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Rezumat. Acest studiu preziatrezultatele experimentale
ale ohinerii titanatului de bariu izolator prin dau
metode: metoda re@ei in stare solid si metoda
precipitiri.  Sunt prezentate rutele tehnologice
corespunitoare acestor daumetode prin care materialul
este procesat. Materialul @ut prin aceste daumetode
este caracterizat prin anaiderivatografig (ATD, TG,
DTG, T), analiz microstructural prin tehnici de
difractie cu raze X, microscopie opiic Aplicabilitatea
acestui material este foarte mare in industriatelpica

Abstract. This paper presents the experimental results of
obtaining insulating barium titanate by two methaditie
solid — state reaction method and the precipitation
method. There are presented the technological soute
corresponding to these two methods by which the
material is processed. The material obtained byetteo
methods is characterized by derivatographic armlysi
(ATD, TG, DTG, T), microstructural analysis by X4Ra
diffractometry  (XRD), optics microscopy. The
application of this material is very large in elecic

pentru olinerea de componente electronice pasive astfelindustry for obtaining passive electronic compogeent

ca izolator este utilizat in prodiee de condensatoare
ceramice discsi condensatoare multistrat, dispozitive
piezoelectrice, iar ca semiconductor (BaJi@purificat
controlat) in produta de termistoare cu coeficient de
temperatut pozitiv (PTC).

Cuvinte cheie:titanat de bariu, rede in stare solidl
precipitare

1. Introducere

Titanatul de bariu BaTi© este un material
feroelectric cu structar de tip perovskit.
Rezistivitatea titanatului de bariu, care Tn staué
este un izolator, este mai mare dé @Om. Acest
material poate fi aimut prin diferite metode, cum
sunt prepararea in stare udcdteadii in stare
solidid) si prepararea chimicumedi (precipitare).

Readia 1n stare solidl poate fi consideratca un
numiar mare de reat la punctul de contact dintre
graunti. Produsul de regie este solid. O reactivitate
mare necesit dimensiuni mici ale particulelor, o
bura densitatesi gradient de concentia Tnalt. Este

thus: as insulating is used in disks ceramic capescand
multi-layer capacitors (MLCC), piezoelectric dewdce
manufacture and as semiconductor (contolled doped
barium titanate) in PTC thermistors manufacture.

Key words: barium titanate, solid-state reaction,
precipitation

1. Introduction

Barium titanate BaTi@ is a ferro-electric
material with a perovskite structure. The resigfivi
of barium titanate, which in pure state is an
insulating, is bigger than $@-m. This material can
be obtained by different methods, such as dry state
preparation (solid-state reactions) and wet chdmica
preparation (precipitation).

The solid-state reaction can be considered as a
big number of reactions at contact points between
grains. The reaction product is solid. For a large
reactivity are necessary small dimensions of
particles, a good density and high concentration

foarte important & se realizeze un contact bun al gradient. It is very important to achieve a good
particulelor prin amestecare. Astfel, omogenizgiea particles contact by mixing. Thus, homogenizing
macinarea sunt gasiguri in ohinerea unui produs and milling are certain steps in obtaining a more
mai uniform prin ruta depreparare uscat De  uniform product in dry preparation route. Also,
asemeneasinterizarea la temperafiuinalti conduce  sintering at high temperature leads for the coraplet
la conversia completaite produsul de redesilao  conversion to reaction product and a good
buri compactizare. Tehnica de preparare u@scatcompactness. Dry preparation technique (solid -
(reagii In faza solida) este o rdtrelativ ieftird pentru ~ phase reactions) is a relatively cheap route fer th
prepararea produselor ceramice. preparation of ceramic products.

Precipitarea este o tehaibazai pe hidroliza Precipitation is a technique based on the
controlati a unei soltii apoase a unetis metalice.  controlled hydrolysis of an aqueous solution ofetah
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Soluia precursoare este foarte diluain timp ce salt. The precursor solution is much diluted while
precipitarea are loc ntr-un exces de mediu acidprecipitation takes place in an excess of acid umadi
Soluia precursoare poate precipita instantaneu |&he precursor solution can precipitate instantasigou
vitezi de nucletie Tnalt, aceasta nucléa formand at high nucleation rate, this nucleation formirigrge

un nundr mare de nuclei. Datoflitgradului Thalt de number of nuclei. Due to the high degree of dilutio
dilutie concentrga de nuclei pe unitatea de volum the concentration of nuclei per unit of volumerizag
este mid si astfel crgterea particulelor este nlic  and thus the growth of the particles is small. The
Produsele de re@e sunt splate in ap nainte de reaction products are washed in water before drying
uscaresi calcinare. Dup filtrare si uscare este and calcinations. After the filtration and drying i

