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[bookmark: _Toc186032116]Effective mass modeling
As a kind of degenerate semiconductor, the electrical transport properties can be analyzed by the Single Parabolic Band (SPB) Model with acoustic phonon scattering6,7,32. The Seebeck coefficient can be expressed as:
                                                       (S1)
The Lorenz number (L) is given by:
                                                     (S2)
The charge carrier concentration can be expressed as:
                                              (S3)
The charge carrier mobility is directly correlated with the nondegenerate limits of drift mobility (0), which can be expressed as:
                                                      (S4)
The weighted mobility is always defined as:
                                                 (S5)
The Fj() is Fermi integral, which can be expressed as:
                                            (S6)
The electrical conductivity can be expressed as:
     (S7)
Then the power factor can be expressed as:
                       (S8)
[bookmark: _Toc186032117]Calculation of the thermal transport properties
The expression of the Debye-Callaway’s model is shown as follows7,51: 

                                    (S9)
where kB is the Boltzmann constant,  is the average speed of sound, T is the absolute temperature, h is the reduced Planck constant, θD is the Debye temperature, x=hω/kBT is the reduced phonon energy, ω is the phonon angular frequency. The total relaxation time τ(x) can be calculated according to the Matthiessen’s rule6,51,52:

                                      (S10)
In the Debye-Callaway’s model, the integrand item is the spectral lattice thermal conductivity:

                                      (S11)
The frequency dependence of the spectral lattice thermal conductivity can be calculated using the following model:

                               (S12)
The lattice thermal conductivity can be obtained from the integral of s(x) or s(): 

                                          (S13)
or

                                      (S14)
In the above equations, L is the lattice thermal conductivity, kB is the Boltzmann constant,  is the average speed of sound, T is the absolute temperature, h is the reduced Planck constant, ħ is the reduced Planck constant (ħ=h/2), 𝜃D is the Debye temperature, x is the reduced resonant frequency (x= ħ/BT), ω is the phonon angular frequency, respectively. 
The contribution of Umklapp process to the relaxation time can be expressed as51,53: 

                                            (S15)

                                                             (S16)
where, M is the average atomic mass of Bi0.5Sb1.5Te3,  is the Gruneisen parameter, D is the Debye temperature, respectively.
The contribution of Normal process to the relaxation time can be expressed as51,53: 

                            (S17)
where,  is the ratio between the normal process and Umklapp phonon scattering.
The point defect scattering in Bi0.5Sb1.5Te3 mainly comes from the anti-site defects (disordered arrangement of Bi and Sb atoms in the equivalent position), which can be expressed as51,54: 

                                                     (S18)
where, 𝛤 is the point defect scattering parameter.
The contribution of dislocation scattering is expressed as follows7,54:

                                                   (S19)
where, the contribution of dislocation core is:     

                                                (S20)
The contribution of dislocation strain is: 

                    (S21)
where, 𝐵D is the effective Burger’s vector, 𝑁D is the dislocation density,  is the Grüneisen parameter,  is the Poisson’s ratio, 𝑣L is the longitudinal phonon velocity and 𝑣T is the transverse phonon velocity, respectively. [Noting: In equation27, “0.06” is a corrected value.]
The contribution of grain boundary scattering to the relaxation time can be expressed as19:

                                                    (S22)
where D is the average grain size, which is considered as 5 m according to the SEM images (Fig. S12).
The contribution of micro-pores:
Supposing the micro-pores are spherical and uniformly distributed, and 1 cm-3 has N mirco-pores. Then each 1/N cm-3 would have one micro-pore at the middle, as illustrated by the single square shown in Fig. S13. Also, the volume of the square can be presented as (L+d)3. So, 1/N=(L+d)3. Supposing the porosity is ε in the matrix, N=6ε/πd3. The distance between two pores (L) is as follows:

                                 (S23)

                                                    (S24)
where, d is the size of pores,  is the porosity, 0 is the theoretical density,  is the measured density.
[bookmark: _Hlk152249265]According to the effective medium theory (EMT)6,55,56, the relaxation time associated with the pore interface scattering is as follows: 

[bookmark: OLE_LINK7]                                                    (S25)
All parameters involved above are given in Table S4.
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[bookmark: _Toc186032118]Fig. S1 The flow chart of fabricating (Bi,Sb)2Te3 ingots by “chemical furnace”. The right figures show the processed samples in different directions. Thermoelectric transport properties were also measured in different directions (cross-plane, in-plane directions).
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[bookmark: _Toc186032119]Fig. S2 The relationship between the radius (RB) and the rising velocity (VB) of bubble in melts under different gravity coefficient (G/g).
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[bookmark: _Toc186032120]Fig. S3 The powder X-ray diffraction patterns of all the samples before and after SGF-RM.
















 
[image: ]
[bookmark: _Toc186032121]Fig. S4 The thermal diffusivity coefficient () of the (Bi,Sb)2Te3 samples before and after SGF-RM.
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[bookmark: _Toc186032122]Fig. S5 The temperature dependence of heat capacity (Cp) for the (Bi,Sb)2Te3 alloy.
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[bookmark: _Toc186032123]Fig. S6 Reproducibility of the thermoelectric properties for the Te-rich Bi0.48Sb1.52Te3.03 alloys after SGF-RM. Temperature dependence of (A) electrical conductivity, (B) Seebeck coefficient, (C) thermal conductivity, (D) zT values. These repeated measurements were carried out in Beihang University.










