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Abstract

Background and Objectives: Wood has some limitations in properties and applications due
to its natural nature, which need to be modified. Wood modification is usually done with different
aims and methods. One of the wood modification methods is thermal treatments in order to
improvement of dimensional stability and biological resistance. But, it is surely affected on
physical and mechanical properties of wood. Wood thermal modification in presence of oxygen
causes the oxidation of its chemical structure which leads to detrimental effects on physical and
mechanical properties. Therefore, elimination of oxygen in thermal modification can reduce its
destructive effects. In current study, the effect of thermo-oil process on the function of white rot
fungus has been investigated. Moreover, the effect of this process on engineering properties of
birch and pine wood species was evaluated.

Methodology: In this study, two wood species of birch (Betula sp.) and pine (Pinus sp.) wood
were cut into the desired lumbers. Heat treatment of the prepared lumbers was carried out in a
cylinder which is equipped with pressure and vacuum system. Also, industrial recycled oil was
used for heat treatment of the lumbers. The temperature and time of treatment were selected as
195 °C and 5 hours, respectively. At the end of the process, the used oil was drained into the oil
storage tank and the lumbers were removed from the cylinder after applying vacuum. In order to
investigation of biological resistance as well as physical and mechanical properties (water
absorption and swelling, density, mass loss, bending strength, compression strength parallel to
the grain and impact strength) test specimens were prepared from the treated and control lumbers
based on the standard. The SPSS software was used for statistical analysis. The results were
statistically analyzed based on a One-Way ANOVA method.

Results: Results revealed that thermo-oil treatment can reduce the functionality of white rot
fungus and also its efficiency on physical and mechanical properties of both wood species.
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Moreover, the results showed that this process improved the physical properties and reduced the
mechanical properties, except compression strength parallel to the grain.

Conclusion: Thermo-oil treatment at high temperature causes structural changes of wood and
affects its physical and mechanical properties. Also, the structural changes caused by heat
treatment can be an effective and inhibiting factor to functionality of white rot fungus on physical

and mechanical properties of wood.

Keywords: Thermo-wood, thermo-oil, physical and mechanical properties, fungus.
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Table 1. Summarized of One-Way ANOVA for physical and mechanical properties of two wood species

3 i Mass . Water Volume swelling
@/cm®) Density loss (%)  Compression Impact Modulus  Modulus absorption (%) (%)
Sourceof ~ Wood  Unexposed Exposed  Exposed strength strength of of

variation species  to fungus to to parallel to (j/m?) rapture elasticity 2 24 2 24
fungus fungus (Mpaygrain (Mpa) (Mpa) hours  hours  hours  hours
Pinus 0.000  0.000 0.000 0.000 0.826  0.000 0.000 0.000 0.000

Heat Sp 0000 x* ** ** 0570 nS ** ** ns ** ** ** **
treatment  Betula 0.000  0.000 0.000 0.000 0.414 0.000 0.000 0.000 0.000

ns, * and ** Non-significant and significant at the 5% and 1% probability levels, respectively
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Wood species pine birch
. . control 26.86 31.67
Density reduction (%) Thermo-wood 0.18 1.97
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Figure 6. Effect of thermo-oil process on bending strength of pine and birch wood
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i 5 sl s C)b s Ses 53 e lasl ke
a3l O @‘M—w Slale 4 el @.b; Sles
GBS 5o Jale a8 05 § e fuSs o slasy S 2alS
Mburu etal., ) cul 56 5 53 cnl 5 Sdas 5 6,158 5
e sBlwdd jy Ey, ek Sl Blae (2007
C)b SN 3 2l e Slg o 5 sor sbase
338 S Sy Jols
5V 25U 0o LalS ol a8 wsls ol cu EC N
ssbay 399905 Sased o g}s/"\"*‘}" Jeole C)b e
ol & Cd org wla bawipe 5 meS clabiadle L
g5 onl el o sl S—cd sy anl s Sw)lssl frose
S50 JeeSooam sbaes S 2alS ams e olis | DL
Jole 6 1 5ot spame e e s
035 2 5 2SS 5 sdd (slosg 5 i Shew sy
s 3 (Mburu et al., 2007) sl ol en & | (s S
e S 53 k38 Ak 5Ll US &S sbplen
g8 I S o Bl 5 sy ks
33 8 S Sy Jolo

