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Jpesecuna nucmeennuybl cubUpCKOU 3a cuenm UMEIOWUXcs 8 CUOUPCKOM pPe2uoHe 3HAYUMETbHBIX 3aNdCO8 AGNAEMCcs
nepcneKmueHbviM 00bekmom 015 moougpuxayuu. OOHAKO U3-3a HUZKOU NPOHUYAEMOCTU OpeBecUuHbl ee NPONUMKA MO-
OUPUYUPYIOWUMU COCMABAMU NPAKMUYECKU He803MOJICHA. B pabome npedcmagnenst pe3yibmamsl uccied08aHuil Ha-
NPABNEHHbIX HA NOBblUEHUe NPOHUYAEMOCIU 0PO6OLl Opesecuibl TUCMBEHHUYbl CUOUPCKON 3 cuem 6030eUCmaEuUsl
CBY-uznyuenus.

Dxcnepumenmanvivie UCcie008aHUS NPOBOOUNUCH, HA 00pasyax opesecunvl pasmepamu S0x50% 150 mm (nocaednuii
8001b BONIOKOH) U320MOBNEHHbIX U3 CBeNCeCPYONeHHOU S0POBOU Opesecutbl TUCMBEHHUYbL CUOUPCKOU € UCXOOHOU
enaxcrocmoio 55 %. Obpabomka opesecunvi CBY ocywecmensinace 8 MUKposoiHogou kamepe npu wacmome 2,45 I'Ty
¢ Qurcuposannoi mowpocmoio 0,9 kBm. Ipodonxcumenvrocmos oopabomxu CBY cocmasnsna 270 ¢ u 330 c.

Hocne obpabomxu CBY Opesecuna nponumvisanacy 6 agmoxnage npu oaerenuu 0,5 MIla ¢ meuenue 40 mun. /s
MOOEIUPOBAHUS NPOYECCO8 NPOUCXOOSUUX 8 COPMUMEHMAX NPOMBIULIEHHBIX PA3MEPOS, Y 4acmu 00pa3yo8 npou3eoou-
J1ack eepmemuzayusi mopyos. B kauecmee nponumouno2o cocmasa ucnoab308acs 600uwil pacmeop FeSO4.

THonyuennvle sxcnepumenmanvhvle danhvle nokazvieaiom, umo CBY-obpabomka Opeeecumvl IUCmMEeHHUYb NO360-
Jsiem dPhexmueHo nosblulams RPOHUYAEMOCHbL OPEGECUHbL KAK 800b, MAK U NONEPEK 80I0KOH. B x00e ucciedosanuii
yemanogieno, umo CBY-o6pabomka obecneuusaem ygenuueHue no2ioujeHusi OpeeecuHoll nponumo4yHo20 pacmeopa
6 2,5-2,6 pasa, a 2nyOuHbl nponumKu nonepex 80aokoH 6 2,3 pasa. Ilpu nponumke KOpOMKOMEPHBIX COPMUMEHMOB
CBY-o6pabomka no3zeonsiem 006Umvcs CKBO3H020 NPONUmMvléanuss opesecunvl. Ypesmepuas oopabomxa CBY moocem
npusooUms K 00paA308aHUI0 paspvlé06 Opesecuibl 8001b B0IOKOH.

Kniwouesvie cnosa: CBY, dpesecuna, moouguxayus, 1ucmeeHHUYd, NPOHUYAEMOCHb, NOGbLUUEHUE NPOHUYAEMOCIU,
nponumka.
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The wood of Siberian larch, due to the significant reserves available in the Siberian region, is a promising object for
modification. However, because of the low permeability of wood, its impregnation with modifying compositions is prac-
tically impossible. The research presents the results of studies aimed at increasing the permeability of the heartwood of
Siberian larch as a result of exposure to microwave radiation.

