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Abstract: The aim of this study was to investigate whether PolyJet technology, which uses rubber-like
materials for printing and is known for its high resolution and performance, could be suitable for
producing flexographic printing plates. In our research, we designed test plates that were printed
using PolyJet technology with TangoBlackPlus FLX9870-DM resin. These 3D-printed plates were
evaluated for their resistance to various flexographic inks and solvents, and their contact angles
were measured. Subsequently, the prints were made on a Flexiproof device using water-based ink
with both the test plates and traditional photopolymer plates across six different substrates. The
print quality was assessed using densitometry and spectrophotometry. Our findings indicate that the
3D-printed plates are suitable for printing solid areas and lines with water-based inks. However, the
print quality of the 3D-printed plates is slightly lower than that of the photopolymer plates, with the
optical density values for the high-quality prints on coated papers being approximately 10% lower.
Additionally, the plates printed with TangoBlack Plus resin appear to be suitable for UV inks due to
their high resistance, but they are not resistant to the solvents used in solvent-based inks.

Keywords: additive manufacturing; 3D printing; PolyJet; flexographic printing; printing plates;
prints quality

1. Introduction

Flexographic printing is currently the only classic printing technology, i.e., using
a printing form, that continues to experience rapid development and growth [1,2]. This
growth is linked to the expansion of the packaging printing sector [3]. Flexographic printing
is particularly popular in many industries due to its ability to print on a variety of printing
substrates, such as paper, cardboard, or plastic films, using a flexible printing plate and
liquid inks [4,5].

Due to market changes like reduced print runs, personalized products, and shorter pro-
motional runs, traditional printing techniques are being replaced by digital printing [6–8].
Even in flexographic printing, the need for rapid preparation of new printing plates and
changing orders on the printing machine is increasing, making it reasonable to consider us-
ing additive manufacturing (AM) to produce flexographic plates. Additive manufacturing,
also known as 3D printing, is a technology that has been around for some time but contin-
ues to advance and find new applications [9,10]. There are various technologies [11–13] and
materials [14–16] used in this field, which open up opportunities for new uses of additive
manufacturing [17,18]. One potential application is the production of flexographic plates, as
these technologies are well-suited for this purpose. It is possible to create parts from materi-
als with properties similar to rubber. In fact, rubber was originally used for the preparation
of flexographic plates—but nowadays mainly photopolymers are used [4,19,20]. Moreover,
AM technologies that use rubber-like polymeric materials are known for producing highly
accurate models.

Polymers, from which flexographic printing plates are commonly made, are the basic
material used in AM technologies such as stereolithography (SLA), Digital Light Processing
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(DLP), Continuous Liquid Interface Production (CLIP), PolyJet (PJ), Multi-Jet Printing
(MJP), Fused Deposition Modeling (FDM), Fused Filament Fabrication (FFF), Direct Ink
Writing (DIW), Selective Laser Sintering (SLS), Multi-Jet Fusion (MJF), and Laminated
Object Manufacturing (LOM), [11,21,22]. Some of these AM techniques, including SLA,
DLP, CLIP, PJ, MJP, DIW, and FDM/FFF, allow for the printing of flexible designs using
rubber-like materials [14]. In addition, Vat Photopolymerization (VPP) processes (which
include SLA, DLP, and CLIP) and Material Jetting (MJT) processes (which include PJ
and MJP) use liquid polymer compositions with a wide range of resins to create models.
Flexographic printing plates, due to the deformation that occurs during ink transfer from
the printing plate to the printing substrate, are made of flexible materials for precisely this
reason [23,24].

