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The impact of packaging transparency
on product attractiveness

Abstract
The aim of the study was to investigate the impact of different levels of packaging transparency on the evaluation of attractiveness of a product within
the packaging, in relation to whether it is a healthy or unhealthy product.
Consumer preferences during buying decision process were also investigated. The study was conducted by two methods. The first one was related
to consumer preferences and was based on a choice task, while the other
one was related to packaging attractiveness and was based on subjective
evaluation expressed through the Likert scale. Eight samples of packaging
were used. They differed according to product type (healthy and unhealthy),
and the level of transparency (fully transparent packaging, packaging with
two windows, packaging with one window and non-transparent packaging). According to the results, consumers tend to ignore non-transparent
packaging, regardless the product healthiness. The findings indicate the
importance of thoughtful selection of packaging structure and its material
in design process and launching the food products on the retail market.
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Introduction
Package design can have a significant role in users’ perception of the product, considering their high demand
criteria when choosing which product to buy. People are
not only affected by visual components of packaging –
shape (Clement, Kristensen, & Grønhaug, 2013; van Ooijen et al, 2017), color (Ares & Deliza, 2010), typography
(Karnal et al, 2016), but are also aware of the importance
of the product information credibility and possibility of
screening what is inside the package. In some extent,
packaging transparency enables direct visual and tactile estimation, while the decrease or increase of its
attractiveness may depend on the type of the product
(Wasowicz-Kirylo & Stysko-Kunkowska, 2011). According
to Deng’s & Srinivasan’s research (2013), there are two
important factors that have the influence on consumption of the food product and come as a result of transparent packaging usage: visibility of the product and possibility of monitoring the product consumption. The first

consequence of using transparent packaging is the visibility of the product. Another variable related to it is the
visual attractiveness of the product inside. According to
that, larger transparent surface doesn’t necessarily result
in an increase or decrease of product attractiveness in
equal extent. For instance, highly transparent packaging
of small, visually appealing products can increase the
attractiveness and the consumption, while the result can
be completely opposite in the case of the same packaging for a different group of products with large unit size.
Moreover, packaging transparency can have a negative
effect on product consumption as it offers the consumer
a possibility to monitor it. Consequently, impulsive consumption can be prevented and the consumer is prone to
think about it, plan it and distribute it in order to spare.
Some previous researches give a starting point for
our research questions that are related to customer
preferences and their perception of packaging attractiveness, considering the level of its transparency. The
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preferences and the attractiveness are in the focus of our
study. In the form of the hypothesis, these variables are
brought in relation to packaging transparency and type of
product. The basis for the formation of the hypotheses is
described below.

Problem statement
It’s known that users form their attitude towards a
product at the basis of the packaging (Becker et al, 2011;
Metcalf et al, 2012; Wang, 2013). For example, one study
(Chandran, Batra, & Lawrence, 2009) showed that the
product is perceived as a higher quality product if it is
packed in a transparent bottle. The perception of the
quality is closely linked to the preferences. Those depend
on many factors, and one of them is a possibility of
the product identification, either through transparent
packaging, either through lifelike visual reproduction of
the product on the non-transparent material (Venter
et al, 2011). Enabling the customers to see the product
through transparent packaging significantly increases
their satisfaction (Kim & Lee, 2015), which indirectly can
reflect on their tendency to choose the product with
maximum visibility provided through packaging. This
was corroborated by the study of Hurley et al (2013). In
their experiment, a product was offered to the participants while shopping, in four different types of packaging that exposed it in a different amount (0%, 40%,
90%, 100%). The participants preferred the packaging
that entirely exposed the product. Mentioned research
presents groundwork for the hypotheses that guided
our study. The first one is related to the tendency of a
consumer to choose transparent packaging and it says:

Methodology
The research was conducted in two ways. The first one
referred to the hypothesis H1, with focus on preferences,
and was based on choice-task. The second one referred
to the hypothesis H2, with focus on attractiveness, and
was based on the participants’ subjective evaluation.

Participants
The participants have been chosen randomly, keeping in mind to include approximately the same number of women and men. Only people of 18 and older
were considered for the research, presuming that
people from that age and upward did their shopping
by themselves. 72 examinees, aged 23-52, participated in the research. 64% were women, and the rest,
men. Both studies included the same participants.

Samples
The packaging was designed for two types of product
produced by a fictional company „Mendella“. The first
type were cereals, representing healthy food. The second
type were sweets, representing unhealthy food. Beside
the product category, packaging samples also varied in
transparency levels. Transparency varied at 4 levels - fully
transparent packaging, packaging with two windows,
packaging with one window, and non-transparent packaging. The samples are shown in Figure 1 and Figure 2.

H1: Users prefer the packaging which completely exposes the product.
The perception of food healthiness can also be determined by packaging and its ability to represent the
content that is inside of it. In the context of food healthiness, the research (Riley, Martins da Silva, & Behr, 2015)
showed that users preferred the picture of the product
over the transparent window on the packaging, since it
was considered to be more visually attractive. Decrease
in attractiveness in the case of transparent packaging
was also found in the study of Vilnai-Yavetz and Koren
(2013) where it was shown that transparent packaging is perceived as less aesthetic. By connecting these
findings with the previously mentioned research (Deng
& Srinivasan, 2013) that pointed out the importance
of the product type while analysing the influence of
transparency, the second hypothesis was formulated:

»»Figure 1: Packaging samples for the healthy products

H2: Users rate the non-transparent packaging as
more attractive in the case of healthy food.
»»Figure 2: Packaging samples for the
unhealthy products
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Procedure

tive to participants. In the case of sweets, the non-transparent packaging was also significantly less rated (M =
2.18, SD = 1.20) than fully transparent packaging (M =
3.33, SD = 1.29), packaging with one window (M = 3.69,
SD = 1.15) and packaging with two windows (M = 3.36,
SD = 1.03), indicating that less healthy food in non-transparent packaging is less attractive to participants.

In the first study (choice-task), the participants were
asked to choose between 4 products and decide
which one they would opt for if they were in an
actual store. The packaging varied in shape and size
(which were not controlled variables), and this made
the amount of product vary too, so the participants
were previously asked to disregard that aspect. They
were also asked to pay no attention to the price,
so it wouldn’t affect their choice. During decision
making, the participants were not time limited.

Table 1
Participants’ choices of the packaging (N = 72)
Fully
transparent

In the second study (subjective evaluation), a five point
Likert scale questionnaire was used for the participants
to estimate attractiveness of the packaging. Value 1
represented „completely unattractive“, and 5 represented „completely attractive“. The participants were
instructed that they can touch, look over and compare
the products as long as they want to, but in the moment
when they were given the questionnaire, they were
asked to answer in regard to their primary reaction.

Results
For the choice task, participants’ frequencies of choices
for each packaging type are given in Table 1. The results
are grouped by food type. The difference between
these two groups was not significant (p = 0.73 by the
Wilcoxon test). In both cases, the participants mostly
preferred the packaging with transparency properties,
while non-transparent packaging samples were mostly
ignored. Cochran’s Q test shown that these differences
were significant (Q = 34.89, df = 3, p < 0.0001). While
comparing fully transparent packaging with other less
transparent packaging samples (i.e. packaging with one
or two windows and non-transparent packaging), McNemar’s test has shown that fully transparent packaging
was preferred significantly more often than non-transparent (χ2 = 33.02, p < 0.0001). However, there were no
significant differences in preferences between fully transparent packaging and packaging with two windows (χ2 =
0.90, p = 0.34), or with one window (χ2 = 0.01, p = 0.92).
The Friedman test revealed significant differences in
attractiveness for the investigated packaging samples in
the case of cereals (χ2 = 72.16, df = 3, p < 0.0001), as well
as in the case of sweets (χ2 = 56.19, df = 3, p < 0.0001).
Comparisons between each packaging sample were
performed using a post hoc Wilcoxon test with Bonferroni’s correction, so only the p-values below 0.01 were
considered significant. The results are shown in Table 2.
In the case of cereals, the non-transparent packaging was
significantly less rated (M = 1.89, SD = 0.93) than fully
transparent packaging (M = 3.51, SD = 1.16), packaging
with one window (M = 3.53, SD = 1.22) and packaging
with two windows (M = 3.26, SD = 1.13), indicating that
healthy food in non-transparent packaging is less attrac-

Cereals
Sweets

Two windows One window

26
24

21
19

22
26

Nontransparent

3
3

Table 2
Wilcoxon Signed Ranks Test
Cereals

Sweets

Two
One
Two
One
Fully
Fully
transparent windows
window transparent windows
window
–
–
–
–
–
–
NonNonNonNonNonNontransparent transparent transparent transparent transparent transparent

Z
p

-5.85
0.000

-5.20
0.000

-6.59
0.000

-4.36
0.000

-5.34
0.000

-6.22
0.000

Discussion
When it comes to consumer preferences during buying
decision process, the results have shown that users are
more inclined to choose transparent packaging, but
not necessarily the one that shows the product completely, which is reason to reject the first hypothesis
H1. On the other hand, completely non-transparent
packaging was the least preferred. That kind of packaging had undoubtedly the lowest frequency of selection
in the choice task and it has the lowest average rate
when it comes to the subjective evaluation. A negative
impact of non-transparency on the attractiveness of
the product was expected considering previous studies
that show how buyers find the possibility of visually
checking the product very important (Dantas et al,
2004; Parhizgar & Rostami, 2014). In line with that,
the impossibility of that kind of check-up was rated
significantly lower than semi or full transparency.
The second experiment showed that difference in
healthiness of the sample groups didn’t have any significant role in users’ choice, although in Deng’s and
Srinivasan’s study (2013) it was listed as one of the variables that can have the impact on consumer preferences. Moreover, it was shown that there is no significant
difference in packaging attractiveness according to the
type of the product that was in it. The results indicate
that the second hypothesis H2 was rejected as well. In
the case of healthy food, participants rated non-trans-
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parent packaging as the least attractive. They found
transparent packaging as more appealing, which is in
accordance with some previous studies that reported
about the importance of product visibility during product evaluation (Parhizgar & Rostami, 2014; Vilnai-Yavetz
& Koren, 2013). In our study, this can be ascribed to
the participants’ preferences based on the former
experience since transparent packaging is the most
common form of healthy food packaging in the stores.
Although hypotheses were rejected, the research
question was answered. The goal was to investigate if
there is any significant difference in consumer preference between different degrees of transparency, also
considering the type of the product in it. Answer that
arises from this research is that, during decision making process, users ignore non-transparent packaging
more. Furthermore, the type of the product has no role
in their preference towards transparent packaging.

Conclusions
This study investigated the level of product attractiveness
in relation to the degree of packaging transparency and
the food type. Results indicated that transparency affect
the attractiveness of the product. On the other hand,
the type of a product does not have a significant role
in appeal rating, at least when it comes to the products
used in our research with healthy cereals and unhealthy
sweets. The attractiveness is the first step towards
buying a product, so it is important to demonstrate
which variables have impact on it. By isolating some
other variables, this research gives the insight into the
specificity of the one aspect of product appeal – packaging transparency. In conjugation with other empirical
findings, mainly in the field of marketing and consumer
research, our results can provide more substantial picture of how end users perceive specific food products.
Further research should use other various types of
products in each category and include more variables
related to users’ preferences of the packaging. Furthermore, future research should be based on specific
types of the realization the transparency of packaging,
including irregular transparent shapes incorporated into
design rather than just a surface size of the packaging.
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Optimization of image screen
printing process on film
biodegradable packaging
Abstract
The article presents the research results of screen printing technological
parameters to produce high-quality images on oxo-biodegradable film
packaging. Printing parameters that influence the ink layer resistance to
abrasion and the image resolution the most significantly have been set,
analysing the experimental data. A direct linear correlation between the ink
layer resistance to abrasion and the size of a technological clearance as well
as between the image resolution and the lineature of a screen printing plate
mesh has been shown. As a result of the study, mathematical models have
been designed and the optimization of screen printing parameters has been
made, providing high quality imprints with image high resolution, the ink
layer of which is the most resistant to abrasion.

Key words
oxo-biodegradable film, technological printing parameters, regression analysis, correlation coefficients, mathematical modelling, optimization

Introduction
An integral part of our life and modern food and nonfood goods is the packaging that provides their storage,
the compliance with sanitary and aesthetic requirements and standards, the ease of using and selling, it
promotes the competitiveness of products and protects
the rights of producers and consumers in the market.
It is not a secret that it is often the well-designed and
decorated packaging, which makes the buyer to buy
something for the first time. Therefore, most goods
packaging is primarily a harmonious unity of the material, the colour and the information for consumers.
The role of each component is very important.
In terms of philosophy, packaging is a means of expression and transmission of knowledge. Introducing the
goods and helping to decide quickly on its purchase
are the main tasks that the packaging performs while
concealing and demonstrating the goods at the same
time. A good or particularly convenient packaging gives
the confidence in the fact that the product itself is also
of high quality. Therefore, the buyer does not spend
much time and mental efforts to make a decision about
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Lviv, Ukraine
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its purchase. Modern communication using the packaging comes from the fact that a person, who enters
the store on a subconscious level, generates an emotional response and encourages purchasing goods.
Researchers distinguish various functions of packaging:
metering, protecting, transporting, storing, marketing,
regulatory-legal, informational, operational, environmental and so on. Environmentally friendly packaging
is extremely important today. A steady trend on the
modern packaging market is to reduce the environmental
pollution. Increasing the consumer interest in environmental issues is a push in manufacturing the packaging
that can decompose under natural conditions without
causing negative effects on the environment. Of course,
there are no absolutely safe for the environment types
of packaging: a variety of substances, including harmful
and toxic, easily get in the environment during its recycling. Therefore, the research priorities are focused on
the search for such materials that can produce reliable,
convenient and safe for the human and the environment packaging. Equally important is the informative
and decorating function of the packaging, providing of
which largely depends on the capabilities of printing
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technology, the use of modern printing techniques, printing materials (Efremov, Lemeshko & Churkin, 2004).
Particular attention to such parameters is given when
printing on non-absorbent surfaces, which include
oxo-biodegradable film materials where the formation
of the ink layer is associated with the intermolecular
interactions at contacting surfaces level. Therefore,
in case of film material printing, the rheological and
printing properties of printing inks, the high adhesion
to the surface, the speed of the imprint fixing are
important (Humenyuk, 2010; Tkachuk, 2000). Through
the optimization of technological modes of screen
printing on film materials we can achieve an adequate
image quality with the ink layer resistant to abrasion
and high resolution (Havenko & Hun’ko, 1996).
Therefore, the aim of the work was to optimize the
parameters of screen printing technological process on
oxo-biodegradable film packaging for high-quality image
reproduction.

