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In Iucrare se prezinti un model de programare
matematica aplicat la proiectarea optimala a compozitiei
oxidice pentru fibre de sticla cu biopersistenta redusa.

Modelul general elaborat este aplicat la doua studii
de caz.

In primul caz se proiecteaza compozitional o sticld
tip E (boro-silicatica). Rezultatul modelarii indica o valoare
relativ. mica a indicelui cancerigenic, KI, deci o
blopers:stenta mare.

Intr-un al doilea studiu de caz, modelul optimal este
aplicat unor fibre de sticlda avdnd compozitii chimice din
sistemul oxidic MgO-CaO-SrO-Al,0;-SiO;.

Rezultatele modelarii arata ca in acest sistem fibrele
de sticla au valori reduse pentru biopersistenta si indice
cancerigenic, Kl, de circa 39, comparabile cu date de

literatura. /
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1. Introducere

Un capitol important in cadrul cercetarilor
operationale 1l reprezinta metodele de optimizare,
programarea matematica optimala fiind dintre cele
mai utilizate pentru modelarea sistemelor. Modelele
utilizate pot fi deterministe, stochastice, liniare,
neliniare, parametrice etc. [1].

Modelele de programare (liniara) au avut o
prima aplicabilitate in urma cu aproape 7 decenii, la
asa - numita ,problema de optimizare a tran-
sporturilor”.

Pana in prezent folosirea lor s-a extins in
cele mai diverse domenii, elaborandu-se modele si
aplicati de programare optimald in industria
alimentara, farmaceutica, transporturi, chimie,
econometrie, management etc.

in domeniul materialelor oxidice, utilizarea
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Present paper deals with a mathematica
programming model applied to the optimal design of oxide
composition for glass fibres with low biopersistence.

The developed general model is applied on two case
studies.

In the first case it is designed a composition for E
glass type (boro-silicate glass). The result of modelling
indicates a relatively low value of the carcinogenic index,
KI, and therefore a high biopersistence.

In the second case study, the optimal model is
applied to some glass fibres having chemical compositions
in the frame of MgO-CaO-SrO-Al;0;-SiO, oxide system.

The results of our modelling show that in this oxide
system glass fibre with low biopersistence can be obtained
and the values of the carcinogenic index around 39 are

comparable with literature data. /

1. Introduction

An important domain in the operational
research field is represented by optimization
methods, the optimal mathematical programming
method being the most widely used for systems
modelling. The models to be used can be
deterministic, stochastic, linear, nonlinear,
parametric etc. [1]. The (linear) programming
models have had a first application about seven
decades ago, for the so called “transport
optimization problem”.

Until now, their use has been extended in
various fields, optimal programming models and
related applications being drawn up for food and
pharmaceutical industries, transportation,
chemistry, econometrics, management etc.

In the field of oxide materials, the use of
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metodelor de programare optimala Tsi gaseste
aplicatii, inca din anii 1970-1980, la proiectarea
optimala a compozitiei chimice a unor materiale si
la calculul optimal al amestecurilor de materii
prime.

in Romania, astfel de modele matematice au
fost publicate dupa 1970 [2,3], inclusiv o serie de
aplicatii Tn domeniul sticlei, cimentului si ceramicii
[4-8].

Prin potentialul stiintific si tehnic ridicat,
modelarea matematica ramane pana in prezent,
dar si pentru un viitor orizont de timp mediu,
metoda cea mai indicatd pentru proiectarea
optimald a materialelor oxidice — in general — si a
celor vitroase — in particular [9 — 12].

in lucrare se prezintd modelul general de
optimizare a compozitiei oxidice pentru fibrele
oxidice vitroase cu biopersistentd redusa, model
exemplificat cu doua studii de caz.

2. Elaborarea modelului

Proiectarea optimala a compozitiei chimice a
unor fibre de sticla cu biopersistenta mica are la
baza modelarea prin programare matematica.

