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Mg-8Sn ZRiES 4 SPS #I& K HA L 4E

X FFE, EX, M, RIEH
(ORJRBE TR BB TR 5 TRA I E M E A E, (v KR 030024)

B E:. BT Mg-8Sn REEG S HAEAFNME . WA B I T, RA R A5 87545 5% (Spark plasma
sintering, SPS) 7E 530~590 Ciil# T Mg-8Sn-1Al-1Zn 85454, WS SMIMAMAL . WA, Jy2#PERER IE th vk bk
AT THEST . SRR BEAESNEMALH a-Mg Al MgSn AI41%, Mg,Sn Al S 4b 4. fEHIFREE N 570 C
I 528 B B, IAE 215 MPao SABREEIRJE N 590 °CINEE S S I vhvk e i, I H A6 2 1 Fh A el B AT e
T ESY B A-1.5218 V I 1.9632X 107 AJem®, JXF B A HH T MgoSn 76 BURL#Z 4730 S I0AFAE, %t a-Mg 2 BIRY 1E H .

SR B T4 Mg-8Sn-1A1-1Zn; TOWAIZR, 25 sk e, i ik

REESES: TG146.22 XHERFRIRED: A

XEHS: 1002-185X(2018)07-2159-07

Mg-Sn R4 LU g AL i el vk A S B
YUTE TR A 5 B S VA A AR T R 3 R R 5 1 B
Mo Mg-Sn RA 4 Y Sn A il 8% 4 B,
B A RIUH KA AR PSR B FIE P, 2 Mg A
Sn, A —FrEiRE . AT A0 Mg,Sn,
5 A E] 1043 K (770 C), W R BHASBE 4 4 i It
MR, MMt s o e SEA R T . MK
SCHRF . Mg-Sn —Jn & e s e o FE ] DU —
AR EEA & ERE, BN ALl Zn 2550 & W] LUAE Mg,Sn
MBS e S A S, R MR kAR T,
A2, Mg-Sn R & & A7 /E 7 5w AT . 2R A0 A
Mg, Sn 5 RH A0 55 1) 8 SUBE A 4 1) M I PRI

KL G5 38 T 1L % Me-Sn RE&Hl& TEHE
A HARL A KoK, A iRl 2y T o T 80 F 55 1 0%
4% (Spark Plasma Sintering, SPS)J7 i H A T 3 F5 B |
Pegh i (e R . A ENIRGE . AM 0 g e gl AU T 4R A
P, AT AT RLBE Ak R R BT H AR S A BT S5 1) A 1)
P X R T SPS B Rb R, SR A H RN,
FE Joe S5 W) WTRBURE 2 T8 2% 7= A= J 358 1 2R iy 30 FL R 45 5
A, VAR ORL R T, AR OB 2 R T B 45 300, Uk #5
TR IR RO AR A, JORCR T s 4k, IR HL
A fE HB oy 7% g B0 R S K K T & R ML
00 R R B Ak, 3T SR R
il o 3L T L3R SPS K A1, [ A AMH 9G24 34 K H SPS
BRI 2% T84 LT SR B,

AWFFR M SPS JHiELE 530 ~590 C il &

i HER: 2017-07-12
EE&mME: ExAREEIS (51375328)

TEBEIT: X057, &, 1990 A, fid, OKJsU TRSprRL R 5 TR

Mg-8Sn-1Al-1Zn &4, & HE&MBHE (OM) . A
RERE(EDS) 1 471 4 FL 85 (SEM) X85 4 4 R 1O 20 431

AT TS, RH X 2T 5 (XRD) SO 85 4 A B 11
YA BSEEAT T o0 8, i 7 se iU B A s
ik e AT IR, SR A H AR 2 A X R 4 I el
PEBEREAT W 5 ML BR AT T it .

X %

JA M B B S B R 1 R . %
Mg-8Sn-1Al1-1Zn & 4o Lo, FREUSRM B K &
REERBENLIEATIRFY, B3R 1200 r/min, BREE LA
EHERRLEE S 5:1, EREEIFA] A 120 min. KBRS J5 1)
TRA R AR E T A BB AT e 4s

K28 IR B s i (SPS-331Lx) X EE A 4
AT RS, BRI 4y 9k 530. 550, 570, 590 C,
BeLi k714 40 MPa, RIS 8] K 5 min, THE#E RN
45 “C/min, Ke4h R E BEI A AT, Bedh 5k FE T R
@20 mmx5 mm.

