o

HAHOMATEPUADI

CTPYKTYPHO-MOANDPULUPOBAHHASA APEBECUHA

B.Kyxapes™ / vk58@yandex.ru
V.Kukharev*

B HacToslee BpemMs BO BCeM MMUpe Habnlo[AaeTcs MOBbIWEHHbIA WHTepec K TPaAULMOHHBIM,
3KOJIOrMYeCKN YUCTbIM MaTepuanam, K 4YUCIy KOTOPbIX OTHOCUTCS ApeBecuHa. O6bACHAEeTCS 3TO
He TOJIbKO 3KOJIOrMYHOCTbIO MOC/eaHen, Kak NpMpogHOro Marepuasna, HoO U TeM, YTO COBpeMeHHble
TEXHONIOrMM MO3BOJIAIOT 3HAUYUTENbHO VYULWKUTL €e 3KCrlyaTauMoHHble CBOMCTBA. [lpeBecuHa
CTaHOBUTCA 60/1ee TeXHOIOrMYHbIM MaTepuasioM U, C/1ef0BaTes/IbHO, 06/1aCTb ee NPUMEHEHMUS, a 3HAUUT,

n cnpoc, 3HA4YUTE/IbHO paClINpAIOTCA.

Traditional, environmentally friendly materials, including wood, currently attract more
and more interest worldwide. This is due to not only environmental friendliness of wood
as a natural material, but due to the fact that modern technologies allow to significantly
improve its properties. The wood becomes technologically advanced material and, hence, its
application area, as well as the demand for it, are greatly enhanced.

peBecHHa - IPeBOCXOAHBIN CTPOUTEIbHBIH
1 KOHCTPYKIJMOHHBIM MaTepHal, KOTOPbIH,
OlHAKO, KUMeeT OllpefieJieHHble HeIOCTATKH
HH3KYI0 O10-, BOJO- U TEPMOCTOMKOCTb, TOPIOYECTH,
IIOIBEPSKEHHOCTH PACTPECKHUBAHHUIO U KOPObJIeHHUIO
IIPH BO3/eHCTBUU BJIAary 1 TeMIlepaTypsl. IIpu nipu-
MeHeHHHU CIIelIHaJIbHbIX TeXHOJIOT UK Ha IIPOM3BOJ-
CTBe U IIPU IPAaBUJIBHOM 3KCIIYaTallUH AepeBsH-
Hble U3Je/Hs U NOCTPOMKHU CJIY>KAaT YeJI0BEKY CTO
u 6osiee 1eT. YMeCTHO HAaIIOMHHTh, UTO BCe XU MHU-
YecKHe CI10cobsl 60pbOBI ¢ THHEeHHEM U TOPIYecThIo
HOCSAT OTHOCHTEIbHO KPaTKOBPeMeHHBIH XapaKTep
Y, II0 JAHHBIM HCIIBITAHUM, OTPUIATEIbHO BIHUSIOT
Ha MeXaHHUYeCKYI0 IPOYHOCTD JpeBeCHUHHI.
Pe30HHBIN HHTepec gepeBoob6paboTUMUKOB,
MebebIIMKOB U CTPOUTENIEN K YAy4YIIeHHIo 3KC-
M1yaTallUOHHBIX U TeXHOJOTHYeCKHUX CBOMCTB
I peBeCHHEI IIPUBeJ K II0SIBJIeHUIO KIeeHbIX Jepe-
BSIHHBIX MaTepPHaIOB M KOHCTPYKI M, IJIMTHBIX
martepuanos tuna [ACII, JBJ, OCII, ABII, MA®
U U3fenuu u3 MogUOHUIIMPOBAHHOMN JpeBeCHHBI
(TMI, mectam, TUIrHaMOH, Ke6oHHM, aKKOoHs). B
IIPOM3BOJCTBE TAKHUX KOMIIO3UIIUOHHEIX IpeBec-
HBIX MaTepHaJoB IIPUMEHSIOTCS Pa3JIMYHOIO pPosa
CBSA3y0OIIHe, KJIeHu U XUMHYeCKHe aKTUBATOPHI
CBOMCTB IIPUPOJHOIO JPeBeCHOTO BemecTBa. IIpu
3TOM MOBBIIIeHUE TPeHOBAHUH K IKOTOTUYECKOH,
3KOHOMHUUECKOH K 3KCIIIyaTallHOHHOU 3¢ eKTUB-
HOCTH KaK HOBBIX JpeBeCHBIX MAaTepHaloB, TakK U
COOTBETCTBYIOIIHUX UM IIPOU3BOACTBEHHBIX Tex-

HOJIOTUH 21 BeKa NPHUBOLHUT K IOHMMAHHUIO TOIO,
YTO IPHUPOAHAS JpeBecHHa caMa I10 cebe sBiIsIeTCS
CTIOKHBIM KOMIIO3UTOM, IOTPebUTENbCKUE CBOM-
CTBa KOTOPOTO MOSKHO Ille/ieHAIlpaBIeHHO U3Me-
HATh (MOOUPULIUPOBATH), IPUMEHSIS IIOCIeLHUE
OOCTHKeHHUSI HAYKHU U TeXHHUKH.

