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Abstract: In this study, the combined effects of chemical (with tricine and bicine) and thermal treatments
were investigated. The modifications which appeared in the wood structure were evaluated by infrared
spectroscopy and chemometric methods (principal component analysis and hierarchical cluster analysis).
After the treatment, about 6e7% of WPG was identified in treated samples, but further thermal treatment
decreased the WPG to about 5%. The modifications appearing in the spectra were mostly related to
increase of the intensities of the bands assigned to C]O groups but also to NeH and CeN groups, with
shifting of some bands to higher wave number values.
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I. INTRODUCTION
Wood is an important natural resource used in many applications, from construction to furniture and different domestic
or industrial objects, tools and artworks. Despite its properties, wood presents some limitations in exterior environment
use, such as dimensional instability, susceptibility to fungal decay or weathering, etc . In order to prevent these, several
thermal or chemical treatments have been applied.
Thermal treatment of wood has been well established over the past decades, with several commercialised processes .
The treatment causes transformations in wood composition, through a series of hydrolysis, oxidation and
decarboxylation reactions, which are coupled with heat and mass transfer and/or other physical changes
(conformational changes and molecular rearrangements). The reactions involved during heating, as well as the final
properties of the wood material, depend strongly on several factors, like: treatment time, normal atmosphere condition
or vacuum, temperature applied, and the relative humidity, but also on the wood species used Even the resulted
endeproduct possesses improved physical characteristics, like lower hygroscopicity, better dimensional stability,
durability, if wood is to be exposed to different chemical or biological agents, or to frequent use under natural
environmental conditions, the mechanical properties are often reduced. Another type of wood modification is the
reaction with different chemicals e chemical modification, where chemical moieties are covalently bonded to the wood
cell wall polymers. Different chemical modifications can be applied to change the properties of wood , especially to
improve the dimensional stability, decay resistance, water sorption, and mechanical properties As a result of this
treatment, the hydroxyl groups in the cell wall are substituted partially and the cell wall of the wood is bulked with the
bonded chemicals. The substitution of the hydroxyl groups reduces the number of primary sorption sites (which are
generally assumed to be the OH groups); while the bulking reduces the volume in the wood cell wall which is
accessible to water molecules The most common chemical modification process involves the reaction with different
anhydrides . Although the literature presents a wide range of anhydrides used for the treatment, acetylation using acetic
anhydride is the most studied one and it is also produced commercially. Apart of anhydrides, many other chemicals
have been used in order to improve the properties of wooden material. For example, treatments using dimethylol
dihydroxy ethylene urea (DMDHEU) [i.e. melamine resin , silane, siloxane or silicon polymers were found to improve
the mechanical strength of wood.
Recently, a new approach uses the Maillard reactions for the treatment of wood. This metheg=p
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and co-workers has considered the use of tricine for the modification of wood, though the studies have been limited to
a maximum temperature of 103 C. The authors observed increased hardness and tensile strength of their modified wood
species. Another work from Peeters and co-workers describe preliminary results of their experiments based on a
Maillard type of reaction at 120 C by using nontoxic chemicals in order to decrease the wood decay.

Maillard type reactions are a cascade of reactions, known also as nonenzymatic browning. The initial step consists in
reaction between a reducing end of a saccharide and an amino acid to give a condensation product . This reaction takes
place usually during the heat processing of food with a low relative humidity , and it is considered to cause the brown
stains during wood kiln drying with temperatures higher than 80 C due to the presence of natural amino acids and
reduced sugars .

Subsequently, a range of reactions takes place, including cyclization’s, dehydrations, retro aldolizations,
rearrangements, isomerization and further condensations, which ultimately lead to the formation of polymers and
copolymers, known as melanoidins . Generally, the composition is relatively unknown due to the complexity of the
products that are generated in the reaction . Overall, Maillard reaction is an aqueous process initiated by heat, which
makes it relatively straightforward to apply to wood in a commercial process. In addition, the reaction does not require
the use of strong acids or bases, which could degrade the wood structure.

The most efficient characterization method, to identify the modifications appearing in the wood structure during heating
and to identify the possible interaction and bonds formed between the wood components and the used reagents in
chemical modification is infrared spectroscopy. This technique proved to be an efficient tool to identify differences
between wood species small modifications in the wood structure as a result of different treatments , decay or
photodegradation , but also to identify the changes taking place during thermal treatment , chemical treatment , and/or
impregnation or coating . Moreover, due to the use of small amount of sample and little or no processing, this method is
also considered as being non-destructive.

