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Biopolymers used as coatings on packaging paper can provide sufficient barriers (water, gas, etc.). Increased
environmental concerns, synthetic packaging and coatings are nowadays getting replaced with bio based materials.
Therefore thermoplastic starch and chitosan can be good replacements of petroleum based products in packaging industry.
In our research chitosan and rice starch were used as coatings on packaging paper. The aim of the research was to
determine printing quality on coated paper, which could be used for further applications. The influence of coated thickness
on the printing quality was also investigated. Paper was coated with two different coating mixtures. The first was only
chitosan coating and the other one was mixture of chitosan and rice starch (ratio 50:50). Coating was applied with two
different bars to achieve two different thickness of the coating: 40um and 80um. The ink rub test was proceeded using
rub tester and the procedure was made according to standard TAPPI T830. Dry rub test showed that all coated samples
achieved better results (optical density), in comparison to uncoated paper. In our research two stroke (Rubbing Times)
were determined: 25 and 50 cycles, at rubbing speed 106¢cpm. After 25 cycles sample paper coated with chitosan and rice
starch achieved the best quality, according to uncoated and chitosan coated paper. After 50 cycles, the chitosan and rice
starch coating still had better abrasion resistance, but it could not be sufficient for further use. The research has proven

increased printing quality of coated paper, especially the coating with mixture of chitosan and rice starch.
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INTRODUCTION

Bio based polymers are in recent years used in
many fields, especially at packaging. Packaging
research is focused to develop the use of bio plastics
which are useful in reducing waste disposal and are
good replaces of petroleum and a non-renewable
resource with diminishing quantities [1]. Paper,
board and cardboard are widely used packaging
materials in many shapes and products (boxes,
folding cartons, corrugated boxes, paper bags, cups
etc.) and their biodegradability, barrier and
mechanical properties are of prime importance. Its
main components are the renewable materials and
used paper can be unfenced in natural conditions if
it’s not being used again for the production of
recycled paper or some other method [2]. In recent
years there has been a research focus on renewable
biopolymers used as edible films and coatings [3-5].
Bio based coatings, such as starch, proteins and
polysaccharides are extracted directly from the
biomass. Their advantage is that they are non-toxic,
environmentally friendly and have great grease, gas
and aroma barrier properties [5-7]. Chitosan exhibits
good moisture properties, but it is not sufficient for
food applications, because of its hydrophilic nature
which attracts moisture [8]. To improve the moisture
properties and functional properties of chitosan
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coatings, blending it with other biopolymers,
hydrophobic substances have been proposed [8, 9].
In previous research numerous of chitosan films and
chitosan blends with other natural polymers have
been made [10, 11]. Because of high amount of
amylase, rice starch is attractive for food packaging
as a film barrier or coatings [12]. It has been used
also to replace plastic film barriers due to good
mechanical properties [12-14]. Based on the
literature findings, there has not been done analysis
of printing quality of chitosan and/or rice starch
coatings on paper.

Inkjet printing is still a growing printing business
area, also in the field of packaging. At the same time
this printing technique has been used in office and
home applications. The properties of coating layer of
paper are effecting the inkjet process [15]. The
material properties, coatings, capillary structure,
temperature and moisture content are important for
the topography of the surface [16]. The spreading,
penetration and final printing quality are affected by
porosity, permeability, thickness, fibre type,
moisture content and capillary structure [17, 18].
The printing machine variables can also affect the
final droplet setting, but those variables have not
been defined in our research.

The goal of our research was to determine
printing quality on coated paper with different bio
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based polymers, which could be used for further
applications.
EXPERIMENTAL
Materials

Uncoated, unglazed paper, with grammage 80 g/m?,
chitosan with molecular weight 20kDa (purchased
from Sigma Aldrich, Austria), 98% malic acid
(purchased from Sigma Aldrich, Austria), glycerol
as plasticizer (purchased from Sigma Aldrich,
Austria) and rice starch (purchased from Farmalabor
Srl, Italy) have been used in this study.

Preparation of blend coating solutions

Preparation of chitosan coating solution. The
chitosan solution was prepared by dissolving 2g of
chitosan in 100 ml of 98% malic acid and 40% w/w
of glycerol was added. The solution was mixed at
90°C for 5 minutes until chitosan was not dispersed.
Coating solution was after cooling filtered through a
polyester screen (mesh no. 140 with mesh opening
160pm) and aspirated in order to remove small
lumps in the solution.

