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Abstract
Appropriate monitoring of wood machining processes is a key issue to ensure the expected quality of the processed wood, 
expected efficiency and minimize energy consumption of production processes. A new trend is the design of environmentally 
friendly machining fluids. In this paper, as a preliminary study in this field, the effect of applied standard wood machining 
fluid on changes in the colour and chemical composition of the machined wood surface is presented. Scots pine wood (Pinus 
sylvestris L.) was used for this research. Colour measurements were carried out based on the three-axis CIELab system test 
in time intervals and coefficients such as: colour chroma (Cab*), colour saturation (Sab*), colour hue (h°), and total colour 
changes (ΔE*). Changes in chemical composition were analysed on the Attenuated Total Reflectance Fourier Transform 
Infrared Spectroscopy (ATR FT-IR). The results confirmed that standard machining fluids cause a significant change in the 
colour of the treated pine surface, which decreases over time but is still present even after 24 h. For the spectral analysis, no 
chemical changes were observed between the machining fluid and the wood. However, the fluid particles remained in the 
wood after 24 h. In order to reduce the effect of the machining fluid on the colour of the wood, its composition should be 
changed to allow and/or accelerate the evaporation of their components from the treated wood surface.

1  Introduction

Wood is a natural and renewable biological material with 
optimal functional properties (Asdrubali et al. 2017). These 
properties allow for wood to be widely used in civil engi-
neering (Ramage et al. 2017; Wieruszewski and Mazela 
2017), architecture (Sekularac et al. 2016), and the furniture 
industry (Wu et al. 2021). The good mechanical properties, 
low density, and easy harvesting are features that compete 
with mineral-based building materials such as concrete or 

steel (Hassan and Johansson 2018). Hence, wood is widely 
used even in the construction of skyscrapers (Harris 2012; 
Tollefson 2017). Wood is also a competitive material due 
to its much lower carbon footprint compared to traditional 
building materials (Himes and Busby 2020). The above 
mentioned features and its renewability place wood in a lead-
ing position among materials used in construction. Wood 
and its application in civil engineering is also seen as one 
of the most important tools for carbon storage, especially 
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as a reccomended solution for mitigating climate change 
(Tettey et al. 2019; Brunet-Navarro et al. 2021).

The natural features of wood, including knots, sorption 
properties, and shape stability, reduce the values of mechani-
cal properties, and as a result, hinder its wider use (As et al. 
2006; Kläusler et al. 2014; Vieira Rocha et al. 2018). The 
effect of these natural characteristics on the mechanical 
properties of wood has been significantly reduced by the 
application of wood glueing technologies: cross laminated 
timber (CLT), glued laminated timber (GLT), and laminated 
veneer lumber (LVL). A major improvement in the proper-
ties that reduce the value of wood is a result of the advanced 
process of glued wood production. Among others produc-
tion line includes: sawing raw material, drying, planing, 
sorting, glueing, and re-machining (for GLT and CLT). The 
last one is the milling/planing process of the already glued 
material. The final machining operation provides the final 
dimensions with the required accuracy and expected surface 
quality (Wang et al. 2015; Christovasilis et al. 2016). In the 
manufacturing process of glulam (GLT, CLT), the glue used 
has a significant effect on tool wear and increases the cutting 
force (Bustos et al. 2010; Kläusler et al. 2014; Porankiewicz 
et al. 2014; Dobrzynski et al. 2019). The question is how can 
this effect be reduced?

The use of machining fluids in primary wood sawing pro-
cesses is an industrial practice, especially for log band saw-
ing processes. The main purpose of using machining fluids 
is to reduce the coefficient of friction, but also to prevent 
chips, sawdust, and resins from sticking to the cutting blades 
(Web-Source 1 (2022), Web-Source 2 (2022)). Stanovský 
et al. (2013) showed that oil lubrication of tool blades dur-
ing the chain sawing process significantly reduced the tem-
perature of the cutting process and tool wear by reducing 
the coefficient of friction. The use of similar machining 
fluids in the final processing of glued wood would prob-
ably reduce the phenomenon of adhesive sticking to cutting 
blades and their wear (Dobrzynski et al. 2019). However, 
they could negatively affect the properties of the machined 
wood surface, especially causing a change in colour, chemi-
cal compositions, and physical properties. In the case of 
blade lubrication used during pre-sawing wood processes 
(harvesting process–chain saw; sawing of log–band saw), 
the effect of machining fluid on the machined surface is not 
important, as these surfaces will be repeatedly machined and 
the effects will be removed during the subsequent manu-
facturing processes. Significant colour changes induced by 
thermal treatments (drying, steaming) take place at a small 
depth (around 2 mm) from the surface of treated wood, as 
shown by Konopka et al. (2021). However, for final machin-
ing operations, the use of machining fluids can affect the 
physical and chemical properties of the machined surface. 
Therefore, use of these fluids is not allowed in the secon-
day wood machining operations where the final surface of 

