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RESEARCH PRINTING DEFECTS OF FLEXIBLE PACKAGING

The article presents the results of studies of defects in the pro-
duction of flexible packages by gravure printing. An analysis
of trends in the development and use of gravure printing tech-
nologies was performed: ensuring the quality of printing, new
materials — inks and films. Based on the analysis of the most
common printing defects, the causes of their occurrence
were established and solutions were proposed to eliminate
these problems.
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Introduction

Currently, flexible packaging is
in great demand, which is constan-
tly growing and makes some areas
of life easier [1, 2]. It solves and sim-
plifies many tasks: preserving the
product from the influence of ex-
ternal factors, increasing the shelf
life of the product, acting as prod-
uct advertising (attracting atten-
tion), performing packaging func-
tions (convenience of transporta-
tion), etc. [3-5].

Since flexible packaging acts
as advertising (bright labels should
encourage the purchase of goods),
great attention is paid to the quali-
ty of manufacturing of these pack-
aging [6, 7]. Therefore, ensuring high-
quality printing is an urgent issue.
For this purpose, itis worth analyz-
ing the trends in the development

of gravure printing technologies,
the types of defects that occur most
often, the causes of their occurren-
ce and ways to eliminate them.

Methods

In order to establish trends in
the development and use of gra-
vure printing technologies, a pa-
tent search was conducted with a
retrospective of 10 years (2010-2021),
since new materials and modern-
ized equipment appeared during
this period, as well as an increase
in the production of flexible pack-
aging and its use in the world. The
purpose of the patent search was
the need to find new inventions in
the researched area, as well as to
create a classification of existing
printing inks and films for the pro-
duction of flexible packaging.

© AsTop(n) 2023. Bugaseup Kl im. Iropsa Cikopcbkoro.
CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).
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When performing the work, a
thematic search is used, which is a
search for inventions on a certain
topic, namely, the quality of pro-
duction of flexible packaging and
a search for inventions noted for
objects of similar purpose. The pa-
tent search was carried out in the
following position: setting the sub-
ject of the search, determining the
search area and setting the depth
and country search.

The search was carried out in the
database of international patents,
where more than 100 countries are
represented. Patents under differ-
ent IPC classes including B32B27,
B41F9/00, B42D25, B41F13, B41F31,
B65D75, C09B67, C09D11 were ana-
lyzed.

Results

Initially, the search was con-
ducted only by the search object,
41 patents were found with a men-
tion of the manufacturing quality
of flexible packaging. The data was
sorted by the specified period. So,
during this period, 23 patents sat-
isfying the search object were found
with this wording (fig. 1). Zoning
by country of origin of patents was
also carried out. Thus, the main share
falls on China (more than 50 %)
and Japan (20 %). The general per-
centage ratio is shown in fig. 1.

The most recent patents were
devoted to packaging materials:
‘Flexible packaging material with
oxygen adsorption function based
on natural gallic acid, method of pre-
paration of packaging material
and application to packaging ma-
terial’, ‘Flexible packaging conta-
ining cholesteric liquid crystal layer’,
‘Polyethylene laminates for use in
flexible packaging materials’.

In addition, a patent search was
conducted for the main materials
for printing flexible packaging,
namely inks and films. The search
was conducted for the same years
as the previous one, with the key
term ‘universal inks for flexible
packaging and gravure printing’.
This query found 584 international
patents that satisfy the search,
including Solvent-Based Lamination
Gravure Inks, Printing Products
and Laminates, Lamination Gravure
Ink, Object Printing and Laminates.
According to the received data, a
graph of the dynamics of patent-
ing by year in different countries
for gravure printing inks was creat-
ed (fig. 2). It is worth noting that
the main number of patents is reg-
istered in the USA, Japan and China.

