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Rezumat:

Lucrarea este structurata pe trei parti: in prima parte
sunt prezentate optsprezece tipuri de placi compozite
obtinute experimental din materiale biodegradabile:
aschii de lemn si fibre textile naturale ca materiale de
ranforsare si diferite tpuri de lianti: minerali, fdind de
gréu, materiale acrilice, in diferite combinatii. A doua
parte  cuprinde  determinarea  coeficientului  de
conductivitate termica pentru panourile propuse, iar a
treia parte este constituitd din concluzii.

Cuvinte cheie: materiale compozite; izolare termica.

INTRODUCERE

Termenul de material compozit, reprezinta orice fel
de combinatie intre doua sau mai multe materiale solide
cu structuri, forme si utilizari diverse, Tn scopul obtinerii
unui nou produs ale carui proprietati sd combine
avantajos caracteristicile fiecarui component in parte.

Avantajul major al structurilor compozite consta in
posibilitatea modelarii proprietatilor si obtinerea in acest
fel a unei game foarte variate de materiale, a caror
utilizare se poate extinde Tn aproape toate domeniile de
activitate (Stefanescu 1996).

OBIECTIVE

Obiectivul principal al lucrarii este acela de a
prezenta cercetarile referitoare la proiectarea si executia
unor materiale compozite ecologice, biodegradabile cu
proprietati bune de izolare termica.

Utilizadnd materiale biodegradabile precum aschiile si
fibrele din lemn, resturi de lana din procesul de
productie si lianti ecologici (argild, componenti acrilici,
ciment, gips, faina de grau), cercetarea a avut ca scop
studiul si experimentarea unor retete de combinare a
liantilor ecologici cu insertile de lemn si textile in
vederea obtinerii unor materiale cu densitati diferite si
capacitati de izolare termica diferite.

In final, lucrarea de fata prezinta rezultatele privind studiul
capacitatii termoizolante a noilor structuri de panouri propuse.

METODA, MATERIALE Sl APARATURA
Au fost realizate si testate optsprezece tipuri de
panouri aglomerate termoizolante obtinute experimental

Abstract:

The paper is structured on three parts: the first one
presents 18 types of composite panels made of
biodegradable materials, as follows: wood chips and
natural textile fibers as reinforcing materials and various
binders: mineral ones, wheat flour, acrylics, in various
combinations. The second part presents the experimental
determination of the thermal conductivity coefficient for
the proposed panels. The third part of the paper presents
the conclusions.
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INTRODUCTION

The term of composite material, is any combination
between two or more solid materials having various
structures, shapes and use, in order to obtain a new
product, whose properties are an advantageous
combination of the characteristics of each component.

The major advantage of composite structures is the
possibility of modeling their properties, so to obtain a
wide range of materials that can be used in almost all
fields of activities (Stefanescu 1996).

OBJECTIVES

The main objective of the paper is to present the
results of the research work on designing and producing
ecological and biodegradable composite materials with
good thermal insulation properties.

Using biodegradable materials as wooden chips and
fibers, wool waste from the production process and
ecological binders (clay, acrylic components, cement,
gypsum, wheat flour), the research focused on studying
and experimenting the recipes of mixing ecological
binders with wooden and textile insertions in order to
obtain materials with different densities and thermal
insulation properties

Finally, the paper presents the results obtained for the
study of thermal insulation properties of the new
structures of the proposed boards.

METHOD, MATERIALS AND EQUIPMENT
Eighteen experimental types of thermal insulating
panels made of biodegradable materials were tested.
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din materiale biodegradabile, in conditii de laborator.
Panourile aglomerate studiate sunt compozite avand
ca structura: elemente de armare din fibre de deseuri
textile (l&na netesuta), aschii sau fibre de lemn iar ca
varietate de lianti s-au folosit: solutie acrilica; lac
ecologic; faina de grau; lut; gips; ciment, in diferite
combinatii dupa cum se observa in Tabelul 1 si Fig. 1.
Tehnologia de obtinere a compozitelor aglomerate,
la nivel de laborator este urmatoarea; destramare fibre
textile, amestec fibre textile cu aschii de lemn (in unele
cazuri si fibre de lemn), mixare amestec + liant,
formarea placii, compactarea la rece in presa, uscarea
la cald (35-40°C) timp de 24h.
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The mixed panels studied are composite materials
having the following structure: textile wastes (unwoven
wool), wood chips and fibers as reinforcing elements and
acrylic ecological lacquer, wheat flour, clay, gypsum and
cement as the variety of binders used in different
combinations, as seen in Table 1 and Fig. 1.

The technology of producing the agglomerated
structures of composites, in the laboratory conditions is
as follows; to break the textile fibers, to mix the textile
fibers with wooden chips (wood fibers in some cases), to
add the binder and mix again, to form the board, to
compact it into a cold press, to dry the board at a
temperature of 35-40°C in 24hours.

Fig. 1.

a - Materialele de ranforsare utilizate (fibre de lemn, deseuri de 1ana, aschii din lemn) / Reinforcment
materials used in the structures (wood fibers, wool waste, wood chips);
b - panourile obtinute / the obtained panels.

