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1. Introduction

Recently, packaging industry has been developing
rapidly in different areas, the variety of materials included
(paper, paperboard, corrugated paperboard, films, plastics,
rubber, leather), which differ in their physical-mechanical
properties and can be tough, soft, flexible, porous or
smooth. A considerable consumer demand can be noticed
for paperboard packaging which can be characterised by
the originality of its construction shapes and possibilities
of postprinting finishing [1].

It is well known that high-quality packaging not
only protects the goods against negative environmental
effects during storage and transportation, but also provides
attractive outer image for the commodities, thus increasing
their competitiveness in the market. Among the latest
achievements, packaging from flock printing materials is
of special interest. The authors of papers [2-4] were invol-
ved in electroflocking of paper (see Fig. 1).

Fig. 1 Microphotography of a flock printing material:
a—view from above; b-view of a section:
1 - flock, 2 - adhesive layer, 3 - paperboard

Since the technological chain of producing pa-
ckaging from the above mentioned materials also includes
glueing, the phenomena occuring during the process of
glueing require specific investigation. This leads to further
study aimed at developing high-quality flock printing pa-
ckaging meeting the consumers’ aesthetic demands.

During its life cycle, packaging is usually subjec-
ted to mechanical or environmental impact. Therefore,
regardless of the package‘s outer image or the materials it
is made from, the most important requirement is its me-
chanical strength which, depending on the forces involved,
is expressed in different ways characterising the material
resistance to tearing (stretching), rupture, shock load, frac-
ture, punching, etc.

The aim of the present paper is to determine me-
chanical properties of a flock printing material during glu-
eing and to define the character of ripping of adhesive
joints. It has been determined [5, 6] that the decisive factor
in obtaining reliable adhesion is surface preparation and
adhesive properties of the glue. The effect of the angle of
lubrication, surface tension, adhesion and cohesion force
while glueing have been analysed in [7-15]. However, the-
re is no generally accepted procedure of preparing and glu-
eing materials, therefore each concrete application case has
to be considered when selecting the adhesive material.

A specific feature of obtaining flock printing pa-
ckaging is that glueing involves two sides: the front side,
i.e., the flock printing surface, and the back side — the pa-
perboard. A number of papers [16-18] deal with paper and
paperboard studies, in which the authors analyse strength
and deformation properties, testing methods, as well as
strength of paper/paperboard adhesive joints.

Like in selecting glue, it is also difficult to predict
the strength of paper or paperboard because of numerous
influencing factors: the length and strength of the original
fibres, the level and character of the fibre contexture, the
level of the change in the outer surface of the fibres, the
level of the sheet density, homogeneity of its formation,
introduction of various additives to the paper mass and
even the conditions of storing the mass for producing paper
or paperboard. Moreover, the behaviour of flock printing
samples at tearing and determining the stretching force is
of scientific significance. Applying Peel test method in this
area, scientists have investigated properties and adhesion
of plastics and films [19, 20] and self-adhesive materials
[21,22].

The present paper differs from those mentioned
above in the fact that it analyses the impact of materials
(paperboard, glue composition, flock) used in producing
flock printing packaging on its mechanical strength.

2. Research methods and equipment

For glueing the packaging, the width of band is
within the limits 8-15 mm, depending on the package size.
The sizes of the packages chosen for our studies (Fig. 2, a)
are 165x118%48 mm and 137%77x37 mm, and the glueing
width is 12 mm (Fig. 2, b), therefore the size of bands for



glueing and breaking-off was 12x150 mm (Fig. 2, ¢). As
mentioned before, the flock surface is glued to the reverse
side of the paperboard and after the drying process break-
ing-off is performed.

Tests were carried out using the ,,Twing-Albert
Instrument Company*° machine model 225-1 following the
approach of peel adhesion 180° (Fig. 2, d). The speed of
the specimen breaking-off was constant 100 mm/min. 20
specimens of one material were used: 10 in machine di-
rection (further — MD) specimens and 10 in cross-machine
direction (further — CD) specimens. Each specimen was 12
mm width and 150 mm length. The tests were performed at
24°C of ambient temperature and at 55% humidity.
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Fig. 2 Schemes of flocked samples in glueing and break-
ing-off: a — appearance of package; b — fragment of
package adhesive joint (view from above); ¢ — sam-
ples of studied elements of package; d — general
view of method of samples breaking-off

