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Abstract We have applied mechanical alloying (MA) to get Mg,Si thermoelectric material with nano-sized grains. An
optimal milling and heat treatment conditions to obtain the single phase of Mg,Si compound with fine microstructure were
investigated by X-ray diffraction and differential scanning calorimetry (DSC) measurement. The Mg ,Siy;; MA samples
ball-milled for 20~180 hrs exhibit two broad exothermic heat releases around 220°C and 570°C. On the other hand, MA
sample ball-milled for 260 hrs exhibits only a sharp exothermic peak at 230°C Single phase Mg2Si powder can be obtained
by MA of Mg,Si;;; mixture for 60 hours and subsequently heated up to 620°C. Sintering of the MA powders was
performed in a spark plasma sintering (SPS) machine using graphite dies at 800~900°C under 50 MPa. The shrinkage of
sintering sample during SPS was significant at about 200°C. All compact bodies have a high relative density above 94 %
with metallic glare on the surface.

Key words Mechanical alloying, Mg,Si thermoelectric material, Differential scanning calorimetry, Nano-sized grains,
Spark plasma sintering

Z1AA a3l o3 Mg-sil 9AszEe] ¥4 2 371

ol

Bxoiste AaA)gea, 7ok, 534-729
(20074 4€ 24 H)

(2007 4€ 10 HAIER)

o H dApoMe U=dAH MgSi HSTEL Axsr] st 7AF $FIHMAS L5kt e
HAl Mg,Si €MSIEES 47] Hste AF EdR7 2 XY 248 XA IFHEA T ARFEAL FEAL 0] 25l
ALSFAE). Mgy oSiyy; EUETS 20~180A1 7714 B @3 A4 ZE A|FoA 220°C E 570°C 24t broaddt &g
bg-o] AT T Mgy ,Siy; STEDE 260417 5 B2 AE)d A4 230°Ce) 73 2Evas v @
9] Mg,Si SFHES Mg,Siyy; S EES 6047 58 MAXE T 620°C7HA] Ao 2N AL 4 AU MA B
g9 Xdsl= 50 MPa, 800~900°Col|A E-dAttolE Alg3te] SPS 4AZ-S HAFATH Mg-SiAl MA EZAIg9] SPS &7
Al FE28 200°C WA BAEA B2 SpsHo R w3 AEAY Ax2A An BE AF A o|2Ux9
94% o) F439e Yl XUE 22498 o 4 sl

oz NP to
ole

LM B M= 7 JeH1). $E AT BHIN FANL
Aol FHae] Bol Bl A7 elol2Aol T
Az YA 3709 FAIAY) SHolN Qo & AEALe] eFET Stk olag HHeIA
A2 AUAE HBZ 5 e FAARE Aol silicides 7FE $ AR} T 5 ArH2-4], 59 o
ey vk @4 244383 g FAAE Fol= = SAES A U4 2 buks THLS AW
Bit} Test 2re SHBES I 7MBAo]l Umh o 2uHzAS sl G9sES AR 4 Ao
7o) e AMgTPE SRR YR woks EAlde] 1

-

AB o

—L
=

—

S

-

*Corresponding author o

Zo]| A - — M 171z)0] EZ718
Tel: +82-61-450-2491 e M?ZEIL<SOO 8_OOK T 7]} 1l Sk
Fax: +82-61-450-2490 FoA 7Heshe nd HEEAE SRS EEA FE
E-mail: chlee@mokpo.ac.kr S uy 9}]\14_[5, 6]. RE27A] 24 silicide = MgZSIQ’]



122 Chung-Hyo Lee

of SAHEAZTEA B-FeSi,, MnSi;, 2 CrSi, 5=
5ol 3k At st AL ot HA AFIHE L

HE o Lz Ashs w9 F838 FAF shiet
& ¢ drd. aEd FFd MgSi RHES ohE
silicide 3FEHES] HlEle] H]E0] 50~60 %= AEF2] 7
Zslol] vi-e- felsict.

oA AAEE AT TS #3] Seebeck
As @ A7|AEE7 37 GRS Fe Qo] a7
dch o] FoA AAAA Y] SAEEE ZAAHY vlA
slo} AAAAY straing EUAMFHOEZA AsrE 5
Atk 71414 3 (Mechanical Alloying: MAYH2 4
2ol|A] dYstAxn FAHSte] wAllo] Atk A wiE
o HAZA FFELEL HES 7T 7158 ETAEE
ggos Azd £ de whHer FEHT Q) 53
MAHS & d7e] s AR 3495 o] 714
A o] Fofel] Jste] AR Y] ZuAsiel AHA
2 W straing =UAIE F e FHA BEAR FHol
g & ¢ UH7-9].

mEt B A7 s MAHS 4

Kl ;ef“

43t Mg-SiAl &€

g Axs A} o}“v} 71AE SEst
Al #HA BdE FAHEa7 ALEAL M, Si 3RHE
T3S Sk MA 29| st 8-S A Ak
art. =3 SpsH) 23 bulkdls AAJE] GAZE &
A B3] ZuAxAS 7R AWE 2408 AnS

