122 ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2024, No. 3, pp. 122-129

UDC 676.038.2

A.A. Ostapenko, M.D. Gomelya, O.M. Movchaniuk, V.V. Halysh

DETERMINATION OF THE AZETIDE GROUPS RELATIVE CONTENT IN THE
COMPOSITION OF AMPHOTERIC POLYMER RESINS

National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine

The work is devoted to the determination of the relative content of azetidine groups
included in amphoteric polymer resins. The use of such resins for gluing cardboard from
wastepaper ensures its strength in both dry and wet conditions. However, when choosing
a resin from a fairly wide range of these reagents on the market, the content of azetidine
groups is not included in the list of main characteristics. In this research work, the
methods of 'H and *C NMR spectroscopy were used which allowed carrying out the
qualitative and quantitative analysis of the azetidine groups in polyamidamine-
epichlorohydrin resins according to their structural and functional characteristics. In
order to obtain quantitative information about individual groups of studied
polyamidamine-epichlorohydrin resins a new technique was proposed for calculating
the relative content of azetidine groups in resins with respect to the theoretically possible
content. The essence of the technique was that the *C NMR spectra of the investigated
amphoteric polymer resins were divided into integration intervals corresponding to the
nuclei of carbon atoms in the same type of structural fragments of polyamidamine-
epichlorohydrin resin molecules. To determine the relative content of azetidine groups,
the corresponding values of spectroscopic parameters of carbon atoms (integral line
intensities and their ratio) of carboxyl and carbonyl groups, as well as carbon atoms of
azetidine groups, were used. In this work, the effect of the researched resins on the main
quality indicators of laboratory paper samples of different composition was studied. The
research results proved the dependence of paper parameters on the relative content of
azetidine groups in the resin.
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Introduction
The highest competition in the market of

the scope of application and ensures the economical
use of resources for containers [1,2].

corrugated cardboard products is observed in the
segment of corrugated boxes. One of the significant
disadvantages of corrugated cardboard is a low indicator
of moisture resistance. This significantly narrows the
scope of its application in cases where it is necessary
to ensure the preservation of the strength of the package
under conditions of high humidity. Meanwhile, the
international experience shows that it is the use of
containers made of moisture-resistant corrugated
cardboard and cardboard with protective properties
that is the most effective, as it significantly expands

Depending on the requirements for cardboard
containers and the scope of its application, various
types of adhesives are used to increase moisture
resistance [3,4]. Low moisture strength (without
moisture-resistant additives) is explained, first of all,
by the rapid destruction of inter-fiber bonds during
the swelling of the cardboard in water and the
subsequent stretching of the fibers after applying a
mechanical load. When immersed in water and wet
environment, ordinary cardboard loses up to 97—98%
of its original strength.
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Methods of providing moisture resistance to
cardboard can be divided into two main groups. The
first includes the methods associated with the
introduction of various chemical auxiliary substances
into the cardboard. The advantages of moisture-resistant
cardboard include its resistance to high levels of
humidity (85—95%), freezing-thawing cycles, and
direct contact with water [5].

Polyamidamine-epichlorohydrin resins for
providing moisture resistance are an important group
of chemical auxiliary substances for cardboard and
paper production. Their action is unusual in that they
cause changes in such physical properties of cardboard
and paper products as dry strength and water resistance
[3—3].

Due to the fact that polyamidamine-
epichlorohydrin resins have a positive charge and
cellulose molecules have a negative charge [6], the
cellulose molecule interacts with the resin molecules.
At the same time, the strength of the paper increases
both in the dry and in the wet states. Polyamidamine-
epichlorohydrin resins are synthesized in the following
three steps: condensation between adipic acid and
diethylenetriamine to form polyamidamine,
attachment of epichlorohydrin to the secondary amino
group of polyamidamine to form N-(3-chloro-2-
hydroxypropyl) polyamidamine, and a four-membered
azetidine ring from 3-chloro-2-hydroxypropyl group
[7,8]. Here, azetidine rings play a key role in improving
the strength of paper and cardboard in the case of
using polyamidamine-epichlorohydrin resins [8].

It should be noted that currently the market
offers a wide range of such resins for the use in paper
and cardboard technology. However, despite the
importance of the content of functional groups, the
available technical characteristics do not allow
considering this parameter when choosing a resin for
a specific technological flow. Commonly, the
characteristics of these resins are represented by such
indicators as the content of dry substances, pH of the
medium and density. Therefore, the purpose of this
work was to study the content of azetidine groups in
polyamidamine-epichlorohydrin resins of different
manufacturers for the possibility of determining the
most effective reagents for the application in paper
and cardboard production.

