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Abstract. The composite board materials with woodchip fillers and nonprocessable flax and cotton
processing waste based on the thermosetting binder matrix can be used as construction material for
thermal insulation purposes. Research methods of temperature and humidity change influence on
adhesive-bonded board materials’ qualities are reviewed. The results of strength and loss of mass
behaviour of board materials after the cyclic tests of soaking/freezing/thawing/drying are discribed. Board
of unrecoverable waste spinning flax and cotton have the remaining strength is more than 60 % after ten
cycles. The experimental data confirm the existence of long-term resistance of the composites to variable
temperature and humidity effects.

AHHoTaumA. KOMNO3MLUMOHHbIE NAUTHBIE MaTepuarnbsl C HAMNOMHUTENSAMU 13 OPEBECHON CTPYXKM U
HEeBO3BpaTHbIX OTXOAOB NepepaboTkM NbHA WM XMOMKa Ha OCHOBE MaTpuubl U3 TEPMOPEaKTMBHOIO
CBSI3YIOLLEr0 MOryT WCMOMb30BaTbCA B KayecTBe CTPOUTENbHOMO MaTepuana Tennou3onsiLMoHHOro
HasHayeHusi. PaccMoTpeHo BnusiHMe TemnepaTypbl U BMaXHOCTU OKpYXalolleln cpefbl Ha nokasarenu
KOMMO3WLMOHHBLIX MNNUTHBbIX MaTtepuanoB. [MpuBedeHbl pe3ynbTaTbl OUHAMWKU MPOYHOCTU M MNOTEPU
Maccbl NAUTHBIX MaTepuanoB MOCre LMKINYEeCKUX WUCMNbITaHUN «3aMayduBaHue — 3aMopaxuBaHue —
oTTavBaHue — cyLlkay. BonokHUCTbIE MNWUTBI U3 HEBO3BPATHLIX OTXOA0B NPSAEHNS NMbHA M XIOMNKa UMeT
OCTaTO4YHYl0 NPOYHOCTL Gonee 60 % nocne OecATU LMKIOB UCMbITaHWUIA. JKCMepUMEHTanbHble AaHHble
NoATBEPXKAAKT HanuMuMe ANUTENbHOM CTOMKOCTUM KOMMO3WMTOB K MNEPEMEHHbIM TemnepaTypHO-
BNaXHOCTHbIM BO30ENCTBUSAM.

Introduction

When using board products for construction purposes, the stability of their quality characteristics is
of importance that determines their long-term performance. One of the major signs of material aging is
strength reduction. The environment with variable temperatures and humidity has an attenuation effect on
the strength of the construction materials.

Stresses arise in the adhesive material and the filler due to changes in temperature and humidity in
the composite products with vegetable fillers based on the matrix from thermosetting binders. A parallel
flow of further structuring processes is quite possible thus resulting in an increase in the stiffness of glued
joints and stress concentrations as well as polymer’s hydrolytic degradation.

Humidity stresses that develop in the adhesive layer of the glue joint will affect the polymer and the
glued material in a different way. The stresses that pass from the glue contact area will emerge on the
border of the rigid cross-linked polymer and vegetable filler with a higher relaxation action. The
magnitude of the stresses also will be influenced by the vegetable filler's structure (the wooden one or
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from annual plant’s waste) i.e. fractional size, porosity, availability of mineral, extraneous or fat and wax
substances.

Under the operating conditions, the construction materials including three-layered structures
(building boards, etc) [1] are affected by variable factors such as heating, humidification, freezing, etc.
According to B.S. Batalin, changes in the operational properties of thermal insulation materials “may
occur due to ongoing photo-oxidative and thermo-oxidative processes, which result in changes in the
molecular mass and molecular-mass distribution. Apart from that, the reason for the changes in the
operational properties may become structural changes that occur over time under the influence of a
relatively low temperature. The successful use of any polymeric material under different conditions
depends on its ability to preserve its performance characteristics, i.e. on its long service life [2].
Therefore, in order to predict the aging of materials during operation, they use field tests or accelerated
cyclic exposure methods.

The field test methods are more informative and precise as for the practical application [3@10].
There exist grapho-analytical methods for comparing field tests in the atmosphere with control laboratory
samples of the materials that greatly reduce labour intensiveness and time of study [11213]. According to
the data provided by A.S. Freydin, the use of grapho-analitical methods in predicting the use of these
materials in construction for a period of thirty years (10° c) will require conducting field tests for 5 107 ¢
(i.e. 1.5 years.) However, the calculation analogue methods [14] used for the predicting are theoretically
substantiated for the materials in rubberlike state, and to a lesser degree, are applicable to the board
materials on thermosetting matrix. It is difficult to use the methods of random/degradation functions to
predict the strength of composites from vegetable raw materials based on thermosetting binders that
adequately describe the systems from wood chips and mineral binders (such as cement bonded particle
boards.) [1, 15@17].