Similarly, a patent search was
conducted for various types of prin-
ting films. The search was conduc-
ted for the years from 2010 to 2021
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Fig. 1. Dynamics of patent registration regarding the quality of production
of flexible packaging by year and country
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based on the database of interna-
tional patents, on the request ‘Po-
lymer flexible films for rotogravure
printing and lamination for the
production of flexible packaging’.
According to the search results,
1283 patents were found, includ-
ing: ‘Printing laminate based on
polyester film, method of produc-
tion and application’, ‘Environmen-
tally clean multilayer barrier film and
method of its production’, etc. [8].
According to the received data, a
graph of the dynamics of patent-
ing by year in different countries
for gravure printing inks was creat-
ed (fig. 3). It is worth noting that
the number of patents and their
distribution is similar to the values
of patenting dynamics for gravure
printing inks. The main number of
patents is registered in the USA,
Japan and China. But the total
number of patents devoted to new
polymeric materials for printing is
more than twice as large as the num-
ber of patents for gravure printing
inks.

From the obtained data, it can
be concluded that this area has
many unexplored points, and there-
fore it has a development perspec-
tive and space for various researches.

So, for example, the number of
patents for materials (films and
inks) from 2010 to 2019 is steadily
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Fig. 2. Dynamics of patent registra-
tion for flexible packaging ink

increasing, which indicates a con-
stant increase and development of
new materials. During 2019-2021,
the growth stopped a little, but this
trend was most likely caused by
external factors, as well as the fact
that patents registered in these years
may appear in the open access
1-2 years later.

The purpose of this study is to
systematize the printing defects of
flexible packaging, the causes of
their occurrence, and the search
for ways to eliminate them.

Discussion

The occurrence of defects, as
well as the quality of products, is
influenced by three main factors:
manufacturing, technological, raw
material. Another human factor
can also influence the occurrence
of defects [9].

As a defect caused by the hu-
man factor, the most common is
the use of the wrong series of ink,
abuse of solvents, failure to carry
out timely washing and cleaning of
form cylinders and squeegees, fa-
ilure to comply with approved tech-
nological regimes (drying temper-
ature, pressure, speed, amount of
glue application, etc.) [10]. Accord-
ing to the results of the printing of
flexible packages, the types of de-
fects caused by the production fac-
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Fig. 3. Dynamics of patent registra-
tion for flexible packaging film



TEXHOJIOTIYHI

NPOLECMH

tor can include: insufficient tension
of the canvas, insufficient align-
ment, insufficient drying of the ink.
As araw’ material shortage, the most
common are: sagging of the can-
vas, non-fixation of ink, non-print-
ing of a shallow raster, low intensi-
ty of ink, insufficient activation of
the material. Examples of defects
that are quite common in the pro-
duction of flexible packaging are
summarized in fig. 4.

According to the results of the
analysis of the wastes, no-good of
print circulation, the main reasons
for its occurrence were analyzed

and the primary reason were iden-
tified. The generalized result is pre-
sented in the table 1.

According to the identified types
of defects, possible ways to elimi-
nate each of these types of defects
are proposed.

Therefore, to eliminate the de-
fect of non-printing of a shallow
raster, it is necessary to wash the
printing cylinders on ultrasonic cle-
aners in an alkaline solution using
a copper brush before each order.
Technological modes for washing
should be 87 % power and wash-
ing time 15 minutes. In addition, in

Table 1

The main causes of printing defects

Defects

The main cause of occurrence

No small raster printing the film surface

Drying of ink in the cells of the printing roller, inhomogeneity of

Different tone (in one
edition)

Diluting the ink, reducing or increasing the viscosity of the ink,
adding the original ink, adjusting the color during printing

Non-combination
of design elements

Misalignment of forms on the machine, failure in the operation
of the alignment system during automatic roll gluing

Not gluing laminates

A small layer of glue application, low pressure of the pressure
rollers on the laminator, low web tension

Layering of laminates

A small percentage of glue application, failure to observe the
balance of glue components

Insufficient film activa- | Violations in the technological modes of film production, long
tion storage time of the film

Stains and splashes

Work without ductor shafts, incorrect location of ink pumps

Drying of the ink (non-
uniform application of

the ink layer) roller

High viscosity of the ink, clogging of the cells of the printing

Non-observance of technological regimes (speed, tension,

Sticking together of | 50 jimentation of products), abuse of solvents and retarders,
ink-layers storage of residual solvents in layers of products, tightening of
rolls during winding, insufficient temperature of dryers
o Technical wear and tear of the printing shaft, squeegee knife
Stairs )
pressure too high
Stripes Getting foreign particles and ink clots under the squeegee
Tinting Squeegee knife pressure too high, low roughness of the shaft

