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Abstract

The research applies to the woodworking industry and the utilisation of bark for obtaining of saturated higher fatty
acids, containing reactive hydroxyl and epoxy groups, which are promising raw materials for the synthesis of high added
value derivatives for cosmetics, emulsion production, the polymer industry, etc. Therefore, the application of the results
of our investigation has synergy with material science. The aim of the investigation was to increase the utilization
efficiency of birch bark and to inform the specialists of the forestry and wood industry about the wide scope of high
added value products, which could be produced from this valuable raw material. The fractionation of suberinic acids by
sedimentation in certain ranges of the alkaline-alcohol solution pH 4.7-6.0 made it possible to obtain suberinic acids
with the content of 9,10-epoxy-18-hydroxy octadecanoic acids up to 58% oven dry suberinic acids fraction.

The mixture of suberinic acids obtained by alkaline-water depolymerisation acts as an excellent binding agent to
produce medium and high density formaldehyde free particle boards with low thickness swelling and high bending strength.
The biobased rigid polyurethane foams obtained from suberinic acids polyols also demonstrate good mechanical properties.
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Introduction

In Latvia’s plywood factories, along with veneer
shorts, birch bark is burned up in boiler-houses for
steam and heat production. Silver birch (Betula pen-
dula Roth.) outer bark comprises up to 3.4% of the
veneer blocks’ mass as reported by Jensen (1948). In
the factories for producing 1 m? of plywood, on the
average, 2.7 m® of veneer blocks are necessary, of which
28.6 kg is oven dry (0.d.) outer birch bark. If the ply-
wood export was 246.1 thousand m® in 2012, the total
annual potential of such a valuable readily accessible
raw material, concentrated in one place, can reach 7,000
t in Latvia. Besides triterpenes, about 40-50% of the
outer bark mass is polyester — suberin, formed by high-
er saturated oxyfatty acids with a unique and rarely
naturally found location of functional groups in the
molecule (Pinto et al. 2009). Simultaneously with pro-
ducing 1 m® of plywood, it is possible to obtain also
about 12.8 kg of suberinic acids from outer birch bark.

It is known from the literature that, in the plant
material, suberin is aromatic-aliphatic cross-linked pol-
yester, in which suberinic acids are cross-linked with
aromatic polyphenols (Gandini et al. 2006, Ferreira et al.
2013). It is widespread in the plant kingdom, where it
plays a key role as a hydrophobic barrier that restricts
the paths available for the movement of water and sol-

utes in roots and which is an important in pathogen
resistance (Pollard et al. 2008). It is found mainly in the
cell walls of normal and wounded external tissues of
aerial and/or subterranean parts of many plants, main-
ly in the outer bark of higher plants and in tuber peri-
derms (Pinto et al. 2009). Figure 1 demonstrates that
there are two types of cork cells in outer birch bark:
narrow radial dimension cells, dark in colour due to the
polyphenols in their lumena and very broad radial di-
mension cells, appearing light in colour due to the dep-
osition of white coloured triterpenes.

After extraction of triterpenes, mostly betulin and
lupeol, which comprise about 30-35% of the o.d. out-
er birch bark and about 40-50% of the suberin-con-
taining cork cell residue, are left over (Figure 1). The
rest 15-20% of outer birch bark components are sug-
ars, polyphenols, tannins, cellulose and lignin (Kis-
litsyn 1994, Pinto et al. 2009).

To obtain suberinic acids in the free form, hydro-
lytic depolymerisation of suberin in a basic medium
should be carried out, obtaining the corresponding
salts. After acidifying, free acids can be isolated. Af-
ter depolymerisation, the monomer composition of
suberin mostly consists of fatty acids, w-hydroxyfat-
ty acids, a-, w-dicarboxylic acids, aliphatic alcohols
and aromatic acids depending on the plant material.
w-hydroxyfatty acids are generally the most abundant
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Figure 1. Cross section of outer birch bark before (A) and after (B) extraction by SEM

group of suberin monomers in the outer birch bark of
Betula pendula (Gandini et al. 2006), and the main com-
pounds in the suberinic acid mixture are epoxy and
hydroxyl groups containing derivatives. If more dras-
tic alkaline depolymerisation conditions (methanoly-
sis) are used, alkanedioic and hydroxyalkanoic acids
(Pinto et al. 2009) are formed (Figure 2).
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Figure 2. Main saturated fatty acids derivatives obtained
by birch bark alkaline depolymerisation: epoxy derivatives
(A), alkanedioic acids (B), hydroxyalkanoic acids (C) (Pinto
et al. 2009)

