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Dro dzy Czy tel ni cy!

przed pań stwem pierw sze wy da nie kwar tal ni ka na uko we go „pac ka ging re view“, pre zen tu ją ce go dzia ła nia ba daw czo -roz wo jo we
oraz po stęp tech no lo gicz ny w bran ży opa ko wa nio wej w eu ro pie Środ ko wo -Wschod niej. to je den z klu czo wych – szcze gól nie dla
pol skiej go spo dar ki, sto ją cej pro duk cją żyw no ści, ale i dla kra jów ościen nych – seg men tów prze my sło wych. 
na ła mach cza so pi sma pre zen tu je my na uko we i za wo do we osią gnię cia na ukow ców do ty czą ce ca ło kształ tu za gad nień zwią za -
nych z opa ko wa nia mi, pra cu ją cych w ośrod kach ba daw czych i naj bar dziej in no wa cyj nych fir mach za rów no w pol sce, jak i za
gra ni cą. in for mu je my o kon fe ren cjach na uko wych oraz je re la cjo nu je my. Je ste śmy tak że po mo stem łą czą cym na ukę z biz ne sem 
– po pu la ry zu jąc in no wa cje spra wia my, że ma ją one szan sę na wdro że nie i za sto so wa nie w prze my śle. 
W kwar tal ni ku „pac ka ging re view“ za mie rza my po dej mo wać naj ak tu al niej sze in no wa cje, roz wią za nia au to ma ty zu ją ce pro duk cję
opa ko wań, a tak że kwe stie zwią za ne ze zrów no wa żo nym roz wo jem.
W la tach 1955-2021 ar ty ku ły na uko we pu bli ko wa ne by ły głównie w ję zy ku pol skim w ra mach cza so pi sma „Opa ko wa nie“, a od 2022 roku
wy łącz nie w ję zy ku an giel skim, aby le piej pro mo wać osią gnię cia bran żo we i do trzeć do mię dzy na ro do we go śro do wi ska. cza so pi smo
uka zu je się wy łącz nie w wer sji elek tro nicz nej w otwar tym do stę pie (open ac cess) i ma za sięg mię dzy na ro do wy.
Za pra sza my do lek tu ry!

Dear Readers!

We would like to present you with the first issue of scientific Quarterly ”packaging
review“, the magazine focused on scientific research, developmental activities and
technological progress in the packaging industry in central and eastern europe.
packaging for food production is a key industrial segment – and this periodical is
developed for poland and neighboring countries.
in this magazine we will present scientific findings and professional achievements
from bona fide scientists.   the articles will highlight the focused efforts of those
professionals on all issues related to packaging science working in research centers
and the most innovative companies in both poland and abroad. We will communicate
findings and report on scientific conferences. We are also a bridge between science
and business – by communicating technological innovations we hope to make
breakthroughs executable throughout  the industry. 
in the ”packaging review“ quarterly we intend to address the most current innovations,
packaging automation solutions and sustainability issues.
Between 1955-2021, scientific articles were mainly published in the polish language
in ”Opakowanie“ magazine, but from 2022 onwards it will be english only, in order to
better promote industry achievements and reach the international community. the
journal is published only electronically with open access and has an international
scope and focus.

enjoy your reading!

pAckAging reVieW 1/2022

from the edItor / od redaktora

Ma rek M. Ko wal czuk jest profesorem w centrum materiałów polimerowych i Węglowych polskiej Akademii nauk w Zabrzu oraz kierownikiem
Zespołu innowacji, technologii i Analiz. stopień doktora uzyskał w 1984 r. na Wydziale chemicznym politechniki Śląskiej w gliwicach oraz
stopień naukowy doktora habilitowanego w 1994 roku na tej samej uczelni. Od 2010 roku jest profesorem chemii z nominacji prezydenta rp.
Był profesorem wizytującym na uniwersytecie stanowym Ohio (columbus, Oh, usA), wykładowcą wizytującym na uniwersytecie massachusetts
(Amherst, mA, usA), stypendystą marie curie eu na uniwersytecie Bolońskim (Włochy) oraz profesorem chemii na uniwersytecie 
w Wolverhampton (Wielka Brytania). Ostatnio został wybrany na członka komitetu chemii pAn. Jest autorem i współautorem ponad 170 prac
naukowych oraz kilkunastu patentów. 

Marek M. Kowalczuk is a professor at the centre of polymer and carbon materials, polish Academy of sciences, Zabrze, poland, and head of
the group of innovation, technology and Analysis service. he received a phd degree in 1984 from the faculty of chemistry, silesian university
of technology, gliwice, poland, and a d.sc. degree in 1994 from the same university. since 2010 he has been a professor of chemistry,
nominated by the president of poland. he was a visiting professor at the Ohio state university (columbus, Oh, usA), a visiting lecturer at the
university of massachusetts (Amherst, mA, usA), a marie curie eu fellow at the university of Bologna (italy), and a professor in chemistry at
the university of Wolverhampton (uk). recently, he has been elected as a member of the chemistry committee of the polish Academy of
sciences. he is the author and co-author of over 170 scientific papers and a score of patents.
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packaging Review issue 1/2022 includes:

                    Reviewed aRticles <<

06 ComPoSITE PACKAGING
                    OpakOwania wielOmateriałOwe
                              Joanna KaRwowsKa, Hanna ŻaKowsKa                                                                                                                                                                                      

10 ThE STudY of ThE mEChANISm of ImAGE foRmATIoN 
                    duRING ThERmAl TRANSfER PRINTING oN fAbRIC PACKAGING
                    Badanie mechanizmu pOwstawania OBrazów pOdczas drukOwania 
                    termOtransferOwegO na OpakOwaniach z tkanin

                              oleH nazaR, svitlana HavenKo, iRyna nazaR, viKtoRia KoczubeJ

18 modulAR PRoduCTIoN SYSTEm of PACKAGING 
                    of SRP TYPE – TESTING of PACKAGING IN dIffERENT CoNdITIoNS. 
                    PART 1. NoRmAl TEmPERATuRE
                    mOdułOwY sYstem prOdukcJi OpakOwaŃ tYpu srp – Badania 
                    OpakOwaŃ w róŻnYch warunkach. część 1 – temperatura nOrmalna

                              beata KuŻdowicz, sebastian banasiaK                                                                                                                                                                                       

                    booK Review <<

25 NEw moNoGRAPh oN PACKAGING PRINTING
                    nOwa mOnOgrafia pOświęcOna OpakOwaniOm
                              stefan JaKucewicz                                                                                                                                                                                                                             

                    industRy events <<

26 ExhIbITIoN TRIo foR ThE CoNvERTING ANd CoRRuGATEd PACKAGING INduSTRY
                    targOwe triO dedYkOwane przetwórcOm OpakOwaŃ giętkich 
                    i prOducentOm tekturY falisteJ

                              anna naRuszKo                                                                                                                                                                                                                                    

29 TRENdS ANd KNowlEdGE AT PACKAGING INNovATIoNS fAIR
                    trendY i wiedza na targach packaging innOvatiOns

coNteNtS / SpIS treścI
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dR Jo AN NA KAR wow SKA / oRCId: 0000-0001-7328-193x

cOl le gium Of ma na ge ment and fi nan ce, sgh war saw schO Ol Of ecO nO mics in war saw

PRof. EmERITuS hAN NA ŻA Kow SKA / oRCId: 0000-0003-1979-0551

kB fO lie pOl ska ltd.

Com Po SI TE PAC KA GING

dE fI NI TIoN

in po lish le gi sla tion, com po si te pac ka ging is de fi ned in the 

Act on ma na ge ment of pac ka ging and pac ka ging wa ste [1].

until the end of 2021, the con cep tion of „com po si te pac ka ging”

was un der sto od as pac ka ging ma de of at le ast two dif fe rent

ma te rials which can not be se pa ra ted by hand or by sim ple me -

cha ni cal me thods. the men tio ned de fi ni tion de ri ved from le gal

acts of the eu ro pe an union (com mis sion de ci sion 97/129/ec

[2], com mis sion de ci sion 97/138/ec) [3], pu bli shed be fo re 2018

to the pac ka ging di rec ti ve [4].

in 2018, di rec ti ve (eu) 2018/852 [5] was es ta bli shed and in tro -

du ced mo di fi ca tion of the de fi ni tion of com po si te pac ka ging,

aiming at its de ta iled spe ci fi ca tion: Com po si te pac ka ging shall

me an pac ka ging ma de of two or mo re lay ers of dif fe rent ma te rials

which can not be se pa ra ted by hand and form a sin gle in te gral unit,

con si sting of an in ner re cep tac le and an outer enc lo su re, that is 

fil led, sto red, trans por ted and emp tied as such. 

the di scus sed de fi ni tion, as be ing the trans la tion of the 

pro vi sions con ta ined in di rec ti ve (eu) 2018/852 was in tro -

du ced to the Act on ma na ge ment of pac ka ging and pac ka ging

and is ob li ga to ry sin ce Ja nu ary, 1, 2022: Com po si te pac ka ging

is un der sto od as pac ka ging ma de of at le ast two dif fe rent ma te -

rials which can not be se pa ra ted by hand and form a sin gle in te gral

unit con si sting of in ner re cep tac le and an outer enc lo su re that is

fil led, sto red, trans por ted and emp tied as such. 

the phra ses such as re cep tac le and enc lo su re, as be ing 

em ploy ed in the trans la tion, may sug gest stiff pac ka ging in

spi te of the fact that ma ny ty pes of com po si te pac ka ging are

fle xi ble. it se ems that the trans la tion do es not ful ly re flect the

con tents of the ori gi nal do cu ment, which spe ci fies that the 

lay ers of pac ka ging ma te rial con sti tu te the in te gral unit, con si -

sting of in ner spa ce se rving for its fil ling with the con tents and

the outer spa ce con sti tu ting a bar rier. 

mo di fi ca tion of the con cep tion of com po si te pac ka ging da ting

to 2018 has not chan ged the clas si fi ca tion, func tio ning for 

ma ny years. the ca te go ry of com po si te pac ka ging in c lu des

fle xi ble as well as stiff pac ka ging, ha ving the lay ers ma de of

dif fe rent pac ka ging ma te rials.

