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Changes in Populus sp. wood subjected to heat treatment: anatomy and 
silica content
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Heat treatment of wood is a widely used process in the timber industry, partic-
ularly in European countries, involving controlled high temperatures to im-
prove the physical and chemical properties of wood. This study analyzes the 
effects of heat treatment on the anatomy (fiber lumen and vessel diameter) 
and silica content of  Populus deltoides wood (‘Stoneville 67’), cultivated in 
Junín, Buenos Aires, Argentina. Scanning electron microscopy (SEM) micropho-
tographs reveal an increase in fiber collapse with rising temperature (from 80 
to 200 °C) and exposure time (from 60 to 120 minutes). Treatment at 200 °C 
for  60  minutes  shows  a  notable  increase  in  silica  content  (from  0.3%  to 
0.53%), which may positively influence the surface hardness of poplar wood, 
resulting in an improvement in this property.
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Introduction
Heat  treatment  of  wood  plays  a  funda-

mental role in the timber industry, subject-
ing wood to controlled high temperatures 
to enhance its physical and chemical prop-
erties  (Esteves  &  Pereira  2009,  Hidalgo 
Tomé  2014,  Hermoso  et  al.  2015,  Acosta 
Acosta  et  al.  2017,  Carro  Llorente  2021). 
This  method  offers  a  sustainable  alterna-
tive  to  traditional  chemical  preservation 
treatments  (creosote,  chromated  copper 
arsenate),  minimizing  environmental  con-
tamination compared to natural wood (Hill 
2006, Acosta Acosta et al. 2017).

The  process  influences  various  proper-
ties,  including  dimensional  stability,  mois-
ture resistance, insect and microorganism 
resistance, hardness, wear resistance, col-
or,  and  appearance,  among  others  (Mit-
chell 1998, Korkut & Guller 2008, Päivi 2014, 
Spavento  2015).  Heat  treatment  induces 
chemical changes, such as the degradation 
of  hemicellulose  (Equihua  Equihua  2018), 
reducing  water  absorption  and  release, 
thereby  enhancing  dimensional  stability. 
Most  reports  on  hygroscopicity  (Hidalgo 
Tomé 2014, Majano Majano 2014, Hermoso 
et al.  2015,  Acosta Acosta et al.  2017) ob-

serve a decrease in their values following 
heat  treatment.  However,  some  studies 
have  reported  contradictory  behavior  for 
this parameter (Méndez Mejías 2016).

Another essential component, lignin, un-
dergoes  fragmentation  due  to  high  tem-
peratures, decreasing density and stiffness 
while  increasing  flexibility  and  reducing 
wood  deformation  (Majano  Majano 2014, 
Equihua  Equihua  2018).  Moreover,  cellu-
lose  crystallization  during  heat  treatment 
may  enhance  dimensional  stability  (Wik-
berg & Maunu 2004,  Rivera Ramos 2015). 
Additionally, silica, a mineral present in par-
ticular wood species,  may experience sig-
nificant  changes  during  heat  treatment, 
affecting properties such as hardness and 
durability (Refort et al. 2014).

From an anatomical perspective, as hemi-
cellulose degrades and lignin alters, the cel-
lular  structure  of  the  wood  becomes 
denser,  improving water  and microorgan-
ism  resistance  (Equihua  Equihua  2018). 
Heat  treatment  influences  the  size  and 
shape  of  wood  cells,  affecting  their  me-
chanical and physical properties (Fengel & 
Wegener  1989,  Boonstra  et  al.  2006,  Ma-
jano Majano 2014).

Despite its industrial application in several 
countries, heat treatment is not widely uti-
lized in Latin American countries,  such as 
Argentina (Méndez Mejías 2016). This study 
focuses on the effects  of  heat  treatment 
on commercial woods in Argentina (Popu-
lus sp.), utilizing reference conditions from 
Spavento  (2015),  who  studied  the  same 
species in similar conditions.

The objective of this study was to analyze 
the influence of heat treatment on cellular 
structure (fiber lumen and vessel diameter) 
and  silica  content  (percentage  and  influ-
ence on surface hardness) in  Populus del-
toides wood,  aiming  to  identify  tempera-
tures and exposure times that lead to tech-
nological improvements in this wood.

