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Abstract

Five Mg-Zn-Zr-xYb (x = 0, 0.6, 1.2, 2.4, 4.0) magnesium alloys were prepared by using a special
melting method that the pure elements were sealed in tantalum crucibles and melted in a furnace
with the temperature program-controlled. The effect of the ytterbium addition in the alloys on
their microsructures and mechanical properties was investigated by using the optical microscope
and scanning electron microscope with energy dispersive spectrometer. The experimental results
indicated that the grain refinement of the alloys is attained after the addition of ytterbium. Ytter-
bium is also useful for the purification of grain boundary. The best grain refining effect was
achieved in the alloy with the Yb addition of 2.4 wt.%. The EDS analysis suggested that the ytter-
bium content in the magnesium matrix is negligibly little. The added ytterbium is present almost
wholy in the eutectic mixture. After the solution treatment and aging treatment, the hardness of
the magnesium alloys increased. The 125°C aging time for the magnesium alloys without ytter-
bium to reach the hardness peak is 10 h while those of the Yb-added magnesium alloys are short-
ened to be about 3 h. The alloy containing 2.4 wt.% Yb has the highest aging hardness peak.
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BE RN AR RENSBEWME, ©RA MR, FHEERIFER S, )2
B FHUSHIR . 34 Tolky BRSO FUR[1] [2]. 15 H ATEEA S AA (e sm B MR . i AT il 5 22 45
AR, XK IR G TS RN . BEARERI, B ITER (RE) NN BE KM 2 32 86 e IR 1 i B2
e tEse. W, HEi o ibr) Mg-Y-Nd 5846 4 (i0 WES4 F1 WEA43) B A BT M 256 1 g (hr il
EFE. WERE. AEFEME. mIEYERES) [3]. A, Mg-RE REEA & IE AR & BRI W, Fffre
A ERA T, ARTIXRES SR, Rk, B &8Ok BN & SRk (EA B E R
KRG 41kRe), RIFARHMEVERES S UAEENH K. BN, TR BRI ES &R mIEREE SN
RIEEH[4]. Mg-Zn-Zr & 47— TR R S IE 8 & & (8 W ZK60. ZK61 fil ZK31 5 &4:), (H
B RAEMMBS, FARR MR . TR, MEetMUBSEESES & BMA RN, mnHERE
207 0 Ve 5 P2 T 5 PRI 2K ), 53 SRR 5 e P 0 2 I R R IS RCRE Ak e 2 [5]-[ 7] Mendlis &8 A\ [518F 5T
KO, [FIRAIRER Ag Fl Ca BB N Ag Bk Ca B fig 3 HiLBR T+ Mg-2.4Zn (in at.%) & 4 i 2o
A LA, 80 Zr REE— 2 41k Mg-2.4Zn-0.1Ag-0.1Ca & 41 dbki. Du 25 A [6]41 Langelier 25 A\ [7]
FIRE L4 R oR, [RIBAINGEE & 4 0% Ce Al Ca AE IR #1403 Mg-Zn &4 1B, KIET
BEMmEMLEN: . Mg-Zn-RE REEE S PAE KA LM ELH, B M HAMEFRFE K Y. Kawamura
(8] VR il 4K o W01 3 HE MR A A58 1) Mgy Zng Yo B4 42 [9], KB A HE S SR Bt & S NS T IR Kk .
24, KT Mg-Zn-Y-Zr 2GS IR Z HA K Mg-Zn-Yb-Zr B4 &Mt ik iE@ =0 . Yo 2 i1k
HEECE AW g TR, Bk Sc A5 Mg RAES— AT EE M L& EoER, IR
HALEY) YOMg, 5 Mg-Sc & 1 EALE Y )-ScMg —FEE AR S AR el . T30, X7 5
[101WFFC & B, /D& Yb AEfl ZK60-xYb 54 4 (in wt.%, x =0, 1, 2)fbifF LAR E ik, & & imfE i E
. HELEN HB(TEMMEZE TR, I 2 wt.%Yb [ ZK60 & & 7E MBI FEsh 4T H T AE%
SRBAE /N ERIR R AR RURL, 28 T6 FAL PR 5 15 2 B AT tH ARSI yR BRI &) o A SCH A 78 Yb X% Mg-4.0Zn-
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0.5Zr G e [V LU R (0 B SRR RERS I, & OV RM - & BB & ST 5T AR
PERATIEE T.
2. SEER

