
Anna Różańska 

PhD student, Warsaw University of Life Sciences (SGGW), Nowoursynowska 166, 02-787 Warsaw  

Address: Aleja Solidarnosci 64 m.65, 00-240 Warsaw 

annamaria.rozanska@gmail.com 

+48 504 689 879 

 

 

FT-NIR spectral analysis of the surface of samples obtained from wooden 

parquets of 19th century manor houses located in South-Eastern Poland for 

determination the manner and the soaked substances 
 

 

Short Term Scientific Mission, COST Action FP1006 

Host: PhD Anna Sandak, IVALSA Tree and Timber Institute, San Michele all’Adige (TN), Italy 

Period: 17-23.02.2013 
Reference code: COST-STSM-ECOST-STSM-FP1006-230912-026985 

 

 

Key words: surface finishing, waxing, varnishing, surface quality, macrostructure and 

microstructure of wood, antique wooden parquets 

 

 

SCIENTIFIC BACKGRAUND 

The floor is an architectural element that, together with the walls and the ceiling, constitutes 

an integral part of the interior. It is as a valuable element of interior decoration. Unfortunately, due 
to the introduction of collective property and the appropriation of manor houses after World War II, 

the parquets were irreversibly destroyed together with other elements of interior furnishing. At this 

moment, only iconographic materials can show us the richness of many of those houses. There is an 

urgent need to carry out stock-taking and to document the buildings that have been preserved, as 

well as to recreate the designs and structure of non-existing parquets, due to the ongoing 

deterioration caused by continuous usage, changes of building owners and the refurbishment works. 

Antique wooden parquets form part of the national heritage and therefore it is necessary to 

develop the knowledge related to their chemical, physical and mechanical properties (Rozanska et al. 

2011c; Rozanska et al. 2012a, Rozanska et al. 2012b), which will become the basis for their 
conservation programme (Swaczyna Rozanska 2010). 

The research related to floor structures applied in South-Eastern Poland included 76 floors 

from 21 sites where 19th century decorative wooden parquets have been preserved. These were 

floors from castles – Łańcut (Koryciński et al. 2011), Kozłówka, Zarzecze, Przeworsk and Julin Hunting 

Lodge (Rozanska Swaczyna 2011), as well as floors from manor houses (among others Tarnowiec, 

Falejówka, Bieździedza, Dydnia, Przewrotne, Szebnie, Wydrna, Żarnowie, Hyżne, Witkowice, Niwiska, 

Kolbuszowa outbuilding and Ostrowy Tuszowskie vicarage) (Rozanska et al.2011a, Swaczyna et al. 

2010). Within one single building and sometimes even in the same room (Rococo Salon in Łańcut) we 

can find different kinds of floor structure ranging from traditional solutions to unusual ones. 

 

Construction solutions of floors from the 19th century 

The floor consists of various layers: support structure, blind floor (optional) and parquet. The 

structure of wooden floors in South-Eastern Poland includes beams. The support structure may 

consist of overhanging beams – when they are mounted in openings in the walls serving as points of 

support (e.g. Przewrotne manor house: Figure 1A), or joists connected through a lap joint with a 

beam placed alongside the wall or joists that only touch the wall. The joists have continuous support 

thanks to a layer of sand on which they are placed (Figure 1B). Another solution was applied in the 



Kozłówka Palace, where the parquets of the ground floor are placed on joists that lay on a base made 

of bricks connected with calcium mortar. In the Łańcut Castle, flooring planks lay on a mineral base, 

placed on a layer of sand located directly on the ceiling (Figure 1C).  

 

 
Fig.1. Floor structure scheme in Przewrotne (A: a- panel, b- boarding, c- ceiling beams, d- post), the 

manner of parquet installation in the Łańcut Ball Room (B: a – panel, b – boarding, c - ceiling beams, 

d – sand) and in the Łańcut Castle Chapel (C: a – panel, b – sand, c – concrete) 

 
The beams serve as support for the boarding. Sometimes the boards are organised in 

decorative patterns of squares separated by transverse battens, forming the so called frieze floors. 

The parquet - the external layer of the floor – is placed on boarding (Rozanska et al. 2012a). Due to 

the fact that the bottom surface of 19th century parquets is usually uneven, sand, wedges or wood 

shavings were applied as a base, or additional wooden elements were introduced on the continuous 

supporting base.  

 

Flooring structure 

Antique parquets can have one-layer or two-layer structure. The appearance of a two-layer 
structure limited the use of material and simplified the process of parquet manufacture. In antique 

palaces and manor houses of South-Eastern Poland, one-layer (solid wood) structure was applied in 

all the plank parquets and in most of the panels parquets with simple geometric patterns. This kind 

of structure may be found in the Łańcut parquets with geometric patterns dating to the 1830s, in 

simple Kozłówka Palace parquets and in parquets of manor houses. More complex parquets with 

floral patterns in Łańcut, a rosette from the Palace in Zarzecze, parquets from the Palace in 

Przeworsk, as well as parquets from the Kozłówka Palace with an elaborate geometric pattern dating 

to the turn of the 19th and 20th century all have two-layer structure. It comprises a front wear 

surface with a pattern, and an underlying layer made of pine frames stabilised with a middle element 

and several pine boards whose fibre direction is parallel to that of the frame elements. 
Very often, parquets with the same structure but with different dimensions and proportions of 

elements can be found in the same building. This refers to plank parquets in the Łańcut Castle, as 

well as to panel parquets. The oak parquet in the rooms on the first floor of the Łańcut Castle has 

different dimensions in each of the rooms, being about 220-295 mm long and 110-147 mm wide. In 

the Tarnowiec manor house, the same panel pattern repeats in two variants that differ as to the 

proportions of elements within one panel and the overall volume dimensions of each panel (645x645 

and 580x580).  

