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Introduction

UV inkjet printing is widely used

to print full-colour images on a wide

range of materials of various sizes,

from large posters to small sou-

venirs. UV inkjet printing has virtu-

ally no restrictions on the choice of

print substrates, for example, ima-

ges can be applied to plastic, me-

tal, paper, glass, wood, leather and

other surfaces. Adhesion issues on

problematic non-adhesive materials

are solved by using special primers

in liquid or spray form. The primer

applied to the product before print-

ing as an adhesive base between

the ink layer and the substrate it-

self. It is worth noting, that UV inks

have high adhesion to many mate-

rials, as a rule, primers are used on

such materials as polyester, nylon,

acrylic and quartz glass, aluminium,

copper and materials containing

epoxy resin [1]. Modern UV printers

are equipped with extended colour

palettes, including light process

inks, which allow for better repro-

duction of details in shadows. The

application of white ink allows prin-

ting on transparent and coloured

substrates. A significant advan-

tage of UV printers is the ability to

print embossed images, which is

achieved through layer-by-layer

printing [1]. 

Growing consumer demands

on the quality of printed products,

including souvenirs, advertising

and gift items, necessitate careful

monitoring of image quality indi-

cators. A particularly pressing task

is to ensure accurate reproduction

of the corporate colour, when bran-

ding business products, producing

advertising and souvenirs on vari-

ous materials, which will help to in-

crease the recognition of compa-

nies [2]. To ensure optimum image

quality and durability, it is necessary

to investigate and standardise printing
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processes on polymeric materials

in order to obtain the expected qua-

lity of imprints in UV inkjet printing.

Standards, regulation of digital

printing processes, and recommen-

dations for the use of digital printing

technologies in various fields are

provided in the international stan-

dard ISO/TS 15311-2:2018 [3].

International standards of the ISO

12647 and ISO 15930 series regu-

late colour parameters, resolution,

data exchange formats and termi-

nology related to digital printing. In-

dustry guidelines for profiling, pre-

press, and colour evaluation of im-

prints based on material, digital print-

ing type, and viewing distance are

provided in the Fogra ProcessStandard

Digital 2022 guide [4]. It is noted

in [4], that compliance with the re-

commendations for the production

of printed products, taking into ac-

count the type of printing machines,

printed and consumable materi-

als, will promote the production of

imprints of the expected quality. 

The study of the quality indica-

tors of large-format inkjet imprints

[5] revealed the influence of paper

grade and printing modes on the

optical density, gradation and co-

lour tone of imprints; as a result, a

method for calculating a compre-

hensive quality indicator was pro-

posed, which would take into ac-

count all the optical indicators of

imprints and their changes depen-

ding on the printing modes in or-

der to determine the optimal one.

The influence of technological

factors of inkjet piezoelectric UV

technology on the quality of colour

reproduction of imprints obtained

on different types of printed mate-

rial was investigated in [5]. Accor-

ding to the results of research [6],

it is necessary to: profile the equip-

ment in accordance with regulato-

ry requirements and take into ac-

count the type of printed material;

carefully select consumables, na-

mely ink for printed materials. It has

also been found, that the optical

and graphic characteristics of im-

prints are influenced by the char-

acteristics of inks and surface pro-

perties of printed materials, name-

ly the surface microgeometry, which

is confirmed by the research of [6].

In the analysed sources [5, 6], the

studies mainly concern the effect

of different types of paper and only

partially PVC plastic, but the effect

of the colour of the printed materi-

al on the colour reproduction accu-

racy was not considered in detail.

Given that the range of souvenir

products is growing every year, fa-

cilitated by the emergence of new

types of materials with different tex-

tures and colours, there is a need

to ensure the accuracy of corpo-

rate colours on different surfaces.

The development of recommenda-

tions aimed at ensuring accurate

colour reproduction on coloured

polymeric materials will allow ma-

nufacturers of promotional prod-

ucts to produce products of pre-

dictable quality.

Methods

The research was carried out

on a Mimaki UJF-3042FX UV inkjet

printer (piezo-jet technology, drop-

on-demand, 1440´1200 dpi print

resolution). Samples of polymeric

materials were chosen for print-

ing: glossy and matte white HIPS

polystyrene 3 mm thick; foamed

PVC plastics 3 mm thick in black,

red, green and blue; transparent ac-

rylic 1 mm thick. Microphotographs

of the material samples and their

Lab coordinates are shown in fig. 1.
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The printing was done with Mimaki

UV Ink LH-100, a UV ink designed

for printing on tough materials and

providing high resistance to phys-

ical and chemical effects.

