO, BT VA LB T R SR I A , AN SO LT B AL A A e LU
B R (Ce)oan:(Y)o2ss3:(Mgossssr, AR A1 B pHER AN -

G =a'G{’ +b’Gy® +c’Gy¥ + D+ ET At (3-13)

A, as by cMBlh Cen Y. Mg =R FAEALEYH AR 0%, D RTE )
(SRUREAIDE =8

3.4 ITEER 5%

S AETE Thermo-Cale # A H11¥) PARROT BEHR[82]H HEAT I, 1%FE)/F
OV [] I 2% 16 22 P8 24 s FOAH B8 AR 40 S0 1R 22 45 1 S50 504 AN [ (R A
FEARIATA, AR, WAL, DA MGE S R, R
REE B 4 SEEGHAE A 1. AP 3E) Mg-Ce-Y = JC RN HAEH S
% 3-1.

& 31 Mg=Ce~Y Z LA ey ) F 54k
Table 3-1 Thermodynamic parameters for the Mg-Ce-Y system

Parameter Reference

liquid, sublattice model: (Ce, Mg, Y)

OLCeMg — -39381.19+16.34052-T [85]
lLCeMgz +25338.56-11.86885-T [85]
2|_C Mg = -15106.9 [35]

"Legy = -6045.16+13.8000-T this work
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“Lygy = ~41165.302+17.564479-T [60]
Lygy = -15726.994+4.7053255-T [60]
*Loeugy = 40000.00 this work
Leemgy = ~45000.00 this work

bee A2, sublattice model: (Ce, Mg, Y): (Va);

“Loeng= -27000+3.3-T [85]
Leemg= 25338.56-11.86885+T [85]
*Loewg = -15106.9 [85]
“Leey = -312.526+9.57364+T this work
“Lygy = -47104.461+22.301481-T [60]
'Lygy = -4967.1494 [60]
*Loemgy = +25000.00 this work

bee B2, sublattice model: (Mg,Ce,Y)os5:(Mg,Ce,Y)os5:(Va)s

Gugy =Gymg = -10236.52+3.32225-T this work
Gugoe = Goemg = -42331.64+24.52511-T this work
“Leemgce="Lugcece = +1929.04 this work
*Lysgmgce= Lugcemg = +6966.53-24.77710+T this work
"Lymgy ="Lugyy = +49935.26 this work
"Lygmgy = Lugymg = -34012.93 this work
"Lymgy = Lugyy = -4051.54 this work
"Lygmay = Lugyag = -19857.34 this work
"Leevmg='Lugcey = -6000.00 this work
"Lyg.cey = Lyg.ce = +40000.00 this work
*Lygyice= Loemgy = +25000.00 this work

fcc_Al or (yCe), sublattice model: (Ce, Mg, Y)

“Logug = -15000.00+0.5-T [85]
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Loy = -4088.82+12.51160-T this work

Loy = -3711.93+0.78272+T this work

hep A3 or (Mg) or (aY), sublattice model: (Ce, Mg, Y)

Leemg = -94337.51479.95155+T [85]
Loy = -14708.00+13.18900-T this work
“Lygy = -26612.849+13.946079-T [60]
'Lygy = -2836.2085 [60]
*Loemgy = 45000.00 this work

dhcp or (BCe), sublattice model: (Ce, Y)

Oegth :OGthp =+11462.5 thlS Work
Loy = -29540.90+18.57840-T this work
Loy = +14482.90 this work

Ce;Mg,7, sublattice model: (Ce)o.10s26 :(Mg) 0.89474
Geemg —0.10526°GSE —0.89474°Gy = -11430+5.5-T [85]

CesMgy;, sublattice model: (Ce)o.10870: (Mg) 0.89130
f h
Geemg — 0.10870°GLT — 0.89130°Gy® = -12500+6.5T [85]

CeMg,,, sublattice model: (Ce)o7692: (ME) 0.92308
Gemg — 0.07692°GLT —0.92308°G¥ = -10760+6.5T [85]

CeMg,, sublattice model: (Ce)g33333 :(ME) 0.66667
Geemg —0.33333°GLT - 0.66667°Gy¥ = -17581.53+5.0543-T [85]

CeMgs, sublattice model: (Ce,Y)o2s :(Mg) 0.75

Geeng —0-25°GE —0.75°Gy? = -19200+6.625-T [85]
Gyg —0.25"Gy® —0.75°Gy? = -8879.31536+1.12773989-T this work

Mgy,Ys, sublattice model: (Mg)a4:(Mg,Y)4:(Y),
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Ggmgy — Gy —28°G[® = -10710.115

Ggyy =5 Gy —24°Gy? = -227282.28+36.52985+T

Mg,Y, sublattice model: (Mg,Y,Ce)o.s6667: (Ce,Y,Mg) 033333
0h
Gygmg— Gug = +5000

G,y —'G{® = +5000

Geoce— G = +5000

Gygy — 0.33333°Gy® — 0.66667°G\? = -12600+2.2+T
vatg — 0.66667°Gy® —0.33333°G® = +22600-2.2+T
wgce — 0-33333°GLY —0.66667°G(? = -18900+8-T

