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THE METHODS OF IMPREGNATION AND THERMAL
MODIFICATION OF WOOD

Solid materials are classified into a few main groups, such as, metals, ceramics, polymers, and
composites. Naturally-occurring wood is classified into the composite group, and it is one the oldest
materials utilized by human beings. Today, several different materials are available to meet the needs
of the modern society, and selecting the right material may be a problem in many places. However, the
economic point of view can be the deciding factor in the material selection. A material may contain an
ideal set of properties but be prohibitively expensive (1).

In addition to the positive environmental impact, wood has a large number of favorable proper-
ties which contribute to its use in many applications. Favorable properties are, inter alia, easy worka-
bility, good insulation, and high strength compared to weight. However, some of the inherent proper-
ties of wood impair its competitiveness, such as vulnerability to moisture, biological organisms, and
weathering. Due to its hygroscopic nature, several physical properties of wood become undesired with
the moisture change. Wood starts to shrink when moisture is removed below the fibre saturation point
(FSP), and contrarily, dry wood starts to swell with water contact. The shrinkage and swelling of wood
varies between the growing directions due to its anisotropic nature (4). Depending on the temperature
and moisture conditions, biological organisms may attack wood and degrade its quality (2). Environ-
mental factors, such as solar radiation, can destroy the texture of the wood surface, which is reflected
as a grey, cracked, or rough surface (3).These susceptibilities have led to the development of wood
protection to enhance the qualities of wood. Several countries have made significant investments in the
research of wood preservation (5).

The development towards urbanization and demographic evolution will affect the requirements
of building products (1). The competing products can reduce the use of wood. The construction indus-
try is a big user of wood products, and wood-frame buildings have become common in several Euro-
pean countries. Wood is a safe material under high stress conditions, but the challenge for wider utili-
zation is national fire regulations, which restrict the use of wood in many countries. However, it should
be remembered that a layer of char is created when wood burns, and this char layer ensures the struc-
tural integrity of wood, reducing the risk of collapsing concurrently. The opportunities relating to the
use of wood in construction are not fully exploited. at the moment A positive building policy toward
wooden multi-storey construction can lead to a larger use of wood, and using more wood in construc-
tion could save global carbon dioxide (CO2) emissions and fossil fuel consumption substantially (3).

Keywords: equilibrium moisture content; thermally modified wood; vacuum; thermally modi-
fied ash wood; thermo gravimetric, method; weight method.

Impregnation modification. The impregnation modification of wood results in
filling of the wood substance with an inert material, providing a desired performance
change. The presence of material in the wood cell wall can affect several properties of
wood. The fixation of the impregnator within the cell wall of wood can take place by
two main mechanisms: by monomer impregnation or by diffusion. Generally, a mono-
mer (or oligomer) solution penetrates into the cell wall, followed by subsequent
polymerization. In the other fixation mechanism, a soluble material is diffused into the
cell wall so as to render the material insoluble afterward (3).The best known impregna-
tion methods are full cell treatment Bethel and empty cell treatments. The initial vacu-
um in the full cell treatment method, which evacuates air from the wood, is the most no-
ticeable difference to the empty cell methods. Full cell treatment is generally used for
water-borne solutions, where maximum solution retention is desired. The empty cell
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treatment is often used with oilbornesolutions, whose requirement for net solution reten-
tion is much lower (3).

The chemical structure of wood components has an influence on wood penetra-
tion and reactivity. The hydroxyl group is the main chemical group in wood cell wall
biopolymers, and it is mostly responsible for the chemical reactivity of wood (1). It
should be mentioned in this context that the water content of wood is critical because
the hydroxyl in water is more reactive than the hydroxyl groups available in wood com-
ponents. The cell wall must be in a swollen state during the impregnation phase tonsure
the accessibility of the impregnator. A catalyst or a workable co solvent may beaded to
cause the wood to swell, and almost all chemical reactions require a catalyst. However,
it would be desirable to avoid multi component systems in the treatment as they require
complex separation procedures at a later stage. An increase in temperature may improve
the penetration, but the temperature of about 120 °C is the safe upper limit in there ac-
tion. Generally, the reaction conditions must be mild enough in order to avoid undesira-
ble properties of wood. Of the structural components of wood, lignin is more sensitive
to substitution than the carbohydrate components (3).