Sub o formd canonicd, un model de
programare matematica este constituit dintr-un bloc
de restrictii si un altul, de functii obiectiv (scop) care
urmeaza a fi optimizate [13]:

F(Xt, Xzorrs XiyooeX) 20, k=1, p (1)

x>0, i=1,n (2)
(opt) g(X1, X2,---, Xi,--., Xn) = (Min/max)g (3)

in care X, i =1,nreprezinta valorile

independente ale sistemului analizat;

f, k=1,p conditiondri si relati intre
variabilele asociate sistemului;

g - functia obiectiv (scop), care urmeaza a fi
optimizata.

In cazul concret al model&rii optimale a
compozitiei chimice pentru diverse tipuri de fibre de
sticla, x;, reprezintd procentele gravimetrice ale
oxizilor componenti.

Aceste necunoscute trebuie determinate —
daca modelul matematic are solutii — astfel incat
restrictiile tehnologice (1) si (2) sa fie indeplinite, iar
functia obiectiv sa fie optima.

In cadrul modelului matematic, in acest caz,
grupul de restrictii (1) se poate constitui din:

- limitari impuse unor oxizi;

- anumite relatii intre oxizi, care chiar daca
nu sunt liniare pot fi aduse la o forma
liniara;

- proprietati tehnologice si functionale [14],
care trebuie sa prezinte valori intr-un
anumit interval;

- relatii de bilanturi partiale sau globale de
materiale, referitoare la diversi oxizi
componenti.

optimal programming methods meets applications
since 1970-1980, when designing the optimal
chemical composition of some materials and the
optimal calculation of the mixtures of raw materials
was employed.

In Romania, such mathematical models
have been published after 1970 [2,3], including a
series of applications in the fields of glass, cement
and ceramic [4-8].

Through the high scientific and technical
potential, mathematical modelling remains until
now, and for the medium term future as well, the
most appropriate method for optimal design of
oxide materials - in general - and for the vitreous
ones - in particular [9-12].

Present paper describes the general
optimization model of oxide composition for
vitreous glass fibres with low biopersistence, the
model being illustrated by two case studies.

2. Development of the model

The optimal design of chemical composition
for some glass fibres with low biopersistence is
based on modelling through mathematical
programming. In a canonical form, a mathematical
programming model consists of a block of
restrictions and another one for the objective (goal)
functions to be optimized [13]:

F(Xty X2y X Xn) 20, K =1, p 1)

x>0, i=1,n (2)
(opt) 9(X1, X2,---, X;,--.-, Xn) = (Min/max)g  (3)

where x, = —— represents the independent
i=1n

f, k=1,p - are
values of the analyzed system
conditionings and relationships between the
variables associated to the system;
g - represents the objective (goal) function

to be optimized.
In the case of the optimal

modelling of chemical composition for various
types of glass fibres, x; represents the gravimetric
percentages of  oxide components.These
unknowns must be determined - if the
mathematical model has solutions — so that the
technological constraints (1) and (2) to be fulfilled
and the objective function to be optimal.

In the mathematical model, for this case, the group
of constrains (1) may consist of:

- limitations imposed to some oxides;

- certain relations between the oxides,
which although are not linear but can be
brought to a linear form;

- technological and functional properties,
which must have values in a certain range
[14];

- partial or global balances of materials on
various component oxides. The group of

relations (2) refers to the nonnegative conditions
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Grupul de relatii (2) se refera la conditile de
nenegativitate impuse pentru valorile fractiilor
gravimetrice ale oxizilor constituenti,x;.

in sfarsit, relatia (3) reprezints, de obicei,
proprietatea conducatoare pentru tipul de fibre de
sticla analizat. In acest caz este utilizat ca functie
scop indicele cancerigenic, Kl, dar pot fi folosite si
o serie de marimi structurale sau tehnologice cu
care acesta se afla in corelatie.