ABSTRACT: directive (eu) 2018/852 has modified the definition of composite packaging: packaging made of two or more layers of different materials
which cannot be separated by hand and form a single integral unit, consisting of an inner receptacle and an outer enclosure, that is filled, stored, transported
and emptied as such. since January 2022, a change has been introduced in poland regarding the classification of packaging waste as a recycled mass. 
Key words: packaging, composite packaging, packaging waste

STRESZCZENIE: dyrektywa (ue) 2018/852 wprowadziła modyfikację definicji opakowania wielomateriałowego: opakowanie wykonane co najmniej 
z dwóch warstw różnych materiałów, które nie mogą być ręcznie oddzielone i tworzą jedną integralną całość składającą się z przestrzeni wewnętrznej 
i powłoki zewnętrznej, którą napełnia się, przechowuje, transportuje i opróżnia w takiej formie. w polsce od stycznia 2022 roku wprowadzona została
również zmiana dotycząca zaliczania odpadów opakowaniowych do masy poddanej recyklingowi.
Słowa kluczowe: opakowania, opakowania wielomateriałowe, odpady opakowaniowe

doI: 10.15199/42.2022.1.1

revIeWed artIcle
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TY PES of Com Po SI TE PAC KA GING 

the pac ka ging ma te rials are tho se ones con si de red in 

An ne xes 1 – 6 to the de ci sion of the eu ro pe an com mis sion

97/129/ec of 28 Ja nu ary 1997 on es ta bli shing the iden ti fi ca -

tion sys tem for pac ka ging ma te rials, i.e.:

– pla stics, with clas si fi ca tion in to par ti cu lar po ly mers,

– pa per and pa per bo ard (so lid fi bre bo ard and cor ru ga ted 

bo ard),

– glass with di vi sion in to co lo ur less, gre en and brown glass,

– me tals: ste el and alu mi nium,

– wo od and wo od -de ri ved ma te rials,

– te xti le ma te rials of na tu ral ori gin (cot ton, ju te).

An nex 7 to the de ci sion in c lu des pac ka ging ma de with the 

par ti ci pa tion of the men tio ned abo ve ma te rials and con si ders

them as com po si tes. 

in po lish le gi sla tion, the com bi na tions of dif fe rent pac ka ging

ma te rials in com po si te pac ka ging are spe ci fied in the re gu la -

tion con cer ning the pat terns of la bel ling of pac ka ging [6] and

bin ding sin ce Ja nu ary 2015. 

the ba sic gro ups of com po si te pac ka ging in c lu de as fol lows:

a) pac ka ging ma de of la mi na tes, ob ta ined by the com bi na -

tion of pla stic films and lay er of pa per, bo ard, alu mi nium

fo il, e.g.; Ldpe pa per, Ldpe bo ard, pet/Al/Ldpe, pet/pa -

per/Al/Ldpe, Ldpe/te xtu re/Al/Ldpe etc., and, al so la mi na -

tes ma de with the par ti ci pa tion of me tal li sed films e.g.:

BOpp/BOppmet, petmet/pe.

the exam ples of com po si te pac ka ging ma de of fle xi ble 

la mi na tes are gi ven in pic. 1. 

b) co ated and la mi na ted pa per bo ard pac ka ging

in re la tion to the pro ducts in ten ded for lon ger shelf -li fe 

pe riod (e.g. uht tre at ment), asep tic pac ka ging with the 

fol lo wing ma te rial com po si tion (fig. 1) is ap plied:

– 75% of mass is pa per,

– 20% pe -Ld,

– 5% alu mi nium (fo il of 6.5μ thick ness). 

in re spect of the pa steu ri zed pro ducts that re qu ire sto ra ge 

un der re fri ge ra tion con di tions, the pac ka ging ma de of the 

fol lo wing ma te rial com po si tion is ap plied (pic. 3): 

– 80% of mass is pa per,

– 20% pe -Ld.

c) pac ka ging of bli ster pak and skin pak ty pe which are 

com po sed of pla stic film lay er in com bi na tion with lay er of

pa per bo ard or alu mi nium film which can not be se pa ra ted

by hand 

revIeWed artIcle

PIc. 1. bAgS mA de oF lA mI NA TeS 

FIg. 1. lAy erS IN lA mI NA Te

laminar layers in Tetra brick Aseptic packaging

polyethylene 
printed layer

paper 

polyethylene 
aluminium foil 

polyethylene 
polyethylene 
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revIeWed artIcle

PIc. 3. co ATed ANd lA mI NA Ted PA Per bo Ard PAc kA gINg For lI qu Id Fo od 

PIc. 4. The exAm PleS oF com Po SI Te PAc kA gINg oF blI STer ANd SkIN Ty Pe whe re The lAy erS 

mA de oF dIF Fe reNT mA Te rIAlS cAN NoT be Se PA rA Ted 

pac ka ging of bli ster ty pe con si sts of ri gid lay er ma de of 

pla stics (in a form of sha ped con ta iner) com bi ned with a lay er

of card bo ard or alu mi nium. On the other hand, pac ka ging of

skin pak ty pe is com po sed of fle xi ble lay er of fo il, for med on

the pac ka ged pro ducts by a va cu um me thod, in com bi na tion

with the card bo ard lay er (pic. 4). 

ClAS SI fI CA TIoN of PAC KA GING wA STE, 
RE Sul TING fRom Com Po SI TEd PAC KA GING 
AS A RE CYC lEd mASS

sin ce Ja nu ary, 1, 2022 the re gu la tion on de ta iled con di tions

of tre ating the pac ka ging wa ste as a re cyc led mass [7] has

be co me bin ding in po land. the pac ka ging wa ste ge ne ra ted

from com po si te pac ka ging ma te rials or other pac ka ging, 

con si sting of mo re than one ma te rial are in c lu ded to the mass

of the pac ka ging wa ste sub jec ted to re cyc ling in re spect of

mass of each ma te rial con ta ined in the men tio ned pac ka ging.

the con di tion for tre at ment of the pac ka ging wa ste de ri ved

from the com po si te pac ka ging, or other pac ka ging ma de 

of mo re than one ma te rial as the mass of pac ka ging wa ste

sub jec ted to re cyc ling, lies in the fact that the mass of each

of the re ma ining ma te rials con ta ined in the men tio ned 

pac ka ging do es not exce ed 5% of the to tal mass of the 

di scus sed pac ka ging. 
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the abo ve men tio ned re gu la tion was pu bli shed in con nec tion

with the chan ges which oc cur red in 2018 and 2019 [8, 9] in the

com mis sion de ci sion 2005/270/ec [10] es ta bli shing the 

for mats re la ting to the da ta ba se sys tem pur su ant to di rec ti ve

94/62/ec. the men tio ned de ci sion mo di fied the for mats of the

da ta trans fer in con for mi ty with art. 12 of di rec ti ve 94/62/ec

as well as the prin ci ples of cal cu la ting, ve ri fy ing and re por ting

in re spect of the da ta con cer ning achie ving the tar ge ted re cyc -

ling le vels by the mem ber sta tes of the eu ro pe an union. for

the pur po se of cal cu la tion and ve ri fi ca tion of achie ving the 

tar gets of di rec ti ve 94/62/ec, the com po si te pac ka ging and

other pac ka ging con si sting of mo re than one ma te rial shall be

cal cu la ted and re por ted in re la tion to each ma te rial, con ta ined

in the pac ka ging. the mem ber sta tes may wa ive the men tio -

ned re qu ire ment if a gi ven ma te rial con sti tu tes a small part of

pac ka ging unit and, in each ca se no mo re than 5% of the to tal

mass of uni ta ry pac ka ging.

