
Vol.:(0123456789)

https://doi.org/10.1007/s10854-026-16743-w

J Mater Sci: Mater Electron  (2026) 37:449

Enhanced structures and magnetic properties 
of Li0.43Zn0.28Ti0.14Fe2.15O4 ferrites co‑fired 
with Bi2O3–CaO sintering aid at low temperatures 
for LTCC applications

Xiaoyi Wang1,2, Ning Ma1, Ziyan Yang1, Hui Li1, Xiujuan Feng3,*, Gang Zhou2, Gang Chen1, and 
Lei Zhao1,*

1 School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116, Jiangsu, China
2 Ningbo Sunny Infrared Technologies Co., Ltd, Ningbo 315400, Zhejiang, China
3 National Key Laboratory of Deep Coal Safety Mining and Environmental Protection, Anhui University of Science and Technology, 
Huainan 232001, Anhui, China

ABSTRACT
The requirements of miniaturizing microwave devices have brought about 
vigorous developments in low-temperature co-fired ceramics (LTCC) technology, 
in which circumstance synthesizing ferrimagnetic materials at low sintering 
temperatures becomes a crucial part. In this study, Li0.43Zn0.28Ti0.14Fe2.15O4 ferrites 
were prepared via a solid-state reaction method, with Bi2O3–CaO mixture serving 
as sintering aid. Based on various characterization results, it can be concluded 
that the introduction of Bi2O3–CaO as a sintering aid can achieve the fabrication 
of Li–Zn ferrites with pure spinel phases at low temperatures. Grain growth 
and densification were promoted with the assistance of sintering aid with an 
appropriate addition amount (0.5 wt%). Regarding magnetic properties, the value 
of saturation magnetic induction increased from 141.3 to 236.7 mT, and value of 
ferromagnetic resonance linewidth decreased from 1448 to 632 Oe. Thus Bi2O3–
CaO mixture proves to be an effective sintering aid, which might be applied for 
LTCC applications.

1 Introduction

Ferrite materials are widely utilized for modern micro-
wave devices (such as phase shifter, circulator, isolator, 
etc.) owing to their unique properties, and increasing 
attentions have been paid to them in recent decades 
[1–3]. Generally, ferrite materials could be divided 

into three categories: spinel, garnet, and hexaferrite 
depending on their different crystal structures [4, 5]. 
Regarding spinel ferrites, a space group of Fd3m is 
obtained, and the structure can usually be expressed 
as AB2O4, where A sites represent divalent cations with 
occupying fourfold tetrahedra and B sites represent tri-
valent cations with occupying sixfold octahedra [6–8]. 
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Kinds of spinel ferrites have been developed includ-
ing Mn–Zn, NiCuZn, and Li–Zn ferrites, and most 
of them have industrial applications [9, 10]. Among 
them, Li–Zn ferrites are considered good substrate 
materials for phase shifter because of their excellent 
magnetic properties including high saturation mag-
netization and high remanence square ratio, low fer-
romagnetic resonance linewidth, and low cost [11–13].

On the other hand, device miniaturization is the 
development trend in the world, which can improve 
the integration degree of microwave system and 
reduce energy consumption at the same time. To 
this end, low-temperature co-fired ceramics (LTCC) 
technology has been proposed and considered as an 
effective method [14]. With the assistance of LTCC 
technology, multilayer hybrid integrated circuits can 
be produced, where passive components (resistors, 
inductors, and capacitors) and active components are 
integrated in the same package [15–18]. Obviously, it 
is beneficial for microwave wireless applications that 
high integration and high-performance devices can be 
achieved. It is worth noting that the melting point of 
silver is only 960 °C, which is much lower than the 
sintering temperature of spinel ferrite ceramics with 
traditional fabricating routes. Therefore, it is a key 
issue to reduce the sintering temperature in order to 
realize co-firing of spinel ferrites and silver conductors 
[19–21].

