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MeZ*—Co?* IN DIVERSE STRUCTURI
THERMORESISTANT PIGMENTS OBTAINED BY Me?"'—Co?"
SUBSTITUTION IN DIFFERENT STRUCTURES
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/ Sunt prezentate rezultatele obtmute in smteza %
plgmentl bazati pe substitutia Me? —>Co in care Me**=Zn”
Mg*. Structurile cristaline studiate: splnellca - (ZnO, CoO
MgO)-Al,O;, olivina — 2(MgO,Co0)-SiO, si willemit — 2(ZnO,
Co0)-SiO,. S-au utilizat in paralel: metoda clasica de sinteza
— bazata pe calcinarea unor amestecuri mecanice de oxizi
sau saruri si sinteza prin combustie — utilizdnd amestecuri
de combustibili. Comportarea probelor in timpul combustiei
s-a urmarit prin utilizarea analizelor termice. Caracterizarea
fazala si structurala a probelor s-a determinat prin difractie
RX si spectrofotometrie IR , iar caracterizarea colorimetrica

s-a efectuat prin spectrofotometrie in VIS.

.

Keywords:

1. Introducere

Obtinerea pigmentilor in care cromoforul este
Co” se bazeazid pe substltutla partlala a unor
cationi necromofori (Zn Mg ") din structuri
cristaline diferite: spinel, oI|V|na, willemit (fenacit).
La baza acestor substitutii sta izomorfia intre CoO
si MgO, respectiv ZnO. Sistemul CoO-MgO
prezinta izomorfie continua in timp ce sistemul
Co0-ZnO prezinta doar izomorfie partiala [1].
Aceasta izomorfie intre oxizii de cobalt, magneziu,
respectiv zinc se regaseste si in compusii oxidici
ai acestor oxizi cum sunt spinelii Zn,,Co0,Al,Oy,
MgxCo,AlLO4, olivinele Mg,,Co0,SiO,4, willemitul
Zn,,Co0,Si0, [2-5]. In solutile solide spinelice,
Co** este tetracoordinat (structura de spinel
normal) si imprima acestora culoare albastra
[3,6,7]

in solutiile solide cu structura de olivine,
Mg,.xC0,SiO,4,  cationii Co®*  sunt coordinati
octaedric, iar culoarea imprimata acestora este roz-
violet [7]. In solutule solide cu structura de willemit,
cationii Co®* sunt coordinati tetraedric, imprimand
culoare albastra [2, 4].

Dezvoltarea culorii albastre caracteristice
cromoforului Co®*  tetracoordinat (in structurile
spinelice, respectiv in structura de willemit) precum
si a culorii roz-violet caracteristica cromoforului
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/ The paper presents the obtained results in%

synthes:s of thermoresistant pigments based on the
Me*—Co® substitution, where Me**=Zn*, Mg®. The studied
crystalline structures are: spinel — (ZnO, CoO, MgO)-Al,O;,
olivine - 2(MgO,Co0)-SiO, and willemite - 2(ZnO,
Co00)-SiO,. The following synthesis methods were tested in
parallel: the classical synthesis method — based on the
annealing of mechanical mixtures of oxides or salts and the
combustion synthesis method — using fuel mixtures. The
behavior of the samples during the combustion synthesis
was followed using thermal analysis. Phase and structural
characterization of the samples was established by X-ray
diffraction and IR spectrophotometry, and the colorimetric

Qaracterization was performed by VIS spectrophotomety
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1. Introduction

Obtaining pigments with Co?* chromophore
is based on the partial substitution of some non-
chromophore cations (Zn®*, Mg®") from different
crystalline structures: spinel, olivine, willemite
(phenakite). At the basis of these substitutions lies
the isomorphy between CoO and MgO,
respectively CoO and ZnO. CoO-MgO system
presents continuous isomorphy whilst CoO-ZnO
system only presents partial isomorphy [1]. This
isomorphy between cobalt and magnesium,
respectively zinc oxides is also found in the case of
their oxide compounds, such as spinels Zn..
xCOAILO4, Mgy14Co,AlLO,, olivine Mg,4C0,SiOy,
willemite Zn,Co,SiO,; [2-5]. In the solid spinel
solutions, Co”" is tetracoordinated (normal spinel
structure) and generates blue color [3, 6, 7].

In the solid solutions with olivine structure,
Mg2.«C0,SiOy, Co?* cations are octahedrally
coordinated and generate pink-violet color [7].
the solid solutions with willemite structure, Co
cations are tetrahedrally coordinated and generate
blue color [2, 4]. The development of the blue color
characteristic for Co®* tetracoordinated (in spinel
structure respectively in willemite structure) and the
pink-violet ~ color  characteristc  for  Co®*
chromophore octahedrally coordinated (in olivine
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Co*" coordinat octaedric (in structurd de olivina)
presupune includerea acestuia in retelele cristaline
gazda intr-o distributie uniforma (statisticd). in
acest scop este necesara omogenitatea cat mai
buna a amestecului initial de materii prime (daca se
poate, chiar la scara ionica) si de asemenea o
temperatura de sinteza suficient de ridicata pentru
a asigura ordonarea retelei cristaline a solutiei
solide.

In cazul metodei clasice (ceramice) bazata
pe utilizarea unor amestecuri mecanice de Al,Os,
Zn0O, MgO, SiO, si CoO sau saruri de cobalt,
atingerea unei omogenitati avansate este dificila iar
temperaturile necesare formarii solutiilor solide de
culoarea proiectata sunt foarte ridicate, peste
1200°C. O directie mult mai interesantd si pro-
mitatoare pentru sinteza acestor solutii solide este
cea bazata pe utilizarea metodelor neconventionale
de sinteza, care pornesc de la precursori cu
omogenitate avansata a amestecului initial, deseori
chiar la scara ionica.

In cazul prezentei lucrdri s-a urmarit
sinteza unei %ame variate de pigmenti in care
cromoforul Co”" este inclus in structuri spinelice
(Zn414Co,Al,O4 si Mg44Co,AlLO,), structura de tip
olivin (Mg,.,Co,SiO4) si structura de tip willemit
(Zn24xC0,Si04). Scopul studiilor intreprinse a fost
testarea posibilitatilor de obtinere a unor pigmenti
cu structura mixta, in care solutia solida spinelica gi
solutia solida ortosilicatica (olivina, respectiv
willemit) sa se formeze concomitent in timpul
sintezei pigmentului.

S-au uitilizat in paralel doua metode de
sinteza: metoda clasica — bazata pe calcinarea
amestecurilor mecanice de oxizi si/sau saruri,
respectiv sinteza prin combustie — bazata pe reactii
de oxido-reducere puternic exoterme intre azotatii
metalelor dorite si amestecuri de combustibili.

