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Abstract:

Materials applied in electronics such as multilayer capacitors are an important field
of ceramic materials. Magnesium titanate based dielectric materials are used for producing
type-l capacitors. A common way of obtaining this material is a solid-state reaction during
reaction sintering. The process of sintering can be enhanced if mechanical activation
precedes. In this work starting powders of magnesium carbonate (MgCQO;) and titanium
dioxide (TiO,;) with a rutile crystal modification were weighed to attain a 1:1 molar
MgCOs: TiO, ratio. Mechanical activation of the starting mixture was performed by high
energy ball milling using ZrO balls and vessels with a ball to powder mass ratio of 40:1. The
observed grinding times were 15, 30, 60 and 120 minutes. Powder characterization was
conducted using X ray powder diffraction, DTA analysis up to 1000°C and particle
mor phology changes wer e observed with Scanning Electron Microscopy. |sothermal sintering
of compacted powders was conducted at 1100°C during 30, 60 and 180 minutes. For
specimens synthesized in such a manner, microwave dielectric properties were measured,
quality factor Q, specific electrical resistivity (p) and the dielectric constant (g;). In this work
we explain the influence of mechanical activation on the MgCOs-TiO, system leading to
titanate formation during sintering, as well as induced changes in microwave dielectric
properties.

Keywords. Sntering, MgO, TiO,, Dielectric constant, Quality factor, Specific electrical
resistivity .

I ntroduction

Ceramic materials have been in use in many different areas of human wellbeing for a
very long time. Materials applied in electronics are important fields of ceramic materials. Low
permittivity and high-Q dielectric ceramics have recently become of great importance, since
ceramic substrates should have a low permittivity for the application of advanced substrate
materials needed for microwave integrated circuits. Based on the silicate group there are
many other materials e.g. titanates which are not routinely used yet for plasma spraying.
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Titanates in general, represent a wide and important group of technical ceramics. Perovskites
A'TiO; are interesting members of this group. They can be face-centered cubic (A'= Ca, Ba,
Sr) or trigona (A= Fe, Co, Ni, Mn, Mg) depending on the chemical composition.
Magnesium titanate (MgTiOs) is well known as dielectric materials based on it are classically
used in the production of type-l ceramic multilayer capacitors [1]. MgTiO;z is a low loss
dielectric ceramics and has important applications in microwave communication systems. The
former has a dielectric constant of 170 with a negative temperature coefficient and the latter
has a dielectric constant of 17 with a positive temperature coefficient [2]. Recent development
of microwave communication systems requires materials that can be used a microwave
frequencies as resonators in filters or oscillators in radar detectors, cellular telephones and
global positioning satellite devices. During the last two decades there has been a growth of
interest for preparation and characterization of low-loss dielectrics suitable for such
engineering applications. Most of the ceramics exploited for communication applications
have temperature-stable dielectric properties with relative permittivities in the range 20-90,
and Qf products (where Q is the quality factor and f frequency in GHz) in the range 5000-
400000. MgTiOsis one such promising material. Magnesium titanate also melts congruently
in the temperature 1732 / 1835 °C. The mineral giekielite MgTiOs, exists in nature, and has
many industrial applications, in dew sensors, in pigments for protective coatings, with good
water, weathering and impact resistance, in the composition of binders by increasing the
flexural in chip capacitors, high frequency capacitors and temperature compensating
capacitors[3].

Experimental

In this work starting powders of magnesium carbonate (MgCQOs3) and titanium dioxide
(TiOy) with a rutile crystal modification were measured to attain the molar ratio of
MgCOs:TiO, = 1:1. Mechanical activation of the starting mixture was performed by grinding
in a high energy mill in a planetary ball mill device (Fritsch Pulverisette 5) with ZrO balls and
vessels where the ball to powder mass ratio was 40:1. The grinding times were 15, 30, 60 and
120 minutes. Depending on the grinding time, four mixtures were used in our work (for 15
(MT15), 30 (MT30), 60 (MT60) and 120 minutes (MT120)) and one non-activated mixture
(MTOO).

The relative shrinkage of samplesin order to investigate the reactive sintering process
was followed by a sensitive dilatometer Bahr Gerétebau GmbH Type 702s. Heating was
carried out in air with a constant heating rate of 20 °C/min, from room temperature to
1000 °C.

