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Introduction

Raised printing is nowadays used for different purpos-
es – for purely esthetic reasons or particular intentions 
e.g. printing for visually impaired or blind people. This 
type of printing with sufficient height of prints can be 
achieved with different printing techniques (engrav-
ing, screen printing, flexo printing, inkjet printing, etc.) 
(Nomura et al., 2014; Christian, 2001; Meola et al., 2000; 
Stankovič Elesini et al., 2014), application of multiple 
layers of printing ink (Bethune et al., 2002; Willfahrt, 
2010), special surface treatment (Torii, 1997) or use of 
special 3D expanding inks or varnishes (Yonezava, 1981; 
Wilkinson, 2012; Rygas et al., 2014; Wang, 2014; Urbas 
et al., 2014). Depending on the purpose, height of print-
ed elements e.g. their thickness varies. When printing 
for purely esthetic reasons printing height depends on 
the designer or producer’s wish. But when printing for 
those who can’t see or those with impaired vision print-
ed elements must achieve adequate height according 
to the requirements in different standards, legislations 
and national documents, which specifically define print-
ed parameters (DIN 32976, 2007; Directive 2001/83/
EC, 2001; Oouchi, 2004; Graeme et al., 2008; Fajdetič, 
2011). Few expert and scientific papers are written on 
the area of raised prints (Nomura et al., 2014; Bethune 
et al., 2002; Koch, 2003; Delmerico, 2013), and almost 

all are focused on achieving the appropriate height. In 
our previous researches (Stankovič Elesini et al., 2014; 
Urbas et al., 2013; Urbas et al., 2014), height of raised 
prints was achieved by special printing inks with incor-
porated expandable microcapsules. By use of those 
microcapsules, prints were high enough even with just 
one layer of ink. On the other side, we were looking for 
an addition value, by which blind and visually impaired 
people would be able to recognized printed objects like 
pictures. Printing different type of textures are known 
for long time (Yonezava, 1981; Dupont, 1994; Torii, 1997; 
Rygas et al., 2014) and also printing with fragrances 
(Ladds et al., 1971; Spector, 1981; Sweeny, 1985; Stanislav, 
1998), but not in the case of raised prints for blind and 
visually impaired people, as it was one of the objectives 
in our research. Prints with fragranced microcapsules 
were successfully performed (Urbas et al., 2013; Stan-
kovič Elesini et al., 2014) however some interesting 
observation were also made on the colour change and 
tactile performances, on which is the focus of this article.

Materials and methods

Influence of microcapsule addition into different printing 
inks on the color properties of prints was studied on 
two printing substrate, which were printed with three 
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different printing inks all containing the same type and 
amount of microcapsules and pigment. Properties of 
used materials are presented in the continuation. 

Paper substrates 

Paper substrate properties can play a significant 
role on the color properties of prints. There-
fore for the purpose of the research prints were 
made on two different paper substrates:

 - uncoated, wood-free Superprint paper, machine-fin-
ished and surface sized, with declared grammage 
(weight) 150g/m2 (in this research indicated as SP), and 

 - two-side coated, wood-free Biomatt paper, with high 
whiteness (bright white) and declared grammage 
(weight) 120g/m2 (in this research indicated as BM). 

According to declared values, coated BM printing sub-
strate had lower grammage. Paper substrate SP had 
more opened structure compared to BM, which was 
determined by SEM in previous research (Stankovič 
Elesini et al., 2014). As it can be seen in Table 1 SP paper 
substrate had a rougher surface than coated BM paper 
substrate, which had smoother more uniform surface 
with micropores. Measured values of capillary rise indi-
cated that both SP and BM printing substrates were 
very hydrophilic, thought SP uncoated substrate showed 
higher absorptiveness that was, according to its surface, 
expected. Measured color values showed that both 
paper substrates had very similar properties of lightness 
(L*) and color opponent dimensions (a*, b*). Calculated 
color difference has shown that the color difference of 
both selected paper substrates was minimal (0.42).

