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Abstract: In the present work, thermal behavior of corrugated packaging paper and its components were
investigated. The various pyrolytic processes appeared as overlapped endotherms on the heat flow curves and
as non-separated mass loss steps on the mass loss (TG) and derivative thermogravimetric curves (DTG), as
weell, which correspond to the thermal decomposition of the components of the investigated sample, such as
cellulose, hemicellulose and lignin. The variable amount of these components appeared as peak height
differences on the corresponding endothermic peaks, as well as variable peak heights and widths on the DTG
curves. The mass loss curves were also somehow characteristic to the investigated sample, and it was found,
that the the straw samples had the lowest thermal stability, while the cotton samples were more stable, their
thermal degradation started at least 80 °C higher, compared to the straw samples. It was determined, that in
the function of hemicellulose content of the sample, on the corresponding DTG curves smaller shoulders
appeared on the lower temperature side (225 and 300 °C) of the main pyrolitic steps (between 225 and 400
°C ), which could be used as an analytical markers of the hemicellulose content. The observed smaller
endotherms between 400 and 450 °C could be the result of some reorganization in the carbonized remainder
and it needs further investigations to clarify the ongoing processes in this temperature interval.
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INTRODUCTION

The thermal behaviour of the main constituents of the packaging paper were investigated with simultaneous
thermogravimetric coupled with differential scanning calorimetric (TG-DSC) on various samples, such as
NaOH treated cotton as primary source of alpha cellulose with its over 90 % content, three types of bleached
sulphates, non-bleached sulphate, straw and an assorted basepaper type (namely the testliner). Testliner
basepaper was also involved as a reference material for comparative purposes as a base of a future introduced
analytical identification method. Using thermogravimetric analysis (TG) and differential scanning calorimetry
(DSC), the characteristics of the energetic processes (endothermic or exothermic), marginal temperature peaks
and the weight losses were measured during the tests. [1]

EXPERIMENTAL
Samples

In the present work, three types of bleached sulphates (bleached -sulphate poplar, - sulphate pine, - sulphate
beech, - sulphate), a bleached straw, a non-bleached sulphate pine and NaOH treated cotton were investigated
by thermal analysis. NaOH treated cotton was chosen to represent its high cellulose content (over 90% a-
cellulose as a primary resource). The testliner sample used both fluting and cover layer for normal cardboard
paper production, consisted of mainly cellulose from secondary recycled source and great amount of incrust

and filler materials, which can be classified as a complex chemical system among other samples. The bleached
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sulphates, bleached straw, the non-bleached sulphate and the NaOH treated cotton were provided by the
Material Laboratory of Obuda University, Hungary. Testliner samples were provided by Dunapack Kft.,
Hungary. All samples were provided in board form with the size of 210x297 mm. This preparation method has
been proven suitable for preventing differences in moisture content, by the variable moisture absorption
affinity of the various samples.

Thermal analysis

The thermal experiments were performed on a Setaram LabsysEvo TG-DSC system in flowing (80 mL/min)
high purity (99.999%) argon. Suitable amount of samples were cut in approximately 1x5 mm pieces (Figure
1) and were placed in 100 microliter aluminium crucibles. The measurements were carried out in the 25 — 500
°C temperature range, with a heating rate of 10 °C/min. The dimensions of the samples were chosen to have
the highest usable sample mass, with the highest possible surface to be in contact with the inert gas. The
measurement results were blank corrected and evaluated with the thermal analyzer’s software (Calisto v2.04).
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Figure 1. Dimensions of the samples used for thermal measurements