HATYPAJIbHbI KOMNO3ULIMOHHBIA MATEPUAJ
ITocTOSIHHO BO306HOB/IsSIeMOe HaTypaJibHOE [ peBec-
HoOe BelllecTBO I10 CBOeH MHUKPOCTPYKTYype — BeJIUKO-
JIEITHBIM KOMIIO3UIJMOHHBIM MaTepHal, ogo6HbI I
COBpeMeHHHBIM OeTOHHBIM IIaHeNSIM: apMaTypHbIe
IIpOYHBIe BOJIOKHA, COCTOSIIKME U3 CBUTHIX OIpe-
JeJleHHBIM 06pa3oM MHUKPOQUOPHUIII LieITI0I03bI
C pasmepaMH OT 2 10 50 HM, YIIaKOBAHBI U OPHEH-
THPOBAHBL B JINTHO-YI/IeBOLHOM PacTBOPe U3 JIUT-
HHHa ¥ FeMHIIeJI/II0JI03 C pasMepaMu oT 20 1o 80 HM
10 CeyeHHUIO. [IpH 3TOM reMHUILeJJIIOJI03bl MOXHO
CYHUTATh IPOMEKYTOUYHBIM MEKCIONHBIM CBSI3YIO-
MM MeXAY Le/JI0JI03HbIMH BOJIOKHAMM U JIWI-
HUHHBIM OCHOBHBIM PacTBOPOM. [IJisg IpeBeCHHBbI
Pa3/IMYHBIX [IOPOJ HMCXOLHAs JIUTHO-YIJIeBOAHAS
MaTpHLa JpeBeCHOIO BellleCTBA UMeeT KPHUCTAJ/IU-
JecKoe CTPOro oIpefie/ieHHOe CTPOeHHe Ha MaKpo-
CTPYKTYPHOM ypOBHe.

CrenyeT OTMETUTD, UTO pparMeHTapHO XUMHUYe-
CKHI COCTaB IPHUPOAHOTO JTUTHUHA U FeMHUILIe/II0-
103 6;1130K (x0Tst U 60J1ee C/IOKeH) XUMUYECKOMY
COCTaBy CBA3YIOUIKX, IPUMeHIeMBIX IIPH IIPOM3-
BOJICTBE IpeBeCHBbIX MaTepHaJIOB, [I03TOMY HEKOTO-

* Komnanus "Ctponna6" /
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pble KOMIIOHEHThI COBPeMeHHBIX CMOJI IOy 40T U3
HaTypalbHON A peBeCHHBI, UCIIONb3Ys LOPOTOCTOSI-
IKe XUMHUYeCKHe TeXHONOTHH. [IpeANpUITUIM
JTUTHUH 0OCTaeTCs IO LleHe IHMIOMaTepHana KakK
6bI "B Harpysky', Tak KaK OH 4YaCTO HEraTHUBHO
BJIMSIET Ha JaJIbHEeHINYyIo TepepaboTKy B U3/JeTHU.
[To3TOMY 60JIBLION IIPAKTUYECKUI UHTEpecC Ipej-
CTaBJIsIeT UCII0Jb30BAHME IIPUPOAHBIX KOMIIOHEH-
TOB [PeBECHOTO BellleCTBa, LleJeHalpaBlIeHHO
AaKTUBUPYS HYKHble CTPYKTYPHBIE COCTABIISIIO-
e 6MOKOMIIO3UTHOM MATPHUIBl M SOCTABIISS HA
MHKPOYPOBHE B IpeBeCHOe BeIleCTBO He06XoqMEbIe
PeaKLHOHHOCIIOCOOHBIe 106aBKK U aKTUBATOPHI.
9TO I103BOJISIET IIOIYYUTh HOBBIA MOJUPHUIIMPOBAH-
HBIH IPeBeCHBIN KOMIIO3UT C 3apaHee 3alaHHBIMHU
CBOMICTBAMH, 6e3 U3MeHeHHUS TeKCTYPHOH 11e/10CT-
HOCTH [ peBeCHHBI, ee II0JIOKUTeJbHBIX CBOHCTB, U
C IpUAAHUEM el HOBBIX, BOCTPeOOBaHHBIX IIOTpe-
6uTeseM 3KCIIYaTALlMOHHBIX HJIH AU3aNHEPCKUX
CBOMCTB. [IpH KakKyIIeHcsl CI0KHOCTH TaKOro IOJ-
X0[la peasibHO IPUMeHseMble IIPOH3BOCTBEHHBIE
TeXHOJIOTMYeCKHe IIPOLIeCCHl Ha CIIelIHaIbHO pa3pa-
60TaHHOM 060pyLOBAHUH C aBTOMATH3HPOBAHHOH
CHCTeMOH yIpaB/leHUs OYAyT IOHSTHBI IO OTOB-
JIEHHOMY CIIeIIMAJIUCTY U II03BOJISIT lepeBoobpaba-
THIBAIOILIEeMY IIPeJIIPUSITHIO BBIATH Ha HOBBIH yPoO-
BEeHb JOXOAHOCTH, IPUMEHSITh NIPUHIHUIIHAIBHO
HOBble TeXHOJIOTHUH 06paboTKU JpeBeCHUHBI, CO3/1a-
BaTh HOBbIe CEKTOpa PBIHKA.

NONYYEHUE CTPYKTYPHO-MOAUDULINPOBAHHOIO
APEBECHOIO BELWECTBA

Jlns Toro 4To6Bl MpPeBPAaTUTh JTUTHOYTJIEBOJ-
HyI MaTpuuy u3 "Harpys3ku' B "OoHyc" mng