To evaluate the effect of the co-

lour characteristics of the printed

materials on the reproduction of

the corporate colour, a layout was

prepared in which the yellow co-

lour imitates printing in a light cor-

porate colour. The developed layout

consists of spot color elements of

the following sizes: round — diam-

eter 10 mm, square — 20´20 mm,

text — 9 pt, 10 pt, 12 pt, 14 pt. The

surfaces selected for the study

were printed using two methods:

1. applying the image directly to the

printed material; 2. applying the ima-

ge to a pre-printed white substrate

to imitate the colour of paper.

The measurements were carried

out on four control fields located

around the perimeter of the sam-

ples. The values of the following

parameters were determined: L

(lightness), DE (colour difference),

a and b (colour coordinates), DH

(hue difference) and D (density).

To evaluate the quality of colour

reproduction, we used an X-Rite

SpectroEye spectrophotometer

(0/45 geometry, 2° viewing angle,

D65 light source). A Levenhuk DTX

90 microscope was used to ana-

lyse the text reproduction. Figure

1 shows microphotographs of the

imprints obtained under the two

schemes. 

The purpose of this paper is to

study the influence of the printed

material on the optical indexes of

imprints obtained on polymeric ma-

terials by UV inkjet printing.

Results

The analysis of the effect of the

printed material on the lightness

index L when applying the image

to samples of materials with and

without a substrate expectedly re-

vealed, that the highest lightness

values are observed in samples of
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Fig. 1. Microphotographs of material samples and imprints



white polystyrene on a matte and

glossy surface (fig. 2, samples 1, 2).

The lightness of the yellow colour

under study is 94; when applied to

the samples (1, 2) according to the

two schemes, the lightness decre-

ases, which can be explained by

some contamination of the yellow

colour with other colours (see fig. 1),

which is typical for inkjet printing

[7]. The lowest lightness values,

when printed without a substrate,

are observed on samples of black

and blue PVC plastics (fig. 2, sam-

ples 3, 4).

The indicators of colour differ-

ence on the studied material sam-

ples were determined in two stages.

First, the indicators of the yellow co-

lour under study in the digital file

(94/-8/105) were chosen as a ref-

erence, as shown in fig. 3. On white

samples 1, 2, the colour difference

on the imprints without a substrate

is smaller relative to the imprints with

a substrate, which can be assumed

to be due to the fact, that white UV

inks have a slight shift in colour

tone, 10 units, towards blue. The ap-

plication of a white substrate in one
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Fig. 2. Influence of the printed material on the lightness index L

Fig. 3. Effect of the printed material on the colour difference DE 

(reference: colour values in a digital file)



layer allows to reduce the colour

deviation on the coloured samples

3–6 (figs. 3. 4), which contributes

to the similarity of the colour under

study with the digital file, although

visually one can observe the exist-

ing shade characteristic of colou-

red print substrate (fig. 1).

At the second stage of deter-

mining the colour difference indi-

cator, an imprint on white matte

polystyrene without a substrate

(sample 1), which has the closest

Lab results to PS2 paper [8], was

selected as a reference; the co-

lour difference of sample 1 relative

to PS2 is 4.57. The determined co-

lour difference values are shown in

fig. 4. The application of yellow to

the samples with and without a sub-

strate shows a significant colour

difference, especially for dark co-

loured samples such as blue, red,

black and green PVC plastics (fig.

4). Samples 2 and 7 (fig. 4) have ac-

ceptable values of colour difference.

The colour difference values, when

compared to the printed reference,

are lower than those obtained when

compared to the digital reference.

In addition to determining the

accuracy of colour reproduction,

the hue difference was assessed.

For process inks, the permissible

deviations in hue should not ex-

ceed 3 [8]. According to the cal-

culations, the hue differences for

sample 1 correspond to the stan-

dard for offset printing, which indi-

cates, that the colour reproduc-

tion is as close as possible to the

reference (sample 1 without a sub-

strate) (fig. 5, sample 2). On the co-

loured samples of materials 3–6,

the hue differences are significant.

As noted above, the colour of the

material has a visual impact on the

perception of the hue of the cor-

porate colour under study. Sam-

ples 3–6 acquire the characteristic

hue of the imprint substrate (fig. 1).

