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Abstract  

α-MgAgSb has been identified as promising thermoelectric material, with peak performance 

around 300ºC, filling the gap between low- and high-temperature thermoelectric materials. The 

complexity of the Mg-Ag-Sb phase diagram and the sensitivity of the MgAgSb synthesis 

process often leads to impurities appearing in the final samples, which reduce the thermoelectric 

figure of merit 𝑧𝑇. Using a two-step ball milling process, we show that the extent of the AgMg 

precursor formation has a direct effect on the final composition, mainly with respect to the 

dyscrasite (Ag3Sb) content. We study how extending the first ball milling step, adding a AgMg 

sintering step before the second ball milling step or reducing the Ag particle size each affect the 

overall formation of AgMg. It is shown that lower Ag wt. % in said precursor results in lower 

Ag3Sb content in the final samples, achieving <1 wt% Ag3Sb when Ag <1wt.% (in the 

precursor). This leads to a 23 % improvement of zT between 300 and 563 K and a peak value of 

~1.2 at 500 K. This shows that the complete conversion of Mg and Ag into AgMg is the key for 

high performance α-MgAgSb.   

Keywords: thermoelectric materials, semiconductors, mechanical alloying, sintering, impurities 

in semiconductors 

1. Introduction 

Over the past years, more efficient and sustainable ways of supplying energy have been and are 

still being investigated. Thermoelectric materials are amongst the considered solutions. Their 

ability to convert heat directly into electricity and vice versa makes them suitable candidates for 

refrigeration and heat recovery applications. In areas like the automotive, steelmaking or cement 

industries, thermoelectric generators (TEGs) can be used to partially recover the energy lost in 

the form of heat waste [1,2]. TEGs are also used in the space industry, powering deep-space 

probes, such as the Voyager 1 and 2, and are one of the suggested options for lunar energy 

production through heat harvesting [3–6].  

The potential of a thermoelectric material for waste heat recovery applications is determined by 

its unitless figure of merit 𝑧𝑇 =
𝜎·𝑆2·𝑇

𝜅
, where σ is the electrical conductivity, S the Seebeck 

coefficient and κ the thermal conductivity, with a benchmark value of ~1 (thermoelectric 

materials with zT close to or over unity are considered to have good performance). In order to 

maximize their efficiency, both a high power factor 𝑃𝐹 = 𝜎 · 𝑆2 and a low thermal conductivity 

κ are needed. Amongst the optimized, commercially available thermoelectric materials Te-based 
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(BixSb2-xTe3) solid solutions for near room temperature applications can be found. Extensive 

research has been conducted on high-temperature thermoelectrics, such as Half-Heusler 

compounds, Skutterudites or Mg2(Si,Sn) solid solutions [7–11]. 

In the last decade, MgAgSb-based materials have been investigated as promising p-type, low- 

and medium-temperature thermoelectrics, which could fill the gap between Bi2Ti3 and the high-

temperature materials. In addition to their good thermoelectric performance in the mentioned 

temperature gap, they also present higher mechanical properties, namely hardness, fracture 

toughness and compressive strength than other p-type thermoelectric materials, thus making it 

more advantageous for realistic applications[12,13]. Kirkham et al. first described, in 2012, the 

three temperature-dependent crystal structures of this material system (α-, β-, and γ-MgAgSb). 

Only its low-temperature phase (α-MgAgSb), stable up to 573 K, was found to have good 

thermoelectric properties, with a maximum 𝑧𝑇 around 0.5 despite a high concentration of Ag3Sb 

and Sb impurities [14]. Several studies have been conducted with the objective of optimizing 

the composition and improving the overall performance of MgAgSb, using different strategies 

to produce pure, good-performing samples. These include planetary ball milling (PBM) 

followed by sintering and annealing [13,14], melting combined with an annealing process 

[15,16], and microwave-assisted melting [19]. The best results for undoped MgAgSb obtained 

thus far were achieved through the two-step high-energy ball milling (first step: ball milling of 