During the measurements, the pyrolytic processes were monitored by a plate type DSC rod, which provided
information on the specific temperature (°C) peaks and energetic processes (endothermic, exothermic), which
can refer to the characterisation of chemical changes taking place for each component.[10] The samples were
analyzed from 30 °C to 500 °C under inert atmosphere (argon), at a heating rate of 10 K/min. This inert carrier
gas was used to remove the gaseous and condensable products, thus minimizing any secondary vapor-phase
interactions [9]. The energy changes (more specifically the heat flow curves) were recorded during the heating
periods based on equation (1) [2-5]

dH dt = Cp dT dt + f(T, t) (1)

where dH/dt is DSC heat flow signal

Cp is a sample heat capacity (heat specific x weight);

dT/dt is the heating rate;

f (T,t) is heat flow that function of time at an absolute temperature (kinetic)
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RESULTS AND DISCUSSION

On figures 2, 3 and 4 the mass loss (TG), derivative thermogravimetric (DTG) and heat flow (DSC) curves are
plotted against temperature. Monitoring the chemical processes by TG and DSC taking place during the heating
from 30 °C to 500 °C, four phases were identified (Al, A2, A3, A4) by the aid of the DTG curves. The
temperature intervals of these phases are followings: Al —between 25 and 150 °C; A2 — approximately between
150 and 225 °C; A3 — approximately between 225 and 400 °C and A4 — from 400 °C up to the end of the
measurements (~ 500 °C). During the first phase, the physically bound water (moisture) evaporated. It was
found, that in average 3-6% of mass loss occurred in this region. This is in agreement with the values described
in the literature for conditioned and non conditioned samples [14].
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Figure 2. (left) Mass loss (TG) curves of the blenched sulphates [poplar (green curve), beech (dark blue
curve) and pinewood (red curve)] non-blenched sulphates (pinewood — orange curve) blenched straw
(lighter blue), NaOH cotton (light blue) and testliner basepaper (brown curve);

Figure 3. (right) DTG traces of blenched sulphates [poplar (green curve), beech (dark blue curve) and
pinewood (red curve)] non-blenched sulphates (pinewood — orange curve) blenched straw (lighter blue),
NaOH cotton (light blue) and testliner basepaper (brown curve)

In A2 phase from 150 °C to 225 °C no degradation processes took place in the samples, since there is practically
no mass loss in this temperature interval, nor visible energetic processes are taking place in this temperature
region. According to the literature, the depolymerization of the hemicellulose takes place usually between 180
and 250 °C, which could be seen as an endotherm on the heat flow signals. This process is not visible in our
case, since the present measurements were optimized for best TG and DTG signal resolution and not for
obtaining optimal heat flow (DSC) signals, the latter was recorded because of the combined nature
(simultaneous TG-DSC) of the technique. Such measurements will be performed and presented later.

In A3 phase, the pyrolytic processes specific to the degradation of the paper’s components are taking place,
which appear as more or less overlapped peaks of the DTG curve (figure 3) and as endothermic peaks on the
heat flow curves (figure 4). Hemicellulose is made up of low molecular weight polysaccharide units, including
D-mannose, D-xylose, D-glucose, D-galactose, L-arabinose etc., which are linked together with B-1,4
glycosidic bonds and sometimes with -1,3 glycosidic bonds. Because of their amorphous nature, short chains
and the low molecular weight of sugar molecules, are degrading at lower temperature. Usually the pyrolytic
degradation of hemicellulose starts around 250 °C and is completed around 320 °C.[8,9,10] However, cellulose
is a linear polymer that is composed of D-glucose units linked in conjunction with B-1,4 glycosidic bonds.
These glucose units are linked together by hydrogen bonds and van der Waals forces to form long chain
macromolecules. Therefore, cellulose has higher thermal stability than hemicellulose, and its pyrolysis takes
place in the temperature range of approximately 320—400 °C. These processes appeared clearly in the 225 and
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400 °C temperature region of the DTG curves, where a small shoulder is mainly visible on the lower
temperature side of the large peaks, which based on the above described processes is characteristic to the
pyrolytic decomposition of the already depolymerised hemicellulose. The large peaks between 310 and 400
°C are characteristic to the degradation of the cellulose [14, 15]. We have also observed, that the low
temperature shoulders on the DTG curves are somehow characteristic markers of the hemicellulose content,
as higher is its content, the more separated and visible these shoulders are. It can also be noted, that the
determinant part of the mass loss takes place in this phase (A3). We have also noticed, that the peak minima
on the DTG curves also shifts towards higher temperatures in the function of the cellulose content, as higher
is the cellulose, the higher is the peak minima. Despite the fact, that these two degradations are two different
processes, they do not appear as separate or overlapped peaks on the heat flow curve, which is not surprising,
since —as described earlier- our measurements were optimized for optimal mass loss and not for the detection
of the heat flow. [11,12,13]
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Figure 4. DSC measurement of blenched sulphates [poplar (green curve), beech (dark blue curve)
and pinewood (red curve)] non-blenched sulphates (pinewood — orange curve) blenched straw
(lighter blue), NaOH cotton (light blue) and testliner basepaper (brown curve)