Tabelul 1/ Table 1

Compozitia si codul panourilor biodegradabile/ The components and the code number of the biodegradable

panels
Compozitie/ Components
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F2 100 | 100 | 100 | 500 - - - - - | 1000
F3 150 [ 150 | - | 500 - - - - - 100
L4 150 | 150 | - - | 800 - - - - - 600
L5 150 | 150 | - - [ 1000 | - - - - - 700
G5 150 | 150 | - - 600 - - - - 500
G6 150 | 150 | - - 600 - - - - 500
G 150 | 150 | - - 1000 | - - - - 800
G12 100 [ 100 | 100 | - 1000 | - - - - 900
G13 100 [ 100 | 100 | - 1000 | 2fete | - - - [ 1000
G14 150 [ 150 | 150 | - 1000 | 2fete | - - - [ 1300
A4 150 | 150 | - - - - [350] - - -
A5 100 [ 100 | 100 | - - - 500 - - 500
A1 100 [ 100 | 100 | - - - 400 | - - 400
A12 100 [ 100 | 100 | - - - 1500 - - 400
A13 100 [ 100 | 100 | - - - 600 - - 400
Al4 100 | 100 | 100 | - - - 700 | - - 400
C3 150 | 150 | - - - - - |440 | - 250
PC2 100 [ 100 [ 100 | - - - - -1 1000 | 800
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urmatoarele
densitate,

Acestora i s-au  determinat
caracteristici: dimensiuni, volum, masa,
coerficientul de conductivitate termica.

Conductivitatea termica este o caracteristica fizica a
oricarui material, ce depinde de temperatura, presiune si
natura materialului si este determinata experimental
utilizdnd procedee bazate pe determinari in regim termic
stationar si nestationar (Baciu 1999).

Marimea conductivitatii termice poate fi apreciata
prin valoarea coeficientului de conductivitate termica A,
definit prin cantitatea de caldura ce traverseaza o proba
de material cu suprafata de 1 m? si grosime, de 1 m, in
timp de o ora, pentru o diferentd de temperatura de 1°C,
intre doua fete perpendiculare pe fluxul termic
(Leonachescu 1981).

Pentru determinarea experimentala a coeficientului
de conductivitate termica s-a utilizat metoda placii
incalzitoare cu un singur corp de proba (cunoscuta sub
numele de Masa Bock). Principiul acesteia este redat in
continuare.

In ipoteza placilor plane, cu suprafetele izoterme
paralele si a transferului termic stationar, fluxul termic
unitar transmis pe directia normala la suprafetele
izoterme se determina cu ecuatia lui Fourier:

A w
=2 |2
1 o an}

in care: A este coeficientul de conductivitate termica;

J - grosimea pl&cii;

At - diferenta de temperatura intre suprafetele placii.
Prin urmare, coeficientul de conductivitate termica

este numeric egal cu fluxul termic conductiv stationar,

care traverseaza unitatea de suprafata a unei placi de

grosime unitara, cand diferenta de temperatura intre

suprafetele exterioare este egala cu unitatea. Deci:

At mK

Determinarea  acestui  coeficient  presupune
masurarea experimentala a marimilor ¢, J si At.

(1)

REZULTATE EXPERIMENTALE
Pentru o buna evidentiere si vizualizare a datelor
obtinute pentru noile structuri concepute si testate s-a

intocmit Tabelul 2 care cuprinde caracteristicile
acestora.
In Fig. 2 sunt reprezentate grafic valorile

coeficientului de conductivitate termica pentru placile
realizate.

S-a incercat o corelatie intre capacitatea de izolare
termica si densitate, pentru structurile studiate. S-a
constatat ca nu exista o relatie matematica intre acestea,
existdnd cazuri cadnd pentru densitati mari s-au obtinut
coeficienti mici si invers dupa cum se poate observa in
Fig. 3 si Fig. 4.
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The following characteristics of the panels were
determined: sizes, volume, mass, density and the
thermal conductivity coefficient.

The thermal conductivity is a physical characteristic
of any material, which depends on temperature,
pressure and the nature of the material and it is
experimentally determined using the procedure based
on the determinations in the stationary and non-
stationary thermal conditions (Baciu 1999).

The thermal conductivity size may be assessed by
the thermal conductivity coefficient A, defined by the
amount of heat that passes through a sample having a
surface of 1 m® and 1 m thickness in one hour, in order
to cover a difference of temperature of 1°C between the
two faces perpendicular to the thermal flow
(Leonachescu 1981).

The experimental method used to determine the
thermal conductivity coefficient was the method of
heating plate for a single test sample (known under the
name of Bock table). Its working principle is presented
below.

Having the hypothesis of the plane plates with
parallel isothermal surfaces and of the stationary thermal
transfer, the unitary thermal flow transmitted in the
normal direction to the isothermal surfaces is calculated
with Fourier equation, (1):

A W
=Za |2
1 o an}

where: A is the thermal conductivity coefficient, J - the
thickness of the sample, Ar - the difference of
temperature between the surfaces of the sample.
Therefore, the thermal conductivity coefficient is
numerically equal to the stationary conductive thermal
flow crossing the unit area of a uniform thickness plate,
when the difference of temperature between the exterior

surfaces is equal to unity. So:
W
— ()
mK

,1:‘7;5
At

The determination of this coefficient means the

experimental measuring of ¢, & and At sizes.

