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The simulation of the chemical interaction of amphoteric polymer resin with sucrose
having hydroxyl groups that are similar to cellulose were carried out using C NMR
spectroscopy. The transformation of azetidine groups of amphoteric polymer resin proved
to result in the formation of covalent chemical bonds between the resin molecules and the
hydroxyl groups of sucrose. The mechanism of the interaction of amphoteric polymer
resin with cellulose macromolecules was confirmed. The effect of the consumption of
amphoteric polymer resin on the physical-mechanical properties of a testliner with different
composition was investigated. It was determined that there is a significant increase in the
cardboard indices of all studied compositions with an increase in the consumption of resin
from 1 to 4 kg per ton. A further increase in the consumption of resin does not practically
change the strength of the cardboard, and hence is economically unreasonable. It was
found that a greater efficiency of the use of amphoteric polymer resin is achieved when the
content of a short-fiber fraction cardboard in the composition grows. It was shown that
the consumption of resin of 4 kg per ton and the use of 30% short-fiber waste paper in the
composition ensure an increase in the burst resistance and the destructive force during the
compression of the ring by 23% and 18%, respectively; these parameters being the main
indicators of mechanical strength of the cardboard. This, in turn, will reduce the cost of a
testliner. The samples of a testliner with different composition were examined by the SEM
method, the samples were fabricated without and with the addition of amphoteric polymer
resin. The formation of a dense structure of a cardboard in the case of the use of resin and
short-fiber waste paper was shown, this led to an increase in the strength of cardboard.

Keywords: amphoteric polymer resin, azetidine groups, sucrose, cellulose, *C NMR

spectroscopy, wastepaper, testliner, physical-mechanical properties.

DOI: 10.32434/0321-4095-2019-127-6-149-156

Introduction

The utilization of the waste paper is a complex
and problematic task for enterprises producing various
types of paper and cardboard. The main reason for
inhibiting the growth of volumes of waste paper
consumption in the production of cardboard and
paper products is the deterioration of paper making
properties of secondary fibers with an increase in
the number of recycling cycles [1,2]. Because of the
repeated consumption of more than 50% of waste
paper that is used in the production of paper and
cardboard, it has low papermaking properties, which
is accompanied by an increase in the ash content
and a significant content of a fine-fraction [3,4].
The reduction of papermaking properties of
secondary fibers during a repeated use is due to
irreversible changes in the structure of cell walls of
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fibers that occur under the influence of grinding
processes of fibrous semi-finished products, gluing
and drying of a paper cloth [5,6]. The influence of
these technological processes leads to the shortening
and hornification of fibers, a sharp decrease in their
flexibility, plasticity, substantial loss of fiber’s ability
to hydrate (swelling) and, consequently, to weaken
the inter-fiber bonds in a sheet of paper [7].

One of the effective ways to increase the
strength of cardboard and paper products from waste
paper is the addition of chemical auxiliaries to a
fibrous suspension. Starches, especially cation-
modified, carboxymethyl cellulose, liquid glass and
synthetic polymers, such as cationic polyacrylamides
and high-molecular polyvinyl amine [8—10], are used
for this purpose.

The amphoteric polymer resins (APS) produced
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by the reaction of polymerization of
diaminodietilamine with epichlorohydrin followed
by the treatment with distillation of water under
vacuum at the temperature higher than 200°C [11]
were used in the paper and cardboard technology
mainly to give them moisture resistance. However,
ref. [12] reported the effect of the APS on the growth
of the strength of a paper made from the recycled
paper. In addition, it was stated that the use of the
APS in the composition can significantly intensify
the process of dehydration of the fibrous mass on
the grid of the papermaking machine and reduce
the loss of the fine fiber with the tray water. This
ultimately reduces both the amount of the solid waste
and the consumption of natural water. It is also
important that the APS are environmentally friendly.

The purpose of this work is to evaluate the
degree of the transformation of azetidine groups of
amphoteric polymer resins in the course of the
interaction with reactive methylol—CH,—OH organic
compounds by using 3C NMR spectroscopy method
and to establish the effect of the resins on the quality
of a testliner with a high content of a short-fiber
waste paper. The interaction of the APS with
polyalcohols was described elsewhere [13].