Ag and Mg, second step: addition of Sb) and sintering method first presented by Zhao et al., 

with Ag- and Sb-deficient stoichiometries [20]. Using this method, and by slightly tuning the 

composition, an average zT of 1.1 between room temperature and 548 K is achieved for 

MgAg0.97Sb0.995 [21], the highest reported value for undoped MgAgSb. Several doping agents 

have been tested in order to enhance the thermoelectric properties [14,16,18,20–23], obtaining 

peak values of zT ~1.4 at 475 K for Ni-doping in the Ag sites [20]. However, and despite the 

good performance of MgAgSb-based samples obtained through the two-step ball milling 

process, its synthesis remains a major challenge, as it is required to tune the (nominal) 

composition very finely and it is not uncommon to find impurities [24–26], for the window of 

stability of MgAgSb is small [29]. The most common secondary phases are dyscrasite (Ag3Sb) 

and antimony [13–16,26]. These impurities have clear detrimental effects on the final 

thermoelectric properties and are a major impediment to achieve the best possible values for zT 

[30], but their mechanism of formation has not been studied in detail, nor how they can be 

avoided. Given the complexity of the Mg-Ag-Sb phase diagram and the complexity of the 

MgAgSb synthesis process, a good understanding of the mechanisms of formation of the 

different phases is required. 

One of the suspected reasons behind the recurrent appearance of impurities is the insufficient 

formation of AgMg (as a precursor to form MgAgSb), thus the interest in a two-step ball milling 

process. In the synthesis of MgAgSb through mechanical means, Ag seams to react with Sb 

preferentially, forming Ag3Sb (or compounds with similar compositions). Therefore, in order to 

avoid the appearance of such secondary phase, it is necessary to minimize the amount of 

elemental Ag before Sb is added to the mix. In this report, we study how the formation of the 

AgMg precursor affects the final composition and microstructure of α-MgAgSb. We use three 

different approaches to produce AgMg powder: (i) extending the first ball milling step (with Ag 

and Mg only) to increase the degree of precursor formation due to  mechanical alloying, (ii) 

combining ball milling with a short sintering step and (iii) reducing the initial particle size 

before milling. The results show a clear correlation between weight % of elemental Ag in the 

precursor and the final content of Ag3Sb in MgAgSb samples. We also present the final 

thermoelectric properties of MgAgSb samples obtained following all three different routes and 

show improved performance with decreased secondary phase content. 
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2. Materials and Methods 

A two-step ball milling process followed by direct sintering, similar to that reported by Liu et al. 

[21] was used to produce α-MgAgSb samples. Pure elements were weighed according to 

nominal composition MgAg0.97 (Mg: turnings, Merck KGaA, >99%; Ag: granules, 1-6 mm, 

Sindlhauser Materials GmbH, 99.99%) and loaded in a stainless steel jar (65 mL) with two 

stainless steel balls (12.7 mm) under Ar atmosphere. After high-enery ball milling (HEBM) for 

8 h (SPEX SamplePrep 8000D Mixer/Mill), Sb was weighed and added to the mix to obtain 

MgAg0.97Sb0.995 (Sb: granules, 1-3 mm, Evochem GmbH, 99.99%), then milled for 5 more 

hours. The powder obtained thereby was stored in an Ar glovebox prior to the sintering step or 

any characterization process. It was pressed for 8 min at 573 K under 85 MPa and direct current, 

using 12.7 mm graphite dies (Dr Fritsch DSP510). Note that the sintering temperature is 

considerably lower than that used for other Mg-based thermoelectric materials like Mg2Si or 

Mg3Sb2, usually processed between 900 and 1100 K [31–36], and Mg loss is therefore not 

expected to occur. Due to the observed  insufficient reaction between Ag and Mg in the first ball 

milling step we have also modified the synthesis process for AgMg, either by extending the ball 

milling, by combining ball milling and sintering or by reducing the initial Ag particle size (Ag 

powder, <45 μm, GoodFellow, 99.99%). The milling times and pressing conditions differing 

from the reference are specified in the respective results sections. 