O6pasel moduduLLUpOBaHHOL OpesecuHbl
Sample of modified wood

COBpPeMeHHOTO JlepeBollepepabaThIBAOIErO IIpes-
OpUSATHUS, creluHanucramu 000 "Crpornab’,
CO3NAaHHOIO YJIbSHOBCKHM HAaHOLEHTPOM
ULNANOTECH B 2012 rogy, pa3pabaTeIBalOTCS TeX-
HOJIOTHMYeCKHe IIPolecchl, HoBoe obopygoBaHUe
M MaTepHajbl, COOTBeTCTBYIOIIHE KPUTEPUAM
TeXHOJIOTUH 21 Beka. OCHOBBEIBASICh HA COBPEeMEH-
HBIX 3HAaHHUSIX 0 MUKPOCTPYKTYPHOM CTPOEHHUH
NpPUPOAHOM JPeBeCUHBI, CIelHMalUCThl n1abopa-
TOPHUHU Pa3pabaThBAlOT TeXHOJIOIUHU U 060pymoBa-
HHUe /15 U3TOTOBJIeHMS H3/leJIUH U3 CTPYKTYPHO-
MOAUMPUUHPOBAHHOTO NPeBeCHOT0 BellleCTBa

ood is an excellent building

and construction material,

which, however, has cer-
tain disadvantages: low bio, water
and temperature resistance, flam-
mability, susceptibility to crack-
ing and warping when exposed to
moisture and temperature. With
the use of special technologies in
production and with proper main-
tenance the service life of wood
products and buildings reaches
hundred or more years. It will be
recalled that all chemical ways to
prevent rotting and flammability

are of relatively short duration
and, according to the tests,
adversely affect the mechanical
strength of wood.he mechanical
strength of wood.

Reasonable interest of wood-
workers, furniture makers and
builders to improve performance
and technological properties of
wood led to the development of
laminated wood materials and
structures, plate materials, such
as chipboard, LVL, OSB, fibre-
board, MDF and products from
modified wood (TMW, Destam,

Lignamony, Kebony, Accoya). In
the production of such compos-
ite wood materials are used vari-
ous kinds of binders, adhesives
and chemical properties of natu-
ral activators of wood substance.
Different kinds of binders, adhe-
sives and chemical activators of
properties of natural wood are used
in the production of such com-
posite wood materials. Thus, the
increasing requirements to envi-
ronmental, economic and oper-
ational efficiency of new wood-
based materials and production
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JlasKa u3 mMoou@uuUpo8aHHol OpesecuHbl U 8bICOKONPO4HO20
bemoHa
Bench of modified wood and high-strength concrete

(CM[B), mony4eHHOro Kak B MacCHBe (IIHJI0Ma-
TepHaslbl), TaK U B BUJle OTXOA0B IPOU3BOACTBA
(omunku, CTpyXkKa, Kopa, Le/la030CcogepxKa-
Imue OTXOABl IPOMBIIIJIEHHBIX NPeANPUITUI).
OCHOBHOe HaIlpaBJieHHe AesiTeJIbHOCTH — afall-
Tallds U BHeJpeHHe He HMeEIOMIUX aHaJO0TOB TeX-
HOJIOTUH U MaTepHaJioB B IIPOMBILIJIEHHOE IIPO-
HM3BOJICTBO C Y4eTOM COBpPeMeHHBIX TpeboBaHUK
K IPOAYKIIHUH.

[IpennaraeMasi TeXHOJIOTHS U3TOTOBJIEHUS IIPO-
aykouu w3 CMIB npenycMaTpuBaeT IPOMUTKY
HCXOJHOTO CBIPbS PacTBOPOM MoAHHKATOpaA C

LeJIbI0 yIydlIeHUs CBOMCTB GHOIOIHMMEPHOMN
MaTPHIIBl IPeBeCHHBl HA MUKPOYPOBHE U IIbe30-
TepMo0obpaboTky monypabpukrara ¢ oaydeHHUEM
H3[le/IMs C HYSKHBIMHU [TOTPebUTeNI0 CBOMCTBAMHU.
B kauecTBe 6a30BOro MogupUKaTOpPa APEeBECHOTO
BellleCTBA MCIIO/Ib3yeTCs] aKTUBUPOBAHHBIN BOJHBIN
pacTBop Kapbamupnga, obpasyoumuil B Xo[4e TeX-
HOJIOTUYECKOT0 IIPOLiecca SHepreTH4YecKHU aKTHUB-
HBIM KaHaI KlaTpaTta. [luamMeTp KaHaja KjiaTpara
B Y3KOH 4YacTH cocTaBiseT 0,49 HM, B LIMPOKOH -
okoso 0,6 HM, ITI03TOMY KOMILIEKC C KapbaMugoM
MOTYT 06pa30BEIBATH /I0ObIe BeleCTBa, MOJIEKYJIbI
KOTOPBIX MMEIOT JHaMeTp IIOIIepPeuHOr0 CedeHHUs
MeHbIlle JUaMeTpa KIaTpaTa. ITO M03BOJSIET TeX-
HOJIOTY IT0106paTh A1s1 MOAUGUKALUHU APeBeCHHBI
HeobxomMMBle IiesieBble JOOABKHU: BelllecTBa, KOTO-
pBle, B3AaNUMOJEHCTBYS CO CTPYKTYPHBIMH KOMIIO-
HeHTaMH OHOIOJIMMEepPHON MAaTPHUIIBl, NPUAAIT
IpeBeCHHe 3aJlaHHBIe CBOMCTBA. [I0CKOIBKY Kapba-
MU/ SIBISIeTCSI CHHEPIUCTOM, TO €CTh COeJUHEHHUEM,
YMHOXAIOIIUM I10JIe3HOe BO3JeHNCTBHe N0O6aBOK, UX
MacCoBOe KOJTMYeCTBO He3HAUHTEeIbHO.
OcobeHHOCTh TexHonoruu CMJIB B ToM, 4TO 6a30-
BBIH PaCTBOP MOJHPHUKATOPA ITOJTHOCTHIO COBMECTHM
C eCTeCTBEHHOU OHOIOIMMePHON MAaTpHUIIEH ApeBec-
HOTO BeIlleCTBa, a €ro Croco6HOCTh AOCTABISATH HA
MHKPOYPOBHE CIIeIIHaIbHO Mog06paHHBbIe 106aBKHU
I103BOJISIeT CUHTE3UPOBAaTh HAHOPa3MepHBIe Y3JIbl
HaIlpaBJIeHHOI0 MOOUOUIIMPOBAHUS APEBECHOTO
BemecTBa 6e3 HapyIIeHUS ero NPUPOJHON MaKpo-
TeKCTYpHl. IKoNMoru4HocTh CM/IB 1 6e30macHOCTH
TeXHOJIOTMYeCKOro Ipollecca TapaHTHPOBAHBL TEM,

technologies of the XXI century
lead to an understanding that the
natural wood itself is a complex
composite, consumer properties
of which can be targeted modi-
fied with use of the latest achieve-
ments of science and technology.