Experimental studies were carried out on wood samples with dimensions of 50x50x150 mm (the latter along the fi-
bers) made from freshly cut heartwood of Siberian larch with an initial moisture content of 55 %. Microwave wood
processing was carried out in a microwave chamber at a frequency of 2.45 GHz with the fixed power of 0.9 kW. The
duration of microwave processing was 270 s and 330 s.

After microwave treatment, the wood was impregnated in an autoclave at a pressure of 0.5 MPa for 40 minutes. To
simulate the processes occurring in assortment of industrial sizes, the ends of some samples were sealed. An aqueous
solution of FeSO4 was used as the impregnating composition.
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The obtained experimental data show that microwave processing of larch wood can effectively increase the perme-
ability of wood both along and across fibers. In the course of research, it was found that microwave treatment provides
an 2.5-2.6 times increase in the absorption of the impregnating solution by wood, and the depth of impregnation across
the fibers by 2.3 times. When impregnating short assortments, microwave processing allows achieving thorough im-
pregnation of wood. Excessive microwave processing may cause the wood to break along the fibers.

Keywords: microwave, wood, modification, larch, permeability, increased permeability, impregnation.

INTRODUCTION

Annual consumption of natural wood is constantly
growing in the world. This is facilitated by the unique
properties of wood, such as relatively high specific
strength, environmental friendliness, decorative appear-
ance, renewable resource, etc.

The range of wood on the world market is represented
by a very extensive list of different types of tree species.
At the same time, wood of certain species is in high de-
mand due to its attractive color, texture or high physical
and mechanical properties. This negatively affects the size
of populations of this species, contributes to the formation
of a supply shortage and, consequently, an increase in the
price of such wood.

One of the ways to meet the demand for wood with
sought-after properties may be the targeted modification
of wood with less valuable species growing in northern
latitudes.

A promising species for targeted modification of
wood is Siberian larch, widespread in the Siberian region
[1]. Larch wood has fairly high physical and mechanical
properties, comparable to such species as oak, ash, and
beech [2]. And its modification can provide high bio- and
fire resistance, increasing physical, mechanical and deco-
rative properties.

Most technologies for direct changing the properties
of wood are based on deep or even through impregnation
with modifying compounds. At the same time, the perme-
ability of wood to liquids is a prerequisite for the imple-
mentation of such technologies. Larch wood is a hard-to-
impregnate species. Almost the entire volume of the larch
trunk is occupied by heartwood, which has low perme-
ability to liquids and gases [3]. Therefore, without in-
creasing the permeability of wood, it is almost impossible
to impregnate it.

A large number of works have been devoted to the
study of the reasons for the low permeability of the core
part of a coniferous tree trunk in comparison with the
sapwood. Low permeability of heartwood is explained by
a change in the position of the tori in the pores of vertical
tracheids [6], deposition of extractives in the cell walls [3]
and clogging of the marginal zones of the pores of ray
tracheids with extractives [7].

To date, a wide range of methods have been devel-
oped to increase the permeability of wood raw materials:
by pricking [4], using variable pressure [7], pre-infection
with wood-coloring fungi [8], by burning with a laser
beam [9; 10], temperature increases [3], etc. The listed
methods have serious disadvantages: they violate the in-
tegrity of the wood, are energy-consuming, and techni-
cally difficult to implement in industrial conditions, have
an unacceptably long process duration, etc.

Recently, methods for increasing the permeability of
wood through microwave treatment have been actively

developed all over the world. Studies [12; 13; 14; 15; 16;
17; 18; 19] have noted the high efficiency of microwave
processing of wood in order to increase permeability with
an acceptable decrease in mechanical properties. In the
study [12], due to microwave treatment, the absorption of
Chinese fir wood increased by 156 % compared to the
control untreated wood, and in the work [13] this value
was increased to 308 %. An increase in the permeability
of hardwood also indicates the effectiveness of micro-
wave exposure. It has been established that microwave
treatment of European beech wood provides an increase
in permeability along the fibers up to 159 % [15].

