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1. Introduction

B 600
. . = 500 -
The raw materials, which have cellulose fibres S 400 -
such as wood refuse, refuse from wood reprocesing facto- 5 300
ries, residue from agriculture manufacture — such as cereal, § 200 + =
flax, hemp reprocessing residue, noncultural plants such as 2 108 i
reed, bulrush, cat’s tail, domestic refuse — waste paper, a
cotton textile refuse can be used in manufacture of thermal 10 . 100 1000
. . Diameter D,,,,, pm
insulation.
Cellulose fibres, made of waste such as used a
cardboard boxes, magazines, paper towels and etc. were « 600
used for manufacturing organic thermal insulation. First of é 500 4
all, waste was moistened and cut into small pieces using S 400
rotary mill. The obtained consistency was transported on 5 300
separator transporter, while it was moving, hot air stream E 200 -
was blown from underneath in order to dry the cut waste. S 100 J
Then the cut (0.2 - 4 mm) and dried waste needs to be fi- E o

lamented. It is determined experimentally, that the best
degree of filamenting is reached using hammer mill, which
was used in preparation of thermal insulation fibres.
Thermal insulation material, used as an object of b
analysis, was made of powdery organic raw material
mixed with synthetic polyolefin fibres, which played a the
role of binding. Polyolefin fibre is a manufactured fiber in
which the fiber-forming substance is any long chain syn-
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Fig. 1 Histogram of maximum diameter of fibres.
a — waste-paper, b — second assortment waste

thetic polymer composed of at least 85% by weight of eth- o 800 - —
ylene, propylene or other olefin units [1]. Polyolefin fibers g 700 + IREEn
are composed of crystalline and noncrystalline regions. & 600 4
Polyolefins are the products of propylene and ethylene g 500 +
gass polymerization. Fibrous forms of polypropylene in- —g 400 4 ]
clude staple, bicomponent staple, monofilament, multi- 2 300 4
filament. Ropes and cordage, primary and secondary carpet 2 200 4
backing, caropet face yarns, upholstery fabrics, geotextiles = 100 4 I:I H H |:| L
and etc can be made of them. The melting point of poly- 0- -
propylene is 160-170°C. At 130°C the fibers are soft 1 10 100
enough to bind with organic insulation material, without Diameter D,,;,, pm
harming their characteristics [2]. In such a way an organic a
insulation matrix is produced without using chemical sub-
stancies. The advantages of this technique include power 5 200 7
saving and environment protection. Fiber diameter is from § 150
10 to 35 microns [3]. °

2 100
2. Physical parameters determination of organic fibre § 50 H

[

While forming thermal insulation slab compara- E o0 |:| I:I I:I H |:| I:I |:| =

tive analysis among fibers, made of secondary assortment 1 10 100
waste and fibres, made of waste paper, was performed. As Diameter D,y,;,, tm
a background of this analysis physical parameters of the b
fibres were taken: maximum — minimum diameters and the
area of the fibre. As results of the analysis show, more ho- ~ Fig. 2 Histogram of minimum diameter of fibres.

mogenuous structure is observed in secondary assortment a — waste-paper, b — second assortment waste



800
700
600
500
400
300
200
100 +

The number of fiber

1 100 1000

area, pm’

250
200
150
100

50

The number of fiber

1 100 1000
area, pm’

b

Fig. 3 Histogram of area of fibres.
b — second assortment waste

a — waste-paper,

fibres (Figs. 1 - 3). So this fibre was used to form organic
thermal insulation slab.

3. The organic thermal insulation material, formed in
laboratory conditions

The formation of the experimental new generation
ecological thermal insulation slab contains following stag-
es:

e the splint of thermal insulation material is pre-
pared from powdery organic material (cellulose
refuse, wood refuse, flax and hemp);

e the splint of thermal insulation material is mixed
with a binder (in our case with the splint of poly-
olefin);

e with the help of hot air stream the mixture is
binded and thermal insulation mat is formed [4].
To produce thermall insulation slab the specially

built stand equipment was used (Fig. 4).
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Fig. 4 The stand of formation of organic thermall insula-
tion

In experiment stand in box / powdery thermal in-
sulation mixture 2 (organic fibres and synthetic binder) is
loaded, which is binded using hot air stream (=130°C). Air
stream is generated with the help of ventilator 5, and dis-
charge of the stream is regulated by valve 6. Air tempera-
ture is raised with the help of gas burner 4. The tempera-
ture of hot air stream is equalized and stabilised in pipe 3.

