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Abstract Thermoelectric Zn,Shs alloy powders were synthesized from elemental powders by mechanical
alloying process and consolidated by hot pressing under controlled atmosphere. Single phase Zn,Sb; was not
obtained using a nominal stoichiometric composition, but near single phase Zn,Sbs with remnant elemental Zn
having a relatively high density was produced using a nominally 11.7 at.% Zn rich powders. Phase
transformations during mechanical alloying were systematically investigated using XRD and SEM.
Thermoelectric and transport properties were evaluated for the hot pressed specimens and compared with

results of analogous studies.
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Table 1. Sample designations and nominal compositions used
in MA process.

Sample Zn (at%)  Sb (at.%) Ex(cf(;o )Z“
MAHPO 57.14 42.86 0
MAHPI 58.14 41.86 2.3
MAHP3 60.14 39.86 7.0
MAHP4 61.14 38.86 9.3
MAHP5S 62.14 37.86 11.7

42 325mesh ©]3t2 BF3 & WA 31.75mme] L
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HOo R AI7 FF Ar £917] StellA E7F A& S
Attt 71AA S8t 4, 788 2 FLEA
g A a3 e ddHE A S ZAE] 9
3], as-milled %, 7 454F AWl s XA
38 ANFE(XRD)S AAEATE E3F FARAIER]A
(SEM)3} ofL4z] EAF 94 BA7|(EDS)E &-&3fo) 1]
AzAF FEE AAEen, dF 93 x0]E (helium
pycnometer)E ©|-&-g WMNATAIE S Was 71AH A
Awstel Aele] FABAE ZABIATH

SEE NS S EHELE F2~600Ke]
=9 s ST AVNHEE(o)E 4DAH G-
point probe) WHOE A oH, HH dA= UF
@29} gold wireE AME-BFHTE Seebeck Al (a)E Al
He| 3L S heat sink@ dho] YA Ue 2
FAAZIL 2 dF 29 4% €4S F3sy 7}
date o] YA 25 Tl Y o] &3l 2x7
well ola dEhs F718E (emh)E 43 AN
ot} olw A7 03 mme Ttype SHNE o] &3l A
H gFe] -2 BEY 225 243t e g &
da S71HEE 718 FH3IATh €3 A5 A (thermo-
electric power factor; 6= cfo)e T3+ 2 SeebeckAl T
o A7IHEEE EUE ALbetact B3k 2 AlHe] A
78] ol BEAE HUHE 5929m, Hall AlFRy), &
WAl FE(p), SHHAF Ol F S (u) 52 Van der Pauw
Hg o]83ld 1.64T, 10 mA®] &3] 3lellH 23130t

=

48417 71 A& 37t A E as-milled L2 ¢
E A7% 10um ol3tE FFHUCH, 7AF P53}
g 5o el J4HstE Fig 19 e #F
I Z Fig. 1@ B3 el #F& YA Sbeld,
T8 7k YJA= Znolth

3}l 2w Ao EFED Ui 2y A7) o
2 X4 32 NEZEHAE Fig 201 JeERUT. 714
A 33 FANM AGHo g BARE T3 2d &
AY ZF Y peako] AT o} N2 TFA
277} peakd] £8 Aol Z JEPIA Uk A7
g o|FHE Zn,Sb;9t ZnSb Aol HH3] Al U
YA 7o) Zohstel whel §F3F vkgo] Al o,
24A17ke] WY ZHEE= Sbet Zne ¥AH AV ¢ o
d UERA] skt A% 54 BYE ARES ZART
T8t A 5178 2 o] %ol ZnSbe| Aol & ]
ARSIl delo] Zn,ShyZde] AAE 0, 48217ke] dE &
o= Zn,Sbs, ZnSb ¥ ZHF Sb, Zno] Aol LR th=



71417 3l 28t Zn,Shy BH&ANL] T 2 81 B4 537

L1, Be [R=ANES 21 o00T 8l

S588 S8m

(b)

Fig. 1. SEM micrographs of stoichiometric powders: (a) as-
mixed, (b) mechanically alloyed for 48 hrs.
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Fig. 2. XRD patterns of powders with nominal stoichiometric
composition during MA; (a) as-mixed, (b) MA for 4 hrs, (¢)
MA for 16 hrs, (d) MA for 24 hrs, and (e) MA for 48 hrs.
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Fig. 3. XRD patterns of compacts processed by hot pressing
for 2 hrs at 673 K after 48 hrs of mechanical alloying; (a)
nominally stiochiometric composition and (b) nominally
11.7 at.% Zn rich composition.



538

(b)

Fig. 4. SEM micrographs of hot pressed MA compacts; (a)
nominally stiochiometric composition and (b) nominally
11.7 at.% Zn rich composition.
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Table 2. Thermoelectric and other properties at room temperature in hot consolidated specimens processed by mechanical alloying.

Relative

Sample a(UV/K) o(2-1cm-1) BUV/iemK?2) density(%) Hv Phases
Ref.1) 113 500 6.4 96-98 - &
MAHPO 74.4 219.3 1.2 89.1 174.3 e+p
MAHPI1 84.0 228.9 1.6 90.3 172.8 £+ ﬂ
MAHP3 113.8 23.1 03 86.2 113.7 e+f
MAHP4 133.7 169.2 3.0 91.6 130.8 8+ﬁ
MAHP5 86.8 621.2 47 98.8 243.6 E+Zn
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Table 3. Transport properties at room temperature in hot
pressed MA Zn;Sby; (MAHPS).

Hall Hall Carrier
Sample coefficient mobility concentration
Ry cm’C)  u (cm*Vsec)  p (cm™)
Reference” - 30 9x 10"
MAHPS 0.0483 30 1.29%10%

250

@

100 ©

50+

Seebeck coefficient, o (LVIK)

0 s 1 i
250 300 350 400 450 500 550 600 650

Electrical conductivity, o (Q"cm’)

oY O@n‘??
© Qa9

1 k| 1 1 1 L 1
50 300 350 400 450 500 550 600 650
Temperature (K)

Thermoelectric power factor, 6 (uWicmK )
o

Fig. 5. Thermoelectric properties as a function of temperature
in hot pressed MAHPS specimen; (a) Seebeck coefficient, (b)
electrical conductivity and (c) thermoelectric power factor.
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Fig. 6. XRD patterns of MAHPS; (a) as-hot pressed, (b) after
measurement of thermoelectric power factor up to 600 K
(surface) and (c) after measurement of thermoelectric power
factor up to 600 K (inside).
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