NATURAL COMPOSITE MATERIAL

The constantly renewable natu-
ral wood substance by its micro-
structure is an excellent compos-
ite material similar to modern
concrete panels: the reinforce-
ment durable fibres consisting
of cellulose microfibrils, which
are twisted in a certain way with
the size ranging from 2 to 50
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nanometers, are packed and ori-
ented in the ligno-carbohydrate
solution of lignin and hemicel-
lulose with the size from 20 to 80
nanometers over the cross section.
This hemicellulose can be consid-
ered an intermediate binder inter-
layer between the cellulose fibres
s and basic lignin solution. For
various wood species the parent
ligno-carbohydrate matrix of wood
material has a well-defined crystal
structure at the macrostructural
level.

It should be noted that the frag-
mentary chemical composition
of the natural lignin and hemi-
cellulose is close (although more

complex) to the chemical compo-
sition of binders used in the pro-
duction of wood-based materi-
als, for that reason, some com-
ponents of modern resins are
obtained from natural wood by
using expensive chemical technol-
ogies. Companies are offered lig-
nin at the price of lumber kind of
"as a load", as it often negatively
affects any further manufactur-
ing products. Therefore, of a great
practical interest is the use of nat-
ural components of wood mate-
rial by intentionally activating
the desired structural components
of the biocomposite matrix and
supplying at the micro level the
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YTO KapbaMU/[ SIBJISIETCS He TOJbKO eCTeCTBEHHBIM
yoobpeHueM /sl pacTeHHUM, HO ellle U MUILeBOM
no6aBKo (1o MeskAyHapOLHOM KIACCUQUKALIUH ~
E9276). IIpuMeHsieMble B MHUHHMaJIBHBIX KOTHYe-
CTBaXx LiejieBble J06ABKY OPTaHUYHO BXOJST B COCTAB
I PeBeCHOr0 BellleCTBa 1 LAI0T BO3MOXKHOCTb aJallTH-
POBaTh TEXHOIOTUYECKHUI ITPOLiecC K JI0ObIM I10pO-
IaM IpeBeCHHBI B TI0O0M ee COCTOSIHUU, XOTSI IIpel-
MOUTHUTe/IbHA CBe>XXeCpyb/leHHas peBeCHHa.

CrnenyeT OTMETHUTH, YTO OPHMEHTAL M CEeTKH
HaHOpPa3MepPHBIX Y3710B MOIHPHIHPOBAHHA
OIlpefieIsieTCsI MUKPOCTPYKTYPOX 6HOIIOTHMepHOM
MaTPHULBI JPEBECHUHEI, II0O3TOMY PeKH MBI [Ibe30Tep-
MHYeCcKoH 06paboTKU AOKHBI HACTPAKUBAThCS C
yueTOM IIpHMeHseMBbIX Ie/ieBbX f06aBOK, a TaKxke
pa3MepoB U IOpoAsl 06pabaTeIiBaeMOro ChIPhS.

OnHKMM K3 HallpaBJIeHHU M ONBITHO-KOHCTPYKTOP-
CKHUX pa3paboTok siB/IseTCs CO3AaHHe IPOMBILITIEH-
HOT0 000pyNOBaHUS, KOTOPOe I103BOJIsSeT He TOIbKO
BapbHUPOBATh TEXHOJIOTMYECKHE ITapaMeTPhl MOJ Y-
GUKALIMU B 3aBUCUMOCTH OT IIPUMEHSeMOTO ChIPhA,
HO U CpeACTBAMHM aBTOMAaTH3UPOBAHHBIX CUCTEM
yIpaB/leHUS U UPPOBBIX TeXHOJIOTUM IIPOBOLUTD
AKTUBHYIO JUATHOCTHUKY U KOPPEKILIMIO TeXHOJIOT U~
YeCKOTO IIpoliecca. YUYUTHIBAGTCSA U TO, YTO B yCJIO-
BUSX COBPEMEHHOI0 AebUIHUTa IIMIOMaTepHaioB,
JNOPOTOBU3HBI II€PEBO30K, a TakKe CHUKeHU s cebe-
CTOMMOCTH TOTOBOH IPOAYKLHHU 060pymoBaHHUe
CM/IB moKHO OBITH He TOJIBKO KPYIHOTOHHAX-
HBIM, KaK, Hallpumep, o1 npoussonctsa ICII, HO
Y MOOGHJIBHBIM, LOCTYIIHBIM IIO LieHe [J1sl CPeHero
IpeAIpUHUMATE.

needed reactive additives and acti-
vators to the wood substance. This
allows obtaining a new modified
wood composite with pre-deter-

market sectors.