Methods and materials
As the research objects, there were used the screen
printing imprints on the packaging made from these
types of films (the production of Open Joint-Stock
Company «Dneproplastotomat» – Ukraine):
1. the film based on high density polyethylene
(HDPE), the thickness of 25 microns;
2. the film based on HDPE and oxo-biodegradable
admixture A, the thickness of 25 microns;
3. the film based on HDPE and oxo-biodegradable
admixture B, the thickness of 33 microns;
4. the film based on low density polyethylene (LDPE) and oxo-biodegradable admixture C, the thickness of 95 microns;
5. the film based on LDPE, the thickness of 80 microns.
In order to make a printing plate we used the screen
mesh DP 140 S for Unirich (Singapore) with the screen
mesh lineature of 100, 120, 140 threads/cm, linen
weave type, thread diameter 31 microns. The universal
photoemulsion MacDermid PLUS 8000 (England) was
used for manufacturing of screen printing plate in an
analogue way. We used direct imaging of the screen.
The printing was done using a black ink, with the ink
viscosity of 52, 57 and 68 Pa s. The printing has been
conducted on the semi-automatic screen printing
press Toprintt S-600 DF, using a solvent-type screen
printing ink of Ukrainian production by the company
JSC «UkrNDISVD”. Using the methods of statistical data
analysis with the help of Statistica 10 package, the
influence of such variable factors has been studied:
the size of technological clearance (T clearance, mm);
• the ink viscosity (Viscosity, Pa s);
•
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•
•

the screen mesh lineature (L mesh, threads/cm);
the squeegee angle (Angle, degree)

on such dependent factors:
the ink layer resistance to abrasion (Resistance,
cycles) with the thickness of 0.5 pt and 2 pt
• the image resolution (Resolution, l/cm).
•

The correlation analysis is used to set the existence and
the closeness of linear correlation between the parameters. The correlation coefficient (R) is a parameter that
evaluates the closeness of linear correlation between the
features. It can take the values from -1 to +1. The symbol
“-” means that the correlation is reverse, “+” means it
is direct. The closer the coefficient is to 1, the closer is
the linear correlation. When the value of the correlation
coefficient is less than 0.3, the correlation is assessed as
weak, from 0.31 to 0.5 – moderate, from 0.51 to 0.7 –
significant, from 0.71 to 0.9 – close, 0.91 and more – very
close. For practical purposes, it is recommended to use
significant, close and very close correlations (Mamnych
et al., 2006; Mayboroda & Suhakova, 2012). The Correlation matrices procedure of Statistica package immediately makes it possible to check the accuracy of the calculated correlation coefficients: statistically significant at the
5% level correlation coefficients are placed in the correlation matrix on the monitor screen, and the trust level
р is deduced under the corresponding value of the correlation coefficient (for significant coefficients p < 0.05).
The optimization of the printing process parameters
has been carried out to produce high-quality images.
With the help of the correlation and nonlinear regression analysis, the mathematical models of the ink layer
resistance to abrasion and the image resolution for the
studied samples have been designed. The reliability of
the models has been determined by the coefficient of
multiple correlation that characterizes the correlation
between the variables in the regression equation.

Results and discussion
It has been found out that the most resistant screen
printing image on the studied samples of packaging can
be received with the technological clearance of 6 mm.
As seen from Table 1, the best results of resistance to
abrasion have been demonstrated by the sample 4 based
on LDPE and oxo-biodegradable admixture (2080 cycles
– for the thread with the thickness of 0.5 pt and 3565
cycles – for the thread with the thickness 2 pt) (Korotka,
Bazylyuk & Zatserkovna, 2014). Basic statistical parameters have been calculated with the given package for the
received experimental data such as the arithmetic mean,
the variation, the standard deviation, the excess, coefficients of asymmetry and excess, as well as the closeness
of the studied data distribution to the standard ones has

Table 1

Table 2

The ink layer resistance to abrasion
for the differents type of films

Calculation of basic
statistical parameters

Numbers
of films
1
2
3
4
5

The ink layer resistance to
abrasion (Resistance, cycles)
The thickness
of 0.5 pt

The thickness
of 2 pt

305
350
1700
2080
1295

450
520
1910
3565
2900

Variables

Number
Arithmetic Standard Coefficient
of variable
Asymmetry
mean
deviation of variation
values

Resistance
Resolution

27
27

been checked. The calculation of basic statistical parameters for the resulting parameters is shown in Table 2.
The calculated parameters suggest that the distribution
of these statistical series is close to standard as the
symmetry and excess parameters are within the range
[-1.1] and the ratio of the standard deviation to the
average (the coefficient of variation) is sufficiently low
(<33%). The appropriateness of this assumption can be
achieved by designing a histogram of distribution for
each of the statistical series (Figure 1a and Figure1b).
In Statistica package when designing such a histogram,
it is overlaid by the curve of standard distribution density besides the frequency distribution of the statistical
series as a column chart. This allows us to verify the
distribution of statistical series to Gaussian ones visually.
Besides visual checking, the histograms present the values of Kolmogorov-Smirnov (K-S) and Liliiefors criteria.
According to the designed histograms (Figure 1a and
Figure 1b), Kolmogorov-Smirnov statistics was equal
to 0.15970 for the first statistical series (Figure 1a) and
0.11673 for the second statistical series. The smaller
the value of this statistics is, the closer the distribution
is to the standard. According to Kolmogorov-Smirn-

a)

3174.074
98.963

153.4039
10.5008

4.83303
10.61089

Excess

-0.079866 -0.16839
0.249881 -0.58279

ov and Liliiefors calculated criteria, the probability
of correspondence of the series data distribution to
the standard distribution is 80% (p> 0.2). The calculation of statistical parameters, Kolmogorov-Smirnov
and Liliiefors criteria and the designed histograms of
the data distribution demonstrate the compliance
of their distribution with Gaussian distribution. This
allows using the procedure of classical correlation and
regression analysis to the data in further processing
(Mamnych et al., 2006; Mayboroda & Suhakova, 2012).
The correlation between the studied factors has been
established as a result of the conducted correlation analysis, the received values of correlation coefficients and
trust levels p (Table 3).
Results of the correlation study indicate a linear, directly
proportional correlation between the values of resolution
and the lineature of the screen printing plate mesh. The
correlation coefficient equals to 0.6162. This correlation
indicates that the growth of the lineature of the screen
printing plate mesh leads to an increase in the resolution
of the printed image. There is a nonlinear correlation
among other variables (Rudenko, 2012; Turchyn, 2006).

b)

»»Figure 1: Histograms of data distribution of the ink layer resistance to abrasion (a) and the image resolution (b)
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Table 3
Correlation analysis of experimental data

Viscosity
Т clearance
L mesh
Angle
Resistance
Resolution

Arithmetic
mean

Standard
deviation

Viscosity

Т clea-rance

L mesh

Angle

Resistance

Resolution

59.000
4.000
120.000
75.370
3174.07
98.963

6.8106
1.6641
16.641
8.0773
153.40
10.500

1.000000
-0.000000
0.000000
-0.01398
0.20247
0.2968

-0.00000
1.000000
0.000000
-0.28614
0.361595
-0.2465

0.000000
0.000000
1.000000
0.057229
0.21093
0.6162

-0.01398
-0.28614
0.057229
1.000000
0.07012
0.0953

0.20247
0.36159
0.21093
0.07012
1.00000
0.3455

0.2968
-0.2465
0.6162
0.0953
0.3455
1.0000

Initially, the mathematical models of the ink layer
resistance to abrasion and the image resolution have
been designed using the linear Multiple Regression
module of Statistica statistical package. The results of
multiple regression analysis as to the ink layer resistance to abrasion are shown in Table 4, where:
R – is the coefficient of multiple correlation that characterizes the correlation extent of a resultant parameter
to all the independent variables (the impact is stronger,
when it is closer to 1), R ϵ (0.1);
R2 – is the coefficient of multiple determination that determines the amount of influence
of independent factors taken into account by
regression (Borovikov & Borovikov, 1998).
The received results show that the size of the technological clearance has the greatest impact on the ink layer
resistance to abrasion (the standardized value of the

correlation coefficient beta = 0.413), the angle inclination
has the lowest impact (beta = 0.18).
The results of multiple regression analysis for the image
resolution has shown that the lineature of the screen
mesh has the greatest impact on the resolution (beta =
0.617) and the squeegee angle has the lowest impact
(beta = -0.0068). The linear model designed for the
image resolution is adequate (p < 0.00174) as a major
influence on the resolution is done by the lineature of
the printing plate mesh, the dependence on which is linear that is proved by the values of coefficients of partial
correlation (Table 5).
Thus, the mathematical models of the ink layer resistance
to abrasion and the image resolution are nonlinear. The
visualization of experimental data has been performed
by designing the appropriate three-dimensional surface
to determine the nature of the nonlinear dependence of

Table 4
Results of multiple regression analysis for the data of the ink layer resistance to abrasion

beta
Free member of regression
Viscosity
Т clearance
L mesh
Angle

0.204985
0.413012
0.200647
0.179692

Standard
deviation beta

b –value of
the coefficient
of regression
equation

Standard
deviation b

2270.195
437.4924
0.185177
4.617
4.1710
0.193267
38.073
17.8162
0.185488
1.850
1.7099
0.193603
3.413
3.6769
R = 0.49575262; R2 = 0.24577066

Value of
Student's t test

Trust level for
the regression
coefficients

5.189107
1.106969
2.137004
1.081721
0.928147

0.000033
0.280265
0.043965
0.291092
0.363403

Table 5
Partial correlation for the data of the image resolution

beta

Partial
correlation

Semi-partial
correlation

Standard
deviation

R- square

Value of
Student's t test

Trust level for
the regression
coefficients

Viscosity

0.296766

0.396774

0.296734

0.999786

0.000214

2.02745

0.054900

Т clearance

-0.248472

-0.327624

-0.238046

0.917837

0.082163

-1.62646

0.118091

L mesh

0.616676

0.667611

0.615574

0.996432

0.003568

4.20595

0.000365

Angle

-0.006846

-0.009537

-0.006547

0.914652

0.085348

-0.04473

0.964722
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»»Figure 2: A three-dimensional model of changes
dependence of the ink layer resistance to abrasion on
the values of the ink viscosity and the lineature of the
screen mesh

»»Figure 3: The three-dimensional polynomial model of
changes dependence of the image resolution on the
values of the ink viscosity and the squeegee angle

the values of the ink layer resistance to abrasion on the
values of the ink viscosity and the lineature of the screen
printing plate mesh. The shape of the surface suggests
that the studied dependence is polynomial (Figure 2).

Substituting the data of experimental studies into the
expression (2), we get the model:
D=-792.964+12.67962×w-0.101034×w2+0.141176×
z+0.363922×l+12.19765×α-0.080706×α2.

The high coefficient of multiple correlation (R = 0.82301)
shows the adequacy of the model as well as the values
of trust levels (p-level <0.05) confirming the reliability of
coefficients of the received regression dependence.

The designed mathematical models were used to find
the optimal printing parameters. The optimization task
was to find the values of printing parameters (the squeegee angle, the ink viscosity, the lineature of the screen
printing plate mesh and the size of the technological
clearance) with which we receive the image that is the
most resistant to abrasion with maximum resolution.
The solution of the problem was carried out using the
mathematical package of Mathcad.

To summarize the above calculations, the following symbols have been introduced:
S – is the ink layer resistance to abrasion; w – is the viscosity; z – is the technological clearance; l – is the lineature of the printing plate mesh; α – is the squeegee angle
and a nonlinear mathematical model for calculating the
ink layer resistance to abrasion has been received:
S=a+b×w+b2×w2+c×z+d×l+d2×l2+k×α+k2×α2

(1)

Substituting the experimental research data into the
expression (1), we get the model:
S=-4176.74+0.008578×w+0.040438×w2+69.38775×
z-28.5724×l+0.124824×l2+224.2646×α-1.45813×α2
The three-dimensional polynomial model of changes
dependence of the image resolution on the values of the
ink viscosity and the squeegee angle is shown in Figure 3.
The high coefficient of multiple correlation (R = 0.82751)
shows the adequacy of the model as well as the value
of trust levels (p-level <0.05) confirming the reliability of
coefficients of the received regression dependence.
Using the above-formalized parameters and denoting the
image resolution as D, we get the mathematical model
for calculating the image resolution:
D=a+b×w+b2×w2+c×z+d×l+k×α+k2×α2

The mathematical formulation of the optimization task in
the case of the study of the ink layer resistance to abrasion is as follows. Taking into account (1), we write:
S = f (w. z. l. α)

(2)

We must know the maximum value of the ink layer
resistance to abrasion under certain restrictions on the
parameters, i.e.: f (w. z. l. α) → max.
if
52 ≤ w ≤ 68;
2 ≤ z ≤ 6;
100 ≤ l ≤ 140;
65 ≤ α ≤ 85.
Similarly, we formulate the optimization task in the case
of the study of the image resolution using the mathematical model received above. Taking into account (2), we
write: D = f (w. z. l. α)
We must know the maximum value of the image resolution under certain restrictions on the parameters.
i.e. f (w. z. l. α) → max.
if
52 ≤ w ≤ 68;
2 ≤ z ≤ 6;
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100 ≤ l ≤ 140;
65 ≤ α ≤ 85.
To perform the optimization tasks of the determination
of the maximum value of the ink layer resistance to
abrasion, we have set the following printing parameters:
the ink viscosity of 68 Pa s, the size of the technological
clearance of 6 mm, the lineature of the screen printing
plate mesh of 140 threads/cm, the squeegee angle of 75
degrees.
Thus, max S (68; 6; 140; 75) = 3.497 × 103 ~ 3500 cycles.
To receive the maximum value of the image resolution
(max D = (63; 6; 140; 75) = 117.529 ~ 120 l/cm), we
have supposed that the ink viscosity is 63 Pa s, the size
of the technological clearance is 6 mm, the lineature
of the screen printing plate mesh is 140 threads/cm,
the squeegee angle is 75 degrees (Korotka, Bazylyuk &
Zatserkovna, 2015).

