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SINTEZA S1 CARACTERIZAREA MICROSFERELOR ALUMINOASE
SYNTHESIS AND CHARACTERIZATION OF ALUMINA MICROSPHERES

GEORGETA VELCIU®, FLORENTINA GRIGORE, CRISTIAN SEITAN, VIRGIL MARINESCU

Institutul National de Cercetare-Dezvoltare Pentru Inginerie Electrica ICPE-CA Splaiul Unirii nr.313, sector 3, , 030138, Bucuresti, Roméania

Lucrarile experimentale au avut ca scop obtine-
rea unor microsfere aluminoase cu cavitate, utilizate ca
materiale de umplutura in prepararea materialelor de
acoperire termoizolante.

Ca metoda de preparare s-a abordat combinarea
tehnicii sol-gel cu metoda extractiei de ioni din soluri
emulsificate. Gelurile sintetizate au fost calcinate la diferite
temperaturi si au fost caracterizate, in vederea determinarii
structurii si morfologiei microsferelor oxidice obtinute.

S-au examinat conditiile de formare a microsferelor
cu cavitate si s-a urmdrit stabilirea influentei
componentelor organice asupra morfologiei microsferelor
de Al,O;, precum si influenta parametrilor tehnologici
(viteza de amestecare a solurilor, temperatura de uscare si
de sinterizare) asupra formarii microsferelor aluminoase
cu cavitate.

Gelul de microsfere si microsferele cu cavitate
obtinute au fost  caracterizate  prin analize
termogravimetrice, termodiferentiale, analize de difractie a
razelor X, analize microstructurale. Rezultatele de XRD au
aratat formarea de aAl,0; la 1200°C, iar microscopia optica
si electronica a confirmat morfologia cavitara a particulelor
de gel calcintate.

The aim of the experimental work was to obtain
the hollow microspheres alumina, used as fillers in the
preparation of insulating coating materials.

As a method of preparation was approached sol-gel
technique combined with ion extraction method by
emulsified sols. Synthesized gels were calcined at different
temperatures and were characterized in order to determine
the structure and morphology of oxide microspheres
obtained.

The conditions for formation of hollow microspheres
were determined. Also it was establish the influence of
organic components on the morphology of AI203
microspheres, and the influence of technological
parameters (sols mixing rate, drying and sintering
temperature) on the formation of hollow alumina
microspheres

The gel microspheres and hollow microspheres were
characterized by using thermogravimetriy analysis,
differential thermal analysis, X-ray diffraction,
microstructural analysis. XRD results indicated the
formation of aAl,O; at 1200°C, and optical and scanning
electronic microscopy confirmed the cavitary morphology
of the gel calcined.
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1.Introducere

in momentul de fatd existd o preocupare
mondiala in dezvoltarea si utilizarea ,microsferelor
ceramice cu cavitate” ca materiale de umplutura in
materialele de acoperire. Materialele de acoperire
sunt utilizate in diverse ramuri ale industriei, multe
companii utilzand astfel de materiale, in vederea
realizaérii unor avantaje economice. Utilizarea
materialelor de acoperire cu ,microsfere ceramice
cu cavitate”, au drept scop realizarea unei bariere
termice si implicit economisirea energiei termice.

Microsferele sunt particule sferice cu cavitate
interioara, ele au dimensiuni micronice si
submicronice, peretele cavitatii reprezentdnd 10%
din diametrul particulei. Cavitatea microsferelor este
inchisa, realizdndu-se o cavitate de tip ,termos”,
care va creea o bariera termica si acustica in
structura materialului de acoperire [1- 6].

Existd numeroase metode de obtinere a
microsferelor ceramice cu cavitate, discutate de
diversi autori precum Wilcox si Berg sau
M.Chatterjee [7-11].

Scopul prezentei lucréri este obtinerea de
microsfere aluminoase cu cavitate, utilizate ca
materiale de umpluturd in prepararea materialelor
de acoperire termoizolante.

* Autor corespondent/Corresponding author,
Tel. +40 3467231,3467235, e-mail: gvelciu@icpe-ca.ro

1. Introduction

At the moment, there is a global concern in the
development and use of "hollow ceramic
microspheres" as fillers in coatings. Coatings are
used in various industries; many companies use such
materials in order to achieve economic benefits.
Coating materials with "hollow ceramic
microspheres," creates a thermal barrier in the
material and thermal energy saving occurs.
Microspheres are spherical particles with cavity, they
have micron and submicron dimensions, the wall
cavity to 10% of particle diameter. The microspheres
cavity is closed, achieving a cavity of "thermos" type,
which will create a thermal barrier and acoustic the
structure of covering material [1- 6].