Desi proiectarea optimala a materialelor
oxidice implica parcurgerea de principiu, a
acelorasi etape ale modelarii matematice, totusi
abordarea concreta poate sa difere de la caz la
caz. Din acest motiv se prezinta doua studii de
caz, cu referire la diverse tipuri de fibre vitroase.

3. Studii de caz

3.1. Calculul optimal al compozitiei oxidice
pentru fibre de sticla de tip E, cu bio-
persistenta redusa

Fibrele de sticla de tip E sunt fabricate
dintr-o sticla alumino-boro-silicatica, lipsita practic
de alcalii, fiind folosite industrial in special pentru
izolatii in electrotehnica.

Din punct de vedere compozitional prezinta o
serie de particularitati care se refera atat la tipul de
oxizi prezenti in compozitia sticlei, cat si la limitele
intre care, in mod uzual, se incadreaza procentul
lor gravimetric.

in tabelul 1, pe baza datelor din literatura
centralizate in lucrarea [15], se prezinta ponderea
bazicitatii si numarul de coordinare al cationului,
referitoare la tipurile de oxizi potentiali a fi utilizati la
obtinerea sticlelor de tip E.

Problema care se pune este ca din
multitudinea de compozitii care pot fi folosite la
realizarea unor sticle de tip E, sa se aleaga acea
compozitie care sa asigure cea mai redusa
biopersistenta a fibrelor. Restrictii suplimentare se
refera la bilantul oxizilor componenti si la ponderea
bazicitatii, pB, care trebuie sa nu se situeze valoric
sub anumite limite [15,16].

Totodata, daca pentru viscozitatea n a
topiturilor de sticla de tip E se accepta o
dependenta de temperatura T de tip Fulcher —
Vogel — Tammann, conform relatiilor (4) si (5),
atunci trebuie Tndeplinite conditiile din tabelul 1.

in tabelul 1 semnificatia indicilor este:

imposed to the values of gravimetric fractions of
constituent oxides, x;. Finally, the equation (3) is,
usually, the leading property for the analysed glass
fibre type. In this case, the carcinogenic index Ki,
is used as scope function, but a series of structural
or technological values can be also used and that
are correlated with it.

Although the optimal design of oxide
materials implies, in principle, the same stages of
mathematical modelling, the actual approach may
differ from case to case. From this reason, we
present two case studies regarding various types
of vitreous fibres.

3. Case studies

3.1. Optimal calculation of oxide composition
for E glass fibres with low biopersistence

The E glass fibres are made practically from
alkali-free alumino-boro-silicate glass, being used
especially for insulation in electrical engineering. In
terms of composition it presents a number of
features relating both to the type of oxides present
in glass composition and the limits within, typically,
their gravimetric percentage vary.

Table 1 presents, based on literature data
[15], the basicity amount and the cation
coordination number of some potential oxides to
be used for E glass fibres manufacturing.

The question is that, from the many potential
compositions that can be used to obtain E glasses,
it must be chosen the composition able to ensure
the lowest biopersistence of the fibres. The
additional restrictions refer on the balance of
component oxides and the basicity amount, pB
that must not exceed certain limits [15, 16].

Also, if for the E glass type melts viscosity, 7, it is
acceptable a temperature dependence obeying
Fulcher — Vogel — Tammann equations (4) and (5),
then the conditions from table 1 should be fulfilled.
The significance of indices in Table 1 is :
i — the (sub)group number of for the
X" cation,

j = 1 for the cation placed in a main
(sub)group and, j = 2 for the cations from the
secondary (sub)groups; k — the rank (position) of
the Xi* cation in the (sub)group.