In this background, fabricating Li–Zn ferrites at low 
sintering temperatures (less than 950 °C) gradually 
becomes a research hotspot, and much effort has been 
made [22]. Adding sintering aid is proved to be a valid 
approach to achieve the synthesis of Li–Zn ferrites at 
low temperatures, among which glass and oxides with 
low melting points are most widely used. For example, 
Wang et al. fabricated B2O3–Li2CO3–SiO2–ZnO glass 
and employed it as sintering aid to synthesis Li–Zn 
ferrites at 920 °C [23]. In regard of glass sintering 
aid, its advantage is the much low melting point. 
However, the glass needs to be fabricated separately 
with a complicated procedure, specifically, a relatively 
complex procedure containing high-temperature 
calcination, quenching, and pulverization steps. 
Another kind of sintering aid is oxide or mixed 
oxides; they only need to be added during the second 
ball milling process, which can significantly reduce 
synthesis complexity. At the very beginning, only one 
type of oxide was added and served as the sintering 
aid, such as Bi2O3, which is one of the most widely 
used oxide sintering aid [24]. For example, Liu et al. 

used Bi2O3 as sintering aid to prepare LiZn ferrites at 
low temperatures and investigated the influences [25]. 
The sintering temperature can be remarkably reduced 
with the introduction of Bi2O3, but other magnetic 
properties of Li–Zn ferrites can hardly be effectively 
tailored by only adjusting the proportion of Bi2O3. To 
this end, many scholars focus their attentions on mixed 
oxides, which can reduce the sintering temperature, 
and meanwhile adjust specific properties to meet the 
needs of microwave devices [26, 27].

Herein, Bi2O3–CaO mixing oxide was employed as 
the sintering aid to prepare Li0.43Zn0.28Ti0.14Fe2.15O4 
ferrite ceramics at low temperatures. In this condition, 
no complex fabrication procedure was required 
relative to the glass-based sintering aid, while the 
introduction of CaO tailored the magnetic properties of 
products compared to the Bi2O3-only sintering aid. For 
example, Hossein et al. demonstrated that the addition 
of CaO could increase the saturation magnetization of 
Mn–Zn ferrites, owing to the substitution of Ca cations 
at tetrahedral sites [28]. However, little attention 
has been paid to the influence of CaO on properties 
of Li–Zn ferrites. Third, this work aims to prepare 
Li–Zn ferrites with satisfying performances at low 
sintering temperatures, and it can be deduced that the 
introduction of Bi2O3–CaO mixing oxide might work. 
So far, the influence of Bi2O3–CaO serving as sintering 
aid on Li–Zn ferrite has not been reported before. In 
this paper, crystal structure, morphology, and various 
magnetic properties of Li0.43Zn0.28Ti0.14Fe2.15O4 ferrites 
with the different amounts of Bi2O3–CaO sintering aid 
were investigated.

2 �Experimental

Li–Zn ferrite ceramics with a stoichiometric 
formulation of Li0.43Zn0.28Ti0.14Fe2.15O4 were prepared 
via the solid-state reaction method at a low sintering 
temperature of 900  °C. Specifically, raw materials 
(Fe2O3, ZnO, TiO2, and Li2CO3) with an analytical 
grade (Guo-Yao Co., Shanghai, China) were weighed 
according to the stoichiometric value, and total weight 
of these powders was 50 g. The powders were mixed 
with distilled water (DI) with a weight ratio of DI: 
powders = 1.5: 1, and then a planetary mill (Nanjing 
Machine Factory, Nanjing, China) was employed to 
make the slurry uniformly mixed, the mixing time 
lasted for 250 min with a rotating speed of 260 rpm, 
and the milling media were zirconium oxide balls. 
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Then, the mixed slurry was dried in an oven at 80 °C 
for 24 h, followed by crushing and sieving to obtain 
powders. A pre-sintering procedure was conducted 
for those powders at 800  °C for 180  min, and the 
heating rate was 2 °C/min. Next, various amounts of 
Bi2O3–CaO sintering aid (x wt%, x = 0, 0.05, 0.1, 0.2, 
0.5, 1.0, and 2.0) were mixed with the pre-sintered 
powders, followed by the ball milling, drying, 
crushing, and sieving procedures in turn. Finally, 
those powders were granulated with the help of 
polyvinyl alcohol (PVA, 10%) and pressed into specific 
shapes by using a press machine. The prepared 
samples were sintered at 900 °C in an air atmosphere 
for 250 min at a heating rate of 2 °C/min, and then 
the temperature of the muffle furnace was gradually 
cooled down to 200 °C with a decreasing rate of 2 °C/
min and finally naturally cooled to room temperature. 
It is noted that the muffle furnace was kept at 450 °C 
for 1 h in the sintering process.

