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Abstract In this study, we successfully synthesized a glass-ceramic with LiVO; crystalline phases via heat treatment of
Li,Cl,-Li,0-B,0;-V,04-based glass, a composition not previously reported for solid-state electrolytes. Thermal properties
were measured using differential thermal analysis (DTA), and kinetics analysis was conducted based on these data. As
indicated by XRD patterns, the as-prepared sample exhibited the characteristic halo pattern of glass, while the formation of
crystalline phases was observed with increasing heat treatment time, identified as LiVO,. The intensity of the LiVO, peaks
in the XRD pattern increased with extended heat treatment, eventually reaching saturation. Additionally, ionic conductivity
was observed to improve, likely due to the facilitation of Li-ion conduction within the LiVO; crystals. The activation
energy for LiVO; crystallization within the glass matrix was determined to be 190 kJ/mol (Kissinger method) and 203 kJ/
mol (Marotta method) based on DTA analysis. The Ozawa exponent, derived via the Ozawa method, suggested one-
dimensional growth of the LiVO; crystals.
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Table 1

Composition of Li,Cl,-Li,0-B,0;-V,05 glasses
Glass Li,Cl, Li,O B,0; V.0,
name (mol%) (mol%) (mol%) (mol%)
CBV342 3 37 40 20
CBV042 0 40 40 20
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Fig. 1. DTA curves of CBV342, CBV042 glasses with different
heating rate.
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Fig. 2. XRD patterns of CBV342 glass after heat treatment at
773 K for various times.

ANE FHEH].

Figure 1914 ZAs} 93 259 HYge] 773 KY
e en, ol5 7Rte® T, M dAlg] Al
o] A3} Axo| wX= JIFS T TS A
g Aol FRet 2A4S FE<lsk] flal XRD #d
s em, 2 A= Fig. 20 YIS 54
& ougt EMY= A &2 el A9 v
o] A&ERLL, GA ] ATke] Eoiitel] wet 5
A ARWe] 3" F=37F Fslo] #FEJeH, o
Monoclinic “32] LiVO;2 gRI=IT) o8 T3l &
HHollM FE B F2 WFE RS Clo] 23
FAEA ot Fxo dA8E AsA T, T,2
T EA IR B e

Kissinger 3 Marotta "2 o|-83le] fele] 243t
of a3t &3 ouxE =Fsiien, A3+ Fig.

39 HeRrRSAT

29
ol

o o mlo o N o

oY dlo oo rr

o E.
—| == +
ln(T) RT, Constant D
In(a) =— Ee + Constant ?2)
RT

p

Kissinger @ Marotta *74 24> zHz} 21(1), (2)l 39
39, a= DTA 52 &%, T,= 233 93 2%, E,
= ZAAse] 283 A3t duyx], RS 7IAl A

-10.2 T T T T T

-10.4

-10.6

-10.8

<o L24
g o g
3 i1
e .-
i 22

-11.24

= 2 2.0
n(o/T,)
-11.4 4 u In(a)

Kissinger plot : y=-24.45x+34.62
R*=0.99, E_=203kJ/mol

Marotta plot : y=-22.94x+19.36
R*=0.99, E_=190kJ/mol

-11.6

-11.8

T T T T T T T
1.29 1.30 1.31 132 1.33 1.34 1.35

1000/T,(K™")

Fig. 3. Kissinger and Marotta plots of CBV342 glass showing
crystallization peaks at different heating rates.
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Fig. 4. Calculation method for deriving the crystallized fraction
(x): Calculation of the heating value by integrating the area of

the DTA curve.
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Fig. 5. Crystallized fraction at different heating rates.
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Table 2
Values of n for different crystallization mechanisms [9,12]

Crystallization mechanism n

Bulk crystallization with a constant number of nuclei
(i.e., the number of nuclei is independent of heating rate)

three-dimensional growth of crystals

two-dimensional growth of crystals 2

one-dimensional growth of crystals 1

Bulk crystallization with an increasing number of nuclei
(i.e. the number of nuclei is inversely proportional to the heating rate)

three-dimensional growth of crystals

two-dimensional growth of crystals

one-dimensional growth of crystals

— N Wl

Surface crystallization
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