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U3 numepamypHbix OGHHBLIX U36ECHHO, YMO 6 NPOMbBIUIEHHOM U ZPAHCOAHCKOM CHPO-
umesnpcmee WUPOKO UCnOIb3Yemca NEHONOIUCIUPOIL 8 KaUecmee Mmeniou3oaayuoOHHO20 Mame-
puana, KOmopulil A611eMca 60cmpedoBAHHBIM HA pvlHKe. B uenax pewenusa paoa skonozuue-
CKUX 3a0a4, 8 OAGHHOIL padome NPeOnPUHAMbL NONBIMKU XUMUUECKO20 COBMEWEHU 08YX 6UA08
HOMUMEPHBIX OMX0008 (NOOOYUHbBIE NPOOYKMbL HEPMeXUMUU 6 NPUCYMCIEUU HEHONOAUCUDO-
J1a) 0N NOAYUEHUA NPONUMBIBAIOUWUX COCMABO8 HA MOTEKYIAPHOM YPOBHE 3d CUem NPOGeOeHU
UX COBMECMHOU 0eCMPYKUUU U RPUMEHEHUS 015 3AUUMHON 00padomKu OpesecHvIX mamepua-
nose. Ilonyuennsie opesecnononumepnovle KOMRO3UMbL U3 HAMYPAIbHOU Opesecunbl (bepe3vl) u
opegecnogonoknucmulx naum ([BII) ovinu uccieoosanvl na ycmoiiuueocmsy K 0eiicmeulo 600ul
u enacu. Ilokazamenu ucnvimanuil Opeeecunvl HA 8000NO2I0UICHUE U PA3dyXanue 6 paouaib-
HOM U MAHZEHUUANIbHOM HANPAGICHUAX YKA3bIGAIOM HA MO, YMO ucciedyemvle 00pazyvl 0o1a-
oarom noevlueHHbIMU 2Uuopoghoonvimu ceoiicmeamu. Moougduyuposannvie /[BII npuoopemaiom
Kpome nosvluieHHbIX 2UOpohodHbIX ceolicme u bonee 8blcoKUE RPOUHOCHIHbIE noKazamenu. Imo
C6A3AHO CO CUIUBKOU MOJIEKY] OIUZOMEPA 8 CIPYKMYPAx Opesecunsvl ¢ 00pazosanuem opesecHo-
nOMUMEPHO20 KapKaca u 00pazoeanuem 8000POOHBIX U IPUPHBIX C6:A3ell MeHc0y KOMHOHemamu
opeeecunvl U OKUCTEHHBIM MOOUPUUUPOBAHHBIM OUuzoMepom. Obpa3zosanue makux ceasell no3-
60J11€M CHU3UMb MAKOI He00CMamoK nPORUMbBIEAIOUWIUX COCABOE, KAK 8bIMbIGAEMOCHb U3 U3-
denuil 6 npouecce uUxX IKCRAYAMAyUU. YmMeHvuienue HenpeoeibHOCHU 0U2OMEPHO20 MOOUGU-
Kamopa crudcaem ez2o udpoguavusle ceoiicmea. Komnnexcnoe ucnonvizoganue omxoooe u no-
00uHbIX NPOOYKMOE N0360714€m UEAeHANPAGIEHHO YIMUIUUPOCAMb UX U NPUMEHAMDb 014 3a-
WUMHOU 00paAdOmMKU MAMeEPUAnNos, 8 COCMAE KOMOPHIX 6X00am OpesecHbvle KOMHOHEHMbl, YUMo
cnocoocmeyem noebluieHUI0 CPOKA CAYHCObL U3oeuil.