The unique dimensions of parquet panel in different rooms and manor houses are due to the 

fact, that until the middle of 19th century they were made manually. Since the end of the 19th 

century, the panels have been factory made. In manor houses, panel parquets very often were found 
only in few rooms that had representational function, or in the rooms that were furnished before the 

20th century, when plank parquets with herring-bone pattern became popular. Nonetheless, panel 

parquets and plank parquets would often be made in parallel, as in the case of Przewrotne, where 

panel parquet appears in the hall and in the front-side suite of rooms, while planks are found in the 

living room and in other rooms on the garden-side; or as in the case of Bieździedza, where planks 

were installed on the ground floor and panels on the first floor. Planks dating to the first half of the 

19th century have higher width-to-length ratio than the planks used later.  



The bottom side of the parquet planks and panels was only roughly hewn. As a result, there are 

visible differences in thickness within one single plank (Figure 2A), as well as between different 

elements. The bottom side of planks and panels shows signs of mechanical processing (circular saw) 

or manual processing (axe, plane with a rounded edge) (Figure 2B). 

 

A      B   C 

Fig. 2. Plank from the Rococo Salon in Łańcut with a visible difference in thickness (A), uneven 
bottom side of a Tarnowiec parquet panel showing signs of processing (B) and differences in 

thickness between the frame and the filling (C) 

 

In case of one-layer panel parquets, the differences in thickness result not only from the 

manner of processing of their bottom side, but are also due to saving the material in case of the 

parquet types inspired by French baroque patterns. The filling elements used to be much thinner and 

suspended on their external frame thanks to a system of joints (Figure 2C). In the 19th century, in the 

area of South-Eastern Poland, a pattern inspired by French residential architecture of the Soubise 

Palace consisting of two squares turned by 45 degrees in relation to each other and lined with 

battens, with a central motif of two crossed battens (Figure 3A), was very popular (e.g. Tarnowiec, 
Dydnia, Bieździedza and Falejówka manor houses). This pattern can be more or less elaborate and 

the variants may vary as to the proportions of elements, fibre directions or the wood species applied 

(e.g. the Przeworsk Palace, Nikiska manor house or staff outbuilding in Kolbuszowa). It has a 

simplified variant consisting of a frame and of an internal cross motif (e.g. Tarnowiec, Bieździedza, 

Przewrotne, Niwiska or Witkowice manor houses).  

 

A B C 
Fig. 3. Structure of a panel from Tarnowiec Room number 4, with visible joints (A, B) and joints used 

between parquet panels (C) 

 
One and two-layer parquets from the 19th century were connected with the use of a system of 

woodwork joints, although sometimes glue was applied to strengthen them. It wasn’t until the 1930s 

when mosaic parquet that did not use any joints was invented in Switzerland. The individual 

elements in the panels are connected with tongue in groove joints, with dowel pins and with lap 

joints (Figure 3B). Connections between panels are made with spline joints (Figure 3C), rarely with 

tongue in groove joints (panel from the staff outbuilding in Kolbuszowa).  

 

Surface finishing 

In antique palaces and manor houses, traditional surface finishing techniques were used 

(Rozanska et al. 2012b) The parquet had to be placed evenly and well levelled. The individual parquet 
elements could not have any gaps, uneven points, cracks, indentations nor spallings, because such 



shortcomings were treated as important defects. After the wooden parquets were installed, they 

were sanded with a hand scraper along the fibres. The tool was made of a metal sheet mounted to a 

wooden handle, with blade inclination angle of ca.60%, chamfered on the edge, to cut a thin shaving 

with each move. Before manual smoothing, subsequent parts of the parquet were wetted with hot 

water and after the smoothing the parquet was polished with steel shavings.  

The antique wooden parquets were not soaked with substances that would decrease the wood 

sorption importantly. They were protected against it and against dirt penetration and the forming of 

stains with the use of waxing and varnishing. Varnishing (with the use of linseed oil) is the oldest 

known method of surface finishing with substances that reduce the sorption of wood and protect the 
parquet against dirt penetration and the forming of stains. It consists of repeated soaking with hot 

varnish until full saturation of wood surface. It is a time-consuming process, which results in the 

darkening of the wood colour and dimming its lustre. As a result, varnishing provides a durable 

parquet surface finishing effect. There were no visible scratches on the surface and it could be 

maintained in cleanliness easily.  

Waxing was also used as the finishing method of antique parquets, and it was popular in 

furniture making since the baroque era. As to wax application, it was melted and shaped into bars, 

then those bars were pressed against the surface - leaving streaks, which were then rubbed into the 

wood by polishing with a piece of felt. During that process, as a result of rubbing, the temperature 

would rise, making it easier for wax to penetrate into the wood. In case of parquet surface 
renovation, the wax polish was removed with gasoline and varnish – with dissolved alkali (water 

solution of sodium hydroxide). Moreover, a mix of wax and varnish was used in the area of South-

Eastern Poland in the 19th century.  

Only after World War II, pastes for the maintenance of wooden parquets appeared, which 

could be used without raising the temperature. They contained wax and paraffin, dissolved in volatile 

organic solvents such as turpentine, gasoline or BTEX. Lately, synthetic oils that are petroleum 

derivatives are becoming more and more popular in the conservation of wooden parquets. 