Materials and methods
Random trees were selected from a com-

mercial  plantation  of  Populus  deltoides 
“Stoneville 67” in Buenos Aires, Argentina. 
Five specimens,  aged between 20 and 24 
years, were chosen for sampling. The first 
two  commercial  logs  (up  to  6  meters  in 
height)  were  used  for  thermal  treatment 
and  subsequent  analysis  using  scanning 
electron microscopy (SEM) and energy dis-
persive X-ray spectroscopy (EDX). The sur-
face hardness data used to analyze wheth-
er silica content influences this parameter 
were presented in  a  previous  study (Ara-
gón 2021).

Two  temperatures  (80  and  200  °C)  and 
two exposure times (60 and 120 minutes) 
were  employed  for  the  heat  treatments, 
based on previous studies (Spavento 2015  
– Tab.  1).  The  heat  treatment  was  con-
ducted in an electric oven (ORL Company, 
Model  SD755,  175-liter  capacity)  equipped 
with a high-precision Programmable Logic 
Controller (PLC  – O.R.L.). After preheating 
to 80 °C, the samples were placed inside, 
and the timing commenced. After 60 min-
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utes (T1), the first samples were removed, 
and the remainder continued for an addi-
tional  120  minutes  (T2).  The  same  proce-
dure was followed for 200 °C.

The  ultra-structural  anatomical  analysis 
involved  ten  samples  per  treatment,  in-
cluding an untreated control sample, with 
dimensions of 2 × 2 × 2 cm. These samples 
were  evaluated  by  the  Non-Destructive 
Testing,  Material  and  Product  Evaluation 
Department of the National Institute of In-
dustrial  Technology  (INTI,  San  Martín, 
Buenos Aires). Photomicrographs were ob-
tained  at  various  magnifications  (100×, 
1000×, 1500×) using a scanning electron mi-
croscope (SEM, high vacuum), enabling ob-
servation  of  the  cellular  structure  in 
treated and untreated wood. Fiber lumen 

and vessel diameter were measured, with 
500 measurements per treatment and un-
treated  wood,  using  ImageJ  software  v. 
1.52a.

The chemical analysis involved observing 
the  samples  under  the  scanning  electron 
microscope coupled with energy dispersive 
X-ray  spectroscopy  (EDX)  using  a  Philips 
505® SEM to determine the elemental com-
position of treated and untreated wood.

The values for fiber lumen, vessel diame-
ter, and silica content were statistically an-
alyzed  with  respect  to  the  applied  heat 
treatments. The relationship between silica 
content  and  previously  reported  surface 
hardness values was also examined.

Results and discussion

Anatomical changes in response to 
thermal treatment

As  temperature  and  exposure  time  in-
crease during the heat treatment process 
(from T1 to T4 in ascending order of inten-
sity  and  exposure  time),  the  collapse  of 
wood  fibers  becomes  more  pronounced 
(Fig. 1). Specifically, Treatment 4 exhibits a 
notable collapse of the cell walls upon sec-
tioning, which is more pronounced than in 
the other treatments. These findings align 
with  the  conclusions  of  Boonstra  et  al. 
(2006) regarding the effects of heat treat-

ment on softwoods, where it was reported 
that poplar wood is particularly susceptible 
to  the  collapse  of  its  cellular  structures 
when  exposed  to  high  temperatures.  A 
similar result was reported by  Päivi (2014) 
concerning thermally treated pine wood.

Based on the measurements of fiber lu-
men and vessel diameter (Tab. 2), it can be 
inferred that heat treatments significantly 
affect the collapse resistance of fibers and 
vessels.  As  both  temperature  and  expo-
sure  time  increase,  both  parameters  de-
crease.  The  analysis  of  variance  revealed 
significant  differences  (p  <  0.005)  among 
the  treatments.  According  to  the  Tukey 
test, the most notable differences were ob-
served  between  untreated  wood  and 
Treatment T3 for fiber lumen (15.15 vs. 5.09 
mm) and between the control  wood and 
Treatment  T4 for  vessel  diameter (118  vs. 
82 µm).