Considering printing resolution, the best results can be achieved with the MJT and VPP
processes. The resolution for MJT ranges from 10 to 28 µm, while for VPP, it ranges from
10 to 140 µm [11]. In terms of dimensional accuracy and model deformation, MJP and PJ
technologies, alongside SLA and MJF, also perform well. For MJT systems, the dimensional
accuracy is ±0.1–0.2% with a typical lower limit of ±0.02–0.1 mm. In comparison, the
dimensional accuracy for SLA and MJF is ±0.2% with a lower limit of ±0.2 mm [11].
Among the mentioned AM techniques, MJT technologies seem to be the most useful for
preparing a flexographic printing plate. They provide the highest accuracy in the produced
model and allow us to make a part with a similar hardness and flexibility to a traditional
photopolymer plate. PolyJet is a variation of the Material Jetting (MJT) process developed
by Objet Geometries. The model is created from photopolymer resin and support material
using ink jet print heads and fixed with UV light immediately after application [25–27]. The
printed model requires post-processing, which involves the removal of supporting elements
by blowing them out with compressed air or washing them out with water at a higher
pressure. The undoubted advantages of this technology are the high resolution of the built
parts while at the same time maintaining a high speed, the high accuracy and repeatability
of the process, the wide spectrum of available materials, the clean and easy method of
removing the support material, and the high simplicity of system operation [28–30].

There have been limited studies on the use of AM for the preparation of flexographic
printing plates [31–36], with none utilizing the PolyJet technology proposed in our work.
Thus, Maksud et al. [31] conducted preliminary research using 3D printing for line repro-
duction and the formation of micro- and nano-structures when creating a PDMS mold
for micro-flexographic printing. Meanwhile, Huange et al. [32] studied the effect of pre-
polymers and UV-fixed monomers on flexographic plate formation and its performance
and printability. He demonstrated the correctness of the ink transfer from the plate to the
substrate for an optimally selected prepolymer and monomer composition. Tsakos [33], on
the other hand, prepared three different printing plates, two using FDM technology and
one using SLA technology. At the same time, not all of the plates had the right flexibility
and could be used for printing, and deformation of the letters and logos was observed on
the resulting prints, as well as the reflected pattern (grids) of the plate’s uneven surface
from FDM printing. Zheng et al. [34] also tested and demonstrated the feasibility of using
SLA technology to prepare flexographic printing plates and showed that the line width and
line edge straightness were comparable to those specified for conventional printing plates
on the market. In another study, Zheng [36] examined the factors affecting the process of
creating a flexographic printing plate using SLA technology and their impact on quality.
Lastly, Hassan et al. [35] explored the effect of printers working with MEX technology and
different filaments on the quality of a master mold for micro flexographic printing.

In our study, we explored the feasibility of producing a flexographic plate using
PolyJet technology. We also investigated its durability during the printing process and
analyzed the impact of the printing substrate and raster cylinder linearity on print quality.
Additionally, we compared the results with those obtained from traditionally prepared
printing plates. To the authors’ knowledge, no previous research has been conducted
on this specific topic regarding flexographic plates produced using PolyJet technology.
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Furthermore, no extensive studies on the quality of prints produced with plates printed
using any 3D-printing technology have been published to date.

2. Materials and Methods
2.1. Preparation of the Printing Forms Design

The design of the test plate for 3D printing was prepared in Autodesk Inventor
(Autodesk Inc., San Francisco, CA, USA). The test plate included the following fields: solid
printed areas (with 100% coverage, also known as apla) and raster fields with 75%, 50%,
and 10% coverage (representing shadows, halftones and bright parts of the reproduced
image, respectively) (Figure 1b), as well as microlines with thicknesses from 0.1 mm to
0.35 mm in 0.05 mm increments. The distribution of elements on the test plate is shown in
Figure 1a.
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Figure 1. The printing plate design: (a) the distribution of the elements on the test plate, (b) the size
of the raster points depending on the degree of surface coverage, (c) the comparison of the raster
point sizes based on the linearity of the raster, and (d) the elongation of the drawing on the printing
plate due to mounting on the plate cylinder.

