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Abstract

A composition for impregnation of birch and pine wood was developed. The impregnation of samples 20x20
mm in size and 10 mm in length along the wood fibers was realized by the “hot-cold bath” method at 120°C for 40 min.
The efficiency of impregnating composition was evaluated according to physical parameters: water absorption, swelling
in tangential and radial directions. It was found that impregnation of birch and pine wood with spent engine oil (SEO)
allows improving the antiseptic properties and water resistance of wood and, hence, to decrease the water absorption
and swelling of the wood of these species. To enhance the effect of hydrophobization of wood, inorganic (aerosol, cli-
noptilolite) and organic (oak bark flour) fillers (0.5; 1; 2%) were added to SEO. A non-linear dependence of the wood
characteristics on the filler content in impregnating composition was observed. The addition of organic filler was more
effective in improving the water resistance of wood as compared to inorganic ones. The impregnating composition with
1% of oak bark flour revealed the highest wood water absorption indicators, as a result, the present organic filler is the
most promising in abatement of water absorption and swelling. The analysis of biostability of the samples allows us to
ascertain that there is no biological damage in the impregnated wood. The present research illustrated that the use of
SEO as a matrix for impregnation of birch and pine wood may partially solve the problem of its utilization, thereby
creating the possibility of resource saving. The use of oak bark flour as a filler solves another problem — the obtaining
of an effective and environmentally friendly impregnating composition.
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BanHa» rpu temreparype 120 °C B teuenue 40 munyt. Onesky 3GGeKTHBHOCTH MPONUTOYHOIO MaTepuaia IpOBOIUIHI
1o (PU3MYECKUM ITOKa3aTesIM: BOJOIOTIIOIIEHNE, pa30yXaHue B TAHT€HIIMAIGHOM M paJuaibHOM HalpaBieHUIX. Y cTa-
HOBJICHO, YTO TPOTIUTKA JAPEBECHHBI OEPE3BI M COCHBI OTPaOOTaHHBEIM MOTOPHBIM MaciioM (OMM) no3BOIAeT YIyqIIUT
AHTUCENTHIECKNE CBOIMCTBA U BOJOCTOMKOCTD IPEBECHHBI U, KaK CIEACTBHE, CHU3UTH BOAOIOIJIOIICHNE U pa3OyxaHHe
JPEeBECHHBI 3TUX mmopo. [t ycmrenus s dexra ruapogodu3annu APeBECHHBI B IPOTUTOYHEIH pactBop OMM BBOAM-
TN HeOpraHM4YecKue (a’poCHil, KIMHONTHIIONUT) U OpPTraHWYECKHH (MyKa KOpHI 1y0a) HAIONHUTENH TPH Pa3InIHOM
nporieHTHOM coxaepxkanmu (0,5;1,0;2,0). O6HapyxeHa HeIHHEHHas 3aBUCHMOCTh HCCIIETYEMbIX XapaKTePHCTHK JpeBe-
CHHBI OT COJIEP’KaHHMsI HAIIOJIHUTEINSI B IIPOITUTOYHOM COCTaBe. BBeneHne opraHudeckoro HamoJHuTeNs Oonee addek-
THUBHO B CPABHEHHH C HEOPTraHWYECKHMH JJIsI YIIy4IIeHUs] BOJOCTOMKOCTH JipeBecuHbl. [Iponutounslii cocras ¢ 1% my-
KU KOpBI 1y0a MposiBUII HanboJiee BHICOKUE TIOKa3aTen BOJOCTOMKOCTH JIPEBECHHBI, CIIEI0BATEIbHO, TAaHHBIA OpraHu-
YEeCKUH HAINOJHUTENb SBISIETCSl HanbOoJiee MEePCHEKTUBHBIM JUIsl CHH)KEHHSI BOJIOTIOTJIONIEHHS U pa30yxaHus. AHanu3
OMOCTONKOCTH MCCIIEAYEMBIX 00PaA3IOB MMO3BOJISICT KOHCTATHPOBATH OTCYTCTBHE OHMOIOTHUECKUX HMOBPEKACHUH B IIPO-
NUTaHHOW JpeBecuHe. B maHHOW paboTe mokasaHo, 4To mcmosbs3oBaHne OMM B KadecTBE MATPHIIBI IS MPONUTKH
JpeBecruHBI OepE3bI M COCHBI TO3BOJSIET YACTHYHO PEIINTD IPOOIEMy €ro YTHIN3AIUH, TEM CaMbIM CO37aBasi BO3MO K-

