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Abstract. Lightweight composites for walls and thermal insulation, containing anhydrite (An) or aluminate cement (Al),
vinyl acetate (VA) or cellulose (Cl) polymeric binders and cellulose fiber fillers (boon, chaff) were produced. The best
results were obtained for transportation and construction of items containing: An = 30-45 %, Al = 30-50 %, VA = 1-5 %,
Cl 2 0,5-5,0 %, boon or chaff > 40—47 %. Polymeric binder VA for both kinds of cement is better than Cl. An is better for
boon than for chaff. Aluminate cement is a good binder for both types of fiber fillers. Density r of a composite containing
cements 50-60 % is less than 400 kg/m3. According to density such composite materials are light-weight heat-insulating
materials. Density (p < kg/m?®) depends on the amount of cement content. Bending strength for samples with
p <400 kg/m3, containing CMC is 0,6-1,3 MPa. Coefficient of thermal conductivity for samples, density with 400 kg/m?

is 0,06 W/m-K.

Keywords: utilization, lightweight walling materials, thermal insulation, boon, chaff, inorganic binders and polymeric

binders.

1. Introduction

One of the major environmental problems facing
the world today is reduction of the greenhouse effect.
Lithuania signed the Vienna Convention pledging the
countries to take all possible actions against the deple-
tion of the ozone layer surrounding the Earth which is
caused by the greenhouse effect. One of possible ways
to achieve this is to utilize organic waste in the manu-
facture of various materials instead of burning or rotting
them.

Two large groups of materials-construction and
lightweight wall materials are among the great variety
of known building materials.

Lightweight wall materials are also thermal insu-
lating materials. These are composites heat insulating
properties of which are determined by their macro struc-
ture which includes bubbles of air. The most effective
materials of this type are fibrous composites and foam
plastics.

The costs of most wall materials are rather high
due to large energy expenditures and significant custom
duties in Lithuania. On the other hand, wall materials

based on local materials are practically absent. That is
why it is expedient to start to manufacture lightweight
wall and thermal insulating materials which require small
amounts of energy and use of local agricultural produc-
tion waste materials. These materials could be manufac-
tured directly at a building or renovation site what is
very important when such a work is undertaken in rural
areas. Also, such a production could reduce CO, and
CH, emissions, if agricultural production waste is not
burnt or decayed. This could contribute, maybe at a less
extent, to lowering the world greenhouse effect.

The present investigation is based on the experi-
ence gained by the authors in using agricultural waste,
such as cellulose fibres and particular kinds of plants in
the production of heat- and sound-insulating materials
from straw and PVA [1-4], straw and CMC, straw, cane
and various polymer fillers [5-7] as well as on the ex-
periments conducted. In addition, use was made of the
data published by the researchers from various countries
on using cellulose-containing waste to increase the
strength of sewer pipes [8] as well as investigation of
the effect of cellulose fibres on wood fibre-cement com-
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posites [9], the properties of mortars with straw and
wheat [10], the temperature effect on wood fibre cement
composites [11], the effect of admixtures on cellulose-
cement articles [12], the use of rice processing waste in
the manufacture of building products [13,14], Brazil fi-
bres effect on cement composites [15], lignosulphonate
admixture effect on cement hydration [16,17] and the
addition of bamboo fibres to cement paste [18].

2. Investigation object

In agricultural production considerable amounts of
cellulose-containing waste — boon and chaff can be
found.

Boon is a hardened part of a flax stem remaining
in flax processing when fibres are separated from the
sticks. It makes about 65-75 % of the flax stem mass.
Boon also contains 50-64 % cellulose and 21-29 %
lignine.

In some areas, for example, in Dotnuva, where a
house is built with walls made of 75 % of clay, 20 % of
boon and 2-5 % of sand, boon is used to produce cellu-
lose, paper and building panels. The Institute of Ther-
mal Insulation recommends to manufacture non-fired
fibre bricks of clay (even with admixture of limestone)
with addition of 40-60 % boon, sawdust and chopped
straw [19].

In the present tests boon obtained from AB ,,Uk-
merges linai“ (Ukmergé Flax) was used.