Samples of the following paperboards were used
for the investigation: Alaska GC-2 (200 g/m?), Neoprint
GD-3 (250 g/m?), Arktika GC-1 (250 g/m®), Duoplex
(350 g/m?) (produced by “International Paper”, Poland), as
well as 0.8 mm thick plastic material, which were coated
with 0.5 mm and 1.0 mm long kapron flock (linear density
3.3 dtex) and 0.75 mm long viscose flock (linear density
1.75 dtex). The glue used was polyurethane bicomponent
glue 1405 and water-dispersive Eucalin. The duration of
the drying process in natural environment was 1 hour for
polyurethane glue and 15 sec for the water-dispersive one.
The load on the specimen area of 0.012x0.15 m* during the
glueing process was 2.47x10* N/m”.
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3. Analysis of research data

For comparing mechanical strength, both glued
flock printing and ordinary paperboard specimens were
studied. Fig. 3 shows the dependences of two paperboard
types: Neoprint GD-3 (250 g/m”) and Arktika GC-1
(250 g/m?) in machine and cross-machine direction.
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Fig. 3 Dependence of breaking-off strength of the samples
on the type and direction of the paperboard:
Im — Arktika GC-1 (MD); Ic — Arktika GC-1 (CD);
2m — Neoprint GD-3 (MD); 2¢ — Neoprint GD-3
(CD)

Regardless of the same estate of the paperboards,
the breaking-off is significantly different. In the case of
paperboard Arktika GC-1, the force applied in machining
direction is 12.0-13.0 N, in cross-machine direction is 9.0-
12.0 N, while in the case of Neoprint GD-3 paperboard it
decreases and is 6.0-8.0 N MD and 2.0-3.5 N CD. The
decrease in strength shown in Fig.3 for dependences /m
and /¢ can be explained by the fact that up to 7.0 mm the
breaking-off of the sample goes along the adhesive joint,
while later the paperboard starts delaminating and the force
decreases. If we compare the percentage ratio of the ma-
chine and cross-machine direction, MD/CD for different
paperboards is from 3/1 to 1.5/1. Therefore in glueing the
packages from flock printing materials only machine-
direction was considered as more resistant to delamination.

20.000

18.000 +

10 15 20

[, mm
Fig. 4 Dependence of breaking-off strength of flock print-
ing materials made from 0.5 mm long kapron flock
and glued with Eukalin, on the type of the base:
1 — Alaska GC-2; 2 — Arktika GC-1; 3 — Duoplex
UD-3; 4 — Neoprint GD-3; 5 — plastic



Figs. 4-6 show the dependences of breaking-off
strength of flock printing samples glued together with
Eukalin on the type of flock and the type of base material.
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Fig. 5 Dependence of breaking-off strength of flock print-
ing materials made from 0.75 mm long viscose
flock and glued with Eukalin, on the type of the
base: I — Alaska GC-2; 2 — Arktika GC-1; 3 — Du-
oplex UD-3; 4 — Neoprint GD-3; 5 — plastic

While analysing the results, it may be noted that
high strength before breaking-off has been characteristic to
all the three types of flock of the flock printing samples
made from Alaska GC-2 and Arktika GC-1 paperboards,
which had constant breaking-off force along all the length,
thus leading to tearing the sample along the adhesive joint.
For example, the adhesive strength of flock printing sam-
ples made from Alaska GC-2 paperboard was fluctuating
within the range: 16-18 N for the 0.5 mm long kapron
flock, 17.5-19 N for the 0.75 mm long viscose flock and
20-26 N for the 1.0 mm long kapron flock.

It should be noted that in the case of two other
brands of paperboard - Duoplex UD-3 and Neoprint GD-3
— initially the same force is needed for breaking-off, but
later the paperboard surface layer gets damaged and de-
laminated even up to complete tearing off of the stripe
(Fig. 5, curve 3). The force approaches zero during sample
breaking-off in the range 32-34 mm.

Usually the paperboard is a multilayer material
and a lot of factors may affect the strength of interlayer
connections. Moreover, the increased number of paper-
board layers raises the paperboard resistance to tearing at
all other equal parameters, however, the resistance to de-
lamination of the obtained fibrous material decreases.

It is known that paperboards are made from cheap
and weak fibres: waste paper and semifinished products of
deciduous timber. In order to meet the more rigorous re-
quirements for packaging, the paperboard is glued both on
the surface as well as in the mass, which not only increases
mechanical strength, but also makes it waterproof. Adhe-
sive materials glue together the fibres that the paperboard
consists of. Therefore the bond among the fibres increases
and the sheet becomes more durable. Besides, different
adhesive materials may add to the paperboard smoothness,
gloss, hydrophoby, greater surface resistance to abrasion,
reduction of linear deformation when soaking, etc.