G
G
Gemg — 0.66667°GT —0.33333°GP = +28900-8-T
Gy —0.66667°G)® —0.33333°G/* = +5000

G

f h
ey — 0.6666706(32C — 0.33333OGY°’° = +5000
OL _0 _0 _
MgY:Mg— LMgY:Y_ Lng;(;e— +7000
0 0 0
LMg:Mg,Y: LY:Mg,Y: LCeMg,Y = -7000+2.5-T

0 _0 _0 _
LMg,CeMg_ I‘Mg,(ZeY_ LMg,CeCe = -5000

0 0 0
LC&'—:CeMg= LY:CeMg= LMgCeMg = -14348.4857
Ce1xYxMgs, sublattice model: (Mg) 3333 :(Ce,Y) 0.16667
f hi
Gugce —0.16667°Ggy” —0.83333°Gy¥ = -14846.3799+11.0711111-T
Gygy —0.16667°Gy® —0.83333°Gy¥ = -9095.04123+7.55177815-T

“Lugcey = -15491.6924+0.501045419+T

Ce1xYxMgy, sublattice model: (Ce)o.11:(Y)0.22333:(Mg)o.66667
Geaymg —0.11°GE —0.66667°Gyy —0.22333°Gy® = -13500

[60]

[60]

[60]
[60]
this work
[60]
[60]
this work
this work
this work
this work
[60]
[60]
this work

this work

this work
this work

this work

this work

3.4.1 Ce-Y —_TTE&

T Ce-Y AT 5 S2 50 Bt (R LA N 1] 3-3 B, AR hE e W 206 cdfs
FrbLEnk 3-2. Gl BB, LA S S Se g Bl S A — 2. e 1]
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BT bee A2 AHIENTEL AR 55 %77 » Flandorfer 25 N [741MR8 95 7E Y J57 5 7
TN 10%I, DTA In#ITl (AR S AR B (978KD 574 HI BT I (¥ AH 4 AR it 5
FEAAAN (WL 3-3), AIWHXANMEASS BT bee A2 FHIIEHT 70 (R, ASC
TS R WK, bee A2 Fil fee A1 PIAHIXARZE, DTA JNAAFNA EI TN (1) AH A%
MEARTELL LA a5 b, IXARARGF AR T SEE0H0 - A ST bee A2
LA 0 55k 967 K, 16.1 at.% Y. JEUEHEN, Flandorfer 25 A [741FT#f % 1)
bee A2 AHIFENT SR 11 K IR 2. R4k, PRSI A 773 K I (1 AH It
5 Sz s AEAE B IR 25 o X Rl hep A3 MK Ce Al fec A1 AR Y 1 H%
FaE MRS — BV SE R (0 KO, WAHIESEENKR, M dhep MY
1 etk AR MR AR SO A 25 L, X Bl 5 SUSEAH T RS APAE— B M 22, B4R,
TG B T HER 1) 2 A0 A S HCR LA T 5250 £, 75 22 REff 1)
A A e T AR

1800 ' ' ' '
A heating
A incipient melting
W cooling

1500 4 O X-ray

X 1200 4

900 -

Temperature

600

300 | | T |
@ 0 0.2 0.4 0.6 0.8 1.0

Mole Fraction, Y

B 3-3 it 51aY Ce-Y AR B A= 5k Ba RH8 [74] 49 4R
Fig. 3-3 Calculated Ce-Y Phase diagram in comparison with experimental data [74]
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%.3-2 Ce-Y —AANHEREFTRN

Table 3-2 Invariant reactions in the Ce-Y system

Reaction Present work Experimental data [74]

T(K) X(Y) T(K) X(Y)
bee a2 + hep — dhep 1055 0.310 0.404 0.701 1053 - — -
bee a2 — fec_al + dhep 967 0.127 0.161 0.283 978 - 0.1 -
973 - - -

3.4.2 Mg—Ce —JT&
AT Mg-Ce — e R AHE W11 3-4 s, B sE g @3 AR TAE 2 bee B2
MZE TSR, B MR COSTS07 Eidli 85 PHE4E B . A TAE

1200 : :
1020
084 |, L
e (984) | &
P 5,
\ i 3 898 L
o 887 (888) =
) 868
: —
R
(2]
=
]
2. L
g - _'_r (o]
= 20 e
= = 2115
(M)
N
300 I I

I |
A 0 0.2 0.4 0.6 0.8 1.0
Mole Fraction, Mg

B 3-4 it Fe) Mg—Ce B, FXRRALMGELR, BER COSTS0T KB FE LR, 5
¥ 49418 A Nayeb-Hashemi A= Clack [87] #93iRfE4 R