In the cited works [20; 21; 22; 23; 24] the mechanism
of increasing the permeability of wood when exposed to
microwaves is explained primarily by the heating and
evaporation of the water contained in it, as a result of
which vapor-gas pressure arises and partial destruction of
the cell walls of anatomical elements occurs. Moreover,
in most of the sources reviewed, the authors focus on in-
creasing permeability along the fibers. While it is the
transverse permeability of wood that is decisive when
impregnating assortments longer than 0.5 meters [6]. In
this regard, the possibility of increasing transverse perme-
ability due to microwave exposure is of no less interest.

Taking into account the available scientific data on the
high potential of microwave treatment to increase the
permeability of wood and taking into account the prelimi-
nary results obtained [11], it was decided to investigate
the possibility of increasing the permeability of heart-
wood of Siberian larch, taking into account structural di-
rections.

MATERIALS AND METHODS

OF RESEARCH

For research purposes from freshly cut 120 samples of
larch heartwood were made with an oriented arrangement
of annual layers relative to the layers, dimensions
50x50x150 mm (the latter along the fibers). The initial
humidity of the samples was 55 %.

Microwave processing of wood samples was carried
out in a microwave chamber at a frequency of 2.45 GHz
with a fixed power of 0.9 kW. Based on the duration of
microwave treatment (taking into account the preliminary
data obtained [11]), all samples were divided into two
treatment groups: microwave 270 s and microwave 330 s.
Control samples were not subjected to microwave treat-
ment.

After microwave treatment, all samples were impreg-
nated in an autoclave at a pressure of 0.5 MPa for 40
minutes. Since the permeability of wood along the fibers
is many times greater than the transverse one [2], to simu-
late the processes occurring in industrial-sized assort-
ments, the ends of some samples were sealed. Before im-
pregnation, the samples of the first and second groups
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were divided into two subgroups. Samples of the first
subgroup were impregnated without waterproofing the
ends, the second to study transverse permeability with
waterproofed ends to prevent longitudinal impregnation.
The samples were waterproofed by applying three layers
of PPH15 and one layer of silicone sealant. An aqueous
solution of FeSO4 was used as an impregnating composi-
tion. This solution changes the color of larch heartwood,
allowing you to record the depth of the impregnation
front. To determine the absorption of the solution, the
samples were weighed and the absorption was calculated
in kg/m®. The impregnation depth was determined after
splitting the samples along the fibers into four parts.

RESULTS AND DISCUSSION

The results of studies of microwave treatment influ-
ence on the longitudinal permeability of heartwood for
liquids are presented in Fig. 12.

The data obtained discovered that absorption of sam-
ples treated microwaves and impregnated without water-
proofing the ends increased in comparison with control
samples (Fig. 1) by 1.7-2 times. Moreover, the most sig-
nificant increase in the absorption rate was observed in
samples of the second group that underwent longer mi-
crowave treatment. A comparison of the absorption of
microwave 270 s and microwave 330 s samples showed
an 18 % superiority of the latter.
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Fig. 1. The effect of microwave processing on the value
absorption of samples without waterproofing the ends

When splitting the samples, the following features of
the penetration of the impregnating solution were re-
vealed (Fig. 2). All samples treated with microwaves and
impregnated without waterproofing the ends showed
through penetration of the impregnating solution with
local unimpregnated areas (Fig. 2, a). While the average
depth of penetration of the impregnating solution in the
control samples was slightly more than 16 mm (Fig. 2, b).
In the transverse direction, the depth of penetration of the
impregnating solution for samples impregnated without
waterproofing was not recorded, since the solution pene-
trated primarily along the fibers.

Impregnation of wood samples with sealed ends
showed the following results (Table 1, Fig. 3). The ab-
sorption of the solution by such samples predictably
turned out to be 4-6 times lower in comparison with sam-
ples impregnated without sealing the ends. At the same
time, in the samples treated with microwaves, just as in
the previous experiment, there was a significant increase
in the absorption of the solution relative to the control
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samples. The absorption of microwave samples at 270 s
exceeded the control by 38.1 %, and at microwave 330 s
by 82.5 %. At the same time, the absorption of samples
with a microwave treatment duration of 330 s turned out
to be 44 % higher than those treated with 270 s.