In the present study, the combined effects of chemical treatment (using bicine and tricine) and the thermal modification
(using a temperature of 160 C) was investigated. To identify and better understand the structural changes appearing
during these processes in the wood cell wall, infrared spectroscopy was used, combined with chemometric methods,
such as principal component analysis and hierarchical cluster analysis

II. MATERIALS AND METHODS
Materials
For this study we used spruce (Picea abies) and beech (Fagus sylvatica) wood blocks, and as chemicals bicine [2-
(Bis(2hydroxyethyl)amino)acetic acid] and tricine [N-(2-Hydroxy-1,1bis(hydroxymethyl)ethyl)glycine] from Merch.
Their chemical structure is presented in Fig. 1
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Fig. 2. Infrared spectra and their derivatives in the 3700e2500 cm' region of the spruce (a, b) and beech (c, d) wood
samples.
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Treatment

Spruce and beech wood samples were separated in 6 categories (control, thermal treated, impregnated with
bicine/tricine, impregnated and thermal treated).

Impregnation procedures e aqueous solution of 10 wt% bicine/ tricine were introduced using a vacuumpressure
impregnation (VPI) process according to the fullcell process in a laboratory impregnation setup (Kambic, Semic,
Slovenia). The impregnation process comprised 30 min of vacuum (10 kPa), 40 min of pressure (1000 kPa) and 10
min of vacuum (15 kPa). The WPG were determined gravimetrically, and the impregnated specimens were
conditioned for 2 weeks prior to thermal modification.

Thermal modification was performed according to a modified Silvapro® commercial procedure developed by Rep
and Pohleven , at a temperature of 165 C for a period of 3 h, to limit the degree of thermal degradation of the
chemicals impregnated into the wood prior to thermal modification. The mass loss (ML) of the samples after thermal
modification was determined gravimetrically and the samples stored in the laboratory for 4 weeks (at 23 C; 65%
relative humidity) before subsequent testing. Table 1 shows the sample categorisation relative to their respective
bicine and tricine treatments.

Method

The infrared spectra of the wood samples were recorded in KBr pellets on a Bruker ALPHA FTelR spectrometer
with 4 cm' resolution. The concentration of the sample was constant (2 mg powdered sample/200 mg KBr).
Processing of the spectra was performed using the Grams 9.1 program (Thermo Fisher Scientific). Five recordings
were performed for each sample, and their average spectra were further used in interpretation of the data. Principal
component analysis (PCA) and hierarchical cluster analysis (HCA) were performed using the Chemo Spec package
in R software

OH H ©
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Fig. 1. Chemical structure of bicine (a) and tricine (b).
Species Code Treatment description
Spruce S C control
S HT heat treatment only
S B bicine pre-treatment and drying
S B HT bicine pre-treatment and heat
treatment
ST tricine pre-treatment and drying
S T HT tricine pre-treatment and heat
treatment
Beech B C control
B _HT heat treatment only
B B bicine pre-treatment and drying
B B HT bicine pre-treatment and heat
treatment
BT tricine pre-treatment and drying

B T HT tricine pre-treatment and heat
treatment
Table 1: Samples, codes and the applied treatment
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II1. RESULTS AND DISCUSSION
The mass loss (ML) and the weight percent gained (WPQG) after thermal and thermochemical treatment were calculated.
The ML during the thermal treatment is about 1.2% for S HT and of about 1.6% for the B_HT. The bicine chemically
treated samples presented a WPG of about 13.9% for S B, and 8.0% for B_B. When both treatments are applied
(thermal and chemical) the final WPG is of about 8.3% for the S B_HT samples and of about 5.2% for the B_B_HT.
For the tricine treated samples the WPG was of about 12.6% for S T and 6.8% for B_T, while the final WPG for the

thermal and chemical treated ones was of 10.7% for S T HT and 4.8% for B_. T HT sample, respectively.

