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ANALYSIS OF THE INFLUENCE

OF BINDING ADHESIVES ON THE
STRUCTURAL STRENGTH OF INTEGRAL
AND SEMI-RIGID COVERS

The object of the research is the processes of adhesion structural parts of integral and semi-rigid covers
with bookbinding adhesives using continuous and discrete methods of applying adhesive. The conducted ex-
perimental studies are based on the use of a comparative technique for measuring the rigidity of double glued
and double without adhesion binding materials by determining objective indicators of destructive pressure. The
main assumption of research is that the use of various types of bookbinding adhesives applied in continuous
and discrete layers will contribute to the formation of additional structural strength of the produced covers.
This can’t be achieved without analysis and selection of adhesive polymer compositions from those widely used
in bookbinding processes, taking into account the structural strength of the covers acquired after adhesion with
these compositions. It is proposed to use fragments of integral and semi-rigid covers, made of high-quality
coated papers of various weights, in an amount sufficient to obtain the confidence indicators of the study. As
a result of experimental studies of glued coated paper samples, an increase in the relative indicators of struc-
tural strength is revealed, caused by the physicochemical effect of various types of adhesives. The features of
the application of adhesive polymer compositions on the glued fragments of covers by continuous, tape and
checkerboard methods are revealed. Analysis of double glued with a continuous layer of cover fragments, in
comparison with double non-glued fragments, showed a significant increase in the relative structural strength
of the glued fragments in a wide size range. It is determined that the discrete commensurate deviation of the
obtained indicators is caused by the properties used for the research of adhesives. Comparative analysis of glued
Jragments of covers by tape and checkerboard methods of adhesion application revealed a significant dif ference
in the experimental strength indicators obtained, towards a significant advantage of the checkerboard method.
This, in addition to ensuring the structural strength of the glued fragments of the covers, close to the continuous
method of applying the adhesion, contributes to a significant reduction in its expenditure component. The results
of studies to determine the influence of a sample of binding adhesives, common in the technological processes
of manufacturing book products, on the structural strength of integral and semi-rigid covers, to contribute to
the planning of resource-saving technological processes.
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1. Introduction

Integral semi-rigid covers constitute a separate group
of modern resource-saving book frames, the production of
which requires an insignificant amount of binding mate-
rials at a significantly lower cost compared to binding [1].
However, it should be noted that the use of a small number
of technological processes for the manufacture of such
book frames does not limit the wide possibilities in the
reproduction of the design and the implementation of
finishing processes [2]. And their design features, which
consist in the presence of edges or valves obtained in the
process of cutting reamers, bent and glued along the contour
and planar parts, contribute to operational strength and
a long period of use [3]. Accordingly, conditional plates
of operational reinforcement are formed along the contour
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of these covers, as one of the elements of a significant
advantage over edged covers [4]. The use of adhesive
polymer compositions of various merit, for binding edges
and flaps, leads to fluctuations in the mechanical strength,
primarily, of the contour part of the covers [5]. This cir-
cumstance is due to the fact that in the process of adhe-
sion structural parts to the main part of the covers with
adhesive polymer compositions, after folding and rotating
pressing, a composite anisotropic structure is formed [6].
The strength of such a structure depends on the high
adhesive properties of the used binding materials and
the degree of their compression during the production
of covers [7]. In works [8, 9] it is shown that due to
the established dependences of the influence of the frac-
tal structure of paper on the formation of the adhesive
layer of the adhesive joint, its strength depends on the
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total area of mutual contact. In addition, the process of
the formation of structural strength is determined by the
magnitude of the macroroughness of the surface, the number
and size of pores and capillaries, and the depth of adhesive
penetration into them [10]. During the formation of adhesive
joints of binding materials for the manufacture of covers,
a highly viscous adhesive mass comes into contact with
the surface of the substrate [11]. Due to this, in order
to describe the process of the formation of the contact
between the adhesive and the substrate, in [12], the im-
portant characteristics of the adhesive and the conditions
for the formation of the contact are determined. Much
attention is paid to the rheological processes occurring at
the adhesive-substrate interface associated with the filling
of micro surface defects with the adhesive polymer [13].