Tabelul 1

Componenti oxidici potentiali pentru sticla de tip E / Potential oxide components for the E glass type

Oxid X Domenipl propus pB oxidu]ui Numér' de'coordinare
Oxide % gra\; / %wt Potential range pB of oxide Coordination number
% grav. / %wt % NC
NaZO X113 0-15 89.0 6
Kzo X114 0-15 94.2 9
MgO X212 0-6.0 81.5 6
CaO X213 16.0 — 25.0 88.4 8
8203 X311 6 .0-13.0 54.3 4
A|203 X312 12.0-16.0 61.6 4
SiO, X412 52.0 - 56.0 49.5 4
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i — numarul (sub)grupei pentru cationul X;

j = 1 pentru cationul plasat intr-o (sub)grupa
principald si j=2 pentru cationii din (sub)grupe
secundare; k — rangul (pozitia) cationului X n
(sub)grupa.

N.B. S-a preferat distinctia de tip clasic —
subgrupa A, principala / subgrupa B, secundara
pentru aceeasi grupa, in raport cu notarea
recomandata de International Union of Pure and
Applied Chemistry - IUPAC , din 1986, cand
grupele/subgrupele sunt numerotate in continuare
cu numere de la 1 la 18, conform pozitionarii lor in
tabelul periodic. S-a considerat ca notatia propusa
de IUPAC are mai putina relevanta in identificarea
cationului, In raport cu notatia (clasica) utilizata. in
plus, nici notatia nu se simplificd pentru un numar
important de cationi prezenti in oxizi.

B

n=A-el o (4)

To+—29¢ g 1 ._Blee  (5)
lgn,, —1gA lgn,_-1gA

in care A, B si Ty sunt coeficienti dependenti de
compozitia  oxidica [9,14,15,17,18]; T, -
temperatura topiturii la care are loc tragerea fibrelor
de sticla, care depinde de tipul fibrelor trase si de
particularitatile tehnologice asociate procedeului de
tragere; mm si muw — valorile minima, respectiv
maxima a viscozitatii topiturii Tn timpul tragerii in
fibre a topiturii [9, 14, 15].

In acest caz, functia scop o reprezinta
indicele cancerigenic Kl, care se expliciteaza in
functie de compozitia oxidica a sticlei si urmeaza a
fi optimizat, respectiv, valoarea lui trebuie sa fie
maxima (cat mai mare) [14].

Totodatd, din o serie de experimentari
preliminare efectuate de unul dintre autori [14-16] a
rezultat ca pentru ponderea bazicitatii valoarea de
60% reprezinta un prag in raport cu care valorile de
biopersistenta se modificd mai important.

Modelul matematic al problemei de
proiectare optimald a compozitiei sticlei de tip E
pentru fibre avand o biopersistenta minima se scrie
sub forma:

0 <xy3<1

0 <xq14<1

Xz + Xq14 = A (6)

0,0 <Xo1p < 6,0

16,0 <Xp13< 25,0

6,0 < X311 < 13,0

12,0< X312 < 16,0

52,0< Xg12 < 56,0

i

4 D x; =100
=1

k=1

4 4 o
pB=>"> pBji- Xitk (- sau <)60
i=1k=1 100

(optim)y = (max)KI = (max) (iixilk x5, —2X5,,)

i=1 k=2

N.B. It was preferred the classic notation -
subgroup A, main / subgroup B, secondary for the
same group, towards the recommendation of
International Union of Pure and Applied Chemistry
— IUPAC (1986), where the groups / subgroups are
numbered with numbers from 1 to 18 according to
their position in the periodic table. It was
considered that the notation proposed by the
IUPAC has less relevance in identifying the cation.
In addition, the notation is not simplified for a large
number of cations present in the oxides.

B

n=A-e' o (4)

To+ B9 g g, Blee (5
lgn,, —1gA lgn -I1gA

where A, B and T, are coefficients depending on
the oxide composition [9,14,15,17,18]; T; -
temperature of the melt when drawing the glass
fibres, and which depends on the type of drawn
fibres and the technological features associated
with the process of drawing, as well; nm and nu -
minimum and maximum melt viscosity values,
during fibres drawing [9,14,15].

