Material Sciences #1EI#13E, 2026, 16(2), 103-111 Hans X
Published Online February 2026 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2026.162028

BITERAIENHFESH LIRS &Y
M BE AR

IR, & T2, RBKIET, KRev

LB TR R R 5 TR AR, 10T TLF
EBHCHL T (R ) A R A ], 10T JERH

5
4T

ks H . 20264F1H4H: FHHEM: 20266F1H27H; KA HM: 20264F2H9H

wm B

ARAB L EETRNES S EMAR R EE R/ F RN, 25 KA KESE TZH £ WE43,
Mg-14Gd X Mg-20Gd=FARHBLEENEES, N HETHGE. B EME(OM). &Rk
AX (EDS) F1F5 i B8 F B0 48 (SEM) &k ERIPARRLE, RAMT &SRS SAEE W BMEARRFIER )
MR . SRR MERLSENN, 48HAPE-HERSBEBMESH; ST, Mg-14Gd
BEEE1EERERN, KEREE. PihEE KRS 512165 MPa. 220 MPafi2.8%; [E¥EAHE
J&, Mg-20Gd& &R H & i JE AR B (183 MPa) 53iHi5% & (265 MPa), TMg-14Gd & &R
EZRE15.3%, A=MEEFTRE. FHATARLEESENRIANE TREANAREERS X,
i

mitseE, JEHR EHMAR BiER

Effect of Rare Earth Element Content
on Microstructure and Properties

of Cast High Rare Earth

Magnesium Alloy

Pengfei Wang?, Ning Lyu?, Lingyu Zhao'*, Rongshi Chen?!*

1School of Materials Science and Engineering, Shenyang Ligong University, Shenyang Liaoning
2Shenyang Aircraft Industry (Group) Ltd., Shenyang Liaoning

Received: January 4, 2026; accepted: January 27, 2026; published: February 9, 2026

CHEREE

MESIM: EME, BT, BIRE, BRERA. Mo RS EXEE R LA ARG ERERIID]. FRE, 2026,
16(2): 103-111. DOI: 10.12677/ms.2026.162028


https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2026.162028
https://doi.org/10.12677/ms.2026.162028
https://www.hanspub.org/

B

Abstract

To investigate the influence of total rare earth content on the microstructure and room-tempera-
ture tensile mechanical properties of magnesium alloys, this study prepared three magnesium al-
loys with different rare earth contents, namely WE43, Mg-14Gd and Mg-20Gd, by low-pressure cast-
ing and subjected them to heat treatment. The microstructure characteristics and mechanical prop-
erties of the alloys in as-cast and heat-treated states were systematically analyzed by optical micros-
copy (OM), scanning electron microscopy (SEM) equipped with energy dispersive spectrometer (EDS),
and room-temperature tensile tests. The results show that with the increase of rare earth content,
the volume fraction of the second phase in the alloys increases. In the as-cast state, the Mg-14Gd alloy
shows the best comprehensive mechanical properties, with yield strength of 165 MPa, ultimate ten-
sile strength of 220 MPa and elongation of 2.8%. After solution treatment, the Mg-20Gd alloy exhib-
its the highest yield strength (183 MPa) and ultimate tensile strength (265 MPa), while the elonga-
tion of the Mg-14Gd alloy significantly increases to 15.3%, which is the highest among the three alloys.
This study can provide theoretical references for the composition optimization and engineering ap-
plication of rare earth magnesium alloys.
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1. 518

BB G AE AT LA b % FE B AR R o 4 S8 S5 AR, FL 2% B2 L AWM 75% . LLAR & 411K 35%,
HeHL RAFIINITE . PR 5 1 RS Raoe M & R A1) SRS s DR MR BB (1] IR, B & BT B R AR
PR AR S, R HIR . BUERE & U 7 . MRS ROR R S SR B B
KTk 3 B J3[2]

SR, AL G AR B G B A7 AR SR T S BB M I A R, P F PR 7 LA e vk RE 45 AR R S R
MR — SR, AR, MEEE& T AMmLIcRm Y. Nd. Gd %), 7fLAREMIRmEEE 41 7)
FHERE[3]. Y. Nd A1 Gd Je s EBERAR P AR FARL,  #A — @ BNV BE s #nT DU SR AE S 54k, 40k
BAEESMRKR, AR TR MBS, =FhoRm M SR T e KRR —
HH, XSS T AH A RUPHAS AL RS, SR BOR B [4]-[6].