The temperature is measured before the penetration
through thermal insulation mixture and before the charge
regulation valve, 7 — places of insertion of thermometers.

4. The macrostructure of formed organic fibre thermal
insulation

By using organic fibre thermal insulation slab
analysis it is determined that the structure of this material
is composed of two structural levels:

* in thermal insulation material there are organic fi-
bre derivatives, which form fibrous carcass struc-
ture;

* inter-insulation structure, made of melted fibres
formed bonds of binding substance.

For the first thermal insulation macrostructure
level there were determined these the most characteristical
fibrous structure conformations: chaotic, the biggest part of
fibres are orientated in one direction, the other part of fi-
bres are perpendicular to the first ones; parallel, all fibres
have the same orientation (Fig. 5).

b

Fig. 5 The most characteristic fibrous structure conforma-
tions of ecological thermal insulation slab (a — cha-
otic structure, b — parallel structure)

It was found that such distribution of fibrous
structure is determined by the degree of milling cellulose
refuse wich is used to form thermal insulation slabs [5, 6].

Chaotic srtucture of thermal insulation slab
(Fig. 5, a) is formed of powdery organic wool, which con-
sists of loose fibres or of fibres that are bond to flocks only



because of mechanical friction.

Parallel structural conformation (Fig. 5, b) is ob-
served when thermal insulation slab is formed from homo-
geneous organic fibres.

According to allocation of binding material and
formation of bonds with organic thermal insulation fibres,
characteristic structural types of inter-insulation bonds
could be conditionally excluded (Fig. 6).

Fig. 6 Possible bond structure types of fibrous thermal
insulation slabs (a — too much binder and binder
melting temperature was not reached; b — too little
binder and binder melting temperature was ex-
ceeded; ¢ — elastic bonds were formed)

Concerning raw material consumption and deter-
mination of thermal mode while forming a slab a and b
types are not effective. In the Fig. 6, a the amount of binder
was too big and the binder melting temperature was not
reached. It was determined, that the most suitable melting
state the binder fibres reach at 130°C. When the tempera-
ture is exceeded in the volume of general layer forming,
the binder shrinks and does not connect insulation fibres,
which can be seen in the type b. The most effective bonds
are formed in type c, where with the help of melted binder
they bind separate thermal insulation fibres into entire car-
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cass. In inter-insulation zones this carcass forms the layer
»matrix“ of fibrous thermal insulation, this ,,matrix“ gives
mechanical strenght and rigidity to the slab. Organic fibres
with not disarranged fibrous structure serves as thermal
insulation material [7].

5. Interaction modeling of thermal insulation fiber and
binding material

5.1. Collisional force model

When thermal insulation slab is formed using the
method of hot air stream blow, interaction forces dominate
among the binding material (polyolefin) and the thermal
insulation fibre. The model of these forces I analyze by
using algorithm of discrete element contact modelling de-
termination technique [8]. The algorithm is developed us-
ing general ellipsoidal particles as an illustration. The op-
eration of the model is demonstrated with a series of biax-
ial deformation experiments using a series of particle
shapes.

The surface of the ellipsoid located at the touch
point of coordinates is given by the function

2 2 2

f(x,y,Z)=Z—2 (1)

If the ellipsoid is dilated by a sphere with radius R
then the dillated ellipsoid has the function:

2 2 2

= I
(a+R)2 (b+R)2 (c+R)2

X

f(x.y.2) -1=0 (2)

Elliptical cross-sections of a pair of coplanar el-
lipsoids in proximity are shown in Fig. 7. Here vector d is

equal to d = )_(2 +152 —)?1 —E. X is the center place of
the biggest part of particles.
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Fig. 7 The principal scheme of collisional force model.
1 and 2 respectively are the fibres of binding mate-
rial and the fibres of thermal insulation fibre

The P vectors connect the particle centers to the
head and tail of the d vector. The d vector is modeled as

an elastic band whose ends are free to move, but are con-
strained to remain on the two constraint surfaces. Pulled by

it‘s elasticity, the head and tail of d move iteratively to

locations on the constraint surfaces that define the shortest
distance between the two constraint surfaces. If the length

of d is less than (R,+R,), then the particles are in contact.
The vector d, which is necessarily perpendicular to the



surface of the two particles, defines the normal force to the
contact surface

no

F,, == (k,, A8, + k,,N45} ) 3)
Normal strains
5, =|d|-® - R (4)

The kernel of the contact detection algorithm is

the set of constraints that are needed to constrain the P
vectors to remain on or within the constraint surfaces.