2. Determinari experimentale

In cazul metodei clasice, pentru realizarea
compozitiilor dorite s-a plecat de la urmatoarele
materii prime: hidratul de aluminiu (ALOR
ORADEA), ZnO (Merck), MgO (SERVA -
Feinbiochemia Heidelberg), SiO, (ULTRASIL VN3
- Degussa) si acetatul de cobalt (CHIMOPAR).
Dozarea materiilor prime s-a realizat pentru 0,1 mol
produs finit. Dupa dozare, materiile prime au fost
supuse omogenizarii pe cale umeda, urmata de
uscare in etuva, dezaglomerare si calcinare. in
vederea calcinarii, amestecurile astfel obtinute au
fost incarcate in creuzete de portelan. Arderea s-a
realizat intr-un cuptor electric, cu bare de SiC, la
temperaturi de 1000 respectiv 1200°C cu palier de
o ora.

In cazul metodei prin combustie s-au
utilizat urmatorii reactanti: Zn(NO3),-4H,O (Merck),
Mg(NO3),-6H,O (Merck), Co(NO3),-6H,O (FLUKA)
si AI(NO3)3'9H,0 (Merck), uree CH4N,O (Merck) si
B-alanind C3H,NO, (REANAL - Ungaria) . In cazul
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structure) requires Co** inclusion in the crystalline
host network in a uniform (statistical) distribution.
In order to achieve this, a good homogeneity of the
initial raw material mixture is necessary (even at
ionic scale, if possible) and also a synthesis
temperature high enough to ensure the ordering of
the solid solution crystalline network.

In the case of classical (ceramic) method
based on the use of mechanical mixtures of Al,O3,
Zn0O, MgO, SiO, and CoO or cobalt salts,
achieving an advanced homogeneity is difficult and
temperatures necessary for the solid solution of
designed color formation are very high, above
1200°C. A more interesting and promising
direction for the synthesis of these solid solutions
is based on the use of unconventional synthesis
methods, which start from the precursors with an
advanced homogeneity of the initial mixture, very
often at ionic scale.

The present paper studies the synthesis of
a wide range of pigments with Co* chromophore
included in spinel structures (Zn4xCo,Al,O, and
Mg1.xC0,AlLQ,), olivine type structure
(Mg>4xC0,SiO,;) and willemite type structure
(Zn,4C0,Si04). The aim of the paper is to test the
obtaining possibilities of some pigments with
mixed structure where the spinel solid solution and
the orthosilicate solid solution (olivine respectively
willemite) form concurrently during the pigment
synthesis.

Two synthesis methods were used in
parallel: classical method — based on the
annealing of mechanical mixtures of oxides and/or
salts, respectively combustion synthesis — based
on strong exothermic oxidation-reduction reactions
between the desired nitrates metals and fuel
mixtures.

2. Experimental

In the case of the classical method, in order
to achieve the desired compositions the following
raw materials were used: aluminum hydrate
(ALOR ORADEA), ZnO (Merck), MgO (SERVA -
Feinbiochemia Heidelberg), SiO, (ULTRASIL VN3
— Degussa) and cobalt acetate (CHIMOPAR). Raw
material dosage was done for 0.1 mole final
product. After dosage, the mixtures were wet
homogenized, dried in the heating stove, grinded,
loaded in porcelain crucibles and annealed. The
annealing process took place in an electrical
furnace with SiC bars at temperatures of 1000,
respectively 1200°C, for one hour.

In the case of the combustion synthesis, the
following reagents were used: Zn(NOs;),-4H,0
(Merck), Mg(NO3),-6H,O (Merck), Co(NO3),-6H,0
(FLUKA) and AI(NO3)3-9H,O  (Merck), urea
CH4N,O (Merck) and B-alanine C3H;NO,
(REANAL - Hungary). In the case of the SiO,
containing mixtures it was used ULTRASIL VN3
(Degussa) added to the nitrates and fuel mixtures
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amestecurilor cu continut de SiO, s-a folosit
ULTRASIL VN3 (Degussa) adaugat la amestecul
de azotati si combustibilii corespunzatori reactiei de
combustie.

Rezultatele anterioare obtinute de autori [8-
13] au dovedit existenta unor compatibilitati intre
natura azotatului (agentul oxidant) si natura
combustibilului  (agentul reducator) si implicit
necesitatea alegerii rationale a amestecului de
combustibil Tn vederea maximizarii sanselor de
sintezd a compusilor oxidici proiectati direct din
procesul de combustie. Pe baza acestor rezultate
s-a ales ureea (CH4N>O) ca si combustibil aferent
azotatului de aluminiu, iar pentru azotatii de Mg, Zn
si Co s-a ales B-alanina (C3H;NO,). Dozarea
amestecului de reactanti s-a realizat pornind de la
premiza ca procesele de oxido-reducere decurg
integral, produsii de reactie fiind compusii oxidici ai
metalelor dorite, iar ca produsi secundari de reactie:
COz, H20 §| No.

Pentru exemplificare sunt prezentate in
continuare reactiile presupuse la sinteza solutiei
solide Spinelice Zn0.5C00.5A|204 §| Mgo'5000'5A|204:

substitution in different structures

suitable for combustion reaction.

Previous results obtained by the authors
[8-13] have proved the existence of some
compatibility between the nitrate nature (oxidizing
agent) and the fuel nature (reducing agent) and
thus, the need for the rational choice of fuel
mixtures needed to maximize the chances of
obtaining the designed oxide compounds directly
from the combustion process.

Based on these results, urea (CH4N,0)
was chosen as related fuel for aluminum nitrate
and B-alanine (C3;H;NO;) for Mg, Zn and Co
nitrates.

The reagents dosage was made starting
from the premise, that the oxidation-reduction
processes are complete and the reaction products
are the desired oxide compounds and the
secondary reaction products are: CO,, H,O and
No.

For exemplification, there are presented
the reactions that take place at the Zng5Cog 5Al,04
and Mg, 5C0,5Al,04 spinel solid solution synthesis:

357

2
O.SZn(N03)2+0.5C0(N03)2+2AI(N03)3+§C H N02+5CH4N20—)

37 1
> Zng 5Cog 5AIy04 +7C0, + "Ny + = H 0 1)

2
0.5Mg (NO 3); +0.5C0 (NO 3), + 2AI(NO 3)3 + S C3HyNO 5 + 5CH 4N ,0

2

37 2
> Mgy 5Cog 51,0, +7C0, + =N, + = H,0 (2)

Cantitatile de reactanti au fost calculate
pentru obtinerea a 0,05 moli compus oxidic.