The effect of the printed mate-

rial on the optical density D is shown

in fig. 6. For coloured samples 3–6,

the optical density was determined

only for samples with a substrate,

since the ink layer applied to co-

loured PVC plastics without a sub-

strate is translucent, and it is not

possible to objectively assess the

optical density.

Discussion

The studies conducted allow us

to state, that UV inks applied in a

single layer are not 100 % covering,
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Fig. 4. Effect of printed material on colour difference DE 

(reference: sample 1, uncoated)



and the colour of the print sub-

strate has a critical impact on the

chromaticity of the colour.

Namely, on sufficiently dark mate-

rials, when printing an image with-

out a white substrate, it is impossi-

ble to objectively assess the chro-

maticity indexes of the colour. In

addition, the surface of samples

3–6 has micro-irregularities, that

are visible to the naked eye, as a

result, the imprints obtained with-

out a white substrate are charac-

terized by uneven distribution of

the ink layer and low colour inten-

sity (fig. 1). It can also be conclud-

ed, that the microgeometry of the

surface of the dyed samples does

not have a significant impact on

colour reproduction compared to

the influence of the colour of the

print substrate. It should be noted,

that the application of a white sub-

strate to samples (3–6), that have

colour contributes to an increase

in the lightness index (fig. 2), but

the applied colour acquires the

characteristic hue of the print sub-

strate.

When assessing the accuracy

of corporate colour reproduction,

the issue of colour difference tol-

erance is relevant. When printing

on non-absorbent materials with

digital printing, the tolerances for

assessing the accuracy of corpo-
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Fig. 5. Influence of the printed material on the hue difference DH

Fig. 6. Influence of the printed material on the optical density D



rate colour reproduction given in

[8] can be used as reference val-

ues. Therefore, it is necessary to

evaluate the colour parameters

taking into account, that printing is

carried out on materials, that have

different Lab coordinates from the

typical paper groups specified in

the standard; in addition, inks are

used for printing, that have differ-

ent spectral characteristics from

process offset inks.

According to the ISO 12647-2:2013

standard [8], the colour difference

tolerance according to the 1976

formula (DEab) for process inks in

offset printing is regulated to 5 units;

according to the 2000 formula (DE00),

it is up to 3.5 units for CMY, up to 5

units for K. The use of a DE00 tole-

rance of 3.5 to evaluate the accu-

racy of colour reproduction in the

printing industry is recommended

based on the results of a study by

[9].

The use of the DE00 formula is

supported by research conducted

in [10] to compare the accuracy of

formulas for evaluating colour dif-

ferences. The authors state, that

the calculation using the 2000 for-

mula gives more accurate results

and is recommended for determin-

ing the colour difference for print-

ed products. In [2], it was found,

that the determination of DE00 when

evaluating the difference between

the colours of imprints additional-

ly takes into account the effect of

lighting when viewing products.

Taking into account the analysis,

the 2000 formula (DE00) was used

to calculate the colour difference

indicator.

According to the results of re-

search in [11], it was found, that the

colour difference indicator is sig-

nificantly influenced by the white

point of the print substrate and the

thickness of the ink layer, namely,

it is argued, that the thinner the ink

layer, the higher the value of DE.

This statement correlates with the

results presented in figs. 3, 4.

The colour difference indicator

does not always objectively des-

cribe the accuracy of colour repro-

duction. According to the recom-

mendations of [4], the assessment

of colour reproduction accuracy re-

quires a comprehensive approach

and includes: selecting a standard

for comparison; setting the level

of required reproduction accuracy

(A, B and C); and taking into ac-

count the viewing distance of the

imprints. For the spot colour gen-

erated by the process ink simula-

tion, the following tolerances on

DE00 for the corresponding accu-

racy level were determined [4]: for

level A, no more than 2.5, B — 3.5,

C — 5.5. According to these values,

only samples 1, 2, partially sample

7 (without a substrate) can provide

acceptable colour reproduction

accuracy, provided, that the requi-

red accuracy level C is determined

(fig. 3, 4).