(1)

EXPERIMENTAL RESULTS

In order to highlight and better see the results of the
new designed and tested structures, their characteristics
are presented in Table 2.

The values of the thermal conductivity coefficient
determined for the tested boards are presented in a
diagram (Fig.2). A correlation between the thermal
insulation values and densities of the tested structures
was tried to be done. No mathematical equation was
found for this correlation, because there were cases
when high densities of the boards corresponded to low
thermal conductivity coefficients and vice versa, as can
be seen in Fig. 3 and Fig. 4.
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Tabelul 2/ Table 2
Sinteza caracteristicilor panourilor termoizolante biodegradabile / Synthesis of the characteristics of the

Coeficientul de
Nr. Dimensiuni/ Sizes Volum/ Masa/ Densitate/ conductivitate termica/
crt/ | Proba/ [mm] Volume Mass Density Thermal conductvity
No Sample coefficient A
L | g [m° [kl [kg /m?] W/mK
1 F2 | 257 | 250 | 28.1937 | 0.00181145 0.47464 | 262.02283 0.06008
2 F3 | 250 | 250 | 57.0825 | 0.00356766 0.46538 | 130.44418 0.12629
3 C3| 250 | 250 | 23.475| 0.00146719 0.77972 | 531.43855 0.0727
4 PC2 | 258 | 256 | 23.9937 | 0.00158474 0.98623 | 622.33083 0.1085
5 L4 | 250 | 250 22.58 | 0.00141125 0.61428 | 435.27369 0.0799
6 L5| 260 | 250 | 23.855 | 0.00155058 0.77706 | 501.14312 0.0822
7 G5 | 250 | 250 | 24.535| 0.00153344 0.63717 | 415.51742 0.0888
8 G6 | 250 | 245 25.77 | 0.00157841 0.54912 | 347.89385 0.0795
9 G11 257 | 250 | 24.1025 | 0.00154859 1.0141 | 654.85562 0.093
10 G12 | 256 | 250 | 22.7325 | 0.00145488 0.9555 | 656.7552 0.10512
11 G13 | 250 | 250 | 32.6987 | 0.00204367 1.0474 | 512.50967 0.12327
12 G14 | 250 | 250 32.96 0.00206 1.1624 | 564.27184 0.12745
13 A4 | 250 | 250 | 38.1887 | 0.00238679 0.31539 | 132.13961 0.0493
14 A5 | 250 | 250 | 24.4462 | 0.00152789 0.3633 | 237.77929 0.0584
15 A1 250 | 250 | 30.7237 | 0.00192023 0.336 | 174.97893 0.0504
16 A12 | 250 | 250 31.9 | 0.00199375 0.3592 | 180.16301 0.0508
17 A13 | 258 | 250 | 30.7575 | 0.00198386 0.39252 | 197.85683 0.0412
18 A14 | 250 | 250 | 31.2562 | 0.00195351 0.37114 | 189.98599 0.0485
0.14+
0.121
0.1+
Coeficientul de
0.08

conductivitate termica /
Thermal conductivity 0.064

coefficient, W/ mK
0.04+

0.02+

O,

1
Cod proba / Sample code

ODA13BA140A40A11 BAI20ASBF20C3 MG BL40L50G5mG11mGI12EPC2mGI3 @F3 0G4

Coeficientul de conductivitate termica pentru placile realizate/ The thermal conductivity coefficient

Fig. 2.

determined for the tested boards .
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700+

600+

500+

Densitatea / Density, 4007

kg/m3 300

200+
100+

1
Cod proba / Sample code

OF3mMA40A11 OA12BA14DAI3BAS 0OFR2MG6BCG50L40L5mG13 mC3 mG14 mPC2m Gt I:IG12‘

Fig. 3.

Densitatea pentru placile realizate/ The density of the tested boards.

0.14+

0.124

Coeficientul de

conductivitate  0.08]

termica / Thermal
conductivity  0.067

coefficient, W/ mK
0.04

0.02+

0

1
Cod proba / Sample code

ODF3mA40A11 OA12 mA14 DAI3BAS OF2mG6BG50L4 05 mG13 mC3 mG14 mPC2 mGi1 DG12‘

Fig. 4.

Coeficientul de conductivitate termica pentru placile realizate in raport cu densitatea/ The thermal
conductivity coefficient against the density of the tested boards.

CONCLuzil

Compozitele termoizolante biodegradabile studiate
au coeficientul de conductivitate termica cuprins inire
0,0412 — 0,12745 W/mK. In practica, materiale de
constructie care au valori ale coeficientului de
conductivitate termica sub 0,25W/mK sunt utilizate ca
materiale izolatoare termice. Conform rezultatelor
obtinute toate panourile biodegradabile obtinute
indeplinesc aceasta conditie.
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