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IS WOOD SCIENCE EXISTING?

X. DEGLISE

Full Member of the French Academy of Agriculture (Forest and forest-based products section), Fellow
and former President of IAWS (International Academy of Wood Science), LERMAB ENSTIB /

University of Lorraine, Nancy, France (savier.deglise@univ-lorraine.fr)

1 — Some simple remarks [1]:

At first | need to give some basic definitions. For me, wood science is a finalized or
targeted research/development activity applying basic sciences to wood properties, behavior,
processing, weathering...

- a wood scientist is in fact a specialist either in mechanics, or physics, or chemistry, or
biology...

- a wood engineer is a generalist “understanding” all scientific and technical fields involved
in wood properties, processing, marketing...

To answer the problems occurring in wood industry, we need to develop applied research
in various fields, such as: sawing, drying, machining, gluing, protecting, finishing, connecting,
(assembling), building, bio-refinery (pulp, polymers, chemicals bulk and fine...), bio-energy,
recycling (for example million tons of furniture waste) and eliminating or upgrading end of life
wood products.

How is it possible to answer to these problems?

- With Basic Knowledge and Characterization of: Wood, Associated products and Involved
processes.

- With Curiosity, Culture, Knowledge of the old techniques.

- With Innovation which is at the borders between scientific and technical fields, between
different scientific or technical fields. But very often basic scientists or researchers are not
innovators, studying deeper and deeper their own domains.

Who are the actors and where it will be performed?

- Wood engineers, in a SME, in a multidisciplinary R/D Team or in a multidisciplinary
university lab.

- Not with Nobel Prize winners!

- Better with IAWS fellows, or potential Wallenberg Prize Winners and Schweighofer Prize
Winners... or simply open-minded wood scientists!

But never forget that Wood Research is a “back and forth” continuum between Basic research,

Industrial Research, Innovation.

2 — A personal itinerary from basic science to wood industrial research

2.1 Start on bio-based polymers

Chemical engineer in a plant producing (always) Rilsan as Polyamide 11 which is a
sustainable (bio-sourced) polymer, the only polyamide derived (photo-nitrozation) from castor
oil plant—based renewable resources: Ricinoleic acid
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2.2 Photophysics/ Photochemistry/Photooxidation

Modeling of Electronic Energy Transfer between Excited States: Triplet states (T, T2)
and Singlet States (S1, S, ... Sn) of different molecules within molecular distances. (Theoretical
Chemistry). It was important to understand the photo-yellowing of paper and surface photo
degradation of wood with lignin as the absorbing moiety in wood and “photo-initiator” for color
changes and surface roughening.

excited ribrational states

S / (excited rotational states not shown)
n

A = photon absorption

F = fluorescence (emission)
P = phosphorescence

S

= singlet state
T = triplet state
IC = internal conversion
ISC = intersystermn crossing

0 electronic ground state

Photoxidation is a reaction involved in photodegradation of surfaces, food products...

A model reaction was studied with Photoxidation of E-isomer of (E)-2-Butenal
(crotonaldehyde)

CH3CH=CHCHO (RCHO)

RCHO (Sp) + hv — RCHO (S1) — RCO. + H.

H.+ RCHO — RCO + H2 ~ Chain reaction

RCO. + O2 — RCOs. to be inhibited

RCOs. + RCHO — RCO3H + RCO.

RCO. + RCO. — RCO. + RCO.

This reaction was useful to understand the different ways of polymers, organic or bio-
molecules, wood oxidation. The role of phenol compounds existing in wood and extractives in
the wood color stabilization, protection and the stabilization of coatings was better understood.

IR spectroscopy was used to analyze the products and O» consumption for the kinetics,
and mechanism of reaction. Now IR spectroscopy is used as identification tool, sometimes
without understanding how it works. In that case the interpretation of results could be doubtful!

2.3 NIRS

Qualitative and quantitative NIRS requires the application of multivariate calibration
algorithms and statistical methods (i.e. chemometrics).

The NIR method relies on the spectra - structure correlations existing between a measured
spectral response caused by harmonics and combinations of the fundamental vibrations
occurring at infrared frequencies... it’s not only a simple bar-code monitoring system!

