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ANNOTATION

Ohirko M.O. Improving the technology of ensuring the qualitymprints on
corrugated cardboard for decorating packaging. Qualifying scientific work on the
rights of the manuscript. Qualifying scientific work on the rights of the manuscript.

Dissertation thesifor the degree Doctor of Philosophy in the field of knowledge
18 ¢Production and technologieseée &6n a
Ukrainian Academy of Printing, Lviv, 2022.

The dissertation is devoted to the solution of the actual scieatificapplied
task of improving the technology of ensuring the qualityngbrints on corrugated
cardboard by identifying the mutual influence of the features of offset, flexographic
and digital (inkjet) printing on corrugated cardboard by preprint andgogtmethods
and decorating by luminescence and aromatization methods on densitometric,
colorimetric, printingtechnical indicators ofmprintd sjuality; evaluation of the
morphological structure and topography of the liners surfacamapdnts on them,
development of a methodology for evaluating the generalized indicatorioffihatés
guality; simulation of the stresdrain state of corrugated cardboard during printing;
creation of a model for parametric forecasting of the effectiveness of packaging
aromatizatiorby the Peel&Smell method; determination of influencing factors on the
amount of migration of harmful components framprints to packaged products,
which enables the development of a conceptual model of the system for monitoring
and evaluating thémprintés quality, the algorithm of the system for the justified
selection of printing methods on corrugated cardboard todserthe environmental
friendliness and efficiency of packaging production.

Thefirst chapterof the work provides an analysis of the current state and trends
in the production of corrugated cardboard packaging as an ecological and fully
recyclable material The classification of printing technologies on corrugated
cardboard is presented, which separates printing methods (offset, flexographic, digite
(ink-jet)) and their efficiency by the amount of print run; characteristics and structure
of corrugated catubard; methods of printing (preprint and postprint) dadoratng.

The analysis of scientific sources is given, which showed the insufficiencydepiin
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research on solving the problems of the researched topic. A conceptual model fo

ensuring themprintG quality on corrugated cardboard is proposed, which includes an
information system that provides data collection and processing at all stages of th
process of creatingnamprint, stepby-step control of optical, colorimetric, printing
technical and ogrational indicators of the mp r quality.6 s

In thesecond chaptethe selection of research objects is justified, namely offset,

flexographic and digital (inket) imprints, created by the preprint and postprint method
on coated and uncoated linesé three and fivelayer corrugated cardboard with
flexographic offset and UVinks. Theoretical and practical studies of the process of
printing on corrugated cardboard, evaluating the qualitynpfints, decorating them
with the method of luminescence aa®matizaton were carried out on the basis of
electronmicroscopic, densitometric, colorimetric, thermogravimetric and organoleptic
analysis, methods of simulation and mathematical modeSoffware methods of
mathematical statistics were used to procesgerimental data and check their
reliability.

Thethird chapterof the work is devoted to the study of the liners morphological

structure andmprints on them by determining the area of migmtrusions and
depressions, roughness indicators, whottaracterize the volumetric maerand
microheterogeneity of the surface and affect the effectiveness of the interaction o
substrates with adhesivésis shown that with an increase in the coating layers on the
liners, the calculated area of depressi(8y and the average arithmetic deviation of
the profile (parameter Ra) decrease by almost 3 times, however, the average depth
roughness Rz and the area of surface peaks (Speak) irscrease

Based on the constructed Harrington desirability function, rtreeximum
permissible values of thnprintés quality indicators obtained by the preprint and
postprint method on corrugated cardboard were calculated, namely: optical density
color rendering, uniformity and stability of printing, contrasimpression ofaster
elements trapping. The influence of the structure of the liner surface on the
densitometric indicators of thenprints is shown: at an image saturation of 90%, the

optical density ofimprints on UD3 cardboard without coating decreases bg50
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relaive units compared tonprints on GB2 cardboard with coating, and the index of

raster elements compressiomcreases by 7 units, respectivelne singlevalues of

the desirability function of the optical density of the background of a continuoug fillin
and the uniformity of printing on coated liners are in the range fr@t0 Q99; and

the gay balance indicators regardless of the area (75%, 50%, 25#0pontd 8lling,
sliding, contrast and raster dot compressaos approaching.Ilhese indicairs are
much lower and vary in the range fron0@ to Q55 on imprints without coating
Approbation of the method of determining the comprehensive indicatoriofphe i nt 06
quality for the investigated printing methods according tagéreeralized criterion of
optimization of single indicators on the basis of the Harrington desirability function
showed the feasibility of its application.