Saturating the wood with oils and wax are traditional techniques that make use of natural 

substances and ecological technologies. Applied when hot, the substances penetrate into the wood’s 

structure, without creating a layer on its surface that could be, potentially, quickly damaged, losing 
its decorative value. In such cases, as in the case of lacquer, damage repair is problematic, because it 

is not enough to simply “refresh” the parquet by applying the substance again, as in the case of wax 

and varnish, but there is also the need of sanding. Moreover, wax and varnish leave the effect of 

natural wood structure, with a beautifully highlighted pattern. 

The parquet finishing has an essential influence on its durability. Finishing the parquet surface 

with wax or oil reduces its wear propensity, which can be clearly observed in case of beech, oak and 

pine wood. After saturating with wax, the wear propensity of beech wood is even smaller than in 

case of maple wood saturated with wax (Swaczyna et al.2011).  

FT-NIR spectral analysis of the surface of wood samples obtained from 19th century manor 

houses are one of the aspects of the ongoing research on antique parquet surface properties 
(together with the contact angle, surface energy, 3D surface scanning, etc.). The goal is to verify if FT-

NIR is useful technique for wooden floor conservation. The other task is to determine the substances 

that were applied to the parquets as surface finishing or protection against biological corrosion.  

 

PROJECT DESCRIPTION 

 

Fourier Transform Near Infrared Spectroscopy 

 

Principle of the method  

The electromagnetic waves can be characterized by the wavelength or wave frequency. The 
infrared part of the spectrum is located between visible and microwaves and covers wavelengths 

between 780nm and 300μm. The fraction of the infrared covering the wavelengths in a range of 

780nm and 3 μm is defined as near-infrared. This part of the spectrum is not visible for the human 



eyes, but is related more to the warmness. It has been found that the energy of infrared is exciting 

particular parts of molecules in the surface of the matter and part of the energy is also absorbed 

(Pasquini 2003). Different molecule combinations (such as C-H, O-H or N-H) are stimulated to 

vibrations and in effect the bound stretching (symmetrical or non-symmetrical), scissoring, rocking, 

wagging and twisting are occurring, depending on the molecular structure, chemical composition or 

physical properties of the surface measured (Coates 2000, Antti 1999). As an effect of this 

phenomenon the infrared radiation reflected from the surface can be used for estimation of the 

physic-chemical structure of the surface what has been a base for the measurements performed in 

this project (Sandak 2008, Sandak 1012). 
 

Strengths and limits of FT-NIR 

The FT-NIR technique is relatively simple and posses some very important advantages (in 

comparison to other analytical methods): 

• No need for special sample preparation 

• Non-destructive testing 

• Relatively fast measurement 

• No residues/solvents to waste 

• Possibility for determination of many components simultaneously 

• High degree of precision and accuracy 
• Direct measurement with very low cost (Tsuchikawa 2007) 

The most important limitation of the FT-NIR is that the spectra are rather complicated and includes a 

complex overlapping of different overtones corresponding to vibrating functional groups. (Antti 

1999, Choquette et al. 2002) The resolution of the spectrometer is also limited what complicated the 

spectra interpretation even more. 

 

Fields of FT-NIR application 

FT-NIR technique is relatively young but even that is it more and more applied in various application 

fields (Tsuchikawa 2007). The most important fields include chemical industry, food and beverages, 

pharmaceutical analysis, microanalysis, polymers, surface science, petrochemistry, textile industry, 
art conservation, forensics, process and on-line control quality and also wood and paper industry. 

Some example of the FT-NIR application for the wood and paper industry can be: 

• research for chemical composition of wood: 

o predicting the lignin content (Kelley et al., 2004, Schwanninger et al. 2001) 

o predicting the cellulose content (Jones et al., 2006, Yeh et al. 2005, Raymond et al. 2002) 

o determination of phenolic substances and extractives content (So et al. 2004, Gierlinger 

et al. 2002, Taylor et al. 2008) 

• research for the physical property of wood: 

o measurement and monitoring of moisture content (Defo 2007) 

o rapid determination of grain angle 
o surface roughness characterization 

o determination of air-dry density (Thygsen 1994, Schimleck et al. 2004b) 

o characterization of anatomical parameters (microfibryl angle, tracheid length and wall 

thickness) (Via et al. 2007, Schimleck et al. 2004a) 

• research for the mechanical property of wood: 

o stiffness and modulus of elasticity (MOE) prediction (Kelley 2004 et al., Via et al. 2003) 

o estimation of tensile strength of wood within elastic and plastic deformation (Baillères et 

al. 2002, Via et al.2003) 

o estimation of specific gravity and modulus of rupture (MOR) (Kelley 2004 et al.) 

• research for the multiple wood properties: 
o wood species recognition (Tsuchikawa et al. 2003, Brunner et al. 1996) 

o separation mature and juvenile wood (Via 2004) 

o sapwood and heartwood recognition 



o prediction of mechanical properties from wet wood and standing trees (Defo 2007) 

o prediction the caloric value (Maranan 2006) 

o wood modification and degradation (Mroczyk et al. 2006) 

o thermowood characterization 

o monitoring of wood degradation (Via 2004, Stirling et al. 2007, Fackler et al. 2006) 

o predicting of natural durability and wood resistant (Gindl et al. 2001) 

o distinguish preservative types and retention time (So et al. 2004, Feldhoff et al. 1998) 

o monitoring modification of wood caused by light irradiation and heat treatment 

(Tsuchikawa et al. 2003, Mitsui et al. 2003) 
o on line process control for laminated veneer lumber (LVL), particleboards, medium-

density fiberboards (MDF) (So et al. 2004) 

o monitoring changes of varnishes applied on the wood surface 

• paper industry: 

o fast characterization of row materials for paper production (So et al. 2004) 

o estimation of kappa number (Alves et al. 2007) 

o characterization of moisture content in paper and on-line process control 

o determination of specific weight and thickness of paper 

 

Goal of the project 
FT-NIR spectral analysis of the chemical substances present on the surface of samples obtained 

from wooden parquets of 19th century manor houses located in South-Eastern Poland, in order to 

determine the manner of surface finishing and to identify the substances with which they were 

soaked. FT-NIR spectrometer is a new tool used to assess wood surface properties. Its advantage is 

non-destructive character of the tests, while the complex process of result interpretation is often 

problematic. For this reason, the experience of the IVALSA-CNR research centre (National Research 

Council of Italy - Trees and Timber Institute) were necessary to evaluate data. 