Based on the results of the ana-

lysis of fig. 5, it can be concluded,

that one layer of white substrate is

not enough for accurate colour re-

production without any hue shift. It

can be assumed, that the applica-

tion of two layers of white ink will

allow to obtain acceptable colour

reproduction accuracy. According

to studies [12], it was found, that

the thickness of the ink applied by

UV inkjet printing in one layer is

0.1 mm, in two layers — 0.2 mm,

i.e. increasing the thickness of the

ink layer will reduce the effect of

the colour of the print substrate on

the reproduction of the corporate
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colour. In this work, the study of

colour values when applying two

layers of white ink was not carried

out, this issue requires additional

research. The obtained data on DE00,

DH for sample 7 are ambiguous and

require additional research, since

the determination of colour values

for sample 7 was carried out on a

stack of white paper sheets, so its

influence may be partially present

in the measurements. 

The study of the optical density

of imprints showed, that when ap-

plying the corporate colour to samp-

les without a substrate, the optical

density is higher, which is explai-

ned by the lower lightness of the

imprints (fig. 6). This statement is

also confirmed by the data for samp-

les 3–6, i.e. the higher the light-

ness, the lower the optical density.

In general, the use of the optical

density index is not representative

for assessing colour reproduction

on non-absorbent painted surfaces.

Fig. 7 shows photographic ima-

ges of the printed text on the sam-

ples in two schemes: without and

with a substrate. The imprints cle-

arly show white halos around the

texts, i.e. the white substrate itself.

Mismatching of several ink layers

can occur if the digital device is not

set up properly, i.e., calibration is

required. For UV inkjet printing, a mi-

nimum line thickness of 0.16 mm

is recommended. According to the
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Fig. 7. Photographic images of the printed text on samples 1–7



equipment specification, the align-

ment tolerance is ±0.2 mm. During

the study, it was found, that the mis-

alignment was 0.12 mm, which is

within the specification tolerances,

but a white outline was visually ob-

served. This should be taken into

account when preparing layouts

for printing with a white substrate,

by setting the trapping contour and

the correct dimensions of graphic

elements.

Imprints produced with yellow

ink have some contamination with

other ink, mainly magenta, which

may indicate, that the printhead noz-

zles are dirty or have failed. This

may be due to the use of low-qual-

ity ink. To prevent this problem,

the cartridge should be cleaned

periodically [13]. On samples 1, 2

without a substrate, the printed text

is clearly visible, while on other samp-

les, especially on 3–6, without a

white substrate, the text is barely

visible (fig. 7). Dark and transpar-

ent materials undoubtedly require

an additional application of a white

substrate to achieve the required

colour accuracy.

Conclusions

1. According to the results of

the research, it was found, that

when printing on white surfaces

with UV inkjet printing, it is possi-

ble to achieve the required colour

accuracy when printing without a

white substrate. At the same time,

dark and transparent materials

require an additional application

of white ink (substrate) to ensure

the required colour accuracy. It

was also found, that a single layer

of white ink is not enough to accu-

rately reproduce the colour with-

out an existing hue shift. It is as-

sumed, that the application of two

layers of white ink will allow to ob-

tain acceptable colour reproduc-

tion accuracy, which requires ad-

ditional research.

2. Compliance with printing te-

chnology plays an important role

in the production of UV inkjet pro-

ducts, including: layout preparation,

creating trapping contours when

printing with a substrate; proper

equipment calibration; selecting

high-quality UV inks, checking noz-

zles and the accuracy of positioning

the print material. Failure to comply

with these parameters can lead to

various defects, such as misalign-

ment of the substrate and image,

blurred edges, pale areas, and dots

of a different colour on the print.

3. To evaluate the accuracy of

corporate colour reproduction in the

production of branded business gifts,

it is necessary to take into account

the colour of the print substrate

and the typical lighting conditions

for viewing the finished product.
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Â ðîáîò³ äîñë³äæåíî îïòè÷í³ ïîêàçíèêè â³äáèòê³â ñòðóìèí-

íîãî Óô-äðóêó íà ïîë³ìåðíèõ ìàòåð³àëàõ. Âñòàíîâëåíî, 

ùî êîë³ð çàäðóêîâóâàíîãî ìàòåð³àëó ÷èíèòü êðèòè÷íèé 

âïëèâ íà õðîìàòè÷í³ ïîêàçíèêè êîëüîðó. Â³çóàëüíà îö³íêà

äîñë³äæóâàíîãî êîðïîðàòèâíîãî êîëüîðó âñòàíîâèëà 

íàÿâíå çàáðóäíåííÿ ³íøîþ ôàðáîþ, â îñíîâíîìó ïóð-

ïóðîâîþ; íàâåäåíî ìîæëèâ³ ïðè÷èíè âèÿâëåíîãî

çàáðóäíåííÿ.
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