Chaff consists of wheat waste containing grains,
chopped leaves of cereals and straw, weed seeds, etc.
Chaff may be used as an organic filler of heat-insulat-
ing materials.

Chaff for testing was obtained from Vilnius Gra-

nary.
3. Testing materials

In manufacturing lightweight materials with boon
or chaff for wall panels, the following materials were
used as binders.

Inorganic binders

* Anhydrite cement — made by ,,Palemonas ceram-
ics“, Co, volume (25,6-33,5) % CaO and (27,4-41,0) %
SO,; initial setting tome (0,5-2,5) h, final setting time
(2-4) h, strength gained in 28 days: flexural strength
(2,6-3,0) MPa, compression strength (16—-18) MPa.
X-ray phase analysis has shown that CaSO, prevails in
the material.

* Aluminate cements Gorkal 40 (G-40) and Gorkal
70 (G-70) — from ,,Gorkal* Co (Trzebinia, Poland), con-
taining (69-72) % Al,O; and (28-29) % CaO; initial
setting time > 40 min, final setting time < 8 h; strength
gained after 24 h: flexural — (6-8) MPa, compression —
(30-40) MPa. X-ray analysis has shown that the mate-
rial mainly consists of CaO - Al,O,;, CaO - 2Al,0,,
12Ca0 - 7Al,0; and 0-AlLO;.

Polymer binders

* Polyvinylacetate (PVA)-HW1 trademark commer-
cial dispersion (Finland) containing 50 % dry solids; it
is an aqueous dispersion 1:1.

* PVA powder—Vinnap RS55Z trademarks commer-
cial product; 4 % dispersion.

* Carboximethylcellulose (CMC) powder—commer-
cial product (Finland); 4 % dispersion.

» Walocell-commercial CMC product MK 3000 sup-
plied in the form of powder; 4 % dispersion.

* Methylcellulose (MC) — ,,Metylan normal® pro-
duced in Germany; 2 % dispersion.

Antiseptic additives used were sodium hexafluoro-

silikate Na,[SiFs] as well as fire retardant — sodium

tetraborate Na,B,0,-10H,0.

4. Testing methods

The work was carried out according to the follow-
ing scheme: product composition design — manufacture
of specimens — determination of specimen properties:
durability — density — strength, specific thermal conduc-
tivity — thermal resistance — economic calculations — con-
clusions, recommendations.

Shape holding (steadfastness) of specimens was
assessed in the following way: a specimen cured for
3 days in the laboratory at 20 °C is laid a the table and
a steel plate of 160 x 40 x 3 mm is placed over it.
Then, a load is applied to the plate and the initial time
of specimen failure is fixed: 1) an applied load is 200 g
— if the failure of the specimen occurs, O points are
scored; 2) if the failure does not occur, the load is in-
creased up to 500 g — if the failure occurs, 1 point is
scored; 3) a load of 200 g is added to 500 g load — if
the specimen fails, 2 points are scored, if not — 3 points
are given.

The density, flexural and compression strength, spe-
cific thermal conductivity and pH of specimens were
found by standard procedures. Using a derivatograph
Q-1500 for analysing 5 specimens at a time performed
thermographic testing. X-ray photographs were obtained
by a diffractometer DRON-2 (Russia) (Co anode, Fe fil-
ter, slits — 1:2:0,5 mm); diffractometer tube's operating
mode: U =3 kV, I =10 mA.

5. Results and discussion

5.1. The effect of inorganic filler composition on the
properties of composites

» Composites containing anhydrite cement

A thermographic analysis of a hardened and cured
specimen containing 50 % of anhydrite cement, 45 % of
boon and 5 % of CMC (dry solids) was made with the
main part of fibre filler removed by screening it through
a 0,2 mm sieve.

Analysing the temperature curve presented in a ther-
mograph (Fig 1), which demonstrates the specimen’s
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Fig 1. Derivatogram of mineral particles present in a speci-
men containing anhydrite cement, boon and CMC during
heating. Temperature curve (T) — 10 °/min, mass change
curve (TG) — 200 mg, heat change curve (DTA) — 250 nm,
mass change rate curve (DTG) — 500 nm

thermal behavior (DTA) at heating, one can observe a
considerable exothermic effect reaching the maximum
at a temperature of 360 °C and 520 °C. It is associated
with the splitting of CMC which softens at 170 °C and
splits and burns at a higher temperature; the boon also
burns up when heated. The fact that the process is com-
pleted at a temperature exceeding 520 °C is evident from
the curves representing mass transformation (TG) and
the rate of mass transformation (DTG).