In the last A4 phase, a far much smaller mass loss occurs in the case of all investigated samples, which is
accompanied by a small and broad endotherm, which, based on the findings described in the literature, could
be the result of the pyrolytic decomposition of lignin. Lignin is mainly an amorphous tridimensional polymer
composed of three basic units, namely p-coumaryl (4-hydroxycinnamyl), coniferyl (3-methoxy 4-
hydroxycinnamyl) and sinapyl (3,5-dimethoxy 4-hydroxycinnamyl) alcohols, which are also known as p-
hydroxyphenyl (H), guaiacyl (G) and syringyl (S) units, respectively. The main difference in the three basic
units is the number of methoxyl groups attached to an aromatic ring. The H, G and S units have none, one and
two methoxyl groups, respectively. The proportion of H/G/S units in lignin largely depends on the biomass
species. Softwood lignin has a high content of guaiacyl units, hardwood lignin presents a mixture of guaiacyl
and syringyl units [16]. Since this small exotherm is also visible in the case of NaOH treated cotton, which
does not contains lignin, it could arise from some internal rearrangement of the already pyrolized remainder.
Further investigations will be performed in order to clarify the ongoing processes in this temperature
interval.[6,7,8]

On figure 5, the quantitatively evaluated TG curve of the NaOH treated cotton is plotted against temperature,
showing the characteristic mass losses fpr the previously determined A1 - A4 phases. Relevant mass loss values
for each sample is given in table 1.
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Figure 5. NaOH treated cotton’s quantitatively evaluated TG curve (example)

Table 1: Mass loss values of blenched sulphates (poplar, bleech and pinewood) non-blenched sulphates
(pinewood) blenched straw, NaOH cotton and testliner basepaper

a1

A2 A3 A4
Samples TG (%) TG (%) TG (%) TG (%)

Non- blenched sulphate pine 4.522 0.502 69.544 4.989
Blenched straw 5.223 0.327 61.837 6.848

Blenched sulphate beech 4.390 0.378 65.636 7.394

Blenched sulphate pine 4.149 0.738 70.215 5.228

Blenched sulphate poplar 4.906 0.435 64.328 6.495

NaOH treated cotton 3.503 0.308 73.921 4.043

Testliner 4.734 0.644 54.996 6.131

CONCLUSIONS

In this present research, thermal behaviour of corrugated packaging paper and itscomponents were
investigated. It was found, that all samples contain a few percents of moisture, the depolymerization of the
hemicellulose can not be observed under the used experimental conditions. At higher temperatures, the thermal
decomposition of hemicellulose and cellulose takes place, which can be clearly separated and visible on the
DTG curves. Additionally, the intensity of the shoulders (on the DTG curves) on the lower temperature side
of the main decomposition process is characteristic to the lignin content of the sample. Above 400 °C up to

the end of the measurements the degradations of the lignin are taking place, or some internal rearrangements
in the pyrolized mass could also take place in this phase.
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