W RAER, SR VG B & IR 9T B S E BRI TE Mg-Gd R G4 . Mg-Gd R & &l B &5
R AT, (HE A &R %, 11 Mg-8Gd-3Y-0.4Zr (Wt.%) 1 Mg-10Gd-2Y/3Y-0.4Zr (Wt.%) &
S OMIESE AR RIGRE . T EE7IF AR, &R Y O HUR IS S AR S HLER,
K& Y JCR BN ENA - B AUC B G &P RRAEE H , (FIZSE BN S 1% i Y IERG &)
WEREIR TIOR3 . PMREZ[S]HIA T Mg-9Gd-4Y-0.5Zr (Wt.%)EE S G 7E AR HAEBR A R 1804 )
AT RFEHATRI LA, SRR, SHSHE, BRURHE, MRERIUH RIS RER, R 7E
HHENASH AT, RO Fe s it ditERE. H.R. Jafari Nodooshan 45[9]t % Mg-xGd-3Y-0.5Zr (x = 3~12
W) &AL, BE Gd & I8N, & S BCRE M, 24 Gd & &i5F] 10%H, Mg-10Gd-3Y-
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0.5Z(Wt.%) & 4 ) S JIR 58 52 5 iy 58 B 43 79 ] ik 245 MPa A1 390 Mpa. S.M. He Z£[10]1#87% T Mg-10Gd-
3Y-0.4Zr (Wt.%) & 4 7E 250°C %5 B 250 72 1 DU B BOZE 21T 47 4 (SSSS— 4(D019) — B'(cbco) — Ba(fec)
—pB(fcc)), FHAaH MIEFOIR AR BAH 2™ AR IR (E I FE X DGR, I HaZ BAHAE 250°C T HA i vk e M.
AT CUESER Lo B A SR rREIER, (A La & & 5 AL EE R 5 m B & 4 20 41
A SRR A FR s — 20 RS .

AW FIRI P A 4 WE4A3. 44 Mg-14Gd SOl s A4 Mg-20Gd NHFFExt 4, @
T LA =R A SRS S P S T I RMA LS J 2R R, Rt R S B S A i A
A SRR IRIENLE], ABEIE MG LB SRR BT 5 TR R SR SIS AR 4 o

2. SEWMB ST
2.1 SEEMRIHIE

A28 B FH JER R v 2 BEAE (LI 99.95 Wt %) 41141,(99.95 wt.%) . 4li%4(99.95 wt.%). #li%4(99.95
wit.%) S Be e T [A] & 42 (Mg-30 wt.%Zr), i HL AP R % WE43. Mg-14Gd. Mg-20Gd =& 4. 14
IR R g ERE TR, 76 740°C~780°C FHARL, AFEIENGE (L 99.99%) T f71, Bkt
WAL FEIERIE ARG, B RE R R IS S, B 500 r/min FIFEESBEHE 30 min, TRk
S50 BERRIEAR BN R B LR R, R R S s T2 R, /43R5 1000 mm
x 500 mm x 20 mm R . R HLUEGRE & 45 B TR SDGTE AL (ICP-AES, A5 iICAPT7600) Il 5& #i 1) 5k
BRAGFE RSy, S5RaE 1. HERRA, WE43 &4, Mg-14Gd &4 Mg-20Gd & 4 i Lt % (Gd.
Y. Nd)ESEHNNL 7%, 14%, 19.4%, =MEEHSE/DE Zr oz, v SISk 1E - o

Table 1. The actual chemical compositions of the three alloys (wt.%)
F 1. ZMEEMNERRMEFER S (Wt.%)

B 4 S A Gd Y Nd Zr Mg

WE43 1.33 3.22 2.45 0.52 Bal.
Mg-14Gd-0.5Zr 14 - - 0.23 Bal.
Mg-20Gd-0.5Zr 19.4 - - 0.83 Bal.

22. HRAETE

2% O T A S TSR IR S R, € =& S EFAAE 28, BARIER 2 fos. RS
N\ DFH-3-6 RUAFCR Y, 454 2 ZHAT IR EE, I e BCHE R BB R R fh RN 80 C AR A K,
DA S —ARE R A R i i, SRABENVAS RS (IC A T4 Z5). 15 BONAE 2 A B o DRl 5 L 2 78
RGN RS FE R (T6 25).