In this case, the objective function is the
carcinogenic index, KIl, which is a function of the
glass oxide composition, further to be optimized,
i.e., its value should be the highest possible
(maximum of objective function) [14].

However, from a series of preliminary
experiments carried out by one of authors [14-16],
it results that a basicity amount value of 60%
represents a threshold for which the
biopersistence changes in a more significant way.

Thus, the mathematical model of the
optimal design problem for the E type glass fibres
composition with a low biopersistence can be
written as:

0<xp3<1

0 <xq14<1

Xiz+ X4 = A (6)
0.0 SX212§6.0

16.0 < X213 < 25.0

6.0< X311 < 13.0

12.0< X312 < 16.0

52.0< Xg12 < 56.0

4
D x; =100
i=1 k=1
4 4 X\, -
pB=)"> pB,,. (- or <)60
i=1 k=1 100

(optimum)y = (max)Kl =(max) (Zz:z“: x,y, T X = 2Xy,)
i=1 k=2
The solving of mathematical model (6) was
performed on a computer using specialized
mathematical software. The results obtained in four
different V., variants are presented in Table 2.
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Rezolvarea modelului matematic (6) s-a
efectuat pe computer utilizdnd un program
matematic specializat.

Rezultatele obtinute in patru variante V,, de
lucru sunt prezentate in tabelul 2.

Analysis of the results presented in Table 2
shows that:

- for all the four variants tested, the optimal
design models have led to optimal solutions for the
oxide composition of E glasses;

Tabelul 2

Rezultate ale modelarii compozitiei oxidice pentru sticla de tip E / Results of the modelling of the E glass oxide composition

Model varianta Vnm
Model variant Vi, pB> 60 (n=1) pB<60 (n=2)
Compozitie oxidica,
Oxide composition, A =0.5(m=1) A=15(m=2) A =0.5(m=1) A=15(m=2)
% grav./% wt.
Na,O+K,0 0.5 1.5 0.5 1.5
MgO 5.7 2.5 5.6 4.3
Ca0O 21.9 24.7 16.0 16.0
B,Os 7.9 7.3 13.0 13.0
Al,O3 12.0 12.0 12.0 12.0
SiO; 52.0 52.0 52.9 53.2
pB, % 62.08 62.5 59.8 59.8
Ki 12 12 111 10.8

Analiza rezultatelor prezentate in tabelul 2
atesta ca:

- in toate cele patru variante testate,
modelele de proiectare optimala au condus la
solutii optime pentru compozitia oxidica a sticlelor
de tip E;

- Tn variantele V44 si V42, compozitia chimica
a sticlelor determina valori ceva mai ridicate pentru
pB decat in variantele V,q $i V,,; dupa cum este de
asteptat acest lucru motiveaza valorile mai mari ale
lui KI pentru sticlele V44 si Vq3;

-in toate variantele valorile pentru
coeficientul Kl sunt relativ scazute, ceea ce reflecta
o biopersistenta ridicata a fibrelor de sticla de tip E.

Acest rezultat negativ este obiectiv, fiind
motivat de procentul relativ ridicat de Al,O3 in
compozitia sticlelor de tip E. De altfel, coeficientul
Kl se poate scrie succesiv astfel:

40

30

Ki

20

10 :
0 3 6 9 12 15
%A1,0,
------ %Si02 =50 — — — %Si02 =60 %Si02 =70

Fig. 1 - %Al.03 (grav.) admisibile in compozitia oxidica a sticlei
silicatice, n functie de continutul de SiO. si de valorile
indicelui KI / % Al,O; (wt.) admissible in silicate glass
oxide composition, depending on the content of SiO,
and values of Kl index.

- for the variants V4; and V;5, the chemical
composition of glasses determines higher values
for pB than V,; and Vo, variants; as expected this
motivates higher values of Kl for glasses V44 and
Via;

- in all variants the values for the Kl index
are relatively low, reflecting a high biopersistence
for the E glass type fibres.