X-ray analysis of a hardened and cured specimen,

Fig 2. X-ray-gram of
mineral materials present i
in a specimen containing |

anhydrite cement, boon I 4
and CMC. Type of X-ray
apparatus-DRON-2, an-
ode—Co, filter—Fe, A—an-
hydrite, Q—quartz
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containing the above-mentioned amounts of anhydrite
cement and other components and from which the main
part of fibre filler was removed, was made.

As can be seen from the roentgenogram (Fig 2),
major components of a mineral composition of the speci-
men are anhydrite and quartz (to a much lower degree).
Other admixtures are represented in small quantities not
allowing for their identification.

The fact that thermodynamically feasible compounds
(CaSO, - 0,5H,0, CaSO, - 2H,0) are not formed in large
amounts may be accounted for low hydration degree of
CaSO, found in anhydrite cement and a short-time in-
teraction of CaSO, of the specimen with water during
its preparation, which prevented CaSO, hydration in a
heterogenic system — CaSO, and H,O.

» Compositions with aluminate cement

A thermographic analysis of a hardened and cured
specimen containing 61 % of aluminate cement G-70,
18 % of chaff and 21 % of PVA (dry solids) with a
portion of fibre filler removed by screening through
0,2 mm sieve, was made.

The curves of the thermogram (Fig 3) show that
absorption water evaporates at about 120 °C, while at
170 °C destruction of PVA takes place and at 300 °C,
340 °C and 380 °C dehydration (endothermal effects and
mass decrease) of the products may be observed. How-
ever, in the temperature interval of 300 °C—700 °C the
burning up of organic materials takes place, reaching
the maximum at 460 °C (as can be seen on the DTA
curve representing exothermal effect). At a temperature
of about 600 °C smoldering rather than burning can be
observed.
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At 860 °C carbonates decompose (DTG curve),
while at 960 °C — CA crystallization takes place. X-ray
phase analysis was made of a hardened and cured speci-
men containing aluminate cement and other composites
in the considered amounts and from which the main
portion of the fibre filler was removed. One can see on
the roentgenogram (Fig 4) that major mineral compo-
nents of the specimen are CAH,;,, AH, (gibbsite), o~
Al, O, (corundum) as well as calcite and vaterite (both —
CaCo,).

The CA hydratation takes place as follows:

C,AH;
A-aq

C;AH
| 306

cA—22 ,CAH,, —
A-aq

The absence of C,AHg as well as C;AH, hydrates

in the investigated specimens can be explained by the
fact that the CMC polymer forms a colloidal solution in
the system the particles of which surround the CA and

initially CAH,, formed particles, thus eliminating fur-

ther hydratation. This process is assisted by the pres-
ence of a limited amount of water in the mixture and
sufficiently fast aluminate cement hardening and curing.

The presence of CaCO; (calcite also vaterite) in the

samples can be explained in our opinion by the follow-
ing processes:

1) CA+4H,0(s) =Ca(OH),(t)+AH;.

Our calculations show that the hydrolysis process
Gibbs energy value AG%98 =-0,184 kcal; this means that
the reaction is possible, although on a small scale,

2) Ca(OH), +CO, =CaCO;.

Ca(OH), solution pH calculations were preformed
to verify that the CaCO; present in the specimen was

formed from Ca(OH), according to the latter equation
which is thermodynamically very close to chemical equi-
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Fig 3. Derivatogram of mineral particles present in a speci-
men containing aluminate cement G-70, boon and PVA.
Temperature curve (T) — 10 °/min, mass change curve
(TG) — 200 mg, heat change curve (DTA) — 250 nm, mass
change rate curve (DTG) — 500 nm

librium. The following Ca(OH), solubility multiple
given in the handbook was used for calculations.

L=[Ca*][OH ]*=31-107.

