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Improvement of the physical-mechanical and optical properties of printing
production with biodegradable overprint varnishes
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Due to limited fossil resources and an increased need for environmentally friendly, sustainable technologies,
the importance of using renewable resources in ink and coating industries will increase in years to come. Other than
traditional water-based coatings, which are based on petroleum derivatives, biodegradable coatings focus on resins and
waxes from nature. Biodegradable coatings are based on natural resources for more than 90% and are biodegradable
more than 75%, which makes it possible to dispose coating remains and washing water directly in a clarification plant,
after approval from corresponding authorities. To be able to fully replace the conventional water-based coatings, which
main components are acrylate and styrene acrylate polymers, the biodegradable coatings should be able to cover the
main quality requirements — stable running characteristics on the printing press, scuff and scratch resistance, wet block
resistance and satisfying optical properties. The current research highlights the primary quality differences between
biodegradable and conventional coatings and their optical, chemical and physical characteristics.
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INTRODUCTION

Nowadays we can classify the overprint
varnishes into 4 main groups, depending on their
contents, applications and drying methods — oil-
based, solvent-based, water-based and UV [4, 5].

They are applied on special coating units that
are coupled in-line to the printing press or on off-
line coating machines, outside the printing press or
even printing house.

The following qualities of the printed product
are achieved by coating with a dispersion varnish:
abrasion protection, scuff resistance in a wet
condition (labels), high gloss, silk finish, or matte
effects, hot-seal resistance, gliding quality, deep
freeze resistance, fixing of metallic inks. [6]

In recent years an increasing interest is observed
in development of eco-friendly materials. Oil-based
polymers are slowly being replaced by such from
renewable  resources.  Biodegradability  and
compostability play very important role for
environmental sustainability. Some biodegradable
polymers possess excellent mechanical properties,
thermal and UV resistance; however production
capacity, processing challenges, adhesion, barrier
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properties and the price are not yet on a sufficient
level for the demands of the packaging and printing
industries. Biopolymer dispersions find use in
various applications, such as adhesives, inks,
coatings, etc. From the Biopolymers family only
few cover the performance requirements for
applying on printing products. Because of their
biodegradability, the suitable biopolymers can be
used mainly on printing products with limited
durability requirements.

The Biopolymers Family can be classified in 4
main groups (Fig.1) [7].

Polymer dispersions are stabilized water-borne
emulsion polymers with colloidal particles in water.

Film formation results from the coalescence of
the individual particles held apart by stabilizing
forces. These forces are overcome by the
evaporation of the continuous phase [7].

The goal of this study is to compare 2 types of
polymer  dispersions, their properties and
characteristics, used for the preparation of water-
based printing varnish — the reference dispersion,
based on synthetic polymer — acrylate dispersion
and second one, based on biopolymer.

60 © 2015 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria


mailto:yanko.nedelchev@gmail.com

T. Bozhkova et al.: Improvement of the physical-mechanical and optical properties of printing production...

|  BIOPOLYMERS |
|
l l l |
| Extracted from biomass | | Bio-derived Polymers produced Synthetic
[ | polymers by organisms non-renewables
Polysaccharides Lipids [ [ [ [ [ [
Srgggeﬁm? %’?@g‘:&eg Polylactic | Polyhydroxyalkaonates (PHA) | = >
pectins, qums, acid (PLA) & | | 2 g =
chitosan, etc. and copolymers == - g e E
derivatives 2 3 S Bacterial Y & z =
< < = cellulose, b1 o g >
2|2 2 etc. S EB||Z]||2
Proteins 3 3 g a 2|83
L‘_—y_—l = (= |8 o W :
gl |5 |8 AR
Plant - zein, Animal - casein, 2 T & - » 2
soya, gluten whey, collagen = 2 g 3 < °
= = 3 C o 2z
o o S S
g 12| (3 % g
-
z

Fig. 1. Classification of biopolymers.

EXPERIMENTAL

Materials. As a reference has been used acrylic
water-based multipurpose, gloss varnish with fast
drying speed and high wet block resistance —
ACTEGA Terra Wet GlossG9/535 (45 sec).[8] The
tested varnish was water-based gloss coating, based
on renewable resources - ACTEGA Terra Green
Gloss G5/200 (45 sec).[9]

Methods. Both varnishes were applied on offset
printing press HEIDELBERG CD74 4+L, under
same conditions and initial parameters:

- Material — Carboard — LWC 220 g/m?
- Ceramic Anilox roller — Zecher, 100 L/cm, 60 °

35 p, 13 cm®m?

- IR Lamps power — 15 %, hot air — 100 %
- Temperature in stack —35°C

- Equal press speed — 8 000 sheets/hour

- Applied quantity — 3,5 g/m*

RESULTS AND DISCUSSIONS

The researches over both varnish types - acrylic
water-based ACTEGA Terra Wet GlossG9/535 (45
sec) and water-based gloss coating from bio-
polymer, based on renewable resources - ACTEGA
Terra Green Gloss G5/200 (45 sec), in real
production  conditions, clearly show their
characteristics and performances, when applying on
printed packaging production. The results are given
in Table 1 and Table 2.

Table 1. Properties during coating process.