 

Project working plan 

The project was carried out by two institutions (WULS-SGGW and CNR IVALSA). Research tasks were 
divided into five working packages: 

1. Preparation of samples acquired from antique wooden parquets and of reference samples 

made of contemporary wood  

2. Soaking contemporary wood samples with wax and varnish  

3. FT-NIR tests of contemporary and antique samples  

4. Analysis of results by means of chemometric methods (development of models for 

contemporary wood and their verification 

5. Assessment of chemical substances used for surface finishing  

 

 
 Samples preparation 

 

Contemporary wood 

Samples of different wood species: oak -Quercus sp, elm –Ulmus sp, ash- Fraximus excelsior L 

and pine- Pinus sylvestris L. were utilized for specimens preparation. To receive more objective 

results, contemporary wood from the same region of Poland as the antique wood was selected. 

Wood was taken from storage points of construction materials located in South-Eastern Poland, 

because we assumed that antique parquets were made of local raw materials. Additionally wood was 

selected taking into account similar growth ring width, type of anatomical section and wood density. 

The wood was cut into samples with dimensions of about 100x100mm. Each sample was made 
of a different piece of wood, due to its anisotropic properties. Wood of slow and medium growth, 

with mixed radial and tangential sections, with pith position on the front side or on the bottom side 

was investigated. 



Contemporary wood (without finishing) was compared with wood soaked with varnish and wax. 

Natural bee wax was obtained from a bee yard in honeycombs. Wax was applied by pressing 

wax bars (made of melted bee wax) against the surface and then it was rubbed into it by polishing 

with a piece of felt.  

Linseed varnish (containing of 98% linseed oil and 2% siccatives) was prepared according to 

traditional recipe (Kinney 1971, Frid 1981). Varnish was applied hot, with the help of a brush, until 

the surface was entirely saturated. Due to the sample dimensions, one application was enough. 

 

Samples prepared in that way served as reference data for determining the chemical substances 
applied for the antique parquet. Depth of finishing layer penetration also was investigated, since hot 

wax and varnish applied are not film-forming substances. 

Before applying the coatings, the surface of samples was prepared by polishing with sand paper 

with grit of ca. 50- 100- 150. This task was performed manually, to avoid the changes to the 

properties of wood surface that occur as a result of high temperature that is created during 

mechanical processing (Sandak Sandak 2009). This technique corresponded to the traditional 

manners of antique parquet surface finishing through smoothing with a hand scraper along fibres. In 

order to perform this task, the parquet was locally wetted with hot water. After smoothing, the 

parquet was sanded with steel shavings. 

 
Antique wood 

The antique parquets come from buildings located in South-Eastern Poland. They date to the 

beginning of the 19th century – in case of the manor houses in Tarnowiec – and to the second half of 

the 19th century – in case of the manor house in Falejówka. All the parquets have been preserved on 

site in their original state and did not undergo comprehensive maintenance in the past. They are 

made of various wood species: oak or oak in combination with elm in case of 3 parquets from the 

Tarnowiec manor house and oak in case of a panel parquet from the Falejówka manor house 

(Rozanska et al. 2011). 

The average density of antique wood was as follows: 595 kg/m3 for elm from Tarnowiec, 

708 kg/m3 for oak in Room no. 1 and 742 kg/m3 for oak in Room no. 4 of the Tarnowiec manor house, 
and finally 679 kg/m3 in case of oak from Falejówka. 

The antique parquet samples were taken from floors with different kinds of structure. In each 

room, samples were taken from three points that differed as to their microclimate conditions: 

external corner of the room, traffic path and internal corner of the room. Ten samples were taken 

from each parquet floor (Tab.1). Surface of the samples were refreshed (handy sanding) in order to 

remove layer of dirt and assure flatness of the samples. 

All the tests were carried out six month after the application of finishes. Before the tests, 

samples were acclimatised in standard climate conditions (± 20°C, ± 60% of relative air humidity). The 

wood moisture equivalent differed depending on the wood species and its state of preservation and 

amounted to 9,4% on average. The lowest humidity was observed in case of the antique wood from 
Przewrotne Manor House (8.3%), the highest – in case of antique wood from Room no. 4 in 

Tarnowiec (10.2%).  



 

Table 1. Characteristics of samples 
 

Manor 

House  

 

Date 

back 

B

a
s

e
m
e

n
t 

 

Floor 

structure 

 

Wood 

species 

 

Sampling point 

 

Sample numbers 

Tarnowiec 

Room no. 1 

ca.1930 + sand+ 

joists+ 

boarding 

Oak Quercus 

sp. 

External 

corner of the 

room 

T1-1-1, T1-1-2, T1-1-3, T1-1-4, 

T1-1-5, T1-1-6, T1-1-7, T1-1-8, 

T1-1-9, T1-1-10 

Tarnowiec 

Room no. 1 

ca.1930 + sand+ 

joists+ 

boarding 

Communicatio

n 

T1-2-1, T1-2-2, T1-2-3, T1-2-4, 

T1-2-5, T1-2-6, T1-2-7, T1-2-8, 

T1-2-9, T1-2-10 

Tarnowiec 

Room no. 1 

ca.1930 + sand+ 

joists+ 

boarding 

Internal corner 

of the room 

T1-3-1, T1-3-2, T1-3-3, T1-3-4, 

T1-3-5, T1-3-6, T1-3-7, T1-3-8, 

T1-3-9, T1-3-10 

Tarnowiec 

Room no. 4 

ca.1930 - sand+ 

joists 

Oak Quercus 

sp. 