Bands assignments

Bands position

S C/B.CSHI/ B SBBBSBHI/ T S T/B.TSTHI
B_HT B_B_HT B_T_HT

OeH stretching (B, T)

3521/ 3522/3522 35173521/
3523 3522

3439 3458/3455/3456 3455 3455/3455/3454

3456 3454
02eH2/06 intramolecular stretching modes (in cellulose) 3418/ 3414/ 3419/ 3419/3420 3417/ 3418/3421
3418 3423 3419 3419
OH in carboxylic acid and NeH in secondary amine 3384 3375/3370/3372 3359 3370/3373/3376
3374 3374
05eH5/03 intramolecular in cellulose 3344/ 3349/ 3342/ 3343/3344 3344/ 3345/3341
3340 3343 3345 3345
06eH6/03 intermolecular in cellulose Ib (3270) 3279/ 3279/ 3280/ 3280/3276 3281 3281/3280/3280
3275 3279 3280 3279
06eH6/03 intermolecular in cellulose I, (3240) 3233/ 3227/ 3224/ 3229/3222 3229/ 3232/3211
3213 3222 3209 3216
OH and NeH stretching 3193 / 3197/ /
3181 3177 3184
CeH stretching absorption in methyl and methylene groups in 3133/ 3141/ 3139 3137/3135/3140 3110 3139/3132/3136
cellulose 1 3142 3142 3140 3139
multiple formation of an intermolecular hydrogen bond between 3067/ 3067/ / 3067/ 3068/3070
biphenol and other phenolic groups (in lignin) 3067 3071 3067 3068
3018/ 3018/ 3025 3022/3022/3014 3029 3026/3021/3018
3013 3014 3018 3021
CH stretching 2976 2997
asymmetric methoxyl CeH stretching 2935/ 2934/ 2937/ 2935/2935 2946 2936/2936/2936
2936 2936 2936 2936
symmetric CH, stretching 2885/ 2883/ 2905 2902/2888/2881 2888 2885/2885/2882
2881 2881 2889 2882
CH stretching 2841 2847/2849/2848 2824 2839/2839/2848
2846 2847

Table 2 Bands position and their assignment in the 3700¢2500 cm' region [6,29,34,39,40].

Infrared spectra

Generally, the infrared spectra of the wood

present two absorbed water weakly bound and

intramolecular hydrogen bond in a phenolic group (in 3521/important regions, namely the 3700¢2500 cm' assigned to
different stretching vibration of OH groups and methyl and methylene groups and 1800¢800 cm' (fingerprint region)
where the specific stretching vibration and deformation bands from the all wood components can be found. Therefore,
for the evaluation of our samples we separated the spectra according to these two regions.
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The spectra of the first region (3700e2500 cm') for all the studied samples are presented in Fig. 2. The spectrum of
control wood shows the characteristic bands of both softwoods and hardwoods, with a large band at about 3420 cm'
which is an envelope of the specific bands assigned to inter and intramolecular hydrogen bonds in the wood
components, and the band from about 2870 cm' which, in this case, is an envelope of the symmetric and antisymmetric
stretching vibration of the methyl and methylene groups (Fig. 2a and c).

During thermal treatment (see S HT and B HT comparing to S C and B_C), almost no change was possible to identify
through the normal spectra or their second derivatives.

When the samples were exposed to chemical modification with bicine and tricine and further to thermochemical
modification, the spectra of S and B clearly showed the presence of the chemicals in wood structure, with higher
modifications encountered for the bicine treated samples for both series of wood, but because the bands from bicine and
tricine almost totally overlapped with the bands from the wood components, it was difficult to specify the presence of
the interactions. The band positions and their assignments are presented in Table 2.

The second region (Fig. 3) presented more detailed information concerning the structure of wood, and the
modifications that took place during the thermal, chemical and thermochemical treatments.

As previously mentioned for the other region, both the infrared spectra and their derivatives for control (S _C and
B_C) and thermal treated (S_HT and B_HT) samples did not indicate any significant differences occurring as a result

of the thermal process.
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Fig. 3. Infrared spectra and their derivatives in the 1800e800 cm' region of the spruce (a, b) and beech (c, d) wood
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The samples treated with bicine (S Band S B HT and B B and B B_HT) presented increased intensities of the bands
assigned to carbonyl and carboxyl groups stretching vibration (at about 1740 and 1647 cm'), but also of those assigned
to methyl and methylene deformation vibration (1493, 1465, and 1422 cm'), to OH stretching and deformation
vibration (1402, and 1317 cm'), to CeN stretching vibration in amine groups (1267 and 1208 cm'), and of those
assigned to CeO groups stretching vibration (at about 1166, 1118, 1074, 1045 and 1024 cm') (Fig. 3). Because the
samples treated with tricine presented a lower WPG% than those modified with bicine, the modifications mentioned
before and observed for the treatment with bicine are not that obvious. In Table 3, all the bands in this region and their

assignment are presented.

