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RESEARCH OF CHANGES OF STRENGTH
INDICATORS OF SEMI-RIGID COVERS
GLUED BY MODIFIED ADHESIVE
COMPOSITIONS

O6’ckmom docnioacenns € npouecu OMpPUManiis MOOUPIKOBAHUX KLCLOBUX KOMNO3Uiil, na ocrnosi PVA (noi-
ginin-ayemamuux) Oucnepcii, 0k BUKOPUCMAHHSL 8 MEXHOL0ZIUHUX NPOUECAX 8UZOMOBICHHS HANIBHCOPCMKUX
KHUNCKOBO-JICYPHAIbHUX 06KAaounox. [Iposedeni excnepumenmanviii 00CAioNces TPYHMYIOMbC HA 3ACTNOCY AT
NOPIGHANLHOT MEMOOUKU GUSHAUCHIS POIPUCHOT MIUHOCME CKACEHUX, 0€3 3CY8Y, 3PASKIE NALIMYPHUX Mamepiais,
3a 00MoM02010 MOOUPIKOBANUX KLCTOBUX KOMNOIUUIL MaA MOMONCHUX KOMNO3uUii 6e3 mooudikysanis. Ocnosue
NPUNYUeHHSL O0CTIONCEHHS NOLSALAE 8 MOMY, U0 BUKOPUCTAHHS NOJIMEPHUX 32YUY8aYi8 i eMyIb2amopie, CYMiCHUX
3 PVA namexcamu, sKi axmueno 6UKOPUCTOBYIOMbCSL 8 MEXHOJLOZIUHUX NPOUecax nanepopoonoi ma noiizpagiu-
HOL 2ay3€ll, CNPUATUMYMb YMBEOPEHHIo 000amKo80i MiyHOCMI HANIBICOPCMKUX 00KAA0UHOK. Lbo20 1e MoXcAU60
docsiznymu 6e3 anarisy ma oouPanis MONCIUGUX KOMNOHEHMIB, 3 BPAXYBANHAM MEXAHIUHUX GLACTIUBOCMEL, WO
BUHUKAIOMD NICLSL 3ACMOCYBANHL MAKUX MOOUDIKAMOpis, SKi Cymmeso 3aiencams 6i0 adzesiinoi Miynocmi mijc
Mamepianrom 308Hiuboi yacmun 06KAAOUNKYU MA KAEHOB0I0 CROLYUHOI0. 3ANPONOHOBANO Ol eKCNePUMEHMALD-
H020 00CHIOHCEHHS BUKOPUCTNAHHS PEUOBUH 3 BUCOKUMU A02€3IIHUMU 8AACMUBOCMAMU 00 WINDHUX KPEUOOBAHUX
nanepie i MOHKUX NALIMYPHUX KAPMOHIB, 13 AKUX 6UZOMOBIAIOMb HANIBHCOPCMKL KHUNCKOBO-)HCYPHANLHI 00KLA-
Ounxu. Busnaueni cmpyxmypni ocobaugocmi Kietiosux niigox, OMpUMAHUX 3 NOLL-8iHil-AUemamiozo Iamexcy,
AKL MAI0Mb NOLINUENY ZHYUKICMD, NPYICHICTD, BUCOKY A02e3i10 Ma 6000CMIKICMb 8 MOMY GUNAOKY, KOJU 00 HUX
dodani 6000po3uuni MoOUGiKamopu. 3abe3neueno excnepuMenmanrvie GUSHAUEHH MONCAUBOCMET NIOBUULEeHIS
CPYKMYPHOL MitOCTNE HANIBHCOPCTNKUX KHUNCKOBO-JCYPHATLHUX 0OKAAOUHOK, NICILA CKACI06ANHA MOOUDIKOSAHUMU
NALIMYPHUMU KIESMU, W0 CYMMEBO He 30LIbUYIOMb MOBWUHY KIEU08020 UWLAPY MA HEe 3SMIHIOIOMb KOHMYPHY 2€0Men-
pito suzomosaenux o0xkaaouNok. /losedeno, wo xkaeiosi cymiwi, suxopucmani 0ns mooudixyseanns PVA ducnepcii,
He SNAUNYAU HA CMPYKMYPHY 00HOPIOHICMb CKLCEHOT NPOCMOPOBOT KOHCMPYKUIL HANIEHCOPCKUX 0OKIAOUNOK,
i He BNIUNYIU Ha NOSAGY 308HIUNHIX Oehexmis y 6uzisadi NAowUrHOL HeoOHopidnocmi, abo MOUKOBUX NOMOBULEHD
nosepxii o6xaadunox. Ompumani pesyivmamu 00CAIONCEHD CKACIOBANH KOHCIMPYKMUBHUX 0emaneil PO32oPmoK
HANIBICOPCMKUX OOKAAOUHOK MOOUDIKOBAHUMU KACTIOBUMU KOMNOSUUIAMU CTNEOPIOIOMD 000AMKOGL MONCIUBOCII
8 NAANHYBANHT GUKOPUCTANHSA GUMPATNHUX MAMEPIANLie, NPU 6Uz0MOBLEHIT 0OKIAOUHOK, Ol OMPUMAIH NOKASHUKIG
MiyHOCMI, 30 NONEPEOHbO BUSHAUCHUMU POSMIDHUMU YMOBAMU 3ACMOCYBAHHS Peu08UH-Mooudixamopis. Excne-
PpUMeHmanvii 00CA0NCenHs NOKA3ANU OUCKPEMHICMb — 3POCMANN, NAOIHHSA POSMIPHUX NOKASHUKIG MiUHOCMI
HANIBACOPCMKUX OOKAAOUNOK, CKACEHUX MOOUPIKOBAHUMU KACTLOBUMU KOMNOSUYIAMU, W0 CRPUSLE NPAKMULHOMY
3aCMOCYBAHHIO OMPUMAHUX PE3YTbMaAMis, K 6 NAAHYEAHH] MEXHOI0ZIUHUX NPOUECis, MAaK i 8 POIPAXYHKAX COOi-
8apPMOCMi KHUNCKOBOT NPOOYKUil.