It should be noted that the complexity and duration of full-scale testing reduces the efficiency of
decision-making on the choice of technological impact on the material. The strength reduction of
materials during operation will be a consequence of residual technological, temperature or humidity
stresses as well as of a more intensive influence of alternating loads.

It has been proven that the composite components react differently to variations in temperature
and humidity. The lignocellulosic filler will remain rather stable in these conditions for a long time.
According to the data provided by E. Pokrovskaya, “the infrared spectra of the wood samples display no
chemical changes in the xyloid substance in the course of time. There is only a quantity change of the
components; the lignin-carbohydrate complex in the conditions of variable humidity ... displays stability in
the course of time” [18].

Thus, J. Zhu notes that the sensitivity of lignocellulosic materials to humidity poses a problem as
before, whereas the properties of composite materials made of flax fibers are more dependent on the
type of binder (thermoplastic, thermosetting materials or biomaterials) [19].

The use of flax and cotton fibers as fillers ensures high strength characteristics of composite
materials, where the strength of the composite is inversely proportional to the share of lignocellulosic filler
[20, 21].

The strength of composite with vegetable filler is determined by the strength of the thermosetting
binder matrix.

According to the data provided by V.M.Khrulev, the reduction in glued joint strength is directly
proportional to the speed of swelling [22].

If the material is exposed to alternating impacts, the relaxation efficiency of the glued joint is
weakened, at the same time the adhesive bonds will be the weakest [23, 11].

The low temperature can particularly affect the relaxation capacity of glued joints. If a temperature
is -8 °C or still lower, the ice is formed in the pores of the vegetable raw material-based composites
including the wood. The material rigidity will sharply increase, and in the joints of two dissimilar materials
(polymer and vegetable filler) that have a different thermal expansion coefficient, thermal stresses will
occur. At a low temperature, densely cross-linked polymers behave as brittle bodies; they can even be
destroyed by a relatively small deformation [20]. Because of a short soaking — freezing — thawing — drying
period, the stresses do not have time to relax, a devastating impact on the material increases as
compared to the natural conditions. In consideration of the foregoing, the accelerated cyclic tests will be
more preferable.
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V.M. Khrulev [25R27] made a considerable contribution into the concept of the structure formation
of wooden composite materials used for construction purposes. He proposed a cyclic test mode to
assess the weather resistance of laminated wood and board materials where the samples should be kept
in water for five hours and then are subject to drying at 70 °C within twenty-four hours. For the progress
of his own and his colleagues’ research, they developed Russian State Standard GOST 17580 “Wooden
laminated structures. Method to determinate stability of glued joints against cyclic temperature-and
humidity influences” (the wording of 1972). This method is applicable to the assessment of structural
construction adhesives [14]. In [28] comprises testing of materials in boiling water. Later, the exposure
to temperature changes and environmental humidity factors were modeled in the form of cyclic tests in
standard procedures [29232].

Scientists performed research on the influence of factors on physical-mechanical properties of
materials using self-developed [33, 35, 36, 38-43] and the standard [34, 37] procedures. According to
H.D. Dibaba, the cyclic test helps to evaluate the deformation, fatigue and creep properties of a material
in polymers and polymer-composites [39].

It should be noted that thermal insulating materials serving as engineering structure elements are
also exposed to temperature and humidity changes. However, they must retain their performance
characteristics with temperature and humidity changes due to weather conditions in relation to the
conditions of use.

For insulation panels, unlike the structural water resistant ones, the strength and swelling in
thickness after the cyclic tests is not specified. In practice, any change in temperature corresponds to a
humidity change of the environment air. But for all that, as a result of ongoing sorption-desorption
processes of water vapour, the low density material having some open pores periodically absorbs and
produces moisture. This phenomenon significantly affects the vapour permeability of heat insulation
materials [44]. These processes entail the development of temperature/humidity stresses. If the stresses
do not have time to decompress, and their intensity is higher than the adhesion bond strength, it will
result in reduction of the composite strength and in deterioration of shape stability and thermal properties.