Conclusions
The mathematical models has been designed as a result
of solving the optimization tasks, taking into account the
screen printing parameters to produce high-quality images on oxo-biodegradable film packaging. The adequacy
of the obtained three-dimensional models of polynomial
dependence of the change the image resolution on the
ink viscosity and the squeegee angle, as well as the ink
layer resistance to abrasion on the screen mesh lineature
and the ink viscosity is confirmed by the high coefficient
of multiple correlation (R = 0.82751) and the value of
trust levels (p-level <0.05). It has been found out that
the high quality and maximally resistant to abrasion
images (up to 3500 cycles) with high resolution (120 l/
cm) is achieved with screen printing on films based on
LDPE and oxo-biodegradable admixture using the ink
viscosity of 65 Pa s; the lineature of screen printing plate
mesh of 140 threads/cm; the technological clearance
size of 6 mm and the squeegee angle of 75 degrees.
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Solvents interactions with
thermochromic print

Abstract
In this study, the interactions between different solvents (benzene, acetone,
cyclohexanone, various alcohols and water) and thermochromic printing ink
were investigated. Thermochromic printing ink was printed on metal surface.
Components of thermochromic printing inks are polymeric microcapsules
and classic yellow offset printing ink. Below its activation temperature,
dye and developer within the microcapsules form a blue coloured complex.
Therefore, thermochromic print is green. By heating above the activation
temperature, blue colour of the complex turns into the leuco dye colourless
state and the green colour of the prints turns into the yellow colour of the
classic offset pigment. The results of the interaction with various solvents
show that the thermochromic print is stable in all tested solvents except
in ethanol, acetone and cyclohexanone. In ethanol, the green colour of
the print becomes yellow. SEM analysis shows that microcapsules are
dissolved. In acetone and cyclohexanone, the green colour of the print
turns into blue, and the microcapsules become significantly more visible.
Thus, the yellow pigment interacts with examined ketones. Based on the
obtained interactions it can be concluded that the microcapsules have more
polar nature than the classical pigment particles. Solvent-thermocromic
print interactions were analysed using Hansen solubility parameters that
rank the solvents based on their estimated interaction capabilities.
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Introduction
The thermochromic ink composition includes a thermochromic microcapsules and an ink vehicle. Thermochromic microcapsules usually consist of at least
three components – the colorant, colour developer and
solvent. In order to achieve desired effect, the components are mixed in precisely determined proportions and
encapsulated in a polymer envelope in order to protect
him against external influences (Kulčar et al., 2010).
The thermochromic effect in thermochromic leuco
dye-developer-solvent systems is caused by the formation of leuco dye-developer complex. Formation

between the colorant (leuco dye) and developer predominates on lower temperatures. Organic solvent
at lower temperatures is in solid state, and with the
increase of temperature it becomes liquid. The solvent in liquid state causes destruction of the colorant
– developer complex resulting in separation of both
components. When the thermochromic complex cools
again, the solvent becomes solid, and the developer
and colorant blend again and the colour returns to its
original state (Kulčar et al., 2010; Aitken et al., 1996).
The solvent component of reversible thermochromic systems determines the switching temperature
of the colour change. Paraffin, long chain alcohols,
alkyl amides and alcanoic acids are solvents typically
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used. Most solvents contain a long hydrocarbon chain
(Kulčar et al., 2010; Bamfield, 2010; Seeboth et al.,
2007; Christie & Bryant, 2005; Lee et al., 2007).
Colour developers are weak organic acids which act
as proton donors. The phenols – bisphenol A (BPA),
laurylgallate (LG), ethylgallate (EG) and p-hydroxybenzoic
acid methyl ester – are typical developers for reversible
thermochromic leuco dye-developer-solvent systems
(Seeboth et al., 2007).
Encapsulation with melamine resin is a common method
widely described in the literature. Only a few examples
of encapsulation with epoxy resin have been reported
(Seeboth et al., 2007; Bamfield, 2010). Melamine resin or
melamine formaldehyde (also shortened to melamine)
is a thermosetting plastic material made from melamine
and formaldehyde by polymerization (Figures 1 and 2).
Melamine resin capsules have a core-shell geometry.
Melamine formaldehyde is very hard and will not break
down at high temperature (Bamfield, 2010). Epoxy resins
possess better temperature stability in comparison to
melamine resins. The term “epoxy”, “epoxy resin”, refers
to a broad group of compounds that are characterized by
the presence of an oxirane or epoxy ring shown in Figure 3.
This is represented by a three-member ring containing
an oxygen atom that is bonded with two carbon atoms
already united in some other way (Thompson, 2004).
Despite the rapid development of instrumental analytical
methods, classic analytical approaches still have their
place. Solvent precipitation techniques are often used in
the first stages of ink analysis to affect separation of an

ink into its major component. With regards to the type of
printing ink, it is often necessary to choose a solvent that
will interact with the individual components of ink. The
resulting fractions can be examined using some appropriate identification techniques (Leach & Pierce, 1999).

»»Figure 1: Structure of melamine resins
In this study, preliminary studies of interactions
between thermochromic printing ink and various solvents have been carried out. The data obtained can
be used to determine the ink extraction scheme.

Experimental
One leuco dye based thermochromic offset printing ink
was used (Chromatic Technologies, Inc.). The activation temperature of thermochromic ink is 45 °C. Below
its activation temperature, the print was coloured in
green and above its activation temperature the print
was coloured in yellow. Used ink was oil-based containing leuco dye system as colorant. In preparation
of the experiment metal plate were used as printing
substrate. The printing trials were carried out using

»»Figure 2: Chemical reactions leading to melamine-formaldehyde resin

»»Figure 3: Epoxy resin structure
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Prüfbau Multipurpose Printability Tester. The quantity
of 1.5 cm3 ink was applied on the distribution rollers
while printing was carried out with the printing force of
600 N. All the samples were printed in the full tone.

Results and discussion

After printing, the metal plate was cut into several smaller tiles of 1x1 cm. Plates were immersed in
glasses containing 20 cm3 of solvent. The following
solvents were used: acetone, cyclohexanone, ethanol, benzene, cyclohexanol, butanol, pentanol, hexanol, isobutanol, propan-2-ol, ethylene glycol and
water. Samples were soaked in solvents for 2 days.
When the samples were dried, the colour measurements were carried out using Konica Minolta spectrophotometer at temperatures of 23 and 50 ±2 °C (below
and above its activation temperature). After heating at
50°C, the samples were cooled again at 23 °C in order
to examine the preservation of the colour reversibility.
Each print sample was heated by the Full Cover water block (EK Water Blocks, EKWB; Slovenia).
The temperature of the copper plate surface was
varied by circulation of thermostatically controlled
water in channels inside the water block, which
was assured to be up to 1 °C accurate in the applied
temperature region. The colour of prints was determined according to the CIE L*a*b* system.

The thermocromic surfaces were monitored using a
FE-SEM Jeol 7000 field emission scanning electron
microscope too.

Photos of samples were taken in order to visually evaluate the prints. Figure 4 shows visual evaluation. Thermochromic prints are stabile in all solvents besides acetone,
cyclohexanone and ethanol (Figure 4a). The colour of
the print turned from green into yellow after interaction
with ethanol. After interaction with acetone and cyclohexanone the colour of the print was changed to blue.
SEM micrograph (Figure 5) shows that microcapsules
in thermochromic ink after printing stay more or less
covered by the binder.
After interaction with acetone the microcapsules become
more visible (Figure 6). Since the colour of the print
was changed to blue, it can be assumed that a yellow
pigment (or yellow offset ink) was dissolved in acetone.
After interaction with cyclohexanone microcapsules become more visible (Figure 7). The diameter of the microcapsules ranges from 1 to 3 µm.

»»Figure 4a: Thermochromic prints: 1-orginal
sample and after interaction with 2-acetone,
3-cyclohexanone, 4-ethanol

»»Figure 4b: Thermochromic print after interaction with: 5-benzene, 6-cyclohexanol,
7-butanol, 8-pentanol, 9-hexanol, 10-isobutanol, 11-propan-2-ol

»»Figure 4c: Thermochromic print after interaction with:
12-ethylene glycol, 13-distilled water
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»»Figure 5: SEM micrograph of original green
thermochromic print (magnification 5000x)

»»Figure 6: SEM micrograph of green
thermochromic print after interaction with
acetone (magnification 5000x)

»»Figure 7: SEM micrograph of green thermochromic
print after interaction with cyclohexanone
(magnification 5000x)

»»Figure 8: SEM micrograph of green thermochromic print after interaction with ethanol (magnification 5000x)

After interaction with ethanol, cracks with a diameter
of about 1 μm are formed, so it can be assumed that
microcapsules have dissolved in those places (Figure 8).

for all samples except for samples interacting with
acetone, cyclohexanone and ethanol (Figure 10).

When a colour is expressed in CIELAB, a* denotes the
red/green value. A colour measurement movement in
the -a direction depicts a shift toward green. After interaction with solvents, the prints retained the reversibility
of the colour change (Figure 9). At the initial temperature
of 23 °C all prints except the prints interacting with acetone, cyclohexanone and ethanol have approximately
the same a* values. Print samples which have interacted
with acetone, cyclohexanone and ethanol have more
positive a* values, while the greatest change in a* value
was obtained after interaction with cyclohexanone.
Along the b* axis, -b movement represents a shift
toward blue, and +b toward yellow. b* values at the
initial temperature of 23 °C are practically the same
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»»Figure 9: a* values of the prints at temperatures 23,
50 and repeated cooling to 23 °C (1-orginal and after
interaction with: 2- benzene, 3-acetone, 4-cyclohexanone, 5-propan-2-ol, 6-isobutanol, , 8-pentanol, 9-hexanol, 10-cyclohexanol, 11-ethanol, 12-ethylene glycol,
13-water)

at 23 °C, the b* value of the prints (except for the
print soaked in ethanol) were much more positive
compared to those obtained at the initial temperature which was also 23 °C (Figure 10). It is possible
that the microcapsules by heating change their
shape, i.e. they spread and need to be cooled.

»»Figure 10: b* values of the prints at temperatures 23,
50 and repeated cooling to 23 °C (1-orginal and after
interaction with: 2- benzene, 3-acetone, 4-cyclohexanone, 5-propan-2-ol, 6-isobutanol, , 8-pentanol, 9-hexanol, 10-cyclohexanol, 11-ethanol, 12-ethylene glycol,
13-water)
The samples interacting with acetone and cyclohexanone have more negative b* value (greater shift to blue
area), while the sample interacting with ethanol has
a positive b* value (greater shift to yellow area). After
the interaction with acetone, the b* value is slightly
more positive compared to interaction with cyclohexanone. A greater shift to the blue area was obtained
after interaction with the cyclohexanone. This was also
confirmed with SEM micrographs (Figures 6 and 7).
By heating to 50 °C, b* values become positive (shift
to yellow area). The prints which were in contact
with acetone and cyclohexanone also change their
colour in yellow, but the shift to the yellow area was
smaller compared to those obtained for samples
interacting with other solvents (Figures 10 and 11).
This arises from partial but not completely dissolution
of yellow pigment in acetone and cyclohexanone.