Dizolvarea azotatilor metalici doriti alaturi
de cantitatile corespunzatoare de combustibili s-a
realizat in capsule de portelan in prezenta unei
cantatitati minime de apa distilatéd necesara pentru
dizolvarea amestecului de materii prime. 1In
continuare acestea au fost supuse evaporarii
partiale in etuva, la o temperaturéd de 50°C dupa
care au fost introduse intr-un cuptor electric cu
bare de SiC preincalzit la 300°C, pentru initierea
reactiilor de oxido-reducere, puternic exoterme,
care au loc in metoda combustiei.

Dupa racire, atat probele obtinute prin
metoda clasica cat si cele obtinute prin combustie
au fost spalate, urmand apoi sa fie supuse
determinarii compozitiei fazale realizatd prin
difractie RX — utilizadnd un difractometru DRON 3,
radiatia CuK, si caracterizarii colorimetrice prin
spectrofotometrie de reflexie difuza — utilizadnd un
spectrofotometru CARY 300 dotat cu sfera de
integrare; s-a lucrat cu iluminantul D65 sub un
unghi de 10 grade. Coordonatele tricromatice au
fost stabilite utilizand softul Varian Cary Win UV
Color 3.1. Analiza spectrala IR a fost realizata
utilizand un spectrofotometru Shimadzu
PRESTIGE-21 FTIR in intervalul 400-4000 cm™,
folosind o precizie in masurare de 4 cm”, 20 de
scanari $i metoda pastilarii cu KBr. De asemenea

Amounts of reagents were calculated for
obtaining 0.05 moles of oxide compounds.

Dissolving the desired nitrates metals along
with the corresponding amounts of fuels was done
in porcelain capsules in the presence of a
minimum of distillated water needed for raw
materials dissolution. Afterwards, the mixtures
were subjected to partial evaporation in the drying
stove at 50°C and then preheated to 300°C in an
electrical furnace with SiC bars, in order to initiate
combustion reactions.

After cooling, all the samples were washed
and subjected to phase analysis by X-ray
diffraction — using a DRON 3 spectrophotometer
(CuK, radiation) and colorimetric characterization
by diffuse reflectance spectrophotometry — using a
Varian CARY 300 spectrophotometer with
integrating sphere, D65 illuminant at 10 degrees
observer's angle. Trichromatic coordinates were
established using the Varian CARY WinUV Color
3.1. software. Infrared spectra of the samples were
recorded on a Shimadzu PRESTIGE-21 FTIR
spectrometer, in the range of 400-4000 cm”,
using: accuracy of 4 cm™, 20 scans and KBr pellet
method. The heating behavior of some samples
also has been studied by thermal analysis using a
NETZSCH STA 449C instrument. The temperature
range investigated was 25+500°C and the heating
rate was 10°C/min.
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a fost studiata si comportarea la incalzire a unora
dintre probe prin analiza termica efectuata cu
ajutorul unui derivatograf NETZSCH STA 449C.
Domeniul de temperaturd investigat a fost 25-
500°C iar viteza de incalzire a fost de 10°C/min.
Pigmentii astfel obtinuti au fost testati in colorarea
unor glazuri ceramice.

Compozitile amestecurilor studiate sunt
prezentate in tabelul 1 (cele cu continut de ZnO),
respectiv tabelul 2, (cele cu continut de MgO) iar
locul acestor compozitii in diagrama ternara MeO
(Me**= Zn?*, Mg®*, Co®*)-Al,0,-SiO, este precizat
in figura1.

substitutia Me** — Co®* in diverse structuri

SiO,

Me2SiO4

MeO ALO;

Fig. 1 - Locul amestecurilor studiate in diagrama ternara
MeO-Al,0;-SiO,. / The place of the studied mixtures
in the ternary diagram MeO-Al,0;-SiO, (Me*'=Zn*"
Mg2+, C02+).

Tabelul 1

Compozitia amestecurilor din seria 1 si seria | studiate prin cele doua metode
Mixture compositions from 1 and | serials studied by two methods.

Nr. Compozitii Raport molar Analiza fazala RX dupa calcinare la:
Serie Compositions Molar Ratio XRD pattern analyzed after
Serial Zn.5C005A1,04:ZNn49C00 1Si04 annealing at :

No. [°C]

Metoda Clasica / Classical Method 1000 1200

1.0 0.5Zn0-0.5C00-Al,0; 1.0:0.0 S.S. sp. Zn s.s. sp. Zn, a-Al,O3

1.1 0.64Zn0-0.46C00:-0.9A1,05:0.1Si0, 0.9:0.1 - S.S.sp. Zn

1.2 0.78Zn0-0.42C00-0.8A1,05-0.2Si0, 0.8:0.2 - S.S.sp. Zn

1.3 0.92Zn0-0.38C00:-0.7Al,05-0.3Si0O, 0.7:0.3 - s.s. sp. Zn, W

1.4 1.06Zn0-0.34C00-0.6Al,0;-:0.4Si0, 0.6:0.4 - s.s. sp. Zn, W

Metoda Combustiei / Combustion Method 300 1200

1.0 0.5Zn0-0.5C00-Al,04 1.0:0.0 S.s.sp. Zn S.s.sp. Zn

1.1 0.64Zn0-0.46C00:-0.9A1,05:0.1Si0O, 0.9:0.1 - s.S. sp. Zn

1.2 0.78Zn0-0.42C00:-0.8Al1,05-0.2Si0, 0.8:0.2 - s.s.sp. Zn, W

1.3 0.92Zn0-0.38C00:-0.7Al,05:0.3Si0O, 0.7:0.3 - s.s. sp. Zn, W

(S.8.8p. Zn — Zny 5C00 5A1,0, ; willemit (W) — Zn49C00,1SiO4)

Tabelul 2

Compozitia amestecurilor din seria 2 si seria |l studiate prin cele doua metode
Mixture compositions from 2 and Il serials studied by two methods

Nr Compozitii Raport molar Analiza fazala RX dupa calcinare la:
Serie Compositions Molar Ratio XRD pattern analyzed after annealing at:
Serial Mgg.5000,5A|204:Mg1,gC00,1SiO4 [OC]

No.