&S oy plas Ul 5l g olid Cwplia o c)\.u

SUR [ R U\ PP P Jv\a LSS PR I e RV
Caslis 55 5SS (S ol ol S-cds)
ol Sl Jols mls cwl ean asx 655 50 S5slam
Ol e ple S= sy anl b A wsls plas e
S aim a8 aadlas 5550 555 55 a o axls
Sale @\-ww Ol ed o YU gles o @’)‘j’-
2 S Gale sy ol 533 S e 0hs S 5 G
G o SOl 5 (Sosd b Sny ol
Kozakiewicz et al., 2020; Lengowski, etal., ) s s s
2 s 8 &.L‘;_&éﬁ) anl g, L2021
Gl e 5 s S sy 85 e glacas
5 S azdls o 5e
alp L ool sl aS Wl plas e ol CL“’
Jele G)B el rall can Kily @.L“J?_O'éﬁ)
ol Sk wndls Sl 5 008 s S
OB ol el Sl s andly 2alS ol S, sba
Sdsai 3| S 355505 Slakiges > o Sata sba
.,\3\}3@@')\f)u,;é.u;&()mtyby@\.;ﬁ»u



eSS 5 (S S e o Sas e S — i, aul s

254

PRUT IS SR PP P SR PR A IR
e e B A N e Ll
—ofsy wulp o s 8 S Shs ss onl sl
it sl b Wil e san eslanal g4, oobe ‘@La;
ez 0 Cusb, da y ded Ll Cew s, Ao
BYCE UWRNUF. P R e C)Lp\ BE ‘Ji.é Sow ~°°J§
o5l 35 AL e 9 S el O ol 5 S
s sy 5 o sdlal jmlsl 5, Jek
Tomak et al.,2014; ) &I plews olS5 W55
Kozakiewicz ) jJ e o2 28 5 (Yildizetal., 2013
e &l oo (et al., 2020; Lengowski, et al., 2021
258 eolal Ol all 5 cab, G 2alS

S i o5 MSsbar el csny s 4 a5 |
Ol o YU Sl am s 5o ol Sy, Sl
S S5y 435 S oo Llale 5o plas 5 S5
o) s s Sl s | e SO s (S
5 ior 455 (Gl ool sy 4 ans b Ol
5 ols sl oz adsl Cusbs ol 0l B S
Goliale Ol o e .l Slate [l &)l > ax 5o
5 55 shele Wlse Gl slas 1o el ey
dhs S sy Juls B > Shas 5 I8 51 eaislasly
Al sy S s (S ol

oolaw! 090 @olo Cow p4d

-American Society for Testing of Materials. ASTM D
143-09 (2014). Standard methods of testing small
clear specimens of timber.

-American Society for Testing of Materials. ASTM D256
(2018). Standard test methods for determining the
I1zod pendulum impact strength of plastics.

-Cabalova, L., Zachar, M., Ka¢ik, F. and Tribulova, T.,
2019. Impact of Thermal Loading on Selected
Chemical and Morphological Properties of Spruce
Thermo Wood. BioResources, 14(1), 387-400.