There are many techniques of obtaining
hollow ceramic microspheres, discussed by
different authors such as Wilcox and M. Berg and
Chatterjee [7-11].

The purpose of this paper is to obtain
alumina hollow microspheres used as fillers in the
preparation of insulating coating materials.

2. Raw materials and working method
2.1 Raw materials
As raw materials were used: Al(NO3); 9H,0
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2. Materii prime si modul de lucru

2.1 Materiile prime

Materiile prime utilizate au fost:
AI(NO3)3 9H,O (Merck, puritate 98,5%), NH; 25%,
cyclohexan, n-heptan sau n-hexan, surfactant
(SPAN 80), trietlamina (TEA), solventi (acetona,
alcool etilic).

2.2 Modul de lucru

Ca metoda de preparare s-a abordat
combinarea tehnicii sol-gel cu metoda extractiei de
ioni din soluri emulsificate, folosind ca precursori
un sol polimerizat de alumina [12 -17]. Solul obtinut
a fost emulsificat gi apoi prin metoda extractiei
ionilor din emulsie, s-a obtinut un gel care contine
microsfere aluminose.

2.2.1 Obtinerea solului

S-a preparat o solutie 2M de alumina, prin
dizolvarea nitratului Al(NO3);.9H,0 in apa distilata.
in solutia 2M incalzits la 85°C s-a addugat solutie
de amoniac (25 grav.%), sub amestecare intr-un
vas inchis, pana la obtinerea unui precipitat. Tn
timpul tratamentului de incalzire, vascozitatea
solutiei rezultate creste iar pH-ul solutiei ajunge n
jur de 6-7. Precipitatul solidificat obtinut s-a spalat
cu alcool etilic si apoi a fost peptizat cu acid acetic
glacial. Peptizarea se face la temperatura de 80-
90°C pana la obtinere unei solutii coloidale.

2.2.2 Obtinerea emulsiilor de tip apa-ulei (A/U)

S-a preparat o emulsie de tipul apa in ulei
(AJU). Solutile coloidale, preparate ca in prima
etapa, sunt folosite ca faza apoasa (A), iar, cu rol
de faza uleioasa (U), s-a folosit un solvent suport.
Solventul suport este un amestec de SPAN 80 si
cyclohexan sau n-heptan. in solventul suport s-a
dispersat solul de alumind prin picurare, sub
agitare constantd, timp de 20 min.; se obtine o
emulsie cu un pH in jur de 4. In timpul
experimentului s-a pastrat constant, raportul
volumetric sol/solvent suport de 1:5.

2.2.3 Obtinerea microsferelor de alumina

La solutia emulsificata sub agitare continua,
s-a adaugat ca agent de extractie trietilamina pana
la atingerea unui pH = 9-10. Intre agentul de
gelifiere si solutia emulsificatd s-a mentinut un
raport volumetric de 1:0,3.

Gelul obtinut s-a filtrat pe o pélnie Buchner si
s-a spalat de doua ori cu acetona si de doua ori cu
alcool etilic. Materialul rezultat s-a uscat la 105°C
in aer, in conditii statice. Pulberea obtinuta s-a
calcinat la 1100-1200 °C in aer cu 1 ora palier.

Variatia  parametrilor  tehnologici  sunt
prezentati in tabelul 1.

3. Caracterizari

Comportarea termica a pulberii de alumina
obtinuta a fost caracterizata utilizand un aparat de

(Merck, purity 98.5%), NH3; 25%, cyclohexane, n-
heptane or n-hexane, surfactant (SPAN 80, Fluka),
triethylamine (TEA), solvents (acetone, ethyl
alcohol).

2.2 Working method

As a method for preparation was
approached sol-gel technique combined with ion
extraction method by emulsified sols, used
polymer as a precursor soil alumina [12 -17]. Sail
obtained was emulsified and then extracting by
ions emulsions method to obtain a gel alumina
microspheres.