Analysis of dependence 5 in Figs. 4-6 shows low
adhesion strength of glueing the flock and the plastic,
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namely, 2-5.5 N all along the tear. Both flock and plastic
have surfaces that are hard to glue due to low adhesion,
therefore this fact should be kept in mind when producing
flock printing packaging from similar materials.

30.000 -

'z, 15.000 -

10.000 4

,____——/_ 5

0

5.000

0

5 10 15 20 25

I, mm

Fig. 6 Dependence of breaking-off strength of flock print-
ing materials made from 1.0 mm long kapron flock
and glued with Eukalin, on the type of the base:
1 — Alaska GC-2; 2 — Arktika GC-1; 3 — Duoplex
UD-3; 4 — Neoprint GD-3; 5 — plastic

The dependences presented in Figs. 7-9 show that
when applying polyurethane composition 1405, the break-
ing-off strength of the flock printing samples from all the
paperboard brands decreases, but surprisingly, the adhesive
strength of the plastic material increases.
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Fig. 7 Dependence of breaking-off strength of flock print-
ing materials made from 0.5 mm long kapron flock
and glued with adhesive 1405, on the type of the
base: I — Alaska GC-2; 2 — Arktika GC-1; 3 — Du-
oplex UD-3; 4 — Neoprint GD-3; 5 — plastic

The mechanism of connecting flock and plastics
can be explained by the specific adhesion theory: the pres-
ence of forces of attraction between the adhesive and the
substrate, where surface-active substances are introduced
into the molecules of the adhesive since two smooth sur-
faces are being glued. Durable bonding is formed by spe-
cific molecular forces: surface tension, adsorption or
chemical bonds. From the point of view of diffusion the-
ory, polymer adhesion is influenced by the properties of
their molecules, molecular mass, formation of macromole-
cules which in their turn determine the properties of the



adhesive to dissolve in the substrate and diffuse in it. When
the molecular mass of the adhesive increases, the number
of free molecules able to diffuse in the substrate decreases.
These factors should be considered when glueing problem-
atic materials.
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Fig. 8 Dependence of breaking-off strength of flock print-
ing materials made from 0.75 mm long viscose
flock and glued adhesive 1405, on the type of the
base: I — Alaska GC-2; 2 — Arktika GC-1; 3 — Du-
oplex UD-3; 4 — Neoprint GD-3; 5 — plastic
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Fig. 9 Dependence of breaking-off strength of flock print-
ing materials made from 1.0 mm long kapron flock
and glued with adhesive 1405, on the type of the
base: I — Alaska GC-2; 2 — Arktika GC-1; 3 — Du-
oplex UD-3; 4 — Neoprint GD-3; 5 — plastic

Let us consider the effect of the type of the flock
and its measurements on breaking-off strength of the sam-
ples under test. In the case of paperboard Alaska GC-2
(Fig. 10) and water-dispersive glue Eukalin, the breaking-
off strength for all types of flock is within the range 16-
25 N, while with the polyurethane adhesive 1405 the range
is 5-15 N, which testifies to the significance of selecting an
appropriate adhesive composition. Kapron flock belongs to
synthetic fibres, while viscose is an artificial fibre. Viscose
fibre, in comparison to kapron, is less durable. However,
the flock printing sample from 0.75 mm-long viscose fibre
(Fig. 10, curve 2b) is an exception, it possesses higher
strength when glued with the polyurethane adhesive. As
mentioned above, both the adhesive substances and the
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flock materials differ in their nature and structure. They
contain polar and non polar groups, complex formation,
intermolecular forces or combined effect of various bonds.
Therefore, in this case the mechanism of adhesion can be
explained by several theories of adhesion. Besides, both
the adhesive substances and the surfaces to be glued have
to be selected with similar properties of their chemical
composition.
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Fig. 10 Dependence of breaking-off strength of flock print-
ing samples made from Alaska GC-2 paperboard
on the type of flock and glue: / — water-dispersive
Eukalin; 2 — polyurethane 1405; a — 0.5 mm long
kapron flock; b — 0.75 mm long viscose flock;