Preparation of blend solution with chitosan and
rice starch

Firstly solutions of each compound (chitosan and
rice starch) have been prepared. The chitosan
solution was prepared by dissolving 2g of chitosan
in 100 ml of 98% malic acid. The solution was mixed
at 90°C for 5 minutes until chitosan was not
dispersed. Before cooling down, coating solution
was filtered through a polyester screen (mesh no.
140 with mesh opening 160um), by aspiration to
remove small lumps in the solution.

Separately rice starch was prepared by dissolving
2g of rice starch in 100 ml of distilled water. The
solution was mixed until it gelatinized (85°C for 20
min) and then cooling to the room temperature.
After that chitosan and rice starch solutions were
mixed together and glycerol as plasticizer (40% w/w
of total solid weight in the solution) was added.

Coatings on paper

After the solutions were prepared, the coating
with a coater proceeded. Paper was coated with hand
coater, at ambient temperature, using bars with 2
different wire diameters: 0.5 1mm (with 40um of wet
film deposit) and bar with wire diameter 1.00mm
(with 80pm of wet film deposit). On each paper 5
g/m? and 10 g/m? were applied. The coated papers
were dried at S0°RH and 23°C.

Printing

Printing was proceeded on inkjet printer HP
Officejet Pro at ambient conditions (T=22+2°C;
RH=454+3%) by a drop-on-demand mode with

replaceable cartridges. All samples, uncoated and
coated were printed with this technique.

Analysis methods

Grammage, thickness, density, moisture,
smoothness and porosity. The grammage was
determined in accordance with 1ISO 536 standard.
Density was calculated from the grammage and
thickness, according to standard 1SO 534. The
thickness of sample papers was measured with a
precision digital micrometre (Mitutoyo Corporation,
Japan), to the nearest 0.0001 um at 10 random
locations on each paper. Moisture of paper samples
was determined according to ISO 287. Smoothness
is an indirect measure and it was analysed according
to Bendtsen method (ISO 8791-2). The same as
smoothness, porosity was analysed with the
Bendtsen method.

Abrasion resistance of printed and coated
papers. The abrasion resistance of uncoated, coated
and printed papers were made on rub tester Labthink
(China), according to TAPPI T830 standard. The test
was proceeded on dry samples and two of each paper
samples were tested. The procedure was carried out
on dual stations with arc movement. In our research
two stroke (Rubbing Times) were determined: 25
and 50 cycles, at rubbing speed 106cpm and rub
pressure 8.9N. For determination of print abrasion,
optical density was measured before and after
rubbing.

Surface and image segmentation. The pictures of
uncoated and coated paper surfaces were taken with
the digital camera Cannon. After that image
segmentation and surface analysis with the ImageJ
program has been done.

RESULTS AND DISCUSSION
Basic paper properties

Grammage and thickness influence the physical,
optical, water barriers. The thickness has an effect on
stiffness of the paper. Table 1 presents determined
properties of uncoated and coated paper, but not
printed (with 2 different coating bars: 40um and
80um).

From Table 1 it can be seen that 5 g/m? and 10
g/m? of blend coating solution was applied onto the
paper surface. As expected, the thickness increased
at 80um bar, for 5% more than at 40pum bar. With
40pm bar 5g/m? of coating has been applied onto the
paper surface and with 80um 10 g/m? Therefore also
changes in density were detected.

Moisture content of papers varies depending on
used pulp, relative humidity, degree of refining,
types of coating and additives used. It has one of the
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biggest effects on mechanical properties as well as
on other properties (printing quality, gloss etc.). The
different effect of biopolymer coating on moisture of
the paper, depended on the type of paper, which
reflected the difference of interaction between the
bio-based coating and cellulose fibres of the paper.
From the results presented in Table 1 it can be seen
that uncoated paper had the highest moisture content
(6.7%), compared to all coated samples, but not
significantly. Less moisture had papers, which were
coated only with chitosan solution, as well as
coatings which were applied with 80um bar.
Smoothness is important parameter for printing
paper, which controls the contact between the paper,
printing form and thus the transfer of the ink. It

determines roughness, levelness and
compressibility. As expected, coated papers
(between 370 and 420 ml/min) have higher
smoothness, compared to uncoated (510 ml/min)
paper. There is difference between chitosan coated
and blend coated papers, using different bars.
Coating with chitosan is less smooth then blend
coating. The results showed that rice starch in
mixture with chitosan improved the surface
properties of coated paper. From the results it can be
obtained that coating generally improved
smoothness, which also had further effect on
abrasion resistance.