Metoda Clasica / Classical Method 1000 1200
2.0 0.5Mg0-0.5Co0-Al,04 1.0:0.0 s.s. sp. Mg, MgO s.s. sp. Mg,
G-Alzo;;, MgO

2.1 0.64Mg0-0.46C00-0.9A1,05-0.1Si0O, 0.9:0.1 - s.s. sp. Mg

2.2 0.78Mg0-0.42C00-0.8A1,05-0.2Si0O, 0.8:0.2 - s.s. sp. Mg

23 0.92Mg0-0.38C00-0.7Al,05-0.3SiO, 0.7:0.3 - s.s. sp. Mg, O

2.4 1.06Mg0-0.34C00-0.6Al,05:0.4SiO, 0.6:0.4 - s.s. sp. Mg, O,

G-Alzo;;, MgO
Metoda Combustiei / Combustion Method 300 1200

1.0 0.5Mg0-0.5C00-Al,04 1.0:0.0 s.s. sp. Mg s.s. sp. Mg

1.1 0.64Mg0-0.46C00-0.9A1,05-0.1Si0O, 0.9:0.1 - s.s. sp. Mg

1.2 0.78Mg0-0.42C00-0.8A1,0;-0.2Si0O, 0.8:0.2 - s.s. sp. Mg, O

1.3 0.92Mg0-0.38C00-0.7A1,05-0.3SiO, 0.7:0.3 - s.s. sp. Mg, O

(S.5.8p. Mg — Mg,.5C00.5A1,04; olivin (O) — Mg1.9C00.1SiO,)

Probele din seria 1 se caracterizeaza prin
compozitii corespunzatoare unor rapoarte variabile
intre solutia solida spinelicd ZngsCosAI,04 i
ortosilicatul Zn49Co0y1SiO,4 (structura de willemit).
Probele din seria 2 se caracterizeaza prin
compozitii corespunzatoare unor rapoarte variabile
intre solutia solida spinelicd MgosC005A10, i
ortosilicatul Mg49C0¢1SiO4 (structura de olivin).
Probele din seriile | si Il au fost obtinute prin meto-

The obtained pigments were tested in the
coloring of some ceramic glazes.

The compositions of the studied mixtures are
presented in Table 1 and Table 2. The situation of
these compositions is shown in the ternary MeO
(Me**= Zn*, Mg*, Co*)-Al,0;-SiO, diagram
(Fig.1).

The samples of the 1% series have variable
reports between Zn, 5Coq 5Al,0,4 solid solution and
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da combustiei si prezintd compozitii similare cu
cele din seriile 1 respectiv 2.

3. Rezultate si discutii

3.1. Analiza fazala prin difractie RX

In urma calcinérii, in cazul ambelor serii de
probe obtinute prin metoda clasica se poate afirma
ca temperatura de 1000°C este insuficienta pentru
dezvoltarea culorii albastre specifice; in spectrul de
difractie RX (1000°C) este prezenta faza spinelica,
caracterizata prin maxime de difractie mici si late.
In functie de temperatura de calcinare, 1000°C,
respectiv. 1200°C, pe spectrele de difractie RX
prezentate in figura 2 si figura 3 diferente
semnificative pot fi observate in cazul probelor 1.0
(0.5Zn0-0.5C00-Al,03) Si 2.0
(0.5Mg0-0.5Co0-Al,03); proba 2.0 reflecta
formarea mai dificila a spinelului de Mg — la 1000°C
maximele de difractie fiind foarte slab reliefate.
Diferentele intre cele doua probe nu sunt numai din
punct de vedere al cristalizarii fazei spinelice ci si
din punct de vedere al compozitiei fazale: pe
spectrul de difractie RX al probei 1.0 calcinata la
1000°C, respectiv 1200°C faza spinelica este faza
principala, pe cand in cazul probei 2.0 la 1000°C si
chiar si la 1200°C alaturi de faza spinelica este
prezent a-Al,O; si de asemenea MgO nereactionat
(periclaz).

Aceasta formare incompleta a fazei
spinelice in proba 2.0 (0.5Mg0-0.5C00-Al,O3) este
in concoordanta cu o culoare albastra mai slab
intensa in raport cu culoarea albastra a probei 1.0
(0.5Zn0-0.5Co0-Al,03).

in cazul probei 1.4 (raport molar: 0.6
(Zng5C005A104):0.4(Zn1 9C0( 1Si04)), pe spectrul
de difractie RX (fig. 4) alaturi de faza spinelica este
prezent si willemitul, ceea ce determina formarea
culorii albastre, in deplind concoordanta cu
stoichiometria proiectata. Proba 2.4 (raport molar:
0.6 (Mgol5COo_5A|204):0.4(Mg1.9C00.1Si04)) Cont,ine
faza spinelica slab cristalina in proportie mai mica

xs.8.5p. Zn
Aa-ALO;

*

1.0 1200°C

l.lLlllUll(

I I I A

66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24
=120

Fig. 2 - Spectrele de difractie RX ale probei 1.0 calcinata la
1000° respectiv 1200°C. / XRD patterns of sample 1.0
annealed at 1000 and respectively 1200°C.
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Zn49C0¢ 1Si0O, orthosilicate (willemite structure).
The samples of the 2" series have variable
reports between Mg 5C0q5AI,0,4 solid solution and
Mg.9Co00.1SiO,4 orthosilicate (olivine structure). The
samples of the I and 1I"* series were obtained by
combustion synthesis method and present similar
compositions to those from 1% and 2™ series.

3. Rezults and discussion

3.1. Phase analysis by X-ray diffraction

After annealing, in the case of both series
obtained by the classical method it can be said
that the 1000°C temperature is not high enough for
the specific blue color development. The spinel
phase is yet present on the XRD pattern at
1000°C, characterized by small and wide peaks.
Depending on the annealing temperature, 1000°C
respectively 1200°C, on the XRD patterns
presented in Figure 2 and Figure 3 significant
differences can be noticed in case of samples 1.0
(0.5Zn0-0.5C00-Al,03) and 2.0
(0.5Mg0-0.5C00-Al,03); sample 2.0 shows a more
difficult formation of Mg spinel - at 1000°C the
diffraction maxima are very weak. The two
samples are different not only from the point of
view of spinel phase crystallization, but also from
the point of view of the phase composition: on the
XRD pattern of the sample 1.0 annealed at
1000°C, respectively 1200°C the spinel phase is
the main phase, whilst sample 2.0 annealed at
1000°C and even at 1200°C also contains Al,O3
and unreacted MgO (periclase) alongside the
spinel phase.

This incomplete formation of the spinel
phase in sample 2.0 (0.5Mg0-0.5Co0-Al,O3) is in
accordance with the lighter blue color compared
with the intense blue of the sample 1.0
(0.5Zn0-0.5Co0-Al,03).

In case of the sample1.4 (molar ratio: 0.6
(Zn0,5C00,5A|204):0.4(Zn1,9C00,1Si04)), Spinel and
willemite are present on the XRD pattern (Fig. 4)
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2.0 1000°C g b
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Fig. 3 - Spectrele de difractie RX ale probei 2.0 calcinata la
1000° respectiv 1200°C. / XRD patterns of sample 2.0
annealed at 1000 and respectively 1200°C.
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decét cea proiectata, alaturi de a-Al,O; si de MgO
(periclaz). Prezenta fazei ortosilicatice, de tip
olivina este foarte slab evidentiatéa (fig.5), dar
culoarea sugereaza prezenta olivinului de Co (tenta
mov).
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*
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e
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Fig. 4 - Spectrul de difractie RX al probei 1.4 calcinata la
1200°C. / XRD pattern of sample 1.4 annealed at
1200°C.

in cazul probei 1.0 calcinatd la 1200°C
(metoda clasica) si proba 1.0 (metoda combustiei
300°C) nu exista o diferenta similara (fig.6); se
poate spune ca gradul de cristalizare al celor doua
probe este practic identic, in ambele probe solutia
solida spinelica fiind faza unica.