KiroueBble ciioBa: OJIMTOMCPBI, 6YTa}_'[I/ICHOBBI€ Kay4yKH, JJAKOKPACOYHBIC MAaTCpUaJIbl, ICHOIIOJIUCTHU-
POJ1, CTUPOJI, MAKPOMOJICKYJIbI, ACCTPYKIUA, BOAOTOTIIAIICHUC, NCTIOJIUMCPU3ALIUA
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From the literature data it is known that in industrial and civil construction it is widely
used expanded polystyrene as a heat-insulating material, which is in demand on the market. In
order to solve a number of ecological problems, in this work attempts have been made to chemi-
cally combine two types of polymer waste (by-products of petrochemistry in the presence of ex-
panded polystyrene) to obtain impregnating compounds at the molecular level by carrying out
their joint destruction and applying wood products for protective treatment. Obtained wood-
polymer composites from natural wood (birch) and wood fiber boards (DVP) were investigated for
resistance to water and moisture. Indicators of tests of wood for water absorption and swelling in
the radial and tangential directions indicate that the samples under investigation have increased
hydrophobic properties. Modified fiberboards acquire, in addition to increased hydrophobic prop-
erties and higher strength parameters. This is due to the cross-linking of oligomer molecules in
wood structures with the formation of a wood-polymer framework and the formation of hydrogen
and ether bonds between the wood components and the oxidized modified oligomer. The for-
mation of such bonds makes it possible to reduce such a shortage of impregnating compositions
as washability from products during their operation. Reducing the uncertainty of the oligomeric
modifier reduces its hydrophilic properties. Integrated use of waste and by-products allows to
purposefully dispose of them and use them for protective processing of materials, which include
wood components, which contributes to the increase of the service life of products.

Key words: oligomers, butadiene rubbers, paint and varnish materials, expanded polystyrene, styrene,
macromolecules, destruction, water absorption, depolymerization
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INTRODUCTION

At present, much attention is paid to the pro-
cessing and use of waste and by-products from vari-
ous industries. An integrated approach to the solution
of this issue allows more complete and rational use of
existing wastes [1, 2]. For example, production of
low-molecular polymeric products (oligomers) based
on by-products of the production of butadiene rubber
(PPPB), which for several years was used in the pro-
duction of paint and varnish materials (LMB), was
mastered on an industrial scale [3, 4]. The main links
in the structure of the PPPB-based oligomer were sty-
rene, 4-vinylcyclohexene (VCH), cyclododecatriene-
1,5,9 (CDT), n-dodecatetraene-2,4,6,10 (NDT), and
others [5-7].

The best complex of properties were oligo-
mers based on PPPB, obtained with a styrene content
in the initial monomer mixture of 70-80%. Reducing the
content of expensive and deficit styrene up to 30-50%
leads to a deterioration in the quality of the resulting
paint and varnish materials. The question arises where
the oligomers based on PPPB obtained with a low sty-
rene content in the initial monomer mixture (charge)
could be used. One of the promising such areas is the
protective treatment of wood and products based on it,
used in industrial and civil construction [8-12].

At the same time, in industrial and civil con-
struction, expanded polystyrene is widely used as a
heat-insulating material (for warming walls, floors,
roofs, foundations) [13, 14]. A huge advantage of us-
ing expanded polystyrene is the protection of pipes
from freezing, etc. According to the Moscow research
Institute of hygiene. F.F. Erisman polystyrene due to
the small density is indispensable for the renovation
of old buildings, where the change in the load bearing
surface of structures at times critical. Erisman in air
samples in rooms with wall panels with a middle lay-
er of polystyrene insulation styrene was not detected
(according to the conclusion of the Moscow Scientific
Research Institute of Hygiene named after FF Eris-
man N. 03 / PM8) [15]. Published results of work on
the use of oligomers based on petrochemicals have
shown that the best results are obtained when oligo-
mers based on by-products of petrochemicals with a
high styrene content are used for the protective treat-
ment of wood materials [16]. This is due to the fact
that an increase in the content of styrene in an oligo-
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mer based on petrochemical waste can increase its
hydrophobic properties by reducing the number of
double bonds that increase the hydrophilicity of the
oligomer.