In the case of the equation
Ca(OH)z(k)gCa2+(t)+20H_(t) we get:
L=[Ca*][OH 1*=31-107; [OH ]=0,5[Ca*"];
L=0,25Ca* I’ =3,1-107; [Ca’"]=0,05;
[OH]=0,025M ;

pOH=1,6; pH=124.
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Fig 4. X-ray—gram of mineral particles present in a specimen containing aluminate cement, boon and PVA. Type of X-ray
apparatus—DRON-2, anode—Co, filter-Fe. CAH;,—CaO-Al,0;-10H,0; G — gibbsite Al,05-3H,0; A — corundum
a—Al,O5; C — calcite CaCOj5; V — vaterite y—CaCO;,
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pH-metric experiments were conducted with all the
cements used. The following pH values were obtained
for cement dispersion: in the case of aluminate cement
40 pH = 11,18, for aluminate cement 70 — pH = 10,58
and for anhydrite cement — pH = 9,49.

This means that the described CaCO; formation
mechanism in the specimens is reliable.

The presence of a-—Al,O; in the investigated

samples can be explained in two ways: 1) AH; formed

during insignificant CA hydrolysis decomposes to Al,O;
and water during sample drying, 2) the presence of co-
rundum admixtures in the aluminate cement.

5.2. Retention of specimen form

Experiments show that the form retention of hard-
ened and dried samples in ambient air of a typical com-
position (50 % of cement, 45 % filler and 5 % of poly-
mer binder-based on dry solids) depends on its compo-
sition (Figs 5, 6):

* Anhydrite cement binds boon better than chaff,
while aluminate cement binds both evenly well.

* Vinyl acetate binders (PVA, Vinnap), irrespective
of the type of cement used, binds cellulose fiber fillers
better than cellulose binders (CMC, Walocel, MC).

The composition of steadfast samples is shown in
the diagram (Fig 7 — a combination of aluminate ce-
ment 70 — polymer binders-chaff).

Al cem 70

Pol:
o -PVA,V
® -KMC,W,MC

Fig 7. Triangular diagram for the composition of heat in-
sulation composites made from aluminate cement 70, poly-
meric binder and chaff

PVA v CMC W MC PVA \%

CMC

6 4 ,
[1] [4]
w MC CMC w MC

PVA v

Anhydrite cement

Aluminate cement-G-40

Aliminate cement-G-70

Fig 5. Influence of inorganic and polymer binder composition on the form steadfastness of a freshly formed and conditioned
for 7 days specimen with standard composition (figures show the number of steadfast samples)

PVA v KMC w MC

PVA A% KMC w MC

Boon

Chaff

Fig 6. Influence of polymer binder and cellulose fiber filler composition on the form steadfastness of a freshly formed and
conditioned for 7 days specimen with standard composition (figures show the number of steadfast samples)
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5.3. Optimal compositions

The most efficient compositions obtained in the
investigation are given below (Table).

The tests have shown that the relationship between
the mass of all the three inorganic binders and fillers is
about one. Thus, in making mixes to produce heat insu-
lating materials with the use of anhydrite or aluminate
cement 70, equal amounts (by weight) of inorganic
binder and cellulose fibre filler may be taken to facili-
tate the process. It is particularly suitable for manufac-
ture in rural localities. In the case of aluminate cement
40 the amount of the latter should be 1,1-1,3 times the
quantity of cellulose fibre filler.

5.4. Composite density

The composite density p, (kg/m?) depends on the
amount of cement present in it according to a parabolic
relationship (the case of Fig 8 with anhydrite cement
and boon bound with CMC 4 % dispersion).

According to the classification currently used
in the EU states, the compositions obtained may be
referred to as structural heat insulating materials

(p =(<500-600) kg/m3, A>0,2 W/mK).
The relationship — “density — cement quantity” in a

composition containing anhydrite cement may be ex-
pressed in the following way:

P = Pmin + Ap(AIl - Anmin )2’ kg/m37

where: p.;, — minimal p value determined from the dia-

gram; Ap — empirical p increase ratio, kg/m?; An — an-
hydrite cement part, %, in a composite; An_. — cement
part, %, in a composite, at minimal p value.