obtinuta o puds slab aglomerat obtained a weakly agglomerated powder.
2. Titanatul de bariu izolator obtinut prin 2. The insulating barium titanate obtained
metoda reagiei in stare solich by solid-state reaction method

in acest studiu s-a preparat titanat de bariu In this study have been prepared insulating
izolator prin metoda re@ei in faz solid. barium titanate by solid phase reaction method. The
Obhtinerea titanatului de bariu prin aceastetod  obtaining barium titanate by this method involved

implica reagiile: the reactions:

BaCQ; + TiO, — BaTiG; + CO, (2)

n urmatorii pasi: in following steps:

2BaCQ + TiO, = 2BaCQ-TiO, (2

2BaCQ-TiO, = BgTiO4 + 2CQ, 3)

Ba, TiO, + TIO, = 2BaTiQ (4)

Ruta tehnologig de ohinere a fost ur@toarea: The technological routes was the following:

Varianta A Variant A

a) Dozarea materiilor prime. Materiile prime autfos a) Dosing raw materials. The raw materials were
dioxidul de titan (anatas) TigQimport China,si titanium dioxide (anatase) Tidmported by China
carbonat de bariu BaGO de provenieta and autochthonous barium carbonate Ba@®Oth
autohtos, cu purititi de min. 98%. Propga in of min. 98% purity. The proportion of which they
care au fost caitite a fost TiQ:BaCQ; = 1:2. were weighted was TiBaCQ, = 1:2.

b) Macinarea. Materiile prime dozate au fost b) Milling. The dosed raw materials were wet milled
macinate umed Tn d@pdistilati in moa# rotativa in distilled water in rotary mill with balls, durn
cu bile timp de 24 ore. 24 hours.

c) Uscarea. S-a€ut in etud de uscare, ventilate la c) Drying. It was made in ventilated drying oven at
temperatura de 120°C. temperature 120°C.

d) Tratamentul termic. Materialuldoinatsi uscat a d) Thermic treatment. The milled and dried material
fost tratat termic la temperatura de 1200°C cinci was thermic treated at temperature of 1200°C
ore in cuptor electric industrial tunel tip during five hours in electric industrial tunnel
Riedhammer, Germania. furnace Riedhammer type from Germany.

Varianta B Variant B

a) Dozarea materiilor prime. Precursorii au fosta) Dosing raw materials. The precursors were, TiO
TiO; si BaCG;, de puriiti min. 98%si aflati in and BaCQ@of min. 98% purity and the proportion in

propotia TiO;:BaCQ; = 1:1. which they were weighted was TiBaCG; = 1:1.

b) Amestecarea mecaaicMateriile prime au fost b) Mechanical mixing. The raw materials were
amestecate mecanic intr-un mojar detglan cu mechanical mixed in a porcelain mortar with
pistil. pestle.

c) Tratamentul termic. Materialul gbut din c¢) Thermic treatment. The material obtained by
amestecarea materiilor prime a fost sinterizat in mixing raw materials was sintered in electric
cuptor electric cameér de laborator tip KOII chamber furnace of laboratory KIO type, from
Germania, la temperatura de 1300°C, cinci ore. Germany, at temperature 1300°C, during five hours.

3. Titanatul de bariu izolator obtinut prin 3. Insulating barium titanate obtained by
metoda precipitarii precipitation method
Titanatul de bariu izolator s-a wbut prin Insulating barium titanate was obtained by

metoda coprecipitii  (precipitiri  Tn  comun)  coprecipitation method (precipitation in common)
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utilizadnd ca precursori clorura de bariu BaGl
tetraclorura de titan TiGl de puriiti min. 98%.

Soluia de clorui de bariusi tetraclorura de titan a solution

fost adiugata pidtura cu pictura intr-o soluie de

using as precursors barium chloride Ba@hd
titanium tetrachloride TiGlof min. 98% purity.The

of barium chloride and titanium
tetrachloride was added drop by drop into an oxalic

acid oxalic 20% 1n exces, in timp ce a fost energi@cid solution 20% excess, while being vigorously

agitat.
Readia chimic care st la baz este:

BaCIZ + T|C|4 + H2C204 + 6H20 — BaT|O(QO4)4|'bO + 6HCI

S-a obinut oxalatul de bariusi titanil cu
formula chimié BaTiO(GO,)-4H,0. Acesta a fost
calcinat Tn cuptor electric industrial caridétanthal
la 950°C timp de o drsi respectiv 2,5 ore, gimand
titanat de bariu BaTigprecipitat.