In flexographic printing, there is an excessive enlargement of raster points in the
highlights on the print due to the pressure applied during the printing process. Also, there
is an elongation of the image elements on the printing plate depending on the circumference
of the printing cylinder because of the mounting of the flat form on the cylinder surface.
To eliminate these changes on the print, their formation should be considered during
the manufacturing of the printing plate, and the drawing dimensions should be adjusted
accordingly. Therefore, in order to make a CAD model in Autodesk Inventor (Figure 2), a
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number of calculations were performed, as follows: percentage shortening of the negative
in the printing direction (Figure 1d), radii of single raster points (Figure 1c) for two different
printing plate lines, and radii of single raster points in the printing direction (shortened),
for two different printing plate lines.
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Figure 2. The design steps for the printing plate (a) the creation of a primer layer of
90 mm × 25 mm × 1.2 mm, similar to the pre-exposure process in conventional photopolymer plates,
(b) the creation of a solid area on a test plate with a height of 0.5 mm and an inclination of 65◦ with
respect to the base layer, (c) the preparation of a single raster point with dimensions taking into
account the elongation in printing, which was then duplicated the appropriate number of times using
a rectangular array operation to create a raster field of 10 mm × 10 mm, and (d) a finished design of a
3D-printing form with a linearity of 20 lpc.

The percentage shortening was calculated from Equation (1) [37],

SN =
2πg

L
·100% (1)

where the following variables are presented:
SN—shortening of the negative,
g—thickness of the printing form without substrate,
L—length of the printed image at one revolution of the printing cylinder.
The results of the calculations are shown in Table 1.
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Table 1. Calculation of percentage shortening in printing direction.

Parameter g [mm] L [mm] SN [%]

Value 1.7 260 4.11

The next step in the calculation was to calculate the radii needed for the raster fields
of the test plate. The calculations were carried out for two values of printing plate rulings
as follows: 20 lpc (lines per centimeter) and 34 lpc, matched to the raster cylinder rulings.

The results of the calculations are summarized in Table 2. The calculations were made
as follows:

• the area of a single point was calculated, as a percentage of the area of a square with a
side length of a fixed raster,

• the radius of the circle of a single point was calculated, using the area of the point,
• the shortened radius of the raster point was calculated (the radius of the raster point

shortened by the percentage of the negative shortening).

Table 2. Raster point size calculations for 3D-printed flexographic plates.

Percentage
Coverage [%] Point Area [mm2] Single Point Radius [mm] Raster Point Radius in

Printing Direction [mm]

Test plate with 20 lpc linearity

10 0.0250 0.0892 0.0855
50 0.1250 0.1995 0.1913
75 0.1875 0.2443 0.2343

Test plate with 34 lpc linearity

10 0.0087 0.0525 0.0503
50 0.0433 0.1173 0.1125
75 0.0649 0.1437 0.1378

2.2. Printing Plates

The printing plates for the study were created using both PolyJet additive manufactur-
ing technology and the traditional photopolymer technology typically used in the industry
for producing flexographic plates. Figure 3 illustrates a comparison of the two methods of
making printing plates.

The PolyJet test plates were produced on an Objet Connex350 machine (Stratasys,
Tucson, AZ, USA) using TangoBlackPlus FLX9870-DM (Stratasys, Tucson, AZ, USA) pho-
toresin. The resin has the following properties: hardness 68–72 Sh A, tensile strength
3.5–5.0 MPa, elongation at break 65–80%, and tensile tear resistance 15.5–17.5 Kg/cm. The
plates (Figure 4a) were printed by RapidPro Company (Wrocław, Poland) based on the
provided files containing digital models of the plates (Figure 2). Printing was done in
high-quality modes and the layer height was 0.016 mm. The support material was removed
using pressurized water at the post-processing stage.

The test printing plate was 90 mm wide and symmetrically divided into two zones
of different linearity—it consists of two identical tests with a 6 mm notch between them.
This notch is due to the design of the raster cylinder of the RK Print Flexiproof (RK Print
Coat Instruments Ltd., Royston, UK) used for printing. The thickness of the printing
plate was 1.7 mm, and the depth of the relief was 0.5 mm. Additionally, 10 samples of size
20 mm × 10 mm × 1.7 mm were printed for surface tension and chemical resistance tests
of the test printing plate.

A 1.7-mm-thick photopolymer conventional plate nyloflex® FAH (BASF SE, Warsaw,
Poland) (Figure 4b), prepared by Chespa (Chorula, Poland), was used for the comparative
study. The conventional plate consisted of 6 tests with different screen rulings.

Further characteristics of the printing plates are presented in Table 3.