The minimum referring to the dependence of the
composite density on the amount of cement (about 30 %)
in it found on the curves may be accounted for the fol-
lowing fact. When a composition is cement-free or hav-
ing a small proportion of it, the polymer binder takes
over the cement function, closely connecting the par-

p
kg/m?]

: : : : o
20 40 60 80 °

Fig 8. Dependence of the density (p, kg/m3 ) of heat-
insulating composites containing anhydrite cement (An)

and boon binder with 4 % of CMC dispersion on the
amount of cement present, An, %

ticles of the filler. It results in a composite with a den-
sity higher than that of a material containing about 30 %
of cement. If the amount of cement is increased, the
influence of its mass on composite density also increases,
according to a parabolic relationship.

5.5. Composite mechanical strength

The composite flexural strength for 400 kg/m? and
less density specimens with polymeric binder—-CMC is
in the (0,6-1,3) MPa range which is sufficient for hard-
ening, transportation and assembly.

During compressive deformation samples with a
density less than 400 kg/m? act not like brittle materials
but are compressed. This composite property is very
important during transportation and assembly work. This

Article composition percentage intervals (density not more than 400 kg/m?) of inorganic binders, polymeric binders (dry state) and
cellulose fiber fillers. Note: An — anhydrite cement, A 40 — aluminate cement 40, A 70 — aluminate cement 70, S — boon, P — chaff,
PVA - polyvinyl acetate, V — Vinnap, CMC — carboxymethylcellulose, W — Walocel, MC — methylcellulose

Composition Inorganic binders Polymeric binders Cellulose fiber filler
An-S-PVA, V 45-55 1-5 47-55
An-S-KMC, W, MC 42-60 1-5 40-55
An-P-PVA, V 35-55 2-8 45-60
An-P-KMC, W, MC 30-55 0,2-0,5 45-65
A 40-S-PVA, V absent absent absent
A 40-S-KMC, W, MC 50-60 ~5 40-45
A 40-P-PVA, V 45-55 ~5 40-50
A 40-P-KMC, W, MC 50-60 5-6 40-45
A 70-S-PVA, V 35-50 ~5 45-60
A 70-S-KMC, W, MC 35-55 1-5 45-65
A 70-P-PVA, V 30-50 5-8 45-60
A 70-P-KMC, W, MC 30-55 0,5-1 45-70
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feature can be explained by a isotropic composite struc-
ture in which the cellulose fiber filler is connected by
polymeric patches which preform the function of a frame-
work (Fig 9).

2

Fig 9. Fractured composite specimen containing 70 % of
aluminate cement 40, 20 % of boon and 10 % of CMC
(dry solids)

5.6. Composite thermal conductivity

To assess the heat insulating properties of anhy-
drite and aluminate containing lightweight walling ma-
terials, their A values had to be found. The samples of
the composition found in the central areas of triangular
diagrams were chosen for testing. These are the follow-
ing composites:

1) A composite containing 50 % of anhydrite ce-
ment, 45 % of boon and 5 % of CMC (dry solids) with

p=225kg/m’ .
2) A composite containing 50 % of aluminate ce-
ment — 70,45 % of boon and 5 % of PVA (dry solids)

with p=119kg/m’.

As a result, the following A values were obtained:
1) for anhydrite composite —

A=0,063+0,01W/m-K, (p=225kg/m’);
2) for aluminate composite —
A=0,12£0,01W/m-K, (p=119kg/m>).

Thus, the anhydrite and aluminate compositions
investigated may be used in manufacturing lightweight
walling and theat-insulating materials. The compositions
may be obtained by using the triangular diagrams pre-
sented in this work.

5.7. Composite heat resistance and costs calculations

The obtained thermal insulation calculations were
compared with heat losses Q which arise when a typical
building with a two-silicate-brick wide wall and a 2 cm
plaster layer is heated from October to April at a mean
outdoor and inside temperature of 0,7 °C and 20 °C,
respectively. The following results were obtained:

« for a non-insulated wall — Q =18152 kWh;

« for walls of the same building insulated for warmth
keeping with an 8 cm-thick composite (A = 0,08 W/m-K)
layer covered with gypsum-cardboard — Q =14135 kWh;

» for the same case with a 10 cm-thick composite

layer — Q =10645 kWh.