In particular, it is found [14] that the strength of
the adhesive bond to the greatest extent determines the
concentration of the polymer in the adhesive solution or
in the dispersion; therefore, the adhesive of the highest
concentration is used in cases where maximum bond
strength is required. A high concentration of dry matter
in the adhesion ensures the maximum number of molecular
contacts between the adhesive and the substrate, a short
setting time and fixing of the adhesive layer, and minimal
time and energy consumption for the drying process [15].
Taking into account the properties of the binding mate-
rials from which the covers will be made, it is possible
to calculate the corresponding dimensions of the edges
and flaps, depending on the format of the publication
and the thickness of the spine of the book block. In turn,
the application of adhesion to the calculated edges and
flaps, their screw folding, calendering and final reduction,
in the complete polymerization of the connecting adhe-
sion, occurs in the process of high-speed flow movement.
This makes it difficult to maintain tight tolerances for
deviations from the rectangular geometry of book frames.
Thus, there is reason to assert that long-term adhesion
efficiency can be achieved provided that adhesive polymer
compositions are used, which will increase the operational
strength of integral and semi-rigid covers. In this regard,
the object of research is the processes of adhesing structural
parts of integral and semi-rigid covers with bookbinding
adhesives using continuous and discrete methods of ap-
plying adhesive. The aim of research is to experimentally
determine the influence of a sample of binding adhesives,
common in the technological processes of manufacturing
book products, on the structural strength of integral and
semi-rigid covers.

2. Methods of research

Experimental studies to determine the structural
strength of integral and semi-rigid covers were carried
out on the basis of the use of technology for measuring
the rigidity of binding materials, from the determination
of objective indicators of destructive pressure [16]. The
study is based on the task of using a test device deve-
loped by the authors [16], which measures the punch-
ing resistance of certain types of binding materials, to
determine the pressure indicators at which the studied
glued samples are destroyed. Fig. 1 shows a schematic
diagram of a test device on which experimental studies
of the structural strength of integral and semi-rigid co-
vers were carried out.

The testing device operates as follows. On the lower
pressure plate 1 is placed a fragment of the cover under
study, consisting of two parts of the cover material 2, 4,
connected by an adhesive polymer composition 3. The
upper pressure plate 5 with the help of the clamping
device 6 tightly fixes the cover fragment under study.
Due to the gradual increase in pressure in the hydraulic
device 8, the pushing element 7 moves downward, passes
through the first hole in the upper pressure plate and
comes into contact with the cover fragment. The punching
element continues to move gradually towards the hole in
the lower pressure plate, gradually bending and stretching
the test specimen. On the verge of losing the structural
strength of the cover fragment, further deforming punching
forces lead to the destruction of the sample and stop the
punching element. The force of destruction is recorded
using measuring equipment.

£h
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Fig. 1. Test device for determining the punching shear
resistance of binding materials: 1 — lower pressure plate; 2, 4 — cover
binding material; 3 — adhesive polymer composition; 5 — upper pressure
plate; 6 — clamping device; 7 — punching element; 8 — hydraulic
pressure device
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The production of integral and semi-rigid covers, as
innovative structural components of the structural construc-
tion of books, involves the use of modern adhesive polymer
compositions and economical means of their application [17].
Fig. 2 presents for research three main options for apply-
ing adhesive compositions to structural elements of covers:

1 — continuous layer ¢ (mm) over the entire plane;

2 — discrete tape layer, in which the width of the
adhesive tape ¢; (mm) is equal to the width of the blank
elements s; (mm) without adhesive;

3 — discrete checkerboard layer, in which the area
of the cells with the applied adhesive S,, =t,-t; (mm?)
corresponds to the area of the blank elements without
adhesive S, =s,-s; (mm?), that is S, =5,,.

t t, s, t, S,

a b C

Fig. 2. Schemes for applying adhesive layers on structural elements
of integral and semi-rigid covers: a — continuous; b — discrete tape;
c — discrete checkerboard

Also, an essential condition for structuring the research
is the application of adhesive layers of the same thick-
ness, with deviations, which do not significantly affect the
identification of patterns of acquired structural strength
of the covers. When mechanized adhesion of structural
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parts of covers made of porous materials with a rough
surface (paper, cardboard, binding cover materials), the
technologically determined thickness of the adhesive layer
is in the range of 60—90 microns. For experimental studies,
the applied adhesive layer with a thickness of 90 microns,
which is the maximum recommended. The choice of the
maximum thickness of the adhesive layer, provided for
by the research conditions, provides the necessary and
sufficient accuracy in measuring the effect of the binding
adhesives on the structural strength of the covers.