Table 3: Bands position and their assignment in the 1800e800 cm' region [3,6,29,34,39,40].

Bands assignments Bands position
S C S HT BSB SBHT TST S T HT
/B C /B_HT /B B /BB HT /BT /B.THT
CY4O0 stretching vibration of carboxyl and acetyl groups 1740/ 1741/ 17341741/ 1740/ 1734 1741/ 1741/
1739 1740 1740 1741 1740 1740
CY%0 stretching of various groups 1729 1724 1726 1724 1725 1726
CY4O0 stretching in conjugated persubstituted aryl ketones 1690 1662/ 1694 1702 1701 1702 1704
and conjugated acid (B, T) conjugated CeO in quinones 1662/ 1661 1658/ 1658/ 1658/ 1659/
1661 1662 1657 1658 1659
absorbed OecH; C]O stretching in carboxylic acid (B, T) 1637 1640 1647 1645/ 1644/ 1630 1635/ 1637/
1645 1646 1635 1641
NeH bending (T) 1602 1601 1602
CYC of aromatic skeletal (lignin) 1592 1592 1589/ 1590/ 1590/ 1590/
1593 1593 1593 1593
conjugated CeO 1553/ 1554/ 1552/ 1554/ 1558/ 1551/
1552 1551 1550 1551 1552 1550
CYC of aromatic skeletal (lignin) 1512/ 1512/ 1512/ 1512/ 1512/ 1512/
1506 1507 1507 1507 1507 1507
CH, bending 1493 1488
CeH deformation in lignin and carbohydrates; CH, bending 1465/ 1465/ 1455 1462/ 1463/ 1469 1465/ 1464/
(B, T) 1465 1465 1465 1465 1466 1465
CeH deformation in lignin and carbohydrates; CH, bending 1425/ 1425/ 1422 1426/ 1426/ 1412 1426/ 1426/
(B, T) 1425 1425 1426 1425 1425 1426
CeOH from carboxylic acid bending (B,T) 1402 1402/ 1400/ 1394 1399/ 1402/
1399 1399 1398 1397
CeH deformation in cellulose and hemicellulose; CH, 1375/ 1375 1388 1384/ 1374/ 1365 1374/ 1374/
bending (B, T) 1376 1376 1380 1376 1376 1377
CeH vibration in cellulose and CieO vibration in syringyl 1332/ 1333/ 1334/ 1335/ 1336/ 1335/
derivatives 1329 1330 1327 1327 1328 1330
CHj, rocking vibration in cellulose; CeOH from carboxylic 1318 1318 13111317 1317 13201317 1318
acid (B, T)
CeH bending mode in cellulose and CeO stretch in lignin, CeN 1270 1260 1268/ 1268/ 1259 1269/ 1269/
stretching from amine (B, 1270/ 1262 1262 1264 1261 1264
T) 1262
CeO linkage in guiacyl aromatic methoxyl groups and acetyl / / / / / /
groups in xyloglucan 1244 1244 1243 1244 1243 1245
CeOeC stretching mode of the pyranose ring 1228/ 1228/ 1230/ 1228/ 1223 1228/ 1229/
1229 1228 1229 1226 1229 1230
C%O0 stretch in lignin and xylem; CeN stretching in amine 1209/ 1209/ 1204 12079 1209/ 1208/
&/ 1SSN
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(B, T) 1203 1203 1207 1207 1208 1206
CeOeC vibration in cellulose and hemicellulose; CeO 1164/ 1164/ 11661163/ 1163/ 1161 1164/ 1164/
stretching (B, T) 1163 1163 1162 1163 1163 1163
CeO stretching 1113/ 1113/ 1118 1113/ 1112/ 11151112/ 1112/
1127 1126 1126 1126 1125 1126
CeO stretching mainly from C(3)O(3)H in cellulose I; CeO 1062/ 1062/ 1074 1063/ 1060/ 1071 1061/ 1062/
stretching (B, T) 1071 1071 1070 1068 1070 1071
CaiyieO ether vibrations methoxyl and beOe4 in guaiacol;  / / 1045/ / 1047 / /
CeO stretching (B, T) 1046 1046 1046 1047 1051 1055
CeO and CeC stretching ring in cellulose and hemicelluloses 1025/ 1025/ 1024 1025/ 1027/ 1029 1026/ 1027/
1020 1020 1020 1020 1020 1020
CeO stretching 988/987 988/987 978 987/988 987/987 980988/987 988/986
Aromatic CeH out of plane deformations 957/961 957/961 953 958/963 959/961 952958/960 958/961
Pyran ring stretching 939/926 936/926 933 931/929 931/926 920933/925 936/926
CeH deformation in cellulose 896/896 896/896 907 894/896 895/896 896/896 896/897