Silica percentage
The results of this study indicate that the 

silica  content  in  untreated  poplar  wood 
(0.30%  Si)  falls  within  previously  estab-
lished  parameters  (García  Vallejo  et  al. 
2001, Ihnát et al. 2021). However, after heat 
treatment, an increase in the silica percent-
age was observed (T1: 0.34%, T2: 0.32%, T3: 
0.53%,  T4:  0.35%),  particularly  notable  in 
Treatment T3 (200 °C / 60 minutes). The sig-
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Fig. 1 - Photomicrographs of Treated (T1, T2, T3, and T4) and Untreated (U) poplar wood taken at 100 × magnification. See Tab. 1 for 
the details of each treatment.

Tab.  1 -  Temperature  and  duration  of 
exposure in heat treatments.

Treatment
Temperature 

(°C)
Time 

(Minutes)

T1 80 60

T2 80 120

T3 200 60

T4 200 120

Untreated - -
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Changes in poplar wood after heat treatment

nificant increase in silica content in Treat-
ment T3 can be attributed to the interac-
tion between exposure time and tempera-
ture, which likely triggered a more exten-
sive decomposition of silicates, resulting in 
a  more  substantial  release  of  silica  com-
pared to other treatments (Kocaefe et al. 
2008, Popescu et al. 2011). However, Treat-
ment T4 showed a decrease in  silica  per-
centage (0.32%),  indicating that the expo-
sure time may negatively impact the degra-
dation of silicate compounds, thus affect-
ing its final value. Despite a slight upward 
trend in all treatments, the only significant 
difference in silica content was found be-
tween  Treatment  T3  and  the  others 
(ANOVA p < 0.005, Tukey tests,  α = 0.05). 
When incorporated into the cellular struc-
ture,  silica  may  contribute  to  increased 
wear  resistance  and  surface  penetration 
(Refort et al. 2014). This is consistent with 
previous findings by Ziliani (1987) regarding 
the  hardening  of  wood  due  to  the  pres-
ence of silica. Given this context, the rela-
tionship between surface hardness values 
reported  by  Aragón  (2021) for  this  same 
material  and  the  silica  percentage  values 
presented  in  this  study  was  analyzed.  It 
was observed that with T3 at 0.53% silica, 
the surface hardness value was higher (372 
kg cm-2) than that of the control wood (283 
kg  cm-2),  indicating  that  the  silicate  com-
pounds produced at that temperature and 
exposure time enhance surface wear resis-
tance. This increase in surface hardness in 
heat-treated poplar wood has been previ-
ously reported by  Taraborelli et al. (2022), 
emphasizing  the  importance  of  exposure 
time and temperature. According to our re-
sults, at 200 °C and 60 minutes (T3), Popu-
lus deltoides ‘Stoneville 67’ shifts from be-
ing  classified  as  very  soft  (untreated)  to 
soft (heat treated), according to the classi-
fication  by  García  &  García  (values  ex-
tracted from Suirezs & Bergel 2009).

Conclusion
The  results  indicate  that  the  effects  of 

heat  treatment  on  poplar  wood  are  di-
rectly related to the temperature and ex-
posure time employed. The lowest values 
of fiber lumen and silica percentage were 
observed in  Treatment  4  (200 °C  and 120 
minutes), while the lowest vessel diameter 
was obtained in Treatment 3 (200 °C and 
60 minutes).

The  relationship  between  silica  percent-
age and the increase in  surface hardness 
highlights  the  importance  of  understand-
ing these processes to optimize the prop-
erties of treated wood. Modifying this pa-
rameter  would  allow  Populus  deltoides 
‘Stoneville  67’  to  be  classified  from  very 
soft  (untreated)  to  soft  (thermally  treat-
ed), according to the classification by Gar-
cía & García (values extracted from Suirezs 
& Bergel 2009).

Future research in this field should inves-
tigate how these enhancements in proper-
ties can translate into specific practical ap-
plications.  This  would  open new  avenues 

for  advancing  thermal  wood  treatment 
technology  in  Argentina,  contributing  to 
the sustainable and efficient development 
of the wood industry.
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Fiber lumen avg.

(µm)
Vessel diameter avg.

(µm)
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T2 8.81 b 82.21 ab

T3 5.09 a 87.47 ab

T4 - 56.46 a
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