Sum mING uP 

mo di fi ca tion of the idea of com po si te pac ka ging da ting back

to 2018 has not chan ged the pre sent clas si fi ca tion. it has 

stres sed that the lay ers of dif fe rent ma te rials in the com po si te

pac ka ging con sti tu te a form of in te gral unit that is fil led, 

sto red, trans por ted and emp ties. in the de fi ni tion, the re has 

be en al so mo re pre ci se de fi ni tion of the in ner lay ers – as a sort

of con ta iner to be fil led with the con tents, and the outer lay er – 

as a pro tec tion, cre ating a clo sing bar rier. in the de fi ni tion, the

mi ni mum per cen ta ge con tent of ma te rial which co uld be co me

the ba sis for eli mi na tion of a pac ka ging from the com po si te

pac ka ging as well as the si ze /sur fa ce of the lay ers (in ner and

outer) in the com po si te pac ka ging, has not be en pre ci se ly 

de fi ned. the de fi ni tion of the com po si te pac ka ging can not be

ful ly ap plied in re la tion to the ele ments of pac ka ging, cha rac te -

ri zed by mul ti pli ci ty of ma te rials. 

the in tro duc tion of 5-% thre shold in the di scus sed re gu la tion on

the mat ter of de ta iled con di tions for clas si fi ca tion of the pac ka -

ging wa ste in the re cyc led mass may be wrong (nie wła ści wie)

un der sto od by the en tre pre neurs and re co ve ry -de aling or ga ni -

za tions as ap pro val of ad di tio nal ma te rials in the pac ka ging. the

pac ka ge, as con ta ining a do mi na ting ma te rial and other pac ka -

ging ma te rials not exce eding 5% of mass, wo uld be the re fo re

clas si fied as pac ka ging ma de of do mi na ting ma te rial. <<
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ThE STudY of ThE mEChANISm 
of ImAGE foRmATIoN duRING 
ThERmAl TRANSfER PRINTING 
oN fAbRIC PACKAGING

INTRoduCTIoN

the humanity is nowadays faced with the important task 

of preserving the natural environment. it refers especially to

the urgent need to replace the plastic packaging that

constitutes ca. 10% of all waste. Bags, foil bags and other

plastic packaging are intensively employed in all domains of

human activities. plastics may be stored for many decades,

accumulating more and more at landfills. Besides it, during

the combustion of plastics, the harmful dioxins and other

products of organic degradation are generated in the air. 

One of the methods for reduction of plastics quantity includes

the application of reusable packaging, produced from 

ABSTRACT: in the present paper, the peculiarities of the mechanism of image formation during thermal transfer printing on polyester fabric packages
made of polyester fiber have been investigated. physico-mechanical properties of fabric packaging, and, in particular, tensile load, elongation at maximum
force and change of linear dimensions after wet treatment have been determined. On the grounds of the conducted thermogravimetric analysis it was
found that active thermooxidative processes and the product combustion processes of fabric samples’ destruction with the printed thermal transfer
image were less intense as compared to the samples of unprinted tissue. this was evidenced by the gradual and less intense weight loss, and the
emergence of less rapid exogenous effects, reflected on the dta curves. electron microscopic studies of the fabric structure confirmed that plastisol inks
did not penetrate deeply into the fabric fibers, did not stain them, but enveloped them, forming mainly a mechanical connection. it has been found that
the mechanism of printing image formation on polyester fabric packaging using thermal transfer presses depends on the technological printing modes,
fabric structure, processes of ink polymerization and adhesion on the fiber surface, and requires further research.
Key words: fabric packaging, thermal transfer printing

STRESZ CZE NIE: w ar ty ku le zba da no ce chy me cha ni zmu po wsta wa nia ob ra zu pod czas dru ku ter mo trans fe ro we go na opa ko wa niach z tka ni ny z włó kien
po lie stro wych. Okre ślo no wła ści wo ści fi zy ko -me cha nicz ne opa ko wań z tka nin, w szcze gólno ści ob cią że nie roz cią ga ją ce, wy dłu że nie przy mak sy mal nej
si le oraz zmia nę wy mia rów li nio wych po ob rób ce na mo kro, po rów ny wal ne z prób ka mi tka nin nie za dru ko wa nych. na pod stawie ana li zę ter mo gra wi me -
trycz nej stwier dzo no, że ak tyw ne pro ce sy ter mo ok sy da cyj ne oraz pro ce sy spa la nia pro duk tów nisz cze nia pró bek tka nek z na dru ko wa nym ob ra zem ter -
mo trans fe ro wym by ły mniej in ten syw ne w po rów na niu z prób ka mi tkan ki nie za dru ko wa nej. świad czy ło o tym stop nio wa i mniej in ten syw na utra ta ma sy
cia ła oraz po ja wie nie się mniej szyb kich efek tów ze wnętrz nych na krzy wych dta. Ba da nia struk tu ry tka ni ny pod mi kro sko pem elek tro no wym po twier dzi -
ły, że far by pla sti zo lo we nie wni ka ją głę bo ko we włók na tka nek, nie pla mią ich, lecz ota cza ją, two rząc głów nie me cha nicz ne po łą cze nie. stwier dzo no, że
me cha nizm po wsta wa nia ob ra zu dru kar skie go na opa ko wa niach tka nin po lie stro wych z wy ko rzy sta niem pras ter mo trans fe ro wych za le ży od tech no lo -
gicz nych try bów dru ko wa nia, struk tu ry tka ni ny, pro ce sów po li me ry za cji tu szu i ad he zji do po wierzch ni włók na i wy ma ga dal szych ba dań.
Słowa kluczowe: tkaninowe torby opakowaniowe, drukowanie termotransferowe
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natural materials or polymers which are subjected to

biodegradation [1, 2]. 

fabric packaging, such as bags as alternative to plastic bags,

is a popular product. such packaging is made of durable

material and serves for a longer period of time, considerably

longer than the traditional plastic bags. fabric-made packaging

is environment friendly product and is suitable for its reuse. [3].

fabric packaging has a certain international history, for example

in the usA and in europe. such packaging was produced and

used at the end of the 20th century. in many countries, the

application of packaging made of natural materials has been

promoted for a long time. for example, in taiwan in 2003,

plastic was removed from the trade centres; in Japan, the

authorities run a campaign in favour of fabric bags’ use and in

certain states of America, the penalties have been introduced

for the employment of plastic bags. in many developed

countries, goods in the supermarkets are wrapped in paper

and placed in common linen bags. the average ukraine

inhabitant spends ca 70 hryvnias annually for plastic bags.

reusable bag may be bought at 10 – 15 hryvnias or may be

sewn and decorated by hand. Owing to a deep interest in the

environmental problems, eco-bags are more and more searched

by the inhabitants of big cities. the main property of high-

quality environmental bag consists in resistance to use,

durability, resistance to washing cycle many times and differing

in naturalness and a low cost [4].

therefore, it is important to select the appropriate fabric for

production of packaging. it refers, in particular, to sewing of

packaging such as eco-bags. in the opinion of scientists, the

following products are especially popular: double-thread cotton

fabric, serge, tarpaulin and canvas (pic.1). the double-thread

fabric is characterized by a high strength. 

As a rule, double-thread fabric is made of cotton fibres;

therefore, it is environment-friendly natural material. its values

are evident: strength, resistance to wearing, resistance to high

temperature, good ventilation, capable of keeping a given shape

of the product. it is worthy to know the important fact: the

discussed fabric is characterized by unravelling at the edge

when cut. 

serge fabric is also interesting material for production of bags

(pic.1 b). the mentioned fabric is multi-dimensional because,

in case of this material, we may use natural fibres (silk, wool,
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cotton) as well as the synthetic ones (polyester, viscose,

spandex). But the way of their weaving is unchanged –

diagonally. therefore, serge is easy to be recognized by texture:

it is a relief fabric with the inclination. the mentioned fabric is

multi-dimensional because, we may, on its basis, employ natural

fibres (silk, wool, cotton) as well as the synthetic ones (polyester,

viscose, spandex). packaging made of serge has a high density,

absorbs humidity well, is non-electrified, hygroscopic, and

resistant to contamination and cheap [3]. 

the producers offer also a dense tarpaulin for production of

fabric bags (pic.1 c). the tarpaulin many be called one of the

strongest types of natural textiles. contrary to common tilt,

the discussed material does not possess a synthetic waterproof

impregnation and refraction. depending on the composition,

the tight tarpaulin may consist of the mixture of cotton and

linen fibres, in a form of cotton yarn. Another high-quality and

durable option includes jure tarpaulin in combination with

cotton. the first component makes that the discussed material

is reliable and resistant to deformations and cotton fibres allow

bending of the material; it is also possible to make application

or matrix on its surface. When choosing the tight tarpaulin for

sewing of bags, we should take their destination into account.

the compact eco-bags with wide straps require fabric with

density of 300 g/m2. if the big shoppers for voluminous

packaging from supermarket are to be produced, we should

choose density of 500 – 600 g/m2 [4].