3 — Wood Physical Chemistry for Wood Industrial Research?

After a survey of our expertise in Physical Chemistry (Kinetics, photochemistry, surface
science...) we have chosen topics of a real industrial interest:
- Wood adhesion and adhesives
- Wood photochemistry
- Wood durability and weathering
- Wood finishing.
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3.1 Adhesion/Adhesives

We start with the application of theories of adhesion for the characterization of clean and
aged (light, migration of extractives...) wood surface. Then we have studied the kinetics of
Hydrolysis of UF resins by Differential scanning calorimetry (DSC) for an adhesive industry.

We were the first to apply Thermo chemical analysis (TMA) to study the cross-linking of
Wood/Amino/Plastic Adhesives joints. DSC with kinetics analysis (Kissinger model) and TMA
were applied to the characterization of amino plastic adhesives.

Formaldehyde free and tannin based adhesives have been developed with a great success
by A. Pizzi [2].

3.2 Wood Photochemistry

This domain is the heart of “my” Physical Chemistry!

It is and has been strongly developed even if it is a seldom research domain but with
important applications linked to the quality and aesthetic of the wood surface outside and inside.
It’s the first impression, when you buy a piece of furniture or a house.

Different topics have been studied:

- mechanisms of wood Photo-degradation

- wood surface color measurement

- wood photo-stabilization with additives or with pretreatment
- wood finishes System Durability

- influence of Tg (glass or better softening temperature)

- weathering (natural and accelerated)

- curing of finishes under UV and Visible light.

The molecular mechanism of solar photo-degradation of solid wood or yellowing of
newspaper is well known now.

Photo discoloration (yellowing) is the first step of wood photo degradation, exclusively
due to the long lifetime phenoxy radical absorbing at 430nm. This radical is coming from lignin
which absorbs UV and Visible light through the two chromophoric groups A and B of the lignin
structure [2]. It undergoes photo-discoloration of wood, more for softwood than hardwood,
more for sapwood than heartwood. Then after longer time, we observe a roughening of the
surface.

3.3 Wood stabilization in outdoor conditions
If we accept the roughening of the surface and graying of wood we can keep wood without
any treatment. But generally we use a surface treatment, with a finish, to protect it.
Wood/finish systems are degraded during their outdoor exposure by UV, Heat, O and
H>0 (dimensional variations).
To increase the durability the solutions are:
- apply a well formulated coating in clean conditions
- surface waterproofing
- photo-stabilization of wood (Anti UV, UV Screeners, extractives from durable species)
- wood thermal or photochemical treatment
- permanent stabilization of wood by chemical modifications
- photo-curing a wood surface composite.
To apply a well formulated coating in clean conditions, on a stable wood we need to
take in account:
- the coating penetration into the substrate
- the wood surface energy and wetting
- the adhesion
- the wood surface preparation
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- and eventually, the promoting of adhesion (Corona or Plasma treatment).

Surface waterproofing by
- Plasma treatment with fluorinated or silicone compounds
- Corona treatment with ethylene giving a polyethylene film

Photoprotection of Wood
To prevent the wood surface from photodegradation and color changes by adding or grafting
chemical products such as UV Absorbers or Hals (Hindred amines as light stabilizers. The
antioxidants are not necessary, as wood itself has antioxidant properties with the polyphenolics
extractives (tanins...).

Wood thermal or Photochemical treatment
To obtain a stable aspect with a darker color a thermal treatment is applied at temperatures
lower than 300°C. There is a stabilization of wood toward water, with a degradation of
mechanical properties. It’s mainly used for claddings and parquets.

Permanent stabilization of wood by chemical modifications
A lot of chemicals are able to modify wood. We have only to look at the reactions with OH
groups in alcohols. The best one which is used at the industrial scale is the acetylation of
hydroxyl groups in the aliphatic and the aromatic part of the lignin and hydroxyl groups of
cellulose.
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Such modified wood is sold under ACCOYA brand.
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4 — Conclusion

“Physical Chemistry” is really the basis of understanding all wood properties, processes
(machining, adhesion, protection, durability, artificial weathering...).