887

CH out of plane vibrations in position 2, 5 and 6 of guaiacyl 862/871 862/871 854 856/870 858/870 878863/871 864/872

units

The increase of intensity of the bands mentioned above and their shifting to lower or higher wavenumber values
indicated the presence of the chemicals in the wood structure. Furthermore, an increase of the C]O groups content
indicate the presence of Amadori products (mentioned before in literature by Hauptmann and co-workers as a result of
the interaction between the bicine and tricine with the wood carbohydrates.

In order to show the possible interactions taking place between the bicine/tricine and the wood structure, the theoretic
spectra were calculated through the additivity law and using as initial values the spectra of control and thermal treated
samples and the pure components (S C/B_C, S HT/B_HT, B and T). As for the experimental spectra, the calculated
spectra versus experlmental ones were separated into the two main regrons (3700e2700 cm and 1800e830 cm').
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Fig. 4. Experimental (full line) and theoretic (dotted line) infrared spectra and their derivatives in the 3700¢2500 cm'
region of the spruce (a, b) and beech (c, d) wood samples

In Fig. 4, the spectra and their derivatives in the first region are presented. From the spectra, only slight differences can
be noticed here, but the second derivative spectra reveal differences among the both series of spectra, mostly in the CH
stretching vibration region. If no interaction would occur between the wood and the chemicals, then the theoretic
spectra should look similar to experimental ones. In reality, we can observe that in theoretic spectra we have bands
which present higher intensities than in the experimental spectra, and these are located at about 2935 and 2888 cm' for
the samples treated with bicine, and at about 3280, 3205, 3030, 2938 and 2884 cm' for the samples treated with tricine.
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In the second region (Fig. 5), the spectra show higher variations. For example, for the S samples, the bands located at
about 1739, 1591, 1462, 1426, 1384, 1360, 1268, 1097 and 1025 cm! present higher intensities in the theoretic spectra
comparing to the experimental ones. These bands belong mostly to bicine and tricine structure. The most important
differences are indicated by reduced intensity in the experimental spectra of the bands from 1738, 1600, 1384, 1268,
1093 and 1024 cm', assigned to C]O stretching vibration of carboxyl and acetyl groups, conjugated CeO and CeO and
CeN stretching vibration. For the samples S_ T and S_T_HT, the bands from 1070 to 1051 cm' present a decreased
intensity in the experimental spectrum and were merged in one band with the maximum at 1061 cm'. These bands also
presented larger width when comparing similar bands from the theoretic spectra. Further increased intensities were
noticed of the bands around 1645, 1550, 1400, 1061 cm' assigned to CeO and conjugated CeO stretching vibration.
Moreover, the band from 1400 cm' was not observable in the theoretic spectra.
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Fig. 5. Experimental (full line) and theoretic (dotted line) infrared spectra and their derivatives in the 1800830 cm'
region of spruce (S) (a, b) and beech (B) (c, d) wood samples.
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Larger variations were identified in the spectra of the B samples, comparing to the other set of samples (S). Here, the

most important differences were observed for the bands from 1735, 1650, 1550, 1380, 4 1126, 1093, 1070
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Copyright to IJARSCT DOI: 10.48175/IJARSCT-19495 i 2o e 831

www.ijarsct.co.in




(/ IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.53 Volume 4, Issue 2, August 2024

and 1045 cm®' which presented lower intensities and were wider in the experimental spectra compared to their
equivalent bands from the theoretic spectra. As in the previous case, was observed the presence of the band from 1400
cm' only in experimental spectra. At the same time were observed higher intensities for the band from 1205 cm'.
Moreover, these bands were shifted to lower or higher wavenumbers in the experimental spectra comparing to theoretic
ones, indicating the formation of new bonds between the chemicals structure and wood.