ARG LL Mg-4%Zn-0.5%Zr B: 4 & ARG 4, #1%& T — RIIAH Yb & &EH) Mg-4%Zn-0.5%Zr-
XYb (BN E b, FE)EES 4. 858 &AW 1 AR Bl 285 SRR N, 4i8:52(99.9%).
ZEEEE(99.9%) . 45K (99.9%). 4li4E ki (99.9%).

T, HURIT B 2R IEAM BRI R ZE, FR5 i R PR RR S 0 1 R IS, SRR A
FA U E R 28 Ar SUR R EPETE Ta s . B350 Ta R — D BB Ao, H)g
N 700°C Y B, 2218 THE E 900°C HARIE 3 /N, FRHEMIREFRKE 750°C, B A7 5 - mlia
PEE AT KT . BEREMT AL B AL, AL B B4R BITE 320°CIE 6 h A1 12 ho [ AL )S (1)
B &0 125 CHHATI R . BE A S IR R /A : 5 g T5IRER + 5 mL VKEEER + 100 mL JE/K ZEE + 10
mL 20K, &4 BMAL SR E LeicaDMA000M A RERY G HH S AMEE, A 3 IR FH 35 [ AR A
MicroMeter®5104 iR A 45, A EE IR 100 of sk, hn#kisia A 15 s. &4 & LI K b
43457 FH NOVATM NanoSEM 230 37 & 544t i s

3. &RETiL
3.1 Yb SEMEE RAALRRIR M

1AM 2 3 BN TE Yb & BRI Mg-Zn-Zr-xYb B8 & i B i 7 SR . il 1
A LAE H, 7E Mg-Zn-Zr 8GR/ 2 10 Yb 03 T LR 3B BEEEEA &M B AZH R, AN Yb (1) Alloy-1
G4, HERBOHK, SRRNAYE . BEE Yb SRR, &40 8RR NN JREL AR E
ML M Yb F RN 2.4%0, SRIANGEH L, Yb SRS, SR NEARARAE . A,
BRAEHTAHEERR, HAERERER, ik, B2, Yb FiINEESE T &8N M
g, AT R IE 2 ATRUE R, BEE Yb RGN, B AHEIE: Y Yb SRR T 1.2%H,
KEH R BMCIREE MM . Forf, 15 2(F)8 Alloy-5 & &R R FHHE T 2ME A, BERTLLE K
B AHZERARTH, AR AR T A SRR, (HRRREE T B A2 BRI A 1 5 R

Ve 3 A 4 43508 Mg-Zn-Zr-xYb B4 & E1¥% 6 h Al 12 h JE G BAALSUR A /LA, 444
i Ab B G R — RS, BORER RPN EE YA XTLGIEE 6 h F1 12 h G4
Fet, Alloy-4 &4 [E% 12 h J5 7 S EE N 6 h /b B9, [EE 12 h &&FF R EH S 6 h &aFF i
PRI LK . ] 5 9 Mg-Zn-Zr-xYb &4 [E¥ 12 h J5 i SEM JR -, STELE 5 fE 2 v LUEH, [EiE G

Table 1. Chemical compositions of the alloys

F 1 BEUERD (%, RESE)

Alloy Mg Zn Zr Yb
Alloy-1 Bal 4.0 0.5 0.0
Alloy-2 Bal 4.0 05 0.6
Alloy-3 Bal 4.0 0.5 1.2
Alloy-4 Bal 4.0 0.5 24
Alloy-5 Bal 4.0 0.5 4.0
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Figure 1. Optical micrographs of Mg-Zn-Zr-xYb as-cast alloy: (a) Al-
loy-1; (b) Alloy-2; (c) Alloy-3; (d) Alloy-4; (e) Alloy-5
1. Mg-Zn-Zr-xYb & &85 F B HEAH