Experimental

Polyamidamine-epichlorohydrin resins of various
manufacturers with such trade names as UltraRes 200,
Fennostrength PA 21, Kymene 25X- Cel, Eka WS
325, and LURESIN KS [9] were selected for the
study.

In this work, the methods of 'H and *C NMR
spectroscopy were used. The choice of 'H and *C

NMR-spectroscopy methods is due to the fact that
they allow carrying out qualitative and quantitative
analysis of the azetidine groups in polyamidamine-
epichlorohydrin resins according to their structural
and functional characteristics. The general structural
formula of polyamidamine-epichlorohydrin resins is
shown in Fig. 1 [7].
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Fig. 1. The general structural formula of polyamidamine-
epichlorohydrin resins: a, a’, b, c, e, ¢’, f, f — carbon atoms
of the linear chain of amphoteric polymer resins and
g, &', h — carbon atoms of the azetidine group

In the process of recording the 'H NMR spectrum
of the investigated polyamidamine-epichlorohydrin
resins, the method proposed elsewhere was used [10].
In order to ensure the necessary quality of paper and
cardboard, studies of the effect of polyamidamine-
epichlorohydrin resins on the physical and mechanical
parameters of laboratory samples of paper with mass
of 125 g/m? were conducted. The consumption of
polyamidamine-epichlorohydrin resins was 4; 6; and
8 kg/t. For the production of laboratory samples of
paper, both primary fiber (unbleached cellulose from
coniferous wood of the HC-2 grade) in accordance
with the current regulatory document, and waste paper
of the MC-8B-1 grade in accordance with EN 643
«Paper and board — European list of standard grades
of paper and board for recycling» were used. Obtained
paper samples were tested for mechanical strength
parameters such as breaking force during ring
compression (according to the Ukrainian state standard
DSTU ISO 12192) and absolute compression resistance
(according to the Ukrainian state standard DSTU
ISO 2759), which are important for packaging types
of paper and board.

Results and discussion

Table 1 shows the values of 'TH NMR chemical
shifts and the relative integral intensity of signals of
hydrogen atoms in polyamidamine-epichlorohydrin
resins. As can be seen from the data, the 'H NMR
spectra of the studied resins have a noticeable difference
in the values of the chemical shifts (5) of the
characteristic lines and their broadening, which occurs

Determination of the azetide groups relative content in the composition of amphoteric polymer resins
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due to the rapid proton exchange between the functional
groups of polyamidamine-epichlorohydrin resins with
labile hydrogen atoms (—OH, —NH) and solvent
(H,0).

The analysis of the obtained '"H NMR spectrum
for the studied polyamidamine-epichlorohydrin resins
(Table 1) shows that the signals in the regions 8=8.23—
8.31 ppm, 8=4.70—4.83 ppm, and 5=4.10—4.28 ppm
belong to the protons of the amino group d, the
methine protons /4 of the azetidine group of
N-(3-chloro-2-hydroxypropyl) polyaminoamide, and
the protons of the methylene groups g, g’ of the
azetidine group, respectively. Signals at 6=3.57—
3.70 ppm, §=3.18—3.40 ppm, 8=3.42—3.56 ppm,
8=2.25—2.30 ppm, and 8=1.54—1.58 ppm belong to
the protons of methylene groups (f), the protons of
methylene groups (f”), the protons of methylene groups
e, e’, the protons of methylene groups b, and the
protons of methylene groups c, respectively.

As can be seen from the 'H NMR spectrum
shown in Fig. 2, the signal of the methine proton 4
in N-(3-chloro-2-hydroxypropyl) polyamine amide
is practically overlapped by the signal of the methylene
protons g and g’ of the azetidine group, which
complicates the quantitative assessment of the relative
content of azetidine groups in the studied
polyamidamine-epichlorohydrin resins. Therefore, it
is advisable to use 'H NMR spectra only for a
qualitative assessment of the azetidine groups of
polyamidamine-epichlorohydrin resins. Thus, for a
clearer idea of the course of interactions involving
polyamidamine-epichlorohydrin resins, a study of the
structure of their macromolecules was carried out using
BC NMR spectroscopy (Fig. 3). Since the scale of
chemical shifts of carbon atoms of different functional
affiliations is known to be longer compared to the
range of values of chemical shifts for protons of 'H

nuclei, the *C NMR spectroscopy method allows
reducing the overlap of the signals of individual NMR
groups, which is especially important for the
quantitative determination of the content of functional
groups in molecules of polyamidamine-epichlorohydrin
resins.