wooden element is generated. The chemical and physical 
changes induced by the use of the machining fluid can affect 
the aesthetics of the product and the properties necessary for 
subsequent manufacturing steps, such as absorption during 
the painting process.

Colour is one of the most important characteristics of 
wood, which describes its aesthetic qualities relevant to the 
user (Forsthuber and Grüll 2018). Changes in wood colour 
described using the CIELab system (ISO 11664-2 (2007); 
ISO 11664-4 (2019)) are used to observe changes that occur 
as a result of various wood processing operations in the pro-
duction of a wood product, e.g. drying (Cividini et al. 2007; 
Baranski et al. 2020), steaming (Tolvaj, et al. 2012; Geffert 
et al. 2017; Dzurenda 2022), thermal modification (Dagbro 
et al. 2010; Timar et al. 2016), and chemical modification 
(Bi et al. 2021). The various wood treatment/modification 
processes also cause changes in the chemical composition of 
the wood. Changes in the chemical composition can be ana-
lysed successfully using infrared spectroscopy (IR). Bader 
et al. (2020) used Fourier transform infrared spectroscopy 
(FTIR) to analyse chemical changes in wood induced by 
steaming and longitudinal compression. Chemical changes 
induced by heat treatment were analysed using near infra-
red spectroscopy by Sandak et al. (2016). Hofmann et al. 
(2022) applied FTIR analysis to monitor chemical changes 
of steamed wood of different species during short-term pho-
todegradation. Varga et al. (2020) used IR spectroscopy to 
analyse the photodegradation of hardwood species and mon-
itor water leaching from them. Broda and Popescu (2019) 
also used FTIR spectroscopy for comparative analysis of 
the natural decay of archaeological oak wood and artificial 
degradation processes.

The colour of wood also changes as a result of weathering 
(Jebrane et al. 2017) or light exposure (Calienno et al. 2014). 
The colour analysis of wood can be used as a tool to iden-
tify specific wood characteristics (Klement and Vilkovská 
2019). Colour and changes in colour are used as indicators 
of the quality of the wood processing performed (Torniainen 
et al. 2021) and as a tool to predict mechanical properties 
(Nasir et al. 2021). Moreover, different types of infrared 
spectroscopy (FTIR and NIR) have been applied to estimate 
the physical and mechanical properties of wood by Sandak 
et al. (2015). Kwasniewska-Sip et al. (2021) used FTIR spec-
troscopy to characterise the interaction between caffeine and 
Scots pine (Pinus sylvestris L.) wood and assess the stability 
of the alkaloid molecule in lignocellulosic material.

Studies on the analysis of colour and/or chemical changes 
as a result of the machining fluid on wood have not been 
reported in the available literature thus far. This is not sur-
prising, as there are also no published studies in the avail-
able literature related to the application of machining fluids 
to the final machining step of wood, especially glulam. The 
aim of the conducted research was to analyse the changes 
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in colour and chemical composition occurring on the sur-
face of machined Scots pine wood (Pinus sylvestris L.), 
as a result of the machining fluid. These tests are aimed at 
answering whether standard machining fluids dedicated to 
primary woodworking can also be used in the final machin-
ing processes of wooden products, especially glulam, with-
out adverse consequences such as changes in colour and 
chemical composition. To the best of our knowledge this is 
a pioneering approach to final machining process of wood 
and glulam.