Figure 2. SEM microstructure of Mg-Zn-Zr-xYb as-cast alloy: (a) Al-
loy-1; (b) Alloy-2; (c) Alloy-3; (d) Alloy-4; (e) and (f) Alloy-5
2. $67% Mg-Zn-Zr-xYb &% SEM BB LR
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Figure 3. Optical micrographs of Mg-Zn-Zr-xYb alloy (Solu-
tion 6 h): (a) Alloy-1; (b) Alloy-2; (c) Alloy-3; (d) Alloy-4; (e)
Alloy-5

3. Mg-Zn-Zr-xYb & &[Ei% 6 h KF R MBS
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Figure 4. Optical micrographs of Mg-Zn-Zr-xYb alloy (Solu-
tion 12 h): (a) Alloy-1; (b) Alloy-2; (c) Alloy-3; (d) Alloy-4;
(e) Alloy-5

4, Mg-Zn-Zr-xYb A& Ei& 12 h XF ER/ALR
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Figure 5. SEM microstructure of Mg-Zn-Zr-xYb solution alloy
[E 5. Elia#s Mg-Zn-Zr-xYb &% SEM R A E R

FHITE AT, AT AR FEANBA R, ROV SV NS AR, G561 6. [ 7 seilk g
WA, Yb JUEREANIERAR A, B R EEEICR N Zn. t4L, Alloy-4. Alloy-5 H (1HT
HH A I A2 DA R &5 44 HH B

6 A5 7 2128 Yb &5 0.6%F1 1.2% & 4 B AN 58 —AH IR 1E B3 /0 A LU . P R i is v]
DS H, WnpissL Yb FESAMESR A, AT FAERL Yb.o A48H Yb IINES 2, Hrif
R Yb FEWMEEERZ, alloy-2. allloy-3 12 A Yb & &7 15.92%. 23.43%. Ltok, #riitd
o Zn S B S EMR L Yb SR 0t AR R .

3.2. Yb MEE€HF MR

1] 8 2 HE AN 320 CIENAZS Mg-Zn-Zr-xYb B4 & 1 B AAE B2 BE Yb & & 120, W AT DAS H,
BEGEME Yb SENNMN, SRR, 2 Yb BR8N 4%, BEGEEER 645 HV. S
BHE SN —EEER LT, Yb & & 4% RE S R R B . 24 Yb R ECA 2.4%1)
G&E 6 h I, FEAEEE B KIA 67.4 HV. S & 12 h JEHE 1 6 h BEEEH BT R, i PR 2 [E 5 i 1R
BEK, AR B,

9 M 12 h GEFEREE RYIN UG, G 400 R Aons R i i 5oy 1] 28 4. I T LA
FE I T A (I R 8] 25 1h), 5 ASE 4 R RE 5 R B 14K, U 4 (AT AR D (B 22 & )
DR MG T P AR A AN K GREERT R, A SRR BERGE BFF, JUHZ Alloy-4 &80 F AR, i, FRE



TP, AR

c:\edax32\genesis\genmaps.spc 19-May-2015 00:31:21

Secs: 14
321
D1 ® /% at/%
2.6
Mg 63.15 86.43
1.9 Zn 19.91 10.14
KCnt| Zr 1.02 0.37
134 Mg Yb 15.92 3.06
Total 100.00 100.00
0.6 7
Z
Yb r Zn
0 0 - —~ 1 T 1 1 — T U T T
70.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
Energy-keV
c:\edax32\genesis\genmaps.spc 19-May-2015 00:31:50
Secs: 8
3.0
241 D2 /% atl%
Mg 96.41 98.68
1.8 Z 3.12 1.19
Mg n
KCnt Z 0.47 0.13
1.24 Total 100.00 100.00
0.6
Zr
e Zn
0.0

000 200 400 600 800 1000 12.00 14.00 16.00
Energy-keV

Figure 6. SEM micrograph and spectrum analysis of Alloy-2 after
solution alloy

6. Alloy-2 &4 BIAZS SEM B R EGE SR
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Figure 7. SEM micrograph and spectrum analysis of Alloy-3 after solu-
tion alloy
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Figure 8. Variation of the microhardness of the as-cast and solu-
tion heated alloys with Yb content
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Figure 9. The aging curve of 12 h solid solution of Mg-Zn-Zr-xYb
alloys
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