Crystalline structures of the synthesized 
Li0.43Zn0.28Ti0.14Fe2.15O4 ferrites were characterized by 
X-ray diffraction (XRD, Bruker D8 Advance, Germany) 
with Cu Kα radiation source, and the scanning range 
was 2θ = 10–80°. As for morphology of the products, 
those samples were cut, and the cross-sectional 
microstructures were studied using a field emission 
scanning electron microscope (FESEM, Tescan MAIA3, 
Czech Republic). Densities of the synthesized samples 
were tested by the classical Archimedes’ method. A 
LakeShore7404 vibrating sample magnetometer 
(VSM) was used to measure the M–H loops at an 
externally applied field of − 5000 to 5000 Oe at 
room temperature. Regarding the measurement of 
ferromagnetic resonance (FMR) linewidths (ΔH), 
the prepared Li–Zn products were first crushed and 
ground to obtain spherical specimens with a diameter 
of 1 mm, and then those spherical specimens were 
tested via the perturbation method. Other magnetic 
properties including saturation magnetic induction 
(Bs), remanent magnetic induction (Br), remanence 
square ratio, and coercivity (Hc) were measured by 
an Iwatsu BH analyzer (SY8232) with an alternating 
magnetic field.

3 �Results and discussion

Figure 1a shows a typical structure of spinel crystal 
unit cell; cations located at A sites are surrounded by 
four oxygen anions (tetrahedra), while cations located 

at B sites are surrounded by six oxygen anions (octahe-
dra), and they are arranged in a close packed arrange-
ment. In a unit cell, oxygen anions contribute 32 ions 
to make electrically balance and form a close packed 
structure. It is acknowledged that spinel ferrites can 
be divided into 3 types including normal, inverse, and 
mixed ferrites according to the cations distribution. 
Moreover, the substitution for ions locating at A or B 
sites has a significant influence on various properties 
of spinel ferrites, and many researchers are focusing 
on this topic. Regarding Li–Zn ferrites, the 8 A sites are 
usually occupied by ZnII/FeIII, whereas the 16 B sites 
are filled with LiI/FeIII. As shown in Fig. 1b, the pre-
pared Li–Zn ferrites with different addition amounts 
of Bi2O3–CaO sintering aid all exhibit a pure spinel 
phase, which could be indexed to the main (220), (311), 
(400), (422), (511), and (440) planes (JCPDS #37-1471). 
Besides, intensities of diffraction peaks are increasing 
with the increase of Bi2O3–CaO sintering aid, which 
could be attributed to the enhancement of crystallin-
ity degree, since the increase of peak height usually 
indicates an increase in grain size and crystallinity. 
On the other hand, no diffraction peaks of raw agents 
including Fe2O3, ZnO, TiO2, and Li2CO3 are detected. 
Taking into account the above results, it can be con-
cluded that the Li0.43Zn0.28Ti0.14Fe2.15O4 ferrites with 
spinel phases were successfully synthesized at a rela-
tively low temperature. Moreover, no impurity peaks 
of Bi2O3 or CaO are observed from the XRD results, 
indicating that the introduction of sintering aid brings 
negligible effects on crystal structure of Li–Zn ferrites. 
Although all the samples display same spinel phase 
diffraction peaks, intensities of some diffraction peaks 
are increasing with the increase amount of Bi2O3–CaO 
sintering aid. Furthermore, Rietveld refinement fitted 
patterns were investigated and are shown in Fig. 1c. 
As for the sample sintered with 0.5 wt% Bi2O3–CaO 
sintering aid, the values of Rp, Rwp, and χ2 are 6.99%, 
8.40%, and 1.17, respectively, indicating a good fitness. 
The refinement of XRD results indicate that the calcu-
lated diffraction patterns exhibit a high compatibility 
with experimental data, and the existence of sintering 
aid has negligible effects on spinel crystalline struc-
ture. In a word, Li–Zn ferrites can be well fabricated 
at low sintering temperatures with the assistance of 
Bi2O3–CaO sintering aid, and the existence of sinter-
ing aid has no detrimental influences on spinel phase 
structures.