However, styrene is an expensive and scarce
product that is widely used in the production of pri-
mary polymeric materials. Partial replacement of sty-
rene by secondary expanded polystyrene (SEPS) will
yield a new low molecular weight copolymer that can
be used for the protective treatment of wood materi-
als. At the same time, one can expect that, in terms of
its indicators, the PPPB oligomer with a low styrene
content will approach the high-styrene one. Chemical
combination of two types of polymer waste is possi-
ble at the molecular level due to their joint destruc-
tion [17-19].

EXPERIMENTAL PROCEDURE

A PPPB oligomer with a styrene content of
50% in the reactor was mixed with SEPS in amounts
of 10, 20, 30 and 40% per 100% of the oligomer. The
resulting mixtures were subjected to a high-
temperature treatment at 200 + 5 °C for 3-5 h in the
presence of air oxygen and naphthenate siccative NF-
1 (GOST 1003-73), introduced in an amount of 2-3%
for polymers. The use of additives of desiccant for the
joint destruction of polymer waste is based on the fact
that it does not need to be removed from the system
after the process. This is due to the fact that the re-
maining desiccant will perform the function of a
structuring agent after treatment with a destroyed
composite of wood and products based on it. With
this treatment, two competing processes will occur:
the destruction of expanded polystyrene and the oli-
gomer and the structuring of the resulting decomposi-
tion products. As a result of a number of successive
and parallel processes, new macromolecules were
formed that contained an increased content of styrene
in their structure. In addition, the course of destructive
processes in the presence of air oxygen will promote
the appearance of oxygen-containing functional
groups in the structure of the resulting oligomer, in-
creasing its affinity for the components of wood sub-
stance — cellulose, hemicelluloses and lignin. The in-
dices of this product are presented in table 1. The mo-
lecular weight of the synthesized products, deter-
mined by the viscosimetric method, varied from 5000
to 10000.
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Table 1
Acid number and bromine number of oligomers based
on products of butadiene rubber (PPPB) modified with

secondary expanded polystyrene
Tabnuya 1. KucinorHoe 4ucjio 1 GPOMHOE YHCI0 01U~
roMepoB Ha OCHOBE IMIPOAYKTOB 6yTa21neH030r0 Kayuy-
ka (PPPB), MoagnpuuupoBaHHBIX BTOPHYHBIM BCIIe-
HECHHBIM IMOJUCTUPOJIOM

RESULTS AND ITS DISCUSSION

The purpose of this study is to determine the
effect of the oligomers obtained on the parameters of
samples of natural wood (birch) and wood fiber boards.

One of the promising directions for using the
product obtained is the protective treatment of wood
[20]. For the modification of wood, a polymer materi-

- al based on the oligomer of PPPB with a toluene con-

s < g > é é” centration of ~ 50% and 10, 20, 30, and 4(_)% second-

s e €I S ary polystyrene foam was used. For this purpose,

Products 2E 22 | 2= | samples of birch wood were immersed in the above
a3 2 2 ‘E 'f,, polymer solution and held for one hour at a tempera-

= < n% = ture of 80-90 °C. Impregnated samples of wood were

removed from the solution and, after drying, were

Oligomer based on 1 2.34 108 placed in a drying cabinet and held for 1to 2 h at a
PPPB with the addition 3 2.92 99 temperature of 100-110 °C to remove the solvent. Af-
of secondary expanded S 3.44 93 ter that, the temperature was raised to 160-165 °C and

polystyrene 10% 7 3.57 91 - :

Oligomer based on 1 507 101 at this temperature it was kept for 3 more h. For a
PPPB with the addition 3 55 95 given pferlod of time, oligomer molecules were cross-
of secondary expanded 5 538 90 linked in wood structures to fprm a wood-polymer

polystyrene 20% 7 5 40 87 framework, and also the formation of ester bonds be-

Oligomer based on 1 192 94 tween the components of the wood substance (cellu-
PPPB with the addition 3 1.96 20 lose, hemicellulose and lignin) with an oxidized mod-
of secondary expanded 5 2.06 86 ified oligomer.

