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7% Mg,Sn 5 8l o M AT LU R 45 2% 1) Mg, Sn
BRI AP Seebeck RECN A, PIIL/E T n B
P, g A SRR A A R aE — BT

(5] °4 300~700 K, HGDS 2k A I ik il 5 5 % 52 )
Wk T A3 PR RE R 45 5, BR I RF #4264 514 Chen
25 NIE i Bridgman 2 RS AUR N 085 Mk v 1 45 1O K 5



* 2440

Wi Em AR TR

%49 35

111 ——HGDS powder
—— Mg, Sn PDF#07-0274

220

311

Intensity/a.u.

200 42

331 2
222 511
o ol vl 4

20 30 40 50 60 70 80 90 100

——BR powder b
——Sn PDF#(4-0673
=
<
=y
= Sn
g
[l
20 40 60 80 100

20/(°)

5 HEMEZE S 1A 2 pm/s IHRAFE M A XRD %
Fig.5 XRD patterns of powder at the solidification velocity of 1
um/s (a) and 2 pum/s (b)

HGDS il 4 54 MgoSn & 4 Seebeck 7 £ 1t
T=320 K B3 B KA AT 35261 pV-K', & Chen %5 A
fE T=360 K A 3R 55 K AE-75 pV-K' 13 £5 LA 1.

7 450 K LA R I, Seebeck Z %L S 14t} {1 B Ik 5
BEAR ™ H, H SR A Mg,Sn 1E N 2 Rl 4@ e £k
HIER Ak, AR v B AR 2, Al 54Uk 0.19
eV, DL, FERBIAMN I N WD KAERIE# K, ™
A KBRS OISR IR o 28 BT,
Seebeck R4 S Bl n HIASAL AN So= T, #E AL B
FRIE T 5 BB AT OB 3G IR n X5 S AF 14 5% MR8 /5
T T o IS e, 5 B S R R S A4
SHE T B o B WS IO T m, BUBAT T8O 1A VR F 2
W/, BRI B3z W22 . 4F T<<500 K T, HGDS
TR AR A S5 i = T BR R RF, 1fif Bk &
AR, 3X S T BR A1 RF 38145 19 MgoSn fi ik 14>
JEAH Sn AELE R RS T i R T 3 1R FE m (AR
BEAR T XU AT BB LR, RN AERT AR Y B S 1)
2 %o) {7 o 1 55 6 A 8 I AR DR R E

Kl 6 A S N ARB A MgoSn di (R FI A [+
Bi 15 2% i Mg,Sn g A ) Seebeck 2 FU A1 A5 35 Bl il
(784K . P 6b S & 6a AN K HL T % o B E A2 1k
ek, ANFHI& T N o-T ihZ b #h—2L,

B T BT R G, HGDS i 4 e i 45 21
B RAEAE T=690 K AbATiL 525 Q'-em™, W&AT BR I
RF VLT 558 F11 620 Q em™ o 78 34N HH il 5 X
[N, A& 5T o A ZAK, Bk HGDS
T AEAR R SR o (4 FHKHE R Seebeck
ZRE R MgoSn i R 1 Dl 2 R 1B 5 A7 I 2 i .

X HGDS il % 1 i A AT AR 4> Bi B2
(1% 1.5%1 2%) )5 If] Seebeck F B i S & 45 B 4n 14
6¢ fl 6d Fin, H7%)5 1 Mg,Sn i AR Bk JEAAE
SARRENE, B TR R R, B Seebeck #
AR T A B 2% Mg,Sn ik . I FLAGIR Y BE n BEIE 1
U], Seebeck 7 HU I 4 ] {8 B ik S5 T w5 1t 48
T, BEE R BOSON L, 7E 450 K A2 AT TR AR BE
ik, MgSn di (1 R XU HRL N X Seebeck 5 41
EH5 Poudeu®F1 Peil® %} T PbTe 1 PbSe 4 4x 1 1
TG HARAL. BAT N T8 FIRE &,
HL S R 52 TH 0 W B 5 SR B A5 2% B 510 3 0 if T
w1, Bk SRR AR RN AR 3k,
KM A BT @A BRSO RE T
Seebeck FREA —E MW, (HIB I I0 % FFEAK T UK
PHUE N X i R Seebeck AL, H S HRAG
B3, DL ox H A% ik e ke BB R A H