The elastic band algorithm is implemented in the
following way. The sliders that are constrained to remain
on or within the constraint surfaces, whose location is spe-

cified by the P vectors, move in response to the compo-
nents of the d vector that are tangential to the surfaces.

Tangential force
Fu=Fru — Ak, AtW )

‘Fﬁa < uf! (6)

The n denotes direction, k,, and k, are normal

and tangential contact stiffness, 7 is contact viscosity, W is
relative velocity of the particles at the point of contact, A¢
is time step, 4 is matrix, u is particle surface friction.

5.2. Frozen joint — connection force model

When the hot air stream is blown through thermal
insulation mixture, the binding fibre start to melt at 130°C,
in this way thermal insulation material matrix and flexible
joints are formed. In order to determine nomal connection
force, inter-fibre elliptical contact algorithm is applied [8].
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Fig. 8 Frozen joint force models

The d vectors are defined in the body frame of
the particle. Initially coincident, relative motions causes

the d vectors to diverge. In Fig. 8 the angle « , the de-
formation at the center point &, , and the strain &, (x) at a

point on the contact plane are given by
a=|mx—n, @)
S0 =X2 +T)2+E—Y1—T)1—g ®)

5 (x)=06.7n +ax 9)

Integrating the stress over the contact pane yields
the normal force [8, 9]

(10)

here y(x) — The spread of contact zone.
In Fig. 9 fiber inter-connection contact develop-
ment is determined from formulae

1/2
t, = F,a/r] (11)

here 7 is strains in the shear zone.

Fig. 9 Principal scheme of fibre connection
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Fig. 10 Fibre adhesion dependence on temperature and
time

When hot air stream is blown through thermal
insulation mixture, the fibres of binding material melt and
connect with thermal insulation fibres. As it could be seen
from Fig. 10, the biggest radius of connection is observed,
when the fibre is affected by hot air stream of 130°C tem-
perature. This stream should be kept for 17 sec.

6. Conclusions

1. The diameter of secondary assortment waste
fiber is more homogenuous than the fiber diameter of
waste paper. It is advisable to form organic thermal insula-
tion slab from secondary assortment waste.

2. While forming organic thermal insulation slab
as a binding material polyolefin fibre could be used, it‘s
melting point is at 130°C.

3. It is determined by analysis, that macrostruc-
ture of organic thermal insulation slab is composed of two
structural levels: in thermal insulation material there are



organic fibre derivatives, which form fibous carcass struc-
ture; inter-insulation structure, made of melted fibres
formed bonds of binding substance. Carcass structure of
organic thermal insulation slab can be chaotic and parallel.
4. It is determined by analysis, that the strongest
bond between the binding material and thermal insulation
fibre is at 130°C temperature, which is kept for 17 seconds.

References

1. Hegde, R., Kamath, M.G. Olefin fiber. -Polyethylene
fiber technology, 2004, p.42-57.

Pranckeviciené, J., Balkevifius, V. Investigation into
the properties of sintered ceramics from dysna clay and
non — plastics additives. -Science — Future of Lithuania,
2009, v.1, No.5, p.15-19.

Svetnickaité, V., Ciukas, R. Investigation of friction
properties of yarns from natural fibres. -Mechanika.
-Kaunas: Technologija, 2009, No.1(75), p.73-77.
Krivelis, T. Forming Peculiarities of Sprayed Thermal
Insulation from Powdery Mineral Wool Composites
and Their Influence to Layer Macrostructure and Prop-
erties. -Doctoral Thesis.-Vilnius, 2000, p.11-28.
Véjelis, S. Experimental Evaluation of Thermal Tech-
nical Characteristics of Thermo Insulation Material.
-Doctoral thesis. -Vilnius, 2003, p.9-33.
Endriukaityté, A., Bliidzius, R., Samajauskas, R.
The research of fibrous thermal insulation material
thermal and moisture state. -Materials science, 2004,
v.10, No.1, p.71-75.

. Janulaitis, T., Paulauskas, L. Structural analysis of
fibrous thermo insulation materials. -Mechanics 2009.
Proceedings of the 14th International Conference,
2009, p.152-155.

Hopkins, M., Johnson, J. Discrete element method for
snow mechanics. -Cold Regions Science and Technol-
ogy, 1999, p.91-100.