The Electrical conductivity σ and the Seebeck coefficient S were measured with an in-house 

device [37]. The Thermal diffusivity α was measured using an LFA 427 or an XFA 467 HT 

Hyperflash (NETZSCH), and from this, the thermal conductivity κ was calculated as  𝜅 = 𝛼 ·

𝐶𝑝 · 𝜌, where Cp is the heat capacity at constant pressure and ρ is sample density. Constant Cp 

values can be assumed for this system and temperature range (obtained using the Dulong-Petit 

law)[20] and ρ was calculated through the Archimedes method. κlat (the lattice contribution to 

the thermal conductivity) is approximated as 𝜅-𝜅e. The measurement uncertainties for S, σ, and 

κ are ± 5 %, ± 5 % and ± 8 % respectively. XRD data was obtained using a Bruker D5000 with 

a secondary monochromator, Cu-Kα radiation (1.5406 Å), step size 0.01º in the 2θ range 20-80º, 

both for powder and bulk samples. Phase compositions were obtained from XRD spectra 

through Rietveld refinement, using TOPAS. SEM and EDX characterization were performed 

using a Zeiss Ultra 55 SEM device.   

3. Results 

3.1. Extended ball milling step 

A first strategy followed to enhance AgMg formation was extending the first ball milling step of 

the process (originally 8 h in [21]). HEBM does not only reduce particle size, but it also induces 

mechanical alloying, i.e. a solid state chemical reaction between the precursors. Powder samples 

were retrieved after 10, 15, 20 and 30 hours of HEBM. XRD scans of these samples reveal a 

progressive formation of AgMg through ball milling, with higher content of the compound for 

longer milling times (Figure 1). After 10 hours of ball milling, we find approximately 48 wt. % 

AgMg in the powder, and we can also observe very clear Ag and Mg peaks. The phase 

composition evolves through further ball milling, up to 30 hours, where no Ag or Mg peaks can 

be observed anymore. However, careful examination of a sintered AgMg pellet (using 30 h ball 

milled powder) does reveal a small Ag peak. Detailed phase composition of all samples can be 

found in Table 1. For powder samples milled for 15 hours or longer, no Mg peaks are observed 

in the range of detection of our XRD set-up, only Ag and AgMg. We cannot completely dismiss 

the existence of pure Mg in the powder due to the sensitivity of XRD. However, the coexistence 

of AgMg and Ag in a mix with no elemental Mg could be explained due to the fact that AgMg 

has a window of composition going from 30 to 65 Ag atomic %, depending on temperature[38]. 

This phenomenon, combined with the overlap between the main Ag and AgMg peaks, can also 
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explain the observed slight shift of the AgMg peaks towards higher angles with increasing 

milling duration.  

 

Figure 1: XRD scans of powder samples containing Ag and Mg after 10, 15, 20 and 30 hours of ball milling. Dashed 

lines indicate position of main AgMg peaks, while markers for Ag and Mg indicate the position of elemental peaks. 

Ball milling time AgMg wt. % Ag wt. % Mg wt. % 

10 h 47.7 40.3 12 

15 h 75.7 24.3 0 

20 h 93.1 6.9 0 

30 h 97.5 2.5 0 
Table 1: phase composition of powder samples containing Ag and Mg after 10, 15, 20 and 30 hours of ball milling 

Extending the milling time induces further mechanical alloying between Ag and Mg, increasing 

the MgAg fraction from 47.7 wt. % after 10 hours to 97.5 % after 30 hours.  

3.2. Combination of ball milling and sintering for AgMg formation 

A second strategy for AgMg formation consists in combining a first ball milling step with 

sintering and then crushing of the sintered pellets to obtain AgMg powder. The sintering step is 

expected to induce faster reaction between both elements, which would result in a reduction of 

the necessary time to produce the precursor (this is, compared to 30 h).  