Fig. 3-4 Calculated Mg-Ce phase diagram. Solid lines: present revision. Dotted lines: the results
of COST507. The data in the parentheses are the assessed values by Nayeb-Hashemi and
Clack[87]
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H T bee B2 MMIEVEE M bee B2 5 bee A2 [0 F P HAS, AL RAT &
S N FE AU (W) T Sl CEIrP R S I EED, THEPTARY bee_B2 AHTE
773 K MR FEJE A 48.3%-51.7%, 5525033 49%-50% b4, fEsm iR 20
HlZ . deAh, s R oR, 1F 984 K, VRAHF CeMgy AH A& A A it S N A2 B
bec B2 M, XL SZEIGRIEHE —EUN . MAE COSTS07 Hdli T, bee B2 AH#L
Wb B A LUAH, 7R 983K, WiAH A AR R N AR ) CeMgy Fll bee B2

3.4.3 Mg—Ce-Y =TLA&

3-5 N Mg-Ce-Y =JC A& 773 K (IZERakm, BS503R SR
T 1) 5 42 1) 44 SRy, Forbr st PR TG Bl SR 7% i o0 (M)A e A T A X, (5 e 4R
ZEEAT X, —AEREA ST ZMHX, THE g5 KR SLK v & .
W 5 S8 AR A (K] 3-2) thBL, mTRUE T EIAH G R Sk 45 R s 4
Wit A TIERHKR, TR =IT0HEY) Cerx Y Mgs.y Wi 5270 ] H S I fii
AN WAL, EE SR, PRSEEG AR SO ORAER I E , DRI, DUA R I
FEFZE TREMRR, WHEIAHA S KA EE AT A8 W2

® single phase
CeMgl2 o two-phase
a three-phase

bee B2+(aY)

Mole Fraction, Y

B 3-5 3569 773 K 49 Ce-Mg-Y Z LA 695 RAE 5 K1 4I% [74] 49tk
Fig. 3-5 Calculated isothermal section of Ce-Mg-Y system compared with experimental
data at 773 K [74]
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3-6. K& 3-7 3-8 kol vt B IE B I YoosMgoos —
Ce0.038Y 0.071Mg0.891~ Ce0.03Mg0.97— Ce0.034Y 0.075Mgo.891 A1 Y0.10sMgo.895s —Ce0.049M0.951
S S e . B AT LA, TS R S S e S AR — B .
3-6 11 Yo.06Mgooa MK 3-7 [ CeoosMgo o7 M AR L LU SEEG A IR AR, 31X 2 HHIT
RIS ASE TEEAR YOE I, A A STIAL I ZE05 1

3-9 (a) M (o) At REAHE B R, HA K 3-9 (b) s Sl i)k
KiBsy, B EE S . v SRR 52 K] F R4 i I N il Sl BE 21
X33, HESRER, BEUMAAEILE RN : L— (Mg)+ CeMgi+ MguYs,
RVHREER 822 K, H AR —3. IHERMLEY) CeixYMgs.y M7 i R
851 K (S <870 KD, MR &4, 15 851 K (=il i wi & 3-10 Firon.
AW CerxY Mgy 7 iS4 1026 K (SEEE <1033 KD, XIE T, 7E x~=0. 67
i, AR R BT IR .

3-11 A iF 5 973 K45 A o

950 1 1 1 1 1 1
© Drits et al.
O Flandorfer et al.
L
900 —
P
© o
N o
EL_:? 850 L+CeMg12
=
—
S ° o :
2 oo \ ° o o / o
E 800 - L+H(Mg)+Mg24Ys L+Mg24Y5+CeMgl2
ﬁ (Mg)y+Mg24Y5 Mg24Y 5+CeMg12
m]
] (MgH+Mg24Y5+CeMg12 |
750 grHMg g
700 I T

| I I I I
@ OE-35 10 15 20 25 30 35
Y0.06Mgo.94 Ce0.038Y0.071Mg0.891
Mole Fraction, Ce

IE 3-6 ‘V"%ﬁ-éﬁ Yo. OGMgo. 9s—Ceo. 03sYo. 071Mg0.x91 %ﬁﬁmﬁ% %E&éﬁjﬁ’ [74, 83] él] kb—tr;»

Fig. 3-6 Calculated vertical section along Y sMgg 94-Ceg033Y 0.071Mgo.891 in comparison

with experimental data [74, 83]
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1000 ‘ ' .

© Drits et al.
O Flandorfer et al.