4. Caracterizarea prin analizi
microstructural a cu tehnici de difractie cu
raze X (XRD), analizi derivatografica
(DTA, TG, DTG, T), microscopie optici a
BaTiO3 obtinut prin tehnicile descrise

Titanatul de bariu ainut prin tehnica reaei

agitated.

The based reaction is:

(5)

It was obtained barium titanyl oxalate with
chemical formula BaTiO(f0,)-4H,0. This was
calcined in electric industrial chamber furnace tkah
type at 950°C during one hour and respective 2.5
hours obtaining precipitate barium titanate BaTiO

4. Microstructural characterization by X-Ray
diffractometry (XRD), derivatographic
analysis (DTA,TG,DTG,T), optics
microscopy of BaTiO3 obtained by

described techniques
Barium titanate obtained by solid phase reaction

in faz solidi (varianta A) a fost caracterizat prin technique (variant A) was characterized by X-Ray
difragie de raze X (figura 1 a,b), dimensiuneadiffractometry (figure 1 a,b), the crystallites rugi

cristalitelor fiind @ = 641,6 ﬁsi microdeformaiile

internes” = 0,234%.Analiza de faz aftat prezeta

unui singur compus BaTiJaza tetragonal
Titanatul de bariu anut prin tehnica reaei

@ = 6416 A and internal microdeformations
&” = 0.234%.The phase analysis showed presence of a
single compound BaTietragonal phase.

Barium titanate obtained by solid state reaction

in stare solid (varianta B) a fost caracterizat prin technique (variant B) was characterized by X-Ray

difractie de raze X (figura )i microscopie optig.

diffractometry (figure 2) and optics microscopy.lt

Din analiza difractogramei s-a observat ca éxist was observed from diffractometry analysis thattexis

faza majoritat BaTiO; structura hexagoral
(a = 3,992 A, ¢ = 4,036 A), dar exis§i BaCQO,
faza minoritak structud ortorombié, ceea ce
demonstreaz ca reagia In stare solid nu este
complet, ramanand componén initiali
nereagonai. Microscopia ardt o structuii grosies
si porozitati mari (figura 3).

a)
Figura 1. a) Spectrul de difrée al BaTiQ Ts = 1200°C
b) Analiza de faz calitativa a BaTiQ Ts = 1200°C,
prezema fazei tetragonale BaTiO

Titanatul de bariu abut prin  tehnica
precipitirii a fost caracterizat prin difrde de raze

a majority phase BaTiQwith a hexagonal structure
(a=3.992 A, c =4.036 A), but exists too a mityori
phase BaCe@with aorthorhombic structure which is
to be proved that solid state reaction is not cetepl
and initial components remained unreacted. The
optics microscopy shows a rough structure and big
porosity (figure 3).

L
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b)
Figure 1.a) Diffraction spectrum of BaT{@s = 1200°C

b) The qualitative phase analysis of BaJ & = 1200°C,
presence tetragonal phase Baf'iO
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Barium titanate obtained by precipitation
technique was characterized by X-Ray diffractometry
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X (figura 4). Analiza difractogramei BaTiO (figure 4). The diffractometry analysis of barium
precipitat, calcinat la 950°C 1in cuptor electrictitanate precipitate calcined at 950°C in electric
industrial camer Kanthal, pune in evideénhprezefa  industrial chamber furnace Kanthal type shows the
compuilor BaTiOs, BaCQ, TiO, (a), BaTiO, si presence of the compounds Baji®aCQ, TiO,
BaTixO;. Aceasta demonstreazci readgia este (a), BaTiO, and BaTiO;. These demonstrate that the
incomplet,, existdnd compil nereagonai, iar  reaction is incomplete existing unreacted compounds
Ba, TiO, este nedorit, nociv, higoscopigi se and BaTiO, is undesirable, noxious, hygroscopic

descompune cu expandare n aer liber. and it decomposes with dilatation in free air.
Figura 2. Spectrul de difrae BaTiO; stoichiometric Figura 3. Microstructura BaTiD
Ts =1300°C stoichiometric Ts = 1300°C
Figure 2.Diffraction spectrum of stoichiometric B&% Figure 3. Microstructure of stoichiometric
Ts =1300°C BaTiO; Ts=1300°C
Figura 4. Analiza de raze X pentru BaTi€lcinat la Figura 5. Analiza derivatografigpentru oxalatul de bariu
950°C in cuptor Kanthal si titanil
Figure 4. X-Ray diffractometry for precipitate B&ki Figure 5. Derivatographic analysis for barium tyian
calcined at 950°C in Kanthal furnace oxalate
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in figura 5 este prezenfatanaliza derivato-
grafici a oxalatului de barigi titanil. Din aceast
analizz se poate observaicin intervalul de
temperaturi 100°C + 200°C acidul oxalic suldim
(157°C), proces endoterm, cu o pierdere deirdas