Appl. Sci. 2024, 14, 8593 6 of 16Appl. Sci. 2024, 14, x FOR PEER REVIEW 6 of 16 
 

 
Figure 3. Schemes for making flexographic printing plates (a) traditional photopolymer, and (b) 
3D-printed using PolyJet technology. 

 
Figure 4. Photos of printing plates: (a) 3D-printed with linearity of 34 lpi and sample for chemical 
resistance testing and (b) conventional photopolymer with linearity of 42 lpi. 

Figure 3. Schemes for making flexographic printing plates (a) traditional photopolymer, and
(b) 3D-printed using PolyJet technology.

Appl. Sci. 2024, 14, x FOR PEER REVIEW 6 of 16 
 

 
Figure 3. Schemes for making flexographic printing plates (a) traditional photopolymer, and (b) 
3D-printed using PolyJet technology. 

 
Figure 4. Photos of printing plates: (a) 3D-printed with linearity of 34 lpi and sample for chemical 
resistance testing and (b) conventional photopolymer with linearity of 42 lpi. 

Figure 4. Photos of printing plates: (a) 3D-printed with linearity of 34 lpi and sample for chemical
resistance testing and (b) conventional photopolymer with linearity of 42 lpi.



Appl. Sci. 2024, 14, 8593 7 of 16

Table 3. Characteristics of printing plates.

Designation of Plate F1 F2 F3 F4 F5

Technology
of plate

production

AM—PolyJet
technology

AM—PolyJet
technology

Photopolymer
exposure and

processing

Photopolymer
exposure and

processing

Photopolymer
exposure and

processing

Material resin TangoBlack
Plus

resin TangoBlack
Plus photopolymer photopolymer photopolymer

Color black black red red red

Thickness [mm] 1.7 1.7 1.7 1.7 1.7

Thickness of relief
[mm] 0.5 0.5 0.7 0.7 0.7

Screen ruling [lpc] 34 20 48 42 38

2.3. Testing of Printing Plates

In order to check the properties of the fabricated printing plates, chemical resistance
and contact angle measurements were acquired.

The chemical resistance test was carried out by swelling based on PN-EN ISO 175:2010 [38].
Solvents widely used in the printing process and flexographic inks, namely distilled water,
ethyl acetate, ethyl alcohol, acetone, isopropyl alcohol, propyl alcohol, a mixture of ethyl
acetate and ethanol (chesol), water-based flexographic ink, solvent-based flexographic ink,
and UV flexographic ink, were selected for the study. A 3D-printed plate sample and a
conventional plate sample with dimensions 10 mm × 20 mm × 1.7 mm were used. Before
starting the test, the width, length, thickness of the samples were measured using a caliper.
The samples were then placed in beakers filled with either solvent or printing ink. Then, after
1, 2, or 4 h respectively, the samples were removed, dried with blotting paper, and the same
dimensions were measured. Chemical resistance was determined as the percentage increase
in sample volume calculated based on the change in sample dimensions. The volume value of
the samples was calculated by multiplying the linear dimensions of the samples by themselves.
The increment was calculated from Equation (2),

xn =
x − x0

x0
∗ 100 (2)

where the following variables are presented:
xn—percentage increase,
x—value of volume at a given time,
x0—value of volume before immersion of samples.
Surface contact angle measurements of both conventional and 3D-printed plates

were carried out on a DSA30E (Krüss, Hamburg, Germany) using distilled water and
diiodomethane 99% CH2I2 (Sigma-Aldrich, Taufkirchen, Germany). The Tangent method
was used for the study. Drops of the substance with a constant volume of about 4 mL were
applied to the surface of the printing plates and the contact angles were measured 15 s
after the liquid drop was applied. The tests were carried out in constant environmental
conditions and temperature 23 ± 1 ◦C. The results presented are the arithmetic averages of
5 measurements for each of the plates and measuring liquids. The determined values of
the contact angle were used to calculate the values of the surface free energy of printing
plates and their polar and dispersion components. The Owens–Wendt method [39] was
used for the calculations.