2.2.1 Obtaining soil

Was prepared 2M solution of alumina by
dissolving the nitrate AI(NO3);.9H,0 in deionized
water. The solution heated to 85 °C was added 2M
ammonia solution (25 wt.%), stirring in a covered
bowl to obtain a precipitate. During heat treatment,
the viscosity increases and the resulting pH about
6-7. The obtained precipitate was washed with
ethyl alcohol and then was peptized with glacial
acetic acid. The peptized was at 80-90 °C until
obtaining a colloidal sol.

2.2.2 Obtaining emulsion water-oil (W/0O)

It was prepared an emulsion of water in oil
type (W/O). Colloidal solution, prepared as the first
stage are used as the aqueous phase (W) and,
with role oil phase (O), was used a support
solvent. The solvent support is a mixture of SPAN
80 and cyclohexan or n-heptane. We disperse
alumina soil as droplets in the support solvent,
under constant stirring for 20 min, to obtain an
emulsion with pH around 4. The volume ratio of sol
/ support solvent was kept at constant 1:5 during
the experiment.

2.2.3 Obtaining alumina microsphere
At the emulsified solution under stirring, was
added as extractant agent triethylamine until a pH
of 9 -10. Between gel and solution emulsified
agent was maintained a volumetric ratio of 1:0.3.

The gel obtained was filtered on a Buchner
funnel and washed by two times with acetone and
alcohol. The resulting material was dried at 105°C
in air under static conditions. The E)owder obtained
was calcined in air at 1100°-1200°C with 1h dwell
time.

Variation of process parameters are
presented in Table 1.

3. Characterization

Thermal behavior of alumina powder were
characterized using thermal analysis apparatus
STA 409PC produced by Netzsch - Germany by
termogavimetric analysis (TG), differential thermal
analysis (DTA). The sample was analyzed in air
from ambient temperature up to 1200°C, with hea-
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Tabelul 1

Experimente de microsfere ceramice si parametrii tehnologici
Ceramic microspheres experiments and technological parameters

Nr.probe Viscozitate vol Span 80 pH solutie Viteza amestecare Rezultate microscopie optica
No sol de Al Span 80 emulsificata TEA in emulsie [rpm ] Microscopy results
samples Viscosity Emulsified Mixing speed
Sol [%] solution pH TEA emulsion [rpm ]
[mPa.s]

MA7 18.00 2.5 9.44 1000 majoritar microsfere cu cavitate
hollow microspheres majority

MA 9 8.09 3 9.28 500 particule deformate cu margini
rotunjite / deformed patrticles with
rounded margins

MA 15 - 3 9.40 700 partial microsfere, microsfere pline
partial microspheres, filled micro-
spheres

MA 16 17.30 2 9.46 800 majoritar microsfere cu cavitate
hollow microspheres majority

MA 17 9.30 2 9.25 800 particule deformate cu margini
rotunjite, rar microsfere / deformed
particles with rounded margins,
rarely microspheres

MA 18 15.30 2.5 8.94 800 microsfere cu cavitate mici si mari,
unele lipite / microspheres with small
and large cavity, some bonded

MA 19 - 2 9.18 500 particule cu forme neregulate
particles with irregularly shaped

MA 20 12.50 2 8.70 500 particule cu forme neregulate
particles with irreqularly shaped

MA 26 - 2 7 650 majoritar particule rotunde
mostly round particles

MA 27 16.50 2 9.36 1000 maijoritar microsfere mici, cu cavitate
| mostly small micro-spheres with
cavity

MA 28 17.70 2 9.4 1000 maijoritar microsfere mari si mici cu
cavitate / mostly large and small
microspheres with cavity

MA 29 18.20 2 9 1000 maijoritar microsfere mici si mari cu
cavitate / mostly large and small
micro-spheres with cavity

analiza termica STA 409PC produs de firma
Netzsch — Germania, prin analize termogavimetrice
(TGA), termodiferentiale (DTA). Proba a fost
analizata in aer, de la temperatura ambianta pina
la 1200°C, cu viteza de incélzire 10 K/min, erorile
relative maxime ale semnalelor DTA: £3%.

Compozitia mineralogica a pulberilor de
microsfere ceramice a fost determinata utilizand un
difractometru de raze X Bruker-AXS tip D8
ADVANCE, cu radiatie CuK,, 40kV / 40 mA, filtru
ks de Ni.