Table 1 
Properties of unprinted printing substrates SP and 
BM with their calculated color difference.

sP bM 

Height of capillary rise [mm] 
MD / CD 19 / 17 13 / 12 

Roughness [ml/min] 
Side A / Side B 148.6 / 138.0 64.2 / 102.0

Color values
l*
a*
b*

94.29
1.01

-2.54

94.35
0.96
-3.30

Color difference ∆E [/] 0,42

Printing inks

Printed samples were made with three dif-
ferent commercially prepared (ready-to-use) 
printing inks – two 3D expandable and one ordi-
nary printing ink (with no expandable compo-
nents), all from Achitex Minerva Spa (Italy):

 - Minerfoam SR contains acrylic polymer and expand-
able microcapsules and is composed of vinylidene 
chloride-acrylonitrile copolymer (in this research 
indicated as MF-SR). MF-SR properties: density 
1.05g/m3, viscosity 110dPa∙s and pH value 8.5;

 - Minerfoam FL contains acrylic polymer and 
expandable microcapsules and is composed of 
acrylonitrile copolymer (in this research indicat-
ed as MF-FL). MF-FL properties: density 0.95g/
m3, viscosity 110dPa∙s and pH value 9.1;

 - Elastil Comprente (in this research indicated 
as EC), which was highly elastic water-based 
paste with acrylic binders, without expandable 
microcapsules. EC properties: density 0.95g/
m3, viscosity 110dPa∙s and pH value 8.2.

EC is an ordinary screen printing ink, with no expandable 
properties, which was used for the comparison with two 
other selected printing inks. MF-SR and MF-FL printing 
inks are inks, which expand due to the presence of ther-
mally expandable microcapsules, which consist of flexible 
wall and liquid expanding agent core material (low boil-
ing hydrocarbon or other volatile material) (Garner et al., 
1979). At elevated temperature the core of microcapsules 
vaporizes and the pressure inside the microcapsules 
increases thus causing the expanding of the wall by 
several times (Harper, 2006; Wang 2014). The degree 
of expansion is time and temperature (above 130˚C) 
depending, but also the amount of printing ink and 
properties of paper substrate must not be overlooked 
(Yushi-Seiyaku et al., 2005; Pasquet et al., 2011). Both 
expandable printing inks distinguished in their properties 
as well as their printed appearance: MF-SR exposed rub-
bery effect while MF-FL exposed velvet effect. EC gave 
smooth surface.  
Before printing, all three inks were analyzed by SEM. 
Image analyses have shown that MF-SR printing ink 
had a lot of smaller expandable microcapsules (the 
average diameter was 11.6μm) (Figure 1a), while MF-FL 
printing ink had a bit larger and not so numerous 
expandable microcapsules (the average diameter 
was 30.7μm) (Figure 2a). In the case of EC printing 
ink expandable microcapsules were not present. 
Therefore its surface was clearly most even. The 
average diameter size of expanded microcapsules in 
MF-SR varied from 30μm to 92μm (Figure 1b) and for 
MF-FL from 50μm to almost 100μm (Figure 2b).

 » Figure 1: Microscopic images of unexpand-
ed (a) and expanded (b) printing ink MF-SR 
(SEM, 200x (a) and 500x (b) magnification). 
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 » Figure 2: Microscopic images of unexpand-
ed (a) and expanded (b) printing ink MF-FL 
(SEM, 200x (a) and 500x (b) magnification). 

In all three printing inks the same amount of pig-
ment Royal Blue R (Achitex Minerva Spa, Italy) 
was added in the mass concentration 3%.