950 L L

900 —

L+(Mg) o

L+CeMg12

o]

Temperature, K
[e2]
U
o
|

o
L+(Mg)+CeMgl2
[} [s} o /
800 - Me+CeMgl2 L+Mg24Y5+CeMgI2 |-
O
(Mg)+Mg24Y5+CeMgl2
750 —
700 I T T
0 0.02 0.04 0.06
Ce0.03Mg0.97 Ce0.034Y0.075Mg0.891

Mole Fraction, Y

@ 3-7 ﬁ’;é:é’] Ceu. osMg()‘ 97=Ceo. 034 Yo. 075Mg0. 891 é‘:ﬁ.ﬁ(‘[ﬁ] —I::I 9":%\&&;}%[74, 83]#} bb%}i
Fig. 3-7 Calculated vertical section along Ceg03Mgo.97-Ceo.034 Y 0.075Mgo.891 With
experimental data [74, 83]

"I 000 | | | | |
O Padezhnova et al.
O Flandorfer et al.
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1L
900 - -
L L+CeMgl2
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—
o
i
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o
QE) N\ o oo © o o © e
| 800 L+(Mg)+Mg24Y5 CeMel2
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o
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Fig. 3-8 Calculated vertical section along Y 10sMgo s95-Ce0.040Mg0.951 With
experimental data from [74, 84]
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Fig. 3-9 Calculated liquidus projection of Ce-Mg-Y system, (a) the liquidus projection in a
complete composition range; (b) the enlarged liquidus projection in the Mg-rich side
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& 3-3 it Frag Ce-Mg-Y =LA HiARA X KRR GRE Ao
Table 3-3 Calculated temperatures and liquid compositions of the invariant reactions

involving the liquid phase in Ce-Mg-Y ternary system

Reaction Type T(K) liquid
X(Ce) X(Mg) X(Y)

L+CeMg; —CeMg,+bec_B2 U, 996 0.354 0.609 0.037
L+bce B2—CeMgs+Ce Y Mg U, 983 0.161 0.704 0.135
L+tbcc B2—Mg, Y+ Ce ;Y Mg, Us 993 0.063 0.718 0.219
L+ Ce1xYMg, —CeMg;+tMg,Y U, 910 0.073 0.797 0.129
L+ CeMg; »Mg, Y+ Ce1YiMgsy,  Us 850 0.053 0.849 0.099
L+CeMg; —CesMgy+Ce Y Mgs, Us 850 0.061 0.870 0.069
L+Mg, Y >Mgy Ys+Ce Y Mgs.y U, 841 0.038 0.859 0.102
L+CesMg4—CeMg,+Ce Y Mgs.y, Us 842 0.050 0.883 0.068
L+Cei <Y Mgs., »CeMgi,tMgnYs Uy 827 0.031 0.892 0.077
L— (Mg)+CeMg,tMgyYs E 822 0.023 0.909 0.069

815[74],

816[83,84]
L+Ce,Mg 17— CeMg ,+CesMgy, Uy, 882 0.068 0.925 0.006

Mg2¥Y

Mg2Y+bee B2

0.1
0 Saa (229
0 0.2 0.4 0.6 0.8 1.0

Mole Fraction, Y

B 3-10 3¢9 Ce-Mg-Y =T % 851 K ¢4 B4 M
Fig. 3-10 Calculated isothermal section at 851 K of the Ce-Mg-Y system
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A0 o2 "a os o8 1.0

Mole Fraction, Y

B 3-11 3+ F49 Ce-Mg-Y =LA 973 K ¢4 5 RAH
Fig. 3-11 Calculated isothermal section at 973 K of the Ce-Mg-Y system

3.5 INgg

AR CALPHAD EOREHXVHEIFAL T Ce-Y —J0H. WHE T Mg-Ce
TIGARM bee B2 AHMREIAY, XIS EOHAT TG, JTFESE Mg-Y ZIC R
12RO SCERIGE 1) Mg-Ce-Y —JC R S E s, it 8 7% o &K
FITAT V55 R 5 S0 4 IR AW A o
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FEME Mg-Al-Yb ZTRMANFZMUSHE

4.1 3|5

Mg-Al ZE:E G AN R INPIE T2 MR R m i st an i, HAM A
B, RN &N 2, HiG e A ae s, mimigzE, K8
JEAREEIE 120°C o PRI, D042 i Mg-Al 2R £ 4 00 el 9 5 B A 12 AT (K AF 5
e RIS AE ST IMAMEIGE, W Cay Siv Sb. Sn. Bi. RE &K
femhimiRtEaE. Hil, CERT —FRIEH LB RG4S, AR EE
LPAE Ces Nd. Y 5705, KT TusEE (Yo ST MERMEDA
SCHERARIE -

i HI0ER Yo TR TFBIICR, W2 ek =6, SIHemm R
JCEAALL, FEME R B TRV AR . =4 Yb IR S LI AR 1)
B RCHERIE, M0 Yb 5814 )%, W Ca. Sr Al Ba ML, HH5 Ca )R
TR ET, EAETPRERINS Ca BRUMMERE. T Ca EBEA &P RES AN
dikr, JEREE & S Pud R kR