PR A ARFEREATHT IS . G AbEE, Kb 35 SR
PhF GEMRER 3 g, BSER 10 mL, ZK18/K 10 mL, 4F%
50 mL) SPAFEHEAT R ik, Pl (]2 5~8 s SRS,

Fz1 EMBEMESH
Table 1 Parameters of material

Material Mg Sn Zn Al
Purity/% 99.5 999 999 999
Average particle size/um 100 0.05 30 25
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K H 4 AH 5 0BT RN L AT A 5% (EDS) If1 41 41 HEL 85 (SEM)
XREG SO A AT T SR . SR A X S e fir i
(XRD){X 454 EDS Be il 0 85 & 4 b A 4 s kAT
Mo SRHJT 6B HL(D2-20)k 47 25 dh o B ik, ik
FERSEFAN 5 mmx5 mmx20 mm, JI#EEE A 0.5
mm/min. & H 91K IR A (G200) 0 85 & 4 ik X )
LVEREREAT IR . AE WA, RS TAE
Sl 0 B A A R R ol PR BE R AT DU, R s Rk
3.5% NaCl(Jii & 4 50) -

2 LRV

2.1 EfELR

B 1 AR g NS A A AL 2%
o BT LUE Y, BEE S IO 335 b I b6 Joks &
J5 G ROk 100 5 ST R AR AT A ZE e (I 1 sz 2 ik
IS JEULE UKL 0 S () ST, R A R R et R I T B
FhOo THURL N A OB, BT HR R A A T RORE 5 O 1) 42
Hhb o BEE AR T, SRR E S, iR
LRURL I AR AN S o X2 T SPS PR 5 v H)
U ORI S BORRK RS, AR URL R A R K

Bl 2 AN R pe gl B8 R BG4 1 SEM U el 8]
A LUE Y, Mg-8Sn-1A1-1Zn &r4x 5 5 iy B 00 X A1 K
O R, Z AT e 738 a-Mg FEAERT Mg,Sn
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A, I FLAT LI b oG 28T AT VR B h SR 10 5 5 T
Mrih, B AREOE S /AT, X & BT SPS SRES IR
L UK 120 5 G T A A7 AE R v il AR ST A R AR T Ak
RN A bE S BE T R, BT H AR )R R A 4
T, 32 BT S A 1 e B il SE TR o A T I

Kl 3 A ANFIREL I R EEA 40 XRD KBl
mE A LA, Mg-8Sn-1A1-1Zn 54 T8 il a-Mg
AHFI MgoSn AHZH J, A74E Zn AHAN AL AH.

K 4 JEBEANRE A 530 C R BEA 4 AT H AT IR
1) EDS Je & Zed 4. i aT &, fEHT HAH I Mg ot
FZHM T, Sn LHEAH LT, AlL Zn TR ME
H R  Mg-8Sn-1A1-1Zn 7 [ : Fe A4 AH A% it
J¥: L—L+a-Mg—a-Mg—a-Mg+Mg,Sn— a-Mg+Mg,
Sn+y—a-Mg+Mg,Sn+y+yU""), A4, S A kR R &
N A Mg+Sn—Mg,Sn. Al. Zn JC & JL 3% H KA1k,
ifi X% MgoSn [R50 A 47 i AE T 7. 18] 5 J& 4 SPS it
i v R F T N i B . A SPS BESEWIERIN B, IR
U URL R R 2 RIA7 AR B 4 s BB 5 096 &5 T 00 1)t o
g G535 RE B T iy, BEUREL 5 B8 TR 2 T D 22 fd T R
B, BESBZ MR TFRYH, I8R5
I8 5 8 2 R R AR 2% I N, A8 S AL TT 46 2F Je AT
A MgoSn; i Be4i i BT, BES B Z ML
N 78 4 BEAT A B JURL 1 2 T <4 2L T T H A
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Fig.1 OM images of Mg-8Sn-1Al-1Zn alloys at different temperatures: (a) 530 C, (b) 550 C, (c) 570 C, and (d) 590 C
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Fig.2 SEM images of Mg-8Sn-1Al-1Zn alloys at different temperatures: (a) 530 C, (b) 550 ‘C, (¢) 570 °C, and (d) 590 C
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Fig.3 XRD patterns of Mg-8Sn-1Al-1Zn alloys at different

temperatures

Mg,Sn )25, ML ENG G456, IAMRL &, B
Mg-8Sn-1Al-1Zn A 4. Kk, 22 Mg,Sn AHTEEE
B AR T ZARER, WNIHIRLE o-Mg Fl
DR RNV Sn A T RS SR TR .
2.2 LHEE