fundamentally new wood process-
ing technologies and creating new

NPOU3BOACTBO MOrOHAXHbIX U3AENNM

B coTpyAHHYeCTBe ¢ BeAyIIMMHU POCCUHCKHUMH IIPOK3-
BOAMUTENSIMU 000PYAOBAHUS A1 MOAUPUITHPOBAHUS
M MMIIperHAaLMK APeBECHHBI, a TaAKKe /IS M3TOTOB-
nenus JCII crielMaaKUCThl 1a60PaTOPUM YUaCTBYIOT
B HECKOJIBKM X MHHOBALIMOHHBIX IIPOEKTaX I10 BBIITYCKY
usgenun u3 CMIB. B 4acTHOCTH, B KOMITaHHUY Dream
Wood (Yn1psiHOBCK) IpeJIIOaaraeTcs exxeMecsuHO
BBIITYCKATh /10 250 M? MacCHBHOM II0JIOBOM M Teppac-
HOM JOCKH, CTPOUTEIBHOM AOCKH U b6pyca u3 CM/IB.
[IM1aHHUpyeTCsl, YTO 3KCIIJIyaTallHOHHBIE CBOMCTBA
Y UCXOMHAas Iopofa Ay MogUPULIUPOBaHUS OyayT
COIJIACOBBIBATBCS C 3aKa3uMKOM. B Tabi.l nprBeeHb
IIPOEKTHBIE 3KCII/TyaTallHOHHBIE [TIOKa3aTeIH JJ1s1 KOM-
IIJIeKTa TeppacHOro MoKpeITHs Dream Wood, B Tabm.2 -
CpaBHHTeNbHBIE CBOKMCTBA CM/IB O/151 CTPOUTENbHBIX
IIOrOHASKHBIX H3EHH.

3KOJIOrMYHbIi LPEBECHO-CTPY)XEYHbI MATEPHAN

BTophIM peasn3yeMbIM MHHOBAaLHOHHBIM IIPOEK-
TOM SIBJISIETCSI IIPOM3BOACTBO Ha ocHoBe CM/IB 3KoJ1o-
TMYHOIO APeBeCHO-CTPYKeYHOro Mmarepuasna — 3CM.
[IpepnaraeMass TeXHOJOTHS HCIIOJNIb30BAHUSA HATYy-
Pa/IbHBIX KOMIIOHEHTOB [ peBECHOI0 BelleCTBa [103B0-
JseT UCKAKYUTDL U3 TPAAULIMOHHOIO TexXIIpolecca
npoussoacTtBa JCII TOKCHYHBIE CMOJIBI M OTXOMBI,
YTHIM3UPOBATh KOTOPhIe pa3pellaeTrcs TOJIbKO Ha
CIIeIHa/IbHBIX IIOJIMTOHAX, CHU3HUTh SHEPro3aTparsl,
nepepabaTeiBaTh TaK Ha3blBaeMble "CTapble’, IIpoe-
SKaBIIHe HeCKOJIBKO jJIeT B OTBajiaX OTXOZbI JepeBo-
06pabaTEIBAIOMUX IIPOM3BOACTB. [IpOMBIIIIEeHHOe
BHeJpeHHe TexHoJIorHH 3/JCM I03BOJIUT COKPATUTh

of natural wood, laboratory assis-
tants are developing technologies
and equipment for the manufac-
ture of structurally-modified wood

mined properties without chang-
ing the textural integrity of the
wood, its positive properties but
giving it new operational or design
properties expected by consum-
ers. Despite the seeming complex-
ity of this approach, the real pro-
duction processes used on the spe-
cially designed equipment with
an automated control system will
be understood by trained profes-
sionals, and they enable a wood-
processing company to get to a
new level of profitability, apply

STRUCTURALLY-MODIFIED WOOD
SUBSTANCE

In order for the modern timber
processing enterprises to turn a
lignin-carbohydrate matrix from
a "load" into a "bonus", experts
of the Stroylab company estab-
lished by the Ulyanovsk nanocen-
tre ULNANOTECH in 2012, develop
processes, new equipment and
materials that meet the criteria
of the XXI century technologies.
Based on the current knowledge
of the microstructure structure

substance (SMWS) obtained in an
array (sawn wood) and in the form
of production waste (sawdust,
chips, bark, cellulose-containing
waste of industrial enterprises).
The main area of activity is the
adaptation and implementation of
unique technology and materials
in industrial production to meet
modern product requirements.
The proposed SMWS product
manufacturing technology pro-
vides for impregnation of the feed-
stock with the modifier solution
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Tabauua 1. XapakmepucmuKku KoMnAeKma meppacHo20 noKpeimust npou3sgoodcmea komnaruu Dream Wood

Table1. Properties of wood decking kit produced by Dream Wood company

Mop030CTOMKOCTb, °C -50
Frost resistance

MoTepsa npoyHoCTM Npu 200 LMKNaX 3aMOpPaXXMBaHNA-0TTanBaHUS, % <20
Strength loss at 200 cycles of freezing/thawing .
XapocTonkocTb, °C +70
Heat resistance

MNOTHOCTb B 06beMe U3aenms, Kr/m? 300 200 1100
Bulk density, kg/m?

MpoYHOCTb Npy NM3rmnbe, Mna 123
Flexural strength, MPa

MNcTrpaemocTb, r/cm? 01
Abradability, g/cm? '
BoponornoueHuve, % 13
Water absorption,% ’
MakcrManbHas Harpyska Ha NoBepXHOCTb, Kr/M? 1000
Maximum load on the surface, kg/m?2

MakcrMmManbHas TodevHas Harpyska, Kr 200
Maximum point load, kg

TemnepaTypHbIn KO3OOULMEHT IMHENHOMO paclumMpeHns, °C! 012 x10°3
Temperature coefficient of linear expansion '
CBETOCTOMKOCTb (M3MeHeHMe LBeTa) Npu YO-06/1y4eHMM B TedeHme 24 4 196E
Light fastness (24 h UV-exposure) '

to improve the properties of the
biopolymer matrix of wood at the
micro level, and the piezothermal
treatment of semi-finished prod-
ucts to obtain a product with the
right properties for consumers. The
activated aqueous urea solution,
which creates an energetically
active clathrate channel in the
process, is used as a base modifier
of the wood substance. The diam-
eter of the clathrate channel in
the narrow part is 0.49 nm, in the
wide part about 0.6 nm, however
complex with urea may form any
substances whose molecules have
a cross sectional diameter smaller
than the diameter of the clathrate.
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This allows the process man to pick
up the necessary target additives to
modify the wood, i.e. substances
give the wood the desired proper-
ties by interacting with the struc-
tural components of a biopolymer
matrix. Since urea is a synergist or
a compound multiplying the ben-
eficial effects of additives, their
bulk quantity is insignificant.