No printing/poor print-
ing of design elements

Fill the cells of the printing shaft
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No small raster printing
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Stains and splashes

No printing/poor
printing of design
elements

Non-combination
of design elements

Different tone
(in one edition)

Insufficient film
activation

Drying of the ink (non-
uniform application
of the ink layer)

Sticking together
of ink-layers

Stripes Tinting

Fig. 4. Types of defects of flexible packaging
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order to minimize the non-printing
of the raster during the print run,
after the shafts have passed 50,000
linear meters, the shafts should be
washed on the machine (washing
at high speed without stopping the
machine). To reduce the number
of non-prints, you should also check
the film for topological structure
before printing the print run (the
more the film has an uneven, wavy
structure, the greater the probability
of non-printing of a shallow raster).
In order to eliminate the defect
of different tones, there are tech-
nological recommendations for con-
stantly checking the viscosity of inks,
both by the autoviscosity system
and manually, in order to constantly
maintain the inks in working condi-
tion. Viscosity can be from 13 to 15
mZ2/s, depending on the type, color
of ink and its application. Also, in
order to minimize the formation of
different tones, after each removal
of the roll, it is necessary to make
a cut of the canvas, where to check
both the delta of the deviation of
the main colors using a spectro-
photometer (it should be no more
than 3 units), and visually see the
identity of the colors.
Non-combination of design ele-
ments can be eliminated using the
settings of the machine’s auto-
matic alignment system, as well as
manually (using a joystick on each
machine) by the operator. In order
to minimize this kind of defect, itis
necessary to constantly monitor the
alignment marks (crosses, traffic lights)
on each cut of the canvas and on
the machine monitors by printers.
You should also try to make even
gluing between the rolls (glue ad-
hesive tape evenly in the middle).
When the machine receives a sig-
nal about misalignment, prompt mea-

sures must be taken to eliminate
this type of defect. It also depends
on the qualifications of the staff. In
addition, misalignment can be ca-
used by an error in the manufac-
ture of shafts, in which case the
order must be removed from the
print run, and the printing forms
are sent for processing or finish-
ing. Deviation from alignment can
be 0.5 mm for inks and 1 mm for
selective varnishing.

In order to eliminate such a non-
gluing laminates, the percentage
of glue application should be in-
creased (70-90 %), the pressure
during winding and on the carding
shaft, as well as the tension of the
fabric on the winding of the roll
should be increased. For products
where non-gluing of the laminate may
occur, the recommended printing
parameters are listed in table 2.

Layering of laminates can be
eliminated by increasing the appli-
cation of glue (4-4.5 g/m2) on the
laminations and changing the tech-
nological parameters (namely, mi-
nimizing the temperature of the glue
and the transfer shafts, reducing
the gap between the shafts for do-
sing the concentrated glue solution).
An example of the parameters ne-
cessary to prevent delamination is
given in table 3. The delamination
of laminates can also be affected
by: the quality of the materials and
their rheological parameters (film
structure, sliding parameters, its
purpose, etc.), the percentage of ink
application (from 100 to 400 %),
the thickness of the ink application
(more than 0.5 g/m2).

Insufficient activation of the film
may cause removal of the ink layer
from the print (lack of adhesive re-
sistance). To increase the activation
of the film during printing (before
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Table 2
Lamination parameters to prevent non-gluing formation
Tension parameters Pressure parameters Temperature conditions
Parameter Value Parameter Value Parameter Value
Unwinding 80 H |Laminating shaft| 3 bar The base 40°C
of the glue
On the winding | 200 H | Silicone shaft | 4 bar Approver 35°C
Tension relaxation| 30 % Pressurg sh.aft > bar Transmission | 45°C
(on the winding) shaft

Interval 1 MM Laminating shaft| 50° C
Application of glue| 85 % P(rﬁﬁivl:;zisnt;ﬂ 0 bar Intershaft 40°C

Glue consumption| 3 r/m2 niershart gap

inks are applied), the film is passed
through an activator that activates
the unactivated film, or increases
the activation of the activated film,
thereby allowing the ink to attach
to the activator.