Comparéand proba 2.0 obtinuta prin metoda
clasica la 1200°C cu proba 11.0 obtinuta direct din
combustie (fig.7), diferenta din punct de vedere a
intensitatii maximelor de difractie este clar vizibila
in cazul probei 1.0 — faza spinelica este mai bine
cristalizata si este faza unica in proba.
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1.0300°C
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Fig.6 - Spectrele de difractie RX ale probelor 1.0 calcinata la
1200°C si 1.0 obtinuta direct din procesul de combustie la
300°C. / XRD patterns of samples 1.0 annealed at
1200°C and 1.0 obtained directly from the combustion
process at 300°C.

La obtinerea prin metoda combustiei a
compusilor cu continut de SiO,, probele 1.1, 1.2 si
[.3 (compusi cu Zn) respectiv probele 1.1, 11.2 si 11.3
(compusi cu Mg), prezenta acestuia in amestecul
de azotati metalici si combustibili modereaza
reactia de combustie determinand scaderea tem-

substitutia Me** — Co®* in diverse structuri

and the formation of the blue color is in
accordance with the projected stoichiometry.
Sample 24 (molar ratio: 0.6
(M90.5000.5A|204):O.4(Mg1.QCOO.1SiO4)) contains
oorly crystalline spinel phase (in lower proportion
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Fig.5 - Spectrul de difractie RX al probei 2.4 calcinata la

1200°C. / XRD pattern of sample 2.4 annealed at
1200°C.

than the projected one) alongside a-Al,O; and
MgO (periclase). The orthosilicate, olivine type is
very weakly distinguished (Fig.5) but the color
suggests the presence of Co olivine (purple tint).

There are no such differences between
samples 1.0 annealed at 1200°C (classical
method) and 1.0 (combustion synthesis) (Fig. 6).
We can say that the crystallization degree of the
two samples is practically identical; the spinel solid
solution is the main phase.

Comparing samples 2.0 obtained by
classical method at 1200°C and 1.0 obtained by
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Fig.7 - Spectrele de difractie RX ale probelor 2.0 calcinata la
1200°C si 11.0 obtinuta direct din procesul de combustie
la 300°C. / XRD patterns of the samples 2.0 annealed at
1200°C and 11.0 obtained directly from the combustion
process at 300°C.
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the combustion synthesis method (Fig.7) the
difference in the peak intensity is clearly visible in
the case of sample 1.0 — spinel is better
crystallized and it is the main phase.

The presence of SiO, in the reaction
mixtures subjected to combustion synthesis, sam-
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peraturii in amestec. Astfel nu mai sunt asigurate
conditiile termice necesare pentru formarea fazelor

proiectate, rezultand probe de culoare
necorespunzatoare.
3.2. Caracterizarea colorimetrica prin

spectrofotometrie de reflexie difuza

Spectrele de reflexie difuza pentru o parte
din probele obtinute sunt prezentate in figurile 8 -
12.

40+,
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30
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Fig.8 - Spectrele de reflexie difuza ale probei 1.0 calcinata la
1000°, respectiv 1200°C. / Diffuse reflectance spectra

of sample 1.0 annealed at 1000 and respectively at
1200°C.
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Fig.9 - Spectrele de reflexie difuza ale probei 2.0 calcinata la
1000°, respectiv 1200°C. / Diffuse reflectance spectra of
sample 2.0 annealed at 1000 and respectively at

1200°C.

substitution in different structures

ples 1.1, 1.2 and 1.3 (Zn compounds) and samples
.1, 1.2 and 1.3 (Mg compounds) has a
moderation effect, leading to the decrease of the
reaction temperature. Thus, there are no longer
provided the necessary thermal conditions for the
designed phase formation and the color of the
samples is inadequate.

3.2. Colorimetric characterization by diffuse
reflectance spectrophotometry

Diffuse reflectance spectra for some of the
obtained samples are presented in Figures 8 - 12.

50

—e— 1.4 1200°C
1|—e—2.41200°C

R [%]

T T T T T 1
400 500 600 700 800
% [nm]

Fig.10 - Spectrele de reflexie difuza ale probelor 1.4 si 2.4
calcinate la 1200°C. / Diffuse reflectance spectra of
samples 1.4 and 2.4 annealed at 1200°C.
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Fig.11 - Spectrele de reflexie difuza ale probelor 1.0 si 1.0
obtinute direct din combustie la 300°C. / Diffuse
reflectance spectra of samples 1.0 and /1.0 obtained
directly from the combustion process at 300°C.
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Fig.12 - Spectrele de reflexie difuza ale probelor 1.0 si 1.0

obtinute prin combustie si calcinate la 1200°C. /
Diffuse reflectance spectra of samples 1.0 and 1.0
obtained directly from the combustion process and
annealed at 1200°C.

Analiza acestor spectre permite

urmatoarele observatii:
- In toate cazurile este prezenta o banda larga de

absorbtie intre 540 nm si 640 nm; pe baza datelor
din literatura [7, 14, 15] aceasta banda este
atribuitd cromoforului Co“" tetracoordinat, fiind
asociats tranzitiei “T14(P) — *Axy(F);

spectrele probelor cu aceeasi compozitie dar
calcinate la temperaturi diferite, 1000°C, respectiv
1200°C (fig. 8 si fig.9), reflecta o diferenta majora,
in sensul ca pentru probele cu structura spinelica,
obtlnute la 1000°C banda caracteristica pentru
Co?" tetracoordinat este slab nuantatd; aceasta
dovedeste o insuficienta includere a cromoforului
in reteaua cristalind spinelicd proiectata. in
schimb pentru probele calcinate la 1200°C banda
de absorbtie caracteristicda pentru  Co®*
tetracoordinat este intensa si mai ingusta
sugerand o puritate ridicata a culorii specifice
acestor pigmenti;

in cazul pigmentilor cu structura mixta, in care
este prezentd solutia spinelica alaturi de solutia
solida ortosilicatics exista 0 diferentd majora intre
probele cu continut de zZn* si cele cu continut de
Mg ; aceasta dlferenta deriva din faptul ca in timp
ce ambn cationi genereaza acelasi tip de retea
cristalina spinelica (in care cationii Me?* sunt
coordinati  tetraedric), retelele ortosmcatlce
generate de cei doi cationi (Zn respectiv Mg )
sunt diferite si anume: structura de tip willemit
pentru ortosrllcatul de zinc (Zn,SiO,) in care
cationii Zn** sunt coordinati tetraedric, respectiv
structura de tip olivina pentru ortosmcatul de
magneziu (Mg.SiO,) in care cationii Mg sunt
coordinati octaedric.In consecinta cromoforul Co

inclus in retelele ortosilicatice prin substitutia zn*

substitutia Me** — Co®* in diverse structuri

The following observations have been made after
the spectra analysis:
- in accordance with the literature data [7,14,15] in

all the cases there is present a broad absorption
band between 540 nm and 640 nm, assigned to
tetracoordmated Co* and associated with
T1g(P) — Azg(F) transition;