Table 1. Determination of grammage, thickness, density, moisture and smoothness of uncoated and coated paper with 2
different coating bars (CH-chitosan, CHR-blend solution of chitosan and rice starch).

Sample Grammage Thickness  Density  Moisture  Smoothness Porosity
P [9/m?] [um] [g/m®] [%] [ml/min] [ml/min]
Uncoated 80 122 65574 6.7 510 1300
E:rated CH-40pm 85 132 64394 63 460 0
g:rated CH-80um 90 140 642.86 6.1 420 0
g:rated CHR-40pm 85 133 639.10 6.5 380 0
g:rated CHR-80pm 90 140 642.86 6.3 370 0

It is known that paper is composed of a felted
layer of fibres and therefore the structure has a
varying degree of porosity. Paper is highly porous
material and this property has important influence of
printing quality as well. Porosity of paper is an
indicator of absorptivity to absorb or water and it is
also important in a vacuum feeding process during
printing. Results of porosity has shown that uncoated
sample had the highest porosity (1300 ml/min), but
on coated papers it was unable to measure it. The
surface of the coated papers was even and filled,
therefore the porosity showed that the porosity in ml
per minutes was 0 at all coated samples.

Abrasion resistance of printed and coated papers

The abrasion resistance was used to evaluate the
resistance of printed surfaces to rubbing abrasion.
Coating failures or damages on paper are related to
coating-substrate adhesion, coating thickness and
internal stress in coating. It should be noted that
there are several methods that can characterize other
aspects of imaging materials degradation as result of
frictional contact with wvarious surfaces under
different conditions. Therefore the use of specific
methods are depending on end-user applications,
such as type of packaging materials and coatings,
requirements for coating barriers, etc. In our study
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TAPPI standard was used as standard method for
determination of printing quality of rubbed coated
papers.

Dry rub test showed that all coated samples
achieved better results (optical density), in
comparison to uncoated paper. In our research two
stroke (Rubbing Times) were determined: 25 and 50
cycles, at rubbing speed 106cpm. After 25 cycles
(Figure 1) sample paper coated with chitosan and
rice starch achieved better quality, according to
uncoated and chitosan coated paper. Before rubbing,
the highest optical density (1.49) had sample, which
was coated with blend coating (chitosan and rice
starch) and where 10g/m? coating was applied to the
paper. At uncoated paper smaller amount of colour
has been applied and fixed to the surface and after
rubbing, the optical density was the lowest (1.13),
compared to other treated samples after 25 cycles.
Paper, where only chitosan was used as coating,
achieved lower results before and after rubbing, of
the optical density (before 1.43 and after 1.14) in
comparison to blend coating, but the difference was
not so major. From this part it can be concluded that
rice starch as coating component influences on more
stable and durable coating. However, only chitosan
coating had worse abrasion resistance.
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After 50 cycles (Figure 2), the chitosan and rice
starch coating still had better abrasion resistance
(optical density was 1.23) according to other
analysed samples, but it could not be sufficient for
further use. The difference between 25 and 50 cycles
showed that blend coating, which was applied to the

1,60

1,50

1,49
1,43
1.43 142 141
1,37
1.4
g 1,33
1,27

1,30

1,20 1,13 1,14

1,10

1,00

0,90

0,80

Coated chitosan, bar 80

paper surface with two different bars, achieved
almost the same values at both rubbing times. As
expected, the rubbing abrasion has worsen after 50
cycles at uncoated paper. At chitosan coated paper
also the optical density decreased.
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Figure 1. Optical density of uncoated and coated paper samples after rubbing 25 cycles
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Figure 2. Optical density of uncoated and coated paper samples after rubbing 50 cycles

Surface
All pictures present paper surface after 25 (Figure
3) and 50 cycles (Figure 4). As expected, the surface
of coated paper revealed smoother surface,
compared to uncoated paper as seen at both figures.