The maximum power of the ac-
tivator is 4.5 KW. Only corona-acti-
vated film (polypropylene film) can
be activated. Polyethylene teraph-
tolate (PET) cannot be activated
because it also has chemical acti-
vation, which loses its properties
when passing through the coronar.
Special markers and inks must be
used to check the activation of the
film. So, for polypropylene films,

the activation must be at least
38 Din, and for polyethylene ter-
aphtolate 42 Din.

Stains and splashes can be eli-
minated by installing ductor shafts
and shallow ink troughs during prin-
ting, but then such a negative phe-
nomenon as poor pantone appli-
cation, drying and streaking may ap-
pear. It is also necessary to change
the position of the ink pump (im-
merse it more in the ink), because
in the wrong position the pump can
spray ink, which, falling on the film,
will form splashes, spots and dilu-
tions of ink.

Table 3

Lamination parameters to prevent delamination

Tension parameters Pressure parameters Temperature conditions
Parameter Value Parameter Value Parameter Value
Unwinding OH |Laminating shaft| 3bar | 1"€P3Se | 350
of the glue
On the winding | 220 H | Silicone shaft | 4 bar Approver 30°C
Tension relaxation| 30 % Pressurg sh_aft 2 bar Transmission 40°C
(on the winding) shaft

Interval 0,1 mm Laminating shaft| 50° C
Application of glue| 100 % P(rﬁﬁjvtzr%isngﬂ 0 bar | haf 35 G

Glue consumption| 4 r/m2 ntershaft gap
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Drying of the ink can be caused
by its high viscosity, high concen-
tration of pigment and the peculi-
arity of the ink. To prevent this, you
should keep the viscosity of the ink
no higher than 15 m2/s, and add
the ethoxy-propanol drying retarder
(this is an alcohol group that has a
volatility of 33 s, which is much higher
than the usual thinner — ethyl ace-
tate, where the volatility is 3 s).

Nevertheless, when adding a
retarder, it is necessary to change
some technological modes of speed
reduction (not more than 180 m/min),
additional drying (turning on addi-
tional dryers and increasing their
temperature to 65-70° C), so that
there are no residual solvents in the
layers of the semi-finished product.
In addition, when adding a retarder,
it is necessary to increase the amount
of the original ink by 10-20 % and
reduce the amount of binder (up
to 10 %), as the color may lose its
intensity.

Sticking together of products’
ink-layer is caused by the presence
of residual solvents in the layers of
the semi-finished product, which,
together with the tension during
winding, can cause the film to stick
together and a partial transfer of
the ink layer to the backside of the
film (waxing). The same problem
can appear with insufficient acti-
vation of the film, and then the ink
simply does not stick and under
pressure can break through to the
backside of the film. To prevent this,
all established technological pro-
cesses should be followed (drying
the product for at least 12 hours)
to evaporate residual solvents.
When printing, do not set a high
speed (up to 250 m/min), give the
minimum possible tension when
winding (1.2-2 H), turn on addi-

tional dryers, set the temperature
to at least 60° C, etc. Technological
parameters of printing to prevent
sticking together of products are
presented in the table 4.

‘Stairs’ occur when the printing
shaft wears out, if it has already
passed the warranty run (for white
and metallized ink it is 500,000 lin-
ear meters, for other triad inks and
pantones — 700,000 linear meters).
In addition, steps can occur when
the squeegee is over-pressed (in-
crease in pressure on the squeegee
bed should not exceed 3 MPa). To
eliminate this phenomenon, it is
necessary to control the wear of
the shafts and rework them after a
certain period of use. Also, if steps
appear during printing, the pres-
sure on the squeegee should be
reduced by approximately 1 MPa.