FIHACAIE, BEA Mg-Al-Yb = JC R AHEIWFFURE, (H="NUFr It R
SRR Z G, BRI &R Mg-Al[891HT Mg-Yb[90] LA SRS ftfr 5
L G OB LT ALY ARSI RkiE, (22 H Ak, %
R RGN ENAN G TR AR MR TE e AT B X ALLYD R RTINS
A, IEEEA SCERIRIE M ST Mg-Al FI Mg-Yb AR IMRALE: F, A5
Mg-Al-Yb =JC &

4.2 LIGEEERYITE(L

4.2.1 Al-Yb Zt &

(D FHEZ

Vengrenovich Al Psarev[91]X} Al-Yb —JC ZAHEHAT 75T, KIMAFEMLS
Y) AIYb, WAHITE 616°C, 4755 96.25 at.%Yb I, KAEILE RN, AR AIYD 5
(AD AHZABATHBIST T 800°C LA IIAHE, WA WFIT ALY R4 ml 870 i i
Ak, MR R, fE S00°CLAR, Yb £ Al WL TR . %50 0 Rk
Al 4l 45 99.99 wt.%, JEURE Yb 7% (wt.%)0.05 Er, 0.01 Cu, <0.01 Fe, <0.02 Tm,
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<0.01 Zno JFrRHMWIFITE AT S BB X S Zeir i 70 #r .

UbJE, SANAIE T Kulifeev 55 A [92]F1 Palenzona[93 4 iZ 4 R AE TR &
SRR, IYALBIEZ0E W E 1K) AL-Yb AH EURAR KB, # H ALYb T AL Yb
PN SV, WA KL ALYDb. Kulifeev 25 A[92]%H 99.99%A1 11 99.9%YD,
WG B . XGRS I T S5 T B, BT PR FE S SO, — A6
N o Hedl SOV liquid — (Al + AlsYb KAEFE 627°C, 95 at.% Al B smidd, L
BN liquid — (Yb) + ALYb KELE 665°C, #7135 at.%Al &b. ALY 7F 1065°C4»
AR BBAH AT ALY ALYD 1E 1450°C AR B4k . Bl R4l Yb (955 ik
824°C.

Palenzona[93]liC ] T 21654, 7E 600°C-1200°C 2 [fiB K5, W AMAFAES
BRI ALYD FT Yb, MImHEER T ALYb AUEAAAE Il BENE. Bl iy w4 St 8
R NE Kulifeev £5 N[92]( 45 REEA—E, RN liquid — (Al) + Al Yb W
ISR 625°C, MM 96 at.% Al, FLEE RV liquid — (Yb) + AL Yb Wi
675°C, HWZIN 22.5 at%Al. AR liquid + AlYb — ALYb KV EN
980°C, AlLYb [I)E A 1360°C, XHAMEIE S Kulifeev % A[92]1945 K (437
h 1065°CHI 1450°C ) f7-4E 22 5% o Wb4h, Palenzona[93 13 I iE A7 AESLHT [ B : (yYDb)
—  (BYb) + liquid, SONREEN 712°C. PAE R Yb B4 s AR L RE 23 1) A
825°Cfi1 740°C, Palenzona W\ AT )E Yb S5 A 5. AW ALYb [
filt BEYGE TR /N, 76 900°C IR B X B 58 B2 /N T 1% (RT3 8D, e
ALYD TEIXH T B R

Gschneidner %5 A\ [94]0FA% 1 Al-Yb AHE, AthAi 132K A T Palenzona[ 93]
R . i AFIRE, Gschneidner 55 NIANA Yb A 5N 819°C, AR N
795°C, fii Palenzona il [{I#45 55 Ky 825°C, HEARIE %y 740°C, Mk, Gschneidner
2 NIEVEAL ) AL-Yb AHE 1, #4 Palenzona BTl yYb 3E4T SO IRSE (712°C)
e E] 770°C. {HE, SGTE HHEAEF[77], Yb [P r AR FE 733 4 824°C
M 760°C, ASCRH TR ATAEIN R yYb (KT SO B Y % 0% & T
Palenzona 45 % (712°C).

112K, Kononenko F Golubev[95)il ik A Hr SEIGA ST, BE—PIUE AR
EARES M, RBSLE RN liquid — (Al) + Al Yb [ SO E R 625°C, J
430 973 at.% Al, Y Kulifeev %5 A[92]4!1 Palenzona[93 ]I/ 7T 45 L A — 3,

(2) #J)2HR

YEAH 1, IEEAT SCHRIRIE AL-Yb GRS 24 B, (HE A 2563
BRIROE T 124K 246 S B A T i ds o Pasturel 25 A [961H LI 2 T4 &
Y ALYDb F AL YD (KT B 23 ) M -36.4 KJ/mol F1-32.5 KJ/mol, ZJ&, Colinet
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2 N[OTVR RIRER 7 05 AL 510 ALY T R H-38.1 KJ/mol, P29 45 R
—3, Uk, Borzone %5 A\[981H HEE ML E T A& Al-Yb &4 FITER,
b, By ALYD A1 AL YD [ TE RS 43 24 -39.5 + 2 KJ/mol #1-32.5 + 2 KJ/mol.
AT VRIS 5 PR A B 45 ) G AR B, AR SCAURAGIN SR T ix 2645 5L . 4,
A SCER[991MI[ 10014k 1E T ALYb HITE RS, 7371l 4-24.4 KJ/mol H1-25.4 KJ/mol,
Ouyang % A\[101]7H Miedema #2115 T ALYb A1 AlYb IJE RS 4-33 KJ/mol
F1-26 KI/mol. IXEEAE 5 FTA 145 R IR WAL, X EEAE e SR R ST AEAE
iz, Az 5.