The relationship between the heat loss value Q, (for
a wall after insulating materials were applied) and heat
loss value Q, (for a wall before to insulation was in-
stalled) was as follows, %:

(0,/0,)100 = (10645/18152)100 = 58,6 % .

In fact, the above value is slightly higher than the
efficiency factor of the boiler » = 0,7 used for heating a
building, while the heat losses of the heating system N
reach 13 %, ie N=13. Taking into account the above
considerations, we find that the insulation of walls of a
building for warmth-keeping can save the following
amount of heat:

AQ 1y =AQ/M(1-0,01N)=7507/0,7(1-0.,01-13) =
12327 kWh or 44,4 GJ.

In rural localities fuel oil is burned in heating boil-
ers, while coal or wood are used for firing furnaces.
When fuel oil is used in urban boiler rooms, its cost is
by about 30 % higher. Since the average cost of fuel oil
in the world is about 73 $ per ton (recalculated as equiva-
lent fuel), 1,5 ton of fuel oil will cost 526 Lt.

Thus, by winter-proofing a house of 100 m? with
its walls insulated only with the suggested thermal insu-
lating materials, more than 520 Lt a year may be saved
(in the period of heating including October—April, ie for
7 months or 219 days).

Assuming an average cost of 1 m? of insulating
materials to be 10 Lt, the insulation of 170 m? wall area
will cost 1700 Lt.

Therefore, than average repay time of building win-
ter-proofing with insulating materials will make
1700 : 526 = 3,23, ie the renovation of building walls
will repay less than in 4 years

Calculations show that the composite’s role is es-
pecially revealed when a wall is insulated according to
the following scheme (p — layer density, kg/m?; & — layer
thickness, m; A — specific thermal conduction coefficient,
W/m-K):

* decorative brick masonry (p=1600; §=0,12;
A =0,64)

« composite (p=750; §=0,125; A=0,11)

* holey clay brick masonry (p=1600; §=0,12;
A =0,64)

e stucco (p=1700; 6=0,02; L=0,87)
In this case the composite thermal resistance makes
up for 65,5 % of the total wall thermal resistance.
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5.8. Principled technological scheme for producing
lightweight walling and heat-insulating materials

Fig 10 shows a principal anhydrite and aluminate
lightweight wall and heat-insulating material production
principled scheme is proposed.

Raw material hoppers are filled with an inorganic
binder (1), a cellulose fiber filler (2) and a dry poly-
meric binder (3). Water is held in the tank (4). All the
reservoirs are equipped with batchmeters (10).

The polymeric binder dispersion is prepared by
mixing it in a separate reservoir (5) equipped with a
mixing device (6). The required amount of dispersion is
then dispensed through a batch meter (10).

After that the required amount of cement and filler
material is transported to a mixing reactor (7). All the
dry raw materials are mixed in the mixer (6). After that
the required amount of polymer dispersion is introduced
into the reactor. All the components are well mixed in
the mixer (6).

Then the prepared raw material mixture is trans-
ported to pressforms where they are formed by a press
(8). After the required hardening time the obtained pre-
fabricated articles are forwarded to a warehouse (9).

6. Conclusions

1. Lightweight walling and heat-insulating compos-
ites were developed based on inorganic binders (anhy-
drite cement, aluminate 40 and aluminate 70 cements);
polymeric binders—vinyl acetate (PVA, Vinnap); cellu-
lose binders (CMC, Walocel, MC); cellulose fiber fill-
ers (chaff, boon) and special additives (antiseptics, flame—
retarders, water—proefers, etc).

2. The article steadfastness during assembly is de-
pendant on the following indices: a minimal amount of
anhydrite cement in various compositions should
be > 30-45 %; a minimal amount of aluminate ce-
ment—40 > 45-50 %; a minimal amount of aluminate
cement—70 = 30-35 %; a minimal amount of vinyl ac-
etate polymer binder in various compositions — = 0,5—
5,0 %; minimal cellulose fiber filler amount in various
compositions — = 4047 %.

