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Figure S1. EDS results of (a) CdS precipitates (white area) and (b) the FeS, precipitates (gray
area) in Figure 2. (d)
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Figure S2. The SEM images of the Cug9,Cdg osFeS, powders (a) berfore and (b) after HEBM, and
(c) the corresponding XRD patterns.

Figure S3. (a) The TEM image of Cuj9,Cdg gsFeS, with SAED pattern, and (b) the corresponding
HRTEM image.
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Figure S4. The BSE images of Cug9,Cdg ¢sFeS, sample prepared by quenching and annealing
without high-energy ball milling process (a), the EDS result of b point (b) and ¢ point (c).
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Figure S5. The electron thermal conductivity (k,) of Cug9,CdysFeS, (red circulars) and defects

integrated Cug 9,Cdg gsFeS, (blue squares) samples.
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Figure S6. The (a) electrical conductivity (o), (b) Seebeck coefficient (S), (c) power factor (PF), (d)
electronic thermal conductivity (k), (e) lattic thermal conductivity (k;) and estimated theory k;, and (f)
figure of merit (Z7T) of the Cug9,CdyosFeS, (red circulars), defects integrated Cug9,CdyosFeS, (blue
squares) and Cug¢,Cd osFeS, sample prepared by quenching and annealing without high-energy ball

milling process (green hexagon).
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Figure S7. The (a) electrical conductivity (o), (b) Seebeck coefficient (S), (c) power

factor (PF) of cycle testing
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Figure S8. The (a) electrical conductivity (o), (b) Seebeck coefficient (S), (c) power factor (PF), (d)
electronic thermal conductivity (k), and (e) figure of merit (Z7) of the Cug9Cdy FeS, (red circulars) and

DI-Cug9Cd, ;FeS; (blue squares) samples.

Table S1. The density of all the samples

Sample Density (g/cm?)
CuFeS, 4.09
Cug 9gCdg o FeS, 4.05
Cuy.96Cdy 04FeS, 4.04
Cug 94Cdg o6FeS, 4.07
Cuy.9,Cdy osFeS, 4.06
Cuy.99Cdy 1 FeS, 4.02
DI-Cuy.9,Cdy osFeS, 4.10




Theoretical calculation of scattering parameter (I')-2:

el

n
2.
a=1

mass ~

(S1)
n M Ly 5
Zefai 5
I = -
D
a=1 (S2)
M=) foMg
; (S3)
o= ) fara
; (S4)
1(M, M- M3 ry-rs
=T, .t = Z(?) x(1-x) ( ) + & — )2]
M M1 Ty (S5)

where 7 is the number of different crystallographic sublattice types in the lattice and ¢,
is the relative degeneracy of the respective site. For CuFeS,, the parameter values can
be obtained with: the Cu site, the Fe site, and the S site. So #=3 and ¢;=c,=1, c;=2. M

is the average atomic mass of compound a and "a are the average mass and radius on
e

the ay, sublattice, respectively. fa is fractional occupation of the kth atoms on the ay,

Mk

k
sublattice. "a and "e are the atomic mass and redius, respectively.

Theoretical calculation of Debye model> +:
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, x is the phonon frequency, kp is the Boltzmann constant, 7 is the

(56)
where * = w/kgl
reduced Planck constant, &is the Debye temperature (263 K), v is the velocity of sound

(2938 m s'), and 7 is the phonon scattering relaxation time. The overall phonon



scattering relaxation rate 7is written as:

The overall phonon scattering relaxation rate 7 is written as:

- -1 -1 -
T 1=‘[U+‘L’GB+TPD1 (57)

where "Uis the relaxation time of Umklapp processes:

2 QD
Tt =4y w*Texp(- =)
Mv HD 3T (58)
%6 is relaxation time of grain boundary (or precipitate) scattering:
-1
Teg = ‘U/d (59)
rp is point defects scattering :
Vet
Tpp = 3
4mv (S10)

M is the molar mass, v is the average phonon group velocity, d is the grain (or

precipitate) size, 9 is the Debye temperature, Ay

Normal process, I' is the scattering parameter.

is an additional factor induced by

Single Parabolic Band Model’:

The bands of semiconductor usually are described with parabolic simply, which
can easily estimate the performance based on a small number of parameters and tests.
According the tested data of carrier concentration and S, the Pisarenko lines can be

estimated based on equations S10-S13:
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where Fn(1) s the nth order Fermi integral, 7 the reduced Fermi energy, "# is the Hall

k

factor, 1 is the Planck constant, 8 is the Boltzmann constant, and ™" is the total density



of states effective mass.
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