Fig. 2. Samples of wood after impregnation without
waterproofing the ends:
a — microwave-treated; b — untreated microwave (control)

After assessing absorption, all wood samples impreg-
nated with closed ends were split into four parts to meas-
ure the depth of advance of the impregnation front.
The measurement results are presented in Table 1 and in
Fig. 4.

From the histogram in Fig. 4 it follows that increasing
the depth of penetration of the impregnating solution
(compared to control samples) is observed only in the
radial direction and only in samples treated with micro-
wave 330 s (by 43.5 %). While samples treated with mi-
crowave 270 s show only a tendency to increase the depth
of impregnation (within the limits of the accuracy of the
experiment). In the tangential direction, on the contrary,
there was a slight tendency towards a decrease in perme-
ability in samples treated with microwaves. In general,
when impregnating in the transverse direction, a greater
depth of solution advancement in all cases was observed
in the radial direction.

For samples of microwave 270 s, the radial direction
exceeded the tangential direction by 2.3 times, and mi-
crowave 330 s by 3 times, in control samples the differ-
ence was 2-fold. Despite the significant increase in the
relative depth of impregnation of samples of the micro-
wave group 330 s in the radial direction, in fact, the depth
of advance of the impregnation front was less than 2 mm,
which cannot be called a significant result.
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Table 1
Results of impregnation of wood with sealed ends

Duration of Microwave

Depth of impregnation in structural directions, mm

processing, s Absorption, kg/m’ radial tangential
270 22,120,386 1,20+0,04 0,52+0,02
330 29,2+1,16 1,65+0,05 0,55+0,02
Control 16,0+0,37 1,15+0,04 0,56+0,027
35 posite ends were tightened with a clamp made of heat-
"z 30 resistant plastic (Fig. 5).
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Fig. 3. Influence of microwave treatment on the value
absorption of samples with waterproofing of ends
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Fig. 4. The influence of microwave treatment
on the depth of wood impregnation across the grain

The results obtained showed a significant increase in
the permeability of larch heartwood along the fibers and a
less significant increase across the fibers. Apparently, the
excess pressure generated during microwave treatment
(due to its active relaxation along the fibers) turned out to
be insufficient to create transport paths across the fibers.

To confirm the hypothesis put forward. A batch of
samples was produced in the amount of 60 pcs., similar
dimensions and humidity (50x50x150 mm W — 55 %). In
this case, unlike the previous experiment, before micro-
wave treatment the samples underwent special prepara-
tion, which consisted of multilayer sealing of the end sur-
faces of the samples. Sealing was carried out to exclude
pressure relaxation due to transfer along the fibers, which
made it possible to simulate processes occurring in as-
sortments of real sizes. The ends of the samples were
covered with a layer of silicone sealant, then plastic plugs
with inserted rubber gaskets were put on them. Before
being placed in the microwave chamber, the plugs of op-

Fig. 5. Sealing the ends of the samples for microwave
processing:

1 — plastic clamp; 2 — heat resistant silicone sealant;

3 —wood sample; 4 — rubber gasket; 5 — plastic plug

As in the previous experiment, the samples were di-
vided according to the duration of microwave treatment:
270 s and microwave 330 s. After microwave treatment,
the sealing layer was restored at the ends of the samples
and then impregnated for 40 min with an aqueous solution
of FeSO4 at an excess pressure of 0.5 MPa. After im-
pregnation, the magnitude of absorption and the depth of
advance of the impregnation front were assessed. The
research results are given in table 2 and in Fig. 6 and 7.

The results obtained show (Fig. 6) that the treatment
of samples with microwave 270 s with closed ends made
it possible to increase the absorption of wood by 2.1 times
and by 2.6 times when treated with microwave 330 s. At
the same time, the group that underwent longer micro-
wave treatment had absorption 1.25 times higher than that
of the 270 s microwave samples. In comparison with
samples processed by microwave without sealing the ends
(Fig. 3), the absorption rate increased by 1.6 times for
samples of microwave 270 s and by 1.5 times for micro-
wave 330 s.

