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THE EFFECT OF ALKYD RESIN ON THE STABILITY
OF BINDING (3-AMINOPROPYL) TRIETHOXYSILANE
WITH CELLULOSE AND WOOD

Experiments were conducted using (3-aminopropyljhorysilane (APTES) and
alkyd resin in order to improve the reactivity ofadoprotective preparations with
wood. The results presented concern a structuradlhemis (FTIR, AAS) of
modified cellulose and wood, both after chemical tieas with silanes and after
water extraction.

The FTIR spectrum of pine wood powder was preseafied a reaction with
organosilane preparations and with the additionadkyd resin, and then after
water extraction. The FTIR analysis detected vibra of Si-C, Si-O and N-H
groups, indicating permanent bonding with the orgsileame preparation. The
presence of bands at 710 Ciftharacteristic of vibrations of the silicon bomdth
an atom of carbon and oxygen) and at 1600-1580" doharacteristic of
deformation vibrations of N-H coming from the amine gjooonfirmed the
reactivity of these preparations with the wood. Tasults of atomic absorption
spectrometry confirmed the stability of the orgarays bonds with the cellulose
and the wood.
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Introduction

Research has been conducted for several yearg @ptication of organosilane
preparations to improve wood properties such asdmyobbicity, resistance to
high temperatures and biological corrosion (Hillaét 2004). The hydrophobic
properties of silanes mainly result from the preseof methoxy or ethoxy
groups bound with a silicon atom. An additional ambage of the compound
used in this study, (3-aminopropyl) triethoxysilazmntaining ethoxy groups, is
its non-toxicity in relation to the environment. viahces in wood protection
methods are closely related to the knowledge andenmstanding of the
mechanisms of chemical reactions between wood coeme and
organosilanes, as well as other additives. To date, main wood treatment
methods have been developed using silicon compoiteds system of surface
wood protection (Hochniiska et al. 2007, 2014) and micro-emulsion primarily
containing silane and siloxane mixtures. The othhewd treatment method using
silicon compounds is complete wood impregnatiorthsas the hydrolysis of
monomer silanes initiated by the presence of watemd in the wood (Sébe,
Brook 2001; Mai, Millitz 2004; Muromachi et al. 2860Tshabalala et al. 2003).
In this case the sol-gel process occurs in the wells (Mai, Militz 2004),
resulting in a considerable reduction in wood swgliand limited extraction to
water (Hochmaska et al. 2007).

Analyses were conducted using (3-aminopropyl) iagysilane (APTES)
and alkyd resin in order to improve the reactivfythe protective preparations
with the wood.

Materials and methods
Chemical treatment

The reaction of an organic solution system contgni(3-aminopropyl)
triethoxysilane (APTES) (Sigma-Aldrich, Steinhei®ermany) (fig. 1) and
alkyd resin (Ftalak S 6120) (PPG Polifarb, CiesZyaland)was run at room
temperature at different volumetric ratios (1, 2% APTES, 20% alkyd resin,
white spirit).
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Fig. 1. Chemical structure of (3-aminopropyl) triehoxysilane
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The homogenous material of cellulose and wood -tsSpime sapwood
(Pinus sylvestrid..) in the form of powder — was treated with APTER5 w/v)
at room temperature with simultaneous stirring gsinmagnetic bar stirrer for
2 h. The cellulose (Sigma-Aldrich, Steinheim, Gemgjaand wood samples
were left in working solutions at room temperatimethe next 2 h, then filtered
and dried in air flow at room temperature. The malke obtained were leached
using continuous extraction with deionized watea abnstant ratio (1/100 w/v)
for 2 h.

Infrared Spectroscopy

The samples of cellulose and wood were mixed witr KSigma_Aldrich,
Steinheim, Germany) at a ratio of 1/200 mg. Thecspewnere registered using
an Infinity spectrophotometer by ATl Mattson (Maatis USA) with Fourier
transform at a range of 500-4000 tmt a resolution of 2ci registering 64
scans.