4.2.2 Mg-Al ZTAF Mg-Yb —T &

IIT Liang %8 NEHLAL T Mg-Al I R([89] (K 4-1), T HI4E RAEIR I
() F I 525 K - Guo Al Du 4k 7 Mg-Yb —JC&R[90] (Kl 4-2), Fififbitis4k
W REARLF (LG LB s . DRI ASSCAMERT BB A T Liang %8 Guo M1 Du 43
AL BT 8T Mg-Al —J0 &M Mg-Yb —Ju RN =24

1000 '

900

800

700 -

(Al 683 (Mg)
600 . \Y -
523

500 -

Temperature, K

400 - -

300 r

200 T T

[ [
@ 0 0.2 0.4 0.6 0.8 1.0

Mole Fraction, Mg

B 4-1 4R4% Liang % [89] e94kfbss Rt Fad Al-Mg 40
Fig. 4-1 The Al-Mg phase diagram calculated from the assessment of Liang et al.[89]
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liquid

(YYb)

769
720

(BYb)

Temperature, K

200 | | |
@ 0 0.2 0.4 0.6 0.8 1.0

Mole Fraction, Yb

B 4-2 4R4% Guo F= Du[90] a9 4tbsd Rit F-a9 Mg-Yb 48 A
Fig. 4-2 The Mg-Yb phase diagram calculated from the assessment of Guo and Du [90]

4.3 RAFIRE

Mg-Al-Yb =TGR A VUANEAAM: WiAH. hep A3 (Mg) #H. (BYb) 1 (yYb);
AN TR EIM: By vy v MgaYb. ALYb M AlLYb, BUMBRZ SEEG(E E, &
SO 5 TR = A UG e B Y T IR S AR SCKE ALY D AT ALY AR B A4k
Pt e, XA ST T, R oGS EUI R FHSCER89,
901 At 45

4.3.1 iB{KH
TR S s v i A s, SE35 A0 B i Re R IA AN «

Gr= D, X'G'+RT > xIn)

i=ALMgYb i=ALMgYb

X tg D L % =X F Xk DL g =X F XXy DL (X —X)

ji=0,1... j=0,l... j=0,l...

0y @ 1 @ 21D
+XAI)§VIgX(b(XAI I—AI,Mng-i-XI\/Ig I—AI,Mng_i-Xw(b I—AI,Mng)

nil (4-D
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A, L G=0,1. ) AR 240 SRR R T LY g o (=0.1
2 R=ICMEERSE, hTRESRER, Al = oM EE S
KOHBER 0.

4.3.2 LEFIT=E LB

WIHTSCHTIA, RSB U SEVE N, & ALY AW,
HY) ALY W RIS AR /DN, SCBR A H Ok T X AN S Al B A SR
E, P, ASCKIXAME G AP A 2zt B A . A3 Neuman-Kopp RN,
HE AT A HAERR A

G=a'G," +b°"G/* + D+ ET A (4-2)

A, as b2 alh Al Yo PIRH s FAEAL S P R 73 B, D A E AR
A8

4.4 HEEREITE

4.4.1 Al-Yb ZTT &

K SGTE %udis PE v ALAT Yb (1) Ak A5 e 1 244, 12 ] Thermo-Cale 344,
Wk N AU R SE R, S BNk R T A IS, R
W 4-1 Fios.

& 4-1 Al-Mg-Yb = L& 69 # A 3 A3k
Table 4-1 Thermodynamic parameters for the AI-Mg-Yb system

Parameter Reference

liquid, sublattice model: (Al, Mg, Yb)

"Ly = -62743.77+0.89367-T this work
'Wpyp = -37607.14+6.29122-T this work
"Ly g = -12000.00+8.56600+T [89]
'Ly = +1894.00-3.00000-T [89]
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2

Ly = +2000.00 [89]
"Lygyy = -14917:4-13.4738-T [90]
'Lygyo = -11950.9 [90]

(YYDb) or bcc_A2, sublattice model: (Al, Mg, Yb)

"Lyyp = -25908.04 this work
OLMng = +20326.6-27.4508-T [90]
‘LMng = +8300.9 [90]

fcc_Al: (Al) and (BYD), sublattice model: (Al, Mg, Yb)