18-hydroxy-9,10-epoxy-octadecanoic acid (HEPA),
which comprises 11.9-19.3% of the total suberinic ac-
ids’ mass, can be obtained by alkaline-alcohol de-
polymerisation of outer birch bark (Ekman 1983, Ek-
man and Eckerman 1985, Holloway 1983). HEPA is an
interesting raw material for organic synthesis, because
it is encountered seldom in nature, and it is very dif-
ficult to obtain it synthetically. These and related
monomers are useful to design and synthesise unique

functional polyesters, which could be also biodegrad-
able (Yang et al. 2010).

In the Soviet Union patent SU382657 (®enopuries
u KamaitkoB 1973), a method for chemical processing
of outer birch bark is shown, with simultaneous ob-
taining of betulin and suberinic acid salts, according
to which outer birch bark is treated with an alkali— al-
cohol water solution, filtered and treated with direct
steam for distillation of alcohol. As a result, a mixture
is obtained, which contains betulin, sodium suberinate
and lignin, which are then separated from each other.
This method is laborious and does not allow obtain-
ing high-quality betulin and sodium suberinate due to
the complicated isolation from the obtained mixture.
For this reason, the isolation of betulin and suberinic
acid salts is carried out gradually, firstly isolating
betulin, and then suberinic acid salts.

Basic depolymerisation is commonly carried out
in an organic polar solvents’ medium, most often us-
ing aliphatic alcohols such as methanol, ethanol, iso-
propanol, etc. (Cordeiro et al. 1997, Gandini et al. 2006,
Pinto et al. 2009, Krasutsky et al. 2004). The main rea-
son is that, in the organic solvents’ medium, the suber-
in depolymerisation is more complete, and more indi-
vidual acid salts are formed, acidifying which till pH
5-6, a great amount of suberinic acids, containing epoxy
acids (mainly 9,10-epoxy-18-hydroxy octadecanoic
acid), are obtained.

A method of similar trend for hydrolytic depolym-
erisation in basic water medium is recommended by the
World Intellectual Property Organization (WIPO) in the
patent application W0O/2010/093220 (Iversen et al.
2010). The advantage of the method is the water me-
dium, but the non-indicated yield makes to doubt
whether it would be high.
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There are several ways to use suberinic acids for
obtaining of high added value products. Some publi-
cations deal with the potential of the suberinic acids
in the polyurethane foam synthesis from suberinic
acids obtained from the cork of Quercus suber (Cord-
eiro et al. 1997, Cordeiro et al. 1999). Also promising
could be the use of isolated suberinic acids as a binder
for the production of wood board materials to improve
the water stability, wherein the effect of the pressing
temperature on the physico-mechanical characteristics
of particle board material samples was tested (Sudak-
ova et al. 2008).

During the present investigation, two main goals
were advanced. Firstly, we compared and evaluated
from the technological point of view two methods for
isolation of suberinic acids — depolymerisation in al-
kaline-water and alkaline-alcohol media. Secondly, we
tried to find another practical solution to the use of
suberinic acids depending on the isolation method, and
to make this isolation procedure as simple as possi-
ble and still obtain high added value products from
the raw materials, which are currently burned in boil-
er houses to produce energy and technological steam.
Therefore, the isolated mixture of suberinic acids was
tested in the biobased polyurethane foam synthesis
and as a binder in particle board preparation. The
obtained products were characterised and their valid-
ity was evaluated.

Materials and Methods

Feedstock

Freshly isolated birch bark of Betula pendula and
Betula pubescens, left over at a plywood factory, was
chosen as a representative of industrial waste. Birch
bark samples, dried at room temperature (moisture
content 2-4 wt.%), were milled in a cutting mill SM 100
(Retsch GmbH & Co) to pass the sieve with holes of
diameter 2.00 mm. Milled birch bark was soaked by
mixing from time to time in deionised water for 24 h.
Outer birch bark, floating on the surface, was collect-
ed and dried at room temperature and in a drying cab-
inet at 50°C to a moisture content of 2-4 wt.%. Extrac-
tion was carried out in a Soxhlet apparatus by 95%
ethanol (aqueous solution, v/v) for 11 h to be sure that
all the extractives are removed.