-Corleto, R., Gaff, M., Niemz, P., Sethy, A.K., Todaro,
L., Ditommaso, G. and Kamboj, G., 2020. Effect of
thermal modification on properties and milling
behaviour of African padauk (Pterocarpus soyauxii

YO-

S ol o2t omlBl cel QL B-pEs, anls
S S a5 S a8 5 p s Sl
Sl ol S g;}.’.ﬁ ol Gl e e
S s Pl 5 cndo il cel ool
| PR P ) e PRSP R L W S PR P Mf@
s GUI 3l sles Blae s Gilaie 5 36 b
5 (Ghorbani, et al., 2020) wss o Sad 5 LBHWS
05l 53 OAD e 5 Cde 052 Gl el s e
Sbpisly 5 o sadlasl alpl s sk
PRSP U WRCH I ERC
Tomak et al., 2014; Yildiz) 55 8 » w52 U (515
(et al., 2013

aro a Caglie s ol St w5 s
sl anl 3 el a8 wnls olas andllas 5,50 osm slaasS
oAl § 52 50 ) S35 o a0 4 Cwslin yialS
sl adl sl 4o 4 caslis gl Hlas il
Sl obes 1o oam Sl s eaiSs 555 5 00
il 4o 4 cwslis S s e b sy
Kozakiewicz et al., 2020; Lengowski, et al., 2021;)
.(Ghorbani, et al., 2020

o be S — B, Aul b S ol plas S een
65 53 2 o et sne 5 e Caglie ialS
Ol a3 53 s b L3 S s s S s
s oo bl an il JBUl cou 1) o) calie Y
2 el S| (Y- -V Hale , Gonzalez-Pefia)
B | B T e e T S L B RGP CER W
i 5 s eenslie asle S sl S5 alanlis
5 s iobea ((VAAA Mitchell) aas o eS|
il bt eml 5l S LBl L ol s
Kozakiewicz et al., 2020; Lengowski, et ) Jshu o
Wl gl Gliml le s s Ll dal, 2021
Wentzel ) s5i o Jols ol sl sl5e 5 Sk (&
S5 sele s ol &S(etal, 2019; Gaff et al., 2019

Gy oo SElSe 5 (S b Shs Ol e s



YO\

Affecting the Mechanical Properties of Thermally
Modified Black Poplar (Populus nigra L.).
BioResources, 15(2), 3915-3929.

-Krause, A., Hof, C. and Militz, H., 2004. Novel Wood
Modification Processes for Window and Cladding
Products. In: 35th Annual Meeting, International
Research Group on Wood Protection, IRG/WP 04—
40285.

-Lengowski, E.C., Bonfatti Janior, E.A., Nisgoski, S.,
Bolzon de Muifiiz, G.I. and Klock, U., 2021.
Properties of thermally modified teakwood. Maderas.
Ciencia y tecnologia, 23(10), 1-16.

-Mburu, F., Dumarc, S., Huber, F., Petrissans, M. and
Gérardin, P., 2007. Evaluation of Thermally
Modified Grevillea Robusta Heartwood as an
Alternative to Shortage of Wood Resource in Kenya.
Characterisation of Physicochemical Properties and
Improvement of Bio-Resistance, Bioresource
Technology, 98(18): 3478-3486.

-Militz, H. and Altgen, M., 2014. "Processes and
Properties of Thermally Modified Wood
Manufactured in Europe". American Chemical
Society in Deterioration and Protection of Sustainable
Biomaterials; Schultz, T.et al.; ACS Symposium
Series; American Chemical Society: Washington,
DC, 269-285.

-Mitchell, P.H., 1988. Irreversible Property Changes of
Small Loblolly Pine Specimens Heated in Air,
Nitrogen, or Oxygen. Wood and Fiber Science, 20(3):
320-55.

-Navi, P. and Sandberg, D., 2011. Thermo-Hydro-
Mechanical Processing of Wood. Engineering
Sciences, 360 p.

-The European Standard EN 113. 1997 .Wood
preservatives. Test method for determining the
protective effectiveness against wood destroying
basidiomycetes.

-Tomak, E.D., Ustaomer, D., Yildiz, S. and Pesman, E.,
2014. Changes in surface and mechanical properties
of heat-treated wood during natural weathering.
Measurement, 53(5), 30-39.

-Welzbacher, C.R. and Rapp, A.O., 2004. Determination
of the Water Sorption Properties and Preliminary
Results from Field Tests above Ground of Thermally
Modified Material from Industrial Scale Processes.
In: 35th Annual Meeting, International Research
Group on Wood Protection, IRG/WP 04-40279.