HOCTb pecypcocOepexenus. Mcronp3oBaHne MyKH KOpBI y0a B BUJIC HAIIOJIHUTEINS PEIIAeT APYTYIO MPodIeMy — IOy-

YCHUC B(bq)eKTI/IBHOFO, 9KOJIOTUYHOI'0 KOMIO3UIIMOHHOTO IPOIMMAUTOYHOI'O COCTABA.

KiroueBble cjioBa: JApPCBECHHA, HpOl’[HTO'-IHI:.Iﬁ CcoCTaB, BOAOIIOTJIOLICHUE, pa36yxaHHe, HCOPraHU4YCCKHUC Ha-

MOJIHUTENIH, MyKa KOPHI y0a.

Introduction

The wood remains one of the most affordable
and environmentally friendly materials widely used in
various industries and in everyday life [1]. However,
the hydrophilicity of wood restricts the areas of its ap-
plication. The presence of a variety of hydrophilic cavi-
ties and vessels in wood structure determines its hy-
groscopicity, and as a result, its swelling, cracking and
changing the shape of product parts [2]. In addition,
low biostability of wood, easily attacked by various
types of wood-destroying fungi [3], also leads to a de-
crease in the strength indicators.

Birch wood refers to soft, diffuse vascular de-
ciduous species. By contact with water birch wood
easily starts decaying and this is inevitable during its
exploitation. It refers to easily impregnated wood spe-
cies [1]. Pine is a coniferous tree species. The main
difference between pine and birch is the presence of
resin ducts in its structure. The wood of pine is also
subjected to rotting, which is its essential disadvantage.

New, effective and environmentally friendly
modifying materials are being searched for in Russia
and abroad to protect wood from external impact and to
impart a set of necessary properties to wood products
[4, 5]. One of the directions is impregnation of wood
for stabilization of its dimensions (form stability), de-

Jlecorexnuueckmii ;xypHan 2/2018

crease of moisture and water absorption, cracking and
increase of antiseptic parameters.

All impregnating compositions can be divided
into antiseptics and hydrophobisers of mineral and or-
ganic origin. Traditional impregnating compositions of
mineral origin are neutral salts of hydrochloric, sulfur-
ic, hydrofluoric acids, sublimate (HgCl,), sodium fluo-
ride (NaF), copper sulfate (CuSO4*H20), zinc chlo-
ride (ZnCl2). Compositions of organic origin include
various oils produced from resins of dry distillation of
coal, wood, e.g. creosote (creosote oil of coal, brown
coal or wood tar), technological concervational liquid
(ZhTK) of various modifications, tar, etc. [6, 7].

It is well known [8] that oil and oil products
serve as an antiseptic for the protection of wood. An
alternative material for the protective impregnation of
wood can be oils, in particular used engine oils, pro-
duced from the base distillate oils. Basic oils mainly
include aromatic hydrocarbons, polyolefins, paraffin
hydrocarbons. A long work of oil in the engine changes
chemical composition and liquid products of oxidation,
residual fuel fractions, asphaltenes, carbenes, car-
boides, mechanical impurities (scale, carbonaceous
particles, phosphates and calcium carbonates) appear in
the engine oil. Spent engine oils proved to have anti-
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septic properties, cheap and are of low hazard (the
fourth hazard class).

According to the data of AUTOSTAT, the
consumption of motor oils by cars in Russia in 2016
exceeded 230 million liters per year and this figure
continues constantly growing as the fleet of cars in the
country keeps increasing. Despite this, nowadays, the
utilization of spent engine oils does not have an indus-
trial scale and is an urgent problem requiring an early
solution.

In this paper, spent engine oil was used as the
basis for the wood impregnating composition. The use
of spent engine oils as an impregnating composition to
a large extent solves the problem of utilization of
wastes from automobile transport, and also allows re-
duces the cost of impregnated products.