As shown in Fig. 2, morphologies of some samples 
of the prepared Li0.43Zn0.28Ti0.14Fe2.15O4 ferrites are 
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displayed. Figure 2a, b, c, and d represents the sample 
sintered with 0 wt%, 0.1 wt%, 0.5 wt%, and 1.0 wt% 
Bi2O3–CaO sintering aid, respectively. In the condition 
of no sintering aid involved, the grain size is relatively 
small. The corresponding grain size distribution his-
tograms are shown in Fig. 2 (e), the mean size is only 
0.79 µm, and the extremely small grains (0.2–0.4 µm) 
are very few with only 2% proportion is observed. 
More than 70% of the grains possess a size range locat-
ing at 0.6–1.0 µm, indicating a homogeneous micro-
structure. Some bigger grains with a size larger than 
1.0 µm are less than 10%, which could be attributed to 
the low sintering temperature, where the growth pro-
cess is suppressed and the energy of grain movement 
is insufficient. The above results are not unexpected, 

which are in consistent with our previous work [29]. 
Regarding the sample with 0.1% Bi2O3–CaO sintering 
aid introduced, obviously, the densification degree is 
significantly increased. The average size of the small-
est grains is about 1.0 µm (Fig. 2f), and the propor-
tion of grains with an average diameter of around 
1.5 µm exceeds 60%. Although the introduction of 
sintering aid promotes the grain growth, the mean 
size is still low of 1.45 µm, and no large grains (with 
a diameter exceeding 2 µm) are detected. It could be 
explained that the existence of Bi2O3 which possesses 
a low melting point would form liquid phase during 
the sintering process, and grain growth and migra-
tion would be enhanced with the assistance of liquid 
phase. On the other hand, the addition amount of 

Fig. 1   a Schematic illustration of a spinel unit cell. b XRD patterns of the prepared Li–Zn ferrites sintered with different amounts of 
Bi2O3-CaO sintering aid. c Rietveld refinement results of the sample sintered with 0.5 wt% sintering aid
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Bi2O3–CaO sintering aid was relatively low, and thus, 
grain growth was not sufficient. Increasing the amount 
of sintering aid to 0.5%, mean size of Li–Zn ferrites 
grains increases to 2.68 µm (Fig. 2g). Under the cir-
cumstance, no grains less than 1.5 µm can be observed, 
more than 80% of the grains possess a diameter larger 
than 2.0 µm, and some large grains with a diameter 
of about 3.5 µm emerge. Besides, it can be seen that 
densification degree is satisfactory, as few pores exist. 
It is well known that the existence of Bi2O3 could facili-
tate the grain growth because it would become liquid 
phase during the sintering process owing to its rela-
tively low melting point; however, some abnormally 
large grains may be formed, and grain conglutination 
may emerge because of the liquid phase. Herein, CaO 
was introduced and served as sintering aid to prevent 
these harmful phenomena owing to its high melting 
point. During the sintering process, CaO is difficult to 
be melted into liquid phase, which would inhibit the 
abnormal growth of grains. Therefore, under the com-
bined effect of Bi2O3 and CaO, a better grain growth 

process was obtained, which would then improve the 
magnetic properties of Li–Zn ferrites.