A feature of the SMWS technol-
ogy is that base solution of the
modifier is fully compatible with
the natural biopolymer matrix of
the wood substance, and its ability
to deliver specially selected addi-
tives at the micro allows to syn-
thesize nanoscale components of

the directed modification of the
wood substance without disrupt-
ing its natural macrotexture. The
ecological compatibility of SMWS
and process safety are guaranteed
by the fact that urea is not only a
natural fertilizer for plants but
also a food additive (E927b accord-
ing to the international classifica-
tion). The targeted additives used
in minimum quantities are seam-
lessly included in wood substances
and allow adapting the process to
any wood species in any of its con-
dition although freshly cut wood is
preferable.

It should be noted that the
orientation of the nanoscale
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Tabnuua 2. CpagHumenbHble ceolicmea CM/B 045 cmpoumenbHbiX NO20HAKHbIX u3deauti komnaHuu Dream Wood

Table 2. Properties of SMWS for structural molded produced by Dream Wood company

CM[B Henpec- Cme,aBHr:‘%e;-
o COBaHHOM
CaoiicTBa (Mpy BAaXXHOCTH 12%) T OCUHbI
Properties (moisture 12%) _ SMWS of
SMWS of non pressed
pressed aspen aspen
O OTxenToro
CBeTno- 5 7 [0 KOpUYHe-
LiBeT By pbiii XKentbin BEJ’]!:II/I B [0 YepHoro
Color Light brown Yellow White From yellow to From yellow
b to black
rown
He SApko SApko
TekcTypa BblpaxkeHa Cnabo BblpaXkeHa BbIpaXKeHa BbIpaXKeHa
Texture Pronounced Slightly Not pro- Strongly Strongly
nounced pronounced pronounced
MnoTHOCTb
Density 690 505 495 700 100
BnaronorsnoLeHwe 3a 30 cyT. Npy BAAXXKHOCTU BO34yxa 92%, %
Water absorption for 30 days (by air humidity of 92%) 2 12,2 150 e [
MNpenen MpoOYHOCTM MpW CTaTUYeCKOM n3rnbe, MrMa
Ultimate strength in static bending, MPa H0ED 20 ks = 20,
TBepAoCTb nonepexk BOJOKOH, Mna
Hardness across the grain, MPa 20 280 15 e IEE O
BNOCTOMKOCTb: MOTEPS MACChl OT BO34ENCTBUS NNeCeHN
3a45cyT., %
Biological stability: the loss of mass from the effects of = 2z Z 0 5
mold in 45 days,%
OrHecTonKOoCTb: NOTePsi MACChl MPU rOpPeHun, %
Fire resistance: mass loss during combustion, % e 2 LB 20 =
MoZaynb ynpyroctv npu n3rmbe, rna
Flexural modulus, GPa 0 Uk R A 2
YaapHas BA3KOCTb, KAX/M?
Impact strength, kj/ m? 76,3 41,3 45,0 54,0 10,0

modification grid is determined
by the microstructure of the wood
biopolymer matrix, so the modes
of piezothermal treatment should
be adjusted taking into account
the special additives used as well
as the size and type of the raw
materials processed.

One of the development activ-
ities is the creation of indus-
trial equipment which can not
only vary the process parame-
ters of modification depending on
the raw materials used but also
actively diagnose and adjust pro-
cesses with the automated con-
trol systems and digital technolo-
gies. Allowance is also made for

the fact that in the context of the
present shortage of lumber, the
high cost of transportation as well
as reduced cost of finished prod-
ucts, the SMWS equipment should
be not only a large-scale, such as
the chipboard production, but also
mobile and affordable for an aver-
age-level entrepreneur.

MANUFACTURING MOLDED
PRODUCTS

In cooperation with the leading
Russian manufacturers of the
wood modification and impreg-
nation machines as well as with
chipboard manufacturing facil-
ities, the laboratory assistants

are involved in several innova-
tive projects for the production
of SMWS products. For exam-
ple, the Dream Wood company
(Ulyanovsk) is expected to man-
ufacture on a monthly basis
up to 250 cubic metres of solid
flooring and decking, building
boards and construction tim-
ber made of SMWS. It is planned
that the operational character-
istics and source species subject
to modification will be agreed
with the customer. Table 1 shows
the design performance indica-
tors for a set of Dream Wood ter-
raced covering, Table 2 shows the
comparative properties SMWS for
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HAHOMATEPUADbI

MoouguuuposaHHbie 0epessiHHble NOKpbImusl
Modified wood coatings

HEeKOTOpOe KOJTUYeCcTBO 060pyIoBaHU I, He 3aTparuBas
IIPH 3TOM IIPUHIUIINAIBHYIO CXeMY ITPOU3BOACTBEH-
HOTO ITpoIiecca, a JIMIIb MOJePHU3UPYs CTAaHAAPTHOe
obopynoBaHue.