2.4. Materials Used during Printing

The prints were made using water-based flexographic ink. The ink consisted of two
components from the Hydro-X product family (Hubergroup Poland, Warsaw, Poland): a
binder and a magenta base. The ingredients used were combined in a 1:1 ratio, and a light
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purple color was obtained. The viscosity of the ink was set at 22 ± 1 s when measured with
a Ø4 mm Ford cup (BYK Gardner, Germany), at an ambient temperature of 20 ± 0.5 ◦C.

Six different paper substrates were used in the study, which are characterized in
Table 4.

Table 4. Characteristics of printing substrates used for flexographic printing.

Label Type of Paper Trade Name of Paper Weight [g/m2]

P1 coated Test paper RK Print -
P2 uncoated International Paper Ballet Universal 80
P3 coated Color Copy Cottage 250
P4 uncoated Offset paper Igepa 90
P5 coated ProfiSilk 300–350
P6 label, coated Fasson MC Primecoat 82

2.5. Making Prints

To check the reproduction of the print, test prints were made on the FlexiProof 100
(RK Print Coat Instruments Ltd., Royston, UK). Prints were made on 6 paper substrates. In
order to minimize measurement errors, 10 prints were made on each material. Prints were
made using 2 3D-printed test plates and 3 conventional plates for one raster cylinder. A
total of 10 usages were included in the print, each with different parameters (see Figure 5).
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on it.

The prints were made at a speed of 60 m/min. The pressure between the plate cylinder
and the raster cylinder was constant at 98 units. The pressure between the plate cylinder
and the pressure cylinder was set individually for the substrates as follows: 45 units for
uncoated substrates 2 and 4, 15 units for coated substrates 1and 6, and 10 units for coated
substrates 3 and 5. These settings are those of the RK Print FlexiProof device, calculated
from thickness of printing substrate, which define the correct printing pressure the so called
kiss print [37,40].

A raster cylinder FLX100.02, numbered 66473 (RK Print Coat Instruments Ltd., Roys-
ton, UK), was used for printing. This ceramic anilox is symmetrically divided into two
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engraved zones with line rulings of 200 lpc and 160 lpc. The raster angle for both rulings
was 60◦. The nominal capacity of the inkwells was 5 cm3/m2 and 6 cm3/m2.

Soft mounting tape (tesa, Hamburg, Germany), 0.5 mm thick, was used to mount the
printing forms on the plate cylinder.

2.6. Print Quality Evaluation

The prints were evaluated for quality using a Gretag Spectroeye device (GretagMacbeth/
X-Rite, Neu-Isenburg, Germany) to conduct densitometric and spectrophotometric measure-
ments. The measurements were carried out under the following conditions: D50 illumination
type, normal observer 2◦, polarizing filter, and white standard—absolute and paper for
color coordinate measurements and densitometric measurements, respectively. The color
coordinates L*, a*, b*, the optical density of solid fields, and the degree of percentage coverage
of raster fields for 10 prints on each printing substrate were measured. The results presented
are the arithmetic means.

2.7. Statistical Analysis

Statistical analysis was performed using the Excel data analysis toolkit (Office 365,
Microsoft, Redmond, WA, USA). ANOVA and Tukey-Kramer post-hoc tests were employed
to analyze the data. A significance level greater than 95% (p < 0.05) was considered
indicative of significant differences.

3. Results and Discussions
3.1. Quality Analysis of Printing Plates

The results of the contact angle measurements with water and diiodomethane are
summarized in Table 5. Based on these measurements, the values of surface free energy
and its polar and dispersive components for the printing forms were determined using the
Owens–Wendt method [39].

Table 5. Results of measurements of contact angles of printing plates and SFE values determined
from them.