Varied classiﬁcation systems were developed to rank the
solvents based on their estimated interaction capabilities. Solvatochromic scale base on the solvent properties.
The Reichardt’s scale, the Snyder scale, Hildebrand and
Hansen scale, Abraham scale, COSMO-RS approach are
included in solvatochromic scale base (Lesellier, 2015;
Hansen, 2000).
Snyder suggested three parameters, xe, xd and xn respectively describing hydrogen bond basicity, hydrogen bond
acidity and the solvent dipolarity. This scale is a polarity
scale and does not include the dispersive interactions.
The sum of the parameters (xi) is equal to 1 (Lesellier,
2015).
Hansen solubility parameters (HSP) were developed by
Charles M. Hansen as a way of predicting if one material
will dissolve in another and form a solution. They are
based on the idea that “like dissolves like” where one
molecule is defined as being ‘like’ another if it bonds to
itself in a similar way. Hansen suggested that the solubility parameter was the sum of dispersive (δd), polar
(δp) and hydrogen bonding (δh) (donor and acceptor).
Compared to the Snyder scale, Hansen scale includes
dispersive interactions, and joined the hydrogen bond
acidity and basicity. Hansen solubility parameters can
be treated as vector for a point in three dimensions also
known as the Hansen space. The nearer two molecules
are in this three dimensional space, the more likely
they are to dissolve into each other (Hansen, 2000).
Table 1
Hansen solubility parameters (HSP)
(Lesellier, 2015; Hansen, 2000)

Solvent

»»Figure 11: The samples of thermochromic prints after
interaction with 1) ethanol, 2) acetone and 3) cyclohexanone at 50°C
The print which was in interaction with ethanol
at 50 °C becomes yellow. With repeated cooling

δd

δp

δh

Benzene

18.4

0

2.00

Cyclohexanone

17.8

8.4

5.08

Acetone

15.5

5.3

11.7

Propan-2-ol

15.8

6.1

16.4

Isobutanol

15.1

5.7

16

Cyclohexanol

17.4

4.1

13.5

Hexanol

15.9

5.8

12.5

Pentanol

15.9

5.9

13.8

Butanol

16.0

5.7

15.8

Ethanol

15.8

8.8

19.4

Ethylene glycol
Water

17

11

26

15.6

16.0

42.3
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Table 1 shows Hansen solubility parameters of tested solvents, while Figure 12 presents the relationship between
hydrogen and polar interactions of tested solvents. Benzene interacts with dispersion interactions. Other tested
solvents interact with hydrogen and polar interactions.
In cyclohexanone, the polar interactions are stronger
than hydrogen bonding while other solvents have higher
share of hydrogen bond interactions. Cyclohexanone
interacts in a larger proportion with dispersion interactions. It can be concluded that the yellow pigment,
since it is soluble in cyclohexanone, is not non-polar but
it contains functional groups which interact with polar
interactions but the proportion of dispersion interactions
is higher which can be attributed to the structure of the
coloured organic compounds. The proportion of hydrogen bonded interactions is small (Figure 12). Acetone
interacts with stronger hydrogen bonds, but weaker
dispersion forces and polarity than cyclohexanone,
and therefore the yellow pigment is less soluble in it.

gen bonds and in a lower degree by dispersion interactions, so they do not interact with the microcapsules.

Conclusions
Microcapsules of the tested thermochromic printing
ink contain polar functional groups which interact with
hydrogen bonding. Therefore, it could be assumed
they are made from melamine resin (Figures 1 and 2).
They dissolve in ethanol, but not in the other examined
alcohols, due to stronger polar and hydrogen bonds
interactions of ethanol. Because it’s a polymer, dispersion interactions are also important. Yellow pigment
interacts primarily through dispersion interactions and
in a lower degree by polar interactions. Therefore it
dissolves in cyclohexanone. The obtained results can
be used for characterization of thermochromic inks and
determination of the solvents sequence used in sequential analysis. They also indicate which solvents should
not be used in the formulation of thermochromic inks.
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Use of conjoint analysis to
determine the impact of logotype
colour, and the type, duration and
price of a street performance on
consumer purchase decisions
Abstract
The aim of our research was to determine how colour impacts the
effectiveness of a logotype for a particular activity and which colour used is
strong, stable, associative and “playful”, and thus the most appropriate for
presenting a selected activity. For the purpose of this research, a logotype
for a circus artist was designed using four colour variations, while conjoint
analysis was used to identify the colour preference of a specific logotype.
Besides colour, three additional attributes were chosen: the type, duration
and price of a performance. Three or four levels were specified for every
attribute. The results of the survey showed that colour is the not the most
important of the four attributes, but that it does have a certain effect
on a customer’s decision. In the analysis, most respondents choose the
red logotype, an outdoor performance, and the longest duration and the
lowest price of a performance. The most important of the four attributes
for respondents was the price of a performance, followed by the duration
of a performance, the content/type of a performance and finally the colour
of the associated logotype. The preference of respondents was improved
by testing combinations of the four attributes and levels, where the colour
blue was replaced with red. The research opens possibilities for further
research regarding the impact of colours on subconscious decisions.
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Introduction
All over the world, jugglers, magicians, illusionists, acrobats, dancers, actors, etc. carry out a variety of performances, not only in commercial theatres and circuses,
but also on town streets. Depending on the type and
quality of their shows, their creative and innovative
approach, and the duration and impressiveness of performances, etc., those artists are more or less successful.
To communicate with their target audience/customers,
they require a clear and understandable identity that is
in many ways similar to a corporate identity. Corporate

identity has a significant impact on the marketing of
products and services (Repovš, 1995). Successful communication with customers generates market recognition,
meaning that the information communicated must be
unique and clear (Wiedemann, 2009) and must send
the right message (Adams, 2004). Because people are
visual beings, visual images have a significant impact on
our purchase decisions (Cato, 2010). It is thus important
to use artistic elements and variables effectively (Butina, 2000). A visual message must appeal to the target
audience and must also be “invisible” to the user (Visocky O`Grady & Visocky O`Grady, 2008). Visual language
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usually comprises different elements by giving a product
or service an emotional note (Bonnici, 1999). The story
and feelings evoked by colours, forms and images create the desire for a real experience. As Gardner (2010)
determined, even we are rationally aware that we will
not get the exact image created in our mind by purchasing a product or service, but we nevertheless wish to
satisfy our senses. Such thinking comes naturally. The
first impression that companies create for their products or services is thus crucial. Corporate identity is like
the flag or coat-of-arms of a company, as it is a visual
presentation of an idealised identity. It presents the
identity of the company in symbols, and is the strongest
weapon in strategic terms for the successful equivalent
exchange of a product or service with customers.
An important part of a corporate identity is the associated brand. It represents the synergistic activity of people’s
perception of a company’s customer service, reputation,
advertising and logotype. A logotype is visual element
of a corporate identity and represents an important
and the most complex element of a corporate identity.
Knowledge of the mission, strengths, philosophy, objectives and culture of a company is required for a successful logotype (Repovš, 1995). The values of a company
are communicated to customers (and to employees,
shareholders, investors, the market, etc.) via a logotype
(Morgan, 1999). If a logotype is not properly designed,
it can have a negative impact on a company (Murphy &
Rowe, 1988). The properties of a good logotype are simplicity, easiness, timelessness, versatility, appropriateness
and quick recall by consumers. The rule for logotypes
is ‘less is more’. A logotype is not a brand, but rather a
form of a brand’s expression; it has a significant impact
because it represents a promise. A logotype must be
something completely new, but not overly classical, so it
might remain popular for a longer period of time (Wiedemann, 2005). In research performed by Cowin (2011),
six world famous logotypes of American companies
(Apple, McDonald’s, Nike, Pepsi, Shell and Starbucks)
were analysed. It was determined that six elements are
important in designing a logotype: focus on the future,
identification with observers, instant recognition and
distinction, coherence through development, openness
to changes and the true presentation of a company.
Macnab (2008) suggests that a logotype should be natural and harmonious, comprising simple numbers and
forms, and more focused on quality than on quantity.
The symbols used must be meaningful and recognisable,
regardless of the spoken language. The elements of a
logotype can be pictorial, typographic or a combination
of both. However, thought must be given to the selection
of all elements. The appropriate colours must also be
chosen (Walch & Hope, 1995), as they may evoke both
positive and negative feelings in people (Trstenjak, 1996).
Chen and Chen (2007) claim that, besides the symbols
and text used, colour is also a function of communica-
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tion, identification and symbolism, and that its meaning
is often forgotten. The right colour or colour combination of a logotype appeals to the appropriate target
audience. An example is the preferred use of the colour
red in the logotypes of fast-food companies (Figure 1).
The colour red in a logotype catches the attention of
customers, but is not pleasing to look at for an extended period, meaning customers soon leave the restaurant and leave space for others. (Chiazzari, 2000).

»»Figure 1: Logotypes of fast-food companies
Colours can become “traditional” for some products,
even if they are not typically connected with them (i.e.
the violet colour used for Milka chocolate products).
(Holtzschule, 2011).
The colour preference in a particular logotype depends
on the message that the logotype communicates.
In our research, we focused on a circus artist and
the services he offers thus logotypes of different
artists, events and organisations involved in similar
activities were collected and analysed (Figure 2).

»»Figure 2: Examples of logotypes representing circus art
As can be seen from Figure 2, some logotypes are rather
classical (e.g. the logotype of Francis Brunn), while others
radiate joy (e.g. Jugglers). Some are flexible, lively and
dynamic, but at the same time have a serious and professional appearance (e.g. EJC`09). Some logotypes do
not present the associated activity with enough clarity
(e.g. Kreaktiv), while others associate clearly with the
activity (e.g. Nikoloon.com). Some logotypes have too
many details (e.g. Čupakabra) or the figures cover the

inscription (e.g. F&B Acrobatics), while some are too
simple and already frequently seen (e.g. World Juggling
Day). The colours in some logotypes are too heavy (e.g.
WJF) or unbalanced (e.g. SMIRK). The logotypes for circus art use three colours to create a dominant effect:
light-blue, red and yellow. Light-blue creates a feeling of
trust and loyalty, and is a colour that represents honour,
quality and skills. Red represents passion, reliability, hard
work and success. It is the colour of power and vitality,
but also of anger (Eisman, 2006). Unlike red, yellow
radiates outwards; it is a colour that represents energy,
vitality, intellectual power and curiosity (Chiazzari, 2000).
A logotype in our research was designed in four different
colours. The aim of the research was to determine 1) how
important the colour element of a logotype is in the marketing of an artist performance: and 2) whether specific
colours typically have a different impact on a logotype’s
effectiveness.

Methodology
The research was divided into two parts. During the
first part, a logotype was designed for a circus artist, as
shown below. For the purpose of further analysis, we created the logotype in four different colours. In the second
part of the research, conjoint analysis was used to determine the preference of respondents with regard to four
chosen attributes, and to determine the impact of four
different colours on the effectiveness of the logotype.

Preliminary analysis: basis for
designing the logotype
For the purpose of our research, we designed a logotype
for the services of a circus artist who is already active on
the Slovenian market. Based on an analysis of the above
logotypes (Figure 2), a conversation with the chosen circus artist and a viewing of his performances, the following starting points were established for designing a logotype that represents the artist’s main activity of juggling:
a professional, funny juggler with
an excellent technique;
• performances that create an experience
of fun, laughter, joy and relaxation, while
also offering professional juggling tricks;
• a serious approach to work, accompanied by playful exploration;
• personal traits of the artist: kind, staunchly
determined, simple and flexible; circus art
makes him happy; he is able to perform
every day and wants to please everyone;
• the artist’s motto is: “Life is in my hands”;
• the essential elements of the artist’s brand include
admiration, enthusiasm, joy, childishness, playful•

ness, beauty, patterns or images created through
juggling, and appreciation of the audience; and
• the artist’s target audience comprises
parents and children requiring a circus-artistic show for special events.
The research focused on the service of artistic performances. This service is usually more difficult to
understand and present as a product because the
human factor is an important element in the co-creation of the service. For this reason, the human
factor must be taken into account accordingly and
presented to future users in graphic images.

Logotype sample design
According to our preliminary analysis, the circus artist’s
logotype must present an image of liveliness, and at
the same time seriousness and professionalism. The
logotype should be very simple, while communicating
a great deal about the artist and his work. From several
ideas and sketches, an orb lying in an upturned palm in
a rectangular form was chosen (Figure 3). The sketch
was transferred into the Adobe Illustrator programme,
where minimal transformations were performed, together with colour selection and typography. The selected
typography was minimalistic, with a serious yet lively
and playful form: serious because the logotype must
present an air of professionalism, and lively because the
artist’s performances are mostly meant for children. The
appropriate fonts Alex-brush in Print-Clearly were chosen
using the Font Squirrel web application (Font Squirrel,
Wilmington, Germany) and added to the logotype.

»»Figure 3: From left to right orb prop, orb in square, first
variation of the logotype, simplified logotype
The final logotype was first created using a black and
white combination. In our continuing research, four
different colour combinations were chosen: two warm
(yellow and red) and two cold (blue and green) (Figure
4). Those logotypes were used for our conjoint analysis.

»»Figure 4: Final logotype in four colour variations
An orb lying in an upturned palm with all five fingers
visible was chosen for the logotype. That orb represents
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an element of the artist’s performance, i.e. a contact
ball. The illustration of the logotype tells us that the artist creates magic in his performances using hand skills.
It is a simple logotype that presents a major concept.
The hand is half open, which supports the artist’s motto
“Life is in my hands”. It is also opened to the target audience, offering them a ball, by which the artist positively
and confidently offers an experience. The logotype is
reminiscent of a light bulb that illuminates as an idea
because our artist always has a head full of fun ideas.

and Deliza (2010) used conjoint analysis in an attempt
to determine the impact of the form and colour of a
package on consumer expectations in a case involving
dairy desserts. Grobelny and Michalski (2015) also used
conjoint analysis in their attempt to identify persons’
attitudes toward digital graphical information regarding
various types of smartphone’s virtual package designs.
Four main attributes were chosen for the
purpose of our conjoint analysis:

A serious font, in combination with a white-gloved
hand, represents the professionalism of the artist’s
offer. Most people present an offer as it is. However,
the logotype that we created makes the artist’s offer
stand out from the competition. The logotype communicates the fact that the artist’s performances emphasise
art and technique. The illustration represents his art,
while the straight lines symbolise his professionalism.
The chosen font curves complement the curves of the
illustration. The straight lines complement the lines of
the rectangle, which surrounds the sculptured illustration, while the convolutions of the golden-cut font
express happiness. The logotype was designed for use
on props, gift programmes and promotional materials, and on the artist’s website and business cards.