External 

corner of the 

room 

T4-1-1, T4-1-3, T4-1-5, T4-1-6, 

T4-1-7, T4-1-8, T4-1-9, T4-1-

10, T4-1-11, T4-1-25 

Tarnowiec 

Room no. 4 

ca.1930 - sand+ 

joists 

Communicatio

n 

T4-2-2, T4-2-3, T4-2-6, T4-2-9, 

T4-2-10, T4-2-11, T4-2-21, T4-

2-29, T4-2-37, T4-2-40 

Tarnowiec 

Room no. 4 

ca.1930 - sand+ 

joists 

Internal corner 

of the room 

T4-3-1, T4-3-2, T4-3-3, T4-3-4, 

T4-3-5, T4-3-7, T4-3-8, T4-3-

26, T4-3-33, T4-3-38 

Tarnowiec 

Room no. 5 

ca.1930 - sand+ 

joists 

Elm Ulmus 

minor Mill. 

 

External 

corner of the 

room 

T5-1-1, T5-1-2, T5-1-4, T5-1-6, 

T5-1-15, T5-1-16, T5-1-24, T5-

1-25, T5-1-30, T5-1-31 

Tarnowiec 

Room no. 5 

ca.1930 - sand+ 

joists 

Communicatio

n 

T5-2-6, T5-2-9, T5-2-19, T5-2-

23, T5-2-28, T5-2-30, T5-2-34, 

T5-2-36, T5-2-37, T5-2-40 

Tarnowiec 

Room no. 5 

ca.1930 - sand+ 

joists 

Internal corner 

of the room 

T5-3-29, T5-3-30, T5-3-31, T5-

3-32, T5-3-33, T5-3-34, T5-3-

35, T5-3-36, T5-3-37, T5-3-38 

Falejówka 2nd half 

19th c. 

- empty 

sp.+ 

beams+ 

boarding 

Quercus sp. Whole room F-1, F-2, F-3, F-4, F-5, F-6, F-7, 

F-8, F-9, F-10 

pine contem

p. 

- - Pinus 

sylvestris L. 

- S-1. S-2, S-3, S-4, S-5, S-6 

ash contem

p. 

- - Fraxinus 

excelsior L. 

- J-1, J-2, J-3, J-4, J-5, J-6 

oak contem

p.. 

- - Oak Quercus 

robur L. 

- D-1, D-2, D-3, D-4, D-5, D-6, D-

7, D-8, D-9, D-10 

elm contem

p. 

- - Elm Ulmus 

minor Mill. 

- W-1, W-2, W-3, W-4, W-5, W-

6, W-7, W-8, W-9, W-10 

 



FT-NIR measurement 

 

Experimental hardware 

All the experimental samples were measured by using FT-NIR (Fourier Transform Near Infrared 

Spectrometer) VECTOR 22-N produced by Bruker Optics GmBH. The set-up for the experiment is 

presented in Figure 12. The spectral range measured was between 4000cm-1 and 12000cm-1. 

Halogen lamp served as the source of infrared light. The illumination of the sample has been 

achieved by using optical fibers. The reflected light has been transferred to the detector with optical 

fibers as well. The detector was able to measure the spectra with a resolution of 8cm-1, what is a 
standard resolution for such kind of measurements. Each spectrum has been computed as an 

average of 32 successive measurements in order to minimize the measurement error.  

 

Scanning procedure 

For measurement 10 samples of contemporary oak and elm and six samples of pine and ash 

were selected. Five separate spectra have been measured on each wooden sample assuring careful 

selection of the measurement location and elimination of any sources of uncertainties (such as 

nonparallel position of the fiber optics, excessive pressure or vibrations during measurement). The 

measurement location has been selected randomly; however any visible abnormalities of wood 

surface (knot or discoloration) were intentionally omitted. After capturing the spectrum a dedicated 
file has been created and measurement result has been saved on the hard disk for further post-

processing as a *.OPS file. 

In order to verify penetration depth of investigated substances small steeps (100mmx20mm 

length and width respectively) were prepared.  

 

The surface of the samples was chamfered at the length of 80mm up to the depth of 2mm, 

leaving a 20mm intact fragment of original surface (Figure 4). The measurements were performed 

every 5mm at the distance of 10mm from the longer sides of the samples, determining the presence 

of the substances (Figure 5). 

 
Fig. 4. The sample preparation; opening a gradient by sanding the surface (a), measurement position 

of the NIR probe (b). Note: black arrows indicate measurements used for PLS calibrations, gray 

arrows indicate measurements used for oil/wax ratio estimation 
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Fig. 5. The depth of sample and predicted oil ratio along the sanded sample’s length 

 

All measurement were performed in standard climate conditions (± 20°C, ± 60% of relative air 

humidity). 

 

Data analysis 

OPUS 6.5 and National Instruments LabView 8.5 software packages have been used for signal 

processing and data analyzes. A typical NIR spectra preprocessing include computation of the second 

derivative. Derivatives were calculated simultaneous with the Savitzky-Golay algorithm. The 
algorithm allows as well smoothing the spectra. The smoothing reduces the noise generated by 

derivatives but also distorts signal intensities. 2nd derivative NIR spectra show sharp bands with 

bigger magnitude difference among variables (Xu 2008). This procedure reduces the measurement 

variations and allows a better differentiation of all characteristic bands. Spectra interpretation was 

performed according to review of Schwanninger et al. (2001). Band assignment is present in the 

Table 2.  