Printing Plate Made with PolyJet Technology Conventional

Water contact angle [◦] 74.9 ± 1.8 75.4 ± 2.3
Diiodomethane contact angle [◦] 45.5 ± 1.2 33.9 ± 1.4

SFE γL [mJ/m2] 41.5 45.9
Polar SFE γL

p [mJ/m2] 4.8 3.4
Dispersive SFE γL

d [mJ/m2] 36.7 42.5

Both materials tested showed a similar wettability with water. However, the printing
plates made conventionally show a higher wettability with diiodomethane than those
made with 3D printing. This resulted in a higher SFE value and indicates better wettability.
Moreover, this may have a direct impact on printing, or more specifically, on ink transfer
through the printing plates [40]. When making prints, this may translate into the thickness
of the ink layer on the print, which can be verified by measuring the optical densities of
solid areas. Nonetheless, the obtained SFE and polar component values (Table 4) for the
3D-printed and conventional plates are not different enough to translate significantly into
printability [19]. Flexographic inks should wet both conventional and 3D-printed plates
and properly transfer ink to the substrate. As demonstrated by the study of the shape
changes of the printing point, this even slightly lower SFE value of 3D-printed plates can
lead to more homogeneous ink transfer from the plate to substrate [40].

Table 6 presents the results of the chemical resistance of the printing plates. The
measurements were conducted for the 3D-printed plates and conventional plates. The table
presents the percentage increase in the volume of the printing plate samples after being
treated with solvents for specified times (1, 2, or 4 h), based on the measured values of the
width, length, and thickness of the samples.
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Table 6. Percentage increase in volume of samples.

Solvent
3D-Printed Plate Conventional Photopolymer Plate

After 1 h After 2 h After 4 h After 1 h After 2 h After 4 h

Water 2.79 0.55 1.96 1.52 0.45 1.21
Acetate 73.03 111.87 141.05 34.57 50.25 63.15
Ethanol 21.98 30.54 42.35 1.84 0.90 1.97
Acetone 89.10 Unk. Unk. 12.43 15.80 21.11

Isopropanol 14.70 21.32 30.20 3.61 3.74 4.08
Npropanol 15.26 27.59 38.45 5.85 5.93 6.44

Chesol 22.02 31.48 48.69 1.21 9.49 8.71
Water-based ink 0.99 1.14 0.29 0.48 1.46 0.89
Solvent-based

ink 23.07 38.93 56.69 7.28 6.86 6.09

UV ink 0.17 1.49 1.94 0.53 1.78 2.38
Unk.—means the inability to measure the sample due to damage.

The designation Unk. indicates the inability to measure a parameter. This was caused
by damage to the sample—tearing or crushing that made the measurement impossible.

When analyzing the collected data, it is clear that the plates made using 3D printing
do not exhibit adequate chemical resistance. The conventional plates showed less swelling
regardless of the solvent used, although both tested materials demonstrated a low resistance
to acetone and ethyl acetate. The 3D-printed plate treated with acetone was damaged after
2 h, preventing the measurement of the sample length, and the surface of the samples
exhibited fractures. Conversely, after 4 h, the samples treated with ethyl acetate showed
an increased brittleness, and their surfaces, similar to those immersed in acetone, were
also fractured.

However, it should be noted that the 3D-printed samples tested behaved correctly in
undiluted water-based and UV inks—they showed a small percentage increase in volume,
like the values obtained for the conventional plates. The swelling in distilled water was
also negligible.

Considering that 3D-printed samples exposed to more aggressive solvents exhibit a
significant volume gain or even deteriorate, this disqualifies using TangoBlack Plus resin
3D-printed test plates for printing with solvent-based inks. In conclusion, the use of such a
printing plate is unfortunately limited—they can be used when printing with water-based
inks or UV inks. Special attention should be paid to the solvent used to wash the plate
between and after printing to ensure it does not negatively affect the printing plate.

3.2. Evaluation of the Quality of Prints Made with Conventional Plates and Printed with
PolyJet Technology

The evaluation of the quality of the prints included an analysis of the optical density
(D) values of the solid fields, the L*, a*, b* color coordinates, and the changes in the coverage
of the raster fields (tone value changes). The effect of the type of flexographic printing
plate, as well as the printing substrate and anilox ruling on the optical density values are
shown in Figure 6.

The ANOVA test results for the optical density values (F(59, 540) = 1.346, p = 0) indicate
significant differences between the group averages. The magnitude of the differences
between the obtained values is significantly influenced by the raster cylinder ruling (F(29,
270) = 1.510, p = 4.1 × 10−196 and F(29, 270) = 1.510, p = 3.3 × 10−186 for L200 and L160,
respectively). The prints with a 160 lpc cylinder ruling showed higher D values due to
the higher ink capacity of their inkwells, resulting in more ink being transferred to the
printing substrates.