The properties of the impregnation solution have an effect on the impregnation
result. It’s a foregone conclusion that the molecular components of the impregnator
should be small, so that it can gain access to the cell wall interior. Some studies have
shown that a molecular diameter of approximately 0.68 nm is the limit for the penetrat-
ing liquid, but its hydrogen-bonding ability has also a significant effect. Molecules with
a greater tendency to form or break hydrogen bonds show greater penetrating ability. A
chemical bond between the impregnator and cell wall may occur, but it is not a require-
ment for impregnation. However, the impregnator must be nonleachable in service con-
ditions (2).

The status of the bordered pits has a great effect on the treatment of wood. The pit
membrane is composed of a network of micro fibrils, called the margo, with a central
thickened area, called the torus. When wood dries, the pit membranes move toward the
pit apertures, isolating the conducting pits. This process is known as aspiration, and is
illustrated in Fig. 1. Microscope pictures of unsprayed and aspirated bordered pits are
presented in Fig. 2.
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Fig. 1. Simple illustration of pit aspiration. In the open system, conduction via the
pit(the blue arrow) occurs through the margo, while in the aspirated system, the torus
has moved and conduction is inhibited (2)
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The once aspirated pits remain at the aspirated status. A majority of the pits
areunaspirated in green sapwood, while after drying, a majority of the early wood pits
and about half of the latewood pits are aspirated. The weaker aspiration of latewood is
due toe thicker Margo and the different shape of the pit, and therefore the pits of late-
wood don’t close as easily as those of early wood (1). Also, the thickerS2 layer in the
cell wall of latewood results in less pit aspiration. The penetration of liquids into late-
wood takes place partly by capillary action in the small lumens and passage through in-
spirited pits (2). In addition to aspiration, the more suitable treat ability of pine sapwood
compared to other softwoods is explained by the opportunity of collapse of the thin-
walled cells on drying (2). The most sensitive part of wood is from one to three growth
rings -wide transition zone, which islets permeable than sapwood and less durable than
heartwood (2)
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pitsof pine sapwood. (2)

Generally, a high density of wood makes penetration more difficult (1),but pene-
trability varies also between wood species. In softwood, longitudinal permeability is
dominant compared to transverse perm abilities which are approximatelyl04 times less
in number. The permeability of hardwood is limited due to the pits between contiguous
vessels. In addition, the vessels are not very long (5).Early wood has thinner cell walls
which contributes to and accelerates the penetration of early wood compared the late-
wood. In addition, a raised temperature and pressure in crease the penetration due to
softening of the pit structure and displacement of the pit membrane(3). In the study of
Leroy et al. it is proven that the uptake of pine is double in the radial and tangential di-
rections, compared to the corresponding uptake of beech, birch, and spruce. Pine has
good penetrability in the radial direction, where the liquid can pass through the racially
orientated large size ray tracheas of the average diameter of 15-35 pum.

In the case of adhesive penetration, two levels of penetration are discussed: mi-
crometer level (gross penetration) and nanometer level (cell wall penetration). In gross
penetration, a liquid agent with low viscosity flows into the porous structure of wood,
filling the microscopic cell cavities. In cell wall penetration, the agent is diffused into
the cell wall or micro fissures if the agent is composed of small-molecular weight com-
ponents (3).

Thermal modification. The thermal modification of wood is the most advanced
wood modification method commercially. It causes a desired improvement in the wood
material by heat. Thermal modification is usuallyperformedbetween the temperatures of
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180 °C and 260 °C (4). At these temperatures, wood undergoes important chemical
transformations. At lower temperatures, between 20-150 °C, the wood dries with loss of
free and bound water. The substrate of wood degrades undesirably, starting a carboniza-
tion process with the formation of CO, and other paralysis products (4). Several very
able shaven effect on the treatment and the properties, such as the wood species, the
sample dimensions, the treatment time and temperature, together with the treatment at-
mosphere and systems (5).

Thermal modification modifies the structure of wood cell wall polymers, creating
new properties to the material (5). The general changes of wood components aredepict-
ed in Fig. 3. Microscopic examination has demonstrated that the cellwallsweredecom-
posed to lamella and the walls were broken to sharp-edged chips (5). In thermally modi-
fied wood, the percentage of carbonincreases, and the amount of oxygen and hydrogen-
decreases (6). The mainvolatilecompoundsare water, formic acid and aceticacidfurfural
(5). The thermal stability of polymers differs according to their chemical structure, and
the presence ofoxygenduring treatment has a significant effect on the degradation of
wood. It is generally recognizedthathard woodsaremoresusceptible to thermal degrada-
tion than softwoods. Due to the amorphous structure of hemicelluloses, thermal treat-
ment degrades most of the structural components of wood, which further increases the
amount of crystalline and re-organize the amorphousregion of cellulose. Cellulose de-
mands ahighertemperature for changes, but lignin is the most ther mall stable compo-
nent (4). The stability of cellulose is probably due to its crystalline nature. Muster at-
tractive disappear or degrade during thermal modification (6), but the extractives canals
move to the surface of the sapwood due to moderate thermal modification (6).
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Fig. 3. General changes of wood components due to thermal modification.
Adapted from Sundgqvist (6)