This negative result is objective,being
motivated by the relative high proportion of Al,O3
in the composition of E type glasses. Besides, the
Kl coefficient can be written successively as
follows:

Kl= X% alkali oxides+ X% alkali-earth

oxides+ %B,03 — 2% Al,O3 =

100 - % SiO, — 3% Al,O3 - X%

other oxides(F,03, TiO,, ZrO5) (7)

If considered, as a first approximation, that
other oxides can be neglected, then the Kl factor is
given by the relationship:

Kl =100 - %SiO, — 3%Al,04 (8)

From equation (8) and Figure 1 it results
that for values above 10% Al,Os, in order to obtain
values of 30 - 40 for KI, the SiO, content must be
greater than 60% or even 70%. In this case, the
glass melts are very viscous, the melting and
drawing of the fibres glass being performed with
high technological difficulties.

3.2. Optimal calculation of oxide composition
of glass fibres with low biopersistence
belonging to
MgO - CaO - SrO - Al,0; — SiO, system

To obtain fibres with low biopersistence
and without technological challenges, oxide
systems with low content of Al,O; are analyzed.

Such a system, based on MgO, CaO, SrO, Al,O;

and SiO, was used for the synthesis of 37glasses

[19].

In Table 3 the compositional limits for the
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Kl = X% oxizi alcalini + X% oxizi alcalino -
terosi + %B,03; — 2% Al,O3 =

100 - % SiOs — 3% Al,O3 - %

alti oxizi (F,03, TiO,, ZrO,) (7)

Daca se considera intr-o prima aproximatie
ca alti oxizi pot fi considerati neglijabili, atunci
factorul Kl se expliciteaza cu relatia:

Kl =100 - %SiO, — 3%Al,04 (8)

Din relatia (8) si figura 1 rezultad ca la valori
mai mari de 10% Al,O3, pentru a se obtine valori de
30 — 40 ale Kl, %SiO, trebuie sa fie mai mare de
60 sau chiar 70%. In acest caz topiturile de sticla
sunt foarte vascoase, topirea si tragerea firelor de
sticla realizandu-se cu mari dificultati tehnologice.

3.2. Calculul optimal al compozitiei oxidice
pentru fibre de sticla cu biopersistenta
redusa din sistemul
MgO - CaO - SrO - Al,O; - SiO,

Pentru a obtine fibre cu biopersistenta
redusa si fara dificultati tehnologice se analizeaza
sisteme oxidice cu continut redus de Al,Os.

Un astfel de sistem, avand la baza MgO,
CaO0, SrO, Al,O; si SiO, a fost utilizat la sinteza
unui numar de 37 de sticle [19].

in tabelul 3 se indica limitele compozitionale
pentru cei 5 oxizi considerati.

five oxides considered are presented.

Also, for the corresponding glass fibres
there were measured the dissolution rate in
physiological solution, according to the protocol
given in [19, 20]. In [19] it was also tested the
degree of correlation between the dissolution rate
of fibres and some chemical and steric parameters
of the structure of the investigated glasses.

Against initial expectations, the glass
basicity, estimated through basicity amount, pB,
seems not to be essentially influenced by the
dissolution rate and parameters like the free
energy AG®, the number of nonbridging oxygen
atoms per Si atom (NBO), average radius of the
alkaline atoms(ry,), for the fibres obtained from the
37 glass compositions, as revealed in Figures 2-5.

A higher correlation degree (R* = 0.88) was
recorded for the relation Kl - pB (Figure 6) which
can be described by the equation:

Kl=1.9xpB-83 (9)

These results show that the dissolution rate
of glass fibres (in given conditions) and
carcinogenic index, Kl, depends on more factors,
other than basicity.