Accordingly, in the course of work, the decision has been made to use a standard cyclic test
method of the material [29]. The results of cyclic tests will permit to assess the resistance of the material
to temperature and humidity changes while in the course of service.

Experimental Part

In the laboratory of forest harvesting/woodworking department of the Kostroma State University
(Kostroma, Russia), some chipboards and composite fibre board based on fillers from nonprocessable
waste of cotton and flax fibre production based on the matrix from synthetic and non-organic binders
have been tested for their resistance to temperature and humidity effects [45]. As a binder alternative for
the boards were chosen: liquid glass Na.O(SiO2)n, (module n = 1.6...3.75), phenol-formaldehyde resin
and aluminium-chromium-phosphate binder CrAls(HzPOa4)n, (n = 8.8...9.6). The heat insulation composite
material had a medium density of 375 kg/m3, the consumption of binders was 40 % from the mass of
filler. The material samples were dried at 80°C to reach 8+1 % humidity.

The cyclic temperature and humidity tests were made under [29]. One cycle of sample
temperature/humidity exposure included the following procedures: the immersion of samples into water at
20 °C for twenty hours, freezing of wet samples at -20 °C for six hours, thawing at 20 °C for sixteen hours
and heating at 60 °C for six hours.

The results of physical and mechanical performance determination of the materials after each of
the ten test cycles are shown in Tables 1-5. Table 6 presents the dependences of residual strength of
composite board materials (¥) on the number of tests (x). As a rule, the reduction of strength is
expressed with a function of varying complexity beginning from a simple exponential [11]. In research, we
construct dependences ranging from the exponential to the fourth degree polynomials. Values of
approximation validation are shown for each model.
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Table 1. Behaviour of chipboard* in cyclic tests

Cycles Loss of mass, Bending .Swelling in Residual Residual
Am, % strength, oi, MPa | thickness, Ps, % mass, % strength, %
P”(‘;:);‘irflfts /- 25.5/22.97 9.4/245 - -

1 5.38/2.95 21.09/11.39 10.7/24.8 94.62/97.05 82.5/49.6
2 16.82/10.63 18.27/6.50 12.2/25.7 83.18/89.37 71.5/28.3
3 26.3/ broke 16.02/ broke 12.9/ broke 73.7/- 62.9/0
4 28.07/ - 13.20/ - 14.2/ - 71.93/- 51.6/0
5 36.71/ - 10.47/ - 15.31/ - 63.29/- 41.0/0
6 41.82/ - 7.95/ - 17.91/ - 58.18/- 31.3/0
7 45.98/ - 6.00/ - 19.81/ - 54.02/- 23.5/0
8 46.25/- 4.72/- 22.16/- 53.75/- 18.5/0
9 46.87/- 4.28/- 25.38/- 53.13/- 16.8/0
10 47.14/- 3.51/- 28.56/- 52.86/- 13.7/0

* Above the line are the values for chipboard with phenol-formaldehyde binder; under the line —
with urea-formaldehyde binder (carbamide-formaldehyde resin)

Table 2. Behaviour of fibre boards** with phenol-formaldehyde resin in cyclic tests

Bendin welling in . .
oycles | Lossormass. | CO% | tnicknoss, p,, | Residual mass sesiual
' MPa % ’
Prior o tests - 0.49/0.55 3.36/8.2 : :
(control)
1 7.42/8.61 0.46/0.53 1.82/4.32 92.58/91.39 0.94/0.96
2 22.11/26.21 0.46/0.53 1.96/4.88 77.89/73.79 0.94/0.96
3 36.82/41.63 0.44/0.52 2.07/5.27 63.18/58.37 0.89/0.94
4 38.64/44.52 0.43/0.51 2.23/5.58 61.36/55.48 0.87/0.93
5 51.01/59.45 0.41/0.49 2.31/5.93 48.99/40.55 0.83/0.89
6 58.48/66.04 0.41/0.47 2.38/6.84 41.52/33.96 0.83/0.85
7 64.37/72.44 0.40/0.47 2.91/7.32 35.63/27.56 0.81/0.85
8 64.75/73.08 0.38/0.41 3.22/8.30 35.25/26.92 0.77/0.74
9 65.42/73.47 0.31/0.32 3.48/8.76 34.58/26.53 0.63/0.58
10 65.61/74.59 0.15/0.26 3.62/9.29 34.39/25.41 0.31/0.47

** Above the line for boards from cotton; under the line for boards from flax.

Table 3. Behaviour of fibre boards*** with carbamide-formaldehyde resin in cyclic tests