canvas – i.e.  raw linen (pic.1 d) is a popular fabric for

packaging. canvas has an original texture. the history of linen

was commenced at the middle ages when a strong sailing

fabric was produced from hemp fibres for the sailing ships.

the modern textile linen has preserved homage for traditions

– a characteristic pattern in a form of weaving. the scientists

distinguish 5 advantages of packaging (bags) made of linen

fabric: long-lasting, with a high resistance, pleasant and rather

soft in touch, having the effect of breathing material, and

practically dirt-resistant. it may be easily decorated with thermal

printing [5]. the samples of the textile packaging are given 

in pic.2. 

the aim of the present study was to examine the mechanism

of adhesion of paint to the fabric on packaging during thermal

revIeWed artIcle
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transfer printing, with the consideration of their physical and

mechanical properties and modes of technological printing. 

obJECTS ANd mEThodS of TESTING 

One type of fabric from which the packaging (bags) was

produced, i.e. polyester fabric made of polyester fabric with

polyethylene terephthalate was chosen for the tests [6].

printing of the test scale on the fabric (pic.3) was carried out in

thermo transfer press eB 380 fn by eVer Bright mAchinery

cO. Ltd in the manufacturing conditions of LLc “eney” company

in Lvov. the printed image was transferred to the textiles in the

following conditions: work temperature: 140°c, transfer time 

– 5 seconds, pressure – 3-4 bars. for printing, the plastic inks

of the series Antex, nf, including nf 82 (purple), nf 83 (yellow),

nf 84 (blue) and nf (black) were used. to increase the adhesion

of the ink to the fabric, the coarse transfer adhesive tm 200

was employed. the mentioned transfer was carried out from

paper 90/m2. the physical and mechanical properties of

packaging made of textile material were determined according

to the following indicators: breaking strength, stretching of

material at maximum effort which was tested in breaking

machine rt-250 m-2 in conformity with dstu en isO 13934-

1:2008. As the packaging made of textile materials is reusable

type of packaging, the test of changes in the dimensions of

the discussed fabric after washing were carried out (dstu

gOst 30157.0:2003). the electronic microscope tests were

performed in scanning electronic microscope JeOL Jsm-t220A

by a standard method [7]. to carry out the mentioned test, the

surface of the fabric was metalized by a thermal sprinkling of

a thin copper layer (up to 10 nm). the sprinkling was carried

out with the use of sprinkler Vup-5.

thermal tests of the samples of the printed images (fig.3) on

the textile materials were carried out on a derivate of system

Q-1500d “paulik – paulik – erdej” with the computerised

registration of analytical signal of the weight loss and thermal

effects. the samples were analysed by a dynamic method, with

the rate of heating equal to 5°c/min at the air environment.

the weight of the samples amounted to  100mg; aluminium

oxide Al203 was the reference substance.     

ThE RESulTS of ThE TESTS 

in the case of textile packaging, the resistance of the fabric is

an important issue, especially its breaking strength. the

physicochemical tests of polyester fabric, used in the tests,

were carried out in accordance with the respective standards.

the obtained results confirmed the consistence of the values

with the required standards. 
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during the thermal transfer printing, the textile packaging is

subjected to the impact of high temperatures. the method of

thermal transfer printing consists in the application of image

on intermediate paper (ribbon) with its later transfer on the

printed material. the transfer and fixation is resulting from the

effect of a high temperature. the transfer of the printed image

is implemented with the use of “ordinary” thermal transfer paints

(plastic or those on the water basis). in the discussed case,

the image is printed in a mirror-like way, the colours are printed

in a reverse sequence and finally, the layer of adhesive is placed,

using a template (alternatively the adhesive in a dry form is

placed on a wet layer of paint). 

the composition of the thermal transfer ink includes not only

pigment but also polymer. After heating up, it is melted and

transferred onto a paper and then, solidified again. the

advantage of thermal transporter consists in a good resistance

of the paint fixation on the printed material. 

dtA curve of the fabric (polyester) sample (pic. 4) in the range

of temperature of 20 – 270°c shows small endothermic effects

which are not accompanied by the loss of the sample’s weight

and they correspond to processes of vitrification, softening and

melting of polyester (pe) [8]. At the temperatures higher than

350°c, the active destructive and thermostatic processes occur

in the samples of the polyester fabric; their culminating point

is combustion of the destructive products. it is evidenced by

intensive loss of the weight of the sample and occurrence of

meaningful exothermal effects on dtA curves. 

the samples of polyester fabric with the printed image are

characterized by a lower heat resistance as compared to 

the samples without paint. it may be explained by the increased

capability of paint elements to heat evaporation. the

thermogram of the packaging sample with the printing on the

polyester fabric (pic. 5) shows that in the range of 304 – 359°c,

the loss of the sample weight is found (1.75%) what is

accompanied by exothermic effect on dtA curve. it is caused

by a leakage in the sample during the initial process of thermal

transfer. contrary to the sample without printing in a given

packaging, the thermal coupling processes run at temperatures

higher than 350°c.

We should notice that in all cases, the active processes of

thermal transfer and the processes of combustion of the

products, destructing the fabric samples and printed thermo-

transferred images proceeded less intensively as compared to

the samples of pure non-printed fabric. it was reflected in phasic

and less intensive weight loss of the sample at temperature

above 248°c and occurrence of slower exogenous effects on
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dtA curves. the lower capacity of combusting the printed

samples of fabric results, probably, from the presence of the

paint components which might slow down the combustion

processes. 

the tests of the samples with the thermal transfer printing, as

made under the electronic microscope, allowed identification

of mechanism of paint fixation. polyester belongs to the class

of polymers, containing a series of repeating significant groups

in the polymer chain.  the fibrous fabric has a curved pipe-like

or cylindrical shape with microscopic pores and breakings. On

the surface of the fibre, there are stains with irregular shape.

the micrographs show that polyester materials are twisted

mutually in a form of microfiber intertwining (pic. 6). the threads

twisted from the fibres have a great number of capillary

channels which are able to attract paint during colouring of the

fabric. As it was shown in the electronic microscope, the cross-

section of the fiber tissue resembles a shape similar to circle. 

printing on the textile material is performed with the use of

plastisol paints. plastic paints do not penetrate deeply the
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textile fibres, do not colour them but expose (distinguish) them,

generating mainly mechanical coupling. it is distinctly visible

in fragments of the cross-section of the images, printed on the

bags, and made with the use of purple and black paints (pic. 7).  

As the paint is produced on the basis of polymers, the main

components of which include pVc and plasticiser, the

preservation of the image, transferred onto the fabric after

heating up in the heat press occurs after the complete

polymerisation (pic. 8). 

the analysis of the studies of the earlier authors [9] suggests

that during thermal transfer printing on the fabric packaging, a

physical heat sorption or chemical sorption of paint colours

has place on the external (outer) surface of fibre. fibres are

two-phase, non-uniform in respect of their physical structure;

the ratio between phases is dependent on the technological

nature of their generation. According to scientists ( ), three-

dimensional (3d) properties of fibres play the important role 

in preservation of the printed image. the exchange of weight

occurs due to the diffusion flows in outer and inner environment.

the fibre of the fabric, i.e. constant porous polymer is usually

the mentioned medium. transfer of the paint, as affected by

the pressure and temperature is performed in few stages: firstly,

in macropores, that is, in the empty spaces between the fibres

and then, on the surface of the fibres where the catalyst of

polymerisation is released due to the effect of temperature.

the interfacial mask of the colour transfer is ended by the

image preservation on the fabric in the process of the complete

polymerization of the paint. the rate of the preservation of 

the image may theoretically depend on the kinetics of the

polymerisation process and on the diffusion of colour in the

outer phase on the surface of the fiber, paint heat sorption 

on the surface of the fabric and adhesion of the paint to

microspores of the surface layer of the fibres. 

technological factors of heat transfer (temperature, pressure,

time of contact with the textile, thickness of paint layer in the

repeatable image) have a meaningful effect. Volume of fibre

has an influence on the processes of partial paint sorption on

its surface. properties of 3d fibres are determined by a thin

ultra-molecular structure and play the important role in

preservation of the printed image on a textile packaging. to

produce a high-quality printed image, fibre must possess active

centres on which a given colour may be absorbed. the presence

of the examined tissue fibres and system of pores, creating 

a developed internal surface (volume) as examined under 

a microscope, allows obtaining the printed images of high-quality.
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CoNCluSIoNS

the conducted analysis has confirmed the perspectives for

utilization of heat transfer printing in decoration of fabric

packaging. to ensure the quality of print, we should consider

the structure of textile material and technological methods 

of transferring the image. 

mechanism of generating the thermo-transfer image on the

fabric packaging, using the heat press is dependent on

technological methods of printing, structure of fabric, paint

polymerisation on the surface of fiber, adhesion of the paint to

the surface of the textile, in particular, the adhesion to the

surface of the fiber. 

the discussed complicated process requires deeper further

tests, in particular concerning the effect of the percentage of

synthetic fibres in the fabric and the thickness of paint payer

on the quality of the printed image. <<

reFereNceS 

1. h t t p s : // b i o t e c h n o l o g i a . p l / t e c h n o l o g i e / p o r o z m a w i a j m y - o -

opakowaniach,18777

2. http://drukarstvo.com/termotransfernyj-druk/ © (portal poligraficzny) 

3. dmitrij shchesiuk 2011. «druk na tkaninie». print plus 2 : 44 – 54. [printing

on fabric]

4. Liubow dolgushina 2021. «Wpływ temperatury na materiały włókiennicze 

i możliwości identyfikacji tkanek». syberyjski biuletyn strażacki i ratowniczy

3 (22): 64 – 70. [temperature impacts on textile materials and the possibilities

of identifying the tissues. siberian fire-protection and rescuing bulletin]

5. drukowanie na tkaninach. metody oraz cechy nadruków//https://www.biznes-

mentor.pl › [printing on textiles. the methods and properties of printings] 

6. horst köpnick, manfred schmidt, Wilhelm Briuging, Jorn rüter, Walter

kaminsky. 2000. polyesters. ullmann’s encyclopedia of industrial chemistry,

623-649.