Fragranced microcapsules

For the purpose of the research in all three selected 
printing inks, the same 15% by mass of fragranced micro-
capsules was added. Microcapsules were prepared as an 
aqueous solution with “in situ” polymerization in indus-
trial 200-L reactor system (Šumiga, 2013). Though they 
were colorless, the aqueous solution appeared white 
due to the relatively high concentration of microcapsules 
in it (approx. 30-35%). These fragranced microcapsules 
differed from the expandable ones in printing ink – they 
were much smaller in size (average size was 4.3μm), 
their shell was made from melamine-formaldehyde and 
their core was made of a mixture of essential oils (in 
this research indicated as fragranced microcapsules). 
These fragranced microcapsules were not expandable. 
The viscosity of an aqueous suspension of microcapsules 
was 2.07dPa∙s, and the amount of free formaldehyde 
was under 0.2%. Fragranced microcapsules were select-
ed because of their distinguished properties. Firstly 
they show very good resistance to mechanical forces, 
therefore their melamine-formaldehyde shell doesn’t 
crack during printing and secondly they have very good 
resistance to higher temperature of drying and expand-
ing processes. Since the fragrance is released only by 
scratching and rubbing of the surface, we have used 
this property in the research for subjective testing the 
presence of fragranced microcapsules after printing. 

All samples were printed with screen printing tech-
nique on an automatic machine (SD 05 RokuPrint, 
GmbH), with one squeegee passage. Prints were made 
with PET screen printing mesh of 43 threads/cm in 
density and 80μm in diameter of monofilament. 

For the purpose of the research two 
sets of sample prints were made: 

 - samples, which were printed with selected print-
ing inks in which only pigment was added, and 

 - samples, which were printed with the addition 
of pigment and fragranced microcapsules.

In selected printing inks the same amount of fra-
granced microcapsules and pigment was added, 15% 
and 3%, respectively. Samples were designated as 
follows: firstly type of printing substrate (SP or BM), 
secondly type of printing ink (MF-SR, MF-FL or EC) and 
thirdly amount of added microcapsules (0 or 15%). 

After printing all samples were dried for 40 seconds 
at 100°C in a drying tunnel (Shrink machine BS-B400). 
Afterwards (within one hour) samples printed with 
expandable printing inks had to be temperature treated 
in a heating oven (Binder FD 115) for 3 minutes at 150°C, 
so that the expansion of microcapsules could occur.

Testing methods

For the purpose of the research following methods 
for measuring properties of material as well as print-
ed samples were used: grammage was determined 
in accordance with standard EN ISO 536:2015 (EN ISO 
563:2012, 2012); thickness was measured on Mitutoyo 
apparatus (No. 2050 F-10), with load 500cN/cm2, on 
sample area 1cm2 in accordance with standard ISO 
543:2011 (ISO 543:2011, 2011); height of capillary rise 
was measured in machine and it’s cross direction (MD 
and CD) by Klemm method in accordance with standard 
ISO 8787:1996 (ISO 8787:1996, 1996); roughness of 
paper substrates was determined with Bendtsen meth-
od, described in standard ISO 8791-2 (ISO 8791-2:2013, 
2013); L*a*b* color values were measured in accordance 
with standard ISO 11664-4:2008 (CIE S 014-4/E:2007) 
(ISO 11664-4:2008, 2008) and from those values color 
differences between samples printed with and without 
fragranced microcapsules were calculated. Beside listed 
measurements image analyses was performed by scan-
ning electron microscope (SEM, JSM 6060 LV, Jeol). 

For determination of perceptive properties of prints 
all printed samples were tested in a group of 33 pupils 
(6-8 years old) with tactile analyses. Analyses were per-
formed by pupils with normal eyesight, therefore they 
were blindfolded so that during testing they could not 
see the samples. Analyses consisted of a set of questions 
with which we could determine whether pupils find 
surface smooth or rough, warm or cold and whether all 
samples can be distinguished by any other differences.

Results and discussion

Image analyses of printed samples, printed with all 
three selected inks showed that there is a significant 
difference in printed surface of prints (Figure 3). Differ-
ent type of expandable microcapsules gave different 
printed surface; in the case of smaller and numerous 
expandable microcapsules MF-SR the surface had 
rubbery effect, while in the case of larger and fewer 
expandable microcapsules of MF-FL the surface was 
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velvet-like. EC printing ink gave smooth surface with 
the plane, silky touch. Fragranced microcapsules, incor-
porated into inks were in the cross section of prints 
observed on the surfaces of expandable microcapsules.