Calorific value and elemental analysis

Calorific value was determined on a “Parr” Oxygen
Bomb Calorimeter, in which about 1.0 g of an o. d. birch
bark sample was completely combusted under a pressu-
rised (3000 kPa) oxygen atmosphere. The rise in temper-
ature of the cylinder allows the calculation of the calo-
rific value when the exact weight of the sample is known.

Birch bark samples were ground to fine sawdust
and passed through different sieves to obtain a pow-
der having a granulometry of 0.2 to 0.5 mm. Elemental
analysis was performed on an Elementar Analysensys-
teme GmbH — vario MACRO CHNS Element Analyser
— an analyser for the determination of C, H, N and S
in solid and liquid samples, using a thermal conduc-
tivity detector.

Depolymerisation

Depolymerisation in alkaline-alcohol solution

According to the Krasutsky et al. 2004, the ex-
tracted outer birch bark was saponified with sodium
hydroxide isopropanol solution for 1 h (outer bark -
isopropanol - sodium hydroxide mass ratio 1:9:0.33),
the solution was discharged, and the outer birch bark
was boiled with isopropanol for another 20 min. The
solutions were evaporated till a dry state, diluted with
water, and the insoluble 9,10-epoxy-18-hydroxy-octa-
decanoic acid salts were separated. By acidifying the
filtrate with 6% HCI till pH 6.0, 4.7 and 2.1, after wash-
ing, centrifugation and drying in vacuum, three
suberinic acid fractions were obtained.

Depolymerisation in alkaline-water solution

For hydrolytic depolymerisation in basic water
medium, the method described by Iversen et al. (2010)
was chosen. Improved contacting of suberin with al-
kali was reached, using outer birch bark vacuum treat-
ment prior to the alkali solution’s pouring to the out-
er birch bark. Boiling under reflux for 1 h and filtering
were carried out. The only difference was that the salts
of suberinic acids in water solution without evapora-
tion were acidified with nitric acid till pH 2, then left
in the cold overnight, separated by centrifugation and
dried in a vacuum.

Three parallel depolymerisation experiments were
made for each method and two parallel aliquots of each
sample were analysed by triple procedures. The results
represented the average values of each experimental
method, which did not exceed a 5% variation for both
the indices between the parallel aliquots and those
between the parallel aliquots of the same sample.

Synthesis of polyols and foam preparation

Polyols from suberinic acids were synthesised by
esterification with triethanolamine in an inert atmos-
phere at a temperature of 170-175°C. The synthesis was
accomplished, when the acid value was below 5 mg
KOH/g. Polyurethane foams were prepared from the
average sample of suberinic acid esters with the OH
number 440 mg KOH/g and 432 mg KOH/g. The poly-
ol system was prepared by mixing of suberinic acid
esters with the polyether polyol “Lupranol” with the
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OH number 400 mg KOH/g and the additives — flame
retardant, blowing agent, catalyst and stabiliser (Ta-
ble 1). Polyurethane samples were obtained by me-
chanical mixing of appropriate amounts of polyisocy-
anate (isocyanate index — 120) and the polyol system
for 10-15 s. The unreacted mixture was poured into a
plastic mould (20 x 30 x 10 cm) for free foaming. The
polymerisation reaction occurred at room temperature
for all obtained samples and was completed in about
3-5 min; the samples were conditioned before the tests
for 24 h. The content of different components in the
composites was calculated on the basis of the initial
weights.

Table 1. Polyurethane foam components based on suberinic
polyols

Polyol OH Polyol OH
Component, g value 432 value 440
mg KOH/g mg KOH/g
Polyol Suberin + triethanolamine 70 70
Polyether polyol “Lupranol” 3300 30 30
(OH value 400 mg KOH/g)
Flame retardant — tris (chloropropyl) 35 25
phosphate
Water 25 2.0
Blowing agent “Solkane 365/227” 30 25
Foam stabiliser “L6915” 2.0 2.0
Catalyst “Policat 5” 1.0 1.0
Polyisocyanate (NCO group content 153 146
31.5%)
Isocyanate index 120 120

Methods for characterising polyurethane foams

The physical and mechanical properties of the
foams were measured in accordance with the follow-
ing standards: foam density — ISO 845:2009; compre-
hensive strength — ISO 844:2007; closed cell content
— ISO 4590. The comprehensive strength of poly-
urethane samples was tested parallel and perpendicu-
lar to foam rise. Mechanical testing of polyurethane
samples was performed on testing machines Zwick/
Roell 500N and Zwick/Roell Z100 (Ulm, Germany).