Mizyuk, O., Kibirkstis, E., Petraitiené, S. Investiga-
tion of tension of flock printing materials. -Mechanika.
-Kaunas: Technologija, 2008, No.1(69), p.24-30.

2.

T. Janulaitis, L. Paulauskas

TERMOIZOLIACINIY PLOKSCIU IS ANTRINIY
ZALIAVU GAMYBOS PARAMETRALI

Reziumé

Straipsnyje apraSyti Lietuvoje dar negaminamy
ekologisky organiniy termoizoliaciniy ploks¢iy formavi-
mo, pasirinkus misy $alyje prieinamas zaliavas, ypatumai.
Istirtas dviejy rusiy organinis plausas: iSplausintos makula-
tiros ir antrinio rasiavimo atlieky. Tyrimais nustatyta, kad
reikalingo homogeniskumo struktiira turi antrinio rasiavi-
mo atlieky plausas. ISanalizuoti organinés termoizoliacijos
plokstés makrostruktiiriniai lygmenys, pluostinés termoizo-
liacijos medZziagoje esanciy organiniy plauso dariniy pluos-
tinio karkaso struktiira ir tarpizoliacinés riSamosios me-
dziagos istirpusiy plauseliy jungéiy struktiira. Termoizolia-
cinio plauso ir riSamosios medziagos jungciy struktiiros
jégoms jvertinti pritaikytas kontaktuojanciy netaisyklingy
daleliy elipsoidinis algoritmas.
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MANUFACTURE PARAMETERS OF THERMAL
INSULATION SLABS FROM SECONDARY RAW
MATERIALS

Summary

Formation peculiarities of ecological thermal in-
sulation slabs, which have been not produced in Lithuania
yet, are presented in this article. The chosen raw materials
are available in our country. Two sorts of organic fibre,
waste paper fibre and secondary assortment waste fibre,
were analysed. It is determined by analysis, that the re-
quired structure of homogeneity has the fibre from secon-
dary assortment waste. Macrostructural levels of organic
thermal insulation, fibrous carcass structures of organic
fibre formation located in thermal insulation material and
inter-insulating binding material melted fibres bond struc-
ture were analysed. To determine forces of thermal insula-
tion slab and binding material bond structure, the ellipsoid
algorythm of contacting irregular particles was applied.

T. SAnynaittuc, JI. [laynayckac

ITPOM3BOJACTBEHHBIE ITAPAMETPBI
TEPMOM3OJIALIMOHHBIX ITAHEJIEN
N3I'OTOBJIAAEMBIX U3 BTOPUYHBIX PECYPCOB

Pe3owMme

B crartbe npezacTaBiaeHsl 0cOOEHHOCTH (HOPMUPO-
BaHMs B JIUTBe ellle HEM3TOTOBISIEMBIX 3KOJIOTHYECKHUX H
OpPTraHMYECKNX TEPMOM3OJISILIMOHHBIX TaHeNeH, NCTIONb3Ys
B CTpaHe AOCTyHHOe chlpbe. MccnenoBano asa poja opra-
HHYECKOTO BOJIOKHA — BOJIOKHO M3 BOJIOKHHCTOW MakyJia-
TYpBl U BOJIOKHO W3 COPTHPOBAHMS BTOPHYHBIX OTXOJIOB.
YCTaHOBIIEHO, YTO HYKHYIO TOMOTCHHYIO CTPYKTYpy UMe-
€T BOJIOKHO OTXO/I0OB BTOPUYHOTO copTuposanus. [Ipoana-
JM3UPOBAHbl MAaKPOCTPYKTYPHBIE CTYNEHH OpPraHHUYECKOH
TEPMOU3O0JSIIMOHHON MaHeNu, B BOJIOKHHCTOM TEPMOH30-
JSIMOHHOM MaTepuaie IMPUCYTCTBYIONINE OpraHUYecKHe
SIBIICHUS, CTPYKTYPa BOJIOKHHCTOTO KapKaca M MEXH30JIs-
LIMOHHAs CTPYKTYpa CBs3eH B CBA3YIOIIEM MaTepHalie pac-
TBOPEHHBIX BOJIOKHUCTBIX 3J€MEHTOB. JIJIsI OLIEHKH CHII
CTPYKTYPHBIX CBSI3ed MEXIy TEPMOU3OJSIMOHHBIM BO-
JIOKHOM U CBSI3YIOIIMM MaTepUalioOM MPUMEHEH alrOpUTM
KOHTaKTHPYEMBIX HEIPaBHIbHBIX YaCTHII.
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