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Article Info ABSTRACT
Article type: Background and Objectives: Wood as a renewable material, with its
Full Length Research Paper  various benefits, has always had different applications in human society.
Humans have always considered wood as a natural and biodegradable
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Revised: 03.20.2022 moisture absorption, dimensional changes, biodegradation, degradation by
Accepted: 03.31.2022 ultraviolet radiation and weathering, etc. Therefore, this natural product
may need to be modified to achieve the desired functionality and
application. Different modification methods can improve the physical and

Keywords: mechanical properties of wood. Enhancement of light wood density by
Densification, compression process is one of the wood modification methods that often
EUT?“C;”&' ptropertles, improve the mechanical properties. However, spring back is the main
retreatment,

subject in this process. There have been done numerous studies in this
field, but no suitable method has been presented until now that can
effectively control spring back. Therefore, the aim of this study was the
improvement of the physical and mechanical properties of poplar wood
(Populus deltoides) by using hydrothermal pretreatments; at the same time,
spring back assessment under this process.

Spring back,

Materials and Methods: In the current study, Poplar wood (Populous
deltoids) was initially cut into the timber in the wood and paper laboratory
of the Alborz research complex and then changed into the pieces
with dimensions of 45x7x4.2 cm® (longitudinal x tangential x radial).
Afterwards, the wood specimens were hydrothermally treated at
temperatures of 100 °C for three times of 0, 60, and 120 minutes. In the
next step, the second pretreatment and also densification process was
carried out under a hot press in the radial direction with a compression set
of 40 percent. The pretreated poplar wood specimens were immediately
compressed by the hot press at a temperature of 160, 180, and 200 °C for
two times of 60 and 90 minutes. The press pressure was considered 50
kg/cm?. The specimens were then physically and mechanically tested as
density gradient, spring back after press and also conditioning, impact
strength and compression parallel to the grain. The results were analyzed
based on a complete randomized design (CRD) under a factorial
experiment by SPSS software. The mean comparison was evaluated using
Duncan's multiple range tests.

Results: Results assessment compared with other studies showed that this
process, such as uniform structure and less density gradient, could reach

Yo


http://search.yahoo.com/r/_ylt=A0oG7lukP3NSYCYA7iVXNyoA;_ylu=X3oDMTEzNXRvaTVhBHNlYwNzcgRwb3MDMQRjb2xvA2FjMgR2dGlkA1ZJUDI5OF8x/SIG=122agikin/EXP=1383313444/**http%3a/en.wikipedia.org/wiki/Populus_deltoides

acceptable physical and mechanical properties. Moreover, the results
revealed a reduction of spring back after press and conditioning and
improved mechanical properties such as impact strength and compression
parallel to the grain.

Conclusion: The densification process of low-density wood species with
hydrothermal pretreatments improves the physical and mechanical
properties and expands their functional domain.
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Figure 4. Effect of hydro-thermo- mechanical treatment on impact strength.
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Figure 5. Effect of hydro-thermo- mechanical treatment on compression parallel to grain.

Co gzl s 6ol e S o1y 55 e  (sles
S5k Ol FeS 5 (eA o Sosba il s
o oledslane Sl 8 s o O e 68
S8 ol s WA 5N ey sles & g s
SLdised 4,0 4 Coslle oy ml Sl oy
Lols 0L 5 S = ple S il B Lo e
4 Ceglie oguls gme Jogls ey Oley S
T3l e Ole il by A3l e s gd
Al Rl a4 Caslis alds 4y
S = Sl ST e S e
Lz a8 Lols 0L GBI (g5le (solid uaslis
3500 S ol G o Golees 25 e
bz oo S oles Olos la) 58St Sl Sy Lol
» Sl GGl plgbe mn Ol s e
Al e b O (g5l (g lis Cuwglie
Golid Cuslie gla Sl anslis mb Jpll
Ly oS s o Lol 0l GUI s
o2 S ol ol caslie 1Bl