In addition, from figures 2 to 6 it results that
the glasses having higher values for NBO index
(over 0.85), ray, (over 0.85. 107 m), present

Tabelul 3

Masa moleculara M, limitele de variatie ajx $i by pentru oxizii din modelul matematic (12) si raza r a cationilor alcalino — terosi
The molecular mass M, ay and by limits of variation range for the oxides tested in the mathematical model (12) and radius r of
alkali-earth oxides

M. 10°kg Xik ak b r 107 m
MgO 40.3 Xotz 0.9 25.6 66
Ca0 56 Xo13 0.3 34 99
Sro 103.6 Xa14 0.0 12.1 112
Al,O, 102 Xa12 0.1 1.7 -
SiO, 60 Xa1z 61.1 77.3 -
Totodata, pentru fibre din aceste compozitii
de sticle s-au masurat viteza de dizolvare in solutie
fiziologica, conform metodologiei rezultate din [19, ,’ "
20]. De asemenea, in lucrarea [19] se testeaza 470 - ¢
gradul de corelare intre viteza de dizolvare a E .
fibrelor si o serie de indici chimici si sterici ai >
structurii sticlelor cercetate. = 370 A *
Contrar asteptarilor initiale bazicitatea sticlei, 9 s
evaluata prin ponderea bazicitatii, pB, pare a nu fi o *
influentatd esential de viteza de dizolvare si S 270 - %
parametrii precum energia libera, AG®, numérul de = .( *
oxigeni nepuntati per atom de Si, NBO, raza medie é 170 - .’
a atomilor alcalino-terosi, ray, pentru fibrele obtinute i ’ .
din cele 37 compozitii de sticla, dupa cum se releva o *
din figurile 2 — 5. 70 B4 ‘
Un grad de corelare mai mare (R® = 0,88) 50 55 60 65

s-a inregistrat pentru corelatia KI - pB (figura 6)
care poate fi descrisa de ecuatia:

Kl =1,9xpB-83 9)

Aceste rezultate arata ca viteza de dizolvare
a fibrelor de sticla (in conditiile date) si indicele.

pB [%]

Fig. 2 - Corelarea vitezei de dizolvare a fibrelor de sticla din
sistemul oxidic analizat cu ponderea bazicitatii lor
Correlation of dissolution rate of glass fibres from
analysed oxide system with their basicity amount.
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Fig. 3 - Corelarea energiei libere de dizolvare a sticlelor (AG®) cu
bazicitatea (pB) a fibrelor de sticla analizate /
Correlation of the dissolution free energy of glass (AG°)
with basicity of studied glass fibres, pB.
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Fig. 4 - Corelarea numarului mediu de oxigeni nepuntati cu
bazicitatea fibrelor de sticla analizate / Correlation of
the average number of nonbridging oxygen atoms with
basicity of studied glass fibres.

cancerigenic, Kl depind de mai multi factori in afara
de bazicitate

In plus din figurile 2-6 reiese c4 sticlele care
prezintd valori mai ridicate pentru indicele NBO
(peste 0,85), ., (peste 0,85 107 m), determinand
o dizolvare a fibrelor mai accentuata, iar pB trebuie
sa fie mai mare de 59 — 60%.

Acelasi rezultat se regaseste si pentru viteza
de dizolvare, valori peste 330 ug/ml, care implica si
o biopersistenta redusa a fibrelor, se inregistreaza
printr-un pB > 59 — 60%.

Tindnd cont de datele prezentate in tabelul 3
si de figurile 1-6 s-a elaborat modelul de proiectare
optimala a compozitiei oxidice pentru fibrele de
sticla cu biopersistenta redusa din sistemul MgO —
Ca0O-SrO - A|203 - S|02

0,9 < X512 < 25,6

0,3<x513<34

100

o ot

95 - R
E 90
o 85 -
e » .
*_ 80 - :
S 75 6’

70 - oo ¢

65 *e e ‘

50 55 60 65
pB [%]

Fig. 5 - Corelarea razei medii a ionilor alcalino-terosi cu
bazicitatea fibrelor de sticla analizate / Correlation of
average radius of the alkali earth ions with basicity of
the studied glass fibres, pB.

