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It could be concluded that no significant differences 
occurred between characteristics of indusrial grass 
containing and control papers.

Summary
Evaluating our experiments performed so far the in-
dustrial grass proved to be a hopeful yearly renew-
able raw material for energetic as well as for indus-
trial application. It can be concluded from results of 
pilot and industrial scale production that the indust-
rial grass cellulose was equivalent or even better in 
quality and value with papers produced from tradi-
tional resources.
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Abstract 
The properties of classic and recycled papers with 
and without surface coatings were investigated by 
several methods. With the infrared attenuated total 
reflection spectroscopy, the molecular structure on 
sample surfaces was identified and analysed. This 
way the filler and coating pigment were detected 
and their amount on classic and on recycled pa-
pers. Ultraviolet/visible spectroscopy enables the 
reflectance and transmittance measurements. The 
most important result was detection of the optical 
brighteners and comparison of its amount in our 
paper samples. These results were compared with 
the calcium carbonate and china clay content in the 
bulk of examined papers, as calculated from the ash 
contents. Furthermore, differences between classic 
and recycled materials are discussed in more details.
Keywords: Recycled paper, FT-IR spectroscopy, 
UV/VIS spectroscopy, ash content. 

1. Introduction
The infrared (IR) absorption spectroscopy is frequ-

ently used to identify the molecular structure of a 
sample qualitatively and quantitatively. The most 
useful for the analysis is the mid-IR spectra, i.e. the 
region from 4,000 to 400 cm–1; in the upper wave-
number part (up to 1300 cm-1) vibrations of func-
tional groups in molecules can be detected, where-
as the region with lower wavenumbers represent 
the so-called molecular fingerprint region of the 
analyte [1, 2]. The IR absorption is analysed with the 
help of absorbance spectra by the position, inten-
sity (height), half-width and the shape of individual 
peaks. 
The peak position is the basic characteristic of the 
corresponding vibration. It reveals an effective mass 
of vibrating group of atoms, the vibration geometry 
and coupling with the immediate surroundings, 
i.e. the vibrational species in the neighbourhood. 
A different position can indicate different effective 
mass of vibrating group and/or their different sur-
roundings. The first effect produce different cha-
racteristic peaks, whereas differences the potential 
field in the surrounding of vibrating species can, in 
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general, shifts the corresponding peak which may 
indicate small differences in net material under in-
vestigation. The height of the peak presents strong, 
medium or weak vibrations, which depends on vib-
rating dipole moment, i.e. on the intrinsic nature of 
the matter. The peak width demonstrates several 
phenomena; crystalline matter, in general, reveal 
narrower peaks than their amorphous counterparts 
[3]. Basic characteristics of spectra show the chemi-
cal composition of the investigated sample; this is 
most frequently obtained by comparison to exist-
ing IR database. Small differences between spectra 
of samples with the same database match is then 
addressed to differences in molecular surrounding 
and/or degree of ordering in the structure.
The ultraviolet/visible (UV/VIS) spectroscopy en-
ables the measuring of reflectance and transmit-
tance of solid or liquid materials. The measurements 
are performed using collimated beam; when it is 
detected in collimated form, specular reflectance or 
directional transmittance is measured. The integrat-
ing sphere enables the collecting of the light emerg-
ing from the sample in arbitrary direction; thus, the 
diffuse reflectance or diffuse transmittance could be 
obtained. Such analysis enables the surface char-
acterisation of glossy or rough solids or the photo-
metric analyses of turbid, colloidal, transparent and 
translucent samples in solid or liquid forms. 
The absorbance in this spectral region give infor-
mation about electronic transitions within the in-
vestigated material, which is of great importance in 
many applications in the material science research. 
The UV/VIS spectroscopy is widely used in several 
applications such as characterisation of materials 
used in solar applications, printing inks, colour of 
samples, dyes, food composition etc [4].
The combination of IR and UV/VIS spectroscopy of-
fers to give complete data about the material under 
investigation, i.e. their molecular structure, finger-
print, electronic transitions and surface properties. 
This is the reason why we applied this combination 
of analytical methods for our work. 
The main goal of the research was to analyse the 
differences among classic and recycled papers from 
intrinsic material point of view as well as from their 
surface characteristics over wide spectral region, 
covering the entire optic part of electromagnetic 
spectrum. 

2. Materials and methods 
The analysis was performed on the upper (A) and 
bottom (B) side of the following paper samples: 
– classic uncoated paper (CUP),
– classic matte coated paper (CCP),
– recycled uncoated paper (RUP) and
– recycled matte coated paper (RCP).