2 � Materials and methods

2.1 � Material and sample preparation process

The study was carried out on Scots pine wood (Pinus syl-
vestris L.) harvested from the Pomeranian region of Poland. 
Pine wood was chosen because it is the most popular in 
the timber industry in most of Europe, including for glu-
lam production. Wood samples for analyses were prepared 
from 7 different logs. The logs were sawn for timber beams 
in a sawmill and then dried in an industrial kiln dryer to a 
moisture content (MC) of about 12%. One part of the beam 
was used to determine the density of the samples. Den-
sity was determined as the weight of wood divided by the 
volume of the sample in an oven-dry condition. The other 
parts of the beams were planed to 50 mm × 50 mm dimen-
sions and cut to a length of 600 mm. One sample with final 
dimensions of 50 mm × 50 mm × 500 mm (respectively 
H–height × W–width × L–length) was prepared from each 
log. The obtained beams were stored in laboratory room 
and conditioned 24 h before the experiment under the con-
ditions: temperature 20 °C (T) and 60% relative humidity 
(RH) in order to maintain MC at a constant value 12%. 

The structural properties of the analysed wood samples are 
shown in Table 1.

Finally, the beams were sawn to 4 mm thick lamellae on 
the frame sawing machine PRW15M with elliptical tooth 
trajectory and a hybrid dynamically balanced driving system 
(Wasielewski and Orlowski 2002). In the machining process, 
machine settings were applied, which are shown in Table 2. 
The freshly machined surface of one lamella from each beam 
was subjected to analysis of the effect of machining fluids 
on colour changes.

2.2 � Machining fluid and application process

The analysed machining fluid is a mixture of different frac-
tions of heavy petroleum oil with a boiling point in the range 

Table 1   Selected properties of analysed pine wood samples

Average values for the whole group of samples are in bold

Sample ID Density of oven-dry 
pine wood ρ,
kg·m−3

Moisture 
content MC,
%

Average width of the 
annual rings WAR,
mm

Average width of the late-
wood in annual ring LW,
mm

Average width of the early-
wood in annual ring EW,
mm

S1 487.05 7.90 1.05 0.30 0.75
S2 625.71 10.30 1.81 0.73 1.09
S3 618.86 12.80 2.27 1.16 1.11
S4 453.23 8.60 4.56 0.67 3.89
S5 574.67 12.30 2.52 1.06 1.46
S6 536.34 12.40 2.12 0.40 1.72
S7 542.23 12.20 2.02 0.44 1.58
Average value 548.30 10.93 2.33 0.68 1.66
Standard deviation 64.08 2.01 1.08 0.33 1.04

Table 2   Tool and machine tool data

Name of parameter Symbol (unit) Value

Frame sawing machine PRW15M
 Number of strokes of the saw frame per min nF (min−1) 685
 Number of saws in the gang m (−) 5
 Average cutting speed vc (m·s−1) 3.69
 Average feed speed vf (m·min−1) 0.92
 Feed per tooth fz (mm) 0.11
 Saw frame stroke HF (mm) 162
 Tension stresses of saw blades in the gang σN (MPa) 300

Saw blade (sharp, with stellite® tipped teeth)
 Kerf width (overall set) St (mm) 2
 Saw blade thickness s (mm) 0.9
 Free length of the saw blade L0 (mm) 318
 Blade width b (mm) 30
 Tooth pitch P (mm) 13
 Tool side rake angle γf (°) 9
 Tool side clearance angle α f (°) 14
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of 155–217 °C (60–80% m/m), aromatic hydrocarbons with 
carbon numbers predominantly in C8–C10 and boiling point 
in the 135–210 °C (10–30% m/m) range, and white mineral 
oil with viscosity at 40 °C (10–30% m/m) in the range of 
14.2–17.0 mPa-s. It did not contain silicone and wax. The 
density of the used machining fluid was 0.794 g/ml at 20 °C. 
The machining fluid was applied to the lamella by using a 
nozzle with a hand pump. A volume of 1 ml of machining 
fluid was applied evenly over the whole analysed wood sur-
face Aa = 4000 mm2 in sprayed form (Fig. 1).