7. Jon goldstein. 1984. rasterowa mikroskopia elektronowa i mikroanaliza

rentgenowska. moskwa: Wydawnictwo mir. [raster electrone microscopy

and X-ray microanalysis].

8 Walerij niżnik, taras niżnik. 2009. fizykochemia polimerów. kijów:

Wydawnictwo centrum fitosocjalne. [physico-chemistry of polymers. kiiv,

publishing house: phytosocial centre]

9. svitlana havenko, hatalia menżyńska, svitlana khadzynova. 2013. «Ocena

jakości nadruku termotransferowego na etykietach i metkach odzieżowych».

przegląd papierniczy 9 : 481-485.[“evaluation of the quality of thermal transfer

printing on labels and clothing tags”, paper review] 

revIeWed artIcle

PIc. 8. mIcroPhoTogrAPhy oF TISSue FrAgmeNT: 

A – wIThouT PrINTINg; b – wITh PurPle PrINTINg; c – wITh blAck PrINTINg  

A b c

ArTIcle reVIewed:

receIVed 15.01.2022 / AccePTed 20.03.2022



18

pAckAging reVieW 1/2022

bEATA KuŻdowICz, mSC / oRCId: 0000-0003-0681-6900  

SEbASTIAN bANASIAK / oRCId: 0000-0002-8882-0024

łukasiewicz institute Of technOlOgY, łódź

modulAR PRoduCTIoN SYSTEm 
of PACKAGING of SRP TYPE – TESTING 
of PACKAGING IN dIffERENT CoNdITIoNS.
PART 1. NoRmAl TEmPERATuRE 

INTRoduCTIoN 

packaging plays the important role in the economy of each

country. therefore, packaging industry to-day is racing in

respect of designing and production of packaging and

packaging modules which serve many different functional

applications. from among many solutions, we should

distinguish shelf ready packaging (srp). it represents the

common present trend in exposure of consumer goods,

facilitating reduction of service and logistics costs, with the

simultaneous increase in value of the product’s presentation 1.

the present study was undertaken with the aim to conduct the

tests of packaging, having the application in the market as

“ready to be placed on the shelf” (srp – shelf ready packaging).

their design and production were necessitated by the

producers; they resulted from the need to lower the costs of

work in trading facilities, reducing the time period, dedicated 

to arrangement of the products on the shelves, abbreviating

the time of identification of the products within the shop and

increasing the purchase attractiveness.

the planned cycle of the test of packaging at a normal

temperature constitutes the first part of the project, the aim of

which is the attempt to minimize the producers’ costs of srp

packaging production as not to become a factor, significantly

affecting the manufacturing costs.

ABSTRACT: the article presents the results of research on the resistance of packaging to static pressure. the test was carried out on plaform® trays
without a barrier coating and using the ukaphob hr 530 barrier at a normal temperature, assuming a wide range of humidity. in order to determine the
effect of the increased cardboard humidity on the value of resistance to static pressure, the tests were carried out after air-conditioning of the packaging
in six different climatic conditions.
Key words: packaging boards, variants of research on the resistance to static pressure

STRESZCZENIE: w artykule zaprezentowano wyniki badań odporności opakowań  na nacisk statyczny. Badanie przeprowadzono na tacach plaform® bez
powłoki barierowej i przy zastosowaniu bariery ukaphob hr 530 w temperaturze normalnej, przyjmując przy tym szeroki zakres wilgotności. dla określenia
wpływu zwiększonej wilgotności tektury na wartość odporności na nacisk statyczny, badania wykonano po klimatyzowaniu opakowań w sześciu różnych
warunkach klimatycznych.
Słowa kluczowe: tektury pudełkowe, warianty badań odporności na nacisk statyczny 
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shelf ready packaging (srp) is a very popular group of the so-

called packaging ready to be placed on a shelf. it is a sort of

grouped packaging which, apart from the transport function,

play many other additional functions such as exposure 

or promotion (advertisement). the discussed packaging

simplifies a logistic process – there is no necessity of placing

the unitary products on the shelves. the packaging itself may

be easily placed on the shop shelf and opened. it facilitates

optimization of the current supplementation of the shelves 

and increases the purchase attractiveness. srp packaging

considers many constructional solutions. they are widely

employed as packaging of fast moving consumer goods (fmcg

– fast moving consumer goods).

plaform® pattern was developed by the international paper

more than 30 years ago and now it is the packaging which is

most frequently used in transport and exposure of fruits 

and vegetables. Owing to its construction and speed of folding,

it is also the most profitable packaging solution 2. they bear

the overprints with information on product and brand. 

plaform® tray shows the products well and ensures an easy

access to them. it allows application of attractive design and

overprints, with the promotion of trade mark. 

the properties of the discussed trays are as follows:

– good visibility of the exposed products and easy access;

– perfect protection of the products during transport;

– economic solution, serving simultaneously the transport

and exposition;

– effectiveness of storage – they may be stored in a flat form

before their folding;

– easy and quick folding, manually or mechanically;

– the possibility of placing design and overprints, promoting

the trademark of the customer.

plaform® tray is used in transport and retail sales of food

products (rrp), including fruits and vegetables, fish and

seafood, poultry and meat; it also employed in far distance

exports. 

packaging stacked on pallets (palletized) are characterized 

by one of the basic resistance properties of the packaging used

in transport and storage as well as a shop exposition. it is

resistance to static pressure. the mentioned property is

determined by Box compression test (Bct). 

it is the method for testing the resistance to compression 

of ready formed box. the mentioned test may be used in

evaluation of the properties of a given packaging in respect 

of its resistance to pressure of a degree of the protection of 

its contents from the effect of the crushing forces. 

the discussed test may be conducted as an individual testing

in order to examine the consequences of the pressure or

stacking effect (deformation, crushing or breaking) or as a part

of complex study, carried out with the aim to determine the

resistance of the packaging to the threats, occurring in trade
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turnover where the damages may be caused by the pressure

or stacking. 

Bct test is a very good method for optimization of packaging

costs. it has been revealed that the boxes made of the same

types of paper possess different resistance values. Optimum

packaging is such which obtains the required resistance (Bct)

at the possibly lowest costs. the technology of paperboard

production has a deciding meaning. 

paperboard is the environment-friendly paper material, used in

packaging and protection of goods and in production of

packaging. We can distinguish solid and corrugated paperboard.

the solid paperboards are composed of one or few layers of

paper mass, being wet combined during the manufacturing

process, without use of adhesive. the corrugated paperboard

is a packaging material consisting of alternatively arranges and

glued flat and corrugated layers. depending on the number of

layers, we can distinguish single face corrugated board, double

faced board, three-, four- layered boards and double wall

corrugated board and corrugated seven-layered cardboard.

Owing to its properties, the corrugated cardboard is highly

appreciated packaging. the layers of the corrugated board

affect good shock absorption abilities; due to this fact, the

boxes protect sufficiently the packaged products from

mechanical damages 3. 

the corrugated paperboard is the most frequently employed

material in production of packaging. it is manufactured in

different varieties and its strength parameters may be shaped

within very wide limits. the properties of the corrugated board

are dependent, inter alia, on the semi-products and auxiliary

materials, employed in its manufacture. paper is the main raw

material used in production of the corrugated cardboard.

the shape and the size of waves is a characteristic feature of

the corrugated paperboard. the process of forming the waves

and its gluing with flat layers has a basic meaning for the quality

of the corrugated paperboard. A high wave causes that the

paperboard has better springiness and higher rigidity whereas

the paperboard with a lower wave has better resistance to flat

crushing what causes a smaller risk of the cardboard puncture.

depending on the dimensions of the wave i.e. height of the

wave (distance of the top of the wave from the basement or 

a distance between two flat layers) and its density, we can

distinguish different type of waves 4.