The aim of this work was to study the effect of
wood impregnation by spent engine oil with fillers of
inorganic and organic nature on the water resistance
and biostability of birch (hardwood) and pine (conifer-
ous) woods.

Materials and methods

The objects of the study were samples of pine
and birch wood in the size 20x20 mm in the radial and
tangential directions, 10 mm in height along the fibers
in air-dry state, as well as samples of impregnating
compositions based on spent engine oil (SEO) and fil-
lers of inorganic and organic nature. As fillers were
used: 1) artificial silicon oxide (A300) - a nanoscale,
non-porous material; 2) clinoptilolite (95%) - natural
aluminosilicate of the zeolite structure (Zt); 3) oak bark
wood flour (WF). The content of the filler was 0.5, 1.0,
2.0 (w. %).

The impregnation of the wood samples with
compositions based on the SEO was carried out by the
diffusion way applying the method of "hot-cold baths"
(HCW), which is widely used for wood treatment with
antiseptics, flame retardants, and hydrophobic agents
[9]. The samples were placed into the impregnating
composition heated to 120 °C and hold for 20 min, then
transferred to an impregnating composition at ambient
temperature for the same duration (20 min).

The effectiveness of the impregnating compo-
sitions used to increase the water and biostability of
wood was evaluated by the following parameters: wa-
ter absorption (W,%) according to GOST 16483.20-72

[10], swelling in tangential a;,% and radial a,,% direc-
tions (according to GOST 16483.35- 88 [11]) and bios-
tability by the contact of wood samples with water for
1, 10 and 30 days.

The amount of impregnating composition
(Q,%) in the wood was determined by gravimetric me-
thod according to GOST 20022.6-93 [9].

Biostability of wood was determined visually
by the presence of biological damage on birch and pine
wood samples after being in water for 30 days.

Results and discussion

Fig. 1 shows the values of water absorption,
swelling in the tangential and radial directions, the
amount of impregnating composition absorbed for the
samples of birch wood after impregnation with compo-
sitions based on SEO with additives of fillers.

According to Fig. 1, the use of the "hot-cold"
bath method for the impregnation of birch wood by
SEO made it possible to effectively perform this
process and introduce the impregnating composition
into the volume of wood by the amount of above 40%.
A feature of the applied impregnation method is the
formation of a vacuum as a result of the temperature
difference in the volume of the wood. As the tempera-
ture rises, the volume of air in the wood increases with
partial evaporation of moisture, and as the temperature
of the impregnating composition falls, the air volume
decreases and the vacuum is formed, facilitating it pe-
netration into the wood at atmospheric pressure. Sub-
sequent immersion of the sample into cold oil prevents
the release of the absorbed impregnated composition
from the wood. The addition of Zt and WF fillers into
the impregnation composition in an amount of 0.5-1
w.% increased the impregnating capacity of the formu-
lation, but a further increase in their content tended to
lower amounts of absorbed impregnating composition
(Fig. 1).

The analysis of the obtained values allowed
one to estimate the linearity of the change in the con-
tent of the impregnating composition in wood from the
nature of the filler in the amount of 1% (Fig. 1). The
dependence of water absorption of wood on the nature
of the filler observed an extremum at 1% of aerosil in
SEO. The impregnation of birch samples by SEO with-
out introducing the fillers significantly reduced their
water absorption (by 2.9 times). By introducing the
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inorganic artificial silica (aerosil) into SEO in the
amount of 0.5-2 % (w.) the water absorption of wood
slightly increased from 1 to 6% (Fig. 1) due to the sub-
stantial hydroxylation of the aerosil surface. This facili-
tates the formation of hydrogen bonds between hy-
droxyl groups of aerosil and hydroxyls of water and is
the cause of increased swelling in the tangential and
radial directions (Fig. 1).