15 T T
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Fig. 6 - Corelarea factorului Kl cu bazicitatea fibrelor de sticla
analizate / Correlation of Kl index with basicity of the
studied glass fibres, pB.

a more pronounced dissolution of the fibres, pB
being greater than 59-60%.

The same result can be found for the
dissolution rate too, values over 330 ug/ml, and
that implies a low biopersistence of fibres, being
recorded for pB > (59 — 60)%. Taking into account
the data presented in Table 3 and Figures 1 to 6, it
was developed the optimal design model for oxide
composition of glass fibres with low biopersistence
from the MgO — CaO — SrO — Al,O3 — SiO, system:

0.9 <xp12<25.6

0.3<x513<34

0 < X4 <121 (10)
0.1<x32<17

61.1<x412<773
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0 < X214 <12,1 (10)
0,1 < X312 < 1,7
61 ,1 <X412<773
X212.66 X213.99 X214.112
+ +
403 56 1036 (11)
fav = > 85

X212 +X213 + X214 +X312 N X412
40,3 56 1036 102 60

4 4
pB =>" > pBix Xk /100 > 59 (12)
i=1k=2
4 4
> > xi =100 (13)
i=1k=2
opt) y = max (Xz12 + X213 + X214 — 2X312) (14)

Rezolvand modelul de programare optimala
s-a obtinut solutia: %MgO = 9,27; %Ca0 = 27,11,
% SrO=2,41; %Al,03=0,1, %Si0,=61,1, pB=64,2%,
Kl = 38,6.

De remarcat ca valoarea maxima a factorului
Kl pentru cele 37 sticle sintetizate [19] este 36,1
sub aceea determinata prin modelul de optimizare.

Acest fapt demonstreaza capacitatea
superioara a modelului optimal de abordare a
sistemelor reprezentand diverse materiale oxidice.

De la caz la caz modelele pot fi completate
cu restrictii suplimentare obtinute prin explorarea
statistica [21] a unor baze de date disponibile [22].

Trebuie precizat ca modificarea structurii
modelului de programare optimala poate conduce
la rezultate finale diferite pentru compozitia oxidica,
bazicitatea si biopersistenta fibrelor de sticla.

4, Concluzii

In lucrare se prezintda doud modele
matematice pentru calculul optimal al compozitiei
oxidice pentru fibrele cu biopersistenta redusa.

Analiza vizeazd un domeniu compozitional
specific sticlelor de tip E si sistemului oxidic
MgO — CaO — SrO — Al,O3 — SiOs.

Ca marime de performanta asociata
biopersistentei s-a utilizat indicele cancerigenic KI.

Rezultatele modelarii au aratat ca pentru
sticlele de tip E indicele Kl nu are valori
convenabile.

In schimb, in al doilea caz se pot obtine
valori aproape de 40, comparabile cu rezultate
asemanatoare raportate in literatura.
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CANADIAN GLASS ASSOCIATION

working together for the betterment of the canadian glass industry

Glass Connections - Toronto 2011- May 3, 2011

Glass Connections Toronto 2011 is a one-day session that will present the latest technologies
for the glass and metal industry used to improve the productivity of glazing building envelopes.

Glass Connections Toronto 2011 is a highly focused educational and networking event for
glaziers, architects, engineers, designers, spec writers, commercial construction contractors and
building owners. Seminars will cover a wide range of industry specific topics including photovoltaic
technology for the glass industry, heat treatment of glass, insulating glass and manufacturing,
training and retaining young glazing apprentices and Building Code Energy Efficiencies.

In addition, the conference will host a Table Top Trade Show to give manufacturers and
suppliers the opportunity to showcase their products, services and upcoming technologies.

Contact: http://www.canadianglassassociation.com/conference.shtml
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