Experimental

The APS UltraRes 200 was used as an auxiliary
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chemical, which better contributes to the increase
of physical-mechanical parameters of paper from
waste paper [12].

The C NMR spectra of product solutions of
the APS UltraRes 200 and sucrose were recorded
using the Bruker’s AVANCE-400 spectrometer at
the frequency of 100.613 MHz. The magnitudes of
chemical shifts of the *C NMR signals have been
determined with respect to the signals of
tetramethylsilane [14]. The interval between pulses
was 4 s with a total accumulation of 4000. The Fourier
transforms were performed with the simultaneous
exponential weighing of the free induction recession
with a constant equivalent to the expansion of the
lines of 10 Hz.

In order to evaluate the effectiveness of the
influence of APS on the physical and mechanical
parameters of a cardboard, a series of samples of the
cardboard (1755 g/m?) of different composition
was manufactured using the group 1 of waste paper
(code 1.05.01 corrugated cardboard) and the group
2 (code 2.01.00 newspaper) according to EN 643
«Paper and board — the European list of standard
grades of paper and board for recycling» taken in
the ratios of 100:0, 90:10, 80:20, 70:30, and 0:100.

The physical and mechanical characteristics of
the cardboard samples have been determined
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Fig. 1. BC NMR spectrum of the APS UltraRes 200 water solution
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Fig. 2. BC NMR spectrum of the solution of sucrose
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Fig. 3. BC NMR spectrum of the system sucrose—UltraRes 200—H,0
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according to the following standard methods: the
rigidity determination was performed using the ring
compression method and the burst resistance (ISO
12192 and ISO 2759, respectively).

The microphotographs of the cardboard samples
were obtained using an electronic raster microscope
REM-1061 equipped with the system of energy-
dispersive micro-analysis in a high vacuum mode of
4 nm. The voltage at the cathode was 30 kV.

Results and discussion

Due to the insolubility of cellulose in water, a
sucrose substance, which is readily soluble in water,
was used to study the processes of the interaction of
the APS with cellulose at a molecular level. Sucrose,
similar to cellulose, has glucosidic cycles and hydroxyl
groups; therefore it can be considered as a model
substance. To increase the concentration of the APS,
the model substance was introduced into aqueous
solution of the APS UltraRes 200, which allowed
simulating the interaction of the APS with cellulose.

Figures 1—3 show the '3C NMR spectra of
aqueous solutions of both the individual APS
UltraRes 200 substances and sucrose and the systems
sucrose—UltraRes 200—H,0.

As can be seen from Figs. 1—3, the difference
between the chemical shifts of solutions of individual
substances under investigation and their mixture is
about 1.5—2.0 ppm. The chemical shifts of functional
groups that are active in the formation of the
intermolecular hydrogen bonds for carbon atoms in
a solution of sucrose are 104.71 ppm; 93.20 ppm
and 82.24 ppm, whereas these chemical shifts for
the system «sucrose—UltraRes 200—H,0 are 106.58
ppm; 95.07 ppm and 84.36 ppm, respectively. The
magnitude of the changes in the values of chemical
shifts reveals the redistribution of electron density in
hydrocarbon chains, which, depending on their
structural and functional characteristics, affects the
time of NMR-relaxation of the corresponding carbon
atoms. The reduction of the relaxation time leads to
an increase in the width of the resonance signals
and a decrease in the amplitude of the signals for
the approximate preservation of the integral intensity

0 H H

| | | |
nR—OH + HO- N. ACDA N-H —= HO- N N-tH
M VNN M VWV
g} CH,

of the characteristic sucrose lines. This indicates the
preservation of the structure of sucrose in the process
of the interaction with the APS.

The interaction of azetidine cycles of the APS
with sucrose results in disappearance of signals in
the region of 75.6 and 61.7 ppm, which corresponds
to the carbon atoms in a four-member cycles.
Obviously, the interaction follows Scheme 1.

The effect of the APS UltraRes 200 on the
main indices of mechanical strength of a testliner
for a different composition is shown in Fig. 4.

The addition of resin in the amount of 1 kg per
ton to 4 kg per ton leads to an improvement in the
strength of the cardboard samples of all studied
compositions. Thus, the burst strength and the rate
of breaking force by the ring compression increase
by 6—23% and 7—26%, respectively. A further
increase in the consumption does not practically
change the strength of the cardboard, and therefore
it is economically inexpedient.