I3 K7 (PF=S"0) & 2 AIE il VA< 1) 0 HpL 5 0 2805 1)
—ANEESHPD, K 7a F 7o 535 kAN 45 S A A
BOIRIETS PF (RS L2 . T Seebeck
REEE S, HGDS #l& M itk PR EIZ & 1 HAh 2
Bkl % 7k, Mo KMEHAE T=350 K Z4imik 0.3
mW-(m-K)", 1 FL B L 0 T e VA R K 1 B
fiko BbAh, Wit Bi 2wl UAE PF A0 B &,
MIBIRIRIE Ty 2%, I KAE AT A 2.29 mW-(mK?) s
HH AT L, 33 HGDS V23R 15 B AH Mgy Sn it #4038 it
$2 i Seebeck REMEMIRN FAT W& LI, it
B r i m SR )G, RN L — DTt .

Bl 8a by AN [ il 4% 55 T A3 MgoSn i 7408 BV (1 #4
SRR ERAR L, HAMERENT S, AT
o P LIRS, 78 500 K /A7 3 42ty
R BRARAE, 15 BEE R T S, « (A 2218 1Y
B, HGDS (R EELE T=544 K &b x BUAG Fc/ME K 4.3
W(m-K)" o FHT 3 Bt [ 7 v BT AR 0 A b R RE TS
FORCR, TERB AR FAAAE S T 2 I U, i
A A R B R T R RO T DL 2 AT,
AL T4 ) 3  2, Reople i s A S R A . AN
Bi B¢ a0 R ML 8b i, BAICHEM
N FBERFIRE B3I, —EfBE ERs T HRT



78 A 5 I B REE ) BE I A MgoSn & SR K L TERE -2441 -

- 50 2l - 1000

X ol g

5 ik

e~ e

2 50 W Z

.2 =

£ -100 E

= - B =

5 2 100}

-150+ o]

el Ei —=— HGDS
,§ 200 § —p— BR™
£ 550l o —<—RF™

_300 1 1 1 1 1 1 1 1 10 1
300 350 400 450 500 550 600 650 700 750 1000%00 350 400 450 500 550 600 650 700 750
0 E

C |~

- I 5 E ¢
vo-50t = a

> L g b

g - B E E

qg:) I 2 [

S -150f g

S L o

= 200k - Undoped = 100k — Undoped
2 —o—- 0.01Bi E E —e— 0.01Bi
@ F —— 0.015Bi 3 F —A—0.015Bi
©v 250+ —v— 0.02Bi o —v— 0.02Bi

1 1 1

_ 1 1 1 1 1 1 1 1 10 PR IR - 1 1 PR
30(3)()0 350 400 450 500 550 600 650 700 750 300 350 400 450 500 550 600 650 700 750
Temperature/K Temperature/K
Bl A& T RS2 MgoSn S AR Bi 223K B MgoSn #h 1K) Seebeck e HUFN L 3 4 IR BE 119 A8 4k 1t 22
Fig.6 Temperature dependence of Seebeck coefficient (a) and electrical conductivity (b) of un-doped Mg,Sn crystals by different synthetic

methods; temperature dependence of Seebeck coefficient (c) and electrical conductivity (d) with different Bi doping concentrations

I o] 30 -
o~ [ —m— Undoped
M 25F ——001Bi
£ L ——0.015Bi
N .
= 2.0} —v—0.02Bi
£ o1t ]

) 1.5}¢
2

B L
o) —a—HGDS 1.0F
g ——BR I
e~ —<—RF 05k

0.01}

L 1 1 1 1 1 1 1 1 0'0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
300 350 400 450 500 550 600 650 700 750 300 350 400 450 500 550 600 650 700 750
Temperature/K Temperature/K

K7 IR S AR F] B #8244 IR BE MigaSn it 14 ) T 26 [R] 7 i i 12 A 4 1 2%
Fig.7 Temperature dependence of power factor of Mg,Sn crystals: (a) different synthetic methods and (b) different Bi doping

concentrations

=10 7.0

M 3 —a—HGDS a b
é 9L —»—BR™! 6.5 —&— Undoped

> ] —@—0.01Bi
% I R 6.0 —4—0.015Bi
> 8 55 —¥— 0.02Bi
Z

s Tf 5.0k

=] L

S 6l 4sr

st 4.0F

£ L

& ST 3.5¢

1 1 1 1 1 1 1 1

PR IR PR T SR [ T I TR N T B 3.0 P L L L L L PR
300 350 400 450 500 550 600 650 700 750 300 350 400 450 500 550 600 650 700 750
Temperature/K Temperature/K
K8 AR SAFAAR Bi 540K LI MgaSn it P 1 T 3 Bt il i A8 40 it 2k
Fig.8 Temperature dependence of thermal conductivity of Mg,Sn crystals: (a) different synthetic methods and (b) different Bi doping concentrations