2. olE &H
2 S5 Me(SHE s, 99.9 %,
4973 300 Si(99.999 %, HHYE 150 um)
g ARl MAE AAEHITE doll MA R
of thale] zt dAME FEHs 3 4% 548 WY
oz MA EIE IFSGT ELRIIE iR 7t
228, 7RE Fol Thsates 7o) WHg A5l
29 A B9ir)ede] golsteg Azt

AH FEshs BB Ar 7k 297104 443

LR (Fritsch P-5)2 A8t 2287 2 E9
AL A g;%)\) tho|~7t 479 71-7—(§H}'k)_04 Z3RS
Adlsldon £7] 3[4 % 200 rppm, ®10mm & 18
N AMgslel BUxlelg YAk SURE 20g
olger 3 BUAR Fle 7:12 St
MAN AAE BEAEE BREdo] 7] i) Alge)
53] 798 34 god ek ¥ dgoe Tws
Ar 7122 X189 38 Glove box WollA AlEAEE
Pajel A 0 Begel Yl Havh HIug sl

MA°l o3t A x3 Mg-SiAl ELAIEe thaled X

ot
dz

A Lol A %%L
% pm) =

e

1 Mo
O

=

A 3, E84 2 BEASHS Fok SEe] A
e AT XA 387X = Rigakwdl D/max.2200
o= gr aphite Y474 ZxIZWEE A3Esle] Mo-
Ko 54 XA =0.7107 A)S o] &3] A3t A
< —,‘f—”-J 745 continuous scan modeZ 2 deg/min
o] scan speed, 20 =10~40° HloM SHAHL 3}
nom, AAY A7 T FE} HE A3A= step
scan modeZ =4S Ik AAHY e XA 4
939 broadening®ZFE| Hall Hell 2Jste] H7}s1
H10].
RN LS AAFAILHA (DSC)E ©l83slH &
WEQ HE A, 9% #risked i
s Tu}—g],oﬂg}, R /\] ST = ZOOC/
Mg
AN

oiN
ri{n:

%6}011:} MAROZ AZH Zu]A
ﬂ‘%] bulkdl AZE Y3t WHAEGRA} Jé?%‘l
(SPS 5158)— ol 8-3t] TAIZF AAE AABIATE &
L AF Fo 2AUH 50 MPa, 523%  100°C/min.

5§ 6}91‘@.

Fig. 191& Mg-Sill B3YE=E JYepido{11]. =
"Joﬂﬁ & T U vt ol o] FEAY FAUAR]
& Mg 2 Si 827 wis- 29 333 at% Si £A0

Mg281 slgtEo] EAgTE, Mg,Si= congruent melting
FEE S AF S8R <% FuEse e
o] & F714% vlF Aol #d3 dEATt vy 2
et 12).

Fig. 2 Mg ,Siy; 254 MA Al7F wslo] o
E XA sEHES Yehd Zlelth Mg-SiAle] A
s Med B % 87] FEAEESE vg- Adoh &

Weight Percent Silicon
I S S . L. SR NN SN S

Temperature °C

[) 10 2 20 w 0 60 70 80 % 100
Mg Atomic Percent Silicon Si

Fig. 1. Equilibrium phase diagram for Mg-Si alloy system.
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Fig. 2. X-ray diffraction patterns of Mg ,Si;;; powders as a
function of MA time.
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Fig. 3. Scanning electron micrographs of Mgy ,Si;;; powders mechanically alloyed for (a) 0 h, (b) 20 h, (c) 60 h, and (d) 260 h.
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Fig. 4. DSC spectra of Mg .Si;;; powders as a function of
MA time.
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Fig. 5. XRD spectra of Mgg,Si;;; powders after mechanical
alloying for 20h and heated up to 300°C and 700°C,
respectively.
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Fig. 6. XRD spectra of MgWSim. powders after mechanical
alloying for 60 h and heated up to 300°C, 500°C and 700°C,
respectively.
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Fig. 7. XRD spectra of Mgg,Sis;; powders after mechanical
alloying for 260h and heated up to 300°C and 700°C,

respectively.
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25

2.0 -

Shrinkage (mm)

0.5

0.0 -
T T T T T v
0 200 400 600 800

Temperature (°C)

Fig. 9. The variation of shrinkage during SPS of 60h MA
sample heated up to 900°C.
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Fig. 10. The variation of shrinkage during SPS of 260 h MA
sample heated up to 900°C.
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Table 1

Change in relative density of SPS compacts for 60 h MA (sample
A) and 260 h MA (sample B) powder under various sintering
temperature

Theory density Relative density (%)
Sample A-800 1.940 93
Sample A-900 1.940 96
Sample B-800 1.940 92
Sample B-900 1.940 99
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