Particle board’s preparation

For the production of wood plate materials, grey
alder (Alnus incana) sawdust with a fraction of 0.125-
2.00 mm and a moisture content of 9% was used. The
mixture of suberinic acids (moisture content 80%) pre-
pared by alkaline-water hydrolytic depolymerisation
was mixed with a wood filler at the ratio of 30:70. Then
the produced raw material was dried in a drying cham-
ber up to a moisture content of 3% and then pressed

on a laboratory press LAP-40 (Gotfried Joos Maschine-
fabrik GmbH & Co) for 10 min under 10 MPa at tem-
peratures of 140-180°C. The quality of the obtained
particle boards was characterised by density (EN 323),
thickness (EN 324-1), thickness swelling (EN 317) and
bending strength (EN 310), which was determined on
a testing machine Zwick/Roell 500N (Ulm, Germany).

Determination of acid value

0.12-0.15 g of the suberinic acid sample was dis-
solved in 25 mL dimethylsulfoxide and then potentio-
metrically titrated with 0.1 M KOH aqueous solution.
The result was expressed as mg KOH/g suberinic acid.

Determination of epoxy groups

0.12-0.15 g of the suberinic acid sample was treat-
ed with 5 mL of non-aqueous HCI solution in dimeth-
ylsulfoxide for 20 h. Then the excess of HCI was ti-
trated with 0.1 M KOH aqueous solution. The blank
sample, i.e. 5 mL of non-aqueous HCI solution in
dimethylsulfoxide was also titrated. The amount of
epoxy groups was equivalent to the loss of hydrochlo-
ric acid estimated in the titration of the analysis and
blank samples. The amount of 9,10-epoxy-18-hydroxy-
octadecanoic acid was calculated using a molecular
weight of 313 g/mol.

Results

The elemental analysis (N — 0.5%, C — 70.4%, H —
6.3% and O — calculated by the difference 22.8%), ash
content 0.41% and calorific value (31-32 MJ/kg) of
outer birch bark show that it is an excellent fuel. Since
our intention was obtaining of a valuable raw material
for preparing products with a high added value, de-
polymerisation in alkaline (NaOH or KOH) solutions
in water or an alcohol-water mixture was used to pre-
pare suberinic acids from suberin. To be acceptable
for practical use, a method should be chosen, depend-
ing on the application purpose. The obtained suberinic
acids were characterised and used as a hydroxyl
groups containing component in the biobased poly-
urethane foam synthesis and also as a binding agent
in particle or fibreboard production.

Figure 3 shows that obtaining of suberinic acids
from extracted outer birch bark by alkaline-alcohol
depolymerisation would be entangled even on a pilot
scale. To carry out such procedure, the certain pH and
temperature ranges are required if 9,10-epoxy-18-hy-
droxy octadecanoic acids are to be obtained in high
yields. The method includes many centrifugation and
drying operations, resulting in large amounts of waste-
water (1:20). This makes the process time consuming
and laborious.
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Figure 3. Obtaining of fractioned suberinic
acids from extracted outer birch bark by alka-
line-alcohol depolymerisation

However, the resulting products, namely, individ-
ual suberinic acids show valuable properties in the
application purposes related to fine organic synthe-
sis on the epoxy acids base (Table 2). The fractiona-
tion of suberinic acids by sedimentation in certain
ranges of the solution (pH 4.7-6.0) made it possible
to obtain suberinic acids with the content of 9,10-
epoxy-18-hydroxy octadecanoic acids up to 58% o.d.
suberinic acids fraction.

From the technological point of view, depolymeri-
sation of extracted outer birch bark in alkaline-water
solution is much simpler (Figure 4). This process can be
used if there is no need to retain all functional groups
during the preparation process. The yield of the obtained
mixture of suberinic acids was 45-50% o.d. extracted

I NaOH l

Suberinic acids
(), 17.0¢

l/ l H,0,100¢g

outer birch bark with the acid value of 98.4 mg KOH/g
and the HEPA content of 5.6%. The latter is too low, if
the acid is designed to be used in organic synthesis.