Cycles Loss of mass, | Bending strength, _Swelling in Residual Residual
Am, % oi, MPa thickness, Ps, % mass, % strength, %
P”(zgmrﬁfts - 0.38/0.49 3.26/6.9 : .
1 7.56/8.79 0.37/0.47 1.91/3.7 92.44/91.21 0.97/0.96
2 18.9/21.97 0.37/0.47 2.44/4.25 81.1/78.03 0.97/0.96
3 35.91/41.74 0.35/0.47 2.71/4.63 64.1/58.26 0.92/0.96
4 42.54/49.63 0.32/0.46 2.94/4.89 57.46/50.37 0.84/0.94
5 51.26/58.34 0.27/0.43 3.08/5.16 48.74/41.66 0.71/0.88
6 58.12/65.75 0.22/0.43 3.22/5.54 41.88/34.25 0.58/0.88
7 63.41/71.68 0.22/0.42 3.39/5.91 36.59/28.32 0.58/0.85
8 68.29/76.13 0.20/0.41 3.44/6.68 31.71/23.87 0.52/0.83
9 71.63/78.41 0.18/0.35 3.51/7.03 28.37/21.59 0.47/0.71
10 73.55/80.80 0.11/0.30 3.58/7.61 26.45/19.2 0.29/0.61

*** Above the line for boards from cotton; under the line for boards from flax.
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Table 4 Behaviour of fibre boards*** with liquid glass in cyclic tests

Cycles Loss of mass, Bending strength, .Swelling in Residual Residual
Am, % oi, MPa thickness, Ps, % mass, % strength, %
P”(‘;L;‘irflfts -/- 0.71/0.88 5.68/9.16 - -
1 7.71/9.12 0.70/0.87 2.98/4.52 92.29/90.88 0.98/0.99
2 16.23/20.54 0.67/0.85 3.41/5.06 83.77/79.46 0.94/0.96
3 31.62/39.67 0.62/0.81 3.92/5.71 68.38/60.33 0.87/0.92
4 40.24/43.75 0.60/0.77 4.15/6.34 59.76/56.25 0.84/0.87
5 49.13/51.62 0.57/0.76 4.73/7.02 50.87/48.38 0.80/0.86
6 53.97/56.73 0.55/0.73 5.01/7.69 46.03/43.27 0.77/0.83
7 59.64/62.12 0.51/0.72 5.38/8.21 40.36/37.88 0.72/0.82
8 64.82/65.53 0.49/0.69 5.84/9.05 35.18/34.47 0.69/0.78
9 68.32/69.41 0.44/0.48 6.04/10.11 31.68/30.59 0.62/0.54
10 70.69/70.75 0.38/0.41 6.35/10.78 29.31/29.25 0.53/0.46

*** Above the line for boards from cotton; under the line for boards from flax.

Table 5. Behaviour of fibre boards*** with aluminium-chromium-phosphate in cyclic tests

Swelling
Cycles Loss of mass, Bending strength, in thickness, Residual Residual
Am, % oi, MPa mass, % strength, %
Ps, %
P”&:ﬁ rtoel)StS -1- 0.69/0.81 3.07/3.72 - -
1 6.12/ 7.45 0.68/0.79 1.82/1.96 93.88/92.55 0.98/0.97
2 14.28/15.61 0.66/0.78 2.01/2.15 85.72/84.39 0.95/0.96
3 30.42/34.72 0.65/0.76 2.83/2.94 69.58/65.28 0.94/0.94
4 38.16/41.26 0.64/0.75 3.06/3.27 61.84/58.74 0.93/0.92
5 45.17/49.24 0.64/0.73 3.53/3.86 54.83/50.76 0.93/0.90
6 51.83/53.62 0.58/0.69 3.94/4.18 48.17/46.38 0.84/0.85
7 58.27/60.78 0.49/0.61 4.14/4.69 41.73/39.22 0.71/0.75
8 66.71/69.28 0.41/0.52 4.85/5.12 33.29/30.72 0.59/0.64
9 70.29/73.68 0.33/0.46 5.12/6.59 29.71/26.32 0.48/0.57
10 74.22/76.48 0.28/0.39 5.47/7.62 25.78/23.52 0.40/0.48

*** Above the line for boards from cotton; under the line for boards from flax.

Table 6. Dependence of residual strength of composite board materials from the number of

test cycles
Composite material Dependence of boards’ residual strength Approximation
Y, % from number of cycles x accuracy R?
Chipboard with Y =111.28e0212 0.9899
phenolformaldehyde resin