The samples were measured with a FT-IR spectrom-
eter, using the diamond attenuated total reflectance 
(ATR) measuring cell which is suitable for surface 
measurement (measuring penetration depth up to 
about 2 µm). All spectra were examined with the 
resolution of 4 cm–1, obtaining absorbance spectra 
of all samples, for side A and B.
– Hardware: Spectrum GX, FT-IR System, 
PerkinElmer,
– Software: Spectrum v 5.3.1,
– ATR measuring cell, Golden Gate (Harrick 
Scientific),
– Database: Nicodom IR/NIR Libraries for polymers, 
fibres, dyes, pigments.
The ash content was determined at two different 
temperatures [5, 6]. About 2.8 g of paper pieces, 
smaller than 1 cm2 were weighted in a heat-resis-
tance crucibles. After that the paper pieces were 
put into muffle furnace at 525 ± 25 °C and 900 ± 25 
°C, cooled in a desiccators and weighted again. Ash 
content was calculated from both masses with con-
sideration of moisture content. The procedure was 
carried out in duplicate and the average value was 
calculated [7]. We determined the ash content to 
compare results with FT-IR measurements.  
Using the UV/VIS spectrometer with integrating 
sphere accessory, we measured the transmittance 
and reflectance values in the wavelength region 
200–900 nm. The measurements of all samples were 
conducted in 10-nm steps, preparing 5 specimens 
for each sample, separately for side A and B, the ave-
rage values of reflectance and transmittance of 
which was calculated with software.
– Hardware: Lambda 800 with PELA-1000 integrat-
ing sphere accessory, PerkinElmer,
– Software: UV WinLab 6.0.2.0723.

3. Results and discussion
3.1. FT-IR database
The applied database detected calcium carbonate 
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(CaCO3) for classic as well as recycled uncoated pa-
per (CUP and RUP). It detected CaCO3 only on side 
A of the paper, which most likely indicates that side 
B contains a smaller share of CaCO3. We were in-
formed by the producers that they use CaCO3 as the 
only fil-ler in the production of classic and recycled 
uncoated paper. Due to the similarity of CaCO3 with 
our uncoated papers, we compared their spectra 
(Figure 1). The peaks which are located in the same 
positions as they are in the spectrum of CaCO3 (at 
1420, 870 and 710 cm–1, spectrum from the applied 
IR database) indicated the CaCO3 presence in un-
coated papers. These peaks are assigned as asym-
metric stretching (at about 1425 cm–1) and out-of-
plane bending (at 870 cm–1) vibrations of CO3 group 
and to the in-plane bending vibration of CO2 group 
(at 710 cm–1) [8]. 

Figure 1: Spectra of CUP and CaCO3 from the applied 
IR database. The peaks in CUP sample indicated by 

stars confirm the presence of CaCO3.

For classic coated paper (CCP), we obtained infor-
mation from the producer that they also use CaCO3 
as a filler in the paper production. Moreover, for the 
coating, they use apart from CaCO3 also kaolin as a 
pigment. The database listed in the first place kaolin 
and in the fifth place CaCO3 for side A and B of the 
paper. Recycled coated paper (RCP) contains CaCO3 

as a filler, while it contains apart from CaCO3 for the 
coating also size and latex.
The database lists in the first place CaCO3 and slight-
ly lower kaolin, which was not listed by the produ-
cers; nevertheless, the coating most likely contains 
a smaller amount of kaolin on both paper sides. We 
compared the spectra of coated papers with those 
of CaCO3 and kaolin (Figure 2). 

Figure 2: Spectra of CCP, kaolin and CaCO3 from the 
applied IR database. The peaks in CCP sample indicat-
ed by stars confirm the presence of kaolin and CaCO3.

Even here, the peaks are detected for the CaCO3 
content as at uncoated papers, while some of these 
peaks are less and some more distinctive. The peaks 
are located at 1800, 1400, 870 and 710 cm–1. Accord-
ing to the literature [9], the CaCO3 peaks which ap-
pear in the coated paper spectrum are to be located 
at around 2550, 1800, 1500–1300 and 890 cm–1. The 
latter also proved correct in our case, not exposing 
the peak at 2550 cm–1 for being so small (in our case 
it appears at 2510 cm–1). Slightly more distinct are 
the peaks located in the same places as kaolin. The 
first three very distinct peaks are at 3690, 3650 and 
3620 cm–1, followed by the peaks at the wavenum-
bers 1400, 1090, 1030, 1010, 910, 790, 750, 700 and 
540 cm–1. 