After 25 cycles at uncoated paper more damages
could be seen, compared to coated paper, which was
also proven with determination of optical density. In
comparison between coated papers, the best results
achieved paper, which was coated with blend
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solution and the coting has been applied with 80 pm
bar.

As expected, all samples rubbed for 50 cycles
revealed more damaged surface. At both rubbing
times, uncoated sample had the worse surface (more
white dots, scraped surface), compared to other
tested papers. The best results at both rubbing times

achieved paper, which was coated with blend
solution and where 10g/m? of coating was applied.
The research has proven increased printing quality
of coated paper, especially at the coating with
mixture of chitosan and rice starch.

L
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Figure 3. Paper printed surface after 25 cycles
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Figure 4.

Image segmentation

Image segmentation is one of the most common
techniques to process a separating an image into
different areas on various features of the analysed
image.

Figures 5 and 6 present a histograms of Grey-
Scale image-printed surface of each paper sample
with different coatings and rubbing cycles. At
analysed papers the pixels of foreground had
different grey value compared to pixels belonging to
the background. The image segmentation technique
assumes that pixels above certain threshold on grey
level (0-255), belong to the analysed object-image
foreground and pixels below that threshold are
belonging to the background [19]. At our study
images have similar grey levels, as seen in both

Paper printed surface after 50 cycles

presented figures. According to that the changes at
all presented histograms were detected. Grey level
histograms from papers analysed at 25 cycles
(Figure 5) showed that uncoated paper had more
damages on the surface and less colour was on it
after rubbing. On the other hand more pixels were
detected at grey level between 50 and 80. Less
damages had paper, which was coated with blend
solution (chitosan and rice starch) with 80pum bar. At
this sample the most pixels detected were between
15 and 60 of grey level, meaning that more colour
was still applied at the surface, compared to other
tested papers. Papers which had coatings of only
chitosan and blend coatings showed that had less
colour and they were more rubbed after 25 cycles,
compared to blend coating with used 80pum bar.
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Figure 5. Grey level histograms for paper surface of uncoated and coated samples after 25 cycles of rubbing and 2
different blades (40pm and 80um).
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Figure 6 presents histograms of paper surface for
all tested papers at rubbing time 50 cycles. The
results have shown similar trend as at 25 cycles. The
most damaged surface was again at uncoated paper,
where the damages were also confirmed with
determination of optical density. The most durable
paper surface was again at paper, which was coated
with 80um bar with blend solution. Thus differences
between surface damages for each paper between 25

and 50 cycles did not show significant difference,
according to image segmentation with this method.
For future findings different thresholding methods
should be defined, in order to find the most suitable
image segmentation for this kind of coatings.
Despite this, it can be stated that the analysis has
shown differences at uncoated and coated papers,
where 2 different bars were used.

120000
100000 A
80000 \
60000 \

40000

Number of pixles (/)

20000 | \

\
"“
/ N

——Uncoated_50 cycles

Coated _ch S0cycles 40

Coated_ch_50cycles_80
Coated_ch+r_50cycles_40

Coated_ch+r_50cycles_80

0 50 100

Grey level (/)

150 200 250

Figure 6. Grey level histograms for paper surface of uncoated and coated samples after 50 cycles of rubbing and 2
different blades (40pm and 80um).

CONCLUSIONS

In this research different coatings, concerning
also the different amount of it, its durability and
printing quality were prepared. Coatings were
successfully prepared and the results have shown
that with coatings paper surface properties have
improved. Dry rub test showed that all coated papers
achieved better results in comparison to uncoated
paper. After 25 cycles paper, which was coated with
blend solution of chitosan and rice starch achieved
the best printing quality (smoothness, porosity,
abrasion resistance), according to uncoated and only
chitosan coated paper. This was also confirmed with
determination of optical density and image
segmentation. After 50 cycles, the chitosan and rice
starch coating still had better abrasion resistance
compared to other analysed samples. For further use
the coatings (chitosan and rice starch) should be
modified and then they will have a potential for the
use in packaging. It was proven, that the properties
of ink and printed surface influenced the interactions
between coating and ink, which could be seen from
presented results. On the other hand pore surface, the
pore size, permeability, together with material, ink
components and printing process (pressure, speed,
etc.) are important coating properties, for achieving
good printing quality.

