Proceedings Book of
9th |CEEE - 2018 International Conference on
@ % “Climatic Change and Environmental (Bio)
- Engineering”
22nd - 24th of November, 2018

Budapest, Hungary
ISBN 978-963-449-105-7 Publisher: ICEEE, RKK Obuda University

METHODS FOR TESTING QUALITY OF VARIOUS PAPER
COMPONENTS BY THERMAL ANALYSIS

Barnabas TOTH?, Laszlé KOLTAI2, Péter BOROCZ3

1 Doctoral School on Materials Sciences and Technologies, Obuda University, Budapest,

2 Rejtd Sandor Faculty of Light Industry and Environmental Protection Engineering, Obuda
University, Budapest, Hungary

3 Department of Logistics and Forwarding, Széchenyi Istvan University, Gydr, Hungary

Abstract

Knowing a suitable paper quality of packaging structures is an element process in the
packaging industry. [1] The base-papers, produced from wood components are the most significant
constituent of Corrugated Cardboards, contain mainly organic substances (eg. cellulose,
hemicellulose and lignin etc.) which are appropriate for thermo-analytical studies. The quality of
the base-papers mainly defined by the primer cellulose, recycled paper and incrust materials
content. At the same time, it is difficult for users to precisely separate base papers that exhibit
differences in mechanical and quality properties, as their ulterior identification is virtually
impossible. [2] The testing methods such as CCT, RCT, FCT, COBB, bursting etc. are supported by
empirical technique, and do not provide accurate results. [3]. In this paper, we publish the primary
results of the thermoanalytical research for determination of different components of wood and
paper types. Applying a Differental Scanning Calorimetries (DSC) method, it is possible to study
endotherm and exotherm spectrums of paper’s raw materials. During a heating process each
component react in different ways, both of their physical and chemical characteristic. Due to their
various organic substances content, these values are different referring for similar results of the
finished products, which determines their mechanical and quality properties during their use. [4]
The results show that this method on the one hand can be helpful to testing the paper during
packaging producing process on the other hand after using as a packaging. Using a DSC apparatus
helps showing the differences between the various organic substances, which allow to measure
obvious and exact results for identification each base-paper. This test method can help classify base
paper types in a simple and transparent manner and be of use in tracing quality problems of
papers.
Keywords Corrugated Cardboard, Base-paper, Cellulose, Thermo-analytical technique, Heatflow, DSC.

1. INTRODUCTION

The main chemical components of the wood using for are cellulose, hemicellulose and
lignin. This finished material involves other incrust materials and extenders which constitute a
complex chemical system. [4] Knowing the exact components of recovered wood are elementary
for industrial processes and for consumers, because the mechanical and physical properties of
these final products like paper based packaging, based on the chemical structure of it. [1]

The thermo-analytical scanning calorimetry (DSC) analyzers allows the identification of
each substances according to its natural origins which behaves on different ways during the test.
Physical and chemical properties of each component can paraphrase accurately the investigated
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paper, independently from the condition of papers and effects of the environment on it. Contrary
to currently used test methods (CCT, RCT, FCT, COBB etc.) can provide reproducible test results
from the same samples.

2. THERMO-ANALYTICAL DSC METHOD

Using a DSC (Differential Scanning Calorimetry) apparatus is type of the Thermo-analytical
test methods. The DSC measures the physical and chemical changes as a function of temperature.
The thermal analysis provides information for the typify temperature peaks, which refer to
characterization changes for each components. On the other hand derivative values proportional
to the quantity of the transformed material, can be obtained. [5]

The method based on energy changes which can be monitored occurring in a given
component during the heating and temperature keeping or cooling period. The test can measure
the heat flow differences between the sample and the reference jars due to absorbed and
released heat in function of temperature. In the most widespread DSC equipment a constant
heating rate is used, and the heat flow differential between the sample and the reference
material is registered as a temperature differential ratio. The formula for the measure heat flow
is shown below:

ar
2 = O HTY (M)

where dH/dt is DSC heat flow signal
Cp is a sample heat capacity (heat specific x weight)
dT/dt is heating rate
f(T,t) is heat flow that function of time at an absolute temperature (kinetic)

Figure 1: DSC equipment apparat

During the test a differential thermal analysis curve of the sample is recorded, where the
abscissa represents temperature or time, with the heat flow (set according to the exothermic or
endothermic nature of the change) shown on the ordinate. For example, Figure 2 shows the
characteristic curve of an high cellulose content paper’s examination result.

The temperature at which a transformation takes place (initial temperature) is shown by
the intersection of the extension of the base line and the tangent to the inflexion point. The
conclusion of the temperature-dependent transformation is shown by the peak of the curve.
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Figure 2: DSC curves of Pure cotton samples

The enthalpy of the transformation is proportional to the area between the curve and the
baseline (the correct ratio can be defined through measuring a known material). Through the
post- measurement analysis the temperature interval, peak temperature, heat flow, and heat in
ratio of mass for the transformation can be expressed.
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Figure 3: A particular DSC curve at the measurement of a
Kraft liner base paper sample

3. MEASUREMENT AND ANALYSIS

There are 5 different materials tested, pure cotton, soft wood sulphite pulp, “Kraft liner” base
paper, filler material I, filler material II.
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Test procedure

1.