3 Modular production system of packaging of Srp type – testing of packaging, the test conducted for prOTiM Ltd., poznań 

4 korzeniowski a., commodity science of industrial products, part iii. Testing of the quality of the products, ed. by ae, poznań 2006 

PIc. 2. PAckAgINg INduSTry To-dAy IS rAcINg IN reSPecT oF deSIgNINg ANd ProducTIoN oF PAckAgINg ANd PAckAgINg moduleS whIch SerVe

mANy dIFFereNT FuNcTIoNAl APPlIcATIoNS
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TAb. 1. coNdITIoNINg beFore The TeSTS: 24 h, TemPerATure T 23°c, relATIVe humIdITy rh 50%, bcT TeST wIThouT bArrIer

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              3,5                                      3,9                                    3,6                                    3,9                                       4,1                                 3,80

TAb. 2. bcT TeST wITh The bArrIer

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              4,2                                      4,6                                    4,7                                    4,2                                       4,9                                 4,52

TAb. 3. coNdITIoNINg beFore The TeSTS: 24 h, TemPerATure T 23°c, relATIVe humIdITy rh 60%, bcT TeST wIThouT bArrIer 

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              4,1                                      4,1                                    4,3                                    4,3                                       4,2                                 4,20

TAb. 4. bcT TeST wITh The bArrIer 

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              4,3                                      4,5                                    4,2                                    4,1                                       4,8                                 4,38

TAb. 5. coNdITIoNINg beFore The TeSTS: 24 h, TemPerATure T 23°c, relATIVe humIdITy rh 70%, bcT TeST wIThouT bArrIer

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              3,9                                      4,0                                    3,9                                    3,9                                       4,3                                 4,00

TAb. 6. bcT TeST wITh The bArrIer 

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              4,0                                      4,0                                    3,9                                    4,0                                       3,2                                 3,96

TAb. 7. coNdITIoNINg beFore The TeSTS: 24 h, TemPerATure T 23°c, relATIVe humIdITy rh 80%, bcT TeST wIThouT The bArrIer 

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              3,4                                      3,5                                    3,4                                    3,3                                       3,0                                 3,32

TAb. 8. bcT TeST wITh The bArrIer 

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              3,7                                      3,3                                    3,3                                    3,4                                       3,5                                 3,44
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ThE AIm ANd ThE SCoPE of ThE STudIES

in the research part of the study, the program of the tests of

plaform® trays made of double wall corrugated board without

barrier coating and with the application of ukApphob hr 530

barrier, was implemented. mechanical properties of paper,

corrugated paperboard and the performed packaging vary

according to the change in the humidity of the ambient air.

therefore, general assumptions of the research work consisted

in determination to what degree the conditions of temperature

and humidity of conditioning of the paperboard affected its

properties and how the characteristics of the paperboard was

changing together with the change in the mentioned conditions. 

the tests of the resistance of the packaging to the static

pressure (Bct) by the method specified in standard pn-en isO

12048:2002e 5 at a normal temperature, were carried out for

six conditions of air-conditioning.  

revIeWed artIcle

TAb. 11. coNdITIoNINg beFore The TeSTS: 24 h, TemPerATure T 15°c, relATIVe humIdITy rh 85%, bcT TeST wIThouT The bArrIer

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              2,7                                      2,8                                    3,1                                    2,9                                       3,1                                 2,92

TAb. 12. bcT TeST wITh The bArrIer

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              3,0                                      3,0                                    3,1                                    3,0                                       3,2                                 3,06

TAb. 13. bcT TeST

                                                         1                                         2                                        3                                       4                                          5                                      6

BcT without barrier                     3,80                                   4,20                                  4,00                                  3,32                                    2,42                                2,92

BcT with barrier                          4,52                                   4,38                                  3,96                                  3,44                                    2,58                                3,06

rH [%]                                             50                                      60                                     70                                     80                                       90                                   85

Temp. [°c]                                       23                                      23                                     23                                     23                                       23                                   15

TAb. 9. coNdITIoNINg beFore The TeSTS: 24 h, TemPerATure T 23°c, relATIVe humIdITy rh 90%, bcT TeST wIThouT The bArrIer

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              2,5                                      2,4                                    2,4                                    2,3                                       2,5                                 2,42

TAb. 10. bcT TeST wITh The bArrIer 

no of sample                                  1                                         2                                        3                                       4                                          5                                  Mean 

F [kn]                                              2,7                                      2,5                                    2,7                                    2,4                                       2,6                                 2,58

5 pn-en iSO 12048:2002 packaging – complete, filled transport packages – compression and stacking tests using a compression tester 
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PRePaRation of tHe samPles 

for the tests, the packages conditioned according to criteria

adopted for stage 1 – preparation of the samples at a normal

temperature, were used.   

there were carried out 5 determinations for each plaform® tray

without barrier coating and with the application of ukApphob

hr 530 barrier, successively for six climatic conditions.

tHe Results of deteRmination 

the test of boxes’ resistance to static pressure were conducted

without the contents, until loss of rigidity of packaging, with

the registration of the level of compressing force at this

moment, expressed in kn. the test of the resistance to pressure

determines the resistance of the package to compression. it is

expressed by the value of force, acting directly on the box during

its compression, causing its destruction or deformation. 

the tests of the boxes’ resistance to pressure were carried out

using Lorentzen& Wettre press type ct 100 with mechanical

drive. the mentioned press consists of two rigid flat plates.

the upper plate is a mobile compressing plate. the maximum

force of the pressure by the described equipment is equal to

100 kn. the rate of the press move during the test amounted

to 5 mm/min. 

ThE RESulTS of ThE TESTS

the results of the conducted tests have been given in tables

and in diagrams, representing the range of the values of the

examined parameters. 

the tables show the results of the test of resistance to a static

pressure (Bct, compression test) at a normal temperature,

successively for six conditioning variants for packaging –

plaform® tray made of paperboard without barrier coating and

with the application of the mentioned barrier.

SummING uP

in stage 1 – testing of packaging at a normal temperature, the

determinations have been carried out and the results for

plaform® tray packaging made of paperboard without barrier

coating and with the application of the mentioned barrier,

successively for six climatic conditions have been submitted.

the obtained values of determinations were given in the tables,

showing the mean results for the selected climatic conditions.

the analysis of the results of the obtained values of resistance

to a static pressure (Bct, compression test) for plaform® tray

packaging indicates that the most favourable results were

obtained for paperboard packaging with the application of

barrier at the temperature of 23°c and relative humidity (rh)

50%. under the successively increased humidity conditions,

Bct values were distinctly dropping for the paperboard without

the barrier as well as with its application; the paperboard with

the barrier revealed better properties. 

the obtained values of determinations were given in linear

diagram, illustrating the relation of Bct value depending on

different conditioning variants. 

revIeWed artIcle
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dIFFereNT coNdITIoNINg VArIANTS.
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the analysis of the results of stage 1 allows the conclusion

that the conditions of packaging conditioning at various values

of relative humidity affected significantly the results of

determinations of the performed tests, both for packaging and

paperboards without the coating and with its application. 

When comparing the results for the selected conditioning

variants and their mean values, certain regularities were

recorded. the results of Bct determination for plaform® tray

packaging are most favourable for the conditions t=23°c and

rh = 50% for the packaging without coating as well as in the

case of its application. throughout the whole cycle of the test

with the successive use of all conditioning variants, the more

favourable results were decidedly obtained for the packaging

with the barrier. 

the above fact indicates that the circumstances of conditioning

the paperboard have the effect on the results of the conducted

tests. higher values of relative humidity have a negative impact

on Bct test, decreasing the resistance properties of paperboard.

When analysing the obtained results of the performed

determinations, we may observe that the highest differences

were recorded in the comparison of the results obtained for

the lowest and the highest conditions of relative humidity. <<
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NEw moNoGRAPh 

oN PACKAGING PRINTING

in mid -fe bru ary 2022, Ofi cy na Wy daw ni cza po li tech ni ki 

War szaw skiej (pu bli shing ho use of the War saw uni ver si ty of

tech no lo gy) pu bli shed a mo no graph au tho red by mrs. ka ta -

rzy na pił czyń ska, phd, en ti tled: „in du strial di gi tal prin ting of

pac ka ging ma te rials and pac ka ging”. the re vie wers of the mo -

no graph we re: ste fan Ja ku ce wicz, ph. d., pro fes sor of War saw

uni ver si ty of tech no lo gy and svi tla na kha dzhy no va, ph. d.

the mo no graph con si sts of three chap ters. 

– chap ter 1: in tro duc tion, which de fi nes the ba sic terms and

con cepts used in the mo no graph, na me ly: the sco pe of the

term pac ka ging, the di vi sion of sub stra tes for in du strial

pac ka ging prin ting and the ge ne ral cha rac te ri stics of di gi -

tal prin ting tech ni qu es. 

– chap ter 2: cha rac te ri stics of di gi tal prin ting tech no lo gies

in c lu ding tho se used for pac ka ging prin ting to ge ther with

a stu dy of the qu ali ty of the prin to uts ob ta ined. 