Conjoint analysis: creating a questionnaire
and collecting data
An advanced and scientifically justified conjoint analysis
was used to prove the two aforementioned assumptions.
Although conjoint analysis is most frequently used for
market research, it is also useful in other fields where
customer preferences are measured (i.e. for designing
products and services, advertisement, segmentation,
market share, etc.). Conjoint analysis allows us to determine which properties must be focused on during the
development of a product or service (Baker & Hart,
1999; Sawtooth Software, 2017). Every product has several properties (hereinafter: attributes), such as brand,
colour and packaging, or speed, fuel consumption, trunk
size, origin, etc. for a car. Conjoint analysis is used to
measure product preferences that a customer ascribes
to different levels of attributes (Kotler, 2004). It is used
assuming that a consumer’s purchase decision involves
a comparison of the different attributes of a product or
service, and that they see different attributes as more or
less important. A product or service is integrally shown
by conjoint analysis, as respondents compare and evaluate all elements at chosen platforms simultaneously.
The “unlimited” combinations that are generated in
the analysis also represent an opportunity to predict
new directions for a product or service on the market.
Conjoint analysis can also be used in the field of graphic
design, particularly for researching the preferentiality of
individual elements of packaging. In their research, Ares
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colour of the logotype: the colour of the
logotype was the main subject of our
research, as its impact on respondents’
purchase decisions was researched;
• the content of the performance: the circus
artist offers several types of performances to his
target audience, while our aim was to determine which performance is preferred most;
• duration: the duration of performances can be of
varying length. It is thus important to know how
much time the target audience is willing to dedicate to watching an individual performance; and
• price: price is frequently an important element in the selection of a service or product, and was thus included as an attribute
for the purpose of conjoint analysis.
•

Three or four levels were defined for each attribute, as
seen in Table 1. Four levels were defined for logotype
colour and type of performance, while three levels were
defined for the duration and price of a performance. It
is possible to form 144 different combinations (4 × 4 × 3
× 3) from the selected attributes and associated levels.
Table 1
Attributes and levels of service rendered by the circus artist
Attribute

Duration of
Price of
performance performance
[min]
[EUR]

Logotype
colour

Performance
content

1st level

Red

Outdoor
performance

40

60

2nd level

Green

Street theatre

30

70

3rd level

Yellow

Children’s
entertainment

20

80

4th level

Blue

Stage performance

Level

The conjoint analysis was carried out using a Sawtooth
Software tool (Sawtooth Software, Inc., USA). Choicebased conjoint (CBC) software was used in the scope
of the aforementioned tool. During our analysis, three
computer-generated combinations of services (generated by a computer taking into account the four attributes and associated levels) and the additional choice,
“None of the offered options appeal to me” were given

to respondents (Figure 5). Respondents were asked to
choose the option they prefer most. On the next screen,
respondents were given three new combinations and
again the choice, “None of the offered options appeal
to me”. Respondents were again asked to choose the
combination they preferred. This was repeated 14 times,
with respondents receiving 42 different combinations.

children. According to the percentage of respondents
in the younger age group (81.9% of respondents were
younger than 30 years and 15.2% were between the age
31 and 50), the desired target population was achieved.
Despite the small sample of respondents, the analysis was primarily performed on the target population,
making the sample slightly more representative and
thus giving some guidelines for further research.
Because one of the attributes was the price of a performance, the income of respondents was also investigated in the research. The following was determined:
the income of 72.4% of respondents is below the
Slovenian average, the income of 20.9% of respondents is equal to that average, while the income of
6.7% of respondents exceeds the Slovenian average.

Results and discussion
Analysis of the results of the impact of individual
elements on the offer of a circus artist
»»Figure 5: Three combinations of services + the choice,
“None of the offered options appeal to me”
Conjoint analysis was performed online, while the
website address for accessing the questionnaire was
published on Facebook pages and sent by email.
After the survey was completed, the data were statistically analysed using the Logit software tool, which
is part of the Sawtooth Software tool. Logit is a statistical method used for multidimensional regression,
meaning it takes into account x and y dimensions, as
well as a z dimension. It is used as a diagnostic tool.

From the results obtained using conjoint analysis, we
first determined the importance of individual attributes of the circus performance. It is evident from
Figure 6 that of all four attributes affecting a consumer’s purchase decision, the most important attribute
is price (46.5%), while less important attributes are
performance type (25.3%) and duration (23.1%). Least
important (5.1%) is the colour of the logotype.

At the end of our research, a market simulation tool
(SMRT) was used to convert raw conjoint (part-worth
utility) data into managerially useful information (simulated market choices). Using SMRT, what-if games were
conducted to determine the most preferred logotype
colour, performance duration and performance price.
»»Figure 6: Average importance of individual attributes
The results of our conjoint analysis are presented in the section ‘Results and discussion’.

Target population sample and
representativeness of the sample
The conjoint analysis was performed from a sample
of 105 respondents (80% female and 20% male).
We hoped that the sample of the target population in
the survey would mainly comprise potential customers,
i.e. parents (usually younger women) who organise
birthday parties and other special events, and of course

The benefits of an individual offer of the artist were
determined through conjoint analysis. The results are
calculated as preference levels that show how many
times respondents chose or how likely they were to
choose an individual level of a specific attribute. The
preferences of each level were expressed as coefficients that expand in positive and negative values. The
software uses “effects coding”, which means that the
sum of the coefficients of an individual attribute is 0.
The first analysed attribute was the price, which was
identified as the most important attribute in a purchase
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decision. We can see from the results shown in the Figure 7 that a lower price of €60 for the performance is
preferred (utility value of 98.1), while the higher price
of €80 (utility value of -87.8) is the least preferred. At a
price of €70, the same coefficient amounted -10.2. The
fact that most respondents preferred the lower price
was probably the consequence of their lower income,
as was determined at the beginning of this research.

(utility value of -49.7). It is clear from the results that
respondents prefer longer circus art performances.

»»Figure 9: Preference levels associated with the
duration of a performance

»»Figure 7: Preference levels associated with the price
of a performance
The type of performance was the second most important attribute in a purchase decision. It is evident from
Figure 8 that outdoor performances are preferred most
(utility value of 53.3), while less preferred are street
theatre performances (utility value of 3.2), children’s
entertainment (utility value of -8.6) and stage performances (utility value of -47.97). Preference for outdoor
performances (and street theatre performances) is probably connected with the existing street performances
of circus artist during the summer. It is interesting that
the preference levels for children’s entertainment and
stage performances are low. There are not many offers of
circus art for children’s birthday parties on the Slovenian
market. This could be the reason why children’s entertainment is less popular and perhaps too expensive.

The logotype colour was the least important attribute
in terms of a purchase decision. The results in Figure
10 show that the colours blue and green are the least
popular in a purchase decision associated with a circus
art performance. Their coefficients were -9.43 and -6.08,
respectively. Yellow was more recognisable as a logotype
colour (utility value of 4.63), while red has the greatest
impact (utility value of 10.87). Red is thus preferred
most in a logotype among the four colours studied, and
stands out compared with the other three colours. This
result is also consistent with the preliminary analysis,
in which red, yellow and light-blue were the prevalent
colours in other logotypes identified with circus art.

»»Figure 10: Preference levels associated with logotype
colour
According to the results above, the most important
attributes and associated levels that impact a purchase
decision are the lowest price of €60, an outdoor performance, the longest duration of 40 minutes and a red
logotype.
»»Figure 8: Preference levels associated with the type
of performance
The third most important attribute in a purchase
decision is the duration of a performance. Most
respondents (Figure 9) preferred a 40-minute performance (utility value of 42.8) and, to a lesser extent, a
30-minute performance (utility value of 6.9), while the
fewest respondents chose a 20-minute performance
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Market simulations
Although the impact of logotype colour on a purchase
decision was determined to be low, we were interested in
determining whether respondents gave priority to a combination of attributes involving a red logotype. That simulation was performed in the continuation of our research.
Three scenarios and estimated shares of preference for
fixed alternatives within those scenarios were created for

simulation purposes. We used this approach to search
for the optimal logotype colour based on utility level.
A blue logotype was chosen in the first combination,
as seen in Table 2. In this simulation, the first combination includes a blue logotype, a stage performance
with a duration of 20 minutes and a price of €70. The
preference of the respondents was 28.47%. The second combination included a green logotype, children’s
entertainment with a duration of 30 minutes and a
price of €60, resulting in a preference of 40.51%. The
third combination included a yellow logotype, a street
theatre performance with a duration of 40 minutes and
a price €80. The preference of the latter was 31.02%.

Conclusions
The aim of the research was to determine whether
colour, as an element of a logotype, has an impact on
effectiveness, and whether it can result in better connectivity, visibility and positive association with the activity
that a logotype represents. According to our results,
the colour of a logotype has an immaterial impact on a
purchase decision. For respondents, the type and the
duration of a performance are important, while most
important is the price. However, the research showed
that typical differences exist between individual colours
in terms of their impact on the effectiveness of a logotype. Among the colours included in our analysis (blue,
green, yellow and red), red stood out from the others.

Table 2
Simulation 1

Colour Performance Duration Price PREFERENCE

offer 1

blue

offer 2 green

stage
performance

20 min

€70

28.47%

entertainment
30 min
for children

€60

40.51%

€80

31.02%

offer 3 yellow street theatre

40 min
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Because the sample of the target population was small
and mainly oriented to younger parents (primarily women), the given results represent a starting point for further research, as they have raised numerous questions
requiring answers. Those questions include (but are not
limited to) the following: Because the price of a performance had a significant impact on performance preferences, would it be better to exclude it from the attributes? Is it possible to design a logotype that would have
the same effect that price has on a purchase decision?

As is evident from the results above, changing the colour
of the logotype from blue to red resulted in an increase
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Optimization of Cyan flexo dye
removal by nano zero-valent iron
using response surface methodology
Application of nano zero-valent iron (nZVI) as a catalyst in a decolorization
process is a simple and sensitive method for Cyan flexo dye removal from
the aqueous solution. In this paper, a central composite design (CCD), under
the response surface methodology (RSM), was applied in order to optimize
experimental conditions of the Cyan removal from aqueous solution. The
influence of four independent variables was studied: nZVI dosage
(5–45 mg L-1), initial dye concentration (2–14 g L-1), pH (2–10) and removal
time (20–100 min), in order to build second order quadratic model and to
predict the responses. The highest removal percent of 96.35% was attained,
and the optimum parameters are achieved after 1h/24h precipitation: nZVI
dosage (5/45 mg L-1), initial dye concentration (2/14 g L-1), removal time
(20/100 min) and pH (2/10). The Cyan removal efficiency of 38% and 62%
were estimated under optimized experimental conditions.
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Introduction
Due to the rapid development and complexity of the
technological printing production, waste management
presents a key environmental issue for printers, in order
to improve environmental performances. Prevention,
as the first rule of hierarchy within sustainable development, is not always possible to comply, and therefore it is
necessary to perform adequate recycling and disposal of
printing waste products (Andrade et al., 2012; Adamović et al., 2014). Wastewaters discharged from printing
operations may contain waste dye, cleanup solvents,
photographic chemicals, acids, alkalis, lubricating oils,

as well as metals such as silver, iron, chromium, copper
and barium. Due to the lack of adequate effluents treatment, significant amount of potentially contaminated
waste with inorganic and organic pollutants is often discharged directly into the sewage system. Managing and
reducing the environmental impact of printing dyes has
been an important feature over many years, and continues to be an on-going element of product and process
development (Wu and Wang, 2012; Kiurski et al, 2016).
Printing dyes consist in four primary components:
varnish, solvent, pigment and additives, each presenting
their own unique environmental hazards and challenges.

Journal of Graphic Engineering and Design, Volume 8 (2), 2017.

35

Flexographic printing process combine water-soluble and
solvent-based dyes, which are primarily used in the printing of packaging materials (cardboard boxes, corrugated
cardboard, paper bags and plastic bags, food packaging,
newspapers, catalogues, etc). The colored dye effluent
discharged from flexographic process, contains significant
level of organic contaminants, which are known to be
carcinogenic and toxic in nature, and therefore poses a
big threat to the environment (Mijin, 2012).
Typically, dye wastewater is treated by using various
physio-chemical methods, such as coagulation and flocculation, aerobic or anaerobic treatment, electrochemical treatment, membrane filtration, as well as adsorption
methods. However, it is necessary to find alternative,
eco-friendly and economically viable methods which are
effective in dye removal process from large volumes of
effluents (El Haddad et al., 2012; Asfaram et al., 2015;
Elhalil et al., 2016; de Sales et al., 2013; Saad et al., 2017;
Rasouli et al., 2017).
In recent years, usage of nZVI particles become an
increasingly popular treatment of hazardous and
toxic wastes, with great prominence for applications in
environmental remediation. Studies have shown that
a large number of pollutants like chlorinated organic
compounds, nitroaromatic compounds, arsenic, heavy
metals, pesticides, nitrate, dyes and phenol can be successfully treated from various media, with nZVI particles
as a strong reducing agent (Kerkez et al., 2014; Yari et
al., 2015; Poguberović et al., 2016; Khan et al., 2013).
The type of removal mechanisms varies based on the
contaminants and may involve processes like oxidation/
reduction, surface complexation, surface precipitation,
and co-precipitation. The reaction processes occurring
at the iron surface are strongly influenced by a number
of factors, namely the nZVI chemical properties and
structure, the presence of more than one contaminant
species, as well as the hydrochemistry of the aqueous
environment - pH, redox and natural dissolved species
(Poguberović, 2016).
Because of its characteristics, small particle size (1–100
nm), large specific surface area with great intrinsic reactivity, high density, stronger adsorption properties and
better mobility than bulk or micro scale iron particles,
the nZVI technology become promising approach for
treating dyes wastewater. Several studies have described
dye removal process from various industrial wastewaters,
where textile industry presents the most investigated
one (Raman and Kanmani, 2016; Dutta et al., 2015; Nayana and Pushpa, 2016; Poursaberi et al., 2012). Group
of authors (Satapanajaru et al., 2011; Rakhshaee, 2011
and Zong Shan et al, 2008) demonstrated that anionic
dyes, such as Reactive black 5, Reactive red 198, Light
green, Acid orange 7, Acid orange 8 and Sunset yellow
can successfully be removed with up to 97% efficiency
from the textile dye wastewater. Despite mentioned
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facts, there is a great lack within the data obtained
from printing industry, which requires detailed investigation in the field of printing wastewater remediation.
Regardless mentioned advantages, nZVI particles are
distinguished with some disadvantages, such as lack of
stability, high tendency to agglomerate, secondary iron
pollution and recovery of the fine nZVI particles after
utilization. In order to overcome these issues, various stabilization methods have been developed to facilitate the
usage of modified nZVI particles, where green synthesis
deserves the most attention. This environmentally friendly, so-called ‘’green’’ nZVI synthesis method uses natural
plant extracts where the active substances, such as polyphenol are highly reductive compounds. The obtained
extracts have high reductive capacities and assure the
reduction of iron(III)/(II), producing nZVI particles (Saif et
al., 2016; Zou et al., 2016). In this work, oak leaves were
used to produce nZVI particles, and the extraction procedure is explained more detailed in experimental part.
In order to determine the optimum experimental
conditions, as well as the effect of various operational parameters, including the nZVI dosage, initial dye
concentration, pH value and removal time, on Cyan
dye aqueous solution decolorization, RSM followed
with CCD was applied. By selecting the RSM as an
effective statistical and mathematical approach, in
order to recognize the efficiency of an experimental system, various parameters were simultaneously
appraised with a minimum number of experiments.
Therefore, present study investigates the application of nZVI nanoparticles under various operating conditions for the efficient removal of flexographic water-based Cyan dye from aqueous
solution, optimized by using CCD under RSM.