2.

3.

4.
a.
b.
C.
d.

5.

Table 1: Tested materials list with specific properties.

Tested Source Content
Natural
Pure Cotton cotton treated Cellulose
with NaOH
Soft wood Pine treaFed Cgllulose,
Sulphite pulp by sulphite hemicellulose,
method lignin
« S Pine treated Cellulose,
Kraft liner .
base paper by sulphate hemicellulose,
method lignin & inorganic
Filler material Mined .
. Kaolin
L. minerals
Filler material Mined
II. Minerals CaCOs

Preparation of test samples 8-20 mg sample take place in 30 pl jar, which exact weight
measure with precision mg weight measurement apparatus.
A reference jar and a jar filled with the sample have to be placed into the Setaram DSC
measuring device.

A predefined test program have to be performed.

Using nitrogen purge during examination.

Heating the test chamber of the measuring device to 30°C and keeping it at this
temperature for 10 minutes.
Heating the test chamber up to 540°C at a rate of 10K/min.
Recording temperature differentials between the sample to be examined and the
reference jar.
Analyzing the data on the basis of peak temperatures and heat flow.

Performing the measurement on 5 samples per base paper and presenting the results
obtained and their averages graphically.

3. RESULTS AND DISCUSSION

Table 2: DSC results of the tested materials

Tested o T max T max [*C] Heatflow | Mass
materials Avg. | [°C] endo- exo- [mW] [mg]
thermic thermic &
Pure Cotton Avg. 350 400 38 9,8
Soft wood
Sulphite pulp Avg. 275 400 65 12
Kraftliner” |, .| 355 370 20 11
base paper
Filler material Avg, 500 i i 20,24
Filler material Avg, 490 i i 20,24
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As the results show in Table 2. Most measured temperature peaks belong to endotherm
and exothermal processes refer to the tested materials. In case of pure cotton shows accurate
temperature peak at 350°C as a specific endotherm peak and shows another peak at 400°C as an
exothermal. The Soft wood Sulphite pulp behave under the test nearly identically, produced
same peaks endo- and exothermal at 275°C and 400°C.

The examination adverts to “Kraft liner” base paper at 325°C as an exothermal and 370°C
as a endotherm result. In the table are several dates are missing because it was not detected any
exothermic maximum and heat flow value. The tested material with a higher cellulose content
resolved on higher temperature on about 400°C and its thermal degradation starts at a higher
temperature than the hemicellulose and lignin contain pulp. Results can be explained the
structural different between the cellulose and hemicellulose. The cellulose it is a longer and
more pure polysaccharide chain molecule than the hemicellulose which is a shorter
polysaccharide and it is contained different hexoses and pentoses. The studied extenders mined
minerals (kaolin & CaCO3) show no significant temperature peaks or thermal degradation in this
examination range.

Conclusion

Table 3: Test zones with temperature range, peaks and reaction types

Zones Temperature | Temperature Reaction
range [°C] peaks [°C] types
Chemically
L. 0-100°C 100°C bound water
leaving
Decomposition
IL 100-250°C 250°C of extractable
materials
I11. 250-350°C 275°C Decomposition
IV. 350-550°C 35302(?; 20860(: Decomposition
V. Over 550°C Decomposition

Results can be explained that at lower temperature, the samples behave on similar way,
mainly the chemically bonded water leave from each materials. [6,7,8,9] At higher temperature
between 200 to 400 °C decomposition of extractable materials shown due to weight loss
processes with different temperature peaks. [7] In case of “Kraft liner” base paper the
decomposition starts at 250°C and has its temperature peak at 325°C. Pure cellulose starts to
decompose at 275°C and lasts until 350°C. The soft wood sulphite pulp starts decomposition at
220°C and it has its own temperature peak at 400°C hemicellulose and lignin behave nearly
similar way in the examined temperature range. Extenders show no significant endotherm or
exothermal changes under the test. [8]

Figure 4 shows the various DSC curves summarize on which the differences between the
results of tested materials are shown. The reactions based on the content of cellulose. Samples
which contain greater amount of cellulose, their cellulose molecules start its decomposition
under a shorter range of the test -in opposite of lower cellulose content-and shown their typify
temperature peaks by the results of the end of an exothermal reaction chain, which lead to its
total charring. [8,9]
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Figure 4: DSC curves of Pure cotton-blue, Kraft liner base paper-black, Soft wood
Sulphite pulp-pink, resin-red, Kaolin-green and CaCO3 with orange colour

This conclusion can explain the results of the examined materials and shown its main
differences and coherences in substances, which can be used for an accurate thermo-analytical
identification independently from its multiple chemical components.
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