© 2442 -

Wi Em AR TR

%49 35

IR TR, T —J7 5270 3 DA ERR] BR 57 1)
TN MgoSn i ik G, XA FIREUHHER A —2
Mdgmr, AT DARRAR ARG T e RIS ] (145 2 s 0 44
FHRIGEIAZIRY S HDNTE, @i HGDS Frsi
R MgoSn Bl A ELAT 58 A0 Sn (SR AAEIV S R A I i
(RIREAR, DALk <5 S AR AR 2 1 DTk i 11 A4 AH
WS 7 IR RIE 8 TR, wTL)
13 BRI £ 45 F AT Bl B2 MgoSn i 74 1) 44
AL ZT, Wil 9a F1 9b Fiox . ik HGDS v2: il £ 1)
Mg,Sn i A 7E T=580 K IN U ¥ e K ZT{H 414 0.025,
FHEL BR F RF i & R B2 G 1 m N m T 2

0.1g
: a

~ I w
S o001k

5}

=

Gy

5 L

[

5 0.001F —m—HGDS
20 : —v—BRr™
= ‘ RFDOI

0.0001

0.25

0.20F

0.15F

0.10F

0.05F

Temperature/K

1 1 1 P | 1 1 P | 1 1 P 1 1
300 350 400 450 500 550 600 650 700 750

£5 DAL, i FLAE 4 A 0 T 5 Y P 0 DR R IR
Xf HGDS il 4 M A AT Bi B24)5, Wil 5%
Hl Seebeck FREUMIILAL, (EFFHHLIERE B 48 m, Bi
TEN 1.5%, BOK ZTHAE 460 K A5 0.21.

gr BRI, I i R S S ) [ 7 A
AR SRS E P, BRA3 FAH MgoSn & <1 7 kW]
DAAT R4 w3 Seebeck REUIE HFELA TR, Mk
AL PERE . RN, AHEE TH B Bridgman 7%,
HGDS X - i 4% AR 15 5 380 26 (1 4 1 mT LA OO 2 il
R . MK — 7 AT B 4% g 1 Mg,B"Y
AR ARG 4

—&— Undoped b
——0.01Bi
—A—0.015Bi
—v—0.02Bi

300 350 400 450 500 550 600 650 700 750
Temperature/K

KO AN 45 F R Bi 45 28 W B 1) MigoSn i (AR R A0 8 B il 2 42 4 i ¢
Fig.9 Temperature dependence of merit Z7 of Mg,Sn crystals: (a) different synthetic methods and (b) different Bi doping

concentrations

3 & it

1) 38 g v R B R ) g ] 7 vk B P o A% T
TR I AR MgoSn dndk, i HAR K4 & T F- i
ARG S A, 4 TE T I ROR

2) LBRE M SnJh, MgSn AR PERETE
BRI FETE, RBAEAMET Seebeck FREMIH T4
Sy AL #-261 pV-K! and 525 Q''m”, Bi JLHEMB
N DUPR] DA v A I i 1) R, A4S D R iR K
3% %) 2.29 mW-(m-K*)",

3) ZBR4A R AH R S BT R AT AR B
ik, 500 K I}, f/MEHN 4.3 W-(m'K)'. 1fi Bi B4 &
h 1.5%IN, AR B Ak B 0.21 Jl i IX T ik
ARG L RE N MeoB"Y 1R R = oA A A 4.

SE 3k

[1] Zhang Jingwen( 7K ## ), Zhang Feipeng(ik &%), Yang
Xinyu( ¥ ¥ 5° ) et al. Rare Metal Materials and
Engineering(Wi 11 < J@ AR5 TTRE)[T], 2018, 47(10): 3213

References

[2] Deng Rigui, Su Xianli, Hao Shiqiang et al. Energy &

Environmental Science[J], 2018, 11(6): 1520

[3] Wang Honggiang(F #t5%), Li Shuangming(Z=%(#), Chang
Xueqing(‘ F 1) et al. Rare Metal Materials and Engineering
AT & Ja#EHS TFE)[I], 2017, 46(10): 3091