Experimental
Materials and chemicals
Flexo dye wastewater is generated during the cleaning
process of dye delivery and storage systems, as well
as dye shipping containers. Given the fact that after
the printing process wastewater is enriched with colorants (pigments and dyes), alkali-soluble, emulsions
or colloidal dispersion chemistries, auxiliary solvents
(alcohols, glycols and glycol ethers) and additives (waxes, plasticizers and defoamers), the purification process
of printing wastewater is required, in order to meet
increasingly stringent environmental quality standards.
A sample of wastewater from one flexographic printing facility located in Novi Sad, Serbia was analyzed in
order to determine the concentrations of printing dye.
All sample analyzes were carried out directly without
special pre-treatment, whereas the chemicals used

during the laboratory tests were analytically pure,
used as received, without further purification. The
laboratory tests were carried out using flexographic
water-based Cyan dye, which contains cooper phthalocyanine chromophore (Figure 1), supplied by Flint Group.
Properties of the Cyan dye are presented in Table 1.
Table 1
Properties of the Cyan dye
Color Index Number
CAS number
Chemical formula
Molecular weight [g mol-1]
Maximum wavelength - λmax [nm]

PB15:3
147-14-8
C32H16CuN8
576.07
636

»»Figure 1: Chemical structure of Cyan dye chromophore

Determination of Cyan dye concentration
in wastewater sample
In order to evaluate Cyan dye concentration in the
wastewater sample, the calibration curve method
was performed (Figure 2). The absorbence of Cyan
dye solutions was measured by UV/VIS spectrophotometer at λmax of 636 nm (UV 1800 Shimadzu).

Synthesis and characterization
of nZVI nanoparticles
nZVI particles were prepared by ‘’green’’ method, using
oak leaves collected from oak trees (Quercus Peatrea)
growing in the National Park of Fruška Gora, in Vojvodina, Serbia. Grinded oak leaves were penetrated
through a sieve with a 2 mm pore size, and material
up to 2 mm size was dried at 50 °C during 48 hours in
a dry oven. The extract of Quercus Peatrea was prepared by boiling 37 g of dried oak leaves with 1000 ml
of deionized water at 80 °C for 20 min on a magnetic
stirrer. After precipitation, the extracts were filtered
by Büchner Vacuum Filtration Funnel. Furthermore,
Fe(III) solution in a volume ratio of 1:3 was added in
the extract. Mixture colors turned from yellow to dark
brown, indicating the formation of nano particles. In that
way, a Fe(0) concentration of 1.395 g L-1 in synthetized
nanomaterial was obtained (Machado et al., 2013).
Standard methods like transmission electron microscopy (TEM; Philips CM 10) and scanning electron
microscope analyses (SEM; Hithchi S-4700 Type II)
were used to evaluate the morphology, size and nZVI
particles distribution. Due to dispersive and stabilizing
characteristics of oak leaves, it was confirmed a formation process of nanosize zero-valent iron particles
with a spherical shape and non-agglomerated size
of 10–30 nm. The available specific surface, as well
as nanoparticles size, can have a great influence on
the number of reactive sites available for binding the
targeted pollutants. The performed characterization
confirmed the possible usage of oak leaf extracts for
“green” nZVI synthesis (Poguberović et al., 2016).

Experimental Design
As an empirical statistical method, RSM uses quantitative
data of appropriately designed experiments in order to
determine the regression model and optimal operating
conditions. The main objective of RSM is to simultaneously optimize the levels of variables, in order to attain
the best system performance and to determine the optimal variables of the examined process (Saad et al., 2017).

»»Figure 2: Calibration curve of Cyan dye
working solution
The calibration curve indicated a dye concentration
of 9.76 g L-1 in the wastewater sample. The obtained
results were further used for experimental design in
terms of choosing the initial dye concentration range.

Before applying the RSM, it is necessary to choose an
experimental design that will define which experiments
should be carried out in the studied experimental
region. For that purpose, experimental matrix CCD can
be performed. CCD is the appropriate model for fitting a quadratic surface, which gives good results and
requires a minimum number of experiments for the
implementation. Based on the CCD analysis, it is possible to evaluate the cumulative effect of the process
parameters of independent variables on the output
variable process, but also to examine the individual
impact of the investigated factors. A linear, square
or cubic effect of tested variables can be tested. The
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Catalytic activity of nZVI particles
in decolorization process

efficiency of the CCD method in experimental process
optimization is reflected within significant reduction of set experiments (Markandeya et al., 2017).
In this study, the RSM was used in order to conduct
experimental design and process optimization, which was
influenced by four independent variables. Nanomaterial
dosage (X1), initial dye concentration (X2), pH value (X3)
and removal time (X4) are defined as four independent
variables, where their influence on the dependent variable (decolorization efficiency) was investigated. Software Wolfram Mathematica 8 was used to generate the
experimental matrix, by using the CCD. The total number
of required experiments was calculated based on the
equation 1 (Logman et al., 2016; Asfaram et al., 2015):
N=2k+2k+Cp											

(1)

where N represent number of experiments, k is the number of variables, and Cp is the number of central points.
The experimental design for testing the decolorization
efficiency of Cyan dye solution is presented in Table 2.
Table 2
CCD matrix
StdOrder RunOrder PtType
20
28
6
3
7
27
17
4
12
21
2
18
24
13
8
22
14
19
11
16
23
15
9
10
1
29
26
5
25

38

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

-1
0
1
1
1
0
-1
1
1
-1
1
-1
-1
1
1
-1
1
-1
1
1
-1
1
1
1
1
0
0
1
0

nZVI
[mg L-1]

Dye
[g L-1]

25
25
35
15
15
25
5
35
35
25
35
45
25
15
35
25
35
25
15
35
25
15
15
35
15
25
25
15
25

14
8
5
11
11
8
8
11
11
8
5
8
8
5
11
8
5
2
11
11
8
11
5
5
5
8
8
5
8

The decolorization experiments of Cyan dye aqueous
solution were carried out in a batch mode and conducted in accordance with the factorial design described
(Table 3). For each 250 mL of dye solution within known
concentrations (5 - 14 g L-1) and pH adjusted with 0.1M
ccH2SO4 or 0.1M ccNaOH, predetermined quantities
were placed in 1000 mL glass flask, and specific nZVI
dosage (5 - 45 mg L-1) was added. The mixture was kept
under agitation at 120 rpm at JAR aparatus (FC6S Velp
scientific, Italy) within the temperature of 25 °C for
established reaction time (20 - 100 min). Decolorization
efficiency was determined by measuring the absorbance of the aqueous solutions at 636 nm by using
UV/VIS spectrophotometer, within the equation (2):
E(%)=A0-A/A0*100										

(2)

where A0 is absorbance of Cyan dye aqueous solution
without nanomaterial, whereas A represents absorbance of Cyan dye aqueous solution with nanomaterial. Absorbance measurements were conducted after
1-hour and 24-hour precipitation, in order to compare
and distinguish aqueous solution decolorization, due to
binding of dye particles to the nanomaterial surface.

pH t [min]
6
6
8
4
8
6
6
4
4
2
4
6
6
8
8
10
8
6
4
8
6
8
4
4
4
6
6
8
6

60
60
40
40
40
60
60
40
80
60
40
60
100
80
40
60
80
60
80
80
20
80
80
80
40
60
60
40
60

Results and Discussion
Process optimization
Determination of optimal conditions requires implementation of a large number of experiments with understanding the role of each investigated parameter. Experiments
of decolorization efficiency can be influenced by a great
number of factors, whereas in this paper the dye removal
was promoted by the influence of nanomaterial dosage,
initial dye concentration, pH value and removal time.
In recent published papers, it has been determined
that nanomaterial concentration plays a significant
role, since it affects the change in the molar ratio of
nano zerovalent iron and pollutants in the medium. Yari
et al. (2015) has determined that an increase of nZVI
dosage contributes to the higher percentage removal of the pollutants, which may be attributed to the
exposure of available surface sites necessary for the
dye removal. On the other hand, Sohrabi et al. (2016)
have determined that there is a possible limitation
of the iron particle catalytic concentration, beyond
which the reaction no longer occurs, or the reaction
becomes significantly slower. However, the hypothesis
of optimal nanomaterial dosage application is of great
importance, because one of the main disadvantages
in dye degradation process is a formation of a certain

quantity of residual sludge, which has a negative impact
on the environment and requires further treatment.
Beside nanomaterial dosage, pH value also affects the
stability of the material and sorption capacity. The pH
value greatly affects the redox reactions that occur on
the surface of nZVI, through the corrosion acceleration at low pH values and the passivation of the iron
surface at high pH, until the formation of iron hydroxide (O’Carroll et al., 2013; Poguberović, 2016). Studies
have shown that the acidic medium with a pH range of
2 - 4 is preferred for removing the dye particles from
the aqueous solution (Raman and Kanmani, 2016;
Nayana and Pushpa, 2016; Zong Shan et al, 2008).

Y = 378,892 - 3,8708x1 + 0,001545x12 - 19,1976x2 0,000291x1x2 + 0,49425x22 - 26,2001x3 + 0,25868x1x3
+ 0,90145x2x3 - 0,59291x32 - 4,9501x4 + 0,03723x1x4 +
0,08366x2x4 + 0,27000x3x4 + 0,01498x42				

Y = 558,2422 - 4,22303x1 + 0,01815x12 - 35,30614x2 0,047395x1x2 + 1,08273x22 - 52,56648x3 + 0,03140x1x3
+ 2,04885x2x3 + 0,92241x32 - 5,5546x4 + 0,04895x1x4 +
0,13626x2x4 + 0,31732x3x4 + 0,013417x42					 (4)
Table 3
Decolorization efficiency of Cyan dye aqueous solution within
the CCD model
Sample

The studies also found that the increase of dye concentration in aqueous solution and shorter reaction time decreases the decolorization efficiency,
which is justified by the fact that the process of dye
removal within these conditions is not finalized.
Optimization of process conditions was conducted under
the limits of the tested variables: 5 ≤ x1 ≤ 45; 2 ≤ x2 ≤ 14,
2 ≤ x3 ≤ 10, 20 ≤ x4 ≤ 100. The obtained results indicate
that the maximum decolorization function for 1h precipitation is achieved under the following conditions:
5 mg L-1 of nZVI, 2 g L-1 of dye, pH = 2 and reaction time
of 20 min. On the other hand, after 24h precipitation,
maximum decolorization efficiency was achieved within
45 mg L-1 of nZVI, 14 g L-1 of dye, pH value 10 and reaction
time of 100 min. Under these conditions, decolorization
efficiency of Cyan dye aqueous solution was 38% in the
case of 1h precipitation and 62% after 24 h precipitation.

RSM analysis
RSM and CCD are used with the aim to optimize the process condition, and to determine the effect of investigated parameters on the dye removal from the Cyan flexo
aqueous solution. The obtained values of decolorization
efficiency (%) of the Cyan aqueous solution after 1h and
24h precipitation are presented in Table 3. Decolorization efficiency varied in the range of 1.58-74.10% and
2.26-96.35%, respectively, whereby a better dye removal
was established after a longer precipitation period.
The relationship between the investigate variables
(nanomaterial dosage, dye concentration, pH value and
removal time) and decolorization efficiency is described
using second-order polynomials. Experimental data
are fitted through a quadratic model, where Y presents the percentage of dye removal from the aqueous
solution, while X1, X2, X3 and X4 are related to the nanomaterial dosage (mg L-1), dye concentration (g L-1), pH
and removal time (min), respectively. Equations 3 and
4 represent an evaluation of the process parameters
impact for dye removal after 1h and 24h precipitation.