It should be noted that the obtained physical-
mechanical parameters show that the samples of a
cardboard, made only from waste paper of group 2,
are considerably inferior to samples that are entirely
made from waste paper of group 1.

The obtained results indicate that a partial
replacement (up to 30%) of the more expensive waste
paper of group 1 in a fibrous composition by a short
fibereboard waste paper of group 2 reduces the cost
of a cardboard.

It is known that a short fiber fraction has a
highly developed specific surface of the fiber, which
leads to an increase in hydrogen bonds between the
hydroxyl groups of cellulose and the APS UltraRes
200, thereby contributing to an increase in the
strength of the cardboard. The mechanism of the
interaction of the APS UltraRes 200 and hydroxyl
groups of cellulose are shown in Scheme 2.

In order to establish structural changes of
testliner samples of different composition without
and with the addition of the APS UltraRes 200 at its
consumption of 4 kg per ton of products, the
microscopic studies were carried out. The

O H H
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Scheme 1
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Fig. 4. The diagram of the impact of the APS UltraRes 200 on the burst strength (a) and the breaking force by the ring
compression (b) of a cardboard with different composition: 100% waste paper of group 1; 90% waste paper of group 1 and 10%
waste paper of group 2; 80% waste paper of group 1 and 20% waste paper of group 2; 70% waste paper of group 1 and 30% waste
paper of group 2; and 100% waste paper of group 2
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microscopic photos (Fig. 5) indicate that the addition Conclusions

of the APS UltraRes 200 resin to a fibrous
composition containing 30% of waste paper of group
2 results in the re-grouping of short fibers, their
convergence and their connection. As a result, a
denser structure of a cardboard is formed with the
removal of moisture (Fig. 5, d), which is also
confirmed by the results of 3C NMR spectroscopy
of model solutions and physical-mechanical tests of
a cardboard.

BC NMR spectroscopy was used to study the
interaction of the APS UltraRes 200 with sucrose
having hydroxyl groups similar to cellulose. The
obtained results confirmed the formation of covalent
chemical bonds between the APS molecules and
cellulose macromolecules due to the transformation
of the APS azetidine groups.

It was determined that the maximum efficiency
of the APS was achieved at its consumption of 4 kg

Reinforcing a testliner with supporting chemical materials
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Fig. 5. Microscopic photographs of the samples of a cardboard for flat layers of a corrugated cardboard without (a, b, ¢) and with
the addition (d) of APS UltraRes 200 at its consumption of 4 kg per ton: (a) — 100% waste paper of group 1; (b) — 100% waste
paper of group 2; (c) and (d) — 30% waste paper of group 2 and 70% waste paper of group 1

per ton and an increase in the content of a short-
fiber waste paper in a testliner. It was established
that the consumption of APS above 4 kg per ton is
economically inappropriate. The main parameters
of the mechanical strength of a cardboard, such as
burst strength and breaking force by the ring
compression, were increased by 23% and 18%,
respectively, when replacing in a fibrous composition
of 30% of costly waste paper of group 1 by a short-
fiber waste paper of group 2. This will eventually
reduce the production cost of a testliner.

The microscopic study showed the formation
of a denser structure of a cardboard in the case of
the consumption of a resin and a short-fiber waste
paper in the composition, which was confirmed by
the results of physical-mechanical tests of a
cardboard.
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MIABUIIIEHHA MILTHOCTI TECTJIAMHEPA
JOIIOMIXHNUMU XIMIYMHUMU PEHOBUHAMMU