- the diffuse reflectance spectra of the samples

having the same composition, annealed at
different temperatures, 1000°C respectively
1200°C (Fig.8 and Fig.9) are very different. The
absorption band characteristic for
tetracoordinated Co”" is weak at 1000°C, proving
an insufficient inclusion of the chromophore in the
crystalline network of spinel. In exchange, for the
samples annealed at 1200°C the specific
absorption band for tetracoordinated Co® is
intense and narrow, suggesting high color purity;
in the case of the pigments with mixed structure
(spinel and orthosilicate solid solution) there is a
magor difference between the samples containing

and those containing Mg This difference
arises from the fact that whlle both cations
generates the same spinel crystalline network
type (Me cations are tetrahedrally coordinated),
orthosilicate networks generated by the two
cations (Zn respectively Mg *) are namely
different: willemite type structure for zinc
orthosilicate (Zn,SiO,), where Zn** cations are
tetrahedrally coordinated, respectively olivine
type structure for magnesmm orthosilicate
(Mg@2SiO,), where Mg cations are octahedrally
coordinated. As a result, Co* chromophore
included in the orthosilicate networks by Zn**
respectively Mg substitution will be tetrahedrally
coordinated in the first case (resulting blue color)
and octahedrally coordinated in second case —
generating pink-violet color. Diffuse reflectance
spectra presented in Figure 10, for sample 1.4 —
containing spinel solid solution (ZnysCoq5A1,04)
and willemite orthosilicate type solid solution
(Zn19C004Si0,), respectively sample 2.4 -
containing spinel solid solution Mgg5C0g5A1,04)
and orthosilicate solid solution (Mg ¢C01SiO4)
reflect a slight difference between these samples.
The absorption band in the case of sample 2.4 is
broader and moves towards smaller wavelengths
suggesting the presence of octahedrally
coordinated Co**  alongside tetrahedrally
coordinated Co*".

This explanation is clearly supported by the

trichromatic coordinates (L* a* b* parameters) of
the studied pigments, presented in Table 3 and

Figure13.

For 2.4 pigment parameter value a* is
positive suggesting the presence of blue-red or
blue-violet color, which can be clearly assomated

with the presence of octahedrally coordinated Co**

in olivine structure alongside tetrahedrally
coordinated Co®" in spinel structure. In the case of
1.4 pigment, the a* parameter value is negative
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respectiv Mg* va fi coordinat tetraedric in primul
caz (generand culoare albastra) si octaedric in al
doilea caz — generand culoare roz-violet. Spectrele
de reflexie difuza prezentate in figura 10, pentru
proba 1.4 — care contine solutie solida spinelica
(Zno5Co05AI,04) si solutie solida ortosilicatica de
tip willemit (Zn19C00.4SiO,) si proba 2.4 — care
contine solutie solida spinelica (Mgos5C005Al,0,) si
solutie solida ortosilicatica (Mg 9C00.1SiO4) reflecta
o usoara diferentd intre aceste probe. In cazul
probei 2.4 banda de absorbtie se largeste usor si
se deplaseaza spre Iung|m| de unda mai mici
sugerand prezenta Co®" coordinat octaedric, alaturi
de Co®* coordinat tetraedric.

Aceasta explicatie este mai clar sustinuta de
valorile coordonatelor tricromatice (parametrii L* a*
b*) ale pigmentilor studiati, prezentate in tabelul 3
si figura 13.

Pentru pigmentul 2.4 valoarea parametrului
a* este pozitiva, sugerand prezenta unei culori
albastru-rosietic sau albastru- wolaceu care poate fi
clar asociata cu prezenta Co* coordlnat octaedric
in structura de olivina, alaturi de Co®* coordinat

+

substitution in different structures
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Fig.13 - Valoriile parametrilor a* si b* ale probelor 1.4, 2.4, 1.0 si
11.0 calcinate la 1200°C. / a* and b* parameter values
of samples 1.4, 2.4, 1.0 and 11.0 annealed at 1200°C.

Tabelul 3
Coordonatele tricromatice ale unora dintre probele calcinate la diferite temperaturi.
CIELAB trichromatic coordinates of some of the samples annealed at different temperatures.
Nr. Probei Compozitia Metoda studiatd | Temperatura L* a* b*
Sample Composition Studied Method | Temperature
No. [°C]
Combustie
1.0 Zn0y5C00(5A1,04 Combustion 300 452268 | -6.7837 -24.2953
Combustie
1.0 MgQO,5C00, 5A1,05 Combustion 300 425862 | -6.8412 -21.1540
Combustie
1.0 Zn05C00,5A1,04 Combustion 1200 48.8485 | -3.2946 -37.7457
Combustie
1.0 MgO,5C00 5A1,05 Combustion 1200 46.8922 | -6.5430 -33.4662
Clasica 1000 25.7571 | -4.5544 -8.0396
10 2n005C0005A10s Classical 1200 35.1070 | 4.0880 | 28.4763
Clasica 1000 28.4998 | -0.9853 -22.8065
20 MgOo0sC000 A0 Classical 1200 36.8036 | -0.3134 | -31.3141
1.4 1.06Zn0-0.34C00-0.6A1,05-0.4Si0, Clasica 1200 28.6167 | -3.4620 | -25.5498
Classical
2.4 1.06MgO-0.34C00-0.6A1,04:0.4Si0; Clasica 1200 41.8562 | 4.0557 | -26.6345
Classical

tetraedric in structura spinelica. In schimb pentru
pigmentul 1.4  valoarea parametrulw a* este
negativa sugerand prezenta doar a Co*" coordinat
tetraedric. Locul punctelor asociate celor doi
pigmenti in campul albastru-verzui, respectiv
albastru-rosietic (fig. 13) reflecta foarte bine
diferentele dintre ei. Pigmentii in care Co”* este
coordinat numai tetraedric se plaseaza in campul
albastru-verzui, asa cum arata valorile negative ale
parametrilor a* si b* prezentate in tabelul 3, in timp
ce pigmentul 2.4 se situeaza in cémg)ul albastru-
rogietic, dovedind si prezenta Co“ coordinat
octaedric.

Valoarea luminozitatii (L*) caracterizeaza
intensitatea culorii pigmentului.