(3)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

1h - Precipitation
A0

A

62.71
48.19
43.75
38.82
31.08 30.59
0.1267 0.0694
4.38
3.62
43.75
37.27
43.75
37.16
0.1267 0.1028
0.86
0.67
0.1244 0.1144
0.4262 0.1875
43.75
36.62
33.04
10.55
28.95 28.48
4.38
4.17
46.61
45.16
28.95
21.06
10.95
6.29
0.86
0.718
73.58
45.19
25.76
23.18
73.58
67.92
0.1897 0.1588
0.1897 0.1681
0.4262 0.1104
43.75
37.32
43.75 36.66
31.08
29.05
43.75
36.35

E1h (%)
23.15
11.27
1.58
45.22
17.35
14.81
15.06
18.86
22.09
8.04
56.01
16.30
68.07
1.62
4.79
3.11
27.25
42.56
16.51
38.58
10.02
7.69
16.29
11.39
74.10
14.70
16.21
6.53
16.91

24h - Precipitation
A0

A

88.67
41.8
29.61
0.069
57.67
41.8
41.8
0.069
0.5387
0.0467
0.4353
41.8
28.33
29.66
57.67
61.34
29.66
12.31
0.5387
61.79
23.67
61.79
0.0780
0.078
0.4353
41.8
41.8
29.61
41.8

24.71
28.8
28.94
0.0079
30.87
26.24
28.76
0.0305
0.2805
0.0254
0.0789
30.39
7.67
28.98
54.2
44.24
16.94
6.18
0.2911
9.089
20.36
6.32
0.0164
0.0352
0.0159
32.19
30.04
12.66
28.28

E24h (%)
72.13
31.10
2.26
88.55
46.47
37.22
31.20
55.80
47.93
45.61
81.87
27.30
72.93
2.29
6.02
27.88
42.89
49.80
45.96
85.29
13.98
89.77
78.97
54.87
96.35
22.99
28.13
57.24
32.34

The statistical significance and adequacy of the quadratic model were analyzed using the analysis of variance
(ANOVA), and the results are shown in the tables 4 - 7.
The quality of the developed model can be estimated
on the basis of several descriptive factors: coefficient of
determination (R2), the P-value, the F-value, as well as
the degrees of freedom. The values of R2 for the decolorization efficiency after 1h and 24h of precipitation were
0.704 and 0.732, respectively, pointing to the medium
correlation of the response in the investigated range
within the selected model. The obtained result indicates
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that 70% and 73% of the variance for the Cyan removal
efficiency are explained by an independent variable,
and the rest of the total variance (30% and 27%) is not
covered by the model. In addition, P-value in the case
of 24h precipitation was less than 0.05, which confirms the statistical significance of the applied model.

Table 7
Analysis of variance (24h precipitation)

Model
Error
Total

Table 4

Degrees of
freedom

Sum of
sqare

Mean
square

F

P

14

15036.1

1074.01

2.73

0.35

14
28

5500.61
20536.7

932.90

Regression coefficient after 1h precipitation
Variables

Coefficient

Standard
error

1

378.892

88.033

4.304

7.279 x 10-4

X1
X2
X3
X4
X 1X 2
X 1X 3
X1X4
X2X3
X2X4
X3X4
X12
X22
X32
X42

-3.871
-19.198
-26.200
-4.950
-2.916 x 10-4
0.259
0.037
0.901
0.084
0.270
0.002
0.494
-0.593
0.015

2.345
7.936
12.287
1.229
0.122
0.183
0.018
0.609
0.060
0.913
0.029
0.319
0.717
0.007

-1.651
-2.419
-2.132
-4.029
-0.002
1.416
2.038
1.480
1.374
2.956
0.054
1.550
-0.826
2.090

0.121
0.030
0.052
0.001
0.998
0.179
0.061
0.161
0.191
0.010
0.958
0.143
0.422
0.055

Tstat

P

The actual and predicted values for the Cyan dye removal efficiency from the aqueous solution after 1h and
24h of precipitation are presented in Figure 3. It can
be concluded that calculated values by the predictive
model are not in a satisfactory correlation with the
experimentally obtained values, which is confirmed by
the weak correlation between the observed values.

Table 5
Analysis of variance (1h precipitation)

Model

Degrees of
freedom

Sum of
sqare

Mean
square

F

P

14

7098.33

507.024

2.37

0.06

14
28

2990.81
10089.1

213.629

Error
Total

Table 6
Regression coefficient after 24 h precipitation
Variables

Coefficient

Standard
error

Tstat

P

1

558.242

119.387

4.676

3.571 x 10-4

X1
X2
X3
X4
X1X2
X 1X 3
X 1X 4
X2X3
X2X4
X3X4
X12
X22
X32
X42

-4.223
-35.306
-52.567
-5.554
-0.047
0.031
0.049
2.049
0.136
0.317
0.018
1.083
0.922
0.013

3.180
10.763
16.663
1.666
0.165
0.248
0.0248
0.826
0.083
0.124
0.039
0.432
0.973
0.010

-1.328
3.280
-3.155
-3.333
-0.287
0.128
1.976
2.481
1.650
2.561
0.467
2.504
0.948
1.379

0.205
0.005
0.007
0.005
0.778
0.901
0.068
0.026
0.121
0.023
0.648
0.025
0.359
0.189
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»»Figure 3: Comparison of predicted and obtained values
of the decolorization efficiency of Cyan dye aqueous
solution for: a) 1h and b) 24h precipitation
The analysis of variance, as a statistical method, indicates
which independent variable has a significant influence
on the dependent variable through the Fischer statistical test. The F-test was used to estimate the statistical
significance of each expression in a polynomial equation
within the confidence interval of 95%. The values of F
parameter of 2.373 and 2.733 are higher than tabular
value, indicating the model significance. Based on the
obtained P-value for each analyzed parameter, it can be
concluded which parameters are statistically significant
and which of them plays an important role in the Cyan
decolorization process. The values of P-parameter lower

than confidence interval of 0.005 indicate the existence
of statistical significance, and vice versa, the P-values
higher than 0.100 indicate the fact that the investigated
parameter is not statistically significant. Therefore, it
can be concluded that in the case of Cyan dye removal after 1h of precipitation, the greatest influence is
achieved by the initial dye concentration and removal
time, as well as the interaction between pH value and
the removal time. In the case of 24 h precipitation, it
has been determined that the initial dye concentration,
pH value, removal time, and interaction between dye
concentration and the reaction time, as well as the pH
and reaction time interactions are determined to have
the greatest effect on the decolorization process.
Based on the analyzed results, it can be concluded
that linear factors are predominantly statistically sig-

nificant, as well as two square factors (reaction time
for 1h precipitation and dye concentration for 24h
precipitation), which confirms the lower value of the
coefficient of determination. However, the linear and
cubic model did not satisfy the given criteria, due to
the lower values of the descriptive factors, and the
results are interpreted through a quadratic model.
Software Wolfram Mathematica 8 was used to construct three-dimensional (3D) regression surfaces,
a graphic representation of the regression equation
for optimizing the reaction conditions, as a reliable
approach in defining the condition of the reaction
system (Figures 4 and 5). The 3D graphs indicate the
response function of the two factors, while the other
two factors are fixed, and the selected regression surfaces represent the Central points of the experiment.

»»Figure 4: Regression 3D surfaces of decolorization efficiency after 1h precipitation in function of: a) nZVI dosage and
dye concentration; b) nZVI dosage and pH; c) nZVI dosage and the removal time; d) dye concentration and pH; e) dye
concentration and removal time; f) pH value and removal times
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»»Figure 5: Regression 3D surfaces of decolorization efficiency after 24h precipitation in function of: a) nZVI dosage and
dye concentration; b) nZVI dosage and pH; c) nZVI dosage and the removal time; d) dye concentration and pH; e) dye
concentration and removal time; f) pH value and removal times

The initial dye concentration has a significant effect on
the decolorization efficiency. It has been found that with
the increase of dye concentration the decolorization
efficiency decreases (Figures 4 and 5 d-e). This further
points to the fact that reductive degradation is weak,
due to the low nZVI dosage applied in order to remove
large dye concentrations. Additionally, at lower dye concentrations, a close relationship is established between
the added nanomaterial and the dye molecule. Beside
reaction time, which had the greatest influence on the
dye removal process from the aqueous solution, pH value
represents a significant parameter in the experiment.
As it is obvious from Figures 4 and 5 (b, c and f) Cyan
removal increased at strong acidic range and decreased
at extremely basic conditions. The effect of pH significance is explained by the discharge of the dye molecules,
which is most evident at low pH values between 2 and 4.
As confirmed by the results of the ANOVA test, the nZVI
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dosage has the lowest influence in the Cyan degradation,
whereby from the Figure 4 and 5 (a - c) is noticeable that
when nZVI concentration increase, the decolorization
efficiency is reduced. This confirms the fact that the dye
molecules are not sorbed on the nanomaterial surface,
but under the influence of the change in the pH, they
are transferred from liquid to solid phase, forming a certain quantity of sludge (Figure 6) which requires further
treatment after separation from a colorless solution.

Conclusion
Iron nanoparticles, synthesized by ‘’green’’ method
from oak leaves, appeared to be an active catalyst for
removal of Cyan flexo dye from aqueous solution. A CCD,
followed by analysis of variance, was applied to optimize
experimental conditions for dye removal. According to
the analysis results, nZVI dosage (5/45 mg L-1), removal

a)

b)

c)

»»Figure 6: a) Aqueous solution of Cyan dye before treatment; b) Aqueous solution of Cyan dye after treatment and
1hour precipitation c) Aqueous solution of Cyan dye after treatment and 24h precipitation
time (20/100 min), pH (2/10) and initial concentration
(2/14 g L-1) of Cyan dye formed the optimum conditions.
In the present study, initial Cyan concentration, pH value
and reaction time achived the most significant influence on the decolorization efficiency. Results show that
the removal of Cyan dye increases with the increase of
the nZVI dosage and removal time, as well as with the
decrease of pH value and initial dye concentration. It was
established that organic compound in the aqueous solution cannot be degraded completely by the applied process and as a result, the total cost can increase because
of the need for further treatment. However, the model
validation results (R2 = 0.704 and 0.732) indicated the
moderate adequacy of the developed model, whereas
the analysis of variance depicts the accuracy of the model by using high F-value (2.373 and 2.733), and very low
P-value (<0.005). Based on the obtained results, it can be
concluded that RSM is one of the most useful methods
to optimize the experimental conditions for the removal
of Cyan dye from wastewater. However, the organic compound in the aqueous solution cannot be degraded completely by the applied process. In order to increase decolorization efficiency, implementation of other processes
and additional optimization parameters is required.
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Performance evaluation of paper
embossing tools produced by
fused deposition modelling additive
manufacturing technology
Abstract
From its beginnings, up to a few years ago, additive manufacturing
technology was able to produce models or prototypes which have limited
use, because of materials mechanical properties. With advancement and
invention of new materials, this is changing. Now, it is possible to create
3D prints that can be used as final products or functional tools, using
technology and materials with low environmental impact. The goal of this
study was to examine opportunities for production of paper embossing tools
by fused deposition modelling (FDM) 3D printing. This study emphasises
the use of environmentally friendly poly-lactic acid (PLA) materials in FDM
technology, contrary to the conventional method using metal alloys and
acids. Embossing of line elements and letters using 3D printed embossing
tools was done on six different types of paper. Embossing force was applied
using SHIMADZU EZ-LX Compact Tabletop Testing Machine. Each type
of paper was repeatedly embossed using different values of embossing
force (in 250 N increments, starting at 1000 N) to determine the optimal
embossing force for each specific paper type. When determined, the optimal
embossing force was used on ten samples for each paper type. Results
of embossing were analysed and evaluated. The analysis consisted of
investigating the effects of the applied embossing force and characteristics
such as paper basis weight, paper structure, surface characteristic and
fibre direction of the paper. Results show that paper characteristics
determine the embossing force required for achieving a good embossing
result. This means that with the right amount of embossing force, letters
and borderlines can be equally well formed by the embossing process
regardless of paper weight, surface characteristics, etc. Embossing tools
produced in this manner can be used in case of the embossing elements
that are not complex. The reason for this is the limitation of FDM
technology and lack of precision needed for fine details. However, if the
form is simple enough, results of pleasing quality can easily be achieved.
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Introduction
Rapid manufacturing, rapid tooling
and fused deposition modelling
In contrast to many manufacturing processes defined
as subtractive, where the process starts with a mass

of material from which material is being removed until
the final shape is achieved, there are additive manufacturing (AM) processes, where components are built
up gradually in layers by adding material until the final
shape is obtained. There are numerous different AM
processes such as stereolithography (STL), laminated
object manufacturing (LOM) three-dimensional printing

Journal of Graphic Engineering and Design, Volume 8 (2), 2017.

47

(3DP), selective laser sintering (SLS), fused deposition
modelling (FDM) etc. Every AM process typically starts
with a 3D CAD model, exported as an STL file that a
software controlling 3D printing machine can interpret
and prepare for printing. In the FDM process the printed
object is build up from a filament of material extruded out of a fine nozzle and deposited on the platform
(Upcraft & Fletcher, 2003). The head of the nozzle is
moved in both horizontal x-axis and y-axis, while the
build platform moves up or down (z-axis). The control
of this mechanism is carried out using a computer-aided manufacturing (CAM) software tool which runs a
microcontroller (Izdebeska & Thomas, 2015). As the
thin-cross selection slice is printed, the platform lowers
relative to the nozzle, and next slice is deposited on the
top of the first. The process repeats until the model is
finished. Since the deposited filaments are hot, layers
bound and while cooling, they form a firm structure.
The big advantage of the FDM process is the variety of
filament materials which can be used, affordable price
and opportunity of utilisation in an office environment
(Upcraft & Fletcher, 2003). Various polymers can be used
as a building material, including acrylonitrile butadiene
styrene (ABS), polycarbonate (PC), poly-lactic acid (PLA),
high-density polyethene (HDPE), PC/ABS, polyphenyl-sulfone (PPSU), and high-impact polystyrene (HIPS). The
polymer can be in the form of a filament fabricated from
virgin polymers, but also there is a resurgence in converting post-processed consumer plastic waste into filament (Izdebeska & Thomas, 2015). Today there is a high
demand for rapid tooling (RT) technologies to support
product development by fast manufacturing of tooling
and tooling inserts which allow the production of larger
series. RT aims to produce long-term consistency tools
or a tool that can form several thousand or even millions
of parts before it wears out (Levy, Schindel & Kruth,
2003). FDM technology has the potential of producing
jigs, fixtures, tool masters and even production tooling in
low-volume in-house that can be done in hours or days
(Stratasys, 2015). The disadvantage of FDM technology is
related to the precision of printing, which is conditioned
by the elliptical or circular filament cross-section. These
circular cross-sections of filaments prevent the production of ideal right angles (Upcraft & Fletcher, 2003).