Analysis of the BC NMR spectrum (Fig. 3)
shows that the signals of carbon atoms belonging to
different homo- and heteroatomic chains of
polyamidamine-epichlorohydrin resins imply different
values of chemical shifts, and they differ in integral
intensity in the case of their homogeneity in the
series of polyamidamine-epichlorohydrin resins
(Table 2).

The specified difference in the spectrum
(Table 2) of the investigated polyamidamine-
epichlorohydrin resins made it possible to use the
values of integral signal intensities of carbon atoms
for quantitative assessment of the contribution of various
fragments of macromolecules of polyamidamine-
epichlorohydrin resins.

As can be seen from the data given in Table 2,
the differences are observed in the ratios of relative
integral intensities, which are characteristic of certain
types of signals of groups in a number of
polyamidamine-epichlorohydrin resins selected for
research. Thus indicates that the producers of
polyamidamine-epichlorohydrin resins used raw
materials for synthesis, which in terms of reactivity
belong to the same class of organic compounds, but
in origin differ in the fragment composition
(hydrocarbon chain length, specificity of its
modification).

From the obtained data (Table 2), it can also be
concluded that the identified structural features of the
investigated polyamidamine-epichlorohydrin resins can
affect the probability of the formation of azetidine

Table 1

Values of chemical shifts (I) of "H NMR (ppm) and relative integral intensity (II) (%) of signals of hydrogen atoms in
polyamidamine-epichlorohydrin resins

Type of polyamidamine- Hydrogen atoms
epichlorohydrin resin d h g/(g) f e e' f b c
UltraRes 200 1| 823 | 475 | 428 | 370 | 3.56 | 3.56 | 3.40 | 2.26 | 1.54
II | 6.20 | 30.00 | 4.80 [ 8.50 | 11.60 | 3.40 [ 3.40 | 16.00 | 16.30
Fennostrength PA 21 I | 828 | 479 | 426 | 3.71 | 3.56 | 3.53 | 342 | 226 | 1.55
11| 6.00 | 33.00 | 470 | 6.40 | 10.00 | 7.00 [ 3.00 | 13.40 | 14.40
Kymene 25X-Cel 1| 831 | 479 | 427 | 3.70 | 3.56 | 340 | 3.18 | 225 [ 1.53
11| 590 [ 3640 | 3.80 [ 520 | 9.60 | 6.50 [ 2.80 | 13.90 | 15.90
Eka WS 325 1| 828 | 4383 429 | 357 | 342 | 339 | 334 | 227 | 1.55
II | 5.60 [46.20 | 2.60 [ 8.60 | 5.60 | 4.10 [ 3.70 | 11.20 | 12.00
LURESIN KS 1| 830 | 483 | 410 | 3.61 | 3.52 | 344 | 336 | 230 | 1.58
11| 480 | 40.80 | 2.80 | 8.50 | 5.80 | 440 [ 4.90 | 12.10 | 13.30
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Fig. 2. NMR 'H spectrum of water solution of polyamidamine-epichlorohydrin resin
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Fig. 3. NMR "*C spectrum of water solution of polyamidamine-epichlorohydrin resin

cycles and, as a result, the physical and mechanical
parameters of paper and cardboard due to the steric
factor.

Therefore, the following technique was used in
order to obtain quantitative information about
individual groups of studied polyamidamine-
epichlorohydrin resins when calculating the relative
content of azetidine groups in them with respect to

the theoretically possible value. The essence of the
proposed technique is that the C NMR spectra of
the studied amphoteric polymer resins were divided
into integration intervals corresponding to the nuclei
of carbon atoms in the same type of structural fragments
of polyamidamine-epichlorohydrin resin molecules.
The calculation of the relative content of azetidine
groups with respect to the theoretically possible value

Determination of the azetide groups relative content in the composition of amphoteric polymer resins
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was carried out using the standard program
SpecManager ACD Labs.

To determine the relative content of azetidine
groups with respect to the theoretically possible one,
the corresponding values of spectroscopic parameters
of carbon atoms (integral line intensities and their
ratio) of both carboxyl (a’) and carbonyl (a) groups,
and carbon atoms of azetidine groups (g, g’) were used
[10,11]. To calculate the relative content of azetidine
groups with respect to the theoretically possible, the
integral intensities of the lines of carbon atoms of
azetidine groups (g, g’) were taken equal to 1.