Table 2. Heat treatment parameters of three kinds of high rare earth magnesium alloys

® 2. SR EESNALIESH(11]-[13]

Hails [ 9% i 2
WE43 525°C x 8 h 250°C x 16 h

Mg-14Gd 510°C x5h 225°Cx 16 h

Mg-20Gd 525°C x 24 h 250°C x 3 h

S
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2.3. EWHE

2.3.1. tHAMER

K65 27145 (OM, Axio Observer Z1)FIfC £ BE ik 4% (EDS) i 43 HL 8% (SEM, PhilipsXL30WSEM-
FEG/EDAX) M EEFE MO ZH 2 o NGB S AR AR B 5 B b A D11 RS2 10 mm x 10 mm x 8 mm ()4 4H
FE, A 800. 1200, 2000. 3000 A1 5000 H#P4GEXAT B S, KL W15 4 NIA Il 8 0%
T, 2 J5 RT3 E A% RS BV RS T e AT R o
2.3.2. JIEMEREMIR

BRARMBEHI G, MWEEIR L 010 x 70 mm . SRJE 00T M1005 BfrdEh i, 7EE T
HEAT HAR LI ) e RE . BUR VAL A2 FE Dy 0.5 mm/min, &EZH 3 ANFATIRRE, WAL, 352K H
FEMER R SRR ST R TVEREHE A FE 1 GBIT228.1-2021 (& @ikl Fifiikas 28
184y IR L) #47. B EE R R B R LA 1.

1.5X45 °
L
(o)
X
S S
=
N
10 35
60

Figure 1. Schematic diagram of tensile specimen dimension (mm)

B 1. iR R R EE (mm)

3. KMHERS 7
3.1 WHER

SMESEHER T4E. T6 A PR EMALWE 2 fx. BE 2@)~C)rrHm, HaaaH5
BIAFAE B R B8 —AH (LD i Sk s B X 4k), FLBEE RS Lo s, 58 AR BOZ Mg 2 - WE43
BARRHTE MHERE S, Mg-14Gd FFE 25 ZAH 2 IREL M, Mg-20Gd # AR A EE —AHE
TV G 25 (1) IR AR B AR R 43 A1

Ak, BT =R G S A RSHFE B35 22 7 (56 3), M L& BN, SRIH e i hn 5 b 1
(14 3). WE43. Mg-14Gd 1 Mg-20Gd &k R~ 739 47 pm. 106 pm A1 107 pm. X —ILRATRES
ML REEML: G&PIRLEERS, G&RMNSIEaEZE. FREZESEE SAER K TES,
FEEEE B, W EIEEENS, S B R RHR .

WA fE (T4 75, & 2(d)~(F), =Fh&E&rBMALURERERN: HALKILHSMHEILT BN
o-Mg FEfR, BB AEE RIERD, SRLRSTE P k(K 3), Hrh WE43-T4 @ ki K (145 um), Mg-
20Gd-T4 SakifR/N110 pm). I HAE Mg-20Gd & <5 I A7 7E AR T8 RV R I 5 Al . 1K B T (VA A 3t
e, BARJEFPHGRE U35, SRURAE SRR, M@ L& &E &R D8 A E— TR
EGRE NSt AN A A SN SR XS

IR(T6 A)AEHLG, =REarh A S MM . Mg-20Gd & 4 8k A HBLAR 22 BE0R 1 58 — AR (]
2(i)). WE43 &4 5 Mg-14Gd &4 1R ST T4 86 Frigh, JRRTE TR Lo R R 733K, a8k
R [ P AR R 2, B B TE i TR SR, X P O SR BB AT HL A 3, il T b 2 5 1 ok K. T Mg-20Gd
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Figure 2. The microstructure of the three alloys before and after heat treatment under a metallographic microscope. (a) WE43-
as-cast; (b) Mg-14Gd-as-cast; (c) Mg-20Gd-as-cast; (d) WE43-T4; (e) Mg-14Gd-T4; (f) Mg-20Gd-T4; (g) WE43-T6; (h) Mg-

