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The normative solid-state reaction process was adopted to prepare Li3Mg4NbO8 ceramics with LiF addition. We investigated
the impacts of LiF additive on the crystal structure, sinterabillity as well as dielectric performance at microwave region of the
Li3Mg4NbO8-basic ceramics. XRD analysis confirmed that the addition of LiF to Li3Mg4NbO8 lead to the formation of new
phase Li4Mg4NbO8F with cubic rock salt structure. The densified temperature of Li3Mg4NbO8-basic ceramics could be
effectively reduced from 1150 oC to 900 oC with LiF addition. Both the permitivity (εr) and quality factor (Qf) of present
ceramics were is closely correlated with the bulk density and cell volume. The 900 oC-sintered Li3Mg4NbO8-basic ceramics
owned excellent chemical compatibility with silver and optimized microwave dielectric performance (εr ~13. 4, Qf ~ 32,400
GHz at 9.4 GHz, and temperature coefficient of resonant frequency (τf) ~ -43.0 ppm/℃). 
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Introduction

With the arrival of 5G communication systems, more

attention has been attracted to microwave dielectric

ceramics, which is extensively applied in modern

communication field. Meanwhile, a series of sintering

synthetic approaches, for example the cold sintering

process and low-temperature co-fired ceramic (LTCC)

technology, furnish technical support to produce the

multi-functional, and miniaturized passive microwave

devices [1-4]. Thus, the dielectric ceramics applied in

5G and LTCC technologies must fulfill the following

essential basic characteristics: low firing temperature

(≤960 oC), good dielectric performance as well as low-

cost and environmental friendly [5]. At present, a great

number of studies were taken to lower the sintering

temperature of existing ceramics or exploit novel ceramic

systems with good microwave dielectric performance

and low firing temperature [6-10]. 

Recently, rock salt structural Li2O-MgO-Nb2O5 system

ceramics have drawn great attentions due to their in-

triguing dielectric and luminescence performance [11-

14]. More recently, our group reported the microwave

dielectric performance of a new phase (Li3Mg4NbO8) in

Li2O-MgO-Nb2O5 system [15]. However, the major

challenge of Li3Mg4NbO8 ceramics is its high sintering

temperature, which impeded its practical use to some

extent, especially in LTCC technology. Usually, the

reduction of sintering temperature of ceramics could be

achieved by two methods: viz. (i) Using highly active

nanopowders synthesized by wet chemical route. (ii)

Adding sintering aid with low melting point [16]. Among

them sintering aid addition is the most economical and

effective approach [17]. It is reported that LiF is an

effective firing additive for reducing the sintering

temperature of many ceramics due to its low melting

point of 848 oC [18-20]. What's more, LiF with other

oxides materials (Li2TiO3, Li3NbO4, Li3Mg2NbO6) with

the same rock salt structure can easily form a new oxy-

fluoride compound, which can facilitate a remarkable

decrease in the sintering temperature of the oxides

materials [21-23]. In present paper, the LiF was selected

to make the Li3Mg4NbO8 ceramic be used as a LTCC

material. Then we examined systematically the impacts

of LiF on the crystal phase constitution, firing behavior,

microstructures, microwave dielectric characterization,

and chemical compatibility with silver of Li3Mg4NbO8

ceramics.

Experimental 

The Li3Mg4NbO8-LiF ceramics were elaborated

through the normative process route of solid-state

reaction. The high purity powders (LiF, Li2CO3, MgO,

Nb2O5) were weighed according to stoichiometric

Li3Mg4NbO8, and pre-milled for 8 h using alcohol and

zirconia balls as grinding media. The dried slurries

were pre-sintered at 1000 oC during 4 h in order to

form the Li3Mg4NbO8 phase. Subsequently, Li3Mg4NbO8-

LiF mixture powders were re-milled for 8 h. Green

discs (Ф10×5 mm) were prepared with a pressure of

100 MPa and using the mixture of Li3Mg4NbO8-LiF
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mechanically milled powders and Polyvinyl alcohol (6

wt%). These discs were fired at 850-950 oC for 5 h in

air.

Phase assemblages for Li3Mg4NbO8-LiF ceramics

were analyzed by Powder X-ray diffraction (XRD,

Smartlab, Japan). Use the Hitachi SU3800 scanning

electron microscope to observe the microstructures of

Li3Mg4NbO8-LiF ceramics. The bulk densities of

present ceramics were measured through the method of

Archimedes. Use Rohde & Schwarz ZNB20 vector

network analyzer and resonant cavity method to measure

the dielectric performance (εr, Qf) of Li3Mg4NbO8-LiF

sintered bodies at around 9-10 GHz. The τf value was

calculated using the following formula (1).

(1)

where f80 and f20 mean the measured frequency under

80 and 20 oC, respectively.

Results and Discussion

Fig. 1 displays the XRD profiles for Li3Mg4NbO8-

LiF samples fired at 850-950 oC. The major diffraction

peaks can be ascribed to the standard diffraction lines

of cubic-type MgO (PDF#87-0651) phase rock salt

structure, while the other diffraction peaks can well

indexed to orthorhombic-type Li3Mg4NbO8 phase rock

salt structure. And no obvious LiF or impurity phase

was formed, except for the cubic and orthorhombic

(Li3Mg4NbO8) phases, indicating that LiF diffused into

the orthorhombic structure phase Li3Mg4NbO8 and

formed the new phase (Li4Mg4NbO8F) with cubic

structure. The similar phenomenon was also found in

previous researches [23]. The cubic type structure is the

consequence of a disordered sub-cell of the orthorhombic

superstructure [24]. In addition, the enlarged main peak

(200) moved to lower angle with rising sintering

temperature as illustrated in Fig. 1(b), indicating an

expansion of cell volume based on the Bragg equation

(2d sinθ = nλ).

