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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 13C 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.
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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

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 2000C [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–CH2–OH organic
compounds by using 13C 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

chemical, which better contributes to the increase
of physical-mechanical parameters of paper from
waste paper [12].

The 13C 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 13C 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 (175±5 g/m2) 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

Fig. 1. 13C NMR spectrum of the APS UltraRes 200 water solution
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Fig. 3. 13C NMR spectrum of the system sucrose–UltraRes 200–H2O

Fig. 2. 13C NMR spectrum of the solution of sucrose
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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-106I 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 13C NMR spectra of
aqueous solutions of both the individual APS
UltraRes 200 substances and sucrose and the systems
sucrose–UltraRes 200–H2O.

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–H2O 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

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
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microscopic photos (Fig. 5) indicate that the addition
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 13C NMR spectroscopy
of model solutions and physical-mechanical tests of
a cardboard.

Conclusions
13C 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

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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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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Ï²ÄÂÈÙÅÍÍß Ì²ÖÍÎÑÒ² ÒÅÑÒËÀÉÍÅÐÀ
ÄÎÏÎÌ²ÆÍÈÌÈ Õ²Ì²×ÍÈÌÈ ÐÅ×ÎÂÈÍÀÌÈ

À.À. Îñòàïåíêî, Ì.Ä. Ãîìåëÿ, Î.Ì. Ìîâ÷àíþê, ².Â. Òðåìáóñ

Â äàí³é ðîáîò³ ìåòîäîì 13Ñ ßÌÐ-ñïåêòðîñêîï³¿ çä³éñíåí³
³ì³òàö³éí³ äîñë³äæåííÿ õ³ì³÷íî¿ âçàºìîä³¿ àìôîòåðíî¿ ïîë³ìåð-
íî¿ ñìîëè ç öóêðîçîþ, ùî ìàº ã³äðîêñèëüí³ ãðóïè, ïîä³áí³ äî
öåëþëîçíèõ. Äîâåäåíî, ùî â ðåçóëüòàò³ òðàíñôîðìàö³¿ àçåòè-
äèíîâèõ ãðóï àìôîòåðíî¿ ïîë³ìåðíî¿ ñìîëè óòâîðþþòüñÿ êîâà-
ëåíòí³ õ³ì³÷í³ çâ’ÿçêè ì³æ ìîëåêóëàìè ñìîëè ³ ã³äðîêñèëüíèìè
ãðóïàìè öóêðîçè. Ï³äòâåðäæåíî ìåõàí³çì âçàºìîä³¿ àìôîòåð-
íî¿ ïîë³ìåðíî¿ ñìîëè ç ìàêðîìîëåêóëàìè öåëþëîçè. Äîñë³äæåíî
âïëèâ âèòðàòè àìôîòåðíî¿ ïîë³ìåðíî¿ ñìîëè íà ô³çèêî-ìåõàí³÷í³
ïîêàçíèêè òåñòëàéíåðà ð³çíîãî êîìïîçèö³éíîãî ñêëàäó. Âèçíà-
÷åíî, ùî ç³ çá³ëüøåííÿì âèòðàòè ñìîëè â³ä 1 äî 4 êã/ò â³äáó-
âàºòüñÿ â³ä÷óòíå çðîñòàííÿ ïîêàçíèê³â êàðòîíó âñ³õ äîñë³-
äæåíèõ êîìïîçèö³é. Ïîäàëüøå çá³ëüøåííÿ âèòðàòè ñìîëè ïðàê-
òè÷íî íå çì³íþº ì³öíîñò³ êàðòîíó, à òîìó º åêîíîì³÷íî íåäî-
ö³ëüíèì. Âñòàíîâëåíî, ùî á³ëüøà åôåêòèâí³ñòü âèêîðèñòàííÿ
àìôîòåðíî¿ ïîë³ìåðíî¿ ñìîëè äîñÿãàºòüñÿ çà çðîñòàííÿ â êîì-
ïîçèö³¿ êàðòîíó êîðîòêîâîëîêíèñòî¿ ôðàêö³¿. Ïîêàçàíî, ùî çà
âèòðàòè ñìîëè 4 êã/ò òà çà âèêîðèñòàííÿ â êîìïîçèö³¿ 30%
êîðîòêîâîëîêíèñòî¿ ìàêóëàòóðè îï³ð ïðîäàâëþâàííþ ³ ðóéí³â-
íå çóñèëëÿ ï³ä ÷àñ ñòèñíåííÿ ê³ëüöÿ, ùî º îñíîâíèìè ïîêàçíè-
êàìè ìåõàí³÷íî¿ ì³öíîñò³ êàðòîíó, çá³ëüøóþòüñÿ íà 23% ³ 18%
â³äïîâ³äíî. Öå, â ñâîþ ÷åðãó, äîçâîëèòü çìåíøèòè ñîá³âàðò³ñòü
òåñòëàéíåðà. Çä³éñíåíî ì³êðîñêîï³÷í³ äîñë³äæåííÿ çðàçê³â
òåñòëàéíåðà ð³çíîãî êîìïîçèö³éíîãî ñêëàäó, ùî âèãîòîâëåí³ áåç
âèêîðèñòàííÿ òà ç äîäàâàííÿì àìôîòåðíî¿ ïîë³ìåðíî¿ ñìîëè.

Äîâåäåíî óòâîðåííÿ á³ëüø ù³ëüíî¿ ñòðóêòóðè êàðòîíó ó âè-
ïàäêó âèêîðèñòàííÿ ñìîëè ³ êîðîòêîâîëîêíèñòî¿ ìàêóëàòóðè,
ùî ³ ïðèçâîäèòü äî çðîñòàííÿ ì³öíîñò³ êàðòîíó.

Êëþ÷îâ³ ñëîâà: àìôîòåðíà ïîë³ìåðíà ñìîëà,
àçåòèäèíîâ³ ãðóïè, öóêðîçà, öåëþëîçà, 13Ñ ßÌÐ-
ñïåêòðîñêîï³ÿ, ìàêóëàòóðà, òåñòëàéíåð, ô³çèêî-ìåõàí³÷í³
ïîêàçíèêè.
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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 13C 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.
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