Fibre board from cotton with Y = 1.1873¢0-083 0.5757
phenolformaldehyde resin Y = - 0.0102x2 + 0.0603x + 0.8443 0.8741
Y =-0.0031x3 + 0.0412x2 — 0.1771x + 0.902 0.9679
Fibre board from flax with Y = 1.1693e0-06% 0.7573
phenolformaldehyde resin = - 0.0088x? + 0.0461x + 0.8443 0.9739
Y =-0.001x% + 0.0082x2 — 0.0323x + 0.9903 0.9866
Fibre board from cotton with Y = 1.2591e0-12 0.9098
urea formaldehyde binder Y = - 0.0016x2 — 0.0584x + 1.0677 0.9661
= - 0.0004x3 — 0.0082x? — 0.028x + 1.0333 0.9671
Fibre board from flax with urea Y = 1.081g0.044x 0.7904
formaldehyde binder Y = - 0.0055x2 + 0.0247x + 0.932 0.961
=-0.0007x% + 0.0069x% — 0.0323x + 0.9963 0.9751
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Composite material Dependence of boards’ residual strength Approximation
Y, % from number of cycles x accuracy R?
Fibre board from cotton with Y = 1.0699e0-061x 0.9542
liquid glass Y = - 0.0459x + 1.0287 0.9812
Y =-0.0013x2 — 0.0318x + 1.0003 0.9862
Y =-0.0008x3 + 0.0117x2 — 0.0915x + 1.0677 0.9969
Fibre board from flax with Y =1.166e0:073 0.7624
liquid glass Y =- 0.0521x + 1.0893 0.83
Y =-0.0069x2 + 0.0242x + 0.9368 0.9241
Y =-0.0019x3 + 0.0237x2 — 0.1173x + 1.0963 0.9638
Fibre board from cotton with Y =1.2697e0:097x 0.8359
aluminium-chromium- Y = - 0.0867x + 1.142 0.8783
phosphate
Y =-0.0091x2 + 0.0329x + 0.9428 0.9817
Y = 0.0005x3 — 0.0166x2 + 0.0679x + 0.9033 0.9833
Y =-0.0006x* — 0.0128x3 + 0.0807x% — 0.1981x + 0.9977
1.1108
Fibre board from flax with Y =1.182¢0.076x 0.8627
aluminium-chromium- Y =- 0.0558x + 1.1047 0.902
phosphate
Y =-0.0069x2 + 0.0205x + 0.9522 0.9912
Y =0.0002x3 — 0.109x2 + 0.039x + 0.9313 0.9918

In Figures 1, 2 the dependence of residual strength at a static bending, % (the results with
the calculate confidence interval) for plates from the waste of linen and cotton after cycles of temperature
and humidity exposure, in Figure 3 — dependence of this indicator for chipboard, tiles made of waste linen
and cotton with phenol-formaldehyde binder.
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Figure 1. Limit of residual strength for boards from flax waste at static bending, % after cycles to
temperature and humidity exposure: 1 — chipboard with phenol-formaldehyde resin;
2 —fibre board from flax with liquid glass; 3 — fibre board from flax with aluminium-chromium-

phosphate; 4 —fibre board from flax with phenol-formaldehyde resin; 5 —fibre board from flax
with urea-formaldehyde binder (carbamide-formaldehyde resin).
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Figure 2. Limit of residual strength for boards from cotton waste at static bending; % after cycles
to temperature and humidity exposure: 1 — chipboard with phenol-formaldehyde resin;
2 —fibre board from cotton with phenol-formaldehyde resin; 3 — fibre board from cotton with urea-

formaldehyde binder; 4 — fibre board from cotton with liquid glass; 5 — fibre board from cotton
with aluminium-chromium-phosphate.
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Figure 3. Limit of residual strength for boards at static bending, % after cycles to temperature and
humidity exposure: 1 — chipboard with phenol-formaldehyde resin; 2 — fibre board from cotton
with phenol-formaldehyde resin; 3 — fibre board from flax with phenol-formaldehyde resin.

Review of Results

Subsequent to the results of experimental tests, it has been determined that the fibre board has a
much higher resistance to cyclic temperature and humidity exposure than the chipboard.

The composites with amino-formaldehyde binder demonstrate the least resistance to temperature
and humidity effects assuming that the initial strength at static bending of fibre board can be comparable
for all four types of binder. This is comparable with the results of the research A.S. Freidin [11], according

to which the composites of solid wood with urea-formaldehyde binder have destructively after six cycles
of testing.