W HUIIUATOPHI IIPOEKTA IIPe/III0NIATa0T TAKKe pa3pa-
6OTKY U CO3LaHHe OIIBITHO-IIPOMBIIIIEHHOM MOOHIIb-
HOM JIMHUH [/11 Ipou3BoAcTBa SCM. CoBpeMeHHEIe
TeXHOJIOTHHU Ipou3BozacTBa JICII ¢ Lepio CHUKEHUS
cebeCTOMMOCTH IIPOAYKIUH TPebyIoT OOTBIINX MOII-
HocTel. OGHAKO 3TO IIPHUBOLUT K IIpobiemam 1o cHab-
SKEHHUIO CBIPbeM M POCTY 3aTpaT M3-3a yBeIHYeHU S
JIOTUCTHYeCKUX U3IePKeK Ha IIepeBo3Ky 6alaHCoOB,
IIpHUYeM YacTo 3TO - [IeJI0Bas APeBeCHHA. BO3UTH Ke

structural molded used for con-

OITHJIKK U BOBCe HepeHTabenpHO. MObUIbPHAS TNHUS
oas npousBofacTBa CM MoXKeT 6BITH pasMeleHa
B HEIIOCPeJCTBEHHOM 6IIM30CTH OT KPYIIHBIX Jepe-
BooOpabaTpIBalOm KX KOMOHMHATOB, a I10 Mepe BbIpa-
6O0TKY HAKOIIJIEHHBIX 3aI1aCOB ChIPbS — [IePEBO3UTHCS
K o4epefHOMY 3aKa34yHMKy [IJis yAaJleH sl TepPUKOHOB
OITMJIOK U IeInbl. TaKUM 06pa3oM, JIOTUCTHUKA CHIPbSI
CBeleTCsl K IIOCTaBKaM CPaBHUTEIbHO HebOIbIIOro
obbeMa MopgHdHKATOpPa B CTAHZAPTHOM Tape C Ipej-
IPUATUS TIPOU3BOAUTEIA.

YHUBEPCANbHbI MOAUOULIMPOBAHHDIN APEBECHDIHA
MOAVY/b
I[lepcmekTUBHBIe HampaBiaeHUs OKP cBA3aHB
CO CTPOMTE/IbCTBOM BBICOKOKa4eCTBEHHOT0 Hel0po-
TOr0 >KHJIbS C IPUMeHeHHeM YHHBePCaabHOIO MO K-
duLKMpoBaHHOIO ApeBecHOro Moayust (YMIM), koTo-
PBLE IIpefcTaBiisieT cobol be3keeBoe coeHHEHUE
I BYX MIPOoPUIHPOBaHHBIX 6pycKkoB 13 CM]B (cTeHOK)
C TIOMOIIIbIO JUCKPETHBIX, PACIIONIOKEHHBIX C OIlpe-
Je/leHHBIM IIaroM 3aKJIaJHBIX BCTAaBOK (CBA30K).
Pasmepsl MOA YISl YHUGHULMPOBAHBI M ITO3BOISIOT
cobupaTh KaK CTEHOBBIE 3JIeMEeHTHl KOHCTPYKLIHHU
JoMa, TaK U 3JIeMeHTHI 10/1a, IePeKPBITHI U Hecy-
IIUX KOHCTPYKILIMH, TeCTHUIIB, KPBIIY U T.I. Bo
BHYTPEHHUX IIyCTOTAaX MOKHO pa3MellaTb KOMMY-
HUKAIUH (3/IeKTPO-, BOJIO- M Ta30IIPOBO/IbI) C IIOC/Ie-
AYIOUIMM 3aII0JIHEHHeM yTeIlIMTe/leM U3 IIOPHUCTBIX
oaut CM/IB.

CTpourTe/lbHBIE 3/IeMEeHTBl, H3TOTOB/JeHHEIE K3
MoAKGULIMPOBAHHOM JIpeBeCUHBI [leLIeBbIX IIOPOJ,
[I03BOJISAT CHU3UTh CTOUMOCTD IOMa, 3HAaUHUTEIbHO

struction purposes.

EECO-FRIENDLY

WOODCHIP MATERIAL

Another innovative project in prog-
ress is the production of environ-
mentally friendly woodchip mate-
rial EFWCM) that is SMWS-based.
The proposed technology concern-
ing the use of natural compo-
nents of wood substances elimi-
nates from the traditional chip
board production process toxic res-
ins and waste, which may only
be disposed of at special land-
fills, reduces power consumption,
recycle the so-called "old" waste
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that have laid for several years in
dumps of wood processing facili-
ties. The commercial introduction
of the EFWCM technology will cut
a number of units without influ-
encing the production process con-
cept but only upgrading the stan-
dard equipment.

The project initiators also
intend to develop and establish
test output mobile lines for the
production of EFWCM. To reduce
the cost of production, the mod-
ern chip board production tech-
nologies require larger capaci-
ties. However, this leads to prob-
lems associated with the supply
of raw materials and increased

costs due to increased logistics
costs for the transportation of
balances, often it concerns the
commercial timber. It is unprof-
itable to transport chips at all.
A mobile line for the production
of EFWCM can be placed in close
proximity to large woodworking
plants, and as soon as the accu-
mulated stocks of raw materi-
als are depleted, it can be taken
to another customer to remove
heaps of sawdust and wood chips.
Thus, the raw materials logistics
will be limited to the supply of a
relatively small amount of modi-
fier in standard packaging from
the manufacturer
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IIOBBICHUTD €r'o IIPOYHOCTHBIE H 3KCILIYaTaIlHNOHHbBIE
Ka4deCTBa, Or”He-, 6I/IO‘, BJIAaTOCTOMKOCTh IIpH OTCYT-
CTBHUH HeO6XOJ.II/IMOCTI/I ,E[OHOJ'IHI/ITETII:HOI;I OTOEeJIKH U
OY€Hb 3HAYUTE/IbHOM CPOKe 3KCIIJIyaTallhH.