Kmouosi cnosa: [IBA (noxi-sinin-ayemamni) oucnepcii, naniencopcmi 06KAAOUNKU, KACUOGT KOMNO3UYIL,
NOKA3HUKU MIYHOCIIIL.
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1. Introduction

Semi-rigid glued covers, as an innovative type of book
frames, correspond to the properties of representative-
ness and hardness inherent in binding, although they are
manufactured using simplified edged cover technologies
significantly lower than cost [1]. One of the significant
advantages of joining materials due to the use of adhesive
polymer compositions, as shown in the results of studies [2],
is the ability to adhere materials according to the physico-
chemical parameters without significant changes in their

(http.//creativecommons.org/licenses/by/4.0)

geometric and volume structure. The advantages of using
adhesive polymer compositions are confirmed [3] by im-
proving the strength indicators of glued products, as well
as their indicators of resistance to destructive factors, re-
duce the duration of use and storage. It is possible to
note that in the printing industry there is a tendency
for a quantitative increase in book titles with a simul-
taneous reduction in their circulation [4]. Insignificant
circulations of books made include the introduction of
manufacturing techniques for simplified ergonomic and
resource-saving covers, as well as the widespread use of
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non-sewn adhesive gluing of book blocks [5]. Let’s consider
the glued three-layer structure of a semi-rigid cover as an
anisotropic composite medium in which the external —
front and back parts are formed by binding materials from
which the blank of the workpiece is carved [6]. And the
inner part is filled with an adhesive polymer composi-
tion, the thickness and physico-chemical properties of
which, together with binding materials, create a cover,
with strength and hardness indicators substantially close to
those in binding [7, 8]. A change in the thickness of the
adhesive layer in the inhomogeneous anisotropic structure
of the semi-rigid cover significantly affects the change in
strength indicators, both up and down [9, 10]. In the
process of gradual wear of materials under the influence of
destructive loads, the specific interaction of the adhesive
composition with the material of the outer part of the
cover significantly affects the strength, structural density
and wears resistance of the adhesive composition [11]. The
operational stability and resource of use of the adhesive
polymer composition depends and can change with fluc-
tuations in the thickness and structural geometry of the
semi-rigid cover [12]. For the manufacture of semi-rigid
covers, only a part, albeit substantial, of binding materials
is used, such as thin cardboards, chrome ersatz cardboards,
dense coated papers (250-350 g/m?), etc. Such materials
ensure the integrity of the spatial geometry of the manu-
factured covers, without cracking at the folds. Therefore,
to increase the strength and hardness of semi-rigid covers,
the direction of increasing the thickness of binding mate-
rials is limited and not very promising for experimental
studies. At the same time, the technology for modifying
adhesive polymer compositions, by which structural parts
of semi-rigid covers are glued, allows to keep the adhe-
sive thickness unchanged compared to the use of adhesive
compositions without modification [13, 14]. At the same
time, they improve the physico-mechanical characteristics
of the covers in strength, hardness and operational stability.
Thus, the object of research is the processes for producing
modified adhesive compositions based on PVA (poly-vinyl
acetate) dispersions for use in technological processes for
the manufacture of semi-rigid book and magazine covers.
The aim of research is to experimentally determine the
possibilities of increasing the structural strength of semi-
rigid book and magazine covers after gluing with modified
binding adhesives, which do not significantly increase the
thickness of the adhesive layer and do not change the
contour geometry of the manufactured covers.