First, the Mg turnings and Ag granules are milled in the HEBM for 12 hours to ensure 

homogeneity of the powder. This powder is then sintered for 8 minutes, under 85 MPa, at 3 

different temperatures: 573, 623 and 673 K. Higher temperatures were avoided to prevent Mg 

loss. The XRD scans for the milled powder, as well as for the pressed pellets, can be found in 

Figure 2. After 12 hours of ball milling there are clear Ag peaks in agreement with the previous 

study on ball milling duration3.1. The following sintering step seemingly induces further 

reaction between pure Ag and the AgMg phase (the reaction is mostly between Ag and Ag-

deficient AgMg phase). Again, the existence of pure Mg before sintering cannot be discarded 

due to the limitations of XRD scanning and its resolution. The higher the sintering temperature, 
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the lower the final elemental Ag content, as can be seen in Table 2. However, even at 673 K 

there is a non-negligible amount of elemental Ag remaining in the samples. 

 

Sintering temperature AgMg wt. % Ag wt. % 

573 K 91.8 8.2 

623 K 95.1 4.9 

673 K 96.2 3.8 
Table 2: phase fractions of pellets sintered from 12 h ball milled Ag and Mg powder at three different temperatures 

 

Figure 2: XRD scans for Mg and Ag powder and pellets sintered from this powder at three different temperatures. 

3.3. Reduction of initial particle size  

In a third approach to consolidate AgMg as completely as possible, the Ag granules are replaced 

by Ag powder. The synthesis process is identical to the reference, as described in section 2. The 

replacement of granules (1-6 mm) by powder (<45 μm), is believed to reduce the time necessary 

to obtain a complete solid state reaction between Ag and Mg through enhancement of effective 

surface area. After just 8 hours of HEBM, we obtain powder with <1 wt. % Ag.    

3.4. Comparison of AgMg precursors and correlation to final composition of MgAgSb 

After adding Sb to the precursors obtained through the four different processes described 

(reference as described in section 2 and three strategies to consolidate AgMg), MgAg0.97Sb0.995 

samples are sintered, and their composition, microstructure and thermoelectric properties can be 

compared and related to the precursor formation. The synthesis process after adding Sb is the 

same in all cases. 

For all sintered samples it is possible to correlate the Ag wt. % in the AgMg powder and the 

final Ag3Sb wt. %, as stated in Table 3. The phase composition of all four samples is determined 

from the XRD scans in Figure 3. The amount of dyscrasite decreases with decreasing Ag wt. % 

in the AgMg precursor. This correlation, however, is not linear: from sample 8-g to 12s-g the 

reduction of Ag wt. % in the precursor is ~23 %, resulting in a 0.8 % difference in Ag3Sb wt. % 

in the final sample; between 12s-g and 30-g a much lower difference in Ag wt. % in the 
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precursor translates into a larger reduction of final dyscrasite content. It must be pointed out, 

however, that the phase composition is given in weight %, not in atomic %, which could lead to 

some misunderstandings. A 1-point difference in Ag wt. % is larger in terms of atomic % than 

the same change in Ag3Sb wt. %. In the case of samples 8-g, 30-g and 8-p we also observe Sb as 

an impurity. The explanation for this remains unclear, but it could be attributed to AgMg 

powder sticking to the walls of the stainless steel jars, due to its ductility, rendering the mix 

slightly AgMg-deficient. After the first milling step, Sb is added to the same jar, without 

emptying or cleaning it. It is possible that some of the powder stuck to the walls of the jar or to 

the balls does not react with the Sb, thus the appearance of Sb impurities. In the case of sample 

12s-g, the jar is cleaned before crushing the sintered pellet to prevent having unreacted powder 

and use strictly the product of the sintering step. 