With Genetics and Silviculture, “Physical Chemistry” is the best way to: upgrade the
properties and qualities of Wood and inventing new materials ... with Wood which will be very
expensive in the future!

“Physical Chemistry” allows the transformation of wood wastes into valuable
feedstock... for Chemicals and Energy.

Wood has two main uses: 1 - Material for Building, Joinery, Furniture, all kinds of Boards.
2 - Feedstock for pulp, bio-sourced chemicals, polymers and fuel.
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BJIUSHUE PYBOK YXOJA PA3JIMUHOA WHTEHCUBHOCTH HA PA3BBUTHE
roan4Horo KOJblA COCHbI ObBIKHOBEHHOU

H.B. ACTPAXAHIIEBA, JI.11. POMAHOBA, I.C. COBAYKIH

Huctutyt neca um. B.H. Cykauesa CO PAH, Kpachosipck, Poccus, (astr_nat@mail.ru,
biochem@ksc.krasn.ru, don.375@yandex.ru)

J5ig netanu3anuu npoeccoB, MPOUCXOIAIINX B COCHOBOM MOJIOJHSIKE B OTBET Ha pyOKHU
yX0Ja Pa3IMYyHON HWHTEHCHBHOCTH, MCCIEIOBAIM H3MEHEHUE XapaKTEPUCTHUK TOJUYHOIO
KOJIbIIa KCHJIEMBI COCHBI OOBIKHOBCHHOH Pinus sylvestris L. DkcrmepuMeHT ObLI 3all0KEH
COTpyAHUKaMu JlabopaTopun jgecoBenerus B 2009 r. B COCHOBBIX MOJIOJTHSIKAX €CTECTBEHHOTO
MPOUCXOXACHUS, BO3ZHUKIIUX HA CTAPOMAXOTHBIX 3EMJISIX B OKPYXEHHH COCHSIKOB
3€JIEHOMOIIHO-Pa3HOTpaBHbIX B EMenbsiHOBCKOM pailoHe KpacHospckoro kpas. ONbITHbIE
rromaaky momaapio 0,04 ra 3am0keHbl B CISAYIOMUX BapuanTax: 1 .. — kouTposib (40700
mr./ra), 2 m.im. — cnaboe npopexuBanue (16800 mr./ra, HHTEHCUBHOCTH pyOku 59 %), 3 .. —
cpennee npopexkuBanue (9500 wr./ra, 77 %), 4 n.n. — cuibHOe popexkuBanue (2900 mrT./ra,
93 %). Bo3pact nepeBbeB Ha MOMEHT 3aKJIaJIKU OMbITa 7-8 JeT.

B 2016 romy c xaxmol miomaakd y 3-5 ONWM3KKMX 1O BHEIIHUM TapaMeTpam
TOCIOJICTBYIOIIMX JEPEBHEB HAa YPOBHE KOMJISL OTOMpanmu oO0paslbl KCHIEMBI, KOTOpbIC
¢duxcupoBasin B cMmecu cnupt/rimnepun/soga (1/1/1). C moMomipio CaHHOTO MHUKPOTOMA
JieNaiy MonepeyHsle cpe3bl ToMmMHON 10-25 MKM A M3ydeHus 4Mcia KIETOK paHHEW u
MO3JHEM KCUJIEMbI M TOJIIIMHBI CTEHOK Tpaxeua. Cpesbl okpamuBaiu (GIOPOTTIOLUHOM WIN
METHJIOBBIM 3elieHbIM. M3Mepenus npoBoauid B 10-TH MOBTOPHOCTSIX HA Ka)10M o0pasIie.