"Ly = -38173.22+15.89827-T this work
L Ay = /06391 this work
"Ly = +4971.00-3.50000-T [89]
'Ly g = 900.0040.42300-T [89]
"L pg = 95000 [89]
"Lygyy = +19227.7-28.7651-T [90]

hcp A3 or (Mg), sublattice model: (Al, Mg, Yb)

"GP =G, +5000 o]
"Ly = +1950.00-2.00000-T [89]
'Ly = +1480.00-2.08000-T [89]
Ly g = +3500.00 [89]
"Ly = 102298 [90]

B, sublattice model: (Mg)so:(Al)140
h f .
GMg:AI - 89OG,V|‘;p —140°GAf° = -246175.00-675.55000+T [89]

g, sublattice model: (Mg),3:(Al)sg
h fi .
Guga —23°Gy? —=30°G° = -52565.40-173.17750-T [89]

v, sublattice model: (Mg)1o:(Mg, Al)24:(Mg, Al)y4
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Glynn —10°GIP —48°G [ =+195750.00-203.00000-T [89]
°Gligmgn —34°GP —24°G [° =-105560.00-101.50000-T [89]
"Glmmg —34°GIP —24°G[* =+568249.20-276.13800-T [89]
"Gl — 58" G =+266939.20-174.63800-T [89]

0 0 _ _ . 89
L rgmontg = Lingniga g = 226200.00-29.00000 T [89]

Mg, Yb, sublattice model: (Mg, Yb);:(Mg, Yb),

‘Guene =3"Gy [90]
IGR™® =3°GyP [90]
OGaRe OGP OGP =-42599.1 [90]
Gt =GP —2°Gy? =+42599.1 [90]
OLNo2D | _OLMIZO _ +61144.1+15.9376-T [90]
o= Ly = -57502.0 [90]
L g =" Ly =+18339.4+4.9225-T [90]
L g = Loty = 18322.0 [90]

ALYD, sublattice model: (Al)g ¢e667:(Yb)o.33333

G — 0.66667°G [ —0.33333°G = -35350.36+2.53935-T this work

Al;YDb, sublattice model: (Al)g75:(Yb)o2s
Gavp — 0.7506,1,06 — (),25°Gbe°° = -31920.02+4.83054-T this work

WIS SE, HHT ALLYD o RAHE, WiE 4-3 s, EIthsig
NI A, 575 928 ml, L LEACAT LAE Y, T R 20 S 50 2
W) AR o THEIN Z AR f S ORI S B I LU A A T3 4-2 v, TS S
(IERCR S (iU
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1800 | L | ]
N v Kononenko and Golubev
+ Kulifeev et al.
O Palenzona
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liquid
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L
—
= (YYD)
=
=
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= (BYD)
L
F sc: E f :::_ + g liquid
600 - 2l 2 ¢ 5 L
%—900- v 9 v v 3
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300 —(AD : E-3" Mole Fraction, Y |-U

| [
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Mole Fraction, Yb

B 4-3 3t Jred Al-Yo AR 5 A 43 [92-93, 951 69 pbdk
Fig. 4-3 Calculated Al-Yb phase diagram with the experimental data [92-93,95]

% 4-2 Al-Yb — LA EL T RE
Table 4-2 Invariant reactions in the Al-Yb system

Reactions T(K) X(Yb) References
liquid — (Al) + Al;Yb 903 0.029 0 0.25  this work

898 0.04 [93]

898 0.027 [95]

900 0.05 [92]
liquid + ALYb — Al;Yb 1251 0.122 0.333 0.25  this work

1253 [93]

1338 [92]
liquid — ALYb 1628 this work

1633 [93]

1723 [92]
liquid — ALYDb + (BYDb) 951 0.818 0.333 0.985 this work

948 0.775 [93]

938 [92]
(yYYb) — liquid + (BYb) 989 0.982 0.866 0.989 this work

985 0.975 [93]
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] 4-4 Sy UHARCIR AR AT Rekds L5 SIS0 0l 1 B AR, AR SR T S R DT 2y

S A R 5 AR YS

w 0 I L L L
= O Borzone et al.
% =+ Colinet et al.
e =5 A Pasturel et al. B
2 <& Ouyang et al.
g -10 * Palenzona et al. B
= © Kulifeev et al.
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'g -20 + ° B
g o
8 -25 4 o\ © ¢ B
kS
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2
& &
g -35 X © B
s oss)
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A Mole Fraction, Yb

B 4-4 3SRy AL-Yb AR R 0GR e B AR 43R [96-101] e pbd
Fig. 4-4 Calculated enthalpy of formation in the Al-Yb system in comparison

with the experimental data [96-101]

M BRI LU DTS I SR I I L T 56 4k
i, XU S E0E G HIN.