2.3 � Methodology for measuring colour parameters

Changes in wood colour were measured based on the 
three-axis CIELab system recommended by CIE (Commis-
sion Internationale de l’Eclairage) and according to ISO 
11664-2 and ISO 11664-4 standards (Baranski et al. 2020; 
Konopka et al. 2021). The main colour parameters (L*, a*, 
b*) for each sample were measured using Colour Reader 
CR-10 (Konica Minolta, Inc., Tokyo, Japan). The stand-
ard illuminat was D65 and viewing angle 10°. Lightness 
(L*) was measured directly on the samples, while colour 
chroma (Cab*), colour saturation (Sab*), and colour hue (h°) 
were determined from the measured values of the L* and 
two other parameters a* and b*. The colour parameters for 
each sample were measured in 4 stages. The first stage was 
a reference measurement of the colour parameters on the 
machined surface of the samples (lamellae). The next three 
stages measured the colour parameters after the machining 
fluid had already been applied to the analysed wood surface 
in the following time frame: immediately after applying the 
machining fluid, 1 h after applying the machining fluid, and 
24 h after applying the machining fluid to the wood surface. 
The 24-h analysis period adopted was chosen based on the 
experience from production processes in factories making 
glulam window and door frames. In these plants, the produc-
tion flow is realised continuously in line and, from the final 
machining of the frame parts, through the assembly of the 
full frame, to the painting and lacquering of the full window 
frame, the process takes no longer than 24 h.

At each stage, 5 measurements were carried out for each 
sample. The overall colour difference was determined by 
using the parameter ΔE*, as follows:

where L1*, a1*, b1* are the values of colour spectra prior to 
the treatment process, and L2*, a2*, b2* are the values of col-
our spectra after the treatment process. The colour changes 
were assessed according to the scale proposed by Cividini 
et al. (2007), as follows:

ΔE* < 0.2: invisible colour change.
2 > ΔE* > 0.2: slight change in colour.
3 > ΔE* > 2: colour change visible with high quality 

screen.
6 > ΔE* > 3: colour changes visible with the medium 

quality screen.
12 > ΔE* > 6: strong colour change.
ΔE* > 12: different colour.
Colour chroma (Cab*) was also analysed. This param-

eter refers to the intensity of the colour and can also be 
defined as the bandwidth of the light generated from the 
source. Colour chroma (Cab*) was determined as follows:

Other important parameters such as colour saturation 
(Sab*) and colour hue (h°) were also analysed. The colour 
saturation parameter can be estimated by combining the 
light intensity and its distribution in the spectrum at dif-
ferent wavelengths, as follows:

The colour hue value often corresponds to the angular 
position around a central point in the colour space coordi-
nate system (Klement and Vilkovská 2019; Konopka et al. 
2021) and can be determined as follows:

(1)ΔE∗ =

√

(

L
∗
2
− L

∗
1

)2
+
(

a
∗
2
− a

∗
1

)2
+
(

b
∗
2
− b

∗
1

)2
(−)

(2)C
∗
ab

=
√

a∗2 + b∗
2(−)

(3)S
∗
ab

=
C
∗
ab

√

C
∗
ab

2 + L∗
2

× 100(%)

Fig. 1   Process of applying 
machining fluid on wood 
lamella, where: Aa analysed 
area, La length, Wa width of the 
analysed area, Ta thickness, and 
L length of the analysed lamella
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Samples between measurements were stored under con-
stant climatic conditions and without access to UV radiation.

2.4 � Attenuated total reflectance Fourier transform 
infrared spectroscopy (ATR FTIR)

The spectra of native pine wood, machining fluid, and wood 
with partially evaporated machining fluid were measured. 
Sections of 0.7 ± 0.15 mm thickness were cut from both 
native pine wood and wood wetted with machining fluid, 
and their ATR FTIR spectra were recorded. In the case of 
ATR FTIR test the spectra for wetted wood with machining 
fluid were recorded after around 1 h and after 24 h. This 
difference in testing colour changes was due to the limited 
possibility of conducting the test in similar time periods. 
The ATR FTIR spectra of samples were recorded on Nicolet 
8700 spectrophotometer (Thermo Electron Scientific Inc., 
Waltham, MA), using a Golden Gate ATR accessory (Spe-
cac) equipped with a single-reflection diamond crystal. The 
temperature during measurements was kept at 25 ± 0.1 °C 
using an electronic temperature controller (Specac). For each 
spectrum, 128 scans were collected in the range of 500 to 
4000 cm−1, with resolution of 4 cm−1. For each sample, at 
least five replicate spectra were recorded to assess precision 
and ensure the reproducibility of each sample. The presented 
results are average values.