[image: ]
[bookmark: _Toc186032124]Fig. S7 Temperature dependence of (A) electrical conductivity, (B) Seebeck coefficient, (C) thermal conductivity and (D) zT values for the (Bi,Sb)2Te3 samples before and after SGF-RM in the in-plane direction.
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[bookmark: _Toc186032125]Fig. S8 The charge carrier transport properties. (A) Hall carrier concentration dependence of Seebeck coefficient (Pisarenko plot) at 300 K, (B) Hall carrier concentration dependence of Hall mobility at 300 K, (C) Electrical conductivity dependence of Seebeck coefficient at 300 K, (D) Power factor (PF) as a function of Hall carrier concentration predicted by m*=1.05 m0 and 0=420 cm2/V s at 300 K. The blue filled circles represent the data of this work. The other filled symbols represent literature data6,7,19,28,33,34.
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[bookmark: _Toc186032126]Fig. S9 The PALS spectra of BST and BST-1 samples.
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[bookmark: _Toc186032127]Fig. S10 TEM images of the BST sample. (A, B) Low-magnification in different regions, (C) high-magnification.
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[bookmark: _Toc186032128]Fig. S11 TEM images of the BST-1 sample. (A, B, C) Low-magnification in different regions, (D) high-magnification.
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[bookmark: _Toc186032129]Fig. S12 The typical fractured surface SEM images of the BST and BST-1 samples. (A) BST (lower magnification), (B) BST-1 (lower magnification), (C) BST-1 (higher magnification). 
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[bookmark: _Toc186032130]Fig. S13 Schematic illustration of pore distribution supposing the pores are spherical and uniformly distributed. Here shows four squares, each one has a volume of 1/N cm-3.


















[bookmark: _Toc186032131]Table S1. The density and viscosity of (Bi,Sb)2Te3 melts57.
	
	Density (g/cm3)
	Viscosity (Pa S)

	Bi
	10.03
	0.0018

	Sb
	6.49
	0.0012

	Te
	5.94
	0.0020

	Bi0.48Sb1.52Te3.03
	6.54
	0.0017(calculated)





















[bookmark: _Toc186032132]Table S2. The ICP-OES results, the corresponding carrier concentration and mobility of all the samples before and after SGF-RM. 
	samples
	ICP-OES results
	Carrier concentration (1019 cm-3) 
	Mobility (cm2/V S)

	BST
	Bi8.51Sb28.92Te62.57
	1.37
	388.98

	BST-S
	Bi9.69Sb30.31Te56.99
	2.08
	279.01

	BST-1
	Bi10.56Sb29.44Te 62.17
	2.42
	358.62

	BST-10
	Bi8.57Sb29.12Te 62.30
	2.69
	315.06





















[bookmark: _Toc186032133]Table S3. The density, relative density, and porosities of the (Bi,Sb)2Te3 samples before and after SGF-RM.
	samples
	Measured density
(g/cm3)
	Relative density (%) 
	Porosities
=100%*(0-)/0
	(2-2)/(2+)

	BST
	6.740
	97.97
	2.03
	0.970

	BST-1
	6.016
	87.44
	12.56
	0.823






















[bookmark: _Toc186032134]Table S4. Parameters for the calculation of the thermal transport properties.
	Parameters
	Description
	Values 
	Ref.

	D
	Acoustic mode Debye temperature
	94 K
	(58)

	
	Cross-plane average speed of sound
	2070 m/s (c-axis)
	(59)

	A
	Comprehensive coefficient between Umklapp and Normal process
	2.6
	(7)

	V
	Average atomic volume of Bi0.5Sb1.5Te3
	3.1310-29 m3
	(19)

	M
	Average atomic mass of Bi0.5Sb1.5Te3
	2.2210-25 kg
	Calculated

	
	Point defect scattering parameter
	0.145
	(19)

	BD
	Magnitude of Burgers vector
	12.7 Å(12.7*10-10m)
	(19)

	ND
	Dislocation density of BST-1
	7E12
	Experimental

	
	Grüneisen parameter
	2.3
	(Sb2Te3)(60)

	
	Poisson’s ratio
	0.24
	(19)

	L
	Longitudinal sound velocity along cross-plane
	2539
	(59)

	T
	Transverse sound velocity along cross-plane
	1835
	(59)

	0
	Theoretical density of the matrix
	6.88 g/cm3
	(17)

	
	Measured density of BST-1
	6.016 g/cm3
	

	
	The porosity of BST-1
	12.56%
	

	d
	Pore average size of BST-1
	1 m
	













[bookmark: _Toc186032135]Table S5. The thermoelectric properties of n-type counterparts.
	Temperature
(K)
	Electrical conductivity
(S/cm)
	Seebeck coefficient
(V/K)
	Thermal conductivity
(W/m K)
	zT

	300
	1000
	-196
	1.46
	0.79

	325
	878
	-214
	1.43
	0.91

	350
	790
	-220
	1.44
	0.93

	375
	715
	-223
	1.5
	0.89

	400
	663
	-219
	1.6
	0.79

	425
	625
	-213
	1.71
	0.7

	450
	608
	-206
	1.86
	0.62

	475
	597
	-195
	2.02
	0.53

	500
	600
	-185
	2.23
	0.46
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