For mathematical evaluation of the results some methods as principal component analysis, 

partial least square, identity test, and cluster analysis were applied. 

 



Table 2. Band assignment of FT-NIR spectra. 
band no. wavenumber (cm-1) wood component functional group

1 4063 carbohydrates CH, C-C

2 4195 lignin not assigned 

3 4202 holocellulose OH

4 4235 cellulose OH, CH, CH2

5 4268 cellulose CH, CH2

6 4283 cellulose, hemicellulose CH

7 4288 hemicellulose (xylan) CH

8 4365 cellulose CO, OH, CH2

9 4401 cellulose, hemicellulose CH, CH2, OH, CO

10 4546 lignin CH, C=O

11 4608 cellulose, hemicellulose not assigned 

12 4635 cellulose OH, CH

13 4686 hemicellulose/lignin/extractives CH, C=C, C=O

14 4739 cellulose OH

15 4780 cellulose OH, CH center of the range

16 4795 cellulose, hemicellulose (xylan) OH, CH

17 4808 cellulose semicrystalline and crystalline OH, CH

18 5051 water OH

19 5198 water OH center of the range

20 5236 hemicellulose C=O

21 5245 hemicellulose C=O

22 5464 cellulose semicrystalline and crystalline OH, CO

23 5495 cellulose OH, CO

24 5522 lignin not assigned 

25 5593 cellulose semicrystalline and crystalline CH

26 5618 cellulose CH2

27 5666 not assigned CH, CH2

28 5692 not assigned CH2

29 5776 cellulose CH

30 5795 lignin CH

31 5800 hemicellulose (furanose/pyranose) CH

32 5816 cellulose/hemicellulose/lignin CH

33 5865 hemicellulose CH

34 5872 cellulose CH

35 5900 not assigned CH

36 5935 lignin CH

37 5950 hemicellulose CH

38 5963 lignin CH

39 5995 extractives CH

40 6003 hemicellulose CH

41 6126 cellulose OH

42 6188 not assigned CH

43 6286 cellulose crystalline OH

44 6334 cellulose OH

45 6450 cellulose crystalline OH

46 6472 cellulose OH

47 6520 cellulose OH

48 6622 cellulose OH

49 6660 cellulose OH

50 6700 hemicellulose (glucomannan) OH

51 6715 cellulose semicrystalline OH

52 6740 cellulose OH

53 6757 cellulose OH

54 6770 cellulose OH

55 6790 cellulose semicrystalline OH

56 6800 hemicellulose (glucomannan) OH

57 6874 lignin OH

58 6944 lignin CH

59 6974 not assigned OH

60 7003 amorphus cellulose/water OH

61 7092 lig/extr OH

62 7215 not assigned OH, CH

63 7300 hemicellulose/all CH

64 7315 cellulose CH begining

65 7321 cellulose CH end

66 7353 all CH

67 7410 hemicellulose/all CH

68 8160 cellulose CH begining

69 8250 cellulose CH end

70 8654 hemicellulose CH

71 8749 lignin CH  



Results 

Analysis of contemporary wood 

The first step was preparation of spectral data base of surface of four investigated species. For 

this reason natural wood as well as wood soaked with wax and varnish were scanned. Example of 

spectra of oak, ash, elm and pine wood are presented on the Figure 6-9.  
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Fig. 6. Second derivative spectra of natural and finished with wax and varnish oak wood. 
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Fig.7. Second derivative spectra of natural and finished with wax and varnish ash wood. 
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Fig.8. Second derivative spectra of natural and finished with wax and varnish elm wood. 
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Fig.9. Second derivative spectra of natural and finished with wax and varnish pine wood. 

 

There were several band varying in presented spectra, which potentially prove differences in 

chemical composition of investigated finishes. In general spectra of wood soaked with wax and 

varnish have similar shape, often however small shift for particular bands is observed. It is especially 

noticed in regions 4200-4400 and 5600-5850cm-1.  

 



For each species spectra of each sample were averaged and separate model based on cluster 

analysis (CA) was prepared. For model verification part of the spectra was previously excluded form 

the model and then was confronted with CA model by means of cluster analysis test. In all 

investigated cases identification was reproduced accurately. The spectral distance (heterogeneity) 

explains the similarity between the spectra. The spectral distance 0 means that the spectra are 

identical. To calculate spectral distances for this project a Ward’s algorithm was used. Figure 10 

presents cluster analysis performed for oak spectra. Spectra of natural wood are considered as 

different form the rest, since heterogeneity has value ~ 1,7. However spectra of treated wood are 

placed in the same cluster. Those group is then divided into two smaller (heterogeneity value ~ 1) 
including wax and varnish. Analogical results (Figure 11-13) were obtained for all investigated species 

which prove potentiality of FT-NIR as a tool for fast recognition of wood finishes.  

 

 
Fig.10. Cluster analysis of natural, wax and varnish soaked oak. 

  



 
Fig.11. Cluster analysis of natural, wax and varnish soaked ash. 
 

 
Fig. 12. Cluster analysis of natural, wax and varnish soaked pine. 

 



 
Fig.13. Cluster analysis of natural, wax and varnish soaked elm. 
 