[4] Snyder G J, Toberer E S. Nature Materials[J], 2008, 7(2):
105

[5] Chang Cheng, Wu Minghui, He Dongsheng et al. Science[J],
2018, 360: 778

[6] Shi Xun, Chen Lidong. Nature Materials[J], 2016, 15: 691

[7]1 Qin Bingke(Z A 7%), Ji Yonghua(¥E 7k ), Bai Zhiling(H &
%) et al. Rare Metal Materials and Engineering(%ifi 4 )&+
#5 T[], 2019, 48(10): 3118

[8] Pei Yanling, Liu Yong. Journal of Alloys and Compounds[J],
2012, 514: 40

[9] Du Zhengliang, Cui Jiaolin, Zhu Tiejun et al. Rare Metal
Materials and Engineering[J], 2014, 43(11): 2623

[10] Zhang Qian(3k 1), Zhao Xinbing(& #71%), Yin Hao(F% %)
et al. Rare Metal Materials and Engineering(Fif3 4 J@ M ¥}
5T, 2009, 38(S1): 165

[11] Satyala N, Vashaee D. Journal of Electronic Materials[J]



78 A R AR B IR BRI TP AH MgoSn £ il A M LR RE

*2443

2012, 41: 1785

[12] Khan A U, Vlachos N, Kyratsi T. Scripta Materials[J], 2013,
69(8): 606

[13] Chen H Y, Savvides N. Journal of Electronic Materials[J]
2009, 38: 1056

[14] Jiang Guangyu, He Jian, Zhu Tiejun et al. Advanced
Functional Materials[J], 2014, 24(24): 1

[15] Gao Peng, Lu Xu, Burken I et al. Applied Physics Letters[J],
2014, 105 : 202 104

[16] Aizawa T, Song Renbo. Intermetallics[J], 2006, 14(4): 382

[17] Liu Wei, Tan Xiaojian, Yin Kang et al. Physics Review
Letters[J], 2012, 108(16): 166 601

[18]Zhang Qiang, Zheng Yun, Su Xianli et al. Script Materials[J],
2015, 96: 1

[19] Su Xianli, Fu Fan, Yan Yonggao et al. Nature Communication[J],
2014, 5: 4908

[20] Chen H Y, Savvides N. Journal of Crystal Growth[J], 2010,
312:2328

[21] Laopaiboon J, Pencharee S, Seetawan T et al. Materials

Letters[J], 2015, 141: 307

[22] Zhao Lidong, Lo S H, Zhang Yongsheng et al. Nature[J],
2014, 508: 373

[23] Chen H Y, Savvides N. Journal of Electronic Materials[J],
2010, 39: 1792

[24] Glicksman G E. Principles of Solidification[M]. New Y ork:
Springer, 2010: 12

[25] Kurz W, Fisher D J. Fundamentals of Solidification|[M].
Aedermannsdorf, Switzerland: Trans Tech Publications Ltd,
1998: 294

[26] Chen H Y, Savvides N, Dasgupta T et al. Physica Status
Solidi(a)[J], 2010, 207 : 2523

[27] Pandit P, Sanyal S P. Indian Journal of Pure and Applied
Physics[J], 2011, 49: 692

[28] Poudeu P F P, D'Angelo J, Kong Huijun et al. Journal of the
American Chemical Society[J], 2006, 128: 14347

[29] Feng Songke, Li Shuangming, Fu Hengzhi. Chinese Physics
B [J], 2014, 23(8): 86 301

Preparation and Thermoelectric Properties of Single-phase Mg,Sn Alloys by High
Temperature-gradient Directional Solidification

Li Xin, Xie Hui, Zhang Yalong, Wei Xin
(Xi’an Aeronautical University, Xi’an 710077, China)

Abstract: Single-phase Mg,Sn crystal was directionally solidified from the melt with a high temperature gradient of 180 K/cm. The
critical velocity of planar interface and solidified distance for the growth of single-phase Mg,Sn crystal was predicted theoretically and it
agrees well with the experimental result. The grown Mg,Sn crystals exhibit better thermoelectric performance without influence of the
second phase Sn. At the temperature ranging from 300 K to 700 K, the maximum Seebeck coefficient S and electrical conductivity o reach
261 pV-K"' and 525 Q'm’, respectively. The top value of power factor is 2.29 mW-(m-K*)" after the doped Bi optimization. The
minimum thermal conductivity x is measured as 4.3 W-(m-K)" at 7=500 K. The maximum value of merit ZT is 0.21 at the doping
concentration of 1.5%Bi. The method developed in this paper can provide a methodological reference for the preparation of ternary
MngIV solid solution.

Key words: crystal growth; high temperature-gradient directional solidification; thermoelectric properties; Mg,Sn
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