Micrographs were taken with a scanning electron microscope JSM-6460 LV JEOL
with an energy depressive X ray spectroscopy unit EDS INCA x-sight Oxford Instruments.
Preparation of samples for sintering was performed by pressing the prepared powder mixtures
in a VEBTHURINGER INDUSTRIEWERK REUENSTEIN dua hydraulic press, with a
pressure of 400 MPa. The samples obtained were non-isothermally sintered up till 1100 °C
and then isothermally at that temperature for different times (0, 30, 60 and 180 minutes).

After three hours of sintering at the temperature of 1100° sample MT-120 had the highest
density of 3.72 g/cm®. This represents 93% of the theoretical density.

Measurement of electrical properties of sintered samples in dependence of the
frequency was performed on a HIOKI 3532-50 LCR HITESTER device. In this paper the
influence of mechanical activation on individual electric properties is presented based on the
measurements and cal cul ations performed.
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Results and discussion

Dilatometric analysis, given on fig. 1, confirms the results obtained by X ray
difractometry and thermal analysis [4]. The non-activated mixture shows dimension
fluctuations at about 400°C corresponding with mass loss, confirmed with DTA analysis, that
originate from carbon dioxide release. All specimens mechanicaly activated did not show
such curve deflection, indicating that carbon dioxide release is enhanced and causes no
sudden shape changes of the specimen. During sintering the slope of dilatometric
measurements indicates a phase transition at 850°C from MgTi,Os to Mg, TiO,.
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Fig. 1 Dilatometric analysis

Micrographs on fig. 2 and 3 represent powder morphology, breakage structure on the
green body and sintered specimen breakage for specimen MTO of the non-activated mixture
and for the powder activated 60 minutes, MT60. The non-activated mixture shows two
different phases and particle shapes due to the existence of starting oxides. Due to pressure
applied during compaction we can notice densification caused by rearrangement of powder
particles during packing from the green body micrographs. Rod shaped particles formed from
anew phase during sintering are visible on fig. 3.
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Fig. 2 SEM of MTO powders, green body and sample sintered 1000 °C
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Fig. 3 SEM of MT60 powders, green body and sample sintered at 1000 °C

Measurement results shown in fig. 4 indicate growth of the quality factor with
increased sintering time for activated samples. It also shows changes of the quality factor with
increased time of mechanical activation.
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Fig. 4 Dependence of the quality factor Q on the sintering time for samples sintered at 1100°C
at 5 MHz

The results obtained from quality factor measurements indicate that synthesis
parameters have a great influence on this electrical property of a sintered MgO-TiO, system.
Longer sintering times in combination with longer duration of mechanical activation give a
material with an increased quality factor.

Variation of the synthesis parameters can give a material with properties defined in
advance. Concretely, the example of the relative dielectric constant shows that varying the
sintering time for the same duration of mechanical activation enables selection of a
determined value of ¢,. Fig. 5 gives this dependence at the highest measurement frequency of
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5 MHz, where graph TO denotes a sample sintered for 0 minutes at 1100°C, T30 for a sample
sintered 30 minutes, T60 60 minutes and T180 denotes a sample sintered for 180 minutes.
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Fig. 5. & for samples measured at 5 MHz

Measurement results show that with increasing duration of the sintering process
constant electric dipoles in MgTiO; change polarization that has a direct influence on the
relative dielectric constant. The lowest value for ¢; is obtained for sample MT120 sintered for
30 minutes. MT60 also sintered 30 minutes has a similar value. These measurement results
show that if one wants a material with a high &, value synthesis parameters should be set so
that mechanical activation lasts 120 minutes and the sintering time 60 minutes.
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Fig. 6 Specific electric resitivity p as afunction of the sintering time

Fig. 6 shows graphs of the dependence of electric resistivity on the sintering time for
al activated samples. These results undoubtedly show that samples MT60 and MT 120
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behave in accordance with the theory and that the parameter of increased sintering time
adequately corresponds to the increase in the sintering temperature. As all experiments were
conducted at a constant sintering temperature of 1100°C duration of the sintering process was
used as the synthesis parameter.
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Fig. 7 Specific electric resitivity p as afunction of the activation time

The measurement results of specific electrical resistivity confirm the justification of
using mechanical activation and indicate that MT 60 and MT 120 are the samples with the
best properties. If the sintering time is extended as shown in fig. 7 it can be noted that al
samples behave in accordance with theoretical expectations. The optimal sintering timeis 120
minutes as further lengthening does not result in significant improvements.

