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SOL-GEL PROCESSE» BaTi03

.IIW;V: D~ SANT~IIA.~llALl.~ ~D JWiIIq, MP'I tfEPTRlillsututo daH4{nea equbl1ea "de ~arioa,olveulty of são Paulo,
1)560 são Carloa (SP) Brasil.

ABSTRACT
BaTiO) tbin filma deposited 00 pyrex supportBby dip-eoatiol teehoi-

que aod poiídeu have beeo prepared by the aol-sel route frOl! ao18 eoo-
tainiog a aixture of tetraisopropyl ortbotitaoate, iao propaool, bariu.
acetate aod glacial aeetic acid. Tbe thickoeaa of the fillla ia propor-
tiooal to tbe firat pover of the vithdraval speed. Gelled sola have beeo
dried hypereriticaUy aod by oatural evaporation. Fibas ud povdera bave
been cbaracterized by X-ray diffraction during tbeir'heat trea~ot.Tetra-
lonal BaTiO) strueture is observed for T 2 6OO"C.

lBTRODUCTIOII
Tb~ depositioo of thin films 00 glass, eeremic and metal substrates

ia one of tbe most importaot applieation of the sol-lei proceas.The dip-
coatins technique eoosists io dippiog a clean substrate io an orlaoome
tall1c:solutioo and l1fUog it at a eonstant speed. Durinl tbia process thin
liquid filas stick 00 the two facea of the subatrate; they hydrolyae ra-
pidly vith the air humidity aod polycondeoaate. After drying,theae layers
are uaually poroua but cao be eaaily denaified at relatively lov tempera-
ture. Tbeir tbickoeaa depeod.oo tbe lifting .peed (v), tbe aol vi.co.ity
( n ) , denaity (d) aod aurfac. teoaioo (rI) and the t_parature of
the beat treat.eot.

Alter a eertaio ti.e, the sol. u.ually trao.for. into a hu.id lei
vhicb cu be dried by oatural evaporation (xerogel) or by hypereritical
aolveot evacuatioo (aerolel). Alter subsequeot heat trea~ot theae po-
roua _teria18 cao be either deoaified into a _olithic produc:t or traoa-
fora iato cry.tallioe povderavhieb cao be later proc:eaaed to obtaio ee-
raaiea of vell charac:terized properties. .

10 thia paper.we preseot re.ults eoneeroiol the preparation of BaTiO)
thio filma aod powder. by the .ol-Iel route aod their c:harac:terizationbyao •
optic:al tec:hnique, X-ray diffractioo and optical microsc:opy.

IlESULTS AlID DlSCUSSI0R

Sob hav, beeo prepared by dilutiol 2,.7.1 of tetraiaopropyl ortho -
titaoate in 47.1 of iaopropaool under strong alitatioo at rooa te.pera-
ture durina 30 '.ioutea. Tbeo 2.)81 of bariu. .cetate vith mole ratio
[ Ba] / [Ti] • I diluted io 6111of vater iaadded alovly under cooti-
ououa stirriog. 10 order to avoid preeipitatioo aod to •• iotaio a atable
viscoaity.for a certaio ti•• ve also added a fev dropa of acetylac:etooe
aod acetic ac:id . Tbe aol vaa kept then under vigoroua stirriol for tvo
more houra.

Tbin films of optical quality cao be depoaited vith a liftiol speed
of 6 to 20mm/mio if the viscosity is kept betveeo 2.5 aod 4.0 cp. The po-
rous films cao be densified by heatiog io air at 600°C for 5 mino The
films are homogeoeous aod traospareot vitb an iodex of refractioo n-2.10i
0.05 at 5500m in alreemeot vith Yaoovskaya ri] (t~e literatur~ giv~s a
value of 2.4 for BaTi03 single erystals). !fieir thlckoess varles 11nearly
vi th the speed. The proeess ean be repeated save ra I .times m orde~ to
inerease the thickness of the layers (Figure l).For BaTI03 eoneeDtratlon
larger than 20g/ Ithedensefilllls are no longe r homogeneous and cracks are

.•••.__ .• ,......_.V •...2t. • •••• ---.,
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obaerved.
Figure 2 ia a scanning electron microscope .icrograph of a typical

BaTiO) thin film densified at 600·C. 1ts grain atructure is quite fine and
regular vithout cracksand defects Tbe filma are bighly adherent to the
glaas support. When deposited 00 a teflon substrate they are eaaily re.aved
and their structure can therefore De studied by X-ray diffractioD aa a
funetion of the temperature of the heat treatment. Up to 550·C the filma
are totally amorphous; they crystallize already arouod 600·C 1oto a tetra-
gonal BaTiO) strueture (figure ).
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Figure 2 - S&~ micrograph of a BaTi03 thio film
deposited 00 a pyrex support after 600·C heat
treatmeot; the bar 00 the lover right side OO~
ponds to 13nm.