Integral intensities of atoms of carboxyl (a’) and
carbonyl (a) groups and the results of calculations of
the relative content of azetidine groups with respect to
the theoretically possible one are given in Table 3.

As can be seen from the data in Table 3, the
samples of the investigated polymers (polyamidamine-
epichlorohydrin resins) contain different numbers of
azetidine groups, depending on the conditions of the
polymerization reaction (temperature, concentration,
and stoichiometry of reagents) and the structural and
functional characteristics of the starting reagents.

This indicates that we can expect the
implementation of various methods of spatial

organization of paper and cardboard in the process of
interaction of cellulose fibers with the participation of
chains of polyamidamine-epichlorohydrin resins with
different degrees of their fragment reactivity. That
means that the ability to form both the covalent
(esterification process) and intermolecular and
interfragmentary bonding is through hydrogen bonds
which are established between water and the hydroxyl
groups of the cellulose.

It is noticeable that according to the content of
azetidine groups (in order of their increase), amphoteric
polymer resins are located in the following sequence:
Luresin KS<Eka WS 325<Kymene 25X-
Cel<UltraRez 200<Fennostrength PA 21. This can
be used to choose a resin to improve the paper-making
properties of paper and cardboard.

We also studied the effect of the researched resins
on the main quality indicators of laboratory paper
samples of different composition. The research results
proved the dependence of paper parameters on the
relative content of azetidine groups in the resin.

The paper indicators increase with an increase
in the relative content of azetidine groups. The effect
of polyamidamine-epichlorohydrin resin
Fennostrength PA21, which contains the maximum

Table 2

Values of chemical shifts (I) of 3*C NMR (ppm) and relative integral intensity (II) (%) of signals of carbon atoms in the
composition of the investigated polyamidamine-epichlorohydrin resins

The type of polyamidamine-

Hydrogen atoms

epichlorohydrin resin a' a b c e e' f f g h i
UltraRes 200 I |[180.59]179.86| 38.09 | 27.40 | 36.41 | 36.25 | 62.35 [ 60.76 | 75.60 | 61.70 | 48.88
11 | 3.80 | 11.70 ] 18.10 | 18.90 | 10.20 | 9.80 | 6.70 | 6.90 | 17.50 | 9.60 | 7.00
Fennostrength PA 21 1 |180.39]|179.88| 38.07 | 27.39 | 36.41 | 36.25 | 62.35 | 60.75 | 75.60 | 61.69 | 50.28
I | 1.90 | 9.60 | 19.20 | 18.10 | 8.00 | 7.70 | 6.90 | 6.90 | 17.30 | 11.50 | 6.90
Kymene 25X- Cel I |180.56]|179.89| 38.07 | 27.39 | 36.42 | 36.25 | 62.35 | 60.75 | 75.60 | 61.69 | 49.35
11| 330 | 840 | 7.10 | 21.30 | 7.50 [ 7.10 | 5.80 | 5.00 | 14.20 [ 10.00 | 2.90
Eka WS 325 1 |180.57]179.85] 38.06 | 27.40 | 36.88 | 36.23 | 62.29 | 60.70 | 75.60 | 61.69 | 49.29
1T | 3.00 | 33.00 | 11.80 | 19.80 | 1.40 | 0.90 | 6.10 | 6.60 | 3.30 | 5.60 | 4.70

I |180.82|176.94| - 26.38 - - 64.17 | 62.79 | 75.60 - -

LURESINKS I | 1.80 | 7.50 - 1.25 — — 60.60 | 6.20 | 12.50 - —
Table 3

Integrated intensities of lines of carbon atoms in *C NMR spectra and relative content of azetidine groups of studied
polyamidamine-epichlorohydrin resins

The type of polyamidamine-

epichlorohydrin resin EEmnosEEngth-EAZI

UltraRes 200

Kymene 25X-Cel | Eka WS 325 |Luresin KS

Integrated intensities of lines of
carbon atoms (a'+a) in °C NMR
spectra

1.22

1.31 1.89 2.50 14.73

The relative content of azetidine
groups in comparison with carboxyl 81
and carbonyl groups g/(a'+a), %