Embossing
Embossing is a forming process where the surface of
a substrate is changed under the influence of high
embossing force (Tschaetsch & Koth, 2006). Embossing
produces an image raised above or sunken below (also
known as debossing) the surface of the paper and gives
the paper the third dimension. A type of embossing,
where every part of a design, that is being embossed,
is also being foiled, is referred to as foil embossing. If
embossing does not include the use of ink or foil to
highlight the embossed area, it is called blind embossing.
Blind embossing provides a clean and subtle image on
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the paper surface due to the shadows (Haslam, 2006).
When embossing/debossing is performed, an embossing
tool must be fabricated. An embossing tool consists of
one component thus achieving one-sided impressions;
a process called stamping. Also, there are embossing
tools consisting of two components which are investigated in this research. Two components of the embossing
tool are the female (negative) die, which has recessed
embossing elements and the counter male (positive) die
which has raised embossing elements. The substrate is
pressed between these two parts leaving an impression
on its surface (Gonnella & Navetta, 2010). The depth
and width of the female die element are larger than
the convex male die element by the thickness of the
substrate (Tschaetsch & Koth, 2006). The production
of image elements on embossing die-form is usually
done by etching with acid (Haslam, 2006). Dies can be
made out of magnesium, copper, brass or metal alloys
(Ryan, Conover & Conover, 2004). The goal of this study
was to investigate the usability of FDM technology in
creating embossing tools. The study emphasises the
use of environmentally friendly poly-lactic acid (PLA)
materials in FDM technology over the conventional
acid-etched processes using metal alloys and acids.

Methodology
Materials
Poly-lactic acid (PLA)
In this research, PLA filament was used as a building
material. PLA is linear aliphatic thermoplastic polyester, produced from renewable and biodegradable
resources as an alternative to conventional polymers,
such as polyethene (PE), polypropylene (PP), polyethene terephthalate (PET), etc. PLA is produced by
ring-opening polymerisation of lactide, and the lactic
acid monomers are obtained from the fermentation of
sugar feedstocks (Carrasco et al., 2010). Production of
lactic acid is done at a low price due to fermentation
of D-glucose from corn and other biomass substrates.
PLA has numerous qualities such as good mechanical properties, processability and low environmental
impact. Specifications of PLA materials are shown in
Table 1 (Carrasco et al., 2010). With PLA it is possible to
print detailed objects at relatively high speeds (Nicklievendag, 2016). It doesn’t have any heavy metals,
phthalates, or BPA (Bisphenol A) (Makerbot, 2016).
Paper
For this investigation, four different paper types
have been selected for embossing. Specifications of each type are shown in Table 2.

Table 1

Table 2

Specification of PLA filaments used in FDM 3D
printing technology (Carrasco et al., 2010)

Specifications of selected paper samples (Sappy, 2016)

Property of PLA

Value

Relative density
Clarity
MECHANICAL PROPERTIES
Tensile yield strength [MPa]
Tensile modulus [GPa]
Tensile elongation [%]
Notched Izod impact, 23 °C [J/m]

1.24
Transparent
48 - 110
3.5 - 3.8
2.5 - 100
13

THERMAL PROPERTIES OF
PLA FILAMENT [Makerbot, 2016]
Glass transition temperature [°C]
Melting temperature [°C]
Vicat temperature [°C]
Nozzle temperature [°C]
DIMENSION PROPERTY
Filament Diameter [mm]

60 - 65
150 - 160
55-60
230

Mark

Type of the paper

Basis weight Thickness
[µm]
[g/m2]

OF80

woodfree uncoated
offset (Sappi Tauro)

80

103

OF140

woodfree uncoated
offset (Sappi Tauro)

140

168

VO80

bulky, wood fibre paper
(Munken Pocket
Cream, voluminous)

80

136

MC90

matt coated
90
(Sappi Quatro Gloss, matt)

64

MC130

matt coated
130
(Sappi Quatro Gloss, matt)

94

GC130

glossy coated
(Sappi Quatro Silk, glossy)

108

130

1.75

Procedure
The first step in the experiment was the creation of
the 3D model using Dassault Systemes CATIA, the CAD
software. Embossing tool consists of two dies: one that
is raised and one that is recessed. The dies fit into each
other so that the paper can be pressed between them;
the dimensions of the dies are 60 mm x 60 mm. The
die with raised elements is 3 mm thick and the opposite
recessed die is 2 mm thick. The male die has raised letters “G,R,I,D” and borders made of lines that separate
them. These same elements are recessed on the second
(female) die. The height and depth of raised and recessed
elements are 1 mm. To avoid damaging the edges of the
embossed elements, on the paper, chamfer of 30° was
created on the embossing tool edges. Figure 1 shows a
3D model of the embossing tool created using CATIA CAD
software. The 3D CAD file was exported as a STL file and
translated into instructions for the Maker Bot Replicator 5th generation 3D printer using MakerBot Desktop.
The printing process parameters are shown in Table 3.

a)

b)

Table 3
Print settings in MakerBot software
Property

Value

Infill [%]
Extruder temperature [°]
Print speed [mm/s]
Layer height [mm]
Number of shells
Extruder type
Build material
Support structure
Printing duration [min]

100
150
90
0,1
2
Smart extruder
Maker Bot PLA
No
126

c)
»»Figure 1: CATIA model of the embossing tool
a) male die b) female die c) chamfering the edge of
embossing elements of 30°
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After the printing, the model was separated from the
raft, and it was ready to be used as an embossing tool.
Figure 2 shows the embossing tool during the printing process (a) and finished 3D embossing tool (b).

a)

b)

»»Figure 2: a) 3D printed embossing tool while printing
b) finished embossing tool
The embossing process with a range of embossing
forces was done using SHIMADZU Compact Tabletop Testing Machine EZ-LX. Fixed compression plates
(radius 118 mm) and 2,5 kN load cell were mounted to precisely determine the embossing force.
Embossing was tested on six paper types (OF80, OF140,
MC90, MC130, GC130 and VO80). Each type of paper
was tested using different values of embossing forces
until the optimal force for each type was determined
(starting with 1000 N, up to 1500 N). Optimal embossing
force should ensure clear impression without damage
to the sample. The optimal force was then applied to
ten samples for every type of paper. Within those ten
samples, five had their fibre direction positioned perpendicular, and five had their fibre direction positioned
parallel to the letter orientation. For determining the
optimal embossing force, the quality of impression and
tearing or puncture of the paper were taken into consideration. Lack of relief and bad visibility of embossed
elements suggest that insufficient embossing force was
applied, while if embossed elements tear or puncture
the paper’s surface the embossing force was excessive.
In the second stage, the influence of paper characteristics on embossing results was analysed. Examined
characteristics were paper basis weight, paper structure,
surface characteristic and fibre direction. The embossed
paper samples were scanned using Canon CanoScan
5600F at 1200 spi, RGB colour space as a JPG output
file for archiving and subsequent image analysis. Samples were being rotated four times by 90° to minimise
the influence of the self-shadowing on the samples.
The analysis was performed by visual assessment.
To achieve the correct visual assessment, the brightness values of pixels in images were redistributed
using equalise filter in Adobe Photoshop CS6, so
that they more evenly represent the entire range
of brightness levels. The green channel was isolated, and the images were converted to grayscale.
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Results and Discussions
Defining the optimal embossing
force for each paper type
Using the method explained earlier, optimal embossing
forces were selected for all of the tested paper samples.
The applied lowest embossing force of 1000 N was sufficient for achieving adequate visibility without any surface
damage to the samples with lower basis weight (OF80
and MC90), excepting the bulky/voluminous paper
(VO80). For that sample, embossing force of 1000 N was
insufficient, and the next predefined value of 1250 N created damages to the sample. Because of this, the sample
was tested with the value of 1100 N, which turned out
to be the optimal embossing force. Embossing force
of 1250 N was required for the matt coated sample,
MC130 and embossing force of 1500 N was needed for
the glossy coated sample, GC 130, whereas the highest
embossing force of 1750 N was required for the offset
paper sample, OF140. Values of optimal embossing forces applied for each paper type are presented in Figure 3.

»»Figure 3: Optimal embossing forces for each
paper type

Influence of the paper’s basis weight on
embossing parameters and results
In this analysis, the influence of the basis weight difference amongst papers on the embossing results was
examined. The comparison was made between the two
uncoated offset paper samples, OF80 (Figure 4a) and
OF140 (Figure 4b) and between the two matt coated
samples, MC90 (Figure 5a) MC130 (Figure 5b). As it is
easy to see on the displayed images, letters and borderlines are well defined, regardless of the basis weight in
both types of paper (uncoated and coated). It can be noted that the characteristic phenomenon of mild pucker of
paper on the outside corners of the borderlines at lower
basis weight is probably due to lower paper thickness.

Influence of structure of paper on
embossing parameters and results
In this analysis, the influence of different paper structure on the embossing results obtained using tools
produced by FDM technology was examined. The type

a)

b)

»»Figure 4: Appearance of embossed surface on a) OF80 and b) OF140 paper

a)

b)

»»Figure 5: Appearance of embossed surface on a) MC90 and b) MC130 paper

a)

b)

»»Figure 6: Appearance of embossed surface on a) VO80 and b) OF80 paper
of the paper with the same basis weight was tested, but
it differs in filler and fibre content. The comparison was
made between VO80 (Figure 6a) and OF80 (Figure 6b).
The voluminous paper is medium fine with reduced filler

content, and an offset paper is wood free with up to 15% of
fillers in its composition. Letters are equally well-formed,
as well as borderlines. As it can be seen from the Figure 6,
the uncoated offset paper has more apparent puckers
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in the corners then voluminous paper. This is due to the
greater thickness of voluminous paper for the same basis
weight. According to filler and fibre content, the surface of voluminous paper visually seems to be rougher
compared to the uncoated offset paper. Based on these
results, it can be assumed that the embossing tool with
a smaller gap would give better results in embossing of
the uncoated offset paper, due to its lower thickness.

Influence of surface characteristics on
embossing parameters and results

higher embossing force. Different embossing forces
at higher paper basis weights indicate that between
them there is a greater difference in the total amount
of pigment (fillings and coatings). Embossing force
needs to overcome the elasticity of the fibre and cause
a plastic deformation in them. If there was more fibre
in the paper, a greater embossing force was required.

Influence of fibre direction on
embossing parameters and results

The influence of the difference in surface characteristics
of the paper on embossing results was analysed. The
comparison was made between the uncoated offset
papers, (OF80, Figure 7a and OF140, Figure 8a) and matt
coated papers (MC90, Figure 7b, MC 130, Figure 8b).
Results show that equal amount of embossing force
is required for achieving optimal embossing results
either for MC90 or OF80. In comparison between
MC130 and OF140, results show that OF140 needs a

In this analysis, the influence of the fibre direction on
embossing results was examined. The comparison was
done within the one type of paper, but with different
fibre directions. Parallel to the fibre direction, paper
samples exhibit higher elongation with less resistance
while embossing. Therefore damages were occurring
mostly perpendicular to the fibre direction in the form
of crack lines. Examples of that kind of surface destruction can be seen on the MC90 sample in Figure 9 and
10. Having this in mind, applying certain adjustments

a)

b)

»»Figure 7: Appearance of embossed surface on a) OF80 and b) MC90 paper

a)

b)

»»Figure 8: Appearance of embossed surface on a) OF140 and b) MC130 paper
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»»Figure 9: Appearance of embossed surface on MC90
paper – letter orientation perpendicular to the paper`s
fibre direction

»»Figure 10: Appearance of embossed surface on MC90
paper – letter orientation parallel to the paper`s
fibre direction

Acknowledgements

to the shape of the embossing tool (depth, width and
side angle of the embossing element) is preferable.

Conclusions
Based on the obtained results, it can be concluded that
there are valid reasons for introducing fused deposition modelling technology (FDM) in the process of
creating paper embossing tools. Usability of this technology was examined through variations of embossing
force and characteristics of paper such as paper basis
weight, paper structure, surface characteristics and
fibre direction. In this research, the 3D printed tool
proved its usability under the considerable embossing
force. Also, regardless of the structure of the paper,
letters are equally well-formed, as well as borderlines.
Influence of surface characteristics on the embossed
surface is noted at higher basis weights where the
greater amount of coating is applied. If the line element
of the embossing tool is perpendicular to the paper`s
fibre direction, with higher embossing forces, cutting
or fracture of the paper could appear, which can be
overcome with certain optimizations of the embossing tool. This includes changes of height and depth of
the elements, the chamfer angle and the gap between
male and female parts of the embossing tool. However,
these relations should be further explored. Method of
producing embossing tools using FDM technology can
be used in cases where the embossing elements are not
too complex. The reason for this is lack of precision of
embossing tools printed using FDM technology. However, if the form is simple, as in this case, results of good
quality can easily be achieved. An especially interesting
field of application is the personalized production of
tools for individual or small-sized embossing in hobby
or semi-professional applications, where tools often
change, and the volume of the circulation does not
require high wear resistance. If we recall that the technique involves using environmentally friendly material
which can provide the reduction of negative ecological
effect, this method can certainly be recommended.
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