2.5 � Statistical analysis

The results of the obtained values of the colour parameters 
were subjected to statistical analyses. An analysis of vari-
ance (ANOVA) was performed on the results, which was 
used to determine the significance in differences between 
colour parameters measured for the surfaces of standard 
wood (without applying the machining fluid) and wood sur-
faces 24 h after the application of the machining fluid (Sachs 
1984).

3 � Results and discussion

The changes in basic colour parameters, such as lightness 
(L*) and colour chroma (Cab*), caused by the application of 
the machining fluid to pine wood are shown in Figs. 2 and 3. 
In Fig. 2, it is noticeable that the lightness values decreased 
dramatically, immediately after applying the machining 
fluid to the wood surface, but started to increase with time; 
however, after 24 h they were still statistically significantly 
different from the initial values (Table 3). In the case of 
the chroma parameter (Fig. 3), there was a strong increase 

(4)h
◦

= tan−1
b∗

a∗
(◦)

in values following immediate application of the machin-
ing fluid to the wood surface. Thereafter, they gradually 
decreased; however, despite a fairly long period (24 h), they 
were still significantly different from the values for wood 
that was not subjected to the application of machining fluid 
(Table 3).

A similar pattern of change, as in the case of the chroma 
parameter, can be observed for the colour saturation param-
eter Sab* (Fig. 4). After the machining fluid is applied to the 
wood surface, the colour saturation increases strongly, but 
decreases with time. However, after 24 h, the difference in 
the colour saturation values remained statistically significant 
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Fig. 2   Changes in the value of the colour parameter—lightness L* of 
pine wood depending on the application of the machining fluid and 
the time after its application. C –values measured immediately before 
applying the machining fluid on wood; T0–values measured immedi-
ately after applying the machining fluid on wood; T1–values meas-
ured 1  h after applying the machining fluid on wood; T24–values 
measured 24 h after applying the machining fluid on wood. Average 
values (diamonds) with standard deviations (vertical lines). R)–refer-
ence value; S)–values statistically different from the reference value 
at α = 0.05
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Fig. 3   Changes in the value of the colour parameter—chroma Cab* of 
pine wood depending on the application of the machining fluid and 
the time after its application. Average values (diamonds) with stand-
ard deviations (vertical lines). R)–reference value; S)–values statisti-
cally different from the reference value at α = 0.05 (for abbreviations 
see Fig. 2)
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from the values determined for the wood before applying the 
machining fluid (Table 3).

Thus, it can be seen that the application of the treatment 
liquid to pine wood resulted in a slight darkening of the 
wood, an increase in colour intensity, and saturation. It can 
also be assumed that these changes are long-lasting, as sig-
nificant differences persisted after 24 h with respect to wood 

not subjected to the machining fluid application (Table 3). 
The observed decrease in values over time is probably due 
to the evaporation of some of the volatile components of 
the machining fluid, thus reducing its effects on the colour 
of the wood. However, this is not a strongly intense pro-
cess, which means that the changes last longer. It can be 
assumed that over time most of the hydrocarbons that are in 
the machining fluid will evaporate, but during production 
processes and next exploitation then colour changes will 
also occur as a result of normal aging of wood and/or solar 
radiation (Laskowska 2020; Dudiak et al. 2022). Therefore, 
measuring the evaporation of hydrocarbons from wood by 
measuring colour changes would be difficult, because the 
colour changes would be significantly affected by changes in 
the chemical composition related to solar radiation (Sandak 
et al. 2021) as well as the evaporation of hydrocarbons con-
tained in the machining fluid.

Machining fluid does not affect the hue at all, as can be 
seen in Fig. 5 and Table 3.