Bl 6 & Mg-8Sn-1A1-1Zn & 4 = 285 dh N 77 -
Bihd. HE 6 A, FediiEEAE 530~590 CHY,
BRG A s BE BB T G B AR a3, AR EE N
570 CHEEG G i m, AlIA 215 MPa.
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Kl 4 Mg-8Sn-1Al-1Zn &4 AR LY EDS JG 2 2414
Fig.4 EDS element line scanning of particle interface in Mg-

8Sn-1Al-1Zn alloys
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Fig.5 Schematic diagrams of particle interface reaction in SPS process: (a) physical contact, (b) little chemical reaction, and (c) complete

chemical reaction
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Fig.6 Stress-strain curves of Mg-8Sn-1Al-1Zn alloys
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12 55 AT A A

Bl 8 Ay 4l oK s I I 0 AN [7 g &5k B 3l 7 7
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Fig.7  Positions (a) and schematic diagram (b) of nano-

B 7 Mg-8Sn-1Al-1Zn

indentation points of Mg-8Sn-1Al-1Zn alloys
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2 YK IR g 0 WA [l e 4
W FEALE 1. 20 3 HIBERE . AR E T, 1.
3 RUEARIAE BE AR ZE AN K, TR 2 R
IR o MR bk, o R ARAE B T AL 7R
570 “C A1 H AH B e Bl B 1T Ak 4.964 GPa, A4 il i
15 d5e i 2.579 GPa, Myt AHAE A LE A4 =) 48.05%. HH
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Fig.8 Load-displacement curves of Mg-8Sn-1Al-1Zn alloys at different temperatures: (a) 530 C, (b) 550 C, (¢) 570 C,

and (d) 590 C

BRSO . — N A e HUBE O HR S K AR
AT Sy DI ke, XA A5 RORE 2 T w3 i AL, JF
FLAT B 38 4 26 R UWB100 T R B R, #RRE AT
Mg,Sn, fETHEHR AR, B SR R &R g, iR
FERREBEAH 22 A K .

F 3 NYOR IR MR N E . #1EE AFA [F) oe 45
W NI E 1. 20 3 BE. ARG T, 1.
3 pIERMIB AN ZEA K, AR 2 RBEE I T
BEILARAH . AR bk U, AR R R TR AR 7E 570
C AT H AR R i s, ATK 111.418 GPa, FEARMIAE E
15 H i 54.006 GPa, T AR & LLHEAA S 51.53%. H
# 3 ATHIAE 530~570 CHHT H AR R AR =, £ 590
CH B A PTRAR,  HIEAAR 1A fh s 5 00 Btk
H 4T Mg,Sn AHIHY 2 AR T4 & S s vk s,
e 1 TREHU TSR] Mg,Sn BA #U) R e v )
EReE vk, AEFEVERE DT I AL R S rERe, T
LTS F - &5 4 1 2 A R i SRR R ) ) 2 1 e
FE T/ MgoSn A7/ ZLK) Sn-Sn SEA EEU71,
2.4 WHEIRMERES T

Mg-8Sn-1Al1-1Zn & 476 P 3.5%NaCl %
WA Z WL 9. I 9 RTLIE H, AIFkedh i e

F2 B 7HRAREKLEEE Mg-8Sn-1A1-1Zn E & & REE
Table 2 Hardness of Mg-8Sn-1Al1-1Zn alloys at different

temperatures in Fig.7 (GPa)

. Point
Temperature/C ] > 3
530 2.438 4.353 2.302
550 2.533 4.496 2.385
570 2.579 4.964 2.548
590 2.378 4.849 2.286

*=3 7 AR IELEE Mg-8Sn-1A1-1Zn £ & 58
Table 3 Modulus of Mg-8Sn-1Al-1Zn alloys at different
temperatures in Fig.7 (GPa)

Temperature/ Point
c 1 2 3
530 50.717 76.948 52.435
550 52.061 99.725 48.846
570 54.006 111.418 52912
590 52.353 104.758 52.061