2. Methods of research

The conducted experimental studies are based on the
application of a comparative method [6] for determining
the tensile strength of binding materials glued without
bias, using modified adhesive compositions and identical
compositions without modification. The main assumption
of research is that the use of polymer thickeners and
emulsifiers compatible with PVA latex, which are actively
used in technological processes of the paper and print-
ing industries, contribute to the formation of additional
strength of semi-rigid covers [15]. This can be achieved
after analysis and the selection of possible components,
taking into account the mechanical properties that arise
after the use of such modifiers, which substantially depend
on the adhesive strength between the material of the outer

part of the cover and the adhesive binder. Therefore, for
experimental use, substances with high adhesive properties
should be used for thick coated papers and thin binding
boards [16], from which semi-rigid book and magazine
covers are made. When planning an experimental study,
in the preparation and testing of modified adhesive com-
positions, it was taken into account that films obtained
from PVA latex have improved flexibility, elasticity, high
adhesion and water resistance when water-soluble modifiers
are added to them. The list proposed by the authors of
thickeners and emulsifiers compatible with the disper-
sion of PVAD DF 51/15B as the basis for modification
for experimental studies of the formulation of polymer
mixtures is given in Table 1.

Table 1
Base and modifiers for experimental research

Code | Base for modification Properties

Polyvinyl acetate latex, a colloidal solu-
tion of high molecular weight polymer in
water. High adhesion to paper, cardboard
and artificial binding materials, resistant to
external factors

N1 |[PVAD DF 51/15V

A mixture of amylose and amylopectin
polysaccharides, the monomer of which is
alpha-glucose. It is applied in the pulp and
paper industry

N2 |starch

Cellulose glycolic acid. It is used to increase
viscosity, as a binder, plasticizer, as well
as delay set time, as an auxiliary agent

N3 carboxymethyl
cellulose (CMC)

A finely divided cellulose degradation pro-
duct, consists of particles that are aggre-
gates of cellulose microcrystal. Determi-
nants for use are morphology, microporo-
sity of particles (1-500 microns), highly
developed active surface, due to the degree
of polymerization

N4 | cellulose powder

Used as filler in the paper industry for

N5 | kaclin coating especially high quality paper grades

Given the promise of improving the physic-mechanical
properties of adhesive joints, through the modification of
the adhesive base PVAD DF 51/15B (N1, Table 1) with
highly dispersed particles, the introduction of even a small
amount of highly dispersed modifiers leads to a significant
change in the properties of the resulting adhesive compo-
sition. The additives listed in Table 1 lead to a change
in the properties of semi-rigid covers, such as polymer
composite structures, and the appearance of properties
characteristic of finely dispersed particles. There is an
improvement in the strength and cure rates of modified
adhesive compositions compared to unmodified ones. This
is especially important when using such adhesive com-
positions in high-speed brochure and palette equipment.

3. Research results and discussion

For the manufacture of semi-rigid covers, with sig-
nificantly improved indicators of hardness and strength,
modified polymer adhesive polyvinyl acetate latex com-
positions PVAD DF 51/15B are used (N1, Table 2). For
this adhesive composition, it is necessary to provide an
experimentally defined range of proportionality in the use
of components selected according to the technological pro-
perties. Long-term tests of formulated mixtures, bases and

;28
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modifiers have determined the weight
range of the content of each substance
in the final adhesive composition for
use in the manufacture of semi-rigid
covers (10 options listed in Table 2).