Sample 

Ag wt. % in 

precursor 

powder 

Ag3Sb wt. % in 

final MgAgSb 

sample 

Sb wt. % in 

final MgAgSb 

sample 

AgMg precursor formation 

strategy 

8-g 26.5 4.9 4.3 8 hours HEBM, Ag granules 

30-g 2.5 2.8 4.6 30 hours HEBM, Ag granules 

12s-g 3.8 4.1 0 

12 hours HEBM followed by 

sintering at 673 K and 

crushing, Ag granules 

8-p <1 - 1.3 8 hours HEBM, Ag powder 

Table 3: Ag wt. % in AgMg precursor and resulting impurity content in MgAgSb. For the sample names, the number 

stands for ball-milling times, “g” indicates Ag granules were used, “p” indicates powder was used and “s” indicates 

a sintering step was included in the obtention of the AgMg precursor 



7 

 

 

Figure 3: XRD scans for (a) AgMg precursors and (b) compacted MgAgSb pellets obtained with those 4 different 

AgMg precursors 

The microstructure of the different samples is also an indicator of the total impurity content, 

with 8-p being the most homogenous. Ag3Sb appears in the form of very defined grains with 

distinct boundaries, whereas Sb is found as a more diffuse phase, with cloudy boundaries to the 

MgAgSb matrix (see Figure 4). This might be an indication that it precipitated from the matrix. 
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Figure 4: Microstructure of sample 8-g at different magnitudes, showing Sb and Ag3Sb impurities.  

In terms of thermoelectric properties, we can see the best performing sample is 8-p, with a peak 

zT of ~1.2 at 460 K and an average value of ~1 between RT and 563 K. The Seebeck coefficient 

curves follow a very similar shape for all samples, with different values, but always showing a 

maximum close to 350 K (a slightly lower temperature than for the reference curve from Liu et 

al.[21]). The lower the total impurity content in the sample, the higher the values of S at RT, 

which are very similar to those found by Liu et al. At higher temperatures, the differences are 

enlarged, with the samples from this study showing a steeper decrease than the reference data. A 

similar observation can be made for σ: At 300 K 8-p shows the highest conductivity, and 8-g the 

lowest. However, the curves of all 4 samples do not follow the same trend: 8-g and 30-g, the 

samples with the highest impurity content, have their minima at lower temperatures, and the 

slope after this minimum is steeper than for the other two samples. For thermal conductivity, 

again, there seems to be a correlation with impurity wt. %, with 12s-g and 8-p having the lowest 

values, even lower than the reference (0.78 W·m-1·K-1 for 12s-g at 298 K).   

Using a single parabolic band (SPB) model we can estimate the charge carrier concentration and 

mobility at room temperature [17,18]. The reduced chemical potential η is calculated using the 

experimentally obtained S:  

𝑆 =
𝑘𝐵

𝑒
(
2𝐹1(𝜂)

𝐹0(𝜂)
− 𝜂),                                                        (1) 

with kb being the Boltzmann constant and Fj(x) the Fermi integral of order j. Assuming an 

effective mass m* of 2.7·me [21], we estimate carrier concentration n: 

𝑛 = 4𝜋 (
2𝑚∗𝑘𝐵𝑇

ℎ2
)
1.5

𝐹1

2

(𝜂),                                                 (2) 
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where h is Planck’s constant. This value of n is then used together with σ to estimate the 

corresponding mobility: 

𝜇 =
𝜎

𝑛·𝑒
                                                                  (3) 

The values for n and μ estimated through (2) and (3) are reported in Table 4.   

 

 

Figure 5: (a) Seebeck coefficient, (b) electrical conductivity, (c) thermal conductivity, (d) lattice and bipolar 

contributions to the thermal conductivity, (e) power factor and (f) figure of merit for the samples obtained using three 

different AgMg precursors. Literature values correspond to MgAg0.97Sb0.995 as reported by Liu et al. [21]  

Sample n (cm-3) (·1019) μ (cm2·V-1·s-1) 

8-g 8.1 22 

30-g 8.4 23 

12s-g 7.7 28 
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8-p 6.7 35 
Table 4: charge carrier concentration and mobility estimations (at room temperature) for all samples. Estimations 

were obtained assuming a single parabolic band model 

From all the different strategies tested, there seems to be a clear correlation between the degree 

of AgMg formation and the secondary phase content in the final MgAgSb samples, mainly on 

Ag3Sb wt. %. These impurities then have an impact on the final thermoelectric properties. 