76 53 40 7
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number of azetidine groups among the listed resins
under study, on the main indicator of paper strength
is shown in Fig. 4,a.
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Fig. 4. Diagrams of the influence of polyamidamine-
epichlorohydrin resin Fennostrength PA21 (a) and
Luresin KS (b) on the burst resistance (1, 2) and the crushing
strain during the compression of the ring (3, 4) of paper made
of unbleached cellulose of HC-2 grade (1, 4) and paper from
wastepaper of MC-8B-1 grade (2, 3)

It is noticeable that the addition of resin in the
amount from 4 kg/t to 8 kg/t has a significant effect
on the increase of the absolute burst resistance to
compression. For paper made from unbleached
cellulose of the NS-2 grade from coniferous wood,
this indicator increased by 34% and 24% at
consumption of 4 kg/t, and 8 kg/t, respectively. When
using MS-8B-1 waste paper, the increase in absolute
resistance to crushing for the same amount of resin
was 36% and 32%, respectively. The increase of the
crushing strain during the compression of the ring for
a resin consumption of 4 kg/t amounted to about
14% for paper from wastepaper and 9% for cellulose
paper. A greater increase in indicators for paper from
wastepaper is observed at almost all values of the resin

consumption. This can probably be explained by the
highly developed specific surface of the secondary
cellulose fiber, which leads to an increase in the
concentration of hydrogen bonds between the groups
of cellulose and polyamidamine-epichlorohydrin resin
and, as a result, to an increase in the mechanical
strength of the paper.

The effect of polyamidamine-epichlorohydrin
resin Luresin KS, with a minimum amount of
azetidine groups, on the main strength indicators of
laboratory paper samples was also studied. The results
are shown in Fig. 4,b. As can be seen from this
diagram, the use of polyamidamine-epichlorohydrin
resin Luresin KS makes it possible to prepare the
paper samples with lower physical and mechanical
parameters than the corresponding parameters of paper
made using Fennostrength PA21 resin. An increase
in the investigated indicators for the variant with Luresin
KS resin (compared to the corresponding paper
samples without resin) was 5—15% and 4—11% for
waste paper and cellulose samples, respectively.

Conclusions

Thus, based on the studies carried out by using
the 3C NMR spectroscopy, we showed that the signals
of carbon atoms belonging to different homo- and
heteroatomic chains of amphoteric polymer resins
are characterized by different values of chemical shifts
and integral intensities in the *C NMR spectrum,
which made it possible to calculate the relative content
of azetidine groups for polyamidamine-epichlorohydrin
resins of various manufacturers.

According to the content of azetidine groups (in
order of their increase), the studied amphoteric
polymer resins are located in the following sequence:
Luresin KS<Eka WS 325<Kymene 25X-
Cel<UltraRes 200<Fennostrength PA 21.

With an increase in the relative content of
azetidine groups in macromolecules of polyamidamine-
epichlorohydrin resin, its positive impact on the
mechanical strength of paper observed with the addition
of this resin is increased. Therefore, the relative content
of azetidine groups is an important indicator of resin
quality, which should be included in the list of its
main characteristics and used for effective resin
selection to increase not only the moisture resistance
of paper and cardboard, but also the strength of waste

paper.

Determination of the azetide groups relative content in the composition of amphoteric polymer resins
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BU3HAYEHHA BIZHOCHOI'O BMICTY
ASETUJINHOBUX I'PYIT ¥V CKJIAAI AM®OTEPHUX
IHOJIMEPHUX CMOJI