Moreover, the conducted analysis revealed a significant influence of the type of flex-
ographic printing plate on the obtained optical density results (Table 7). No significant
differences were observed between the prints made using 3D-printed plates F1 and F2 re-
gardless of the substrate and ruling type. Similarly, the prints made using the conventional
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plates (F3, F4, and F5) showed no significant differences in their optical densities, except
for a few cases: F3/F4 on the P1 substrate, and F3/F4 and F3/F5 on the P3 substrate, for
prints made with L160 cylinder.
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Table 7. ANOVA test results for optical density values for different types of printing plates.

Printing Substrate
Raster Cylinder

200 lpc 160 lpc

P1 F(4, 45) = 2.579, p = 7.67 × 10−21 F(4, 45) = 2.579, p = 3.28 × 10−5

P2 F(4, 45) = 2.579, p = 6.76 × 10−11 F(4, 45) = 2.579, p = 1.94 × 10−6

P3 F(4, 45) = 2.579, p = 2.17 × 10−12 F(4, 45) = 2.579, p = 1.60 × 10−6

P4 F(4, 45) = 2.579, p = 1.03 × 10−24 F(4, 45) = 2.579, p = 8.02 × 10−25

P5 F(4, 45) = 2.579, p = 8.58 × 10−9 F(4, 45) = 2.579, p = 1.37 × 10−7

P6 F(4, 45) = 2.579, p = 1.01 × 10−16 F(4, 45) = 2.579, p = 4.20 × 10−15

On the other hand, the prints made with the 3D-printed flexographic plates exhibited
significant differences in D values compared to those made with the conventional plates.
Only the prints obtained using a 3D-printed plate with a 34 lpc (F1) ruler and a 160 lpc raster
cylinder did not differ significantly from those obtained using the same raster cylinder and
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the conventional printing plates F4 and F5. Furthermore, the solid areas printed with the
3D-printed flexographic plates had a lower optical density compared to the prints from the
conventional plates. The differences in optical densities were greater for the measurements
of the prints obtained using a 200 lpc raster cylinder ruling. For the coated substrates, they
range from 0.10 to 0.30, while for the uncoated substrates, the difference is greater, ranging
from 0.2 to 0.4 depending on the substrate.

The L*, a*, b* color coordinate measurements indicate that the reproduced colors vary
significantly among the different prints (0.1 ≤ ∆E ≤ 58.4). Notable variations in lightness
(L*) values were confirmed by the ANOVA test results (F (59, 540) = 1.346, p = 0). The prints
made with the 3D-printed flexographic plates are lighter and less saturated compared to
those obtained with the conventional plates (Figure 7). Moreover, similar to the D value,
both the printing substrate and the raster cylinder ruling used significantly affect the results.
Consistent with the optical density findings, the results of the measurements for the prints
obtained using a raster cylinder ruling of 200 lpc are lighter than those obtained with a
ruling of 160 lpc, which is directly related to the inkwell capacity of the cylinders—cylinders
with smaller linings have larger inkwells, allowing for greater ink transfer. Considering
the printing substrates, the uncoated substrates (P3 and P5) yielded significantly higher L*
values, i.e., lighter prints, compared to those made on coated substrates. This difference can
be attributed to the variations in substrate absorbency. Additionally, the use of 3D-printed
flexographic plates led to even higher L* values (differences of up to 15–17%). These
variations in lightness significantly impact the resulting color.
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Figure 7. Average lightness of prints obtained on multiple substrates (P1–P6) using different printing
plates (F1–F5) and various raster cylinder rulings of (a) 160 lpc and (b) 200 lpc.