In figure 5 is represented the derivatographic
analysis of barium titanyl oxalate. From this asaly
it can be observed that in the range of temperature
100°C + 200°C the oxalic acid sublime (157°C) a
thermonegative process, with a weight losscof

~ 4 %.In intervalul de temperaturi 460°C + 470°C wt %. In the range of temperatures 460°C + 470°C

are loc un proces chimic puternic exoterm cu otakes place a strong chemical

46 %, si anume
de barigi titanil

pierdere de mas de =
descompunerea oxalatului

BaTiO(GO,) 4H,0 si descompunerea oxalatului de decomposition

thermopositive
process with a weight loss ®f46 wt %, such as the
barium titanyl oxalate BaTiO@0,)-4H0
and barium oxalate Bég

bariu BaGO, la 400°C, tot proces exoterm. La decomposition at 400°C, thermopositive process

811°C are loc tranga de faz a BaCQ de la forma
vy la formap.

in figura 6 este prezeniaanaliza derivatografic
a titanatului de bariu precipitat, calcinand oxallat
la 950°C o ai. In intervalul de temperaturi 460°C +

too. At 811°C takes place the phase transition of
BaCQ; fromy form tof3 form.

In figure 6 is represented the derivatographic
analysis of precipitate barium titanate calcined th
oxalate at 950°C one hour. In the range of temyest

470°C are loc un proces exoterm cu o pierdere dd60°C + 470°C takes place a thermopositive process
mas de= 8 %,si anume descompunerea oxalatului with a weight loss of 8 wt %, such as the barium

de bariu Bag@O, si a oxalatului de barigi titanil
BaTiO(GO,) 4H,0. La 811°C are loc tranma de
fazi a BaCQ de la formay la formap .

In figura 7 este prezenianaliza derivatografic
a titanatului de bariu precipitat ftut prin
calcinare la 950°C timp de 2,5 ore. Se obsety
mai exist o cantitate mig de BaCQ care se
descompune la temperaturi mai mari de 900°C.

Figura 6. Analiza derivatografipentru BaTiQ
precipitat (calcindnd oxalatul la 950°C 1h)
Figure 6. Derivatographic analysis for precipitB&riO;
(calcined the oxalate at 950°C 1h)

5. Concluzii

Din analizele materialelor a@bute prin
metodele descrise s-au desprins dicarele
concluzii:

oxalate Ba@D, decomposition and barium titanyl
oxalate BaTiO(@),)-4H,0. At 811°C takes place
the phase transition of Bag@®omy form tof form.

In figure 7 is represented the derivatographic
analysis of precipitate barium titanate obtained by
calcinations at 950°C 2.5 hours. It can be observed
that exists a small amount of BagQvhich
decomposes at higher temperature than 900°C.

Figura 7. Analiza derivatografigpentru BaTiQ
precipitat (oltinut prin calcinare la 950°C 2,5 h)
Figure 7. Derivatographic analysis for precipitB&TiO;
(obtained by calcination 860°C 2.5 h)

5. Conclusions

From analysis of the materials obtained by
described methods was detached the following
conclusions:
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a) titanatul de bariu eimut prin metoda reaei in  a) barium titanate obtained by solid-state reaction
stare solid (varianta A) este bine realizat. Acest method (varianta A) is well accomplishable. This

material poate fi folosit in fabriga de material can be wused in passive electronic
componente electronice pasive. components manufacturing.

b) titanatul de bariu almut prin metoda reaei in ~ b) barium titanate obtained by solid-state reaction
stare solid (varianta B) si cel olginut prin (variant B) and that one obtained by precipitation
precipitare sunt calitativ inferioare celuitotut Tn are inferior qualitative than that obtained by

varianta Asi nu pot fi folosite, deoarece vor variant a and can not be used because they will
conduce din startatre componente slabe electric.  lead from the beginning to low electric components.
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