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Fig. 1. XRD patterns (a), (c) and lattice constant (b), (d) of Mgy - ;Ags,SipsSngr (0 <

(0 < y < 0.08).

10 pm

10.pm
| |
™ r

10 pm
|

K2 (a), (b), (c) 20 Mg,ySig 3Sng.7, Mgy 9Agy1SigSng 7,
Mg, g9Lig 0sSip 35007 9 SEM B 14 ; (d) Mg goLio 0sSip 35007
1) T R

Fig. 2. (a), (b) and (c) are SEM images of Mg,Sij3Sng7,
Mg 9Ago.1Sip Sz, and Mg, goLig0sSig.sSng7; (d) the back

scattered electron image of Mgy goLig 051 351 7.
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1 Mgy - Agy,Sig3Sng; (0 < z < 0.05) Fll Mgy - )Ly, Sip 5507 (0 <

y < 0.08) 7 300 K M S%L

Table 1.  Physical parameters of Mgy(; _ ;yAgy,Sig3Sng7 (0 < 2 < 0.05) and Mgy(; _ ) Lis,Sig3Sng7 (0 < y < 0.08) at 300 K.
Composition 0/10* S-m'! Ry/em3.C ! p/10% cm 3 p/em?V Ls 1 S/uV-K! m'(my)
z=0 0.15 -3.22 -0.19 48.3 -458.0 1.6
z=0.01 3.48 0.135 4.64 46.8 154.7 1.2
z = 0.02 3.33 0.173 3.60 57.7 166.4 1.1
= 0.03 3.73 0.186 3.35 69.5 163.8 1.0
= 0.04 3.11 0.155 4.03 48.2 160.6 1.1
z = 0.05 3.62 0.153 4.09 53.7 154.7 1.1
y = 0.02 11.20 0.056 11.10 63.1 90.7 1.0
y = 0.04 9.65 0.044 14.00 42.8 91.3 1.2
y = 0.06 13.14 0.042 14.70 55.8 82.2 1.1
y = 0.08 9.74 0.041 15.10 40.2 83.9 1.2
400 - — F R KAA R F) 169 pV/K. 76 & 4(c) H, Mg, 4
a0 o he Ago.1Sig5Sng 7 ITNZHF1E 473 K ik B ok
'§ 300 - AT 1.08 x 10° W-m LK 2 7E & 4(f) 1, Mg osLig o4
& as0] M I Sig 3Smg 7 HYTIFRETIE 673 K IIAFHRAN 1.62 x
£ a0l ] 103 W-m LK 2 4550 8IR, $82% Li BRE A 3 U
T 10 < Boorecam _ RIRA FHIG, 1 HIHE T B2 Ag 9B
% Booretalp B T4 50%, X F BRI NS Li BEG R AR
g 1oor b 23§i§i$3§3 ot iﬂig I e
Pl % R ] 5 5 . -
i . . K 5(a) 2 Mgz(l - z)AgQwSIO.SSDO.Y AT
107 0% 0 10 TR RE A (LI O R P B IR TH S, Mig,SigsSmy 7

p carrier concentration/m=3

Bl 3 Seebeck ZE S S FIREE p Z [ Pisarenko 5 &
Fig. 3. The Pisarenko plot between Seebeck coefficient S

and carrier concentration p.

AT AT AT LU B, 225000 it ) AT 35U i AR
HTE 1.2mg, F W] SPB BIRISR X Meg,(Si, Sn) il
Mg, (Ge, Sn) A48 FHEAEH.
MgQ(l,z)AngSio'g,Snm Al Mgz(ky)LiQySio.ssno.?
A L P RE 5 TR B S R KN 4 s 8] 4(a)
Mg,SigsSng, 4% Ag LR, SR BRI .
7E 500 K Zc 47, B TASAERGHR M B G Hh R &
SHALR, B FRMNERE T a2 ETHE
BB 4(d) H, B4% Li JTLE AT Mg,Sig 3Sn, 7 FHL
SRR EW, A RET S, R R TS
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MR EEMRAESHEHIAL. EE 4) T, B
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FESRIB AR Ag M i IV T e R IRAR 5 2 1
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T 55 Je B AR AR 5 2 U B b T R . AR B
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B AT Ry
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Fig. 4. The temperature dependence of (a), (d) electrical conductivity, (b), (e) Seebeck coefficient and (c), (f) power factor for
Mgy - 5 Ag2,Sip 35007 (0 < 7 < 0.05) and Mgy _ Ly, Sig3Sng 7 (0 < y < 0.08).
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Abstract

In recent decades, Mg,(Si, Sn) solid solutions have long been considered as one of the most important
classes of eco-friendly thermoelectric materials. The thermoelectric performance of Mg,(Si, Sn) solid solutions
with outstanding characteristics of low-price, non-toxicity, earth-abundant and low-density has been widely
studied. The n-type Mg,(Si, Sn) solid solutions have achieved the dimensionless thermoelectric figure of merit
ZT ~1.4 through Bi/Sb doping and convergence of conduction bands. However, the thermoelectric performances
for p-type Mg,(Si, Sn) solid solutions are mainly improved by optimizing the carrier concentration. In this work,
the thermoelectric properties for p-type Mg,Sij 351, ; are investigated and compared with those for different p-
type dopant Ag or Li. The homogeneous Mg,Sij; 3Sn,; with Ag or Li doping is synthesized by two-step solid-
state reaction method at temperatures of 873 K and 973 K for 24 h, respectively. The transport parameters and
the thermoelectric properties are measured at temperatures ranging from room temperature to 773 K for
Mgy (1 Ags,Sig3Sng 7 (2 = 0, 0.01, 0.02, 0.03, 0.04, 0.05) and Mgy(;_,)Liy,Sig 3507 (y = 0, 0.02, 0.04, 0.06, 0.08)
samples. The influences of different dopants on solid solubility, microstructure, carrier concentration, electrical
properties and thermal transport are also investigated. The X-ray diffraction (XRD) patterns and scanning
electron microscopy (SEM) images show that the solid solubility for Ag and for Li are z = 0.03 and y = 0.06,
respectively. Based on the assumption of single parabolic band model, the value of effective mass ~1.2mq of p-
type Mgy - Agy,SigsSng; and Mgy - )Liy SigsSng; are similar to that reported in the literature. The
comparative results demonstrate that the maximum carrier concentration for Ag doping and for Li doping are
4.64x10" cm® for z = 0.01 and 15.1x10' cm™ for y = 0.08 at room temperature, respectively; the Li element
has higher solid solubility in Mg,(Si, Sn), which leads to higher carrier concentration and power factor PF
~1.62x103 W-m™ -K? in Li doped samples; the higher carrier concentration of Li doped samples effectively
suppresses the bipolar effect; the maximum of ZT ~0.54 for Mg goLig 0sSip3Sng 7 is 58% higher than that of
Mg, gAg.1Sip3Sn, 7 samples. The lattice thermal conductivity of Li or Ag doped sample decreases obviously due
to the stronger mass and strain field fluctuations in phonon transport.

Keywords: Mg,Si, 3Sn, 7, thermoelectric performance, doping, lattice thermal conductivity
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