In figurile 11 si 12 sunt prezentate spectrele
de reflexie difuza ale pigmentilor spinelici 1.0
(Zno5C005A1204) si 1.0 (Mgo5C005A120,) obtinuti
prin metoda combustiei — direct din combustie

suggesting onlg the presences of tetrahedrally
coordinated Co”". The position of the coordinates
associated to the pigments in the blue-green,
respectively the blue-red field (Fig.13) reflects very
well the dlfferences between them. The pigments
in which Co®* is tetrahedrally coordinated are
placed in the blue-green field as the negative
values of a* and b* parameters presented in table
3 show, whilst the 2.4 pigment is situated in the
blue-reddish field proving the presence of Co*
octahedrally coordinated.

The brightness value (L*) characterizes the
color lightness.

The diffuse reflectance spectra of the
spinel pigments 1.0 (Znys5Co5A,04) and 11.0
(Mgo5C005A,0,4)  obtained by  combustion
synthesis method — directly from the combustion
process initiated at 300°C are presented in Figures
11 and 12 and respectively after a further
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initiata la 300°C (fig.11) respectiv dupa o calcinare
suplimentara la 1200°C (fig.12). Se poate remarca
faptul ca aceste spectre sunt cele caracteristice
pigmentilor albastri in care Co? este coordinat
tetraedric. Spectrele probelor 1.0 si 1.0 sunt practic
identice, sugerand culori foarte apropiate pentru cei
doi pigmenti, ceea ce este dovedit si de valorile
parametrilor L* a* b* prezentate in tabelul 3. Este
important de remarcat faptul ca prin calcinare
ulterioara la 1200°C spectrele de reflexie difuza si
culoarea probelor nu sufera schimbari
semnificative, ceea ce dovedeste de fapt ca in
timpul combustiei (initiatd la 300°C) temperatura
din masa amestecului de reactie a fost cel putin
egala cu 1200°C. Aceasta afirmatie este sustinuta
si de spectrele de difractie RX ale acestor probe.

Altfel spus, pigmentii in care este prezenta
numai faza spinelica pot fi obtinuti direct prin
metoda combustiei, bazatd pe reactii de oxido-
reducere, puternic exoterme, intre azotatii
metalelor dorite si un amestec de combustibili (uree
si B-alanina) rational alesi.

Pigmentii in care se doreste prezenta unor
solutii solide ortosilicatice alaturi de solutii solide
spinelice — cu scopul largirii paletei de culori — nu
mai pot fi obtinuti direct din procesul de combustie
deoarece prezenta SiO, in amestecul de reactie
actioneaza ca un moderator al proceselor de oxido-
reducere, scade temperatura din amestec si nu mai
asigura formarea retelelor cristaline dorite si
includerea cromoforului in acestea. Astfel de
compozitii necesitda o calcinare ulterioara, care
anuleaza avantajul caracteristic sintezei prin
combustie.

3.3. Analize termice

Pentru probele 1.0 si 1.0 obtinute prin
metoda combustiei, procesele care au loc in timpul
fncalzirii au fost urmarite prin intermediul analizelor
termice (fig. 14 si fig.15). Se observa ca cele doua
probe prezintd o comportare foarte asemanatoare
in sensul ca peste 100°C au loc procesele endo-
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Fig.14 - Curbele TG si ATD ale amestecului precursor format din
Zn(NOg3),, Co(NO3),, AI(NO3)s, uree si B—alanina (proba
1.0). / TG and DTA curves of the precursor mixture
containing Zn(NO;),, Co(NQOg3),, AI(NO3)s, urea and B—
alanine (sample 1.0).

substitutia Me** — Co®* in diverse structuri

annealing at 1200°C (Fig.12). It may be noticed
that these spectra are characteristic for blue
pigments, in which Co®™ s tetrahedrally
coordinated. 1.0 and 1.0 sample spectra are
practically identical suggesting very close colors
for the two pigments, also proven by the L* a* b*
parameters presented in Table 3. It is important to
note that after further annealing at 1200°C the
diffuse reflectance spectra and the sample color
don’t suffer any significant changes. That proves
the fact that during the combustion process the
temperature in the reaction mixture reaches at
least 1200°C. This statement is supported by the
XRD patterns of these samples. In other words,
the pigments containing only the spinel phase can
be obtained directly from the combustion
synthesis, based on strong exothermic oxidation-
reduction processes between the desired metal
nitrates and fuel mixtures (urea and B-alanine).

The pigments designed to  obtain
orthosilicate solid solution alongside spinel solid
solution — with the aim of broadening the color
palette — cannot be obtained directly from the
combustion process due to the SiO, presence in
the reaction mixture which acts as a moderator of
the oxidation-reduction process. It lowers the
temperature from the mixture and is not providing
the crystalline network formation and chromophore
inclusion. Such compositions require a subsequent
annealing nullifying the characteristic advantage of
the combustion synthesis.

3.3. Thermal analysis

For 1.0 and 1.0 samples obtained from
combustion synthesis the processes taking place
during heating were followed by thermal analysis
(Fig.14 and Fig.15). It can be noticed that the two
samples show a very similar behavior:
above100°C endothermic processes of water
elimination and nitrates/fuels decomposition take
place. It is quite difficult to follow the strong
exothermic, even violent oxidation-reduction
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Fig.15 - Curbele TG si ATD ale amestecului precursor format
din Mg(NOg3);, Co(NQOg),, Al(NOs)s, uree si B—alanina
(proba 11.0). / TG and DTA curves of the precursor
mixture containing Mg(NOj),, Co(NO;),, AI(NO;);,
urea and (—alanine (sample 11.0).
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terme de eliminare a apei si inceputul proceselor
de descompunere a azotatilor si combustibililor.
Trebuie precizat ca este destul de dificil de urmarit
procesele de oxido-reducere care au loc, puternic
exoterme si chiar violente, prin intermediul
analizelor termice. Este obligatorie utilizarea unor
cantitati de proba foarte mici (sub 20 mg) si chiar in
acest caz, frecvent proba iese din creuzet prin
marirea puternica de volum. Contactul probei cu
creuzetul se finrautateste si afecteaza negativ
acuratetea semnalului DTA.

3.4. Analiza spectrala FTIR

Spectrele FTIR au fost nregistrate doar
pentru pigmentii cu structura spinelica obtinuti atat
prin metoda clasica (probele 1.0 si 2.0) cat si prin
metoda combustiei (probele 1.0 si 11.0).

Toate probele studiate prezinta structura de
spinel normal astfel incat in spectrele IR (fig. 16 si
fig. 17) se regasesc benzile caracteristice vibratiilor
v Al-O in coordinare octaedrica, [AlOg], situate in
domeniul 400-800 cm™" [16-20].