It has been mentioned before by Hauptmann and co-workers (2015) that the spectra of tricine treated cellulose and
lignin did not indicate any chemical reaction. Therefore, the variation of the infrared bands indicates that the C]O and
CeO groups mainly probably from the hemicelluloses are involved in the reaction with the bicine or tricine compounds,
as would be expected if a Maillard reaction had taken place.

Principal component analysis

Principal component analysis (PCA) gives, generally, detailed information regarding the differences which appear
between the series of similar samples . To perform the PCA, the fingerprint regions (1800e800 cm') for the spectra of
the studied samples were used.

For spruce wood (Fig. 6a), the PC1 (principal component factor 1) describes 86% and PC2 (principal component factor
2) 8.4% of data variance, therefore more than 94% of the existed variances in all spectra can be captured using these
two dimensions instead of the initial data.

The bicine treated samples presented positive values on PC1, the tricine treated ones had values close to 0 while the
control and thermal treated samples presented negative scores. On PC2, control, tricine and bicine treated samples
presented negative values, while the thermal treated and thermochemical treated ones presented positive values.
Therefore, PC1 is the most informative latent variable for the description of chemical treatments, differentiating the
chemical and thermochemical treated samples from the control and thermal treated control samples, while PC2
separated the samples according to thermal and nonthermal treatment, indicating the negative relationship between
these two series of samples.

Almost the same behaviours can be observed for the beech wood samples (Fig. 6b). The only difference is that the
samples treated with bicine present more distinct groups than the other samples.

Hierarchical cluster analysis

In addition to principal component analysis, a hierarchical cluster analysis (HCA) was performed, which allow us to
emphasize the natural grouping in the data set, making possible at the same time to visualize the relationships among
different groups [6,48].
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Fig. 7. HCA plots of the spruce (a) and beech (b) wood samples.
The dendrograms of the two series of samples (spruce and beech wood) are presented in Fig. 7, showing two main
clusters with different heterogeneities.
The spruce wood samples dendrogram (Fig. 7a) was separated in two main clusters, the bicine treated samples in the
first one, and the other samples in the second one. Further, the second cluster was divided into two other superclusters,
which separated the control and thermal treated samples from the tricine treated samples.
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On the other hand, the beech wood samples (Fig. 7b) dendrogram was separated in two main clusters, differentiating
between the control and thermal treated sample and the chemically and thermochemically treated samples. The second
cluster was further divided in several subclusters, which discriminated between the bicine and tricine treated samples.
As observed in the PCA analysis, there was a higher difference in the samples treated with bicine and those thermoses
treated with bicine, comparing to spruce wood.

In a previous paper the colour measurements indicated that the treatment with tricine and thermal modification had the
greatest impact on the samples, showing a considerable darkening even when compared to the thermal modification
only. The treatment with bicine induced less darkening. Thermal treatment usually induce some darkening of the
material and it has been mentioned that during thermal treatment the darkening of the wood samples is due to the lignin.
The additional darkening of the samples treated with bicine/tricine, indicated additional process, which may be due to
Maillard process occurred as a result of the combined treatments possibly as a result of the formation of polymerisation
products such as melanoidins .

At the same time, the contact angle measurements indicated that the combination of the both treatments increases the
contact angles compared to control and simple thermal treatment.

The preliminary experiments of the thermally and thermochemically modified wood indicated the occurrence of the
reactions between the functional groups from bicine and tricine and those present in wood structure, which could
suggest that there was chain displacement from the bicine to create the Amadori products and activation of the N via a
quaternary ammonium intermediate typical of a Maillard reaction.

IV. CONCLUSION
Two types of wood were thermally and chemically treated, as well as combined treatment between them was applied.
The modifications which appeared in the wood structure were evaluated by infrared spectroscopy and chemometric
methods (principal component analysis and hierarchical cluster analysis). These indicated the occurrence of the
reactions between the functional groups from bicine and tricine and those present in wood structure.
Moreover, it was observed that the softwood samples were more susceptible to chemical/thermal modification than the
hardwood samples, indicated both by the increased WPG values, but also by the infrared spectra.
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