Studiesof the dynamics of changes in the edge wetting angles of coated liners
surface, as structuralements of corrugated cardboard, were conducted, which made
it possible to assess their ability to perceive ink during digitaljétkprinting.On the
basis of the developed simulation model of the interaction of primer particles with the
surface layes of the liner, it was confirmed that the use of Pb#sed primers with a
degree of saponification less than 97% allows obtaining better quaptynts with
greater optical density and a degree of color separdtibas been proven that digital
imprints (postprint method) have almost the same average values of minimum tona
transfer for light areas of the image with a degree of coveragd%f &d dark areas
with a degree of coverage of 99 flexographic printing, the tonal transfer of printed
images was approximate and amounted,895% onimprints printed from the side
of the corrugation E, and fomprints, printed from the side of the corrugation B
averaged 0-87.3%.Research on the quality of flexograplmeprints on corrugated
cardboard obtained by the postprint method, confirmed the influence of the wave
height of the corrugation on the indicators of optical density, resolution, tone transfer.
color characteristics o, print stabi
liner from the side of the corrugation E than from the side of the corrudatiohis is
consistent with the modelling of the stredrain state of corrugated cardboard during

flexographic printinglt has been proven that when the layers of corrugated cardboard
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are compressed with an increase in the profile of the corrugation, the maximun

deformations in the material increase according to alinear law.The amount of
corrugated cardboard deformation during printing is affected by the height of the
corrugationwvave, its pitch, pressure in the printing contact zone, and the elongation of
the liner. The formulated task of optimizing the stretgin state of corrugated
cardboard based on the nonlinear spatial theory of elasticity allows us to consider
complex d partial problems when specifying a control function, a criterion for
optimizing stress intensityAn analysis of the possible causes of the appearance of
image defects oimprints made of corrugated cardboard during flexographic printing
was carried outand the methods of their elimination were outlined.

In the fourth chapter of the work, it is proposed to improve the packaging

decoration technology by introducing luminescent impurities into inks and varnishes,
which provide reliable protection of prodscagainst counterfeiting and the desired
decorative effect when excited by IR laser irradiatistudies of themp r i nt 6 s q
have confirmed that with an increase in the content of nanopatrticles from 10 to 30%, a
increase in optical density is reced] and the gloss and color coverage area of printed
images increases more than twide.improved technology of the closed presentation
of the aroma by the Peel&Smeailethod is proposed, which involves the application by
spraying adhesive with 126% of the microcapsules of the aromatization agent in
specified places on the imprint, to which a lastétker is glued, when peeling it off, the
shells of the aroma capsslare destroyed and the aroma is released.

With the help of electron microscopy, the change in the structure of the adhesive
aroma zones on thmprints was studied, where the gradual destruction of the aroma
capsule shells with an increase in the numifepresentations by the Peel&Smell
method was observellodelling of the process of assessing the degra&lagéncing
factorson the intensity and duration of aroma presentation was carriethasiimade
it possible to build a graph of relationshipsvibe¢n parametershe percentage of
aromatized impurities, thickness, physical and mechanical properties aditbsive
and substrate, topography of its surface, intensity aodma advertisemeist

presentationto formalize and for the first time to soltke optimization problem,
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according to the priority of the influence of thegsarameterson the process of

forecasting of the aromatization efficiency.

According to the statistical processing of the assessment results of the arom
intensity during the prestation, carried out by 11 experts, 3D models were built that
show the relationship between the intensity of the aroma, the percentage of th
aromatizabn agent in the adhesive composition and the number of closed
presentations, which made it possibled&iermine the aromatization coefficient and

establish its decrease fron890 1 after 75 single presentations.

The fifth_chapter of the work is devoted to researching the problems of the
migration ofinks and varnishes components into the structure okaging materials
during various printing method3he effect of temperature, cardboard structure and
time on the amount of global migration of harmful impurities from printimgs to
packaged food products was studi¢dias found that increasing thariperature (from
25 Ay t o 1534 tikesincrebse m dhs antount of marking substances
obtained fromimprints. The permissible value of pollutants (10 mgfifrom the
studiedimprints was exceeded by112 % onl y at 1cd&firmadby thewh i
results of thermal analysis, which revealed an intensive loss of mass of the sample, dt
to active destructive and therroaidative processes in it at temperatures, higher than
2 1 7 Ale.presence of waste paper in the structure of thee lircreases global
migration by 20%The twalayer coating increases the adsorption of the studied low
migration offset inks and reduces the migration by 2 times, but increases the
phenomenon of the dynamics of penetration of vegetablbasiédinks into the
cardboard structure, which is confirmed by the built 2D and 3D models of the liquid
penetration dynamicg&ased on the analysis of the Robinson test, the influence of the
migration properties dhksand the morphological structure of packaging makeion
the taste and smell of packaged products has been confirmed.