.. :~ ....••
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Figure 1 - Variatioo of thickoess of the layer
as a fuoctioo of the oumber of eoatiog v=lOmm I
mio, n • ).1 cp.

Figure 3 - X-ray diffraetion oÍ thio film sol-gel BaTiO) heat
treated at 600·C. Tbe back-ground at lov aogle is partly due to
the support. lhe arrovs iodicate tbe positioo of X-ray liDes

01 tetragonal BaTiO).

These sols gel typically after a fev days aDd traDsform into vhite
opaque humid gel; tbey cao be dried eitber by hypercritical solveot evapora-
tion in an autoclave uoder 280·C and 200 bar vitb the formatioo of white
needles (Figure 4) or by normal evaporatioo at room temperature (xerogel )
vitb the formatioo of structureless white powder .

Figure 4 - White oeedles obtaioed after hyper-
critical solveot evaporatioo measured with ao
optical microscope.
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The crystalline structure of these needles is.shown in figure 5
just after the hypercritical solvent evaporat10n and after a heat
tn air at 600·C during 10 minutes.

measured
treatment

KOLECULAR BUILOING BLOCKS 1N LOW PH SILICON SOL-GELS:
A SILlCON-29 NKR STUOY
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LARRY w. KELTS AND NANey J. ARKSTRONG
Corporate Researeh Laboratories, Eastman Kodak Company, Roehester, NY
14650r-o

a

ABSTRACT

c BA ond/or
HBA

High field Silieon-29 NKR is used to study the struetural intermediates
in tetramethyl and tetraethyl orthosilieate (THOS and TEOS) low pH sol-qel
reactions. Linear oligomers as well as ring eomponents of various sizes are
identified and their evolution in tte saIs 15 fo110wed. Oifferences ln the
number of compaet rinq structures are related to differences in gel times.
Reactions are followed for various silicon alkoxide:water:aeid molar ratios.

50 40 10 o IlITRODUCTION

Figure 5 - X-ray diffraction of the BaTi03 needles measured :
a) after the hypercritical solvent evaporation b) after a
heat treatment in air at 600·C duringl0 minutes.lhe arrows
indicate the formation of X-ray linesof BaTi03' buium aceta-
te and hydrated barium acetate.

The use of proton NHR [1] and Silicon-29 NHR [2] nas provided valuable
information on the hydrolysis and polymerization reaetions in sOl-gel systems.
Silicon-29 NHR is now used to identify reaeting chemical species in selected
tetramethyl and tetraethyl orthosi1icate (THOS and TEOS) 5015. The coneentra-
ticns of these oliqomeric moleeular bui1ding b10cks are determined and ear1y
grcwth of the po1ymer fo1lowed. Nev high fie1d (99.36 KHz) Si1icon-29 NHR
assignments allow us to follow structural variations ioto very large polymers.

TEOS and 5i1ieon saIs with 1arger a1koxide qroups, when reacted under
identical eonditions, take over twice as 10ng to ge1 as TROS sols. These
differences are not simply re1ated to hydro1ysis ar condensaticn kineties.
Hcwever, a correlation ean be made between the moleeu1ar bui1dinq bloeks of
the polymers and their ge1 times. These differenees should be re1ated to
variations in material properties as vell.

In the first case (a) the needIes appear partIy amorphous with a
superposit10n of X-ray lines which are attributed to barium acetate (BA)
and to hydrated barium acetate (HBA). The res t o~ the lines ~re. still
unknowo. After a 10 min 600·C heat treatment the f11ms crystaI11ze 1n a
tetragonal BaTiO structure (b). The same structure has been obtained for
the vhite powder3heat treated at the same temperature. ..

In conclusion ve showed that it is possible to prepare t.hi n f i Ims aDi
powder of BaTiO from the.SQl gel route using a mixture of Ti alkoxide and
Ba acetate. Mea~urements of the dielectric properties are undervay.

RESULTS ANO DISCUSSION

Figure 1 shovs the spectra of a TKOS (a) and TEOS (b) sol 2 h after
water and aeid were added. The spectra for react10ns using tetrapropyl ortho-
silieate (TPOS) and larger a1koxides are similar to TEOS.

Work supported by FAPESP. CNPq. FINEP and SCT (Brasil).
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Fig. 1. Si1ieon-29 NRR spectra
of (A) TMOS + ReOH and (B)
TEOS + EtOH at to + 2 h with a
silieon:water:acid ratio of
1:2:0.02. Note the presenee of
ring eompounds (Q3C) in TEOS
compared to TROS within the end
group region.
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