3. Vinyl acetate binders in combination with all ce-
ments bind cellulose fiber fillers (chaff and boon) better
than cellulose binders; anhydrite cement binds boon bet-
ter than chaff, while aluminate cement binds both with
equal success.

4. When the amount of cement used in composi-

Tnorganis Cellulose fiber Polymeric Wiler
hinder liller binder
1 2 3 4
o i 10 10
@E‘J
E
10*
7 P

=)

Formed by press

g

Warehouse

Fig 10. Principled technological scheme for manufacturing lightweight walling and heat-insulating materials containing anhy-
drite and aluminate. 1-3 — raw material hoppers; 4 — a water reservoir; 5 — a reservoir for polymeric binder dispersion; 6 —
a dispersion mixer; 7 — a mixing reactor; 8 — a press; 9 — a warchouse; 10 — a material dispenser
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tions does not exceed 50-60 % the specimen density is
lower than 400 kg/m> which is correlatively inversely
proportional to the specific thermal conductivity coeffi-
cient. According to this index, the developed composi-
tions belong to the lightweight heat-insulating material
class. The specimen density p for all cements depends
on the amount of cement present in a sample, % ac-
cording to the approximate parabolic dependence.

5. The specimen flexural strength is in the range of
0,6-1,3 MPa when the specimen density is lower than
400 kg/m3 and CMC is used as a polymeric binder. This
is enough for article transportation and assembly. Such
specimens deform under pressure in a different way than
fragile materials — they are compressed. This property of
the material is of special importance in transportation and
assembly.

6. The composite article thermal conductivity coef-
ficient is about 0,06 W/m'K for specimens with a den-
sity lower than 400 kg/m3. The use of the developed
heat-insulating slabs for insulating buildings can substan-
tially increase the wall thermal resistance. For example,
a 170 m? building built by using a two-silicate-brick wall
and a 2 cm plaster layer could have heat losses of about
18 thousand kWh during a 7-month cold season, and if
8 cm thick composite slabs were used, the heat losses
could be lowered to 14 thousand kWh, if 10 cm —
10,6 kWh. That is why the use of developed composite
slabs for insulation of buildings (6 variations are pos-
sible) can save as much as 1,5 tons of conventional fuel.
It follows that the building wall insulation costs could
be paid off in less than 4 years.

7. The use of agricultural by—products for heat- in-
sulating material production would not allow them to
decay and form CH, and CO, gases which could take
part in lowering the atmospheres greenhouse effect.
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SPALIU IR PELU UTILIZAVIMAS GAMINANT
LENGVAS SIENINES MEDZIAGAS

A. Kazragis, A. Juknevidiité, A. Gailius, E. Zalieckiené

Santrauka

Gauti lengvi sieniniai bei Silumos izoliaciniai kompozitai,
kuriuos sudaro neorganiniai riSikliai (anhidritinis cementas,
aliuminatinis cementas-40 ir aliuminatinis cementas-70),
polimeriniai risikliai (vinilacetatiniai — PVA, Vinnap); celiulio-
ziniai (KMC, Walocell, MC)), celiulioziniai plausiniai uzpildai
(pelai, spaliai).

Dirbiniy patvaruma transportuojant bei montuojant lemia
tam tikri rodikliai. Minimalus jvairiy medziagy kiekis kompo-
zicijose turi biti: anhidritinio cemento — > (30—45) %; aliumi-
natinio cemento-40 — > (45-50) %; aliuminatinio cemento-70 —
2 (30-35) %; vinilacetatiniy polimeriniy riSikliy — > (1-5) %;
celiulioziniy risikliy — > (0,5-5,0) %; celiulioziniy plausiniy
uzpildy — = (40-47) %.

Bandiniy tankis, kai naudoty cementy kiekis kompozicijose
nevirsija (50-60) %, yra maZesnis negu 400 kg/m?3. Pagal i
rodikli sukurti kompozitai priskiriami lengvyjy Silumos izolia-
ciniy medziagy klasei. Bandiniy tankis, esant skirtingiems
cementams, priklauso nuo cemento kiekio bandinyje.