Looking for the utilisation of the process waste
waters, the possibility of using potassium hydroxide
instead of sodium hydroxide in the depolymerisation
operation and using nitric acid in the acidification and
suberinic acids sedimentation process were envisaged.
The resulting potassium nitrate centrifugal solution
could be a useful by-product and, after some treatment
(pH regulation and evaporation), used as a fertiliser
in gardening and floriculture.

If suberin was depolymerised in the water medi-
um, the yield of HEPA was lower, but two intermolecu-
lar hydroxyl groups were formed. Therefore, the ob-
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Table 2. Properties of suberinic acids obtained by depolym-
erisation in alkaline-alcohol solution

density rigid spray polyurethane foam even if the bio-
based content reached 17.6%.
The suberinic acids mixture obtained from extracted

H of th Yield, % o.d. Acid val HEPA content, - : S
pr ot the extracted outer cid value, % o.d. acids outer birch bark by alkaline-water depolymerisation
solution ) mg KOH/g . .. . .
birch bark fraction was also used as a binding agent in particle board
6.0 193+0.6 1381 +3.4 58.0 + 2.4 preparation. The ob.tained data shown in Table 4 dem-
4.7 11.3+0.3 75.3+1.2 573422 onstrated that the increase of the pressing tempera-
2.1 49202 165.9 £3.2 33%02 ture from 140 to 180°C at a pressure of 10 MPa result-
Total average: 355 - 17.8 ed in a minor growth of the boards’ density and bend-
ing strength. Thickness swelling of particle boards
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tained mixture of suberinic acids was successfully used
as a hydroxyl groups containing component in poly-
urethane synthesis. By increasing the polyisocianate
and flame retardant content (Table 1) in the polyol
system, mechanical properties were slightly improved,
whereas the biobased content (16.6%) and closed cell
content (90.0%) showed decreased values for the ob-
tained foam samples (Table 3). The preliminarily ob-
tained rigid polyurethane foams had good mechanical
properties and high closed cell structure, which com-
plied with the ISO/WD8873-1 standard for medium

Table 3. Properties of suberinic acid polyol polyurethane
foams

Acid value of suberinic acid
1SO/WD8873-1

Indices esters polyols, mgKOH/g !
requirements

440 432

Apparent core density, kg/m® 49.0+ 0.0 36.7+1.2 28

Comprehensive strength, MPa 0.28 £0.01 0.27 £ 0.00 0.17

Modulus of compression, MPa 6.04 £0.36 5.05+0.15

Comprehensive strength, MPa 0.19+0.00 0.12+0.01

Modulus of compression, MPa 3.97£0.21 2.28+0.17

Closed cell content, % 90.0+£1.0  94.8+1.2 92.0

Biobased content, % 16.6 17.6

moulded at a temperature of 160°C was rather note-
worthy, but the particle boards’ samples obtained at
180 °C showed excellent water resistance when there
was no thickness swelling at all. A good contact be-
tween particles help to reduce the penetration of mois-
ture into panels and particles (Wong et al. 1999), but
none of the specimens met the lowest density require-
ment, i.e. 850 kg/m?as specified in EN 312 for medium
density non load-bearing boards for use in humid
conditions (P3). It means that the obtained suberinic

Table 4. Properties of particle boards prepared from the
mixture of suberinic acids obtained by alkaline-water de-
polymerisation

Pressing temperature, °C EN 312

Indices . B
requirements
140 160 180
Thickness, mm 7.7 71 6.6 6-13
Density, kg/m3 1160 1220 1270 850
Thickness swelling, % 383+53 85+1.1 0.0 14
Bending strength, MPa 239+01 279 +1.0 292+141 15

" Non load-bearing boards for use in humid conditions (P3) — Requirements
for specified mechanical and swelling properties
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acids act as an excellent hydrophobic binding agent
to produce high density particle boards with high
water resistance and rather high bending strength
without the potential emission of formaldehyde.

When pressing at high temperature and pressure,
obviously, there occurs the formation of grid-type
structures due to the generation of new chemical
bonds between suberin and the wood filler; hence, the
physico-mechanical characteristics of wood board
materials are improved (Sudakova et al. 2008).

Our further experiments related to obtaining of
medium density particle boards with the density be-
low 850 kg/m?® and retaining of high enough bending
strength and thickness swelling by reducing the pres-
sure and/or pressing time. Certainly, some problems
could arise, because in boards of lower density, the
more porous structure allows easy penetration and
uptake of water, resulting in higher water absorption,
which causes the board to swell, giving rise to a rel-
atively high thickness swelling. Of course, in our case,
the positive role will be probably demonstrated by the
hydrophobic character of suberinic acids.