In case of clinoptilolite (Zt) filler all deter-
mined characteristics of water absorption by natural
and impregnated wood samples varied via an extre-
mum depending on the content of the filler. Namely,
the highest amount of impregnant absorbed was found
at 1% Zt in SEO formulation that resulted in the lowest
swelling in two directions for the samples treated by
this formulation. The value of water absorption of the
sample in case of SEO+1%Zt formulation is compara-
ble with that for formulation SEO and SEO+0.5%A
(Fig. 1).

The addition of organic natural filler in the
form of wood flour of oak bark (WF) led to a nonlinear
dependence of water absorption on the filler content. A

90 -
80 A
70 4

60 -

40 A

20 A

B Absorbed impregnant, %
[ Tangential swelling, %

higher water resistance of wood was observed by in-
troducing 1% of WF filler in SEO formulation (accord-
ing to water absorption data), which naturally results in
a decline of the tangential and radial swelling the sam-
ple. As compared with other fillers used, wood flour of
oak bark is more effective, apparently as a result of
higher chemical affinity for the structural components
of the wood.

Thus, the analysis of the obtained results al-
lowed choosing 1.0% content of the filler for the im-
pregnation of birch wood as the optimal one.

On the next stage, a possibility of application
of the developed compositions for the impregnation of
another wood species, i.e. pine, was investigated.

Table 1 illustrates the data on water resistance
of pine wood before and after impregnation by the de-
veloped compositions. The nature of the fillers and
their content were the same as presented in Fig. 1.

Q
2 Water absorba n‘Be, %
&) Radial swelling, %

Fig. 1. Indicators of water resistance of birch wood samples impregnated with SEO without and by addition of
fillers of A-300, Zt, WF
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Table 1

Indicators of water resistance of pine wood before and after impregnation by compositions based on SEO and
inorganic/organic fillers

Amount of ) d swelli
Wood sample | impregnating Water absorption, Wood swelling

composition W, % a;, % a,, %

absorbed by

wood., % 1 day 30days | 1day | 30days | 1day 30 days
PO - 43.1 91.0 5.3 12.3 3.3 8.7
P-SEO 46.1 7.9 35.0 2.8 10.4 15 8.1
P-SEO+1%A 55.2 6.8 31.6 1.8 9.7 0.8 7.3
P-SEO+1%Zt 47.3 6.9 36.1 2.8 9.6 1.0 8.3
P-SEO+1%WF 54.5 7.6 29.7 2.6 8.0 1.0 6.2

The impregnation of coniferous wood species
(pine) differs from the impregnation of hardwood. The
structural composition of coniferous wood species con-
tains tar pitches (resin ducts), the content of which
from the total volume in pine wood is 0.7% [1]. They
prevent filling of the intercellular spaces and voids of
wood with the impregnating composition.

The amount of impregnating composition in
pine practically does not change in comparison with
the data obtained for birch wood (Fig. 1, Table 1). With
the introduction of 1% of aerosil in SEO, the amount of
impregnating composition absorbed by pine sample
increased by 9%; with the addition of 1% of Zt it did
not practically changed, and when filling the formula-
tion with WF the amount of impregnant significantly
increased (by 11.3%) as compared to that for birch
wood samples.

The water absorption of pine samples under
no impregnation after 1 and 30 days of contact with
water was 43.1% and 91.0%, respectively. The addition
of 1% A into SEO formulation cause a decrease in wa-
ter absorption of pine samples, i.e. by 6 times after 1
day and by 3 times after 30 days of contact with water.
The highest water resistance during 30 days of water
absorption conditions was shown by pine wood sample
impregnated by SEO+1%WF.

At the initial stage of water absorption (1 day
of contact with water) the lowest tangential and radial
swelling was observed in pine wood sample impreg-
nated by SEO+1%A. At the later stages of water ab-
sorption (30 days) the least swelling in two mutually

200

perpendicular directions was found for wood samples
impregnated by SEO+1%WF.

Comparison of the impregnation characteris-
tics for pine and birch wood shows that in case of im-
pregnation of both wood species by SEO with no fillers
their impregnation ability is comparable. On the other
hand, application of wood samples by SEO+1% filler
formulations testifies to their different impregnation
ability. The higher amounts of impregnant absorbed by
birch wood (Fig. 1) indicate that this wood species is
easier impregnated than pine wood (Table 1). Moreo-
ver, the values of a, and a, for birch wood samples
confirm their higher dimensional stability against that
of pine wood samples.