The thermal modification of wood causes changes in the wood properties, for in-
stance the color darkens and density decreases. The darkened colors of various thermal-
ly modified woods are presented in Fig. 4. Improved dimensional stability and decay re-
sistance, together with reduced strength properties, are the characteristic alterations in
thermally modified wood. The modulus of elasticity may increase slightly with the
lightweight process parameters, but it too will decrease with the increased mass loss. A
sufficient treatment time can increase the decay resistance of thermally modified wood
to the same level with CCA-treated wood, which has 1 % retention (5). The permeabil-
ity of wood is increased after thermal modification (6).
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Fig. 4. The effect of Thermo wood- treatment on the colour of oak, ash and poplar.
The treatment temperatures for Thermo-S - 185°C and Thermo-D - 215°C.

Conclusions.

The aim of this study was to investigate the impacts of selected modification sub-
stances and methods that improve or upgrade the material properties of solid wood
without undue strain on the environment. The studied properties were weathering, mois-
ture and mechanical properties, and fire performance. Also the effects of the modifier
and the treatment parameters were assessed. The study revealed that wood modification
can succeed and improve the properties of solid wood with certain parameters.

In conclusion, the functional properties of solid wood can be improved by a com-
bination modification of impregnation and heat treatment. The effect of modification
depends on the type of substance and the parameters used in the treatment phases.
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MeToau npocovyBaHHs i TepMidHOI Moaupikawii 1epeBUHH

Koncrpykuiitai marepianm kmacu}ikyroThCs 3a KiTbKOMa OCHOBHUMH T'PyIaMH, TAKHAMH K Me-
Tau, KepaMika, moJiMepr Ta KOMIO3uTH. HatypaiibHa AepeBHHAOINH 3 HaCTapilINX MaTepialis, M0
BUKOPUCTOBYIOTHCS JTIOApMU. CHOTOHI ISl 3aI0BOJICHHS MOTPEeO CydacHOi apXiTeKTypH 1 JAnW3aiHy
JOCTYIHI BEJIMKA KUTBKICTh MaTepiaiiB 3 pi3HAMHU €CTETUYHUMH 1 (Pi3MIHUMU BIACTHBOCTSIMH, i BHOIp
noTpidHOTro Marepiamy Moxke OyTu mpobieMoro B 6arateox Bumajkax. OnHaK, eKOHOMIYHA TOYKA 30pY
MOke OyTH BHpimIanbHUM (hakTopoM y BHOOpPI MaTepiany. Marepian Moxe MICTUTH ineanbHuil Habip
BJIACTUBOCTEM, ajie OyTH HEITOMIPHO 1OPOTHUM.

Kpim HeliTpabHOTO BIUIMBY Ha HAaBKOJUILIHE CEPEJOBUILE, NEPEBUHA Ma€ BEJIUKY KUIBKICTbH
MO3UTUBHUX BJIACTUBOCTEH, SIKI CIPUSAIOTh HOr0 BUKOPUCTAHHIO B 0araTboX OOJIACTSIX 3aCTOCYBaHHS.
CHpusITIUBUMHU BIACTUBOCTSMU €, CePeJl 1HIIIOTO, JISTKICTh B 00pOOIIi, XOpOoIlla TEeTI0i30 Il i BUCO-
Ka MIIHICTh Y TIOPiBHSHHI 3 Baroto. OJHAK JIepeBUHA Ma€ 1 HETaTHBHI BIACTHUBOCTI, TaKi SIK; Bpa3iH-
BICTh /IO BOJIOTH, OIOJIOTIYHHUX MONIKOKEHb. 3aBJISIKM CBOIM TIMPOCKOMIYHINA MPUPOAl JepeBUHA 3Mi-
HIOE CBOIO (opMy, po3MipH i Oi0JIOTIYHY CTIHKICTh TpU 3MiHi BojorocTi. BecuxaHHst i po30yxaHHs Jie-
PEBHHHU 3MIHIOIOTbCS MK HalpsIMKaMM B3JI0BXK 1 IIONEPEK BOJOKOH Yepe3 CBOIO aHI30TPOIIHY HpUpO-
ny. HaBeneHo anaini3 METOiB MPOCOYCHHS 1 TEPMiYHOT MOAUQIKaLii IepeBUHH 3 METOIO TMMOKPAIICHHS
ii ekcIuTyaTaiftHuX XapaKTepUCTHUK.