Atomic Absorption Spectrometry

Representative samples of cellulose and wood powdssuring 0.5 g were
collected from the prepared material. The samplegevmineralized in a semi-
closed microwave mineralization system (Marsexpré&M , Matthews, USA).
After each step of treatment, the samples were #tgazhfor AAS analysis of
silicon content using a Spectra 280 AA spectrombieAgilent Technologies
(Santa Clara, USA). The final results were the m@edivalues of three
simultaneous measurements.

Results and discussion

The figures below present the IR spectra of thalogle following the reaction
with the organosilane preparations and with theawogilane preparations
containing alkyd resin in an organic solvent. Tpecira of the cellulose after
reactions with these preparations and then aftéernextraction are also given.
The bands in the analysed spectra indicate chamggsring in the cellulose
systems after the reactions with the organosilaepgpations and following the
subsequent water extraction process. These reaglte also confirmed in
a study by Ratajczak (2010).

The IR spectrum (1800-1500 ¢jn(fig. 2) analysis of the experimental
material was the main tool used to estimate thecefif the alkyd resin on the
binding of the aminosilane with the wood. The bahd 745 crit proved to be
characteristic for the vibrations of the carbonyup C = O originating from the
alkyd resin. This band was also found in the spemftthe modified cellulose
following extraction with water (fig. 3).
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Fig. 2. Spectra of cellulose (A), cellulose afterernction with: 1% APTES (B), 2.5%
APTES (C), 5% APTES (D) 1% APTES +_20% alkyd resin(E), 2.5% APTES +

20% alkyd resin (F), 5% APTES +_20% alkyd resin(G)

There was a band in the IR spectra at 718 which was characteristic for
the cellulose after the reaction of the (3-aminpglptriethoxysilane with the
alkyd resin (fig. 2). This band is was typical foonds between silicon and
carbon (Si-O-C-R3). The presence of this band atdit a reaction between the
cellulose and organosilane. The results of theyaralconfirmed the mechanism
of this reaction discussed in studies by Tingawdle(2006), Sébe et al. (2004)
and Ratajczak et al. (2010). Moreover, an increias¢he intensity of the
vibrations of Si-C and Si-O groups was observe@d0@t cni. This band is was
characteristic of the experimental material modifigith the silane containing
alkyd resin. The highest intensity was recordedHerpreparations with 1% and
2.5% APTES and 20% alkyd resin.

There were also deformation vibrations of N-H gégund at 1580 crhof
the IR spectra. These vibrations originated frora thamine group of the
(3-aminopropyl) triethoxysilane.

The IR spectrum (1800-1500 ¢jn(fig. 3) analysis of the experimental
material was the main tool used to estimate thgdatksin effect on the binding
of the aminosilane with the cellulose. The bandla50 cni proved to be
characteristic for the vibrations of the carbonyup C = O originating from the
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alkyd resin. The presence of this band indicatechdbg of the silane
preparations containing alkyl resin with the celkd.

y
¢
z

NN 7N T Y e
s,;\\\\ / /f\/_\ 1 “\ Jf '\w\“«/\\ i “f\\

s

Transmittance [%]

Transmittance [%]
3

%\%&N\/\V\M ]
N N

3500 3000 2500 2000 1500 1000
Wavenumber [em™]

Transmittance [%]

W

N R
/\\AA“ R
R

RS

L
22222

Fig. 3. Spectra of cellulose_after extraction withwater (A), cellulose with: 1%
APTES (B), 2.5% APTES (C), 5% APTES (D) 1% APTES +20% alkyd resin (E),
2.5% APTES +_20% alkyd resin(F), 5% APTES +_20% alkyd resin(G)

In the spectra of the modified cellulose after astion with the (3-
aminopropyl) triethoxysilane and alkyd resin, thems also a band at 710 ¢m
characteristic of vibrations of Si—C and Si-O g®(fig. 3). Moreover, the IR
spectra contained bands at 1550*coharacteristic of deformation vibrations of
N-H coming from the amine group in the silane. phesence of these bands in
the IR spectra of the modified cellulose followiegtraction also confirmed the
stable bonding of the silane preparations and alkgah with the cellulose.