polystyrene 30% 7 2.11 84 Processes involving the oxygen of the air, in-

Oligomer based on 1 1.90 87 tensively flow in the surface layers. The limited avail-
PPPB with the addition 3 1.84 80 ability of oxygen to the interior of the composition reduc-
of secondary expanded 5 1.73 76 es the proportion of oxidative processes, the increas-

polystyrene 40% 7 1.70 73 ing role is played by the reactions of high-temperature
polymerization. This reaction is activated by various
radicals present in the system (R ¢, RO ¢, ROO ).
- CHECH=CH—.. ..—CH—CH=CH— _, :
OOH . + HO
—(EH—CH:CH— + ..—CHy-CH=CH—_ —> —C‘:H—CH:CH—_,
o O—CH—CH— -

The formation of such bonds will allow to re-
duce such a shortage of impregnating compositions,
as washing out of products during their operation.
Indicators of testing wood for water absorption and
swelling are presented in Table 2.

Analysis of the experimental data shows that
the best indicators are samples of birch wood, where
as an impregnating composition a PPPB-based oli-
gomer with additives of 40% SEPS was used.

Improved water resistance of modified wood
samples is due to the fact that the product obtained
contains fewer double bonds that increase its hydro-
philic properties.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2019. V. 62. N 1
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Table 2
The effect expanded polystyrene content on water ab-
sorption and swelling of birch wood samples
Tabauya 2. Biusinue copep:KaHus pacIIUPEHHOIO 10~
JIMCTHPOJIA HA NOIJIOLeHHe BOAbI M Ha0yXxaHue o0pa3-
0B 0epe30Boii IpeBeCHHBI

The dosage of SEPS in
PPPB, %
0 |10]20|30] 40

Indicators

25.7 [25.0[24.723.0[21.2
68.0 |66.8/65.1/62.359.0

Water absorption, %

Swelling in the radial swelling, | 3.3 |3.3]3.0(2.7| 2.5

% 6.5 (6.2|58|5.4|5.1
Swelling in the tangential direc- | 4.4 |4.0(3.9|3.7| 3.6
tion, % 84 (8.0|79|76|75
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Table 3
Experimental values of indicators of fiberboard samples
treated with a modified PPPB-based oligomer
Tabnuya 3. JxciepuMeHTAIbHbIE 3HAYEHUS MOKAa3aTe-
Jeii oopasuos /IBII, 00padoTaHHBIX MOAMPUIIMPOBAH-
HbIM 0JIMTOMepOoM Ha ocHoBe PPPB

Dosage of secondary expanded polysty-
rene in oligomer from PPPB, %
0 10 20 30 40
Flexural strength, | 451 | 475 | 507 | 549 |55.1
MPa
Wateragiorpt'on' 143 | 133 | 121 114 |111
Swelling in thick-
ness. % 117 | 109 | 100 | 103 | 9.3

Further, the possibility of increasing the indi-
cator fiberboard with the use of the oligomer of
PPPB, the modified SEPS, was investigated. The pro-
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cessing of fiberboard was carried out in the manner
described above for natural wood. The results of the
tests are shown in Table 3.

Analysis of the experimental data shows that
fiberboard impregnated with oligomer composition
based on PPPB modified SEPS have increased
strength characteristics and resistance to water and
moisture. With the increase in the content of SEPS in
the oligomer from the PPPB, the strength of the fiber-
board increased, and the water absorption and swell-
ing decreased.

CONCLUSIONS

The impregnating compositions obtained on
the basis of by-products of petrochemistry make it
possible to impart increased hydrophobic properties,
form stability to wood products, and, in addition,
strength properties for fiberboard.
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