Transmittance [a.u]

T T T T T
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Fig.16 - Spectrele FTIR ale probelor 1.0 si 1.0. / FTIR spectra of
samples 1.0 and 1.0.

Analizadnd spectrele FTIR ale probelor 1.0
(fig. 16) si 1.0 (fig. 17) se constata o mai buna
separare a benzilor de absorbtie in cazul probei 1.0
(cu continut de Zn**) comparativ cu proba 1.0 (cu
continut de Mg*").

Analizand spectrele FTIR ale aceleiasi
probe obtinute prin metode diferite (proba 1.0 si 1.0,
fig.16 si respectiv proba 1.0 si 2.0, fig.17), se
constata ca benzile IR sunt mai bine separate in
cazul probelor obtinute prin metoda combustiei.
Aceasta comportare poate fi explicata printr-o
ordonare cristalina mai avansata si mai ales pe
seama distributiei mai omogene (statistice) a
cationilor divalenti in structura cristalingd a probelor
obtinute prin metoda combustiei.

Aceasta observatie este in concordanta cu
rezultatele analizei prin difractie RX.

4. Concluzii

substitution in different structures

processes taking place, by thermal analysis. Very
small amounts of sample (less than 20 mg) are to
be used and even in this case the sample often
leaves the crucibles by strong volume increase.
Sample contact with the crucible is getting worse
and negatively affects the DTA signal accuracy.

3.4. FTIR spectral analysis

FTIR spectra were recorded only for the
pigments with spinel structure obtained by the
classical method (sample 1.0 and 2.0) and by
combustion synthesis method (samples 1.0 and
11.0).

All the studied samples present normal
spinel structure, so that on the IR spectra (Fig.16
and Fig. 17) can be seen the characteristic v Al-O
vibration bands of the octhaedrally coordinated
[AIOg] between 400-800 cm'1[1 6-20].

Analyzing the FTIR spectra of samples 1.0
(Fig. 16) and 1.0 (Fig. 17) one can ascertain a
better separation of the absorption bands in case
of sample 1.0 (with Zn* content) compared with
sample 11.0 (with Mg?* content).

Transmittance [a.u]

T T T T T
1400 1200 1000 800 600 400

Wavenumber [1/cm]

Fig.17 - Spectrele FTIR ale probelor 11.0 si 2.0. / FTIR spectra
of samples 1.0 and 2.0.

Analyzing the FTIR spectra of the same
samples obtained by different methods (sample 1.0
and 1.0, Fig.16 and 11.0 sample and 2.0, Fig.17)
one can observe that the IR bands are better
separated in the case of samples obtained by the
combustion synthesis. This behavior can be
explained by the advanced crystalline order and
the homogenous distribution of divalent cations in
the crystalline structure of the samples obtained by
combustion synthesis. This observation is in
accordance with the results obtained by X-ray
diffraction.

4. Conclusions

1000°C are not enough in the case of the
classical method for the development of the
specific blue color, for any of the two tested sam-

ples series. Spinel phase is characterized by small
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In cazul utilizarii metodei clasice, pentru
ambele serii de probe se poate afirma ca
temperatura de 1000°C este insuficientd pentru
dezvoltarea culorii albastre specifice, faza spinelica
fiind caracterizatd prin maxime de difractie mici si
late. Formarea spinelului de Mg (metoda clasica)
chiar si la 1200°C decurge relativ greu, dovada
faptul ca pe langa acesta, pe spectrele de difractie
RX sunt prezente si alte faze premergatoare fazei
spinelice, fiind n deplind concoordanta cu culoarea
albastra mai slab intensa a acestuia in raport cu
culoarea albastra a spinelului de Zn.

In cazul probelor cu compozitie mixta
(compusi cu Zn) pe langa faza spinelica este
prezentd si faza ortosilicatica de tip willemit, ceea
ce determina formarea culorii albastre, evidentiata
si pe spectrele de reflexie difuza, specificd Zn**
coordinat tetraedric si cromoforului Co* de
asemenea coordinat tetraedric; in cazul compusilor
cu Mg, faza ortosilicatica de tip olivina este slab
evidentiata (tentd mov) sugerénd prezenta Mg2+
coordinat tetraedric si cromoforului Co®* coordinat
octaedric si tetraedric.

In cazul utiliz&rii metodei combustiei pentru
compusii cu Zn putem afirma ca gradul de
cristalizare al probelor este practic identic, in
ambele probe solutia solidd spinelica fiind faza
unica. Diferente semnificative din punct de vedere
al gradului de cristalizare al fazei spinelice se pot
observa in cazul compusilor cu Mg — faza spinelica
este faza unica.

In cazul compusilor cu SiO, obtinuti prin
metoda combustiei, prezenta acestuia in amestecul
de azotati metalici si combustibili modereaza
reactia de combustie determindnd scaderea
temperaturii in amestec, nefiind asigurate astfel
conditiile termice necesare pentru formarea fazelor
proiectate, rezultand probe de culoare
necorespunzatoare.
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Lucrarea de fata isi propune sa abordeze o serie de
aspecte structurale si practice legate de domeniul sticlelor
oxidice. Pentru aceasta se utilizeaza ca “instrument de

analiza&” un indicator care comensureaza caracterul acido-
bazic al sticlelor oxidice: ponderea bazicitatii, pB.

Definit la nivelul anilor 1980-1982 de catre Prof. Balta si
colaboratorii Th catedra SIMONA din cadrul Universitatii
Politehnica din Bucuresti, acest parametru si-a dovedit
potentialul prin timp, atat in ceea ce priveste abordarile
teoretice ale structurilor vitroase, cét si a prognozelor
proprietatilor sticlelor la nivel practic.

In esentd, cartea propune ca, pornind de la modul de
definire al ponderii bazicitatii, sa se evidentieze o serie de corelatii ale acestei marimi cu diversi parametri
structurali ai sistemului vitros. in acelasi timp se releva potentialul pe care pB, un parametru chimico-structural, il
are atunci cand se impune proiectarea optimald a compozitiei chimice pentru o serie de sticle si vitroceramici
avand proprietati prestabilite.

Majoritatea corelatiilor sunt demonstrate pentru prima data, reprezentdnd o bogata contributie stiintifica
inclusiv pentru consolidarea cunostintelor si imaginii existente despre structura unor sticle si despre interactiunile
dintre oxizii componenti.

Tn mod evident, cartea se adreseaza cadrelor didactice si cercetatorilor preocupati de domeniu, precum i
tuturor specialistilor practicieni care pot gasi un sprijin documentat la nivel stiintific pentru preocuparile lor.

Nu in ultimul rand, cartea se adreseaza studentilor, masteranzilor si doctoranzilor care isi desfasoara
activitatea Tn domeniul Chimiei aplicate si Stiintei materialelor.
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