3. Research results and discussion

For the production of integral and semi-rigid covers,
the use of thin cardboard one-sided or double-sided coat-
ing (chrome-ersatz) with a thickness of 0.25-0.6 mm and
a weight of 175-420 g/m? has become widespread. Thin
boards have significant cost advantages over high quality
coated papers of identical weight and thickness. The down-
ward cost benefits are in the 25-32 % range. At the same
time, from a practical point of view, the use of high quality
coated paper for the production of covers remains one of
the first places. Considering the small number of types
of chrome-ersatz cardboard used in the printing industry,
samples of high-quality coated VelArt paper produced by the
Stora Enso concern (Finland) weighing 130, 150, 170, 200,
250, 300, 350, 400 g/m? were selected for the experiments.
The range of binding adhesives used for the experiment
consists of water-soluble polymer dispersions: PVAD DF
51[15B (Ukraine), PVAD 53-P (Ukraine), AQUENCE GA
7232 (Germany), PLANATOL Emmevil 960/220 (Germany).
In addition, from the range of hot melt adhesives com-
mon in the printing industry: PLANATOL HM 8010 (Ger-
many), TECHNOMELT 3183 BG (Germany), ThermoFlex
W404 (Finland), Jovatherm 291.30 (Germany), QUICK-
MELT 2133 (Turkey). The viscosity (ISO 3219) of the
listed adhesives, according to Brookfield, ranges: at 160 °C
1500-3500 mPa-s, at 150 °C 5000-7500 mPa:s.

Experimental array of indicators of destructive punching
forces of coated paper samples, double non-glued and double
glued with solid and discrete adhesive layers, formed to
build a graphical dependence using the statistical process-
ing technique. For each measurement, 10 samples of one
type of paper were used, glued together with one type
of adhesion. The arithmetic means were determined for

systematization and graphic clarity, in fixed zones of used
papers with a weight of 130, 150, 170, 200, 250, 300, 350,
400 g/m? Taking into account the obvious overload of
initial measurements and statistical processing, the ini-
tial array of the obtained results is not presented. The
production of integral and semi-rigid covers provides for
a double structure of the materials used, consisting of the
main part of the cover, as well as from the edges and flaps
of various planar sizes:

T=2¢,,

where T’ — the cover thickness; ,, — the coated paper thickness.
In the case of bonding structural elements to the cover:

T= 2tm +t{zdv

where ¢,, — the adhesive layer thickness.

For a comparative analysis of the effect of binding ad-
hesives on the structural strength of integral and semi-rigid
covers, measurements of the destructive pushing forces of
double non-glued samples were first carried out. And then
double samples, glued with 9 types (Table 1), the most com-
mon adhesives in bookbinding, applied with a continuous
layer. The results of experimental studies are listed in Table 1.

Analysis of the results obtained (Table 1), presented
in the form of graphical dependencies in Fig. 3, shows
the maximum increase in the relative indicators of the
structural strength of glued paper samples (TECHNOMELT
3183 BG adhesion) with a mass of 150, 170, 200, 250,
300, 400 g/m?2 These paper samples, when applied with
TECHNOMELT 3183 BG hot melt adhesion, show an
increase in relative structural strength values in accordance
with the weight of the paper, 3.34; 3.57; 3.25; 3.77; 3.64
1.92, compared to non-glued specimens. For paper with
a weight of 130 g/m?, using QUICKMELT 2133 hot melt
adhesion, the relative index of structural strength is 2.67.
For 350 g/m? paper (ThermoFlex W404 adhesion) — 2.79.

However, it should be noted that for the production of
integral and semi-rigid covers, the decisive factor for the
selection of optimal technological processes is the use of
ergonomic and resource-saving factors in these processes.
Thanks to this, it is possible to ensure a significant re-
duction in the expenditure component of the production
of book products.