The difference in solution absorption between samples
with different durations of microwave treatment, in the
case of sealing the ends during processing, was not as
significant — 25 %, as without sealing — more than 44 %
(Fig. 3).

Separately, it should be noted that some of the sam-
ples that underwent microwave treatment for 330 s were
found to have closed cracks that formed during the treat-
ment process. This indicates excessive processing time.
The absorption values obtained for cracked samples were
not taken into account in the calculation of the average
absorption value.

The results of measuring the depth of impregnation of
samples treated with microwaves with sealed ends re-
vealed the following features (Fig. 7). The depth of ad-
vance of the impregnation front increased for all samples
that underwent microwave treatment, both in the radial
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and tangential directions. Compared to the control,
the increase in the depth of impregnation in the radial
direction ranged from 74 to 131 %, and in tangential 122—
127 %.

The greatest value of the advance of the impregnation
front (as in the previous experiment) was noted in the
radial direction for samples that underwent a longer mi-
crowave treatment of 330 s. 33 % higher than for samples
treated with microwave 270 s. In the tangential direction,
no significant difference in the depth of impregnation
between samples of different treatment durations was
established. In general, under the same microwave proc-
essing conditions in the radial direction, the depth of ad-

Table 2

vance of the impregnation front exceeded the tangential
direction by 59-107 %.

A comparison of the impregnation depth of samples
treated with microwaves with open and closed ends
showed the following. Under the same processing condi-
tions, samples with ends sealed during microwave treat-
ment showed a depth of impregnation higher than those
with unsealed ends. In the radial direction the difference
was 65-71 %, in the tangential direction 140148 %.
Typical examples of the advancement of the impregnation
front in the radial and tangential directions for microwave
samples at 330 s and 270 s are presented in Fig. 8.

Indicators of impregnation of wood treated with microwaves with sealed ends

Duration of microwave

. 3
reatment, s Absorption, kg/m

Depth of impregnation in structural directions, mm

radial tangential

270 34,7+1,08

2,05+0,08 1,29+0,04

330 43,4+1,78

2.73+0,11 1,3240,05

Monitoring 16,4+0,39

1,18+0,02 0,58+0,015
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Fig. 6. Influence of microwave treatment on the absorption value of samples with sealed ends

during microwave processing and impregnation

2,73

Depth of impregnation, mm
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# Radial direction

= Tangential direction

Fig. 7. The influence of microwave treatment on the depth of wood impregnation across the grain

with closed ends for microwave processing and impregnation
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Fig. 8. Fragments of wood samples treated with microwaves and impregnated with closed ends:

a — radial direction; b — tangential direction

CONCLUSIONS

Based on the results of the research, the following
conclusions can be drawn:

— Microwave exposure to the heartwood of Siberian
larch allows you to increase its permeability, both longi-
tudinally and transversely.

— This is confirmed by a significant increase in ab-
sorption and depth of wood impregnation.

— Since microwave treatment allows for end-to-end
impregnation of wood along the fibers and a 2.5-fold in-
crease in the absorption of impregnating liquid, this cre-
ates good prospects for using microwaves to prepare for
impregnation of short-length assortments.

— Increasing the duration of microwave treatment has
a positive effect on the results of increasing the perme-
ability of larch heartwood. But excessive microwave
treatment can lead to wood ruptures along the grain. Their
formation is most likely associated with high vapor-gas
pressure arising in the wood.

— When impregnating long assortments, the modeling
of which was carried out by sealing the ends of the sam-
ples, there is a significant increase in the permeability of
larch wood across the fibers. The depth of impregnation
increased by 2.3 times, and absorption by more than 2.6
times. This indicates that microwave treatment of long
assortments before impregnation also has good prospects
for increasing their permeability.
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