14Gd-T6; (i) Mg-20Gd-T6

2. ZMASHAIERIFHNESHEERMALR. (a) WE43-557S; () Mg-14Gd-$575; () Mg-20Gd-$57%5; (d) WE43-T4;
(e) Mg-14Gd-T4; (f) Mg-20Gd-T4; (g) WE43-T6; (h) Mg-14Gd-T6; (i) Mg-20Gd-T6

Table 3. The grain size of three alloys before and after heat treatment (um)

*® 3. =ZMEESRIERT R ERLR T (um)

G KA TR WE43 Mg-14Gd Mg-20Gd
B 47 106 107
T4 145 137 110
T6 132 124 129
200
180 —— T4 ?éF»
160 —a— TOHE
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;E:qi 80
E
60
40
20
0
WE43 Mg-14Gd  Mg-206Gd

B (vt %)

Figure 3. The grain size of three alloys before and after heat treatment
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SMEEEHS SRS T SEM BMAS WK 4 k. BE 4@)~C) T/, HBEEEF, b
FFEZEDWTERR A0 T T, 3 R ILFARAAAE T RN, Hh A XN a-Mg 24k, AKX
B LIRS M.

FH %28 S5 [ 141 SO R I, WEA3-8525H 158 A E 2N Mgaa(Y, Gd)s Il GdMgses #, Mg-14Gd-#545
5 Mg-20Gd-#545 I 58 A EENE & Gd LAY

[ AR B (14 4(d)~(F)), WEA43-T4 lFf i 3L AR B A SE 20 8, (R EE S Y. Zr iR A
BARYA(E e Nd 5 O, O & Al Al Tl & AR R 4 Ak); Mg-14Gd-T4 1, K¥isre8
MR, BEEDERAGKRSE M. M Mg-20Gd-T4 &4, I KERAGIRE AR A6
B A(E 3(F). MIrER AR ELGE, TEAS T TARIEARSE A (E 40)~(0))-

Ma
700x

Ma T ¥ LR
700X 20um X

~

Figure 4. The scanning electron microscope microstructure of the three alloys before and after heat treatment. (a)
WE43-as-cast; (b) Mg-14Gd-as-cast; (¢) Mg-20Gd-as-cast; (d) WE43-T4; (e) Mg-14Gd-T4; (f) Mg-20Gd-T4; (9)
WE43-T6; (h) Mg-14Gd-T4; (i) Mg-20Gd-T6

4. ZMHAESHRNIERTEAIIHEBERMAL; (2) WE43-4EES; (b) Mg-14Gd-$575; (c) Mg-20Gd-4575; (d)
WE43-T4; (e) Mg-14Gd-T4; (f) Mg-20Gd-T4; (g) WE43-T6; (h) Mg-14Gd-T6; (i) Mg-20Gd-T6

3.2. EimhfHitae
=M E SRS SRS TR SRR AR 5 Prn. & 5w, AT, MEMLTE
B, AErE R S hURR A R WE4S (18 IR5E L S5 iR s 43 5 137 MPa Al 195

MPa, Mg-14Gd $#27+% 165 MPa £l 220 MPa, Mg-20Gd #f— 512 226 MPa f1 269 MPa; {HZE{fR U]
IR, WEA3 ZEMHZ N 4.5%, Mg-14Gd f& % 2.8%, Mg-20Gd NI ELEE & ZEMGETEWTZE, oMl E AR .
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Figure 5. The tensile mechanical properties of the three alloys before and after
heat treatment

E 5 =MEaE&RLERIRIEHNF R

EAEL S (T4 &), G &M RS R A SR : Mg-20Gd-T4 75 LR 5 5 = 1) J R o A (183
MPa) 5 it 38 % (265 MPa), (HAHE T- #5508 6 T B, X2 B T30 28 AV -5 508 —AHBR AN 55
T [V SR AN B H i, 1 SRR A S B ORFF R i 7K Mg-14Gd-T4 (1)) I8 5 (109 MPa) iR %57 i
E N, HREPER R 2 15.3%, BUN =Fh G4BT AL URE, 1 U5 R T [V A 21 S 53 A
IV, THER T B OIREE A, RISk K ORIR BE RN, AR T B 5E T WE43-T4 1) e il
(143 MPa) B A0 - F, PihusmfiE(182 MPa)ig A T %, IEHZE(5%) I AME, RUKMR LS ES
G Nk 3] 95 A R A BRI AR . P BT ST, WEA3-T6 (1) AR 58 A 181 MPa, Mg-14Gd-T6 ) it AR i 5
4 194 MPa, 1fii Mg-20Gd-T6 7£1A 2 JiE Mk i 5t L4 K AE M. WE43-T6. Mg-14Gd-T6 Al Mg-20Gd-T6
PrHisRSE 37 246 MPa. 256 MPa 1 189 MPa. HHIEIRT R IL, R T, Mg-20Gd-T6 ffthsiE K+
HAhmfh G4, HEBEMEBAL, BIXMILRERZ, Mg-206d &40 Gd St 2, fEhiflE, &
GirE AL, RAERATIRMIN S . BEM LS ENEM, SRIRE T AHREEN S, KRR A
ARSI A s, FEGRE . BT E.