 » Figure 3: Microscopic images of longitudinal 
cross-section of printed SP paper substrate with 
printing ink MF-SR (a), printing ink MF-FL (b) and 
printing ink EC (c) without the addition of fragranced 
microcapsules (all SEM, 50x magnification).

Beside image analyses other measurements were 
performed according to previously mentioned test-
ing methods on unprinted and printed samples. 
Results of sets of samples were compared in their 
properties and are presented in Table 2 and Table 3

Table 2
Measured properties of unprinted and printed sub-
strate SP with MF-SR, MF-FL and EC printing ink. 
Color differences are calculated between samples 
with and without fragranced microcapsules.

Grammage
[g/m2]

Thickness 
of prints

[mm]

Color values
l*a*b*

[/]

color 
difference

∆E
[/]

sP 146.45* /
L*=94.29 a*=1.01  

b*=-2.88
/

SP – MF-SR 0 164.47 0.113
L*=87.15 a*=-3.90  

b*=-9.33
1.39

SP – MF-SR 15 152.81 0.052
L*=86.99 a*=-5.21  

b*=-8.88

SP – MF-FL 0 159.15 0.061
L*=82.89 a*=-3.39  

b*=-12.70
4.88

SP – MF-FL 15 156.25 0.037
L*=87.29 a*=-4.64  

b*=-11.00

SP – EC 0 163.97 0.008 L*=88.39 a*=-5.63  
b*=-8.15

1.18

SP EC 15 158.59 0.004 L*=89.22 a*=-5.18  
b*=-7.45

* measured value was slightly different as declared by 
paper producer

Table 3
Measured properties of unprinted and printed sub-
strate BM with MF-SR, MF-FL and EC printing ink. 
Color differences are calculated between samples 
with and without fragranced microcapsules. 

Grammage
[g/m2]

Thickness 
of prints

[mm]

Color values
l*a*b*

[/]

color 
difference

∆E
[/]

bM 114.55* /
L*=94.35 a*=0.96 

b*=-3.30
/

BM – MF-SR 0 131.21 0.165
L*=86.71 a*=-3.68 

b*=-8.76
2.86

BM – MF-SR 15 130.75 0.104
L*=86.14 a*=-5.79 

b*=-10.61

BM – MF-FL 0 132.17 0.122
L*=86.19 a*=-3.77 

b*=-13.99
3.35

BM – MF-FL 15 121.17 0.098
L*=87.40 a*=-4.31 

b*=-10.91

BM – EC 0 132.65 0.062 L*=88.89 a*=-5.51 
b*=-8.01

0.57

BM – EC 15 124.68 0.056 L*=89.26 a*=-5.64 
b*=-7.60

* measured value was slightly different as declared by 
paper producer

Results have shown that after printing grammage of 
samples increases, as expected. However, the addi-
tion of aqueous suspension of fragranced microcap-
sules into inks causes a slight decrease in grammage 
of all printed samples, regardless to the used paper 
substrate (Figure 4). Added aqueous suspension of 
fragranced microcapsules replaced one part of the 
printing ink and thus caused a decrease in ink share 
and increase of water share. Later, during printing 
water evaporated, while grammage was lower than in 
the case of ink without fragranced microcapsules.

Similar results were obtained for the thickness of 
prints. Lower values of thickness were achieved for 
SP printing substrate with more opened surface and 
higher adsorption properties (Table 1) and thus high-
er penetration of printing inks into the substrate. 
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 » Figure 4: Grammage of unprinted paper sub-
strate SP (a) and BM (b) and printed with 
MF-SR, MF-FL and EC printing ink. 

After the aqueous suspension of fragranced micro-
capsules was added, the viscosity of printing inks 
decreased, and thus penetration of ink was even 
higher into the substrate as in the case of ink 
without fragranced microcapsules (Figure 5). 