¢ — 1.0 mm long kapron flock
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Let us consider the dependences in Figs. 4-6 in
terms of the flock measurements, i.e., its length and thick-
ness. With all the paperboard brands (Alaska GC-2, Ark-
tika GC-1, Duoplex UD-3 u Neoprint GD-3), the breaking-
off strength of the 0.5 mm long kapron flock ranges be-
tween 12 and 18 N, the 0.75 mm long viscose flock — 15-
19 N, the 1.0mm kapron flock — from 16 to 26 N. The in-
crease in flock length increases pre-tearing strength of the
glued samples. In addition to adhesive properties of the
glue, the flock-glue contact area is of great importance.
Consequently, the strength of the flock printing sample
joints will change when changing the flock-glue contact
area which depends on the flock length, its thickness and
the depth of penetration into the glue layer. But all these
parameters have to be strictly coordinated among each
other. Besides, the test results have shown that the 1.0 mm
long kapron flock got deeply fixed in the glue layer and
paperboard delamination was rare since tearing occurred
along the adhesive joint; sometimes even strength of the
joint was higher than the strength of the flock on the pa-
perboard. Parts of the flock would be torn off the flock
printing paperboard together with the adhesive.

When comparing the 0.5 mm long kapron flock
(Fig. 4) with the 0.75 mm long viscose flock (Fig. 5), we
may notice almost the same pre-tearing strength. In addi-
tion to the increased length of the viscose flock, they are of
different thickness. Linear density of the kapron flock is
3.3 dtex, while that of the viscose flock is 1.75 dtex.
Length-thickness ratio of the flock is linear, i.c., increased
thickness of the flock at preserving the same length, and



reduced length at preserving the same thickness result in
stronger adhesion.

In conclusion, it should be noted that the per-
formed experimental tests allowed us to see the behaviour
of the “paperboard-glue-flock” materials when glueing the
flock printing packaging. Selection of the adhesive mate-
rial turned out to be of great importance. It was also essen-
tial to study certain characteristics like surface structure,
the number of layers, the impact of sizing of the paper-
board on the glueing process of flock printing samples.
Therefore, further studies should be developed in the area
of physical-mechanical and chemical-mechanical proper-
ties of the materials. Investigation of the structure of flock
printing materials during glueing by using electronic-
microscopic methods is of special interest.

4. Conclusions

1. The paperboard grammage has no effect on the
strength of the adhesive joints when glueing flock printing
packaging. The adhesive strength of paperboard Neoprint
GD-3 (250 g/m?) sample in machine direction is 6.0-8.0 N,
while that of paperboard Arktika GC-1 (250 g/m?) is dou-
ble high: 12.0-13.0 N at the same mass.

2. For testing the glued flock printing samples,
machine direction was considered as more resistant to de-
lamination, since the MD/CD strength ratio was deter-
mined as 3/1 to 1.5/1 for different paperboard brands.

3. The character of the adhesive joint rupture was
defined: in the case of Alaska GC-2 and Arktika GC-1
paperboards, the breaking-off was along the adhesive
joints, while Duoplex UD-3 and Neoprint GD-3 experi-
enced paperboard delamination due to low surface and
interlayer strength of the paperboard.

4. When selecting the adhesive composition
chemical properties, composition and surface tension of
the adhesive and the substrate should be considered.

5. It has been determined experimentally that dur-
ing breaking-off of different type and size flock samples,
the 1.0 mm long fibres ensure the highest pre-tearing
strength (up to 26 N). This can be explained by the flock-
glue contact area which depends on the flock length, its
thickness and penetration into the glue layer. Conse-
quently, the ratio of flock length and thickness should be
considered as it can increase or decrease the adhesion area
and tearing force.

6. The type of fibre has an effect on the adhesion
strength. Kapron flock is stronger than viscose, however,
the type of the glue should also be considered.

7.1t has been determined that both surface and
mass sizing increases the resistance to delaminating and
tearing. However, the level of sizing and its effect on the
adhesive properties of the paperboard still need to be stud-
ied.

8. The obtained test results can be further applied
in planning adhesion of flock printing packages.
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E. Kibirkstis, O. Mizyuk

PAKUOCIU, KURIU MEDZIAGA SU [KLIJUOTU
PUKU, KLIJUOTINIU SUJUNGIMU MECHANINIO
STIPRUMO TYRIMAS

Reziumé

Straipsnyje pateikiami naujausi pakuociy klijuoti-
niy sujungimy atsparumo tyrimai. Pakuotés yra pagamintos
i8 kartono su iklijuotu piiku. Eksperimentiniy tyrimy metu
nustatytas bandomujy pavyzdziy irimo pobudis ir atplési-
mo jéga, taip pat medziagy (kartono, klijuy, piko) savybiy
itaka suklijavimo stiprumui.