B 2016 romy y MOJENbHBIX NEPEBHEB OTMEUEHO MOCJIEAOBATEIBHOE YBEIUYEHUE OT
KOHTPOJISl K IUIOIIAAN C CHJIBHBIM NPOPEKUBAHHEM BBICOTHI (0T 5,7 10 6,8 M) U nuamerpa
cteoma (ot 5,1 mo 10,8 cm). PerpocnekTHBHBIN aHAIM3 TOKa3aJl CXOMHYIO KApTUHY IS
IyaMeTpa CTBOJIAa MOJEJIBHBIX JIEPEBBEB Iepe]] HavanoM 3kcnepuMmenta — B 2008 romy oH
YBEJIIMYMBAJICA OT 2,6 10 3,7 CM COOTBETCTBEHHO. Paznnunst Mex 1y KOHTPOJIbHBIMH JI€PEBbIMU
¥ 0COOSIMH U3 BapHaHTa CO CIaObIM MPOpeKUBaHUEM o pupoctam keuiemsl ¢ 2009 mo 2016
roJpl ObUIO HE BEJIMKH, OJHOBPEMEHHO OTMEYajach TEHICHIUS K CHIKEHUIO MPHUPOCTOB
KCHJIEMBI ITOCJIE TPOBEICHUS pyOOK yXoza. B BapuaHTe C CHIIBHBIM TPOPEKUBAHUEM ITPUPOCTHI
B 2009-2016 rr. ObLIM BBIIIE, YEM MPUPOCTHI 10 MPOBEACHUS pyOOK yxonma u B 2016 r. mo
LIMPUHE CJIOS TIPEBBICKIIN KOHTPOJIb B 3,2 pasa, a 1o Yyucily KJIeTok B 2,8 pasa (Puc. 1, 2).

[To conepxannto MO3IHEN APEBECUHBI MOAEIBHBIE IEPEBBS Takke oTiMdaInch. B 2008
rOJy B KOHTPOJE COJAEpKaHUEe MO3AHEH JPEBECHHBI ObLTO MakCUMalIbHBIM (27 %), B Ipyrux
BapHaHTax BapbupoBaio oT 18 10 22 %. IlepBoit peakuueii Ha pyOKU yxo/a ObLUIO yBEIHMUEHUE
Ha 7-12 % coneprkaHus MO3aHEH IpeBecuHbl (Ha GoHe cHIbKeHus Ha 2 % B koHTpose B 2009
rony). B nanpHelimem Ha 1.1, 2 copeprkaHue TO3HEH ApEeBECUHBI OBIJIO HA YEThIpe U OoJiee
NPOIIEHTa BbIIIE, YeM B KoHTposie (m.am. 1), Ha m.m. 3 Gnu3ko, a Ha m.I. 4 Ha 7Ba U Oojee
MpOLIEHTAa HUXKE, YeM B KOHTpose. Takum o0pa3oM, MPOLEHTHOE COJAEp)KaHHWE TMO3JHEN
JPEBECHHBI 3aBHCEI0 OT MHTEHCUBHOCTU PYOKH M CHMIKAJIOCHh C YBEIMYCHHEM TEMIIOB POCTa
CTBOJIA 110 AUAMETPY.

N3meneHnue monu MO3AHEH KCUIIEMBbI OBUIO OOYCIOBIEHO Ha MPOOHBIX TuIomansx 1-3
M3MEHEHHEM YHclia KIETOK paHHuX Tpaxeun (Puc. 1), Torna kak KOJIMYECTBO KIETOK MO3THUX
TpaxeuJ BapbUPOBAJO CHUHXPOHHO U IO OOJBIICH YacTH pa3iuude B UX YHUCIE MEXAY
BapuaHTamu 1-3 ObUIO HEZOCTOBEPHBIM, 32 MCKIIIOYEHHEM JBYX mocieanux et (Puc. 2). Ha
I.II. 2 TOCJIe MPOBEEHHS PyOOK yX0/1a OTMEUEHO 3aMETHOE CHIKEHUE Yncila PAaHHUX TPaxeu.l
[0 CPAaBHEHUIO C KOHTPOJIEM, B BapUaHTE ¢ 0OJiee CUIBHBIM MPOPEKUBAHUEM YHCIIO PAHHHUX
Tpaxeu ] 0CTaBaJIOCh HECKOJIBKO OONBIIMM, YeM B KOHTpoJie. Ha mpoOHoi momanu 4 mocnie
WHTEHCUBHOTO TIPOPEKUBAHUS OTMEUEH pOCT YHUCIIa paHHUX Tpaxewn (B JBa pasa Iio
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CPaBHEHHUIO C KOHTPOJEM), YHUCIO TMO3JAHUX TpaxewjJ pe3KO BO3POCIO B TMEPBBIM Tof
AKCIICPUMEHTA, B JAJIbHEHIIEM pa3inuvs Takxke Obuth Benuku (B 1,5-2 pasza Beimie, 4em B
KOHTpOJIE).
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Puc. 1. I3MeHeHune 4nciia KIETOK paHHEH KCHIEMBI Y MOAEIBHBIX AEPEBbEB COCHBI OOBIKHOBEHHOM 110
U 1ocjie npoBeaeHus: pyook yxoxa. 1 — kontpons (40700 wmT./ra), 2 — cnaboe npopexkuanue (16800
mr./ra), 3 — cpennee npopexuanue (9500 mt./ra), 4 — cuabHoe npopexuanue (2900 mT./ra).