A.A. Ocmanenxo, M.J]. Tomeas, O.M. Mosuanrok, 1.B. Tpemoyc

B oaniii pobomi memodom > C M P-cnexmpockonii 30iiicHeHi
iMimauyitini docaioxncenHs XimiuHoi 83aemo0ii amgpomeproi nonimep-
HOI cMoAU 3 UYKPO30i0, W0 Mae 2i0poKcuabHi epynu, noodioHi 0o
yenronosnux. Jlogedero, wo 6 pesyavmami mpaucgopmayii azemu-
JuHoBUX 2pyn amghomepHoi noAIMEPHOI cMOAU YMBOPIOHMbCS KOBA-
NeHMHI XIMIMHI 36 93KU MIdC MONCKYAAMU CMOAU | 2IOPOKCUAbHUMU
epynamu uykposu. Iliomeepoxceno mexanizm e3aemodii amgpomep-
HOI noaimepHoOi cmoau 3 Makpomonexyramu ueaonosu. Jocaioxceno
6NAUG BUMPAMU AMPOMEPHOI NONIMEPHOI cMOoAU HA IBUKO-MeXaHIUHI
NOKA3HUKU mecmAaiiHepa pizHoeo KoMRo3uyiinoeo ckaady. Busna-
ueHo, wo 3i 30inbuleHHAM sumpamu cmoau 6id 1 do 4 ke/m 6id6y-
8aemucsl 6i0UYmMHe 3DOCMAHHS NOKA3HUKIE KAPMOHY 6cix 0ocai-
Oxncerux Komnosuyii. Tlodarvuie 36inbuueHHss BUMPaAmu cCMoaU NPaK-
MUYHO He 3MIHIOE MIUHOCMI KAPMOHY, A MOMY € eKOHOMIYHO Hedo-
yinvHum. Becmanoeneno, wo Ginvuia echekmusricms 6UKOPUCMAHHS
amghomeproi nosimepHoi cmoau docseaemocs 3a 3pOCMAHHS 8 KOM-
nosuuii kapmowy Kopomkoseosokrucmoi gpaxuyii. Ilokazaro, wo 3a
eumpamu cmoau 4 ke/m ma 3a euxopucmants 6 Komnosuuyii 30%
KOpOMKO0BOAOKHUCIMOI MAKYAAMYPU ONip NPOOABAIBAHHIO | PYIIHIG-
He 3ycuans nid 4ac CMUCHeHHs Kiabys, Wo € 0CHOBHUMU NOKA3HU-
Kamu mexanivHoi miyHocmi kapmony, 30inbuyromocs Ha 23% i 18%
8ionogiono. lle, 6 ceoro uepey, dozeoaums 3meHwumu codieapmicms
mecmaatnepa. 30ilicHeHo MIKPOCKONIYHI 00CAIOMNCeHHs 3pa3Kie
mecmaatinepa pizH020 KOMRO3UYILIHOR0 CKAADY, WO 8Uc0mMoeaeHi 6e3
BUKOPUCMAHHS Ma 3 000A8AHHAM amMpomepHoi noaimepHoi cmoau.

Jlogedeno ymeoperHs Oinvbui wjinbHoi cmMpyKmypu KapmoHy y 6u-
naoky UKOPUCMAHHS CMOAU | KOPOMKOBOAOKHUCMOI MAKy1amypu,
wo i npu3600ums 00 3pOCMAHHSI MIUHOCMI KAPMOHY.

Knwoyosi ciaoBa: amdorepHa monimMepHa cmola,
a3eTUAMHOBI Tpynu, Iykposa, mentoiaosa, C SAMP-
CIIEKTPOCKOITisl, MaKyJjaTypa, TecTjaiiHep, (izMKo-MexaHiuHi
MOKa3HUKH.
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to cellulose were carried out using C NMR spectroscopy. The
transformation of azetidine groups of amphoteric polymer resin proved
to result in the formation of covalent chemical bonds between the
resin molecules and the hydroxyl groups of sucrose. The mechanism
of the interaction of amphoteric polymer resin with cellulose
macromolecules was confirmed. The effect of the consumption of
amphoteric polymer resin on the physical-mechanical properties of a
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that there is a significant increase in the cardboard indices of all
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shown that the consumption of resin of 4 kg per ton and the use of
30% short-fiber waste paper in the composition ensure an increase
in the burst resistance and the destructive force during the compression
of the ring by 23% and 18%, respectively; these parameters being
the main indicators of mechanical strength of the cardboard. This,
in turn, will reduce the cost of a testliner. The samples of a testliner
with different composition were examined by the SEM method, the
samples were fabricated without and with the addition of amphoteric
polymer resin. The formation of a dense structure of a cardboard in
the case of the use of resin and short-fiber waste paper was shown,
this led to an increase in the strength of cardboard.
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