A.A. Ocmanenxo, M.JI. Tomean, O.M. Moguanrox, B.B. T'aaum

PoGota mpucBsgueHa BHU3HAYEHHIO BiTHOCHOTO BMICTY
a3eTUAMHOBUX TPYM, L0 BXOISTh OO cKJany amMdoTepHux
MoJiMEpHUX CcMOJ. BUKOpPUCTaHHSI TaKUX CMOJI ISl MPO-
KJICIOBAaHHS MaKyJaTypHOi KapTOHHOI Tapu 3abesneuye 1i
MILIHIiCTh $IK B CyXOMy, TaK i y Bojoromy ctaHi. OgHak npu
BHUOOpi CMOJIM 3 JOBOJIi LIMPOKOTO ACOPTUMEHTY IaHUX
peareHTiB Ha PUHKY MOKA3HUK BMICTY a3eTUIAMHOBUX TPYyIl
BiICYTHINl B Iepesiky OCHOBHUX XapaKTepucTuk. Y poOoTi
3actocoByBaiu Metonu 'H i BC SAMP cnekrpockorii, 1o
TTO3BOJISIIOTH TIPOBOJWTHU SIKICHUI i KiTbKICHWI aHalli3 a3eTu-
JNMHOBUX TPYN MoJliaMiaMiH-eMixJIOPTiAPUHOBUX CMOJ 3a iX
CTPYKTYPHO-(YHKLIOHAIBHUMU XapakTepuctukamu. st ot-
pUMaHHs KiJIbKicHOI iHdopMaLil Mpo oKpeMi rpymnu J0CTiaKy-
BaHMX TOJiaMiaMiH-eMixJIOpTiipMHOBUX CMOJI Mi Yyac po3pa-
XYHKY BiIHOCHOTO BMICTy B HMX a3eTUAWHOBUX TPYIl BiX
TEOPETUYHO MOXJIMBOTO, 3aIPOINIOHOBAHO HOBY MeTOAUKY. CyTb
METOAMKHU TIOJISiTa€ B TOMY, 1o criektpu SAMP 3C mocimke-
HUX aM(bOTEPHUX MOJIMEPHUX CMOJI PO3MUISIMCS Ha iHTepBa-
JIM iHTEeTpYBaHHSI 3a BiAIOBIMHICTIO SiIpaM aTOMIB BYIJIEIIO Y
cKlali OOJHOTUIHUX CTPYKTYPHUX (DparMeHTiB MOJIEKYJ
noJjliaMiiaMiH-emiXJIOpTiApUHOBUX cMOJ. JIJIsi BU3HAYEHHS
BiIHOCHOTO BMICTY a3€TUAMHOBUX TPYN BUKOPUCTAHO
BIIMOBINHI 3HAYEHHS CIEKTPOCKOIMIYHUX MapaMeTpiB aToMiB
ByIJIelo (iHTerpajJbHUX IHTEHCUBHOCTE JIiHil Ta iX CIiBBiIHO-
LIEHHS) KapOOKCHIBHUX i KAPOOHUIBHUX TPYII, a TAKOX aTOMIB
BYIJIELIO0 a3€TUAMHOBUX TpyM. Y poOoTi OyJ10 BUBUEHO BIUIMB
TOCJTIIKYBaHUX CMOJI Ha OCHOBHI TMOKAa3HMKM SIKOCTi Jiabopa-
TOPHUX 3pa3KiB marepy pi3Hoi Kommos3wuilii. Pesynbratu
TOCJTI/KEHb JIOBEJIW 3aJIeKHICTh TMOKA3HUKIB Tarepy Bim Bil-
HOCHOTO BMICTY a3e€TUIMHOBUX TPYI Y CMOJIi.

KawuoBi ciaoBa: amdorepHa moJsiiMmepHa cMmoJa;
a3eTUAMHOBI Tpynu; BimHocHui BwmicT; 'H i BC SAMP-
CMEKTPOCKOTisl; LIeJI003a; MakyJjaTypa; (i3uko-MexaHiuHi
MOKA3HUKU Tanepy.
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The work is devoted to the determination of the relative
content of azetidine groups included in amphoteric polymer resins.
The use of such resins for gluing cardboard from wastepaper
ensures its strength in both dry and wet conditions. However,
when choosing a resin from a fairly wide range of these reagents
on the market, the content of azetidine groups is not included in
the list of main characteristics. In this research work, the methods
of 'H and “C NMR spectroscopy were used which allowed carrying
out the qualitative and quantitative analysis of the azetidine groups
in polyamidamine-epichlorohydrin resins according to their
structural and functional characteristics. In order to obtain
quantitative information about individual groups of studied
polyamidamine-epichlorohydrin resins a new technique was
proposed for calculating the relative content of azetidine groups
in resins with respect to the theoretically possible content. The
essence of the technique was that the *C NMR spectra of the
investigated amphoteric polymer resins were divided into integration
intervals corresponding to the nuclei of carbon atoms in the same
type of structural fragments of polyamidamine-epichlorohydrin
resin molecules. To determine the relative content of azetidine
groups, the corresponding values of spectroscopic parameters of
carbon atoms (integral line intensities and their ratio) of carboxyl
and carbonyl groups, as well as carbon atoms of azetidine groups,
were used. In this work, the effect of the researched resins on the
main quality indicators of laboratory paper samples of different
composition was studied. The research results proved the
dependence of paper parameters on the relative content of azetidine
groups in the resin.

Keywords: amphoteric polymer resin; azetidine groups;
relative content; '"H and C NMR spectroscopy; cellulose;
wastepaper; physical-mechanical properties of paper.
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