-Wentzel, M., Fleckenstein, M., Hofmann, T. and Militz,
H., 2019. Relation of chemical and mechanical
properties of Eucalyptus nitens wood thermally
modified in open and closed systems. Wood Material
Science & Engineering, 14(3), 165-173.

-Yildiz, S., Tomak, E.D., Yildiz, U.C. and Ustaomer, D.,

\ﬂnj\.«s.w‘\ﬂ\ v\-k-"u\j‘ );\Sj;;}.? r}Lc uLﬁ.J;v aaldas

Taub.) wood. Journal of Materials Research and
Technology, 9(4), 9315-9327.

-Delucis, R., Machado, S.F., Missio, A.L. and Gatto, D.
A. 2019. Decay resistance of two-step freezing—heat-
treated fast-growing eucalyptus wood. Journal of the
Indian Academy of Wood Science, 16(2), 139-143.

-Gaff, M., Babiak, M., Kacik, F., Sandberg, D., Tur¢ani,
M., Hanzlik, P. and Vondrov4, V., 2019. Plasticity
properties of thermally modified timber in bending—
the effect of chemical changes during modification of
European oak and Norway spruce. Composites Part
B: Engineering, 165(5), 613-625.

-Gao, H., Sun, M.Y., Cheng, H.Y., Gao, W.L. and Ding,
X.L., 2016. Effects of Heat treatment under vacuum
on properties of poplar. BioResources, 11(1), 1031-
1043.

-Ghorbani, M., Nikkhah Shahmirzadi, A. and Toopa, A.,
2020. Effect of densification on the practical
properties of chemical and thermal modified poplar
wood. Iranian Journal of Wood and Paper Industries,
11(2), 185-197.

-Gonzélez-Pefia, M.M. and Hale, M.D.C., 2007. The
Relationship between Mechanical Performance and
Chemical Changes in Thermally Modified Wood. In:
Proceedings 3rd European Conference on Wood
Modification, pp. 169-72.

-Gonzalez-Pefia, M.M., Breese, M.C. and Hill, C.A.S,,
2004. Hygroscopicity in Heat Treated Wood: Effect
of Extractives. In: Proceedings 1st International
Conference on Environmentally- Compatible Forest
Products, pp. 105-19.

-Hajihassani, H., Zamani, S.M., Salehi, K. and Ghabhri,
S., 2022. Evaluation of engineering characteristics of
decayed thermo-wood by brown rot fungus. Iranian
Journal of Wood and Paper Science Research, 37(4),
306-317.

-Hill, C.A.S., 2006. Wood Modification: Chemical,
Thermal and Other Processes. John Wiley & Sons
Ltd, Chichester, UK.

-Kamdem, D.P., Pizzi, A. and Jermannaud, A., 2002.
Durability of Heat-Treated Wood. Holz als Roh-und
Werkstoff, 60:1-6.

-Kamperidou, V., 2019. The biological durability of
thermally-and chemically modified black pine and
poplar wood against basidiomycetes and mold action.
Forests, 10(12), 1111-1128.

-Kaygin, B., Gunduz, G. and Aydemir, D., 2009. The
effect of mass loss on mechanical properties of heat
treated Paulownia wood. Wood Research, 54(2), 101-
108.

-Kozakiewicz, P., Drozdzek, M., Laskowska, A.,
Grzeskiewicz, M., Bytner, O., Radomski, A. and
Zawadzki, J., 2020. Chemical Composition as Factor



eSS 5 (S S e o Sas e S — i, aul s YOY

Bio-durability and engineering characteristics of 2013. Effect of artificial weathering on the properties
heat-treated poplar wood. Drvna Industrija, 74(4), of heat-treated wood. Polymer degradation and
469-477. stability, 98(8), 1419-1427.

-Zamani, S.M., Hajihassani, R. and Ghahri, S., 2023.