MEPEPABOTKA 3ATONIEHHOW APEBECUHbI

BaskHBIM pecypcocbeperaromuM HallpaBleHHEeM
SIBJISIeTCSI CO3/laHUe TeXHOJIOTHUM IepepaboTKu
3aTOIIEHHOM ApeBecHHBI. O6BeM TOIISIKa B POC-
CHUICKHX peKax, KOTOPBIK MOXKeT 6BITh HCII0JIB30-
BaH B KadecTBe [1eJIOBOM JpPeBeCHHBl B CTPOHU-
TeabCTBe UM MebeJbHON NPOMBINIIIEHHOCTH, -
6onee 30 maH. M3. Bosee 50 MIH. M3, 95KOHOMHU Ye-
CKH BbITOfHee IepepabaThiBaTh B H3MeJIbYeHHOM
cocTostHUH B [ICM. OTu 06eMBI He BOCTpeboBaHBI
LIeJITI0JI03HO-OyMaskHBIMHU KOMOHMHATAMHU TaK Kak
I10 CBOUM PU3UKO-XMMHUYECKHM CBOMCTBAM He II0J-
XOISIT IJIs CyIleCTBYOLIeH TeXHOJIOIHHU. bobinne
06beMBl TOIJISIKA U I10JY3aTOIJIEHHOH JApeBe-
CHHBI BBI3BIBAIOT Cepbe3Hble IPO6IeMBl C TOYKHU
3peHUsI U 3KOJOTHUH, U 3KCIUIyaTallM1 TUAPOTeX-
HUYeCKHX COOPYy>keHHH. B HacTosiImee BpeMs IIpHU

UX IlepepaboTKe IPUMEHSIOTCS YTHIH3AIHOHHOe
CKUTaHHe, IIMPOJIKU3, [I0JIyYeHHe IIeJIIeT.

ITo manHBIM ITHHH JlecocmiaBa CTOMMOCTD IIPO-
MBIIIJIEHHOT0 TIOA/beMa OJJHOTr0 KyboMeTpa TOIIISIKA
Ha beper coctaBisieT B cpegHeM 3500 pyb., a cTou-
MOCTb KyboMeTpa BBICYIIEHHOIO TOILISIKA B 6peBHe
IJisl IPOM3BOJACTBA Mebenu moxomguTt mo 4000 o,
[Ipob1emMa COCTOUT B TOM, UTO OpPEBHO TOIISIKA
OYeHb 3aTPAaTHO BHICYIIMBATh 10 U3BECTHHIM TeX-
HOJIOTHSIM, a IIPU XpaHEeHHUH B mTabensax Ha MecTe
IoabeMa OHO PaCTpPeCKHUBAeTCHd y>Ke yepes ABoe
CyToK. IIpu M3MeIbYeHH U TOIISAKA KaYeCTBO OITM-
JIOK He ycTpaHuBaeT npousBoguTesner [JCII, moaTomy
TaKoe ChIpbe 0OBIYHO CXKUTaeTCsl.

Texnonoruss CM/IB 1mo3BoJisieT MCII0/Ib30BaTh 3TH
o6beMbl (cBBILIE 85 MIH. M3) KaK B BUIe MacCUBa,
TaK U B BUJIe OITMJIOK. 1151 penieHUs IpobieMBl Xpa-
HeHU S TOIUIIKA Ha bepery Liesiecoobpa3Ho co3gaHUe
CIIeLIMa/ILHOTO IIpeABapUTe/JIbHO IIPONHUTAHHOTIO
AKTUBHBIM MOAMPHUKATOPOM IIOJIOTHA, KOTOPBIM
6peBHa 6YAYT YKYTHIBAThCS CpPa3y MOC/Ie IIOABEMA,
YTO UCK/IIYHUT paCTpeCKUBaHUeE JPEeBeCUHBL. [ |

MULTI-PURPOSE MODIFIED

WOOD MODULE

Promising areas of development are
related to the construction of high-
quality low-cost housing with the
use of the versatile modified wood
module (VMWM) which is a com-
bination of glue-free connection
with the help of discrete embed-
ded inserts (cords) of two profiled
SMWS bars (walls). The module
dimensions are standardised and
allow you to assemble both the wall
elements of houses and floor ele-
ments, roofing elements and load-
bearing structures, stairs, roof etc.
In the internal cavities utilities
(power lines, water and gas pipe-
lines) can be placed followed by
the filling of the porous insulation
boards made of SMWS.

Building elements made of the
modified low-value wood species
will reduce the value of a house,
greatly enhance its strength prop-
erties and functional quality, fire
resistance, bio-proofness and mois-
ture resistance without the need

for additional finishing and with a
very long period of operation.

PROCESSING THE SINKERS

An important trend in resource-sav-
ing technologies is the creation of a
flooded timber processing technol-
ogy. The amount of sunken wood
in the Russian rivers, which can be
used as commercial timber in the
construction and furniture indus-
tries, is more than 30 million cubic
metres. It is economically more rea-
sonable to transform more than 50
million cubic metres into EFWCM
in the finely divided state. These
amounts are not demanded by pulp
and paper mills because their phys-
ical and chemical properties are not
suited for existing technologies.
Large amounts of sunken wood and
waterlogged wood cause serious
problems from the points of view
of ecology and operation of hydrau-
lic facilities. At the moment, the
recycling combustion, pyrolysis
and pellet production are used in
manufacturing.

According to the Central Research
Institute of Wood Rafting, the cost
of industrial lifting of one cubic
metre of the sunken wood to the
coast averages 3,500 roubles, and the
cost of a cubic metre of the sunken
wood dried in the log for the manu-
facture of furniture reaches $ 4,000.
The problem is that it is quite expen-
sive to dry the sunken wood logs
with known methods, and when
stored in stacks at the place of lift-
ing they begin to crack already
after two days. When grinding the
sunken wood chipboard manufac-
turers are not satisfied with the
quality of sawdust, so these raw
materials are usually burned.

With the SMWS technology
these volumes (over 85 million cubic
metres) can be used in the form of
an array or sawdust. To solve the
sunken wood storage problem on the
coast, it is advisable to create some
special sheeting pre-impregnated
with an active modifier for logs to be
wrapped up shortly after lifting that
eliminates wood cracking. [ |
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