As a subject of a further paper to enhance
coatings for better abrasion resistance is to prepare
coatings with different ratios of analysed
components or to include other biopolymers, which
will have better rubbing resistance.
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I[NEYATAPCKU KAYECTBA HA OITAKOBBYHA XAPTU A, IOKPUTA C XUTO3AH 1
OPH30BA CKOPBAJIA

VY. Bpabuu bponusak™, [I. Myx

Jlenapmamenm no mexcmui, epagura u ousaiin, @axyimem no npupoOHU HAYKU U UHICEHepCmB0, YHusepcumem 6
Jlhwobnaua, Cnosenus

TlocTenmna Ha 26 okromBpu, 2016 r.; mpuera Ha 25 sayapu, 2017 .
(Pestome)

buononumepurte, U3MOI3BaHN KaTO MOKPUTHS Ha OINAaKOBBYHA XapTHs, MOTaT Jla OCHTYPAT 3HaYMTENHA 3alluTa OT
Biara, ra3zoBe u np. [lopagy ekonoruyHu ChOOpaKEHHsS CUHTETHMYHUTE OIAKOBKH Cera Ce 3aMEHST C MaTepusuld Ha
OuonornyHa ocHoBa. TepMoIuiacTHYHATAa CKOPOsIIa M XMTO3aHBT MOTaT Ja ObJaT JOOBp 3aMECTHTEN Ha ONAKOBKHTE,
0a3upaHM Ha METPoJIa KaTo CypOBHHA IPH ONAKOBKHTE. B TOBa M3cieqBaHe ce U3MONI3BAaT OpU30Ba CKOpOsIa U XUTO3aH
KaToO MOKPUTHE Ha ONaKoBbYHA XapTus. Llen Ha m3cieiBaHETO € Ja ce OIpeleiu MeyaTapcKOTO KauyecTBO Ha Taka
MOKpUTaTa XapTus. M3ciaeaBaHo € U BIMSHHUETO Ha JeOeIMHATA HA TOKPUTHETO BBPXY I1€4aTapCKOTO Ka4eCTBO.
XapTusiTa € IOKpHBaHA C JIBE Pa3InYHK cMecH. [IppBata € caMo ¢ XUTO3aH, a BTOpaTa € CMec OT XUTO3aH U OpH30Ba
ckop6Osita B otHomeHue 50:50. [TokpuTHsaTa ca paBeHH NPY pa3IMYHU HAJSTAHMU, 33 J1a Ce IOCTUTHE pa3inyHa ae0ennHa
Ha mokputueto: 40um u 80pum. M3BbpmieHo e m3nmranue 3a uzrpuBane no cranmapra TAPPI T830. Tectst Ha cyxo
TPUEHE NOKa3Ba, Y& BCHYKU 00pa3iy ¢ IIOKPUTHE JIaBaT M0-100pH pe3ysTaTH (110 ONTHYHA IUTBTHOCT) B CPAaBHEHHE C He-
nokpurure npobu. B HammTe u3cienBanus jaBe cepuu (IO BpeMe Ha TpueHe) ca omnpenenenu: 25 u 50 nuxbia npu
ckopoct Ha Tpuene 106 cpm. Cnen 25 1ukbia mpodara, MOKpPUTA ¢ XMTO3aH U OPHU30Ba CKOpPOsIa MOKa3Ba Mo-100pu
pe3yaTatu cupsamMo HeoOpaboTeHaTa XapTus Wik 00paboTeHa caMo ¢ XUT03aHOB pa3TBop. Ciex 50 HUKbIIa TOKPUTHETO
OT XMTO3aH M OpH30Ba CKOpOsIa Olle MMa M0-100p0 ChIPOTHBICHUE HA M3TPHBaHE, HO HE JOCTATHYHO 3a MO-IbJra
ynorpeba. M3cineaBaneTo noka3Ba MOBUILIEHO MEYaTapCcKO Ka4eCTBO HA MOKPUTATa XapTUsi, 0COOCHO TPH MOKPUTHS OT
CMecC Ha XUTO3aH U OpU30Ba CKOpOsia..
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