Extending the first ball milling step up to 30 hours is proven to increase reaction between Mg 

and Ag, improving the AgMg formation compared to the reference route, leading to lower 

dyscrasite content in MgAgSb sample 30-g. However, the remaining 2.5 Ag wt. % indicates that 

this is an insufficient solution. In addition, it is considerably time consuming, which could be a 

problem in terms of process upscalability. Despite the reduction of dyscrasite, we find 

unimproved overall thermoelectric properties for the long ball milling duration, possibly linked 

to the increased Sb content. 

The combination of milling and sintering forms an AgMg precursor with a relatively high 

degree of conversion which results in samples (12s-g) with a superior thermoelectric 

performance compared to 8-g and 30-g. The Ag content is higher in the precursor for 12s-g (3.8 

wt% vs 2.5 wt% for 30-g). However, it must be taken into account that for 12s-g the phase 

quantification has been obtained from sintered material while that of 30-g from powder after 

ball milling, without a sintering step. Due to the high kinetic impact of ball milling amorphous 

material can be created that does not show as clear peaks in an XRD scan but can become 

crystalline after sintering [40–42]. This will lead to an apparently lower secondary phase content 

in non-sintered material and needs to be taken into account when comparing the phase 

quantifications. Moreover, the overall secondary phase content is much reduced for the 

MgAgSb sample from ball milled and sintered AgMg, resulting in an improvement of the 

thermoelectric properties. However, the additional step in the process can be challenging and 

introduces complexity to the process. 

Replacing the initial Ag granules by powder (reducing the initial particle size) seems to be the 

overall best solution to prevent the formation of Ag3Sb and improve the thermoelectric 

properties of MgAgSb. 8-p presents the lowest secondary phase content and the best zT (average 

of 0.95 between 300 and 565 K compared to 0.77 for 8-g) of all 4 samples examined, with no 

lengthening or added complexity to the process as compared to the baseline.  

From the results of all different synthesis routes, we can correlate the final content of dyscrasite 

with that of Ag in the precursor powder, with a good consolidation of AgMg resulting in the 

desired reduction of Ag3Sb. The appearance of Sb in the final samples, however, does not seem 

to be directly affected by the amounts of elemental Ag in the precursor (there is no clear trend in 

that regard). 

As we investigate the thermoelectric properties, we see clear and consistent differences between 

the different samples, which can be partially explained by their composition and microstructure. 

Overall, the behavior of all samples follows the same patterns, with the intrinsic regimes 

starting around 350 K. For p-type thermoelectric materials, this is characterized by a decrease in 

S and an increase in σ, as observed in Figure 5. From the values of S and σ at room temperature, 

it is clear that 8-p has a lower carrier concentration n than the other three samples, while having 

a higher mobility μ, allowing it to have the highest PF of all 4 samples. 8-g and 30-g have very 

similar behaviors regarding S and σ, both clearly lower at room temperature than 8-p and 12s-g. 

All these differences are most probably due to the total impurity content: the higher the wt. % of 

these secondary phases, the higher the carrier concentration and the lower the mobility of these 

carriers. If we observe the evolution of electrical conductivity at higher temperatures, in the 

intrinsic regime, we see the tendency is reversed, with 8-g and 30-g having a steeper increase 
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than the other two samples, resulting in higher values above 400 K. This could possibly be 

explained by a higher concentration of minority charge carriers and/or a higher mobility of 

these. From this, and establishing a correlation with Sb wt. %, it is possible to deduce Sb as a 

major contributor to minority charge carrier concentration. Between 12s-g and 8-p we see a 

slightly higher slope in σ at high T for the latter, which can be attributed to the higher mobility 

of charge carriers.  