Modified adhesive polymer composi-
tions obtained as a result of experimen-
tal studies, in the general prescription
case, can be represented as:

PKy,=N1(100)+ N2(27.6)+ N3(7.4) +
+ N4(3.5)+ N5(31.5)+ H,0(110),

PKy,=N1(100)+ N 2(28.6)+ N 3(6.4)+
+ N4(11.6)+ N5(23.4) + H,O(100),

PKy,=N1(100)+ N2(31.8)+ N3(8.2)+
+ N4(4.0)+ N5(36.0) + H,O(1 10),

PKy,=N1(100)+ N2(32.4)+ N3(7.6)+
+ N4(13.3)+ N5(26.7) + H,O(110),

PKy;=N1(100)+ N2(37.5)+ N3(7.5)+
+ N4(8.0)+ N5(72.0) + H,0(220),

PKys=N1(100)+ N2(38.8)+ N3(6.2)+
+ N4(26.6)+ N5(53.4) + H,O(220),

PKy;=N1(100)+ N 2(45.8)+ N3(4.2) +
+ N4(10.0)+ N5(90.0) + H,0(270),

PKys=N1(100)+ N 2(46.9)+ N3(3.1)+
+ N4(33.30)+ N5(66.7)+ H,0(270),

PKyo=N1(100)+ N2(43.5)+ N3(11.5)+
+ N4(11.0)+ N’5(99.0) + H,O(280),

PKy10=N1(100)+ N 2(45.5)+ N 3(9.5)+
+ N4(36.6)+ N5(73.4) + H,0(280),

where PKs,...PKy,, — selected, from the
experimental array, modified polymer ad-
hesive compositions based on the disper-
sion PVAD DF 51/15B (N1, Table 2),
by which fragments of semi-rigid covers
corresponding to the strength indices
are glued, more than the strength indi-
ces of glued by PVA dispersion without
modification.

Fig. 1, 2 show the graphical de-
pendences of the weight constituents
used to modify the adhesive polymer
compositions based on PVA dispersion
in order to increase the strength and
hardness of the composite structure of
semi-rigid covers.

The effect presented in Table 2, ad-
hesive polymer compositions for the
strength of semi-rigid covers were in-
vestigated on a tensile testing machine
RMB-30-2M (Ukraine), with a maxi-
mum load force of 300 N (30.5 kgf). The
mechanical system of the tensile testing

REPORTS ON RESEARCH PROJECTS
Table 2
Weight range of modifiers for the manufacture of polymer adhesive compositions
based on dispersion PVAD DF 51/15V

Components Modified polymer adhesive compositions, %

Options| ¢ | 2 | 3 | 4 | 5 |6 |7 |88 ]10
N1 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Polymer composition A
(PE-A) 35 35 40 40 45 45 50 50 55 55
(PK-A=N2+N3)
(Total amount)
N2 27.6 | 286 | 31.8 | 324 | 375 | 388 | 45.8 | 469 | 43.5 | 455
N3 74 | 64 | B2 | 76 | 75 | B2 | 42 | 31 | 11.5] 95
Polymer composition B
(PK-B=N4+N5) 35 35 40 40 80 80 | 100 | 100 | 110 | 110
(Total amount)
N4 35 | 116 40 | 133 | 80 | 26,6 | 10.0 | 33.3 | 11.0 | 36.6
NS 31.5| 234 | 360 | 26.7 | 72.0 | 53.4 | 90.0 | 66.7 | 99.0 | 73.4
H.0 110 | 100 | 110 | 110 | 220 | 220 | 270 | 270 | 280 | 280
Temperature, °C
(P-A+PK-B+H,0) 35 35 35 35 45 45 65 65 85 85
Hotary press rolls 80 | 80 | 85 | 85 | 105 | 105 | 130 | 130 | 135 | 135
temperature, °C

==PK-A ==N2 N3

[9%) S w [*)
(=] (=] (=] (=]

composition PK-A, %

The components of the adhesive
[\
S

—_
S

(=

3

TS 62, y
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Modified adhesive compositions PK-A

Fig. 1. Weight components N2 and N3 in the adhesive composition PK-A
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For testing, the fragments of glued covers are selected,
which are strips of thin cardboard chrome ersatz, 0.6 mm
thick, 100 mm long and 15 mm wide [1].

The samples are glued in two directions: using PVAD
DF 51/15B dispersion (N1, Table 2) without modification,
as well as using modified adhesive polymer compositions
based on the specified PVA dispersion. The research results
are listed in Table 3. Numbering of options of modified
adhesive mixtures in Table 3 corresponds to the number-
ing with Table 2.

A comparative analysis of tensile strength indicators
demonstrates an increase in the strength glued by fragments
of modified adhesives from 4.8 %, in position 2 (Table 2),
to 12.2 %, in position 10 (Table 2), in contrast to glued
fragments by dispersion of PVAD DF 51/15B (N1, Table 2)
without modification.