Squeegee slippage occurs du-
ring printing when foreign particles
(dust, ink clots that have dried, etc.)
fall between the squeegee and the
printing cylinder. To eliminate this
defect, squeegee knives should be
periodically cleaned with special
wooden sticks with a pointed end,
thus removing dirt in the area of
contact between the squeegee
and the printing cylinder. Also, to
prevent long-term contact between
the squeegee and dirt on proble-
matic colors, where cross-overs are
common, you should use harder squ-
eegees (lamella thickness 0.2).

Tinting can occur due to over-
pressure of the squeegee knives,
in which case the pressure on them
should be released. Tinting can also
occur due to low roughness of the
shaft. This causes insufficient con-
tact between the squeegee and the
printing cylinder. As a result, due
to the high slippage of the printing
roller, the squeegee cannot com-
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pletely remove the ink layer from
the blank areas. Residues of ink
on the printing cylinder transfer to
the film and form translucent spots
and stripes of a different color on
it. To eliminate this defect, it is ne-
cessary to change the angle of the
squeegee during printing and choose
the most optimal option (which will
provide greater contact and resis-
tance). During the production of
printing forms, the required level
of roughness should be ensured.
Failure to print design elements
can be caused by clogged print-
ing cells of the shaft. To eliminate
the defect, as well as in the case
of non-printing of a shallow raster,

before printing, the printing rollers
should be washed at the stage of
ultrasound treatment, and during
printing on the machine using a
copper brush. In the case of minor
non-printing, the printing roller
can be washed at high speed, in
the case of a significant one, the
machine should be stopped and
the roller washed thoroughly.

Conclusions

A study of the modern state of
technologies for the production of
flexible packages by gravure prin-
ting was carried out. The analysis
of patent information over the past
ten years has revealed the constant

Table 4
Technological parameters of printing to prevent sticking
together of products
Ne Control parameters 1 2 3 4 5 6 7 8
1 | Ink color P102 | P219 | P268 |P2273] K C M Y
2 | Ink viscosity, m2/s 14 14 13 13 13 13 13 | 13,5
3 | Dryer temperature, °C 70 70 55 55 55 55 55 55
4 f/:'l;?”esr‘aﬂ pressure, | 575 | 3/75 | 3775 | 3/75 | 3/75 | 3/75 | 3/75 | 3/85
The distance from the
5 | squeegee to the sili- 4 4 4 4 4 4 4 4
cone, cm
Squeegee angle /
6
squeegee brand
2 M-Flex Il
7 Presence of duct shaft, Yes Yes Yes Yes Yes Yes Yes Yes
yes/no
8 Duct shaft pressure, 3 3 3 3 3 3 3 3
MPa
Squeegee pressure/
9 | oscillation speed, 1 1 1 1 1 1 1 1
MPa/unit
10 | The solventis ethyl 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
acetate
11 | Tension of the film web, On the winding Unwinding
MPa 1,2 3
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development of technologies for
ensuring the quality of printing, new
materials — inks and films. The most
common printing defects of flexi-
ble packages have been determined.
According to the results of the ana-
lysis of the wastes, no-good of print

circulation, the main reasons for its
occurrence were analyzed and the
primary reason were identified.
According to the identified types
of defects, possible ways to elimi-
nate each of these types of defects
are proposed.
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B cTtaTTi npeacraBseHo pe3ynbtaTtu gocnigkeHb aedekTis
BUrOTOBJIEHHS FHYYKUX NaKOBaHb MMNMOGOKUM CNOCOO0M APYKY.
BukoHaHO aHani3 TeHAEeHLin 3 PO3BUTKY Ta BUKOPUCTAHHSA
TEeXHOJIOTi rMMOGOKOro ApyKy: 3abe3nevyeHHs AKOCTi APYKY,
HOBUX MaTepianie — ¢pap6 Ta nniBok. Ha ocHoBi npoBepe-
HOro aHaniay HavnowunpeHilux aedekTiB APYKY BCTAaHOB-
JIEHO NMPUYUHU TX BUHUKHEHHS Ta 3anpornoHOBaHO LWASXU
BUPILLEHHS A1 YCYHEHHS AaHUuX npoonem.

KniouogBi cnora: mun6okuii cnocid gpyKy; rHy4yke nakoBaHHS;
ouiHKa 9KoCTi; aedeKkTu rMmMuboKoro Apyky.
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