Indicators of destructive punching forces of coated paper samples glued with a continuous adhesive layer Teble 1
No. Adhesive brand Weight of coated paper
130 g/m? | 150 g/m? | 170 g/m? | 200 g/m? | 250 g/m?® | 300 g/m? | 350 g/m? | 400 g/m?
— | Without adhesive 6.4 7.0 7.33 8.67 10.2 12.3 17.8 28.0
1 |PVAD DF 51|15B 7.33 7.87 99 14.4 17.0 25.0 29.3 33.3
2 |PVAD 53-P 6.82 7.28 9.2 12.9 15.8 23.6 27.1 31.56
3 | AQUENCE GA 7232 9.2 12.6 15.8 18.2 18.9 25.8 348 39.16
4 | PLANATOL Emmevil 860|220 11.6 14.4 18.6 214 26.7 28.9 41.2 46.4
5 | PLANATOL HM 8010 13.8 15.6 18.1 23.7 32.1 39.4 47.7 49.1
6 | TECHNOMELT 3183 BG 16.2 23.4 26.2 28.2 38.5 448 438 53.7
7 | ThermoFlex W404 15.0 17.15 19.75 25.95 34.3 411 49.7 51.4
8 |Jovatherm 291.30 11.42 13.41 16.1 20.68 26.0 32.4 38.8 43.5
9 | QUICKMELT 2133 17.1 18.3 22.4 26.8 31.2 371 43.8 48.8
G 40 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/1(54), 2020
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Fig. 3. Comparative characteristics of the destructive
punching forces of glued continuous layer and non-glued
coated paper samples
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These technological factors include discrete methods
of applying adhesive polymer compositions (tape and che-
ckerboard) for adhesion structural parts of integral and
semi-rigid covers. The results of experimental studies of
discrete methods of applying adhesion to coated paper
samples for making covers are listed in Table 2. Types and
weight of papers in Table 2 and in Table 1 are identical.

The use of a discrete tape method of applying adhesion
to experimental samples of coated papers revealed the fol-
lowing indicators of the growth of the relative structural
strength of the created composite structure. The growth of
the maximum relative structural strength (Table 2, Fig. 4),
for papers weighing 130, 150 g/m?> (QUICKMELT 2133
hot melt adhesion), is 1.84; 1.88. For paper 170 g/m?
(PLANATOL HM 8010 hot melt adhesion) — 2.47. For
papers 200, 250, 300, 350, 400 g/m?> (TECHNOMELT
3183 BG hot melt adhesion) — 2.12; 2.29; 2.24; 1.85; 1.46.

The use of a checkerboard discrete method of applying
adhesion, under the circumstances indicated in the previous
paragraph, revealed an increase in the maximum relative
structural strength (Table 2, Fig. 5), for papers weighing 130,
150, 170 g/m? (QUICKMELT 2133 hot melt adhesion) — 2,
5,2.59; 2.88. For papers 200, 250, 300, 350, 400 g/m?* (TECH-
NOMELT 3183 BG hot adhesion) — 3.4; 3.36; 3.3; 2.54; 1.8.

Experimental studies have revealed the most favorable adhe-
sive polymer compositions using the achieved maximum indica-
tors of structural strength, formed by adhesion composite struc-
tures coated paper — adhesion — coated paper. Such adhesives,
from those used in experimental studies, were QUICKMELT
2133 (Germany) and TECHNOMELT 3183 BG (Turkey) hot
melt adhesives. Fig. 6 shows the relative indicators of the
structural strength of glued coated paper samples 130, 150, 170,
200, 250, 300, 350, 400 g/m? Samples were obtained using con-
tinuous, tape and checkerboard methods of applying adhesion.

[ S N .
“wn O W O W

20

Destructive pushing efforts, kgf/cm?

130 150 170 200 250

Paper weight, g/m?

300 350 400
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Fig. 4. Comparative characteristics of destructive punching forces of coated
paper samples glued with a tape discrete adhesive layer

Indicators of destructive punching forces of coated paper samples glued together with discrete adhesive layers Teble 2
Weight (g/m?) Adhesive layer Adhestve brand
1 2 3 4 5 B 7 8 9

tape 6.9 B.6 7.8 8.0 101 11.3 10.7 8.9 11.8

130 checkerboard B.6 5.3 7.9 10.7 9.9 15.2 12.5 11.0 16.1

150 tape 7.4 7.1 9.8 10.7 11.3 12.9 12.1 10.2 13.2
checkerboard 7.1 7.1 101 13.2 11.2 17.8 14.2 12.9 18.1

tape 8.6 8.3 11.6 13.0 18.1 14.4 13.5 11.7 14.9

170 checkerboard 8.9 7.2 13.6 171 13.0 20.1 16.4 15.5 21.1

tape 11.5 10.8 13.4 15.0 16.2 18.4 17.3 14.7 17.7

200 checkerboard 13.0 10.0 15.7 19.7 171 26.5 21.5 19.9 25.2
tape 13.6 13.0 15.1 18.5 21.2 23.4 22.3 18.1 20.7