Further increasing the amount of sintering aid 
to 1.0%, uniformity feature is damaged that more 
small grains are observed and densification degree 
declines. The grains having a diameter range from 
1.3 to 1.7 µm are 35% (Fig. 2h), and grain with an 
average diameter of around 3.0 µm is 23%, indicating 
the size distribution is relatively dispersed. The 
emergence of small grains could be attributed to 
the excessive amount of Bi2O3–CaO sintering aid, 
in which condition too much liquid phase would 
deteriorate grain uniformity. EDS mapping  is 
applied along with SEM to analyze the types of 
elements to provide specimen map, as displayed in 
Fig. 2i–o, Fe, O, Li, Zn, Ti, Bi, and Ca elements of 
the prepared Li–Zn ferrites sintered with 0.5 wt% 
sintering aid are shown, respectively. It can be 
seen that all the elements of raw materials exist in 
the final products, and the element distribution is 
relatively uniform that indicates the well uniformity 

Fig. 2   SEM images and the corresponding size distribution histograms of the samples: a and e for the 0 wt% sample; b and f for the 0.1 
wt% sample; c and g for the 0.5 wt% sample; d and h for the 1.0 wt% sample. i–o The mapping results
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of Li–Zn ferrites. In short, Bi2O3–CaO sintering aid 
can promote grain growth and achieve synthesizing 
Li–Zn ferrites with good microstructures at low 
sintering temperatures, and the addition amount is 
a key factor.

Some magnetic properties of the prepared Li–Zn 
ferrites are displayed in Fig. 3. Figure 3a shows Bs 
and Br values of the samples sintered with different 
contents of Bi2O3–CaO sintering aid. Regarding the Bs 
value, it is significantly increased with the assistance 
of sintering aid. The Bs value is only 141.3 mT when 
no sintering aid involved, and then it rapidly increases 
to 236.7 mT in the condition of 0.2 wt% of Bi2O3–CaO 
added. Further increasing the addition amount to 0.5 
wt%, the Bs value can reach up to 279.8 mT, which 

is nearly twice as much as that of the non-addition 
sample. It is acknowledged that saturation magnetic 
induction is remarkably influenced by grains of ferri-
tes, due to the fact that sintering aid would bring about 
larger grains and higher densification; thus, the Bs val-
ues are increased with the increase of addition content. 
However, Bs value of the sample sintered with 1.0 wt% 
and 2.0 wt% sintering aid is 264.2 mT and 259.8 mT, 
respectively. Obviously, Bs values no longer continue 
to increase but decrease instead. It could be attributed 
to two factors: first, grain size and densification degree 
of Li–Zn ferrites decrease when much sintering aid 
introduced (as can be seen from SEM results); second, 
both Bi2O3 and CaO are non-magnetic materials which 
will result in a reduction of Bs value. In addition, Br 

Fig. 3   Values of a Bs and Br, b remanence square ratios, c densities, and d coercivities of the samples sintered with different amounts of 
Bi2O3–CaO sintering aid
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values of the samples are displayed via the dotted line. 
The lowest value is 74.2 mT and it reaches as high as 
around 218.7 mT in the condition of 0.5 wt% sintering 
aid involved. Similarly, Br values also start decreasing 
when the addition amount exceeding 0.5 wt%, and Br 
value of the sample with 2.0 wt% sintering aid is less 
than 200 mT. Remanence square ratio is an important 
parameter indicating the degree of rectangularity of 
hysteresis loop, and large remanence square ratios are 
desired for magnetic recording materials. Accordingly, 
remanence square ratios of the samples can be calcu-
lated from Bs and Br results, and they are shown in 
Fig. 3b. The remanence square ratio is only 0.526 when 
no sintering aid introduced, and it reaches up to 0.782 
when 0.5 wt% sintering aid added. The amplification 
rate of remanence square ratio is not as large as that 
of Bs or Br, because Bs and Br values are both increas-
ing during this process. Figure 3c shows densities of 
the samples, since densification degree increases with 
the increase of sintering aid, density increases from 
4.18 g/cm3 (0 wt%) to 4.68 g/cm3 (0.5 wt%). Further 
increasing the addition amount, densities also do 
not increase, which is in good accordance to micro-
structure results. Coercivity, also known as magnetic 
retention force, is the resistance of a magnetic mate-
rial to changes in magnetization and one of the most 