Bandiniy lenkiamasis stipris, kai nustatant naudojami
bandiniai, kuriy tankis nevirsija 400 kg/m?, o kaip polimerinis
risiklis — KMC, yra 0,6—-1,3 MPa.

Bandiniy, kuriy tankis maZesnis nei 400 kg/m3, savitasis
Silumos laidzio koeficientas esti apie 0,06 W/m-K.

Raktazodziai: utilizavimas, lengvos sieninés medziagos,
Silumos izoliacija, spaliai, pelai, neorganiniai risikliai, polime-
riniai riSikliai.

YTUWIN3UPOBAHUE KOCTPBI U MAKHWHLI B
MMPOU3BOACTBE JIETKUX CTEHOBBIX
MATEPHUAJIOB

A. Kaszparuc, A. IOxkusaBuuiore, A. I'aiiimoc, E. 3anenkene

Pesome

ITomyueHs! erkue CTCHOBBIC U TETIIOM30IALUOHHBIE KOM-
TIO3UTHI, COcTosIIME U3 aHruapuaHoro (AH) uim amoMuHaTHOTO
(AJI) nemenra, Bununaneratusix (BA) wim nemmonosusix (1JT)
MOJUMEPHBIX BSIKYIIUX M BOJOKHHCTBIX IEJIIOJO3HBIX
3aroJHUTENCH (KOCTPBI, MSIKUHEI).

YCTOHYNBOCTE M3/ENHil TP TPAHCTIOPTUPOBKE M MOHTAXKE
00yCIIOBIMBACTCS CIESAYIOLMME IOKa3aTensaMu: conepskanue AH
2> (3045) %, AJI = (30-50) %, BA = (1-5) %, LIJI = (0,5-
5,0) %, xocTpsl WM MAKUHBL = (40—47) %. Bsoxymue tuma BA
B Cilydae 00OMX BHAOB IIEMEHTA CBA3BIBAIOT 3aNOIHUTEIN
nyuqiie, yem Bspkymiue tuna LJI; AH cBsi3piBaeT KocTpy mydiie,
yeM MAKHHY; AJl OIMHAKOBO YCIEIIHO CBS3BIBacT 00a
3aIIOJHUTEIIS.

[11OTHOCTH KOMIIO3UTA P MpPH CONECPKAHUU LIEMEHTa B
xomrosute < (50-60) % ue npessimaet 400 kr/m>. ITo gaHHOMY
MOKa3aTeII0 MOJyYCHHbIE KOMIIO3HTHI OTHOCSTCS K KiIaccy
JIETKHUX TEIUIOM30/IIUOHHBIX MaTepHajoB. 3HAUYCHUE P 3aBUCHT
OT cofep)KaHHs IIEMEHTa B KOMIIO3UTE IO HapaboamdecKoi
3aKOHOMEPHOCTH.

[Tpo4HOCTH KOMMO3UTOB mpu u3rube mis oOpa3nos
p < 400 xr/m® B cywae mpumenenns KMC cocrasnser (0,6—
1,3) MIla. Takue oOpa3ubl mpu cKatuu AeHOPMHPYIOTCS Kak
JJIaCTHYHBIE MaTepHalbl M ITOABEPraloTCsS NPECCOBAHUIO, UTO
0COOCHHO Ba)XKHO HPH MX TPAHCHOPTHPOBKE M MOHTaXeE.

Koaddunuent temmonpoBogHocTn o6pasnos, obnanaro-
IUX IUIOTHOCTBIO MeHee deM 400 Kr/mM>, COCTaBIISIET OKOJIO
0,06 Br/m-K. Ipu wcmonb30BaHUU I OTCIUICHHs CTCH J0Ma
momaapio B 170 M2 TUIMT W3 TAKUX KOMIIO3UTOB TONIIMHOW B
10 cM moTepu Temia 3a Ce30H yMeHbmarorcs Ha 10,6 Thic.
kBT yac.

KiioueBrblie ciioBa: yTuinsanus, JErKue CTCHOBBLIC MaTe-
puajibl, TCIJIOMU30JIAUA, KOCTpA, MIKNHA, HCOPraHU4C€CKUC Bi-
JKymue, MOJUMEPHBIC BAXKYIIHUC.