However, the values of the total colour change parameter 
ΔE* show a similar trend (Fig. 6) to that of chroma Cab* 
(Fig. 3) and saturation Sab* (Fig. 4). The parameter values 
are statistically different from the reference values (Table 3). 
Also, on the scale proposed by Cividini et al. (2007), the 
differences are significant, as they have a mean value of 
4.17 which falls in the range 6 > ΔE* > 3 and means that the 

Table 3   The significance of 
differences between colour 
parameters values obtained 
for the wood surfaces before 
applying machining fluid 
(control) and 24 h after applying 
the machining fluid (ANOVA) 
(α = 0.05, p < 0.05)

S)  values statistically different from the reference value at α = 0.05
NS)  values not statistically different from the reference value at α = 0.05
DF degree of freedom, Adj. SS adjusted sums of squares, Adj. MS adjusted mean squares

Source DF Adj SS Adj MS F–Value p–Value F–Critical

Colour lightness L*
 Between groups 1 31.801 31.801 11.719 5.05 × 10–3 S) 4.747
 Within groups 12 32.562 2.714
 Total 13 64.363

Colour chroma Cab*
 Between groups 1 25.573 25.5732 45.873 1.98 × 10–5 S) 4.747
 Within groups 12 6.690 0.557482
 Total 13 32.263

Colour saturation Sab*
 Between groups 1 55.617 55.617 48.755 1.5 × 10–5 S) 4.747
 Within groups 12 13.689 1.1408
 Total 13 69.306

Colour hue h°
 Between groups 1 11.266 11.266 0.898 3.62 × 10–1 NS) 4.747
 Within groups 12 150.558 12.547
 Total 13 161.824

Total colour changes ΔE*
 Between groups 1 60.782 60.782 84.009 9.1 × 10–7 S) 4.747
 Within groups 12 8.682 0.724
 Total 13 69.464
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Fig. 4   Changes in the value of the colour parameter—saturation Sab* 
of pine wood depending on the application of the machining fluid and 
the time after its application. Average values (diamonds) with stand-
ard deviations (vertical lines). R)–reference value; S)–values statisti-
cally different from the reference value at α = 0.05 (for abbreviations 
see Fig. 2)
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changes in the colour are visible with the average quality 
of the filter.

The visual changes in the colour of pine wood caused by 
the application of the standard processing fluid are shown in 
Table 4 along with the difference in the values of the meas-
ured colour parameters in relation to the reference surface, 
which was the wood surface before the application of the 
machining fluid.

The spectrum of the machining fluid resembles that of 
n-hexane (Fig. 7) (Mirghani and Man 2003); hence, it can be 
assumed that hexane is the basic component of the machin-
ing fluid. This spectrum shows absorption bands at 2956, 
2923, 2872, and 2853 cm−1 which correspond to the stretch-
ing vibrations of C-H (νCH), and absorption bands at 1459 

and 1378 cm−1, which are characteristic of the C-H bending 
vibrations (δCH).

The pine wood spectrum shows all the characteristic 
bands for cellulose, hemicellulose, and lignin that have 
been widely reported in the available literature. The broad 
band at the 3600–3100  cm−1 region corresponds to the 
stretching vibrations of the hydroxyl groups (νOH) (Esteves 
et al. 2013; Schwanninger et al. 2004), and the band in the 
3000–2800 cm−1 range, is characteristic of symmetric and 
asymmetric νCH in –CH–, –CH2 and –CH3 groups (Esteves 
et al. 2013; Schwanninger et al. 2004). Absorption bands 
observed in the 1655–1730 cm−1 range are attributed to 
νC=O in carbonyl moieties: a small band with a maximum 
at 1730 cm−1 indicates νC=O of acetyl, carboxyl, unconju-
gated ketones, or ester groups (Schwanninger et al. 2004), 
while the band at 1693 cm−1 indicates conjugated aldehydes 
and carboxylic acids (Esteves et al. 2013; Schwanninger 
et al. 2004). The bands in the 1600–1420 cm−1 region are 
assigned to structures characteristic for lignin, i.e. the vibra-
tions of bonds in aromatic rings (Esteves et al. 2013, Shi 
et al. 2012; Schwanninger et al. 2004, Traore et al. 2018). 
Furthermore, the spectrum of native pine wood showed char-
acteristic absorption peaks at 1370 and 1270 cm−1, corre-
sponding to hydroxyl groups associated with aliphatic and 
aromatic carbon, respectively (Esteves et al. 2013; Shi et al. 
2012; Schwanninger et al. 2004; Traore et al. 2018). The 
band in the 1163–985 cm−1 range is a saccharide band: the 
one visible at 1163 cm−1 is assigned to asymmetric νO-C-O 
both in the crystalline cellulose I, cellulose II, and hemicel-
lulose (Shi et al. 2012; Traore et al. 2018), and those visible 
at 1109 and 1057 cm−1 are attributed to δC-OH (Esteves et al. 
2013; Shi et al. 2012; Schwanninger et al. 2004; Traore et al. 
2018). The band at 897 cm−1 is characteristic of asymmetric 
out-of-phase stretching vibration in pyranose ring (Shi et al. 
2012; Esteves et al. 2013; Schwanninger et al. 2004).

