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NaSICon Thin Film History i,

(It isn’t pretty....)
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Film Preparation — General Flow ) ..

Zr-Butoxide
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TEOS Dibutylphosphate Na-Ethoxide
\ 0.15M Solution /
Pt Contacts
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Solution chemistry loosely based upon:
N. Gasmi, et al., J. Sol-gel Sci. and Tech. 4, 231-237 (1995) and A. Martucci, et al. J. Eur. Cer. Soc., 22, 1995-2000 (2002)
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NaZr,P,0,, Phase Development and @z,
Properties
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NaZr,P,0,, Phase Development and @z,
Properties
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NaZr,P,0,, lon-Conductivity Behavior

= Temperature
dependence assessed

= Activation Energy of
~0.49 eV calculated

= |nvariant with processing
temperature

= |dentical to bulk literature

= Conductivity values
compare favorably with
bulk ceramics

= Bulk ceramics noticeably
lower conductivity —
attributed to lower density
(85-90% for Nagai)

Nagai et. al., J. Amer. Cer. Soc., 63 (7-8), 476-477 (1980)
Cherkaoui et. al., Solid State lonics, 21 (4), 333-337 (1986)
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NaZr,P,0,, lon-Conductivity Behavior @
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dependence assessed
(ot 1x10" o« %,
= Activation Energy of € . .
L
~0.49 eV calculated 5 1x10? TN o
= Invariant with processing 2 ° Qj o
> 1x10° ¢ 7
temperature = e
= |dentical to bulk literature 3 1510 P
= =
= Conductivity values 3 5
. (&) B
compare favorably with £ 1x10
bulk ceramics ~ 1x10° ® 90°C (Varied Authors)
= Bulk ceramics noticeably 7 o Shi Secdenough et. al.
|OW€F Conductlvity_ ‘Ix'lo_ ........................ r 2

attributed to lower density
(85-90% for Nagai)

Nagai et. al., J. Amer. Cer. Soc., 63 (7-8), 476-477 (1980)
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Adding Silicon to the Mix.... ) .
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Crystallite size scales with silicon
content
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lonic conductivity scales with silicon
content
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lonic conductivity scales with silicon ...
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lonic conductivity scales with silicon
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Summary

= NaSICon thin films can be
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Solid state Na-ion batteries are
a promising alternative to
lithium particularly for high
power applications 15
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results in decreased conductivity
= Poor crystallinity

= Fine grain size
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Microstructure Changes with i
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Why not go hotter? Electrode D
Instability

x=1 NaSICon on x=1 NaSICon on
Pt/Zn0O/SiO,/Si after 800°C Pt/TiO,/SiO,/Si after 800°C
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NaZr,P;0,, Impedance Response Wiz
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Adding Silicon to the Mix.... ) .
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Secondary

= Z7rO, secondary phase becomes phase

more prominent
" @Grain size drastically reduced

= Heating to higher temperatures
results in secondary phase 19
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Phase Development: Initial

Sandia
|I1 National
Laboratories

Ob ti
o o A e O —
- W z0, 2 = W tz0,
0 a B NASICON 10° S & B NASICON

— 10 S —_ =
2 98 ) 7
= <O c
= Qo C =

107 I SN
: AR :
5 900°C £
S 105 'S
s | 5
2 , gooc| 2
B 10° , z

|

8 I 8
= 7000c| £

10']

| )
|| | | \I | |
50 60 10 40 50 60
26 (degrees) 29 (degrees)

= Every layer fired to 700° C x 10 minutes, 30 minute post anneal at
designated temperatures

= Can unambiguously identify NaSICon peaks in NZP films

= Silicon end-member is comprised of ZrO, and an unknown phase o
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Rigorous Study of NaZr,P;0,, Phase ..
Development and Properties
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