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Synthesis of Zn,Sbs by Solid State Reaction and Hot Pressing,
and Their Thermoeletric Properties
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Abstract Thermoelectric Zn,Sh; alloys were synthesized by a conventional powder metallurgy process
consisting of solid state reaction and hot pressing. Single phase Zn,Sb; was successfully produced by the
annealing of cold compact starting with the mixed elemental powders, and subsequent hot pressing yielded
single phase bulk specimens without microcracks. Phase transformations in this alloy system during synthesis
were investigated using XRD, SEM and EDS. Thermoelectric properties as a function of temperature were
investigated from room temperature to 600 K and compared with results of analogue studies. Transport
properties at room temperature were also evaluated. Thermoelectric properties of single phase Zn,Sbs; materials
produced by this process are comparable to the published data. Synthesis by solid state reaction and hot
pressing offers a potential processing route to produce a bulk Zn,Sbs.
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Table 1. Sample designations and nominal compositions used
in the solid state reaction of cold compacts and hot pressing

Excess Zn (at.%)

Sample 7Zn (at%)  Sb (at.%) over stoichiometry
SCo 57.1429 42.8571 0.0
SC3 58.6429 41.3571 35
SC7 60.1429 39.8571 7.0

Note: SC stands for the solid state reaction of cold compact and
aumbers after that are excess Zn percentages.
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Fig. 1. XRD patterns of cold pressed samples of stoichiometric
Zn,Sby; (a) as-mixed, (b) annealed at 673 K/4hrs, (c) annealed
at 673 K/24 hrs,
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Fig. 2. Photographs of compacts using nominally 3.5 at.% Zn
rich powder mixtures; before annealing (left) and after
annpealing (right) at 673 K/24hrs.

Fig. 3. SEM micrograph of annealed powders processed from
the cold compacted 3.5 at.% Zn rich powder mixtures.
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Fig. 4. XRD patterns of cold compacts using normally
3.5at.% Zn rich powder mixture; (a) crushed powders after
annealing at 673 K/24hrs, (b) hot pressed at 673 K/2hrs using
annealed powders and (c) hot pressed at 673 K/24hrs using
annealed powders.
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Fig. 5. XRD patterns of cold compacts using normally 7.0
at.% Zn rich powder mixture; (a) crushed powders after
annealing at 673 K/24hrs, (b) hot pressed at 673 K/2hrs using
annealed powders.
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Table 2. Thermoelectric properties at room temperature for specimens produced by the solid state reaction of cold compacts and

hot pressing.

a o é

Relative

Sample WV/K) (©'em™) (WW/emK?) density(%) Hv phases remarks
Ref.[2] 113 500 6.4 96-98 - £
SCo £ powder
SCOHP2 50.2 139.6 0.35 93.6 145.0 etf3 HP/2hrs
SC3 powder
SC3HP2 85.4 498.8 3.6 86.1 1353 & HP/2hrs
SC3HP24 98.2 463.7 4.5 94.7 181.6 £ HP/24hrs
SC7 etZn powder
SC7HP2 60.6 281.1 0.8 93.3 122.0 &+Zn HP/2hrs

Note: HP stands for hot pressing, and numbers after HP represent are hot pressing time in hours.
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Fig. 6. SEM micrograph of hot pressed specimen using
annealed powders with nominally 3.5 at.% Zn rich powders; (a)
hot pressed at 673 K/2hrs and (b) hot pressed at 673 K/24hrs.
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Table 3. Transport properties at room temperature for the
Zn,Sb; processed by the solid state reaction of cold compacts
and hot pressing.

Hall Hall Carrier
Sample coefficient mobility  concentration
Ry (em*/C) p (em¥/Vsec) p (cm™)
Ref.[2] - 30 9x 10"
SC3HP2 0.0223 11.12 2.80 % 10%°
SC3HP24 0.0635 29.47 9.83 X 10"
SC7HP2 0.0318 8.93 1.97 X 10%°
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Fig. 7. Thermoelectric properties as a function of temperature
in SC3HP2 specimen ; (&) Seebeck coefficient, (b) electrical
conductivity and (c) thermoelectric power factor.
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Fig. 8. Thermoelectric properties as a function of temperature
in SC3HP24 specimen ; (a) Seebeck coefficient, (b) electrical
conductivity and (c) thermoelectric power factor.

Table 39 AA8IATH 2 FHo 2 A23h
AJH(SC3HP24)9] 600 Kol 4] ZTE 0.8
AGEAT7E 7MY & Fo= 1
s B @7 g Y@ Ane)

v

=
E
=

>

rh

ay
o

I

S =& SeebeckA G2t A7)
AAE Yepa glen, 7] Txd
e YRR Aol gukat
< Wrlete, £ Al HEALS A F
olEEe HARM AHT £ A} I =
T (ZngSby+ZF Zn, Zn,Sbs+ZnSb)ys2] B4
n I ZnSbye EAE Qs HEA 0] FA
o} @4 Zn,ShyA B9 Seebeck AlG9} A7)
FALATe} s E 2R St W Zha
A

¢

it
Zi oX, o},'.. &

R
o, 1

ju i ]-
etk 22 600 K7HA 8] SAEA

oM gHo = obygst v AlHIE g A
o] A ME e vEAH 28] Zn,Sbs7} ZnSb
+ZnE 2o F2F LEFAoNM BHET e5AA
o] Yetwith £ FAo2 Axd die] yUx AJH
600 KoM o] Ed AsAFENE 428 + dder
0.82 A= oj& 2 94 4%

o fr M1 o rlo > H
ir 0 e
iy

of,

o tlo o o

Woox ok 2
U 4o e o
e i o b

Table 4. Thermoelectric properties of specimens processed by the solid state reaction of cold compact and hot pressing (at 600 K)

a g

8

A

Sample (WV/K) (O 'em™) (UW/emK?) (mW/emK) zr remarks
Ref.[2] 185 330 11.3 7 1 Measured
Ref|[3] 205 88 3.7 7 0.32 Estimated
SC3HP2 2226 208.4 10.32 7 0.88 Estimated
SC3HP24 201.9 229.1 9.34 7 0.80 Estimated

*denotes that 1 was estimated from the graph of thermal conductivity as a function of temperature in reference 2.
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