A low hydrolytic stability of the amino-formaldehyde binder results in a significant loss of strength of
the chipboard immediately after the second test cycle (Table 1); the fibre board from cotton with amino-
formaldehyde binder will have a strength under 60 % after the sixth cycle, however, the board with flax
binder will have a residual strength above 60 % even after ten test cycles. The conversion of a number of

test cycles into real composites’ lifetime can be possible after the comparison of strength changes during
field and cyclic tests.

The significance of differences is explicitly expressed in the use of one binder and three different
fillers (Figure 3). Comparing a composite made by dry method, i.e. chipboard (hot pressing at 180 °C)
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with fibre composites made by wet method (drying at 80 °C) when one and the same binder is used
(phenol-formaldehyde), it becomes obvious that even incomplete hardening of phenol binder provides the
fibre board with a higher dimensional stability (Table 1-3) and a higher residual strength. The reason for
these differences lies in the filler's structure. The basic mechanical tissue of wood (libriform and flax
fibres) (Figure 4a) have a similar highly elongated spindle shape with closed pointed ends.

However, elementary flax fibre differs from wood chips both in structure and size. The elementary
flax fibres have a medium length of 10—24mm; a libriform fibre’s length is about 1 mm. Their cross
dimension is comparable (11-20 microns.) Apart from the libriform fibre, the wood chips contain water
conducting elements, vessels with a diameter about 200 microns whose volume occupies 10...55 % [46].
The wood chips have a higher conducting function than the flax fibre. However, the flax fibre contains
twice as much cellulose than wood. The layered fibre wall structure is a consequence of gradual cellulose
deposition (with intervals) on the fibre walls

Figure 4. Section of fibre: a —longitudinal section of flax fibre; b — cross-section of cotton fibre

A considerably higher orientation of the structural elements relative to the axis in the flax fibre as
compared to the cotton fibre, can partially explain a higher strength of flax and its lower capability of
elongating due to tension.

The elementary cotton fibres as well as those of flax have a layered structure (Figure 4b) due to a
gradual layer-by-layer deposition of cellulose on fibre walls in the form of daily concentric layers. As the
fibres ripen, the remainder of the protoplasm in the channel will dry up, and the fibre will get flattened.
However, the outer diameter of fibres remains unchanged, and the diameter of channel due to the wall
thickening decreases; the strength of the fibres and their elasticity increase, and the sorption properties
improve.

It is possible to predict the residual strength of composite boards at static bending by means of
regression models (Table 6). All the dependencies have an approximation adequacy of 0.7. An increase
in polynomial dependence degree above two results in an increase in the prediction result by
0.06...9.4 % depending on the composite type.

Conclusions

The composites from cotton wastes have a lower cross-breaking strength at static bending than
those from flax residue, and a higher loss of strength after the test cycles. This pattern is observed both
for liquid phenolic-formaldehyde resin thermosetting binder-based boards, and for the materials based on
non-organic binders, e.g. liquid glass and aluminium-chromium-phosphate.

The composites from nonprocessable flax fibre and flax residue display a high stability of the
shape after the cyclic tests; a loss of mass over 50 % occurs after 5...6 test cycles. A higher loss of mass
here than that of the chipboard can be explained by a removal of the dust fraction (together with water)
that do not have chemical or hydrogen bonds in the composite structure where a large number of
hydrogen bonds ensures swelling in thickness after ten cycles but not more than 6.4 % for the boards
with cotton filler and 10.8 % for the boards with flax residue filler.

The aluminium-chromium-phosphate control samples have a higher strength at static bending as
compared to the boards fabricated with phenol-formaldehyde liquid resin and liquid glass. However, after
the first test cycles, higher values of residual strength of the composites based on flax and cotton fillers
are displayed by the matrices from non-organic binders. A considerable decrease in the residual strength
occurs after the fifth cycle for the boards from cotton filler based on amino-formaldehyde binder; for the
other composites the strength will be substantially reduced after 8—9 test cycles.

Therefore, it has been proven that the composite board materials made from nonprocessable flax
and cotton fibre production residue based on thermosetting and non-organic binders appear to have a

Susoeva 1.V., Vahnina T.N., Titunin A.A., Asatkina J.A. The performance of composites from vegetable raw
materials with changes in temperature and humidity. Magazine of Civil Engineering. 2017. No. 3. Pp. 39-50.
doi: 10.18720/MCE.71.5.
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high resistance capability to cyclic temperature and humidity influences. The acquired experimental data
make it possible to recommend such composite materials for use as heat insulation components of
building structures.
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