4.4.2 Mg-Al-Yb =T &

BT AT AA K Mg-Al —J0R[89]F1 Mg-Yb —JLR[I0IMLALEE H, JA L
KT AlLYb RIS R, B Thermocale-Cale A FARSME T Mg-Al-Yb

—IGHR

s MELE R, H7 T Mg-Al-Yb =JC RN MMM RAEE, WK 4-5 Firs.
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Mg-Al Mg-Al-Yb Al-Yb Mg-Yb
pi: 1251
L+ ALYb-ALYD
P2: 989
| MAX 977 L+ALYb+Mg,Yb (YYb)—>L+(BYb)
S — > |
€5: 951
L—ALYb+BYb)
S |
—
| U, 943 L+BYb) —>A12Yb+(be)|
(BYD)+ALYbH(yYb) L+ALYbHxyYb) e1: 903
p— L L—(AD)+ALYb
[MAX 850 L+(MgaLYD | |
| [ N
WV J
| U;795 L+ALYb —ALYb+Mg) |
€3: 782
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YV J/
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|
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ey: 724 v l v
L”(Allw ALYb+MgYb+BYb)  (yYb)+ Mg, Yb+(BYb)
v U
|U2 724 L+(A1)—>A13Yb+ﬁ|
e: 723 v v
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| |
v
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Fig. 4-5 The reaction scheme of the Mg-Al-Yb system
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K 4-6 (a). (b) A1 () ATFEMBATIRBE R, B FRZ, Hh (b
(o) 435k (a) B Al-Mg AT E SEA BBOGH 5> WA e, K3
5309 ALY FIFIEIX, 12 i ALY & Aa e M doE 1, VAR B B E
(1) 2 A i S L S oy BT 4-3 e

GARRIAE— AN e RN liquid — ALYb + MgYb, SV
977 K, LA 63.5 at.%Yb. £ —Jo b 4-7 B

Ak, EIFE T Mg-AlLYb HE H AL A 550 K. 800 K A1 960 K (125 Ak 1M,
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H1 T Mg-Al-Yb =70 FAH B El A 2= 80 4o, Bk AMETHR
45 FOE AN Re i I SR IO IE , (XSS R A 1 A F A B SR S A A B 1
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" TI00K
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Fig. 4-6 Calculated liquidus projection of AI-Mg-YDb system, (a) the liquidus projection in a
complete composition range; (b) The enlarged liquidus projection in the vicinity of the Al-Mg

binary system; (c) The enlarged liquidus projection in the Mg-rich side
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% 4-3 HE AL-Mg-Yb =LA P 5iAnA k6K T 2R 6% EARAD R

Table 4-3 Calculated temperatures and liquid compositions of the invariant reactions

involving the liquid phase in AI-Mg-Yb ternary system

Reaction Type T(K) liquid
X(Al) X(Mg) X(Yb)

L+ (BYb) - ALYb + (yYb) U, 943 0.165 0.020 0.814

L — AlLYb+ (yYb) + Mg, Yb E, 762 0.016 0.310 0.674

L - ALYb+ Mg Yb + (Mg) E, 775 0.014 0.882 0.104

L — Al;Yb+ (Mg) +v E; 709 0.310 0.690 0.187E-3
L— AlLYb+y+p E, 723 0.576 0.424 0.143E-3
L+ (Al) - ALYb+J U, 724 0.638 0.362 0.186E-3
L+ALYb — Al;Yb + (Mg) Us 795 0.205 0.791 0.004
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|
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B 4-7 4t H 44 AL, Yb-Mg,Yb & A & &
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Mg2Yb

Fig. 4-7 Calculated Al,Yb-Mg,Yb vertical section
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Fig. 5-4 Mass fraction of phases in equilibrium state of a Mg alloy with 8 wt.% Al and 1 wt.% Yb
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& 5-1 mxrh Mg-8 wt. % Al— 1 wt.% Yb #9545t B 3426940463
Table 5-1 Phase transformation during solidification of a magnesium alloy with
8 wt.% Al and 1 wt.% Yb

Start ('C) End (C) Reaction

Equilibrium state (see Fig. 5-4 )

607 543 liquid — (Mg)

543 522 liquid — (Mg) + ALYb

522 522 liquid + Al,Yb — (Mg) + AL Yb (Us)
522 506 liquid — (Mg) + AL;Yb

506 329 (Mg) + AL Yb

329 RT (Mg) — v+ Al;Yb

Scheil model (see Fig. 5-5)

607 533 liquid — (Mg)
533 522 liquid —» (Mg) + ALYb

522 522 (liquid + (Mg) + AL Yb + Al;Yb)'

522 436 liquid — (Mg) + Al;Yb (+Al,Yb)
436 436 liquid — (Mg) + y + ALYb (+ALYb)
436 RT (Mg) + 7y + ALYb (+ALYb)?

! Transition-type reaction (Us) does not proceed under Scheil condition.
* Non-equilibrium amount of Al,Yb is present down to room temperature
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