As a result of theoretical and experimental research, a scientific and appked
was solved and the following new results were obtained:

Vv a complex of technological quality assuranceyofting on corrugated

cardboard by the preprint and postprint method in the manufacture of packages i
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proposed on the basis of electnmicroscopic analysis of the surface morphology of

packaging materials, the structure of corrugated cardboard, pidwntrol of
printing and technical indicators, which ensures the efficiency and environmental
friendliness of packagg production;

Vv simulation of thestressstrain state of corrugated cardboard during
flexographic printing using the preprint and postpmethod was carried out and its
nature was described by mathematical models that take into account the height of tt
corrugation wave, the number of layers of corrugated cardboard, the influence of the
printing method across or along the corrugationwea which affects the quality of
imprints and determines the causesgfrints defects on corrugated cardboard;

Vv a model of the evaluation process of a set of factors influencing the
intensity and durability of aroma advertisements during the closed pagsenof
aromas using the Peel&Smell method was developed, which takes into accour
technological, structural and operational indicators, which made it possible to
formalize and solve the optimization problem by prioritizing the influence of
parameters othe process of forecasting the intensity of aromatization on piackag

The method of decorating paclag by combining aromatizeand luminescent
varnish images onimprints and the method of closed presentation of aroimas
Peel&Smell have been improved, which made it possible to increase the effectivenes:
of aroma advertisements on padiag

Received further development:

Vv a method of determining a complex quality icador based on a
generalized criterion for optimizing individual indicators of tesprints (optical
density, color reproduction, trapping, gray balance, print stability, contrast, raster dot
compression) based on the Harrington function, which willgltaking into account
the level of desirability, to predict optical, colorimetric and printing indicators of
circulationin offset and flexographic printing.

\% methods for determining the amount of global migration of harmful
impurities from printing inks r@d varnishes, taking into account the structure of the

materials and the time interval frahmne formatiorof printed images on them by various
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methods and temperature, which made it possible to study the physical process ¢
migration, based on thdiffusion and separation of substances that can occur between
the packaging and the packaged product.

The practical significance of the obtained scientific results is aimed at ensuring
the imprints quality on corrugated cardboard obtained by the preprahipastprint
method.Methods of decorating packiag with luminescentprinted images (utility
model patent No. 148804) and aromatization, which provide a closed presentation o
aromaby the Peel&Smell methagsing aromaarnishand stickedlabels (utilitymodel
patent No. 136660), are proposed.

Approbation of production tests of the quality of offseprints on corrugated
cardboard using the preprint method was carried out at the private entévtiBe
MILL PRINT (Kyiv). The developed technological insttions "Evaluation of the
imprints quality using the desirability function and the Harrington scale" were agreed
with LLC cElgrafe (Lviv). The results of the research were implemented in the
educational process of the PAluring lectures and laboratepyactical classes in the
disciplines ¢Digital technologies in the production of printing and packaging
productg, cEnvironmental aspects of printing and packaging produgtion
¢Technology of manufacturing packag@émgTechnology of manufacturing packaging
for food products, ¢Technology of decoration of printed and packaging proéucts
Implementation data is confirmed by relevant documents.

Keywords corrugated cardboard, packaging, microscopy, surface structure,
offset printing, flexographic printing, digitdink-jet) printing, decorationimprints,
optical density, color reproduction, quality indicators, methods, parameters, models.
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P=-fAp(xdx % (ﬁlnax RV R %() d (3.8

l tOn o EOUx 3 dBAnls' BEY 2O sktediOlsd mf"
fsoowL k' f ¢zl O e ds@edz dzd o3, § t© B 8 t dat

GO M d d30sdy HLdiEs



138
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sflsdd3 L Oy’  -H] &BKkikixy Pdetsc € W s O @z Is 5 dzlz
MW tstc Bz deke® Ousfigfdzts 0 © daj dz' dz' 2 des’ fosMmisstetse s

[dzv Htsfdz' HY | deddi§ dz@ g teg iz M g e € Otels s dzkz
9dSdMmMlsO’ d©i3s dBOIsj BOIs § R @] Risdzp dzh g O dedzdzlz * |
s dzO L CotstcH d dzZOIs OB tsH jtey dls! fjtcjdg h
ftesj Sy "d3d o jSClststcO fwsodatsets f jtoj dg' N j dadgw
&z &

A Y

ELH

w=u(a & jgu, 2w( . a)ug = . .k (3.10
Il " Hdetsdz' o dH B9 Y § dzde's WG dgOflde W dg@: W Ste
E=1®e, LE, A 2¢ 1E; [1=2,p+] (3.10)
sklsd Lmkzok & 3 o &dsS Ok :
Sinf,=——22 _ _sinf =8B sinf =B
(1+E)(1 &) (1 E)(1 B (1 EX1 B) (3.12

[Hddd ydz KeKi® stsled ydz 2H sk ds 'daz? fdgGutzw |
Ld&zZORSHWIS! L O Wtsted3kz dzOd3d :



139

- 1 ¢ - a1l 5 13 - 09

K1:1+E18(1 #11)K1 (;%ﬁlz ”"582 _2'%213 WzKac_)uu

k=—L @, @ @ 74K —1& w K &

2 1+Ezé€5 12 3 +1 2, 2 2 23 1 39LL

_ 1 &l 5 6

K3 :l+E3 % 13 "Wz 81 #Zaa M{ Kzg(l + 3;'K 31f (313

v o dL dzOUj daezd W 20 (5 b9 fBdz® &zb s ff dz6 | s BY Is
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