.»; Lad gal

YA

S 5 Ao

Lol b oS sy 0L s ol 5 Jol>

Dled ladisad andls Al o (gilwes 23
e R 238 o dals ladsad b anslie 3 ol
Lok sles badigad aesls OL3IS o) ml6
Sl e S Ll ol SOl - b S i
e 33 @dls Olgee il bl 53 Fe Jule ol S
s ey Ssobea ik s bisel 655
QslS Wlse o ol b oS5 s S
oen & |y oo andls FpS el
Sladsad s Sl Ol bl sl azils
eSSt s aleS el L ed
ClS5L Ol ials 3 Alg e edia S Sa
3 Ao Seosbe AL G Sl 8
B e N
Ol b glaisai @ by i 5 4 oludslae )
S Lols OLiS ladsad (g8 CliSHL sy @L:J



SRE Dbl g s 2l Loy [ e (1o = agby (61l iy b () 0

1.Alvira, P., Toméas-Pejo, E., Ballesteros,
M., and Negro, M.J. 2010. Pretreatment
technologies for an efficient bioethanol
production process based on enzymatic
hydrolysis: a review. Bioresource
Technology. 101: 4851-4861.

2.American  Society for Testing of
Materials, ASTM D 143-09. 2014.
Standard methods of testing small clear
specimens of timber. 31p.

3.Anshari, B., Guan, Z.W., Kitamori, A.,

Jung, K., Hassel, I., and Komatsu, K.
2011.  Mechanical and  moisture-
dependent  swelling  properties  of

compressed Japanese Cedar. Construction
and Building Materials. 25: 1718-1725.

4.Assor, C., Placet, V., Chabbert, B.,
Habrant, A., Lapierre, C., Pollet, B., and
Perre, P. 2009. Concomitant changes in
viscoelasticity properties and amorphous
polymers during the hydrothermal
treatment of hardwood and softwood.
J. of Agricultural and Food. Chemistry.
57: 6830-6837.

5.Biswas, A.K., Yang, W., and Blasiak, W.
2011. Steam pretreatment of Salix to
upgrade biomass fuel for wood pellet
production. Fuel Processing Technology.
92:1711-1717.

6.Gong, M., Lamason, C., and Li, L. 2010.
Interactive effect of surface densification
and post-heat- treatment on aspen wood.
J. of Materials Processing Technology.
210: 293-296.

7.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. 105-119.

8.Hajihassani, R. 2017. Evaluation of
physical and mechanical properties of
glulam made from treated poplar wood by
combined hygro  thermo-mechanical

&bo

¥4

modification. Dissertation thesis, Tarbiat
Modares University.
9.Hakkou, M., Pétrissans, M., Zoulalian,
A., and Gérardin, P. 2005. Investigation
of wood wettability changes during heat
treatment on the basis of chemical
analysis.  Polymer Degradation and
Stability. 89: 1-5.
10.Kaymakci, A., and Bayram, C. 2021.
Evaluation of heat treatment parameters
effect on some physical and mechanical
properties of poplar wood with multi-
criteria decision making techniques.
Bioresources. 16: 3. 4693-4703.
11.Lam, P.S. 2011. Steam explosion of
biomass to produce durable pellet. Ph.D.
Dissertation. The University of British
Columbia. Vancouver, Canada.
12.Militz, H. 2002. Thermal treatment of
wood. European processes and their
background, IRG/WP 02-40241. 33"
Annual meeting, 12-17 may, Cardiff-
Wales. 4: 1-17.

13.Mitchell, P.H. 1988. Irreversible
property changes of small loblolly pine
specimens heated in air, nitrogen,

or oxygen. Wood and Fiber Science.
20: 3. 320-355.

14.Mohebby, B., Sharifnia-Dizboni, H.,
and Kazemi-Najafi, S. 2009. Combined
hydro-thermo-mechanical modification
(CHTM) as an innovation in mechanical
wood modification, in: Proceeding of
fourth European conference on wood

modification (ECWM4), Stockholm,
Sweden. pp. 353-360.
15.Navi, P., and Sandberg, D. 2011.

Thermo-hydro-mechanical processing of
wood. Engineering sciences, 360p.

16.Pelit, H., and Yorulmaz, R. 2021.
Influence of densification on mechanical
properties of thermally pretreated
spruce and poplar wood. Bioresources.
14: 4. 9739-9754.