Figure 4 presents the IR spectrum of the pine wamwdder after the reaction
with the organosilane preparations and with theitehdof alkyd resin in the
organic solvent. It also shows the spectrum of wwod powder after the
reaction with these preparations, and then aftéemextraction.

When analysing the bands in the IR spectrum at 4BBO0 crit (fig. 4),

a band at 1740 chcould be seen which was characteristic of stretghin
vibrations of the carbonyl group C = O coming frtme alkyd resin. This band
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in the IR spectrum may have originated from vilmagi occurring in the wood.
This band was also seen in the spectra of thevpirogl after extraction (fig 5).
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Fig. 4. Spectra of wood (A), wood after reaction wh: 1% APTES (B), 2.5%
APTES (C), 5% APTES (D) 1% APTES +_20% alkyd resin(E), 2.5% APTES +
20% alkyd resin (F), 5% APTES +_20% alkyd resin(G)

The spectra of the pine wood after reaction witk {8-aminopropyl)
triethoxysilane and alkyd resin contained a ban@lt cm', characteristic of
vibrations of the silicon bond with an atom of camtand oxygen coming from
the ethoxy group in the organosilane. This confdnthat a reaction had
occurred between the cellulose and organosilandisasssed earlier. Moreover,
at 700 crit, characteristic of the bonds of Si—C and Si-Oinareased intensity
was observed in the case of the modification whlk silane preparations
containing resin.

In addition, the IR spectra contained bands at 26880 cri, characteristic
of deformation vibrations of N—H coming from theamine group in the
(3-aminopropyl) triethoxysilane (fig. 5).

The effectiveness of the organosilane bonding wite cellulose was

confirmed by the results of the atomic absorptipectrometry, presented in
figure 6.
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Fig. 5. Spectra of wood after extraction with water(A), wood with: 1% APTES (B),
2.5% APTES (C), 5% APTES (D) 1% APTES +_20% alkyd esin(E), 2.5% APTES
+ 20% alkyd resin (F), 5% APTES + 20% alkyd resin(G)
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Fig. 6. Silicon concentrations in cellulose and wadaafter reaction and after extraction
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The highest silicon concentration was assayeddrcétiulose modified with
a preparation containing 5% APTES, both with no/@lkesin added and with
a 20% resin content (fig. 6). In each sample of BBImodified cellulose with
no alkyd resin added, the silicon concentratiorrekesed after water extraction.
In the modified cellulose preparation (5% APTES 0% alkyd resin), the
silicon concentration was 124.7 mg/kg, while in 8s@me sample after water
extraction it was 118.3 mg/kg.

The concentration of the silicon decreased in sachple of modified wood
powder after water extraction. In the pine wood ified with the 2.5% APTES
+ 20% alkyd resin preparation , the silicon con#iin was 63.33 mg/kg,
while in the same sample after water extractiowas 55.90 mg/kg. A similar
leaching rate was observed when using the 5% APF¥E®% alkyd resin
preparation . The silicon concentration was reabte’7.90 mg/kg, whereas in
the same sample after water extraction it was 6&8(kg. In this case, one
beneficial effect of the alkyl resin was observewnifested in the retention of
the active substance in the cellulose and the wood.

Conclusions

The analysis performed using infrared spectrosc@ByIR) and atomic
absorption spectrometry (AAS) confirmed the hydadpdtion capacity of the
APTES and 20% alkyd resin solution applied on the pvood and cellulose.
For the cellulose and pine wood after the reaactidh the APTES — alkyd resin
preparations and after extraction, a band wasleisib1750 ci,characteristic
of vibrations of the carbonyl group C = O in thkyal resin. The presence of this
band indicated the bonding of the silane prepanatantaining alkyl resin with
the cellulose and wood. The presence of bands @tc#t (characteristic of
vibrations of the silicon bond with an atom of aamband oxygen) and at
1600-1580 ci (characteristic of deformation vibrations of N-Binting from
the amine group) confirmed the reactivity of theseparations with the wood.
The results of the atomic absorption spectrometnfioned the stability of the
organosilane bonds with the cellulose and the wood.
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