Typical surface SEM images for Li3Mg4NbO8-LiF

ceramics fired at 875-950 oC are displayed in Fig. 2.

Some open pores were observed for the samples fired

below 900 oC, as seen in Figs. 2(a) and (b). With the

enhancement of firing temperature, the open pores

gradually decrease and a relative compact and homo-

geneous microstructure were obtained for the specimen

fired at 900 oC (Fig. 2(b)). However, when the firing

temperature exceeded 925 oC, partial grains begin to

melt due to over-firing as seen in Figs. 2(c) and (d),

which inevitably affects the bulk density and dielectric

performance of investigated ceramics [25]. 

Fig. 3 presents the dependence of bulk density (ρ), εr,

Qf and τf on sintering temperature for Li3Mg4NbO8-LiF
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Fig. 1. (a) XRD patterns of Li3Mg4NbO8-LiF ceramics sintered at different temperatures, (b) enlarged view of the (200) peak.

Fig. 2. SEM images of Li3Mg4NbO8-LiF ceramics sintered at
different temperatures: (a) 875 oC, (b) 900 oC, (c) 925 oC, (d)
950 oC.
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specimens. With enhancing firing temperature from

850 to 925 oC, the ρ enhanced gradually from 3.387 to

3.542 g/cm3, but then declined to 3.50 g/cm3 at 950 oC.

The elevating sintering temperature can simultaneously

cause contradictory effects that are attributed to an

enhanced ρ due to the confined porosity and related to

a decreased ρ due to over-sintering associated with the

partial grains melting mentioned before. From the view

point of ρ, the firing temperature of the Li3Mg4NbO8-

basic ceramics was markedly reduce from 1150 oC to

925 oC with the additive of LiF [15]. LiF diffused into

the Li3Mg4NbO8 lattice, which reduced the chemical

potential of Li3Mg4NbO8. The combination of the for-

mation of low melting point liquid phase during sintering

process and the alleviation of chemical potential was

responsible for the low temperature sintering of the

Li3Mg4NbO8-LiF system [26]. As illustrated in Fig. 3(b),

both the εr and Qf values for Li3Mg4NbO8-LiF ceramics

rose initially, achieved a peak at 900 oC and thereafter

decreased with rising firing temperature. The variations

were somewhat inconsistent with of bulk density,

implying that except ρ, other factors impacting the εr

and Qf values should be considered. Generally, the εr is

associated with the presence of secondary phase, bulk

density, mean ionic polarization (αtheo/Vm) [27]. From

Fig. 1, there was no secondary phase in all samples, but

the cell volume (Vm) increased as rising firing temperature

and thus resulted in the decline of αtheo/Vm. Therefore,

the variation of εr could be explained by the competing

results of bulk density and αtheo/Vm. Regarding Qf: it is

tightly connected with the packing fraction (P.F.) and

density. High P.F. corresponds to the weak lattice

vibration and thus high Qf value [28]. In this work,

with increasing temperature the P.F. decreased due to

the enhanced cell volume ( Fig. 1(b)) based on the

formula (2).

(2)

Thus, the variation of Qf for present ceramics could

be ascribed to the combined effects of bulk density and

P.F.

To evaluate its potential applications in LTCC tech-

nology, the chemical compatibility between Ag elec-

trode and Li3Mg4NbO8-LiF ceramics was investigated.

Fig. 4 exhibits the results of XRD profile as well

as SEM-EDS of Li3Mg4NbO8-LiF with 20 wt% Ag

addition sintered at 900 oC. The XRD pattern in Fig. 4

shown that only diffraction peaks for Li4Mg4NbO8F/

Li3Mg4NbO8 and Ag (JCPDS# 89-3722) phases were

detected, indicating no chemical reaction occurred

between Li3Mg4NbO8 and Ag. In addition, from the

insert of Fig. 4, the clear interface and relatively tightly

bonded between Li3Mg4NbO8-LiF and Ag phases were

observed, indicating no diffusion occurred between them

during the firing process. These results demonstrated

that the Li3Mg4NbO8-LiF ceramics exhibited excellent

Ag-cofiring chemical compatibility and thus is a potential

candidate for LTCC applications.
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Fig. 4. (a) XRD, (b) fracture SEM-EDS analysis of Li3Mg4NbO8-LiF ceramics co-fired with 20 wt% Ag powders at 900 oC.

Fig. 3. The bulk density (ρ), εr, Qf and τf values of Li3Mg4NbO8-
LiF ceramics sintered at 850-950 oC.
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Conclusions 

The influences of LiF doping on the sintering behavior,

crystal phase constitution, and dielectric performance at

microwave frequency for Li3Mg4NbO8 had been re-

searched. The doping of LiF significantly lowed its

densification temperature of Li3Mg4NbO8-basic ceramics.

The mixed cubic (Li4Mg4NbO8F) and orthorhombic

(Li3Mg4NbO8) phases with rock salt structure were

revealed via XRD analysis. Both the Qf and εr values

were strongly depended on the cell volume and bulk

density of ceramics. The Li4Mg4NbO8F-Li3Mg4NbO8

ceramics fired under 900 oC owned optimized dielectric

performance at about 9.4 GHz (Qf = 32,400 GHz, εr =

13. 4, τf = -43.0 ppm/℃) along with good Ag-cofiring

chemical compatibility, suggesting it a latent material

for LTCC applications.
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