Morfologia pulberii de alumina sintetizata a
fost analizata utilizadnd un microscop optic tip NUII,
Carl Zeiss, cu obiectiv 25x, folosind iluminarea prin
transmisie si reflexie. Imaginile de microscopie
electronicd au fost obtinute cu un echipament
FESEM-FIB Workstation Auriga produs de Carl
Zeiss, Germania.

Densitatea pulberii microsferelor de oxid de
alumina (obtinuta la 1200°C/2 ore palier) a fost
determinata utilizand metoda biuretei [17].

4. Rezultate si discutii

4.1. Analize termice
Rezultatele analizelor termice DTA si DTG

ting rate 10 K/min, maximum relative errors of DTA
signals: + 3%.

The composition mineralogical of ceramic
powders of microspheres was determined using a
diffractometer Bruker-AXS X-ray type D8
ADVANCE with Cuk, radiation, 40kV / 40 mA, Ni
filter kp.

Synthesized alumina powder morphology
was analyzed using an optical microscope type
NUII, Carl Zeiss 25x lens, using the transmission
and reflection light.

Electron microscopy was obtained with

FESEM-FIB equipment Auriga Workstation
product Carl Zeiss, Germany.
Powder density alumina oxide of

microspheres (obtained at 1200°C/2 h dwell time)
was determined using the burette method [17].

4. Results and discussion

4.1. Thermal analysis

DTA and DTG thermal analysis results are
presented in Table 2 and Figure 1. The
appearance of several endothermic peaks in the
temperature range 160-515°C can be attributed to
processes occurring in the material until the
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sunt prezentate n tabelul 2 si figura 1. Aparitia mai
multor  picuri endoterme Tn domeniul de
temperatura  160-515°C  poate fi  atribuita
proceselor care au loc in material pana la aparitia
cristalizarii. Aceste procese pot fi atribuite
fenomenelor de eliminare a apei adsorbite si
descompunerea unor produsi rezultati in procesul
de sinteza a particulelor de microsfere, de exemplu
nitrati reziduali, acetati sau alti compusi organici.
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appearance of crystallization. These processes
can be attributed to phenomena of adsorption
water disposal and decomposition of products
resulted in the synthesis process of particles of
microspheres, for example: residual nitrates,
acetates or other organics compounds.

DTA study of the synthesized powder
showed that the total mass loss is 66.16%, by
burning the residual acetate and water elimination.

Tabelul 2
Efectele termice si pierderea de masa ale probei MA -16/ Thermal effects and mass loss of sample MA -16

Proces o o ‘ 0 0 0
Process AT (°C) %oAm Tmin(DTG) (°C) Peak DTA (°C) AH % AMiotal

1 25-161 9.84 129.5 138.0 endo

2 161-353 40.56 1911 199.9 exo 66.16

3115 313.1 endo
3 353-6001 15.76 386.8 364.3 endo
4 1100-1220 0 - 1176.0 exo

AT = domeniul de temperatura in care are loc procesul / temperature range in which the process occurs; %Am = pierderea de masa in
proces / mass loss process; %Am, = pierderea de masa totala / total mass loss;

Tmin(DTG) = temperatura corespunzatoare minimului

DTG / minimum corresponding temperature; pic DTA =

temperatura

corespunzatoare minimului / maximului DTA / minimum corresponding temperature / maximum; DTA; AH = efect endoterm / exoterm /

endothermic / exothermic effect.
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Fig.1 - Termograma probei analizate / Thermograms of the sample analyzed.

Studiul DTA al pulberii sintetizate a aratat
ca pierderea totala de masa este de 66,16 %, prin
arderea acetatului rezidual si a eliminarii apei
formate. Efectele endotermice aparute la 138°C si
313,1°C sunt datorate eliminarii moleculelor de
apa slab legate si a substantelor organice
(cyclohexan, n-heptan, trietilamind) asociate
materialului Tn timpul sintezei. Efectul endotermic
de la 364,3°C indica descompunerea azotatului
[10,11]. Efectul exotermic de la 1176°C poate fi

Endothermic effects appeared at 138°C
and 313.1°C and are caused by elimination of
loosely water molecules and organic substances
(cyclohexan, n-heptane, triethylamine) associated
with material during synthesis. Endothermic effect
at 364.3°C indicates the decomposition of nitrates
[10,11]. Exothermic effect at 1176°C may be due
to start aAlLO; rhombohedral structure
crystallization; this claim is supported by the
analysis of XRD.
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datorat inceperii cristalizarii aAl,O; cu structura
romboedrica, aceasta afirmatie este sustinuta si de
analiza RDX.