The effect of SEO+1%WF formulation on wa-
ter absorption and shape stability of wood is similar for
both birch and pine wood species.

The kinetic dependences of water absorption
of birch and pine wood before and after impregnation
are given in Fig. 2.

As follows from Fig. 2, the water absorption
of unimpregnated wood (BO and P0) occurred at a high
rate in comparison with the samples of impregnated
wood. During the first day of contact with water natu-
ral birch and pine wood absorbed about 40% of mois-
ture. Subsequently, the water absorption process
slowed down and developed almost at a constant rate
of about 3% per day for both types of wood.
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Fig. 2. Kinetic dependences of water absorption of birch (2a) and pine (2b) wood before and after impregna-

tion by different SEO based compositions

The Kinetic curves in Fig. 2a and 2b indicate
that the treatment of the test samples with impregnating
compositions reduced their water absorption by an av-
erage of 3-5 times and significantly slowed the water
absorption process from 2% per day during first 2-10
days to 0.5% per day for water absorption within more
than 10 days. As opposed to the untreated samples of
natural wood, the samples treated by impregnating
formulations were able to absorb only about 8-9%
moisture in the first day of process. Subsequently, the
rate of water absorption in the case of impregnated
wood was ~0.25% per day for birch and ~0.5% per day
for pine sample.

The value of water absorption (after 30 days)
of unimpregnated pine wood (P0) samples was 7.4%
higher than that of natural birch w ood (B0). Within
10-30 days of water absorption process there was a
slight increase in moisture absorption by birch, espe-
cially in the case of impregnation by SEO+1%WF (Fig.
2a). The difference of the kinetic curve for pine is the
absence of saturation region (Fig. 2b) whereas for birch
sample almost the plato was reached.

As a result of impregnation of wood by SEO
the water absorption (by aging for 30 days in water) of
birch and pine samples decreased 3-3.5 times. The
higher water absorption values were reached for birch
and pine samples treated by SEO+1%WF. The use of
SEO for impregnation of wood significantly reduced
water absorption ability of both deciduous and conifer-
ous species (birch, pine), and the introduction of the

Jlecorexnuueckmii ;xypHan 2/2018

filler to SEO composition improved this indicator by 3-
6%.

A visual assessment of the biostability of the
investigated samples during the water absorption test
(30 days) revealed that for the samples of pine wood
both before and after impregnation there were no visi-
ble signs of biological damage. Apparently, the pres-
ence of resin ducts in the structural components of the
wood caused antiseptic properties of pine and pre-
vented the formation of fungi and mold.

At the same time, on the samples of natural
birch wood in the absence of impregnation there were
minor biological damages appeared in the period after
10 days of contact with water. However, the use of
developed impregnating compositions led to an in-
crease in the biostability of birch wood samples for
which traces of mold and fungus were not detected
even after 30 days of water absorption.

Consequently, birch wood has weaker antisep-
tic properties, in comparison with pine, which nega-
tively affects its exploitation performance [12].

Conclusion

1. It has been found that impregnation of birch
and pine wood by spent engine oil made it possible to
impart improved antiseptic properties and water resis-
tance, thus decreasing water absorption and swelling of
wood of these species.

2. Addition of inorganic (aerosil, clinoptilo-
lite) and organic (oak bark flour) fillers to the solution
of spent engine oil at different percentages (0.5, 1.0,
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2.0 % (w.) enhanced water resistance of wood. The
efficiency of organic filler exceeded that for inorganic
fillers.

3. The evaluation of the prospects for the use
of the investigated fillers in the impregnating composi-
tion was carried out by the change of the absorbed
amount of impregnating composition by wood, water
absorption, swelling in the tangential and radial direc-
tions. It was observed that wood flour from oak bark
was the best filler from the presented ones to reduce
water absorption and swelling in two directions.

4. The non-linear dependence of all investi-
gated parameters on the content of fillers in the im-

pregnating composition was determined, and the higher
indices were obtained by addition of 1% of wood flour
of oak bark.