Nustatyta atpléSimo jégos priklausomybé nuo
medziagos savybiy ir jos tipo. Aptiktos dvi klijuotinio su-
jungimo irimo kryptys: 1) irimas pagal suklijavimo jun-
giamuosius pavir$ius; 2) kartono irimas sluoksniais. Kad
klijuotinis sujungimas biity stiprus, nustatytos salygos ir
budai kartono irimui sluoksniais paSalinti. Eksperimentis-
kai patvirtinta, kad klijuotinio sujungimo stiprumui (iki
suirimo), kartono gramatiira jtakos neturi. Siuo atveju jta-
kos turi plauseliy orientacijos kryptis (masininé ar skersiné
liejimo kryptis). Nustatyta, kad, didéjant elementariy kar-
tono sluoksniy skai€iui, pasiprieSinimas kartono irimui
sluoksniais maz¢ja.

E. Kibirkstis, O. Mizyuk

INVESTIGATION OF MECHANICAL STRENGTH OF
ADHESIVE JOINTS OF PACKAGES MADE FROM
FLOCK PRINTING MATERIALS

Summary

The paper presents the latest investigation of the
strength of adhesive joints of packages made from flock
printing material. During the experimental testing, the
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character of ripping and tearing strength of the samples as
well as the influence of the properties of materials (paper-
board, adhesive, flock) on the strength of adhesion have
been determined.

The dependence of tearing strength on the proper-
ties of the material and its type has also been found. Two
ripping directions of adhesive joints have been determined:
1) ripping along joining surfaces of the adhesion;
2) ripping of paperboard in layers. The conditions to obtain
firm adhesion and the ways to eliminate ripping of the pa-
perboard in layers have been determined. It was found ex-
perimentally that grammage of the paperboard makes no
influence on the strength of adhesive joints (tearing off).
For this case, it is the orientation direction of the fibres
(machine or cross-machine direction) that makes the influ-
ence. It has been determined that the resistance to ripping
of the paperboard in layers decreases with the increase of
the number of elementary layers of the paperboard.

3. Kubupkiruc, O. Mustok

NCCIIEJOBAHUE MEXA\IJ{I/ILIECKOI‘/JI [MPOYHOCTHU
KJIEEBBIX COEJIMHEHNU YITAKOBOK I3
OJIOKMPOBAHHBIX MATEPUAJIOB

Pe3zmomMme

B cratbe mccnenoBaHa NMPOYHOCTH KIIEEBBIX CO-
€IMHEHNI YNaKOBOK M3 ()IOKHPOBAaHHBIX MaTEpUaJioB, KO-
TOpbIE OTHOCATCS K HOBEHIIMM paspaboTkam. B xone mpo-
JIETTaHHBIX HKCIIEPUMEHTOB YCTaHOBIICH XapakTep paspylie-
HUS ¥ Pa3pyLIaomas CHja HCCIeIyeMbIX 00pa3loB, a Tak-
JKe BIMSHHUE CBOWCTB MarepuasioB (KapToHa, Kies, (ioka)
Ha IPOYHOCTb CKJICUBAHUA.

B pesynbpTaTe HcclieqoBaHUN IOMY4€HBI 3aBHCH-
MOCTH Pa3pyLIafoUIero YCHIHsS OT BUJA M pa3MEpHBIX IO-
Kazareneil MarepuasioB. BBISBICHBI JBa HarpaBieHHS, B
KOTOPBIX IPOUCXO/NT Pa3pyIICHUE KIJIEEBOTO COEAMHEHUS:
1) mo knmeeBoMy IIBY; 2) IIpU OTPBHIBE NPOHMCXOIUT pac-
CJIOGHHE KapTOHA. Y CTAHOBJIEHBI IPHYUHBI M CIIOCOOBI YCT-
paHEHHsI PACCIOCHUS KapTOHa Ul oOecredeHus] IPOIHON
CKJIICHKH.  DKCIIEpUMEHTAIBFHO MOATBEPXKICHO, YTO Ha
MPOYHOCTh 1O OTPBIBA I'paMMarypa KapTOHa HE BIIUSIET,
TOT/Ia KaK BIMSHHUE OKa3bIBACT HAIPaBJICHUE BOJIOKOH Kap-
TOHa (MaIIMHHOE WX nomnepedHoe). ViccnenoBano, 4to mpu
YBEJIMYEHUH KOJIMYECTBA JJIEMEHTAPHBIX CIIOEB KapTOHA
BEJIMYMHA COINPOTHBIICHUSI PACCIIAMBaHHUIO MOJYyYEHHOT'O
MarepHrajia yMEHbIIAeTCS.
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