G9/535 - acrylic ~ G5/200 - bio
Runability Very good Very good
Drying Very good Good
Crackling Very good Very good
tolerance
Foaming tolerance Excellent Acceptable
Two-sided coating Excellent Poor
Table 2. Properties in dry condition.
G9/535 - Gb/200 - Bio
Acrylic
Gloss (Gloss 65/73 GU 53/61 GU
meter—60°)
Rub resistance Good Good
Slip angle (COF) 23° 21°
Wet block Excellent Good
resistance
Cobb (o) 5.90 g/m? 7.33 g/m?
Whiteness/Yello 80.10/- 4.50 79.50/-2.80
whness - R 457
Heat resistance Upto 120°C Uto
150°C

The obtained results in Table 1 and 2 determine
that both varnishes have similar key performance
parameters during the coating process in the
printing machine and don’t have significant
influence on the normal overall production process.
The biodegradable varnish can be used for coating
of packaging products without any specific
preparations and equipment. Its usage doesn’t have
any further interference over the printing machine’s
exploitation. However the results in table 2 are
showing  obvious  performance  differences
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in water absorption test and in optical
characteristics — gloss and whiteness/yellowness,
wherefrom can be concluded, that the
biodegradable varnish, in this form, cannot meet the
criteria for printing packaging from highest quality.

Table 3. Performance during further processing

G9/535 - Acrylic  G5/200 -
Bio
Counter glueing Excellent Good
Hot foil stamping Excellent Excellent
UV varnishing Very good Good
Foil lamination Good Satisfying

The printed product, coated with both varnish
types is used for the production of food packaging,
therefore it needs further processing. Table 3 is
showing the performance of the acrylic water-based
varnish and the biodegradable varnish during
Postpress processing. The research in real
production  environment  shows, that the
biodegradable varnish doesn’t have significant
influence over the production process and its
performance is similar to the acrylic varnish. Both

varnishes have stable runability parameters and can
be used when Postpress finishing is required for the
printing production.

When exposed to aging, the printed production,
coated with both varnish types shows similar
behaviour in their optical characteristics alteration,
which can be neglected, when talking about food
packaging, because of the limited products
expiration dates (cf. Charts 1 and 2).

CONCLUSION

As a result from the tests can be concluded,
that the biodegradable varnish covers the main
quality criteria, required from a water-based
overprint varnish:

— good runability on the printing press
—  satisfying properties in dry condition
— sufficiently good performance
further processing,
However the results clearly show that
biodegradable varnishes still have to face some

during
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challenges, in order to fully replace the
conventional water-based varnishes.

The next step in this direction is the
improvement of the optical, adhesion and barrier
characteristics of the varnish by modifying the
binders or implementing of new additives.
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I[NOAOBPABAHE HA ®U3UKO- MEXAHUYHUTE U OIITUYHU XAPAKTEPUCTUKU HA
INEYATHATA ITPOAYKLUSA C BUOPA3I'PAANM HAIIEYATEH JIAK

T. boxxkona, U. Criupugonos, S. Henenuer*, P. boepa, A. 'anueB

Xumurxomexnonoauuen u memajiypeuden ynueepcumem

byn. Kn. Oxpuocku 8, Cogus 1756

[Toctpnuna Ha 1 asrycr, 2014 r.; npuera na 23 despyapu, 2015 r.

(Pesrome)

IMopagu m3uepnBaHe Ha ()OCHIIHMTE pECypcH M HapacTBaliaTa HYXXOAa OT €KOJOTWYHO YHCTH, YCTONYUBH
TEXHOJIOTHH, HEOOXOIMMOCTTa OT M3I0JI3BAHETO Ha BH30OHOBSIEMH N3TOYHHUIIM B IPOM3BOCTBOTO HA MAacTHJIa U JIAKOBE
IIe HapacTBa Mpe3 MIHWUTE TOAMHM. 3a pas3ifKa OT TPaJUIHMOHHHUTE JIAKOBH IOKPUTHS HA BOJHA OCHOBA, KOMTO ca HA
0aza MEeTpPONHU AEpHBATH, OMOpa3rpaJiMuUTE JIAKOBE ce (POKYCHpAT BBPXY CMOJIM W BOCBHIM OT npuponara. 90% or
KOMITOHEHTUTE Ha OMOpa3rpaiMHTE JIAKOBE Ca OT MPUPOJHH B30OHOBSIEMU U3TOYHUIIM, KOUTO ca OMOPa3rpaJiuMu Ha
moseye oT 75%, K0eTo mpaBy BH3MOXHO M3XBBPISHETO HAa OCTATHINTE AUPEKTHO B KaHAIM3ALKATA, CIIe]] 0100peHHe OT
CBOTBETHHTE BJIACTH. 3a Ja OBJAaT B CHCTOSTHWE HAITBIHO Ja 3aMEHST KOHBEHIMOHAIHUTE JIAKOBE Ha BOJHA OCHOBA,
YHUTO OCHOBHM KOMIIOHEHTH Ca aKpWIHHM M CTHPEH-aKPHIIHU TOJIMMEPH, OMOpasrpaguMHTe JIakoBe TpsiOBa na ca B
CBCTOSIHHME J1a MOKPUAT OCHOBHHWTE HM3WCKBAHMSA 32 Ka4eCTBO — CTAOMIHH XapakTEPUCTHKH IO BpeMe Ha HAaHACSHE B
IeJaTHaTa Mpeca, YCTOMYMBOCT Ha HAIpacKBaHE WM W3TPHBAHE, BIArOyCTOWYMBOCT W YAOBIETBOPSBAIIN ONTHYHU
cBoiictBa. HacrosimeTo mn3cienBaHe moadepTraBa OCHOBHHTE DPA3iMKA B KaueCTBOTO MeEXIy OMOpasrpajiuMuTe U
KOHBEHIIMOHAJIHUTE JIAKOBE HA BOJHA OCHOBA, TEXHUTE ONTHYHHU, XUMHUYHH U (PU3NYHU XapaKTEPUCTUKH.
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