In order to verify effectiveness of cluster analysis for all investigated samples were evaluated 

by means of Principal Component Analysis (PCA). Principle components analysis is a very powerful 

method for de-correlation of highly correlated data and to reduce the multidimensional data set to 

lower dimensions. It searches for unique properties of signals (spectra) and separates set of input 

data into groups of peculiar similarities. (Antti 1999, Stordrange 2003). An example of the principal 

components analysis result is presented on Figure 14a-17a. As a result initial signals are separated 

into three groups of some peculiar similarities (in investigated case surface finishing). For data 

processing for all investigated samples identical pre-processing was utilized (2 derivative + vector 

normalization, range 11900-4065cm-1). The measure of the geometrical overlap of groups is the 
selectivity coefficient (S) calculated as follows (Eq. 1): 

 

S=D/(T1+T2)      (1) 

 

Where D distance between average spectra, T1 and T2 threshold values for groups 1 and 2  

 

Selectivity S < 1: means that groups are overlapping, S = 1: cluster in contact and S > 1: cluster 

separated. Selectivity calculated for all investigated samples was higher than 1, which shows clear 

separation. The highest selectivity values (more than two) were obtained for elm and ash (Figure 
14b-17b). PCA analogical to previously utilized cluster analysis confirm suitability of spectroscopy for 

wood finishes classification. 



 

a 
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Fig.14. Principal Component Analysis of oak samples (a) and results of selectivity coefficient 
calculated for samples with various finishing (b). Note: red – natural wood, blue – wood with wax, 

green wood with varnish. 

 

 

 
Fig.15. Principal Component Analysis of elm samples (a) and results of selectivity coefficient 

calculated for samples with various finishing (b). Note: red – natural wood, blue – wood with wax, 
green wood with varnish. 
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Fig.16. Principal Component Analysis of pine samples (a) and results of selectivity coefficient 

calculated for samples with various finishing (b). Note: red – natural wood, blue – wood with wax, 

green wood with varnish. 
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Fig.17. Principal Component Analysis of oak samples (a) and results of selectivity coefficient 

calculated for samples with various finishing (b). Note: red – natural wood, blue – wood with wax, 

green wood with varnish. 

 

 



Analysis of antiques floors 

 

Oak samples from Tarnowiec (room 1 and 4) and Falejowka and elm wood form Tarnowiec 

(room 5) were measured by means of FT-NIR. Samples form Tarnowiec manor house were collected 

from various part of the rooms (external and internal corner of the room and part of the 

communication) in order to evaluate abrasive effect associated with use of floor and quality of 

remaining finishes on wood surfaces. 

Spectra were first visually compared with previously created data base. The next step was to 

perform cluster analysis tests and Identity Test in order to verify effectiveness of spectroscopy for 
recognition of wood treatment. Averages spectra of Falejowka oak were subjected to the previously 

developed model for contemporary oak. As can be seen on the Figure 18 samples were located close 

to natural oak (low heterogeniy index). It may be caused by previously refreshing of wood surface 

during samples preparation.  

 

 
Fig.18. Cluster analysis test of oak samples from Falejowka manor house.  

 

All spectra of oak samples from room 1 form Tarnowiec manor house were classified as similar 

to wax finished. Figure 19- 21 shows results of cluster analysis test of samples collected from external 

and internal corner of the room and part of the communication. 

However in case of room 4, spectra of samples from communication part were classified as 
similar to natural (Figure 23). Spectra of samples collected from external and internal parts of the 

room were similar to those finished by wax (Figure 22 and 24). The explanation of such phenomenon 

might be more intensive use of communication part of room 4 than 1 or different intensity of floor 

treatment. As it was mentioned in the part “Soaking the structure with protective substances” visual 

inspection of wood from investigated rooms confirm presence of chemical substances in the room 1. 

Moreover sampled wood from this room has characteristic smell and left stains on paper.  



 
Fig.19. Cluster analysis test of oak samples from Tarnowiec manor house (room 1, external corner of 
the room).  

 

 
Fig.20. Cluster analysis test of oak samples from Tarnowiec manor house (room 1, communication).  

 



 
Fig.21. Cluster analysis test of oak samples from Tarnowiec manor house (room 1, internal corner of 
the room).  

 

 
Fig.22. Cluster analysis test of oak samples from Tarnowiec manor house (room 4, external corner of 

the room). 

 



 
Fig.23. Cluster analysis test of oak samples from Tarnowiec manor house (room 4, communication). 
 

 
Fig.24. Cluster analysis test of oak samples from Tarnowiec manor house (room 4, internal corner of 

the room). 

 

Analogical tests were performed also for elm wood sampled from room nr 5. For all the parts 

of the room results of CA tests were similar. All of them were classified as finished with wax (Figure 

25-27).  

 



 
Fig.25. Cluster analysis test of elm samples from Tarnowiec manor house (room 5, external corner of 
the room). 

 

 
Fig.26. Cluster analysis test of elm samples from Tarnowiec manor house (room 5, communication). 

 



 
Fig.27. Cluster analysis test of elm samples from Tarnowiec manor house (room 5, internal corner of 
the room). 

 

Other method used for data evaluation was Identity test. It is a statistical method used for 

determination of the origin of the unknown spectra. The spectrum of the unknown sample is 

compared with each of the model sample spectra. The result of such comparison is the spectral 

distance called hit quality (HQ). The better spectra match the smaller is spectral distance. Hit quality 

for identical spectra is equal zero. In the next step the hit quality of each comparison is weighted 

against threshold. The threshold is an indicator assuring the proper spectra identification and is 

related to the scatter of the source data used for setting the identity test. In general; if the threshold 

is low, the source data have also low scatter. In each case when the hit quality has lower value than 
the threshold, it is probable that the spectra belong to the modeled class. It is less probable then (but 

still possible), that the unknown spectrum belongs to the modeled class. 

