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Abstract: Swelling and water resistance of black poplar wood (Populus nigra L.) modified by polymerisation in
lumen with styrene. Polymerisation in lumen of black poplar (Populus nigra L.) was performed to improve wood
properties related to interaction with water. Wood samples were modified with styrene or a mixture of styrene
and maleic anhydride, using benzoyl peroxide as initiator. Polymerisation was conducted in closed vessels at a
temperature up to 120 °C. Volume swelling and water absorbability of modified wood samples were measured.
A significant decrease in the rate of water absorption was found, especially at the initial stage of soaking,
resulting in 50 % decrease in volume swelling and 85 % decrease in water absorption.
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INTRODUCTION

Wood is one of the oldest engineering materials, which has been used for a variety of
applications. Wood has applications in building, furniture, housewares, toys, weapons and
paper (Xu et al. 2009; Li et al. 2011). One of the oldest uses of wood is generating heat
through combustion, while novel technologies of bioenergy from wood are subjects of wide
research (Zhu et al. 2016a; Zhu et al. 2016b). The properties of wood depend on its cell wall
structure (Salmén and Burgert 2009), which is composed of lignin, cellulose and
hemicelluloses structural polymers; thus wood tissue is defined as a biocomposite (Rowell
2005, Salmen and Burgert 2009, Paris et al. 2010). Although wood is widely used,
unfortunately it has some disadvantages, such as susceptibility to fungi or some insects,
flammability or a change of properties during ageing (Li et al. 2011). The most important
disadvantage of wood is connected to its interaction with water, which leads to dimensional
change (Hill 2006, Fu et al. 2012) and subsequently to deformation and cracking.

Chemical improvement of wood’s water resistance is a subject of wide research on
wood modification (Bach et al. 2005), including reactions with anhydrides (Hill and Mallon
1998a, 1998b; Hill and Jones 1999) or alkoxysilanes (Donath et al. 2004). One of the ways to
change the properties of wood is to modify the cell wall with polymers such as styrene-
acrylonitrile copolymers (Devi and Maji 2012), or polymerisation within wood pores,
including grafted PMMA (Cabane et al. 2014), polyglycols (Trey et al. 2010), polyaniline
(Trey et al. 2012) or phenol-formaldehyde resins (Furuno et al. 2004). Substances are
introduced into the cell wall to fill in the free space, which makes it difficult for water to enter
the cell wall. The introduction of polymers into wood can be achieved through vacuum
saturation with a polymer solution or with monomers, followed by in situ polymerization.
Polymer chains should be covalently attached to the cell wall for stable modification (Rowell
2005). One possible solution is to attach a monomer reactive to the wood in order to bind
polymer chain with cell wall (Cabane et al. 2014).

Black poplar wood is not considered a valuable material for construction, furniture,
passageways or floors. The modification of wood with styrene, investigated in this work,
leads to an improvement of wood properties, such as reduced water absorption or increased
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dimensional stability. New uses of black poplar wood are expected to be available thanks to
such modification.

MATERIAL AND METHOD

A single deck of black poplar wood (Populus nigra L.) was cut into samples of
30 x 20 x 20 mm, while the longest dimension was cut parallel to the grain. Moisture content
in raw wood was 6.94% =+ 0.25% (determined according to Krutul 2002). Density of wood
was 372 kg/m® + 18 kg/m® .The samples were sorted and divided into three groups of 10
samples each. Group 1 was filled with styrene and group 2 with a mixture of styrene and
maleic anhydride. A reference group wasn’t modified.

Styrene from Sigma-Aldrich (Poznan, Poland), maleic anhydride and benzoyl
peroxide (initiator) from POCh (Gliwice, Poland) was used. All reagents were of analytical
purity. 250 cm® of styrene was used in both modifications, while an addition of 5 g of maleic
anhydride was applied in group 2. Prior to the treatment of the wood samples, 0.75 g of
benzoyl peroxide was dissolved in styrene.

Detailed description of vacuum saturation, thermal induced polymerization and final
curing was presented in our previous paper (Zmuda and Radomski 2019), along with a
procedure of soaking in water and measuring water absorption and swelling. In this work,
samples were tested after 1 hour, 8 hours, 16 hours, 1 day, 2 days, 3 days, 5 days, 7 days and
14 days of soaking.

RESULTS

For the group 1 of the samples (modification with styrene), the weight percentage gain
(WPG) was 98% + 11%, while for the group 2 (styrene-maleic anhydride) the WPG
of 106% =+ 10% was determined.