 » Figure 5: Thickness of unprinted paper sub-
strate SP (a) and BM (b) and printed with 
MF-SR, MF-FL and EC printing ink. 

Consequently, thickness decreased after the addition 
of fragranced microcapsules. The decrease of thickness 
after added fragranced microcapsules was lowest with EC 
printing ink and highest with MF-SR printing ink, which 
had smaller but numerous expanding microcapsules.

L*a*b* measurements have showed that both paper 
substrates had almost the same color values, therefore 
all color changes, which would occur in comparison 
of the samples, could be contributed to the proper-
ties of printing inks and its additions of pigment and 
fragranced microcapsules. Measurements of L*a*b* 
values have shown that the highest color differenc-
es occurred with MF-FL printing ink, slightly smaller 
with MF-SR and the smallest with EC (Figure 6 and 
7). In the case of expanding printing inks, calculated 
color differences (ΔE) (Table 2 and 3) showed that 
these were noticeable but nevertheless still permis-
sible after added microcapsules. In the case of EC 
ink, differences were small and almost negligible.

 » Figure 6:  a*b* color values (a) and values of 
lightness L* (b) of paper substrate SP print-
ed with MF-SR, MF-FL and EC printing ink. 

 » Figure 7: a*b* color values (a) and values of 
lightness L* (b) of paper substrate BM print-
ed with MF-SR, MF-FL and EC printing ink. 

Sets of samples were in the tactile analysis present-
ed to the group of pupils to establish whether dif-
ferences in prints made with different printing inks 
exist and whether pupils can distinguish perception 
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differences among them. Results have shown that 
pupils noticed differences between samples printed 
with three printing inks. They have determined that 
in all three inks, surfaces were rougher than smooth 
(Figure 8) and that surface of MF-SR (which gives rub-
bery surface) felt rougher than the surfaces of MF-SR 
(with fluffy surface) and EC (with smooth surface). 

 » Figure 8: Perception of smooth and rough surfaces 
of samples by pupils printed on SP paper substrate

Since MF-FL has a velvet-like surface, our opinion 
was that the surface of this sample will be assessed 
as “worm” by pupils. Contrary, it was assessed as 
cold and unexpectedly samples with MF-SR and EC 
ink were specified to be warmer to touch (Figure 9). 
The color of prints was gentle blue and as it is well 
known that blue belongs to cold colors, the influ-
ence of color on warn/cold fillings of surface prob-
ably also had some small influence on results.  

 » Figure 9: Perception of warm and cold surfaces of 
samples by pupils printed on SP paper substrate.

At the end of small but interesting tactile test per-
formed by pupils, we were also impressed by the last 
following results. In answering the question on what the 
surface resembles them pupils attributed MF-FL to fur 
and hair-like touch (e.g. bear, caterpillar, kiwi, peaches, 
etc.) while MF-SR was associated with smooth fruity-
like surfaces (e.g. apple, orange, lemon, etc.). Similar 
results as for MF-SR were obtained for EC. Those results 
were a little bit in contrary to the results of the first 
question on smooth/rough surface. According to the 
fact that test was made on small group of pupils, which 
were faced with “virtual blindness” for the first time, 

deviations in results were expected and were taken 
only as a starting point for the following researches.

Conclusions

From the presented results, it could be concluded that 
microcapsules have small but not negligible influence on 
prints. Since microcapsules were originally in aqueous 
suspension, they were added as such to three differ-
ent types of printing inks of which viscosity changed 
immediately. Consequently, grammage of prints slightly 
decreased, while thickness decreased significantly, espe-
cially for the expandable inks used in this research. Color 
change of prints without and with fragranced microcap-
sules was noticed, but it was still in the permissible range 
event at 15% of added microcapsules. Subjective testing 
of applying pressure (scratching and rubbing) to the sur-
face also confirmed that fragranced microcapsules were 
still presented in final prints. By tactile analysis, surfaces 
were recognized as rough/smooth or as warm/cold.
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