important properties of soft magnetic materials, and 
it represents the ability of magnetic materials to resist 
demagnetization [30]. Generally, coercivity is influ-
enced by various factors such as grain size, impuri-
ties, pores, and defects. Among them, magnitude of 
coercivity is most strongly affected by the variation of 
grain size. Therefore, as shown in Fig. 3d, coercivity 
value dramatically decreases from 617 A/m to 228 A/m 
when only 0.2 wt% Bi2O3–CaO sintering aid added, 
then it continues decreasing to 173 A/m sintered with 
0.5 wt% sintering aid. Since more small grains emerge, 
coercivity value slightly increases when more than 
1.0 wt% sintering aid introduced. Although coerciv-
ity value increases in this circumstance, the value of 
200 A/m is still much lower than that of the sample 
without sintering aid. To better compare the effects 
of different addition amounts on various properties 
of the Li–Zn ferrites, those results are summarized in 
Table 1 (Supporting Information). These results verify 
that grain size is indeed the main influencing factor 
to coercivity, and on the other hand, we can conclude 
that the existence of Bi2O3–CaO sintering aid can effec-
tively improve magnetic properties of Li–Zn ferrites, 
and an optimal addition amount is a key.

Room-temperature magnetic hysteresis (M–H) 
loops of some ferrites samples are displayed in Fig. 4, 

Fig. 4   Hysteresis loops 
(at room temperature) of 
the samples co-fired with 0 
wt%, 0.5 wt%, and 1.0 wt% 
Bi2O3-CaO sintering aid
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and the corresponding magnetization values can be 
obtained. Clearly, magnetization values of all the sam-
ples increase remarkably in the range of 0–1500 Oe, 
and then they gradually reach a plateau when external 
magnetic field exceeds 2000 Oe, where the saturation 
magnetization can be calculated. In the condition of no 
external magnetic field applied, magnetic domains are 
oriented in random directions, leading to negligibly 
small magnetization values. Once external magnetic 
field introduced, magnetic domains will turn and align 
parallel to external field, causing obvious increase of 
magnetization value. Finally, domain walls rotate to 
the maximum angle they can reach, and thus, magneti-
zation values will not continue increasing, which we 
call it saturated [31]. The saturation magnetization can 
be influenced by temperature, stoichiometric formula, 
and microscopic morphological structure [32]. In this 
study, Li–Zn ferrites are tested in room temperature; 
stoichiometric formula is Li0.43Zn0.28Ti0.14Fe2.15O4, 
and crystal structure has not been destroyed with 
the addition of Bi2O3–CaO sintering aid. Therefore, 
since microscopic morphological structure will be 
influenced with different amounts of sintering aid, 
it is believed to be the most important variable that 
will affect saturation magnetization. Specifically, 
saturation magnetization value is only 47.6 emu/g 
without any sintering aid, and then it can reach up 
to 69.8 emu/g when 0.5 wt% sintering aid involved. 
The main reason is that grain growth is promoted and 
densification degree is enhanced with the assistance 
of sintering aid, resulting in a higher saturation mag-
netization value. Nevertheless, saturation magnetiza-
tion value decreases to 66.4 emu/g in the condition 
of 1.0 wt% sintering aid added. First, microscopic 
morphology not only fails to be optimized but dete-
riorated instead when too much sintering aid intro-
duced. Second, increased proportion of non-magnetic 
sintering aid will bring about the decline of saturation 
magnetization.