Concerning thermal conductivity, the values at RT for all our samples are lower than the 

reference, some within the error range. At higher temperatures we once again observe a steeper 

increase than for the reference, presumably due to the bipolar thermal conductivity. In terms of 

the lattice contribution, it is lower through the studied temperature range for 8-p and 12s-g (as 

compared to 8-g, 30-g and the reference values). From the estimated charge carrier mobility 

values, one might expect 8-g and 30-g to have lower κlat, due to the phonon scattering by the 

impurity phases, in line with the observed trend in the carrier mobility. However, in our 

calculation we are considering the bipolar contribution to thermal conductivity as part of this κlat 

(thus the notation κ-κE in Figure 5), which is not negligible. The high amounts of Ag3Sb and Sb 

might have several, partially compensating effects: whilst on the one hand they presumably 

scatter phonons reducing the lattice contribution of the thermal conductivity, they will increase 

the thermal conductivity, as Ag3Sb and Sb themselves have higher thermal conductivities than 

MgAgSb and they furthermore influence the carrier concentration which affects the bipolar 

contribution. We also note a roughly linear decrease of 𝜅 − 𝜅𝑒, but no visible increase at higher 

temperatures due to the bipolar contribution to the thermal conductivity. This peculiar behavior 

has been previously observed [15,16,21,26,39,40], and might be due to the limitations of 

treating the data using a single parabolic band approach [45].  

In general, the differences between the expected and the obtained values can be explained 

through the transport properties n and μ. Both the decrease in carrier concentration and the 

increase in mobility are presumably a consequence of the reduction in total impurity content and 

the effect this has on the MgAgSb matrix. Impurities can have both advantageous and 

detrimental effects in semiconductors, and the compromise between them is undoubtedly 

complex [9,46,47]. However, in our case they apparently have essentially a negative effect on 

the properties, as we observe a significant reduction of the mobility and no reduction of the 

lattice thermal conductivity. The details depend of course on the species of secondary phases, 

but similar trends have been observed previously for MgAgSb [18,21,30]. Impurities have a 

scattering effect in both phonons and charge carriers due to the change in grain boundaries and 

microstructure. The inhomogeneity resulting from these secondary phases could induce 

significant scattering of both charge carriers and phonons, resulting in lower mobility values. 

This is consistent with the results found, with mobility decreasing with increasing impurity wt. 

%. As for the carrier concentration, Ag- and Sb-based impurities could entail an increase in 

vacancies in the matrix, which would result in higher carrier concentration. Liu et al. suggested 

that a slight increase in Sb content in the matrix induces Mg and Ag vacancies, since MgAgSb 

can be expressed as Mg+2Ag+1Sb-3 [21]. This probably applies only for impurity-free samples. In 

our case, the assumption that a lower wt. % of Sb as an impurity implies a larger content of Sb 

in the matrix, thus inducing vacancy formation cannot be confirmed, since there are other 

impurities in play (namely dyscrasite), and our matrix cannot be considered to have the nominal 

composition. In addition to this, both dyscrasite and antimony present semimetallic behaviors, 

which could affect the carrier concentration regardless of their effect on vacancy creation. 

Further research should aim at disentangling what the contribution of the impurities themselves 

is to the trends observed in n and μ and what is due to the changes in the matrix (suspected 

increase number of vacancies), but it seems clear that both have a major impact in the transport 

properties and thermoelectric properties of α-MgAgSb. 
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4. Conclusion 

In this work we have shown the correlation between the degree of AgMg formation and the final 

amount of dyscrasite in MgAgSb. Consolidating AgMg before adding Sb results in a lower 

content of impurities, which improves the thermoelectric properties of the samples. HEBM is 

proven to be an effective way to induce solid state reaction between Ag and Mg through 

mechanical alloying, but it is strongly dependent on initial particle size. Combining ball milling 

and sintering provides a faster reaction between both elements, but adds complexity to the 

process, reducing its upscalability. Through changes in the initial step of the process, the 

average value of zT between 300 and 563 K is improved from 0.77 to 0.95 (~23 %), with a peak 

value of 1.2 at 500 K when using Ag powder. In general, the synthesis of pure MgAgSb is 

proven to be challenging, but choosing the individual steps carefully, proper consolidation of 

AgMg can be achieved, reducing or completely preventing the impurity Ag3Sb in the final 

samples and improving the thermoelectric performance. 
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