250 checkerboard 15.3 12.32 171 24.6 23.1 34.3 28.5 25.0 29.3
tape 18.7 18.0 19.1 20.6 25.9 27.6 26.7 22.4 24.7

300 checkerboard 22.5 18.4 22.2 26.6 28.4 40.2 34.1 31.1 34.9

250 tape 23.6 22.5 26.4 29.5 31.3 33.0 32.1 28.3 30.8
checkerboard 26.4 21.1 30.0 378 32.2 452 38.5 37.2 412

400 tape 30.7 29.8 33.6 37.2 38.6 40.9 39.7 35.8 38.1
checkerboard 30.0 24.6 33.7 42.7 35.4 50.5 42.7 41.8 45.2
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Fig. 5. Comparative characteristics of destructive punching forces of coated
paper samples glued with a checkerboard discrete adhesive layer
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Fig. 6. Comparative indicators of the relative structural strength of glued
samples of coated papers using continuous, tape and checkerboard
methods of applying adhesion

As seen in Fig. 4, the maximum relative structural
strength of glued coated paper samples provides a con-
tinuous method of adhesion application, which does not
provide a smooth transition between paper samples with
a discrete growing weight (g/m?). This requires further
studies of changes in the structural strength of glued
samples of coated paper of various weights to determine
the physicochemical effect of the constituent adhesives.
Comparing discrete methods of applying adhesion to coat-
ed paper samples, it should be noted that the planar
application of adhesion by tape and checkerboard me-
thods is identical to each other in size. But the structural
strength is provided to a greater extent by the staggered
method of applying the adhesion, which is substantially
close in performance to the continuous application of
adhesion. In addition, it provides a smooth transition
with increasing discrete paper weight in the range of
130-300 g/m? The selected range of paper pulp 130,
150, 170, 200, 250, 300 g/m? is the most promising for
the production of integral and semi-rigid covers. This is
facilitated by the obtained experimental relative indicators
of the structural strength of the staggered samples and
a significant reduction in the consumption of adhesion,
approaching 35-45 %, in comparison with continuous
application.

4. Conclusions

As a result of experimental studies of glued coated
paper samples of various weights, as fragments of integral
and semi-rigid covers, an increase in the relative indica-
tors of structural strength was revealed. The increase in
the structural strength of the glued cover fragments is
discrete, caused by the physicochemical effect of various
types of adhesives common in the printing industry, used
for experiments. The features of the application of adhesive
polymer compositions on the glued fragments of covers by
continuous, tape and checkerboard methods are revealed.
Analysis of double glued with a continuous layer of cover
fragments in comparison with double non-glued fragments
showed an increase in the relative structural strength of
the glued fragments in the size range of 1.92; 2.67; 2.79;
3.25; 3.34; 3.57; 3.64; 3.77. Discrete deviation of indica-
tors is caused by the physicochemical properties of the
adhesives used for research.

Comparative analysis of glued cover fragments by tape
and checkerboard methods revealed a significant diffe-
rence in the obtained experimental indicators of relative
structural strength. According to the design conditions,
the planar adhesion application in both cases is identical
and amounts to 0.5 of the area of structural elements of
the glued cover fragments. For the strip method of apply-
ing the adhesion, the increase in the relative strength is
1.46; 1.84; 1.85; 1.88; 2.11; 2.12; 2.24; 2.29. At the same
time, for the checkerboard method, these indicators are
significantly higher and amount to 1.8; 2.5; 2.54; 2.59;
2.88; 3.1; 3.3; 3.36. In addition, with the use of discrete
application of adhesion on fragments of covers, the con-
sumption of adhesion is significantly reduced, approaching
35-45 %, compared with continuous application.

The research results obtained will contribute to the
planning of technological processes for the production of
integral and semi-rigid covers, taking into account ergo-
nomics and significant resource saving.
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