Our investigation has shown that it is possible
to use one of the plywood production residues — out-
er birch bark as a raw material for obtaining products
of high added value, i.e. polyurethane foam and par-
ticle boards, which have good mechanical properties.
The used methods are also environmentally friendly,
realisable in practice and have a potential to be cost-
effective.

Conclusions

1. If it is necessary to retain epoxy groups or
positioned hydroxyl groups in a suberinic acid mole-
cule, or isolated fractions of individual suberinic ac-
ids such as HEPA, certain pH and temperature ranges
are required, and alcohol-alkaline hydrolytic depolym-
erisation must be applied, which certainly makes the
process more complex as well as time and water con-
suming.

2. If it is planned to use suberinic acids as a bind-
ing agent in particle board compositions, or as a com-
ponent in an acidic form for polyurethane synthesis,
there is no need to retain all functional groups during
the preparation process.

3. The obtained biobased polyurethane foams
from suberinic acids show very good mechanical prop-
erties, which can be developed into novel “green”
composite materials.

4. The mixture of suberinic acids obtained by al-
kaline-water depolymerisation acts as an excellent bind-
ing agent to produce high density particle boards with
low thickness swelling and high bending strength.
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BBIIEJEHUE CYBEPUHHBIX KHCJIOT U3 DKCTPATUPOBAHHOW BEPECTHI B

3ABUCUMOCTHU OT NEJA MPUMEHEHUSA

5. Poikukose, S. 3annepconce, A. [axe, A. Tapaenaka u b. Cniunue

Pesome

HccnenoBanne OTHOCHTCS K IepeBOOOPAOOTKE U HCIIONB30BAHHIO KOPHI IS ITOTyYCHNUS HACHIIIIEHHBIX BBICIIIMX KUPHBIX
KHCIIOT, COAePIKAIINX PEaKINOHHOCIIOCOOHBIE THAPOKCIIBHBIC U ATIOKCHAHBIEC IPYIIIBI, KOTOPBIE HCIONIB3YIOTCS Ul CHHTE3a
MPOU3BOTHBIX C BBICOKOH JOOABICHHON CTOMMOCTBIO TSI KOCMETHKH, M YIbCHH, TOTUMEPHON MPOMBIIUICHHOCTH U T.A. Takum
00pa3oM, IPUMEHEHHE Pe3yIbTaTOB HAILIETO HCCIIeI0BAaHUS MEET B3aHMOEHCTBHE ¢ HayKoi Marepuaios. Llenb ucciaenoBaHus
3aKJII0YAeTCsl B TOM, YTOOBI HOBBICHTH 3()(DeKTUBHOCTH MCIIONB30BaHMS OSpecThl U HHPOPMHUPOBATH ayJUTOPUIO O IIMPOKOM
CIIEKTpEe MPOIYKIUH C BHICOKOH T0OABIEHHONH CTOMMOCTBIO, KOTOPAsi MOXKET OBITh ITOJIy4eHa U3 9TOr0 IIEHHOTOo ChIphsi. CMech
CyOepUHHBIX KHCIIOT, ITOTyYIEeHHBIX C TOMOIIBIO IETIOIMMEPH3aIiy SKCTPAarnpOBaHHON OepecTHl B IEOYHON BOAIE, ACHCTBYET
KaK OTIMYHOE CBSA3YIOIIEe AT MPOU3BOACTBA BBHICOKOIIIOTHBIX APEBECHOCTPYKEUHBIX IUIUT C BBICOKOH BOIOCTOMKOCTBIO M
MPOYHOCTHIO Ha M3rub. JKecTkue MeHOMmoInypeTaHbl Ha OUOJIOTUYECKOH OCHOBE, MOJTYUCHHBIE M3 MOJIHOIOB CYOSPUHHBIX

KHUCJIOT, TAKKE ITOKa3ajii OY€Hb XOPOIINE MEXaHUYECKUE CBOMCTBA.

KawoueBbie ciioBa: GSPSCTa, ACTOJIUMEpU3anusd, Cy66pI/IHHLI€ KHCIOTBI, APEBECHOCTPYIKCUHBIC IIJIUTHI,

MEHOTIOINYPETaHbI
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