– chap ter 3: pro duc tion di gi tal prin ting sys tems. the mo no -

graph ends with conc lu sions. 

the work is a re la ti ve ly small vo lu me of 88 B5 pa ges, edi tion

of 100 co pies, pri ce 20 pLn. to be pur cha sed on li ne at the 

pu bli shing ho use of the War saw uni ver si ty of tech no lo gy.

the bo ok is the re sult of lec tu res and re se arch work con duc -

ted at the de part ment of prin ting tech no lo gy of the in sti tu te

of me cha nics and prin ting at the War saw uni ver si ty of tech -

no lo gy. it is in ten ded for stu dents and scien ti fic em ploy ees in -

vo lved in di gi tal prin ting tech ni qu es – espe cial ly pac ka ging and

pac ka ging ma te rials.

it is the first bo ok on o po lish pu bli shing mar ket de aling with

the is sue of di gi tal prin ting of pac ka ging in du stry pro ducts. <<

Nowa monografia poświęcona opakowaniom

w po ło wie lu te go 2022 ro ku Ofi cy na wy daw ni cza po li tech ni ki war szaw skiej wy da ła mo no gra fię au tor stwa pa ni dr inż. ka ta rzy ny pił czyń skiej pt. „prze my -
sło we dru ko wa nie cy fro we ma te ria łów opa ko wa nio wych i opa ko wań”. re cen zen ta mi mo no gra fii by li: dr hab. inż. Ste fan Ja ku ce wicz em. prof. uczel ni – 
po li tech ni ka war szaw ska i dr hab. inż. Svi tla na kha dzhy no va – po li tech ni ka Łódz ka.
Mo no gra fia skła da się z trzech roz dzia łów. roz dział 1. wpro wa dze nie, w któ rym zde fi nio wa no pod sta wo we ter mi ny i po ję cia sto so wa ne w mo no gra fii,
a mia no wi cie: za kres ter mi nu opa ko wa nie, po dział pod ło ży do prze my sło we go dru ko wa nia opa ko wań oraz ogól na cha rak te ry sty kę cy fro wych tech nik 
dru ko wa nia. roz dział 2. cha rak te ry sty ka tech no lo gii dru ko wa nia cy fro we go z uwzględ nie niem sto so wa nych do dru ko wa nia opa ko wań wraz z ba da niem
ja ko ści uzy ska nych od bi tek. roz dział 3. pro duk cyj ne sys te my dru ko wa nia cy fro we go. ca łość za my ka ją wnio ski koń co we. pra ca jest sto sun ko wo nie wiel -
kiej ob ję to ści 88 stro nic B5, na kład 100 egz., ce na 20 zł. Do na by cia in ter ne to wo w Ofi cy nie wy daw ni czej po li tech ni ki war szaw skiej.
książ ka jest efek tem pro wa dzo nych wy kła dów i prac ba daw czych w Za kła dzie Tech no lo gii po li gra ficz nych in sty tu tu Me cha ni ki i po li gra fii w po li tech ni ce
war szaw skiej. Jest prze zna czo na dla stu den tów pra cow ni ków zwią za nych z cy fro wy mi tech ni ka mi dru ko wa nia – szcze gól nie opa ko wań i ma te ria łów
opa ko wa nio wych.
Jest to pierw sza książ ka na na szym pol skim ryn ku wy daw ni czym po dej mu ją ca za gad nie nie dru ko wa nia cy fro we go pro duk tów prze my słu opa ko wa nio we go.
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editOr Of the packaging review

ExhIbITIoN TRIo foR ThE CoNvERTING

ANd CoRRuGATEd PACKAGING INduSTRY

On march 15-17th 2022, ice europe, cce international and

inprint munich took place side-by-side at the munich trade 

fair centre in germany, providing the industries with a much-

needed live event. the three specialised exhibitions marked

a long-awaited return of unrivalled business and networking

opportunities. A total of 10,618 attendees from 65 countries

came to the Bavarian capital to discover machinery, systems,

materials, and accessories, of which 5,675 were trade visitors.

A total of 474 exhibitors from 23 countries presented their

latest technologies on a net exhibition space of some 12,500

square meters.

the majority of visitors came from germany, italy, uk, spain,

Austria and france. the most important exhibitor countries

were germany, italy, france, uk and switzerland. taking place

in early 2022, the exhibitions set a milestone for the whole

converting, corrugated and industrial print industry since the

outbreak of the pandemic. 

To provide a central platform for the industries and to bring the

right people together to do business has always been our

contribution to the economy – says nicola Hamann, Managing

Director at Mack-Brooks exhibitions. – However, it was more

important than ever to do our job this year. And I must admit, it felt

good to see the appreciation in the attendees” smiles and to get

the mainly positive feedback from all participants.

the results of the visitor analysis have also shown that the

visitors mainly came from the following industry sectors: 

– packaging, printing, plastics, engineering, paper, chemicals,

automotive, textiles and nonwovens as well as electronics

(ice europe)

– corrugated board plants and sheet plants, packaging,

printing, folding carton converters, packaging designers and

specifiers, corrugated sheet feeders (cce international)

– printing industry, packaging industry, manufacturing

industry, designer/advertising agency (inprint munich) 

INduStry eveNtS

A ToTAl oF 10,618 ATTeNdeeS From 

65 couNTrIeS cAme To The bAVArIAN

cAPITAl To dIScoVer mAchINery, SySTemS,

mATerIAlS, ANd AcceSSorIeS, oF whIch

5,675 were TrAde VISITorS.
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With ICE Europe, CCE International and InPrint Munich we provided

a central marketplace for industry specialists in times where it was

needed the most – explains patrick Herman, event Director of

the converting, paper and print events at Mack-Brooks

exhibitions.  – Both exhibitors and visitors were highly satisfied

with their newly established business relations. Some exhibitors

were even able to sell their machines on-site.

ICE Europe 2022 provided the ideal platform to finally meet with

our existing and new customers again. We were really happy to be

back on the show grounds and meet with people in person after

such a long time. The quality of the generated business leads at

our booth was outstanding and for us the exhibition was a success.

We are looking forward to coming back next year – said Dirk

Schröder, Sales Division Manager, erhardt+Leimer gmbH.

ICE AwARdS 2022 
& ExTENSIvE CoNfERENCE PRoGRAmmES

for the third time, the organisers mack-Brooks exhibitions

honoured best practice, excellence, innovation and outstanding

achievements of exhibitors with the ice Awards, in three

categories: “digital converting solutions”, “sustainable products

and manufacturing processes”, and “efficient production

solutions”. nicola hamann, managing director of mack-Brooks

exhibitions, presented the ice Awards 2022 to the exhibiting

companies on the first day of the show. the winners had been

determined via an online voting on the show website. A total

of 29 exhibitor entries made it onto the short list; and some

1,000 industry experts cast their vote to establish the winners

of the individual categories.

the company dienes Werke für maschinenteile gmbh & co.

kg. received 44% of all votes in the category “digital converting

solutions” and won an ice Award for their teOc AddOn – the

connectivity device for knife holders. teOc is processing the

collected machine-, environmental- and service data and the

findings based on further data analysis are used primarily in

INduStry eveNtS

oN mArch 15-17Th 2022, Ice euroPe, cce INTerNATIoNAl ANd INPrINT muNIch Took PlAce SIde-by-SIde 

AT The muNIch TrAde FAIr ceNTre IN germANy, ProVIdINg The INduSTrIeS wITh A much-Needed lIVe eVeNT.
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process optimization at the customer's site to reduce machine

downtime and increase productivity.

in the category ‘sustainable products and manufacturing

processes”, the company WOrk microwave gmbh received

52% of all votes and won the ice Award for their WOrksens

sr series. this solution offers an extensive solution for

continuous accurate inline moisture monitoring during product

manufacturing, which is able to integrate in established lines

and is harmonizing with new digital industry-4.0 concepts.