60
=
2 50
3
= 2 40
2 3
=}
£ 2 30
=
25 2
S %
= 10
0

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Puc. 2. 3meHeHue yncia KIIETOK MO3THEH KCUIIEMBI Y MOJICTILHBIX JIePEBbEB COCHBI OOBIKHOBEHHOM 10
Y TIocJIie poBeieHus pyOok yxoaa. O0o3naueHus cM. Puc. 1.

[To panuanbHBIM pa3MepaM paHHUX M MO3AHUX TPaxeuJ MOJAEIbHBIEC IEPEBbS C Pa3HBIX
NPOOHBIX IJIOHIa/eil JOCTOBEPHO HE OTIMYAIMCh M TOJBKO B BapUAHTE C CaMbIM CHIIbHBIM
npopexxuBanueM, HaunHas ¢ 2012 roga, OTMEUEHO yBEIMYEHUE Pa3MEPOB PaHHUX M MTO3IHUX
Tpaxeus 1o CPABHEHUIO C IPYTUMU BapUaHTaAMU.

CpenHsisi TONIIMHA TAaHTEHTAJIBHOM CTEHKH PAHHUX W MO3JHUX TpaxeuJ B KOHTPOJE
yBeNnn4MBajgach nocreneHHo u k 2016 roxy crama Oomnbire, yem B 2008 Ha 12 u 16 %-ToB
COOTBETCTBEHHO. B 0TBeT Ha pyOKkM yxoJa TOJIIMHA CTEHOK paHHUX Tpaxeu] BbIpociia YKe B
MEePBBII r0J1 PKCTIIEPUMEHTA C MAKCUMYMOM Ha 11.11. 4, ajee npoaomkana pactu u k 2016 crana
Bblle, 4yeM B 2008 rony Ha 19-24 %. TonmuHa cteHOK o3aHux Tpaxeu B 2009 rony Beipocia
Ha 4-6 %, B najbpHEWIIeM OHA MOYTH He MeHsuach U B 2016 rogy KOHTPOIb MPUOIH3UICS K
OTIBITHBIM BapHaHTaM.
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Tak kak Ha I.I. 2 TONIIMHA CTEHOK PaHHMX U MO3JHUX TPaxeuJ cTaja BbIIIE, YEM B
KOHTPOJIE YK€ B MEPBBIM T'0Jl SKCIIEPUMEHTA, TO MPU CHUKEHUHU B 2016 rogy MIUPUHBI CIIOA
KcusieMsl Ha 28 % 10 CpaBHEHUIO ¢ KOHTPOJIEM, CyMMapHas TOJIIHMHA BCEX TAHTE€HTAJIbHBIX
CTEHOK Tpaxeuj Obuia HuXke Bcero Ha 15 %. CymmapHasi TOJIIMHA TAHTE€HTAJIbHBIX CTEHOK
Tpaxeua Ha m.a. 3 u ma. 4 B 2016 rony Obina Beimie, yeM B KOHTpojde Ha 31 u 248 %
COOTBETCTBEHHO, YTO COIJIACYETCS C IPHUPOCTAMU KCUJIEMBI, HO HECKOJIBKO MEHBIIE II0
IIPOLIEHTHOMY COOTHOLIEHMIO U3-3a Pa3JInYMil B UUCIIE U PaJUaIbHOM IUaMETPE KIIETOK.