Conclusions

With increased activation time the reaction occurs at lower temperatures compared to
non-activated samples. During mechanical activation basic changes in the material relate to
physico-chemical surface parameters and thus changes in the materials reactivity occur.
Reduction in the material size leads to increased specific surfaces and thus its reactive
capability. Thus, grinding of MgCO; and TiO, powders increases their reactivity and
enhances the solid state reaction. All analyses indicate that increased grinding times lowers
the phase formation temperature and thus shortens the duration of the sintering process.

One of the parameter placed before synthesis of new materials is the time in which
they are obtained and in accordance with this the energy put in. Optima duration of
mechanical activation leads to reduced energy consumption and thus reduction of the
sintering temperature and shortening of the sintering time. The conclusion can a so be reached
that the duration of the sintering process has the smallest influence on the non-activated
sample. This is confirmed by theoretical assumptions and justifies the use of mechanical
activation.

Extension of the sintering time in combination with lengthening the time of
mechanical activation gives a material with an increased quality factor. Depending on the
needs, variation of synthesis parameters can give exact values of the relative dielectric
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constant. Measurement results of specific electrical resistivity aso confirm justifiability of
mechanical activation and show that samplesMT 60 and MT 120 have the best properties.
Based on the results presented in this paper conditions for structure control of magnesium
titanate through synthesis parameters have been created. This enables obtaining of materials
with properties defined in advance that can be widely applied in the field of electronics.
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Caoporcaj. Basicno mecmo y Kepamuukum Mamepujasuma 3ay3umajy Mamepujaiu npumeroeHu
YV eneKmpoHUYU, peyumo 3a uspady SUuleCiojHuUx Komoensamopa. Maenezujym mumanam je
OazuuHU OuelIeKMPUYHU MAmepujal Koju ce KOpucmu 3a uspaody Kouoewsamopa muna .
Yoouuajenu mauun oobujarva 060z mamepujara je nymem cummeposara. Ilpoyec
CUHMEPOBARA J€ Y MHO2OME K8ANUMEMHUJU YKOIUKO ce KOPUCMU MeXaHuuka akmusayuja. Y
060M pady Kao RONA3HU npaxosu Kopuuthenu ca macuesujym kapoonam (MQCOs) u muman
ouoxcud( TiOy), kpucmanna moouguxayuja pypun, 20e je monapru oonoc MJCOs: TiO=
1:1. Exeumoncka cmewia nOIA3HUX Npaxo8a Mexanudky je aKkmueupaua mieersem ) 8UCOKO
enepeemckom niaanemaprom mauny ca kyenama (Fritsch Pulverisette 5) ca yuprxonujym -
OKCUOHUM Kyenama u macenum oonocom xyenu u npaxa 40:1. V 3asucrnocmu 00 epemena
MIegera y 0860M paody ynompebmeHno je YKVAHO nem cmewid, (Heakmusupana cmewa u
yemupu cmeuie paziuyumo epemercku akmusupane — 15 munyma, 30 munyma, 60 munyma u
120 munyma). Kapaxmepusayuja npaxosa je ypahena nymem X- rey anaausze u npexo DTA
ananuze na 1000°C, a mopgponoeuja npomene npaxosa npahena je nymem Crxenupajyhe
eIeKMPOHCKe MUKpockonuje. Mzomepmcko cunmepogarse npecoganux y3opaka paheno je Ha
1100°C y epemenckum ummepsaruma 00 30, 60 u 180 munyma. Osaxo cunmeposanum
V30pYUMAa MEPEHa Cy MUKDOMANACHA eNeKmpUlHA C80jCmea, Kao wmo cy gaxmop oobpome
(Q), cneyuguuna enexkmpuuna omnopnocm (p) u Oouenexmpuuna xouwcmanma(e). ¥ osom
paody npukazau je ymuyaj mexanuuke akmusayuje na cunmeposanu cucmem MgCO3-TiO,, u
NPOMEHY Fpe208UX MUKPOMALACHUX OUCTIEKMPUYHUX CBOJCTABA.

Kuyune peuu: Cunmeposarse, MgO, TiO,, ouerekmpuuna xoncmanma, gpakmop oobpome,
cneyupuuHa enexmpuina OmnopHOCH.
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