KarwouoBi cii0oBa: piBHOBa)kHa BOJIOTICTh AEPEBUHHU; TEPMIYHO MOAN(IKOBAaHA JIEPEBUHA; BaKy-
YM; 30JIbHICTh TEPMIYHO MON(IKOBAHOI IEPEBUHH; TEPMOTPABIMETPUIHNAN METOI; BATOBHIA METOI.
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KOMILJIEKCHI JOC/IJKEHHSI 3SMIHH ITPYKHUX BJACTUBOC-
TEU B’AKUBAHOI IEPEBUHMU AJINLI 3 BIKOM

Hocnimkeno npyxHi BnactuBocti BXK] sumniii pisHOro Biky (32 TEpMIHOM €KCIUTyaTallii), OCKi-
JIBKU BiJICYyTHI HOPMaTHUBHI IOKYMEHTH, 1110 BU3HAYAIOTh ()i3MKO-MEeXaHiqHI BIAaCTUBOCTI BXKHMBAHOI1 Jie-
PEBUHU PI3HOTO BiKY, sIKi MOTPiOHI TSI MPOTHO3YBaHHS XapaKTePUCTUK OTPUMAHUX MalOYyTHIX BHPO-
0iB. Jocnmimkeno xapakrepuctuku BXX][ mommpenoi mopoau sumiii B Aiana3oHi KopucTyBaHHS Big 0
10 20 pokiB, 3 MPOMIKHUM KOHTPOJIIOBAaHHSM BIIACTUBOCTEH uepe3 KOXkHi 5 pokiB. BuzHaueHo mpy kHi
(mexanivni) BractuBocTi BXK/] 3a TaknMu MOKa3HWKaMU: MIIHICTH NMPH CTaTUYHOMY 3THHI, MOJIYJb
MPY>KHOCTI TIPH CTUCKY, MOJYJb TIPYXKHOCTI NP CTaTUYHOMY 3THHI, MOJYJb 3CYBY, KOS(IIIIEHTH T10-
nepevHoi nedopmariii, 3HaiieHo BiHOCHI nedopmarii, BU3HaYeHO rpadivHO 3aJuIIKoBi Aedopmarrii.
BcraHoBieHO, 10 3 4acOM €KCIUTyaTallil B pi3HHX yMOBAax, 30KpeMa Ha BiIKPUTOMY MOBITpPi, MEXaHi4-
Hi BJIACTUBOCTI 3MiHWJIUCH, B OCHOBHOMY, Yy OiKk 3MeHIeHHs. [IpoaHanizoBaHo, o KoeQIIieHTH Tome-
peuHoi nedopmarii TaKoXK 3MIHIOIOTBCS 1, BUXOJISYH 13 MPUITYIICHHS PO iICHYBaHHS MPY>KHOTO TIOTe-
HITially, MalOTh BUKOHYBATHCh Taki yMoBH mpH sikux BXKJ] Moke xapakTepu3yBaTHCs SK OPTOTOHAIb-
HUH TpaHCBEPCAIbHO-130TPONMHMIA MaTepiasl (0cOOIMBO B KICEHNX KOHCTPYKIISX), IK OKPEMUI BUTIA-
JOK OpTOTPOIHOTO. J[omoBHEHO 0a3y MaHWX MOKAa3HUKaMU — MeXaHIYHUMH BiacTuBocTsMU BIXK]I piz-
HOTO BiKY I€PEBUHH SLITHIIL.

KarouoBi cioBa: BXHBaHa JepeBHHA, MEXaHIYHI BIACTHBOCTI, MPYXHI XapaKTEPUCTHUKH, Mill-
HICTh, MOJYJIb MPY>KHOCTI, MOJTYJb 3CYBY, AeOopMarrisi, sIuIls.

AHaJi3 JiTepaTypHHX JKepes. JlepeBuHa, K OCHOBHHMI CHPOBHHHHUU PECypC
JUTsl BATOTOBJICHHSI BUPOOIB 3 JIepeBUHM, TiepeOyBaa Il NOCTIHUM JTOCTII)KeHHS 1T~
POKOTO KOJIa HaYKOBIIIB, III0 BUBYAJH 11 3 PI3HUX ACMEKTIB: CTPYKTYPY, (I3UYHI Ta Me-
xaHiyHi1 BnactuBocTi. [llupoko Bimomi mpami Takux HaykoBIiB sk YrojieB b.H., Bopo-

58