The spectrum of wood after wetting with machining fluid 
is the result of the spectra of native wood and hexane origi-
nating from machining fluid. The spectrum shows bands 
characteristic for native wood and those characteristic for 
hexane.

The difference in the spectrum of the wood wetted with 
machining fluid (both after 1 h and 24 h), in relation to 
that of the native pine wood can be seen in a very slight 
change in shape of the 3600–3100 cm−1 band, which can be 
attributed to νOH vibrations. This change manifests in a shift 
of the band maximum towards lower wavenumbers. This 
may indicate an increase in the importance of intramolecu-
lar hydrogen bonds in cellulose in favor of intermolecular 
bonds (Janardhnan and Sain 2011; Poletto et al. 2012; Pope-
scu et al.2011; Zhu Ryberg et al. 2011) as a result of using 
machining fluid and may be explained as a hydrophobic 
effect occurring under the influence of hydrophobic fluid.
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Fig. 5   Changes in the value of the colour parameter—hue h° of pine 
wood depending on the application of the machining fluid and the 
time after its application. Average values (diamonds) with standard 
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The most visible change in the spectrum of wetted wood 
compared to the native one is the disappearance of a medium-
intense narrow band at 1693 cm−1. This band is only visible 
in the spectrum of the native pine wood sample and is com-
pletely missing in all samples of wetted wood. According to 
Funda et al. 2020, the band at 1693 cm−1 is characteristic for 
extractives, i.e. low-molecular-weight organic and inorganic 
compounds found in young wood. Carrion-Prieto et al. 2018 
consider this band to be characteristic of vC-O in terpenic oxo 
groups of diterpenes. As diterpenes are volatile compounds 
(Najda 2015; Miller et al. 2005), those present in the native 
wood probably dissolved in the machining fluid and evapo-
rated with it. Although the spectrum of diterpents, chemically 
heterogeneous compounds, has many characteristic absorption 
bands (Costa et al. 2020), unfortunately most of them overlap 

with the bands observed in the spectrum of wood; hence, they 
are not clearly distinguishable.

In the spectrum of wood wetted with machining fluid, a new 
band appears at 1377 cm−1. This band is related to the pres-
ence of this fluid in the wood, and it proves that the fluid did 
not evaporate from the wood either after 1 or 24 h.

The band at 1452 cm−1 appearing in the spectrum of native 
pine is shifted towards higher wavenumbers after wetting the 
wood with the treatment liquid. This is because in wetted wood 
it is overlaid with the band characteristic for the machining 
fluid at 1458 cm−1.

Table 4   Visual assessment of the colour changes in pine wood caused by application of the standard processing fluid

Average values of parameters and colour changes with standard deviations
All colour changes are shown relative to the reference surface, which is the surface before the fluid was applied. Control–the colour parameters 
were measured immediately before applying the machining fluid to the wood surface; T0–the colour parameters were measured immediately 
after applying the machining fluid to the wood surface; T24–the colour parameters were measured 24 h after the machining fluid was applied to 
the wood surface