3.3. fIfhERT O

SME ARG SSRGS T S IR I SEM JES K 6 Fros. H1K 6(a). & 6(d). &l 6(g)FT
H, BEASWT RS, A7 AE AR BT T (P o 20 6 Sk B i ) R 280 (b i S ), SR I S BY (1 e
PEWTZL., [EvALLER S (& 6(b). & 6(e). &l 6(h)), WE43-T4 Wi IJES 555 ZRA K Mg-14Gd-T4 K[
IR BT S B0 5 (K] 6(e) B (o di Sk idR), RIUIMALPINERIR, 5 {h T RIE ST 45 R —
#; Mg-20Gd-T4 Wr A7 LEfRREFTH (4] 6(F) 2L gk AT ta). &It i b B s (& 6(c)~ & 6(f). 1A
6(i)), WE43-T6 &< W I AFE MR BT, & T A& . 1 Mg-14Gd-T6 1 Mg-20Gd-T6 7 1
AR 2 WA A 240E, Mg-14Gd-T6 Wr [ REE 2 W B fb AR BRI 2L, 17 Mg-20Gd-T6 B2k A= ifatk

ARG, BEGETH, Mg-14Gd MZEA J1EREE L . AT Mg-20Gd & 4 HAR i iR S S 4t
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Figure 6. SEM room-temperature tensile fracture morphologies of three alloys before and after heat treatment.
(a) WE43-as-cast; (b) WE43-T4; (c) WE43-T6; (d) Mg-14Gd-as-cast; () Mg-14Gd-T4; (f) Mg-14Gd-T6; (g)
Mg-20Gd-as-cast; (h) Mg-20Gd-T4; (i) Mg-20Gd-T6

[E 6. =& SHLIEAIFFR SEM ERAMUTOFSR. (a) WE4S-$57%S; (b) WE43-T4; (c) WE43-T6; (d)
Mg-14Gd-457%5; (e) Mg-14Gd-T4; (f) Mg-14Gd-T6; (g) Mg-20Gd-£57%5; (h) Mg-20Gd-T4; (i) Mg-20Gd-T6

4, &5ig

1 W& ENHFESEE SN EMASNEG BERIEEN.: AL S S8, %5688 M
SPBCERY, SRR ST BN H(WEA-#5 45 47 um—Mg-14Gd-#675: 106 um—Mg-20Gd-#4745: 107
pm); FENAACERSS, BB AR EEME, siimo, Bk b E B S S R K /N (Mg-20Gd-T4:
110 um).

2. JIEEREIINAR I B, MM LS ERIN, &4 R0 S5 huh o g #i8(Mg-20Gd i, 4
BN 226 MPa. 269 MPa), {HZEMIZRi#K, Mg-20Gd & AEMEPERTZE; BALELE, Mg-20Gd iR =
WEJE, Mg-14Gd ZEMHR KIEFETH 4 15.3%, BN R AL RAE, WEAS i [& 7 Ab B BUB M AR I 2 3
J&, Mg-20Gd 7E & IR ATl Hrhiss BEAR T FAh P Fh & 4, WE43-T6 AMFENTEL, Mg-14Gd-T6 RIL N
AR REENT R . B575 Mg-20Gd A 4 5 A M 1 I 2R (P AR A DR IR 2 v s 1 B B S 36 A K E AT H I Ak
TELRIRZERE, L5 5 —AH X A AR S IR Y Je, e n | Rtk e

LA ISR SYEE, e A RN Mg-14Gd & &4 AN G A RIS E IR SRS 1 ERE,
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