5. The researches carried our illustrated that
the use of spent engine oil as a matrix for impregnation
of birch and pine wood is able to partially solve the
problem of its utilization, thereby creating the possi-
bility of resource saving. The use of oak bark flour in
the form as a filler solves another problem - obtaining
an environmentally friendly impregnation composition.
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B mensx moBbIICHNST Ka4eCTBA ITPOM3BOANMOI (haHepHhl, APEBECHO-CIONCTOrO MaTepHana pa3paboTaHa MaTeMa-
TUYECKash MOJENb, OMMCHIBAIONIAS CKICHBAHUE APEBECHOTO IINMOHA B YCIOBUSAX ILIOCKOTrO IpeccoBaHus. B ocHoBe
npejyiaraéMoi MoJIeNHu JieXKaT MPOLECCHl, MPOTEKAIoINe B BA3KOH (HPIOTOHOBCKOM) HEC)KUMAEeMOW JKUIKOCTH, HaXoO-
Jsieics B CJI0€ MEXKAY ABYMsI IBUXKYIIMMUCS. HABCTPEUy APYr IpYry II0CKONapauleIbHbIMU IIJIOCKOCTSIMU KOHEUHBIX
pa3mepoB. B paMKkax MPUHIMIIOB MEXAHHUKH CIUIOIIHON CPEAbl B YCIOBUAX INIOCKOTO Ae(POPMUPOBAHHOTO COCTOSIHHSA,
OTCYTCTBUS OOBEMHBIX CHJI M MHEPIIMOHHBIX (P PEKTOB (Majias CKOPOCTh CMBIKAHHUS TUIMT MPECcca) COBMECTHO PELIaloT-
Csl ypaBHEHMs BSI3KOCTH M HEPA3pBIBHOCTHU CBA3YIOIIEH KUAKOCTH. [lomydeHHoe mpu 3ToM ypaBHeHue Jlarmiaca miis
JIaBJICHUS PEIIANOCh METOAOM ITOJMHOMOB. DTO TO3BOJIMIIO MOJIYYNTh HAIPSHKEHHO-1e(hOPMHUPOBAHHOE COCTOSHHAE HC-
CleayeMON KHIKOCTU B IUIOCKOCTH CKOJBKEHHs, PE3YyIbTaThl KOTOPOTO MO3BOJIIIOT YNPABIATh MapaMeTpaMu AaBile-
HUS ¥ CKOPOCTH IIPECCOBAHUS NPU CKJIEUBAaHUM HINOHA. Kpome Toro, mosy4eHsl aHaIUTUUECKUE BBIPAKEHUS I KMHE-
MaTHYECKHX XapaKTEPUCTHK KIEEBOM MAacCChl: paclpelielleHue CKOPOCTE MO IUIOCKOCTH CKOJIBKEHUS, MO3BOJISIONIEE
KaueCTBEHHOE [IOCTPOCHUE JIMHUM TOKA, KacaTeJIbHbIE K KOTOPBIM COBIAAAIOT C HAIIPABJIEHUEM CKOPOCTH TeueHus. [Tpu
M3MEHEHHBIX YCJIOBHAX HArpy>KEHHs MOJydeHa (opMyna JUIS ONpeIesieHUs BPEMEHH NMPECCOBAHMSA W KOd(p(HUIIHEHTa
BA3KOCTH Kies. [Ipeamaraemast MaTeMaTiHdeckass MOAETh MOXKET OBITh MCIOJIB30BaHA JUISI OMMCAHMSA (U3UIECKUX MPO-
[[ECCOB, POTEKAIOINX MIPH IPECCOBAHUN HE TOJIBKO (haHEphl, HO U IPYTUX MHOTOCIOWHBIX KJICCHBIX MaTepHaloB: Oy-
MaKHO-CJIOUCTBIX IJIACTUKOB, COHABUY-TIAHENIECH U JIp.

KiroueBble cjioBa: MaTeMaTH4ecKast MOJIENb, IIIOH, BA3KOCTh, HBIOTOHOBCKAs KHJKOCTh, CKIIEUBaHHE, IPECCO-

BaHUC.
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