As a result of the identity test there are three possibilities of unknown spectra identification: 

• The spectra is identified as one of the modeled classes 

• The spectra is identified as none of the modeled classes 

• The spectra is identified as probably belonging to more than one modeled classes 

Identity test performed in selected bands for investigated samples confirm classification 

previously verified by CA only in case of Falejowka wood floor (Figure 28). Even if IT was performed 

with two different pre-processing methods (using with and narrow band) results were varying 
significantly. 

 
Fig.28. Results of identity test for Falejowka floor samples. 



Differences in results obtained from CA and IT are probably caused by different algorithm used 

for data evaluation. In order to verify effectiveness of both methods additionally Quick Compare (QC) 

test was performed. This test shows similarity of investigated spectrum with previously assign model 

spectrum. The results explained in % similarity between spectra. Test was performed with two 

different pre-processing set-ups. First considering whole NIR range, second focusing on the narrow 

bands previously selected (4200-4550, 5600-6000cm-1). Example of the QC results performed in 

narrow band for elm wood is presented on the Fig. 29-31. 

 
Fig. 29. Quick compare test between sample from Tarnowiec manor house (room 5, external corner 

of the room) and natural elm wood. 

 
Fig. 30. Quick compare test between sample from Tarnowiec manor house (room 5, external corner 
of the room) and varnish elm wood. 



Fig. 31. Quick compare test between sample from Tarnowiec manor house (room 5, external corner 

of the room) and waxed elm wood. 

 

Results of all investigated algorithms for classification of antique wood treatment in whole (4500-

10000cm-1) and narrow (4200-4550, 5600-6000cm-1) band are presented in Table 3.  

 

Table 3. Results of identification of investigated samples by means of CA test, IT and QC. 

 Cluster analysis 

test 

Identity test 

 

Quick compare (similarity (%)) 

 whole 

band 

narow 

band 

whole 

band 

narow 

band  

natural varnish Wax 

whole 

band 

narow 

band 

whole 

band 

narow 

band 

whole 

band 

narow 

band 

Oak F natural natural varnish natural 99.46 99.79 94.20 83.02 93.17 99.86 

Oak T1-

1 

wax natural varnish natural 99.45 99.66 95.16 85.81 98.26 99.89 

Oak T1-

2 

wax natural varnish natural 98.85 98.47 96.28 88.84 99.42 99.88 

Oak T1-
3 

wax natural varnish natural 97.83 95.40 96.56 90.21 97.24 99.98 

Oak T4-

1 

wax natural varnish natural 99.23 99.62 94.58 84.59 73.85 99.91 

Oak T4-

2 

natural natural varnish natural 99.38 99.59 93.91 82.44 97.12 99.87 

Oak T4-

3 

wax natural varnish natural 99.34 99.58 94.00 83.32 95.47 99.92 

Elm T5-

1 

wax natural not 

identified 

natural 98.41 99.13 90.85 77.48 96.28 91.56 

Elm T5-
2 

wax wax not 
identified 

natural 98.02 97.75 91.29 78.94 96.64 92.58 

Elm T5-

3 

wax wax not 

identified 

natural 98.14 98.03 91.01 77.86 96.55 92.22 



 

The tests of wax and varnish depth of penetration carried out with the help of FT-NIR showed 

that the penetration of these finishes into the wood structure is scarce (the amount of finish drops 

significantly just below the wood surface). Varnish penetrated slightly deeper than wax, although in 

practice both finishes were applied under higher temperature (varnish was hot and wax was rubbed 

into the wood surface by raising the temperature) (Figure 32-39). 
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Fig. 32.Prediction of the varnish ratio (penetration depth) in the ash (Fraxinus excelsior L..) sample 
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Fig. 33.Prediction of the wax ratio (penetration depth) in the ash (Fraxinus excelsior L.) sample. 
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Figure 34. Prediction of the varnishratio (penetration depth) in the oak (Quercus sp.) sample. 
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Fig. 35.Prediction of the wax ratio (penetration depth) in the oak (Quercus sp.) sample. 
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Fig. 36.Prediction of the varnish ratio (penetration depth) in the Scotch pine (Pinus sylvestris) sample. 
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Fig. 37.Prediction of the wax ratio (penetration depth) in the Scotch pine (Pinus sylvestris) sample. 
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Fig. 38.Prediction of the varnish ratio (penetration depth) in the elm (Ulmus sp.) sample. 
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Fig. 39.Prediction of the wax ratio (penetration depth) in the elm (Ulmus sp.) sample. 

 
 

Conclusion 

FT-NIR spectroscopy is a technique allowing fast and non-destructive measurement of wooden 

samples. In this research highlighted differences between different natural surfaces finishing 

methods. Even if algorithm work well for classification of contemporary wood, evaluation of antique 

floor is problematic. Summary of above results proves the impossibility of unambiguously 

classification of the historic wood finishes with the FT-NIR. Each algorithm used for data evaluation 

has different mathematical background, therefore highlighted specific properties of spectra.  

It has to be also mention, that during time the manor houses were often not maintained well. 

In the course of its history the floors were flooded because of leaking roofs. Under these specific 
conditions, the primary surface finishes might be grated or rinsed. Other process which influences 

surface chemistry is natural weathering. Moreover in its history floors were possibly treated not 



always in the same way. It is possible that floors were finished once with wax and then with varnish. 

In the area of South-Eastern Poland in the 19th century a mix of wax and varnish was also often used. 

Other possible reason for the lack of a clear identification of finishes was way of preparation of 

historic samples. Manual grinding surface of the samples after cutting them from sheets of elements 

in order to remove dirt and gain flatness might lead to removal of natural substances used for their 

conservation. The next step of this research is repetition of FT-NIR measurement of samples without 

surface preparation and validation previously developed models.  
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