4.2. Compozitia fazala a probelor tratate termic

Compozitia  pulberilor de microsfere
ceramice determinata prin difractie de raze X
prezintd structuri specifice temperaturilor de
sinterizare in conformitate cu transformarile gelului
de boehmit AIO(OH):

Boehmit — yAl,0, —*% 5 5A1,0,

— 0A1,0, —*“ 5 Al,0,

In tabelul 3 sunt prezentate fazele
cristaline identificate prin RDX pe pulberile de
material sinterizate. La 1100°C se observa
formarea fazelor cristaline de 6AlL,O5; si inceperea
formarii fazei cristaline de aAl,O; cu structura
romboedrica. O data cu cresterea temperaturii la
1200°C se formeaza in totalitate faza cristalina de
aAl,Os;.

4.2. Phase composition of the samples heat
treated
The powder composition of ceramic
microspheres determined by X-ray diffraction
shows specific structures at sintering temperature
transformations under boehmite gel AIO(OH):

Boehmite — yAl,0, —*“— 5AL0,
— 0AL0, —2 5 Al,0,

In Table 3 crystalline phases are identified
by XRD on powders of sintered material. At the
1100°C is observed formation of 0AI,O; crystalline
phases and start formation of aAl,O3 crystalline
phase with orthorhombic structure. With increasing
temperature to 1200°C crystalline phase of aAl,O3
is formed.

4.3. Optical and electronic microscopy

Morphology of alumina powder
synthesized in various conditions shown in Table 1
was first examined by optical and then electronic

microscopy.
Tabelul 3

Caracteristicile structurale ale microsferelor ceramice/ Structural characteristics of ceramic of microspheres

Nr. proba Temperatura Dimensiunea de cristalit
P Temperature Faze cristaline / Crystalline phases The size of crystallites
No. samples 0
(S [nm]

0 Al,0; monoclinc si a Al,O3; — romboedric cu
MA 18 1100 axe hexagonale / 8 Al,O5 monoclinc and a 46.8

Al,O; — orthorhombic to hexagonal axes

a Al,O; -romboedric cu axe hexagonale
MA 29 1200 a Al,O; - orthorhombic to hexagonal axes 538

4.3. Microscopia optica si electronica

Morfologia pulberii de alumina sintetizata in
diverse conditii, prezentate in tabelul 1 a fost mai
intdi analizata prin microscopie optica si apoi
electronic.  Prin  tehnologia utilizatda  dupa
sinterizarea probele MA7 si MA 29 (din tabelul 1)

a) Microscopie optica MA 7 x 200

Optical Microscopy, MA 7 x 200

0.025 mm

c) Microscopie optica MA 29 x 500
Optical Microscopy, MA 29 x 500

Through the technology used after sintering
of MA7 and MA29 samples (Table 1) was
evidenced the formation of microspheres hollow,
by optical microscopy (Fig. 2.a, 2.c). The same
samples were analyzed and by electronic
microscopy (Fig. 2.b, 2.d). -

b) Micscopie electronica de baleiaj MA 7
Scanning Electron Microscope MA 7

d) Microscopi electronica de baleiaj MA 29
Scanning Electron Microscope MA 29

Fig.2 - Micografie/ Microscopy
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prin microscopia opticd s-au evidentiat formarea
microsferelor cu cavitate (fig. 2.a, 2.c). Aceleasi
probe au fost analizate si prin microscopie
electronica (fig. 2.b, 2.d).

In cazul probei MA7, 16, 18, 27, 28, 29
(tabelul 1) microsferele au fost obtinute din soluri
cu vascozitate cuprinse intre 15-18 mPas. In
probele mentionate surfactantul (SPAN 80) a fost
utilizat in proportie de 2-2,5 vol. Picaturile de
solutie peptizata s-au adaugat in emulsie cu viteza
constanta, iar viteza de agitare a amestecului a
fost mai mare de 800 rpm. Acesti parametrii au dus
la aparitia unor particule majoritar sferice cu
cavitate interioara (fig.2.b, d). Sferele sunt de
dimensiuni variabile, cu un diametru exterior mediu
de 24,75 ym.

In cazul vascozititior sub 15 mPas,
peretele exterior al microsferelor prezintda o
porozitate redusa si o permeabilitate mai mare
pentru trietilamina (fig. 3.a). Daca, emulsiile au
vascozitati mai mari de 15 mPas, peretele exterior
al microsferelor prezinta porii cu diametrul de la
23,52 nm pana la 83,14 nm (fig.3.b).