Growth of indicators, according to the graph in Fig. 3,
is carried out not in a proportional sequence, but in a dis-
crete one, with separate sections of growth and fall. This
requires further studies of the structural features of semi-
rigid covers, the details of which are glued with modified
adhesive polymer compositions.

The most favorable for use were modified adhesive
polymer compositions based on PVAD DF 51/15B, indi-
cated in Tables 2, 3 positions 7, 8, 9, 10, with significant
results involved an increase in the strength of covers, in
tension, by 9.8 %, 10.9 %, 11.3 %, 12.2 %. Additionally, it
is necessary to note some positive features of the formed
polymer adhesive compounds.

The high porosity and friability of powder pulp parti-
cles (N4, Table 2), which is used in addition to using a mine-
ral additive in the form of kaolin in the mixture (N5, Table 2),
provides a significant decrease in the content of water in
the non-aligned state in the adhesive mixture. And this,
in turn, contributes to a uniform and rapid thickening of
the polymer adhesive composition.

Due to the dispersing component, which is powder
cellulose (N4, Table 2), it is possible to ensure stable homo-
genization and structuring of the constituents of the ad-
hesive mixture in a bulk mass.

As a result of this, conditions are created for a com-
pletely-uniform deposition of a layer of adhesive compo-
sition, without the formation of clots, unjustifiably thin
adhesive sections and planar tears.

4. Conclusions

As a result of experimental studies of glued frag-
ments of semi-rigid covers with modified polymer adhesive
compositions based on dispersion PVAD DF 51/15B, an
increase in strength indicators is noted. Growth is fixed
depending on the weight proportionality of the substances
used for the modification, compared with the glued fragments
of the covers of the compositions without modification.
The growth of tensile strength indices for fracture of cover
fragments glued by experimental modified adhesives ranges
from 4.8 % to 12.2 %, unlike glued fragments by dispersion
of PVAD DF 51/15B, without modification.

The highest tensile strength was found in glued cover
fragments with the following adhesive composition: N1 —
dispersion PVAD DF 51/15B (100 %), N2 — starch (45.5 %),
N3 — carboxymethyl cellulose (9.5 %), N4 — cellulose pow-
der (36.6 %), N5 — kaolin (73.4 %), 1,0 (280 %).

The features of applying modified adhesive composi-
tions to the structural elements of semi-rigid covers are
revealed, which indicate the absence of a significant increase
in the thickness of the adhesive layer, and the absence of
influence on the change in the contour geometry of the
manufactured covers.

During experimental studies, it was proved that the
adhesive mixtures used to modify the PVAD DF 51/15B
dispersion did not affect the structural uniformity of the

glued spatial structure of the semi-

Table 3 rigid covers. And also did not affect
Strength indices of glued fragments of semi-rigid covers the appearance of external defects in
Adhesive poly- | PVAD DF Modified PVAD DF 51/158 — options the form of planar inhomogeneity, or
mer compositions | 51/158 | 1 . . p c 5 ; g s | 10 point thlckenlng_s of the sgrface of
the covers. Modified adhesive com-
E‘;‘f’fc‘is strength, | o013 |21.34|21.09|21.24|21.43|21.86|21.62|22.10| 22.32 | 22.40| 22.58 EOSIUODS are recommended for use
ased on PVAD DF 51/15B, indicated
in the Tables 2, 3 with positions 7,
= Tensile strength, kgf 8, 9, 10, with significant results in-
v 23 volved an increase in the strength of
~ 55 covers, in tension, by 9.8 %, 10.9 %,

) 11.3 %, 12.2 %.
5 2 The obtained research results create
f 215 additional opportunities in planning the
= 21 use of consumables, in the manufacture
E 205 of semi-rigid covers for taking into ac-
’ count strength indicators, predefined
20 dimensional conditions for the use of

19.5 modifier substances.
19 Experimental studies have shown dis-
creteness — growth, drop in the strength
18.5 indicators of semi-rigid covers glued with
PVAD 1 2 3 4 5 6 7 8 9 10 .o . . .
DF modified adhesive compositions, contrib-
51/15B utes to the targeted use of the results,
Adhesive modified compositions both in the planning of technological
Fig. 3. Indicators of changes in strength of fragments of semi-rigid covers glued processes and in the calculation of the
with modified adhesives cost of book production.
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