H A A i e AT AL, BIRR I T &L, BHAR R
WA TS TR AR, R TZ W . % 4 A
[R5 N Mg-8Sn-1A1-1Zn 4 4 IR I odt oL A7 %
HLUIL RS o FHAR T, Rl 590 C I & 41 i
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TP dp U o

Mg-8Sn-1Al1-1Zn £ 476 H1 1 3.5%NaCl %5+ 4L
PHPTE WL 10, EIS REE AT A0, BEKESE R E T
s LA O N FEBE AR /N, B it kv B AR A
590 “C A6 4 LAk 2% S L B B K, TR 8 ik g
TXTT BB DR O B 5 P 1 T i b AR 22, (AT
FHAE S UG ROk 1 F T R Se A e B A, W T8
S B R B PR AR s 570 °C R U kL 32 S T A
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Fig.9 Polarization curves of Mg-8Sn-1Al-1Zn alloys at different

temperatures

£ 4 TEIELERET Mg-8Sn-1A1-1Zn &4 RIFEHB A S BREE
Table 4 Corrosion potentials and corrosion current density of

Mg-8Sn-1Al-1Zn alloys at different temperatures

Temperature/ C 530 550 570 590
Eecorn IV -1.5447 -1.5313  -1.5663 -1.5218
ieon/*10°Aem™  8.4496  8.3842  8.5162 1.9632
—3530 C
— 550 C
— 570 C
— 590 C

0 200 400 600 800 1000
-Z/ cm?

10 Mg-8Sn-1Al-1Zn &4 11 EIS &l
Fig.10 EIS spectrum of Mg-8Sn-1Al-1Zn alloys at different

temperatures

3 & it

1) KM SPS 4 T Mg-8Sn-1Al-1Zn & 4 HL ik,
HERAE RIS, A8 ABE, FEH
a-Mg A1 Mg,Sn #H 41k

2) ikl 4 ) Mg-8Sn-1A1-1Zn & 4 (EBE 45 IR Ny
570 CHHU S5 fe iy, Alak 215 MPa. 1% 52 KA 7
J5 Ay R 120 5 ST AR T R4 AT R SR AK AR Mo S,
H SPS J5 1Ll B & G diobi AN G KK, RS 2040 oAk
MIEH .

3) Mg-8Sn-1Zn-1A1 & 4:1E 570 C R 4 ki 34
FEF AR AT MgoSn A FE T IA 4.964 GPa, FE4AAH
fili £ 15 2.579 GPa;s Mg,Sn I B e S A5 & )ik 111.418
GPa, FERAMFAPER R IL 54.006 GPa, i B4 liAfl
Mg,Sn X8 Sl 2 T AL AEH

4) FTil 4% 1) Mg-8Sn-1Zn-1A1 &4 1E 590 °C i
JE§ b P e e, T el e R PR R ik F AL R 43 Ky
-1.5218 V Al 1.9632x107° Alem?®, X Je i T 75 J5L 4h ik
5 AR R MgoSn A R IELERUIR, T A SR
TR JE3 bk
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Microstructure and Properties of Mg-8Sn Alloy Prepared by SPS

Liu Fangfang, Wang Wenxian, Chen Hongsheng, Zhang Yuangqi
(Key Laboratory of Interface Science and Engineering in Advanced Materials, Ministry of Education,

Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Based on the better strength, corrosion resistance and plastic processing of Mg-8Sn alloy, Mg-8Sn-1Al-1Zn alloy was prepared
at 530~590 °C by spark plasma sintering (SPS). The microstructures, phases, mechanical properties and corrosion resistance of the alloy
were investigated. The results show that the microstructure of the alloy consists of a-Mg and Mg,Sn phases, and Mg,Sn is generated at the
interface of Mg and Sn. The highest bending strength of Mg-8Sn-1Zn-1Al is 215 MPa which is obtained at 570 °C. Its best corrosion
resistance is obtained at 590 °C, in which the corrosion potential and the corrosion current density are —1.5218 V and 1.9632x10™ A/cm?,
respectively. It is mainly attributed to Mg,Sn existing at particle bonding interface, which has protective effects on a-Mg.

Key words: spark plasma sintering (SPS); Mg-8Sn-1Al-1Zn; microstructure; bending strength; corrosion resistance
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