In analyzing the measurements of percentage coverage, it is evident that full con-
sistency cannot be achieved on any of the considered substrates, regardless of the raster
cylinder used (Figure 8). The highest level of agreement in the measurements was observed
for the coated substrates at fields with 75% coverage. The 3D-printed flexographic plates of
34 lpc (F1) correlated with the conventional plates labeled 4–5, which correspond to 42 lpc
and 38 lpc, respectively. The measurements of the degree of percentage coverage for a
3D-printed flexographic plate of 20 lpc (F2) for fields of 75% are lower than the averages
for the conventional plates. The percent coverage rate for the uncoated substrates has a
value lower than the conventional plates for both 3D-printed flexographic plates and raster
cylinders. Regarding the percentage coverages of 50% and 10%, we cannot speak of the
correct reproduction. Some correlation of the measurement results was noticeable, but this
is insufficient due to the lack of visual mapping. Unfortunately, the 3D-printing technology
and the resin used did not allow us to obtain the correct raster points on the flexographic
plates and reproduce them in the printing process.
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3.3. Summary of the Results and Future Research Directions

This comparative study revealed that 3D-printed plates made using PolyJet technology
exhibit different physical properties compared to conventional plates. The resin used in
this study demonstrates low resistance to most solvents commonly employed in printing
houses, limiting its application to water-based and UV printing inks and unfortunately
excludes solvent-based inks, which constitute the majority of flexographic printing inks.
Given the variety of resins available in the market, exploring other rubber-like materials in
future research would be beneficial.

The plates prepared using PolyJet technology enable printing with water-based inks,
however, the quality of these prints is relatively low and does not meet current expectations
for flexographic printing. A satisfactory reproduction quality is only achievable for solid
printed areas (apla) and lines, while significant challenges arise with the reproduction of
raster fields. It has been observed that a correct raster grid cannot be obtained with the
PolyJet technology and the material used. To address this issue, it may be worthwhile to
explore the possibility of creating a 3D-printed plate using a different resin. Despite the
high precision of the PolyJet technology, it would be worthwhile to check the possibility of
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reproducing raster points using other AM technologies or to optimize the parameters of
the PolyJet printing process.

In summary, the challenges associated with the reproduction of the raster points may
stem from the inadequate manufacturing quality of the raster structures on the printing
plate, the hardness of the 3D-printed plate due to the properties of the resin, which affects
ink transfer, or the design of the printing form itself. Further research seems valuable and
would allow us to explore the use of PolyJet technology to produce flexographic plates
using different parameters of the 3D-printing process and alternative resins. Additionally,
it may be worthwhile to consider the design of new printing plates with modified raster
dot shapes, such as a different cone angle, vertex shape, or relief depth. However, material
type appears to be a crucial factor, as the 3D-printed plates transferred less ink to the
printing substrate, resulting in test prints characterized by a lower optical density and
higher lightness. Furthermore, the quality of the prints is significantly affected by the print
substrate; better results were obtained on coated substrates compared to uncoated ones.
Given the widespread use of films in flexographic printing, it would be worthwhile to
incorporate such a substrate in future studies.

4. Conclusions

PolyJet technology enables the production of flexible printing plates suitable for
flexographic printing of lines and solid areas with water-based ink. However, the high-
quality printing of raster fields was not achieved. Moreover, the plates printed with
TangoBlack Plus resin appear to be suitable for printing with UV inks due to their high
resistance, but they are not resistant to the solvents used in solvent-based inks.

Despite the small differences in SFE values between the 3D-printed and traditional
photopolymer plates (42 and 46 mJ/m2, respectively), significant differences in ink transfer
to the print substrate were observed (D values of areas were in the range of 0.51–1.5 for
L160 and 0.26–1.35 for L200, and 0.67–1.62 for L160 and 0.56–1.46 for L200, respectively).
However, these differences in quality were significantly related to the type of substrate
used. A significantly better print quality was achieved on coated substrates compared to
uncoated substrates (the optical density for uncoated papers was ≤1) with the prints made
using the 3D-printed plates having a D value that was 10–20% lower than those made
with the photopolymer plates. Furthermore, the reproduction of the raster fields was not
satisfactory for most of the prints made with the 3D-printed plates, with only the raster
fields with 75% coverage on the coated papers being reproduced with a high quality.

Further research into the use of AM and PolyJet technology in the production of
flexographic printing plates is essential.
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