In the case of the reference group, strong absorbability and swelling was observed
(Figure 1). After one hour of soaking, swelling of 6% and water absorption of 47% were
measured. Then, swelling of 13% and water absorption of 83% were determined after
16 hours. After 3 days, the swelling reached 15%, while water absorption increased to 118%.

Reference group
B Water absorption [%] A Swelling [%]
200 - - 16
180 - L 14
160
— L 12
2N 140 A
=
2 120 - - 10 &
E_ [=Ts]
g 100 - s £
@
(1]
5 80 } % % L6 3
(1] 60 -
= 1 1 .
40 -
20 §% = = a L 2
. .
L
0 : : . : : . . 0
0 2 4 6 8 10 12 14 16
Days

Figure 1. Swelling and water resistance for the reference group (without modification) — full time range
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Further absorption was considered to takes place out of the cell wall, as a negligible
increase of swelling was found in the next days of the experiment. The final value of the
swelling was determined at 15%, and water absorption was at 170% after 14 days.

In the case of the group 1 of the samples (modification with styrene), a slight
absorbability of the samples during the first hour was observed, along with low swelling,
which was only 1% (Figure 2). After 24 hours water absorption rose up to 6%, which was still
15 times lower than the reference group, and swelling reached 3% was 5 times lover than
reference group. After 5 days water absorption raised up to 17%, and swelling for 7%. Water
absorption at the level of 25% and swelling of 7% were observed at the last measurement,
which states absorbability 7 times lower than the reference and swelling 2 times lower.
The swelling value in the whole test changes from a 6-fold to 2-fold difference for this series
compared to the reference one. Water absorption value changes from 47 times to 7 times
during the 14 days of the test.
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Figure 2. Swelling and water resistance for the Styrene group — full time range

In the case of the group 2 (modification with styrene-maleic anhydride mixture), the
same increase in value was observed in the first hour (Figure 3). After 24 hours water
absorption increased to 7%, which was noticeably higher then with styrene, but still 13 times
lower than reference group.

In both modifications we received similar results after 14 days: absorbability of 25%
for the group 1 and 27% for the group 2, while swelling was 7% and 6% respectively. In such
a short period of time there are no differences between the two modifications. It is possible
however, that with prolonged soaking would allow observing some differences.
The modifications show considerable wood resistance to water, featuring lower absorption
and swelling.

A slight difference in the amount of absorbed water between the two modifications,
together with no significant difference in swelling degree, may be considered as an indication
of cell wall not being modified in this way, while polymerization occurs in lumen.
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Styrene-maleic anhydride (group 2)
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Figure 3. Swelling and water resistance for the Styrene-maleic Anhydride group — full time range

The polymer that gets through vacuum impregnation polymerizes and fills the cells
lumen, thus less water can get into the cell’s lumen. The cell wall can still absorb water
at the same time, which leads to swelling.

CONCLUSION

The tests carried out show that:

1. Modification with styrene and maleic anhydride showed higher average WPG
than modification with styrene alone, while the difference is not significant.

2. Both modifications showed similar absorbability and swelling of wood,
while absorbability of the samples from the group 2 (modification with styrene-maleic
anhydride) was still lower than the samples from the group 1.

3. The absorbability of modified wood is much lower than that of native wood,
while swelling is only twice as low.

4. Further long-soaking studies and polymer-wood interaction studies are suggested
to be useful.
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Streszczenie: Pecznienie i nasigkliwosé topoli czarnej (Populus nigra L.) modyfikowanej
styrenem metodq polimeryzacji w Swietle komorki. Polimeryzacje w $wietle komorki
wykonano na gatunku topoli czarnej (Populus nigra L.) w celu poprawy jej wlasciwosSci
zwigzanych z oddziatywaniem woda-drewno. Probki drewna zostaly zmodyfikowane
styrenem oraz mieszaning styrenu i bezwodnika kwasu maleinowego z dodatkiem nadtlenku
benzoilu, jako inicjatora. Nastepnie probki poddano polimeryzacji w zamknigtych
pojemnikach w warunkach podwyzszonej temperatury do 120°C w celu utwardzenia. Na
wykonanych probkach zostaly przeprowadzone nastepujace badania: WPG, specznienia
objetosciowego 1 nasigkliwosci. Pecznienie objetosciowe zmniejszylo czg¢sciowo swoje
warto$ci. Stwierdzono znaczne zmniejszenie szybko$ci wchtaniania wody, zwlaszcza w
poczatkowe] fazie namaczania, co skutkowalo 50% zmniejszeniem specznienia
objetosciowego i1 85% spadkiem nasigkliwosci.
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