3.2. FT-IR spectra
A substantially more precise analysis followed in 
the research, i.e. the analysis of our FT-IR spectra. 
We compared the recycled and non-recycled papers 
(side A and B), separately for uncoated and coated 
papers. 
Using the program Spectrum, we defined the base-
line for each spectrum individually and subtracted 
it from the spectrum. Figure 3 shows the spectra of 
classic uncoated paper for side A and B, and of the 
recycled uncoated paper for side A and B. 
Whereas Figure 4 shows the spectra of classic and 
recycled coated paper, separately for each side. 
It can be instantly noticed that the peak positions 
separately for uncoated papers and coated papers 
are almost identical, while they differ in their peak 
height ratios.
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Figure 3: Spectra of classic (CUP) and recycled (RUP) 
uncoated papers for side A and B.

Figure 4: Spectra of classic (CCP) and recycled (RCP) 
coated papers for side A and B.

We defined the position ν0 (cm–1), height I0 and half-
width hw (cm–1) of individual peaks which are stand-
ing out the most. The data were inserted into Tables 
1 and 2, separately for uncoated and coated papers. 
Moreover, each of these tables was further divid-
ed into two parts. While the first part contains the 
peaks within the region of functional groups (from 
4,000 to 1,300 cm–1), the second part contains the 
peaks within the fingerprint region (from 1,300 to 
600 cm–1).
With a more detailed overview of Table 1, it can be 
established that regarding the peak position, samp-
les CUP and RUP differ slightly more only in the posi-
tion of peak 3 (C–H vibrations [1, 10]). CUP has by 13 
and 12 cm–1, respectively, higher wavenumber value 
than RUP, which could be attributed only to differ-
ent potential energy of atoms as a consequence of 
various surroundings. 
Regarding the peak height, Figure 3 and Table 1 
demonstrate that all peaks of CUP are higher than 

those of RUP, in some places more and in some less, 
which may indicate higher density of these molecu-
lar groups. However, the effect could also be a con-
sequence of a different contact of the sample with 
the ATR crystal at the measurements due to unequal 
surface roughness, or different pressure applied 
when measuring. 
Only at peak 4 (C=C, C=O, C=N vibrations [1, 10], wa-
ter molecules vibrations [11]), it can be said that the 
heights are comparable. Comparing only side A and 
B, the differences are more substantial at peak 5 and 
11 of both samples, i.e. CUP and RUP. Since these are 
the peaks typical of CaCO3, it can be said that side 
A of samples CUP and RUP has a higher content of 
CaCO3 than side B. The difference in the peak width 
is bigger only at peaks 1 and 2, where CUP on side B 
has by 10 cm–1 greater width than on side A. Further-
more, CUP on side B has by 13 cm–1 greater width 
than RUP.  Larger width means differences in effec-
tive surroundings, which could represent less sym-
metry of the local environment and therefore less 
uniform potential for vibrating species. 
A note is in place here, namely that a slightly higher 
difference in the width could also be a consequence 
of overlapping peaks. In the region around 1000 
cm–1, we register more vibrations (stretching and de-
formations) of more groups: C–O–C, C–O, C–C, C–N. 
These groups are located in cellulose fibres. As this 
is a mixture of more substances, more peaks appear; 
thus the overlapping into a wide absorption band. 
This is a consequence of the vibration of more 
groups in variable molecular surroundings, which 
cause distinctive peaks shift and widen. The asym-
metric stretching of the C–O–C groups is caused 
by the peak at 1160 cm–1, whereas the stretching of 
C–O in cellulose/hemicellulose mole-cules is caused 
by the peaks at 1104 and 1028 cm–1. The strongest 
peak at 1028 cm–1 is accompanied by two distinct 
peaks at 1051 and 1002 cm–1 [8].
At a more exact overview of Table 2, it can be in-
stantly noticed that the differences in the position, 
height and half-width of peaks CCP and RCP are 
smaller than those for CUP and RUP. 
At peak 5 between samples CCP and RCP, the dif-
ference in the position is slightly bigger (the corre-
sponding peak shifts by 7 cm–1 for side A and B), as 
well as in the half-width (RCP has by 6 cm–1 bigger 
width on side A). 
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Table 2: Position (ν0), height (I0) and half-width (hw) of individual peaks of classic (CCP) and recycled (RCP) 
coated paper for side A and B.

Table 1: Position (ν0), height (I0) and half-width (hw) of individual peaks of classic (CUP) and recycled (RUP) 
uncoated paper for side A and B.

* Half-width listed at peak 2 is actually half-width of peaks 1 and 2.