N A Y P S

RN 2, R M R
x‘?-"*“}:z ; 3 ’j":“?‘%%k‘w
A

Mag=3000KX 200nm  WD=58mm
Operator= Y FIB Imagi

a) Perete microsfera cu porozitate mica/
Micro-spheres with a pore wall than
Fig.3 - Perete exterior de microsfere/ Outer surfaces of the microspheres

Peretele fiind mai putin poros nu va permite
difuzarea trietilaminei, microsferele vor avea in
interior lichid, care la uscare va produce fisurarea
acestora.

4.4. Densitatea pulberii de microsfere

Densitatea pulberii de microsfere ceramice
a fost determinatd prin metoda biuretei [18].
Densitatea pulberii MA18 tratata termic la 1100°C
este de 3,46 g/cm3, ceea ce reprezinta o densitate
relativa de 88,71%. Probele MA27, MA28, MA29
prezintd densitati in jurul valorii de 3,35 g/ cm’,
ceea ce reprezintda aproximativ 85,89% din
densitatea teoretica. Aceste valori ale densitéatilor
relative sunt un indiciu ca aceste microsfere de
aAl,O3 au cavitate interioara [13-16].

5. Concluzii

S-au preparat microsfere aluminoase cu
cavitate prin combinarea tehnicii sol-gel cu metoda
extractiei de ioni din soluri emulsificate. Gelurile
sintetizate au fost calcinate la diferite temperaturi si

In the case of the sample MA7, 16, 18, 27,
28, 29 (Table 1) microspheres have been obtained
from soils with viscosity ranging from 15 to 18
mPas. In the mentioned samples, the surfactant
(SPAN 80) has been used at a rate of 2 to 2.5 vol.

Drops of peptized sol were added to the
emulsion with constant speed and the stirring
speed of the mixture was more than 800 rpm.
These parameters led to the appearance of the
spherical majority particles with hollow (Fig.2.b, d).
The spheres have variable size, with a medium
external diameter of 24.75 pm. In the case of
viscosity below 15 mPas, outer wall of the
microspheres present a low porosity and
permeability greater for triethylamine (Fig. 3.a). If
emulsions have viscosities greater than 15 mPas,
outer wall of the microspheres have pores with a
diameter of 23.52 nm to 83.14 nm (Fig.3.b). The
wall being less porous will not allow diffusion of
triethylamine, microspheres will have liquid inside,
which will cause cracking on drying them.

i o aa B & N
Mag= 6000KX 200nM  WD=68mm EHT= 300KV  SignalA=SESI  Date 27 May2011 Time :14:38:31
= Avg ystem

b) Perete microsfera cu porozitate mare
Wall microspheres with high porosity

4.4. Powder density microspheres

Ceramic microspheres powder density
was determined by burette method £18]. The
density of thermallgl treated at 1100°C MA18
powder is 3.46 g/cm”, which is a relative density of
88.71%. Samples MA27, MA28, MA29 have the
density around by 3.35 g/cms, which represent
approximately 85.89% of the theoretical density.
These values of relative densities are a clue that
these aAl,O3; microspheres have hollow inside
[13-16].

5. Conclusions

Microspheres were prepared by combining
hollow alumina sol-gel technique with ion
extraction method in soils emulsified. Synthesized
gels were calcined at different temperatures and
have been characterized to determine the
structure and morphology of hollow microspheres.
The results of X-ray diffraction analysis confirm
that, for heat-treated powder in the range 1100°-
1200°C  were  obtained  aAlLO;  hollow
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au fost caracterizate, In vederea determinarii
structurii si morfologiei cavitare a microsferelor.
Rezultatele analizelor de difractie a razelor X,
confirma ca, é)entru pulberea tratata termic in
intervalul 1100°-1200°C s-au obtinut microsfere de
aAlLbO; cu cavitate. Microscopia optica si
electronica a confirmat morfologia sferica cu
cavitate interioara a particulelor de alumina, in
probele MA7, MA16, MA27, MA28, MA 29.
Realizarea de ,microsfere ceramice cu cavitate

interioara” de tip aAl,O; permite utilizarea lor ca
materiale de umplutura in materialele de acoperire
termoizolante.
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