Sample 
symbol

Control T0 T24

S1 L* = 80.26 ± 0.21
a* = 6.22 ± 0.13
b* = 20.82 ± 0.19

ΔL* = −5.90 ± 0.25
Δa* = 3.82 ± 0.26
Δb* = 8.50 ± 0.23

ΔL* = −3.28 ± 0.34
Δa* = 1.80 ± 0.24
Δb* = 0.88 ± 0.33

S2 L* = 80.50 ± 0.26
a* = 4.50 ± 0.19
b* = 22.08 ± 0.32

ΔL* = −5.58 ± 0.33
Δa* = 2.44 ± 0.15
Δb* = 7.74 ± 0.25

ΔL* = −2.78 ± 0.08
Δa* = 1.04 ± 0.09
Δb* = 2.48 ± 0.45

S3 L* = 82.52 ± 0.44
a* = 4.12 ± 0.27
b* = 21.50 ± 0.33

ΔL* = −4.10 ± 0.78
Δa* = 1.42 ± 0.50
Δb* = 5.76 ± 0.54

ΔL* = −2.76 ± 0.61
Δa* = 0.74 ± 0.30
Δb* = 2.98 ± 0.37

S4 L* = 80.16 ± 0.09
a* = 6.36 ± 0.05
b* = 20.74 ± 0.11

ΔL* = −5.96 ± 0.32
Δa* = 3.96 ± 0.15
Δb* = 8.96 ± 0.34

ΔL* = −3.82 ± 0.27
Δa* = 2.52 ± 0.11
Δb* = 3.24 ± 0.49

S5 L* = 80.10 ± 0.83
a* = 5.36 ± 0.31
b* = 21.40 ± 0.23

ΔL* = −4.04 ± 2.17
Δa* = 2.18 ± 0.44
Δb* = 6.78 ± 0.29

ΔL* = −4.16 ± 1.06
Δa* = 1.84 ± 0.44
Δb* = 3.76 ± 0.49

S6 L* = 82.58 ± 0.13
a* = 3.98 ± 0.16
b* = 22.10 ± 0.53

ΔL* = −4.46 ± 0.27
Δa* = 1.80 ± 0.19
Δb* = 7.22 ± 0.58

ΔL* = −2.36 ± 0.17
Δa* = 0.96 ± 0.26
Δb* = 2.04 ± 0.47

S7 L* = 82.66 ± 0.05
a* = 4.26 ± 0.05
b* = 22.46 ± 0.78

ΔL* = −5.48 ± 0.41
Δa* = 1.82 ± 0.16
Δb* = 7.74 ± 0.74

ΔL* = −1.94 ± 0.30
Δa* = 0.64 ± 0.17
Δb* = 1.54 ± 1.01
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4 � Conclusion

The use of machining fluid is one of the methods available to 
reduce friction in the cutting process of wood. In the case of 
solid wood, they are mainly used to reduce the encapsulation 
of cutter blades, by resins contained in the wood during pri-
mary machining processes. These fluids could also be used 
in the final machining processes of glued laminated timber 
products to reduce the exertion of glue on the cutting tool 
blades. However, in this case, they should not induce chemi-
cal and physical changes on the final machined surface. On 
the basis of the carried out experimental tests and analysis 
of obtained results, it can be concluded that:

•	 Standard machining fluids dedicated to wood process-
ing significantly cause a change in the colour of the 
machined surface.

•	 Changes in the colour of pine wood induced by the use of 
standard machining fluids decrease over time; however, 
significant differences from the reference values remain 
after 24 h.

•	 Changes in the colour of pine wood caused by the use 
of machining fluids generally result in a slight darken-
ing and an increase in the saturation and intensity of the 
colour of wood surface. However, these changes of satu-
ration can be not regular and only locally, which may not 
be an advantage for consumers.

•	 The bands in the spectrum of the wood wetted with 
machining fluid are the overlapped bands of wood and 

the machining fluid, which shows that there were no 
chemical changes. Although the fluid does not sig-
nificantly affect the wood chemical composition, it 
can interfere with later processing steps, for example 
adhesion of paints or surface impregnation of wood.

•	 To reduce the effect of the machining fluid on the col-
our of the wood, its composition should be changed to 
allow and/or accelerate the evaporation of their com-
ponents from the surface of the machined wood.

•	 Non-evaporated hydrocarbons from the machining fluid 
can affect further manufacturing processes of wood 
components, e.g. by affecting the coating process, as 
well as bonding with the glue analysed surface.
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