Ferromagnetic resonance (FMR) is coupling 
between incident electromagnetic waves and mag-
netization of the ferrites through which they pass, 
and FMR linewidths (ΔH) is an important param-
eter for ferrimagnetic materials. As shown in Fig. 5, 
FMR spectra of some samples with different amounts 
of Bi2O3–CaO sintering aid are displayed. It can be 
seen that curves of the samples without (Fig. 5a) or 
with small addition (0.05 wt%, Fig. 5b) of sintering 
aids are more gentle than that of the samples sintered 

with appropriate amount of sintering aids (0.5 wt%, 
Fig. 5c). The ΔH values of those samples can be cal-
culated; to be specific, a very high value of 1448 Oe 
is observed for the sample without sintering aid, 
and then it slightly decreases to 1286 Oe when 0.05 
wt% sintering aid involved. In contrast, the ΔH value 
dramatically decreases to 632 Oe when the sintering 
aid proportion increases to 0.5 wt%, and it does not 
continue decreasing (678 Oe) when furthering the 
sintering aid proportion to 1.0 wt%. Furthermore, the 
variation of FMR linewidth with Bi2O3–CaO sinter-
ing aid amount is presented in Fig. S1 (Supporting 
Information).

Generally speaking, the ΔH value is mainly 
determined by intr insic  l inewidth (ΔH i) , 
magnetocrystalline-anisotropy induced linewidth 
(ΔHk), and porosity-induced linewidth (ΔHp), and the 
relationship between them is shown by the formula 
of ΔH = ΔHi + ΔHk + ΔHp [33]. It is acknowledged 
that the value of ΔHi is much smaller compared 
with ΔHk and ΔHp; for example, Manzoor et  al. 
demonstrated that the ΔHi value is only about 10 Oe 
for polycrystalline  ferrites, and the corresponding 
contribution to ΔH value could be ignored [34]. 
Therefore, it can be concluded that ΔHk and ΔHp are 
the most important parameters that will significantly 
influence the ΔH value [35, 36]. Based on the SEM and 
VSM results, the existence of Bi2O3–CaO sintering 
aid could enhance the saturation magnetization and 
promote the densification degree, which would result 
in the decrease of ΔHk and ΔHp and finally leading to 
lower ΔH value.

4 �Conclusion

In the present work, Li–Zn ferrites were successfully 
synthesized under low sintering temperatures that 
are below the melting point of silver, which could 
be applied for LTCC applications. The introduction 
of Bi2O3–CaO sintering aid played a vital role in the 
sintering process, in which spinel crystal structures 
were well maintained. Ferrites grain growth was 
significantly promoted with the assistance of sintering 
aid, and average grain size was increased from 0.79 µm 
(without sintering aid) to 2.78 µm in the condition of 
0.5 wt% Bi2O3–CaO sintering aid involved. Owing 
to the large grain size and better densification, some 
magnetic properties were enhanced. The density 
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increased from 4.18 g/cm3 to 4.68 g/cm3 and Bs value 
increased from 141.3 mT to 236.7 mT, while ΔH 
value decreased from 1448 to 632 Oe. In addition, 
excessive amounts of sintering aid would not continue 
enhancing the properties of Li–Zn ferrites; in contrast, 
it might deteriorate some properties. Overall, the 
existence of Bi2O3–CaO sintering aid could achieve 
the low-temperature fabrication of Li–Zn ferrites 
and obtain satisfying properties; meanwhile, the 
synthesis procedure is very convenient. Bi2O3–CaO 
exhibits many advantages compared with that of 
Bi2O3-only or glass-based sintering aids, and it could 
be a promising candidate for preparing Li–Zn ferrites 
at low temperatures.
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