Bigger differences in the peak height between side 
A and B of both samples (cf. Figure 4 and Table 2) ap-
pear at peaks 5, 7, 8, 11 and 15 (sides A have higher 
values), and between samples CCP and RCP at the 
height of peaks 7, 8 and 15 (CCP has higher values). 
The results show that side A has in comparison with 
side B higher kaolin and CaCO3 content, and CCP 
compared to RCP higher kaolin content.

3.3 Ash content
The results of residues on ignition at 525 °C and 900 
°C on oven-dry basis, calcium carbonate and kaolin 
content for all paper samples are presented in Table 3. 

The percentages of calcium carbonate and kaolin in 
the papers were calculated by the following equa-
tions [7]:

where Ash525 and Ash900 are the residues on igni-
tion expressed as mass percentage of the oven-dry 
samples, CaCO3 is the calcium carbonate content and 
Clay is the content of the china clay also known as ka-
olin. The CaCO3 content and the content of the china 
clay were determined to examine the FT-IR results.
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Table 3: Content of ash on ignition at 525 °C and 
900 °C, calcium carbonate and china clay in 

all paper samples.

The results from Table 3 show that both classic pa-
pers contain smaller amount of calcium carbonate 
than recycled papers. Classic uncoated paper (CUP) 
has 16% lower CaCO3 content in comparison with 
recycled uncoated paper (RUP), while classic coated 
paper (CCP) has 19% lower CaCO3 content com-
pared to recycled coated paper (RCP). 
Both uncoated papers contain very small amount 
of kaolin. Meanwhile at coated papers it is clearly 
seen that classic paper (CCP) contains much larger 
amount of kaolin than recycled one (RCP), 82% larg-
er. The latter is also proved with FT-IR analysis, where 
it was recognised that CCP has in comparison with 
RCP higher kaolin content. 

3.4 UV/VIS spectroscopy
Figures 5 and 6 show the reflectance of uncoated and 
coated papers in dependence of the wavelengths. 
Particularly interesting are the reflectance values of 
uncoated papers, the values of which exceed 100%. 
This is a typical phenomenon of papers which con-
tain optical brighteners, due to which paper emits 
light even more in the UV spectral region. The phe-
nomenon is the strongest at classic uncoated paper 
(CUP), where the maximum reflectance value equals 
250%. The phenomenon is smaller, yet still notice-
able at recycled uncoated paper (RUP) on side B, the 
reflectance value being 120%. 
The coating on paper partially supresses the effect 
of brighteners, thus it is less distinct or not notice-
able at all. In our case, the reflectance values of coat-
ed papers are lower than 100%, despite containing 
optical brighteners. Classic papers have in the UV 
spectral region higher reflectance values than re-
cycled papers. 
Apart from reflectance, we also measured the trans-
mittance values of our samples (cf. Figures 7 and 8). 
The transmittance of recycled uncoated paper (RUP) 

is in the UV spectral region smaller, while it increases 
in the visible region and is higher than classic un-
coated paper (CUP). 

Figure 5: Reflectance spectra for uncoated papers.

Figure 6: Reflectance spectra for coated papers.

At coated papers, by increasing the wavelength, 
transmittance increases as well. Classic coated pa-
per (CCP) has higher transmittance than recycled 
coated paper (RCP) throughout the whole UV and 
visible spectrum. The differences between the re-
flectance and transmittance values for side A and B 
of uncoated and coated papers are extremely small.

Figure 7: Transmittance spectra  for uncoated papers.
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Figure 8: Transmittance spectra  for coated papers.

4. Conclusions
With the help of FT-IR-ATR spectra, we detected the 
chemical structure on surfaces of the investigated 
classic and recycled papers. 
By the help of IR database the calcium carbonate was 
shown in all papers, whereas on coated papers the 
additional presence of kaolin was obtained. Com-
paring IR spectra of samples, we established that the 
surface of classic coated paper contains more kaolin 
than the surface of recycled coated paper. 
The ash content determination confirms the last 
finding and shows the percentages of calcium car-
bonate and kaolin in all paper samples. 
However, it should be pointed out here, that this 
method yields for the presence of calcium carbonate 
in the bulk of samples which is therefore not directly 
comparable to the presence on the surface. With a 
UV/VIS spectrometer, we detected in the measured 
reflectance the content of optical brighteners in 
the paper samples, due to which paper addition-
ally emits light in the UV spectral region which gives 
higher reflectance in the blue region and therefore 
a whiter surface appearance. 
The reflectance values in the UV and visible spectral 
region were higher at classic papers in comparison 
with the recycled ones.
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