PyOku yxoma (ocBeTnieHMs) B LI€JIOM HpPHUBEIM K YBEIMUYEHHMIO BBICOTHI M JUaMeTpa
TOCIO/ICTBYIOIIMX JEPEBHEB MO CPaBHEHUIO ¢ KOHTposieM. Cpa3y mociie MpoBeACHUs: pyooK
YXOZa OCTAIUCH IE€PEBbs C JIYYIINMHU IPUPOCTAMU M, KAK IIPAaBUIJIO, MEHBIIUM COACPKAHUEM
MO3/IHEH KCUJIeMbI, YeM B KOHTposie. VX mepBoil peakuueil Ha MpoOpexHBaHHE OBLIO
YBEJIMYEHUE O MO3/IHEH KCUIIEMBbI, KOTOpasi, YeM OJIMKE YMCIIO OCTABILUXCS AEPEBBEB OBLIO
K ONTUMAJIbHOW TyCcTOTE, T€M OBICTpee MpHOIMKAIAaCh WIM CTAHOBHJIACH HUXKE, YeM B
KoHTpoJsie. OgHako npu pyOkax ciaboil MHTEHCHBHOCTH, KOTJa KpPOHBI BCE €II€ CHIIBHO
3aTe€HEHHI [1], BO3MOKHO HEKOTOPOE CHM)KEHME IPUPOCTOB IO JTUAMETPY I'OCHOJACTBYIOIIMX
JICPEBbEB U YBEIMYCHHUE JOJIU TO3IHEN KCHUJIEMBI OTHOCUTEIBHO KOHTPOI. OTpHULIATEIbHBIN
a¢dexT oT pyOoK yxona ciaboif HHTEHCUBHOCTH HAOIIOAAIN U ApyrUe uccieaoBaTenu [2, 3].

Takum oOpa3om, mocie MpoBeeHNs pyOOK yXoaa CpeIHEeH M BEICOKOM MHTEHCUBHOCTH,
KaK IMPHUPOCTHl KCWJIEMBl, TaK W aKKyMYJSILMS BELIECTB B KJIETOYHBIX CTEHKAaX TPaXewn
CTAaHOBHTCS BBILIE, YeM B KOHTpoJe. B BapmaHTe ¢ MaKCHMaJbHBIM OCBETICHHEM TaKkKe
HAOIIOAaMN 3HaYMMOE yBEIHMYEHUE PATUATBbHBIX Pa3MEpOB PAHHUX U IMO3JHUX TpPaxewun Io
CPaBHEHHUIO C JPYTHMHU BapUaHTAMH.
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INFLUENCE OF INTENSITY OF THINNING TO SCOTS PINE ANNUAL RINGS
DEVELOPMENT

N.V. ASTRAKHANTSEVA, L.I. ROMANOVA, D.S. SOBACHKIN

V.N. Sukachev Institute of Forest SBRAS, Krasnoyarsk, Russia, (astr_nat@mail.ru,
biochem@ksc.krasn.ru, don.375@yandex.ru)

Both xylem increments and tracheids walls thickness became larger than in control in variants of
medium and high intensity of thinning of young Pinus sylvestris L. trees. In the variant with the
maximum lightening increased also the radial dimensions of the early and late tracheids. But high
density of Scots pine stand after low intensity of thinning may led to some decrease xylem ring width
of dominant trees and increased late xylem proportion.

245



Omneparop KOMIbIOTepHOU BepcTku M. 4. Muxaiinosa

Ieuats odcernas. Tupax 50 3k3.

OTnevyataHo ¢ OpUTHHAI-MAKeTa, MOIrOTOBIICHHOTO 3aKa34iKoM B TUrorpaduu « JAPMAneuyarsy»
Axanemropook, 50/28, r. Kpacuosipck, 660036

246



	Титут_дополнительное издание
	дополнителный тираж