With 53% of all votes, the company tesa se won the ice Award

in the category ‘efficient production solutions” for its tesa®

51948 Black X, which provides excellent wetting properties on

high-slip films to ensure a secure splice performance even at

high machine speeds and reduces waste at the same time.

the comprehensive conference programme at inprint munich,

powered by XAAr and hosted by Werner Zapka (WZA-consulting)

offered attendees exciting insight into market developments

and innovative projects. With more than 60 speaker slots on

two bespoke conference stages, including the futureprint

sessions hosted by frazer chesterman and marcus timson,

there were plenty of topics to choose from. the cce Open

seminar sessions featured case studies, technical talks and

panel discussions on the latest trends and developments in

the corrugated and cartonboard industry.

dATE of ThE NExT Show

many exhibitors at this year’s show have already announced

that they will exhibit again at the next ice europe, cce

international and inprint munich 2023. the next editions will

take place from 21 – 23 March 2023 at the Munich Trade Fair

centre in germany. <<

INduStry eveNtS

mANy exhIbITorS AT ThIS yeAr’S Show

hAVe AlreAdy ANNouNced ThAT They wIll

exhIbIT AgAIN AT The NexT Ice euroPe, cce

INTerNATIoNAl ANd INPrINT muNIch 2023.
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the 14th edition of the international packaging fair packaging

innovations will take place on may 31st – June 1st 2022 in

Warsaw eXpO XXi Warsaw. packaging innovations is one of

the few trade fairs in poland which – despite the pandemic – 

has maintained its continuity and has even been expanded to

include new formats. As a preview to the tradeshow online

events are held and allow the visitors to stay in touch with the

industry and provide access to knowledge and business

contacts to those who cannot attend the fair in person. the

theme of the fair is eco-packaging and e-commerce, and

exhibitors will present their solutions in as many as 10 thematic

zones! 

the event has gained popularity among many industries like

food, cosmetics, chemicals, pharmaceuticals, automotive,

electronics and transport. it is a great opportunity to learn about

innovations, see the latest solutions and establish valuable

contacts. this is what Bartosz Suski, area sales manager at

Jokey poland Sp. z. o.o., had to say about last year's meeting:

The name of the trade fair – Packaging Innovations – sounds

adequate to what happens at the event, which is why we exhibit

here. For us it’s a platform for gaining knowledge, learning about

trends, seeing what is happening on the market and what we can

later adopt in our products.

TRENdSETTING EvENT

packaging innovations presents solutions that set european

and global industry trends, such as eco-packaging. One example

is rbeco – one of this year's exhibitors, a manufacturer and

exclusive distributor of innovative and ecological products for

INduStry eveNtS

TRENdS ANd KNowlEdGE 

AT PACKAGING INNovATIoNS fAIR 

The eVeNT hAS gAINed PoPulArITy AmoNg mANy INduSTrIeS lIke Food, coSmeTIcS, chemIcAlS, 

PhArmAceuTIcAlS, AuTomoTIVe, elecTroNIcS ANd TrANSPorT.
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luxury and industrial packaging. the company's offer includes

ecological fillers, which perfectly fill the inside of the box. that

can be later finished with a sticker or a ribbon with a perso-

nalized print, which creates a unique unboxing experience. 

BÜhnen, which recently presented the first hot melt adhesive

on an organic basis, or novo-pak, whose priority is packaging

with nature in mind, are innovative in their approach. All pet

bottles can be made with rpet. And the traditional black

pigment can be replaced by a carbon free one that allows

recycling.

KNowlEdGE ShARING

At 14th edition of packaging innovations we will see the

continuation of packaging innovations' original podcasts.

„spakowane rozmowy” (packaged talks) whose topics include

top industry issues such as eco-design of packaging, packaging

for e-commerce, as well as challenges for cosmetic packaging

or legal aspects of packaging usage.

An inseparable element of the fair – the workshops zone – also

seems to be interesting. the knowledge gained at the trade

fair during lectures and presentations is particularly valued by

packaging innovations participants. the topics of the speeches

on the workshops stage will include industry trends, including

eco-solutions and e-commerce. 

A novelty of this year's edition of the tradeshow is free of charge

service of making appointments with exhibitors via the

electronic exhibitor directory.

the possibility of hybrid organization of the fair is both an

opportunity to expand the audience and facilitate access to

industry knowledge and trends, as well as proof that nothing

can replace live meetings. We are convinced that this year's edition

will also surprise the visitors with a rich program, innovative

solutions and the latest trends presented by our exhibitors, but

most of all it will enable them to establish long-term relationships – 

concludes the organizer.

Admission is free, but prior registration at packaginginnovations.

pl is required. <<

INduStry eveNtS

PAckAgINg INNoVATIoNS PreSeNTS SoluTIoNS ThAT SeT euroPeAN

ANd globAl INduSTry TreNdS, Such AS eco-PAckAgINg.
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for the authorS / dla autoróW

INformatIoN for the authorS 

We kindly ask to submit to the editorial office  author’s application
form available at www.packagingreview.eu with contact details, a title
of the proposed article, number of pages, illustrations and tables as well
as a brief abstract. After receiving information about the acceptance of
the proposed article please submit the entire text prepared according
to the editorial instructions as well as a complete declaration form.
submitted articles are subjected to editorial assessment and receive
a formal editorial identification number used in further stages of the
editorial process. every submitted article is reviewed. publication is
possible after receiving positive reviews. 

guIdelINeS for preparINg the artIcleS

– Articles for publication in „packaging review” should have scientific
and research character and focus on innovations, trends and
challenges of the industry.

– Articles must be original, not previously published (if the article is
a part of another work i.e. phd thesis, habilitation etc. the
information about that should be placed in the reference section).

– the article should involve a narrow topic but treated thoroughly
without repeating general knowledge information included in the
widely known literature.

– if the problem is extensive, it should be it split into few articles for
separate publications.

– Articles should be of a clear and logical structure: the material
should be divided into parts with titles reflecting its content. the
conclusions should be clearly stated at the end of the paper.

– the article should be adequately supplemented with illustrations,
photographs, tables etc. however, their number should be limited
to absolute necessity.

– the title of the article should be given in polish and english as well
as the abstract and key words.

– the article should not exceed 10 pages (1 page – 1 800 characters).
– the article should include post and e-mail addresses of the author (s).
– the article should be electronically submitted in *doc or *docx

format and additionally pdf format. equations should be written
in the editors, with a clear distinction between 0 and O. if the
equations exceed the width of column (8 cm) they must be moved,
otherwise use double width column (16 cm).

– the editorial staff does not rewrite the texts or prepare illustrations.
Apart from *.doc, *.docx formats it is recommended to submit the
source files of illustrations (in *.eps, *.jpg or *.tif format).

– drawings and graphs must be clear and fit A4 size of the column.
– the text on the drawings cut to the size must be legible and not

less than 2 mm.
– the authors are required to give at the end of the article a full list

of sources used for the paper. the text must include citation
references to the position of cited work in the bibliography. the
bibliography prepared according to the references in the text must
include: books – surname and first letter of the author’s name, title,
publisher, year and a place of publication (optionally page number),
magazines – author’s name and surname, title of the article, title
of the magazine, number, year and optionally page numbers. the
bibliography should present the current state of knowledge and
take into account publications of world literature.

– the authors guarantee that the content of the paper and drawings 
are originally theirs (if not the source must be included). the
authors by submitting the article transfer the ownership rights to
the publisher for paper and electronic publication.

– the editorial staff will document all form of scientific misconduct,
especially violations of the rules of ethics applicable in science.

“packagINg revIeW” revIeWINg procedure 

“packaging review” quarterly magazine’s reviewing procedure is
multilevel in order to maintain high quality content and consists of the
following steps:
– if editor-in chief decides that provided, scientific article fits 

the journal’s scope, he appoints two reviewers of recognized
competence within the field of research, preferably with professor
or postdoctoral degree. the reviewers are obliged to:
• deliver an objective, independent opinion,
• ensure that there is no conflict of interests – they should have
no personal relationships or business relations with Authors,
• keep any information regarding the content and opinion
confidential.

– When the reviewers are chosen, the editor-in-chief sends them
a written offer with either a short description or an abstract of the
article, defines the range of reviews and sets a deadline.

– if the reviewers accept the offer, the editorial Board provides them
with a full version of the article and an obligatory peer review report.

– reviewers’ personal details are classified and they can be
declassified only at the Author’s request and with the reviewer’s
permission in case the review is negative or the article contains
arguable elements. Once a year, the editorial Board publishes in its
journal the full list of the reviewers cooperating with the journal.

– Once the review process is complete, the reviewer delivers
electronic version of the review by e-mail and the editorial Board:
• informs the Author that the review has been submitted to the
journal (when the reviewer states that the article does not require
corrections or it requires only minor editorial corrections),
• forwards the review with critical comments to the Author, who
is encouraged to make corrections suggested by the reviewer. if
the Author disagrees with certain remarks, he/she is under
obligation to prepare response letter substantiating his position.
• sends the revised article to the reviewer again, if the reviewer
finds it necessary.

– the editorial Board makes the final decision about publishing the
article based on analysis of the review and the revised version of
the article that the Author has resubmitted.

– if one of the reviews is negative, the editor-in-chief makes decision
about rejection of the article or invites an additional reviewer so as
to get an extra opinion before making a decision. When both
reviews are negative, the editor-in-chief rejects the article.

– the final version of the article is sent to the Author.
– non-scientific articles do not need to be reviewed and they are

accepted for publication by the editor-in-chief.

the edItorIal offIce IS Not reSpoNSIble 
for the coNteNt of advertISemeNtS.

E-ISSUE IN PDF IS THE ORIGINAL VERSION.

all ScIeNtIfIc artIcleS are revIeWed.

packaging
Review
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Autorów zapraszamy do publikacji 
na łamach kwartalnika – 20  pkt. MEiN
kontakt: polishtechnical@sigma-not.pl

                tel. 22 818 09 18
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