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1  INTRODUCTION 
Throughout the history, humans always tried to depict images of their lives or 

emotions. Starting from first cave paintings (40,000 years ago
1
) to modern art, every 

generation tried to preserve the cultural heritage of the bygone era. Among this large 

group of imaging art surely belongs colour photography and print.  

Photography was at the crossroad from the beginning of the 21st century. The 

technology for how the images are printed changed at a ferocious pace. In 1995, an 

inkjet print was largely an object of derision, suitable for amateurs and hobbyists, 

especially if they did not care (or know) that the print would likely discolour and 

fade in months. Today an inkjet print from one of Epson's pigment-based printers 

has an expected life span of between 100 and 200 years, longer than any previously 

available colour print media, including Cibachrome and Dye Transfer.
2
 

According to the Image Permanence Institute, approximately 80 percent of 

cultural heritage institutions have inkjet prints in their collections and are concerned 

about the increasing influx of these materials. A survey showed that noticeable 

deterioration of these objects has already occurred, including fading, yellowing, 

colour bleed, surface cracking, and delamination. In total, 71 percent of institutions 

have identified deterioration of portions of their digital print collections. 

The instability of inkjet prints have improved in recent years, however the need to 

protect and study these prints has stayed. One approach how to prevent print fade-

out and protect them from harm of the environmental influences is varnishing. 

 

2  CURRENT STATE OF RESEARCHED TOPIC 
Colour photographs are still mainly produced electro-photographically. But the 

aim of this work is to focus on the colour “photograph” prints made with inkjet. 

2.1 INKJET PRINT 
Printing technology, inkjet, is a computer to print process, where ink is transferred 

directly onto the substrate via print head directed by electronic signal. Printing head 

shoots out droplets of ink on the medium, where the ink dries. Modern printing 

machines are able to change size (volume) of the ink droplet. 

Generally the inkjet technology can be divided by the droplet forming method to 

continual stream (CS) and to drop on demand inkjet (DOD).
3,4,5 

 

2.1.1 Continuous inkjet 
In the continuous inkjet technology, is generated a constant stream of small ink 

droplets, that are charged according to the imaging signal and are controlled 

electronically. The charged droplets are deflected by a subsequent electric field, 

while the uncharged ones flow onto the paper. This means that the imaging signal 

for charging the droplets corresponds to a negative print image. Continuous inkjet 

printing usually feeds only a small proportion of the stream of droplets to the 

substrate. The rest is fed back into the system.
3 
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Continuous inkjet can be further subdivided into the CS process variations of 

binary deflection and multi-deflection.
3,6

 

2.1.2 Drop on demand inkjet 
With the so-called “drop on demand inkjet” technology (DOD), on the other hand, 

a droplet is only produced if it is required. There are a number of variations of DOD 

technique, among the most important “drop on demand” methods are thermal inkjet 

(Figure 1) and piezo inkjet (Figure 2).
3
 

Thermal inkjet (also known as “bubble jet”) generates the drops by the heating 

and localized vaporization of the liquid in a jet chamber. With passing of the electric 

current, the thermo-element heats up. Evaporation of ink continues and bubble is 

formed, which pushes out ink droplet though nozzle (Figure 2). Temperature of 

thermo-element drops suddenly and capillary forces refill the ink to the chamber.
3
 

 
Figure 1 Thermal inkjet – the principle

3
 

Piezo inkjet technology is based on ink droplet formation and catapulting out of 

the nozzle by mechanical displacement in the ink channel (Figure 2), an action 

resulting from an electronic signal and the piezoelectric properties of the chamber 

wall.
6
 

 
Figure 2 Piezoinkjet – the principle

3
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2.2 PRINT MEDIA MATERIALS 
2.2.1 Inkjet papers 

With the progress of digital photography the term photo paper no longer 

exclusively means light sensitive paper. It includes variety of other papers, designed 

to have image printed on them. 

In late sixties, photo paper began to be manufactured with a polyethylene 

laminate on both sides of the sheet. The laminate keeps the print flat after wet 

processing and reduces the processing time. The top layer of laminate is often 

pigmented white, to enhance optical properties. These paper/plastic laminates have 

surface characteristics comparable to regular paper. Since then, these papers are 

sorted into inert media and called resin coated (RC papers).
7,8

 

The base paper is coated with several layers consisting of pigments, vehicles 

(binders) and additives.
3
 

Porous Inkjet Coated Paper 

The term porous inkjet paper really refers to three sub-types: macro-, micro- and 

nano-porous papers. Their similarity lies in presence of small pores that absorb the 

ink, their difference in the type of chemicals used to make the coatings and in the 

size of the pores.
7
 

Porous inkjet paper is basically a thin layer of microceramic nano-particles held to 

the paper by a hydrophilic polymer binder.
9,7

 

When ink droplet falls on this type of surface, liquid is quickly drawn inside 

further into a deeper layers of pores in seconds due to capillary mechanism, resulting 

in an “instant dry” prints, that are non-sticky shortly after emerging from the 

printer.
4
However, the absorbed liquid (water or solvents) will slowly diffuse from 

the microporous structure and evaporate until equilibrium with the surrounding air is 

reached.
10

 

2.2.2 Inks 
Ink is a colour carrier media, which is selectively applied on substrate. It is either 

low viscosity homogeneous, or heterogeneous liquid. Inks are consisting of solvent, 

colour carrier and other support components (surfactants, viscose controllers and 

preservatives).
11

 Nowadays due to interest in ecology, water based inks are preferred 

to oil or solvent based ones.
5
 In large scale inkjet printing is nowadays mostly used 

eco solvent inks.
12

 

According to the colour carrier medium we can divide inks into dye-based and 

pigment based.
3,4

Inks still go through constant development to obtain better 

qualities: better light fastness, less bleeding on the paper, wider hue range etc.
13

 

 

Dye based inks 

Dyes are molecules that are surrounded by solvents, which create a true analytical 

solution – a true homogeneous blend. This leads to higher colour intensity and more 
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luminous colours. Solutions of dyes are very clear with high brilliancy, but every 

dye molecule can react with incident light. They have a larger hue range and are 

naturally transparent since the molecules are significantly smaller than the visible 

wavelength of 380 nm. The disadvantage with most dyes is their limited light-

fastness (oxidation leads to bleaching). 

Light stability of dye-based ink is limited, but recent changes in composition 

showed significant increase in lightfastness.
3,4

 

 

2.3 FACTORS INFLUENCING FADING OF THE INKJET PRINTS 
Illumination intensity and spectral power distribution, method of framing or its 

absence (display without glass), temperature and relative humidity are the factors 

that can influence fading and its rate, degree, direction of colour balance changes, 

and yellowish stain formation that occurs over time from exposure to light, when 

prints are displayed or the dark phase when are the prints stored. In normal display, 

storing and use, prints are naturally “aged” for periods of months and years. Among 

factors that influence the print’s stability belong temperature, humidity in which are 

prints present and also choice of receiving substrate type and its pH.
19,14 

 

2.3.1 Light 
The cause of degradation of colour prints is the fact that all print parts selectively 

absorb parts of UV and visible part of the electromagnetic spectra. Light induced 

degradation is caused by shot wavelength photons, from blue-violet to UV part of 

the spectra. These photons are high in energy. When the light/energy is absorbed, 

not only molecules of dyes and pigment particles are excited, other parts of print 

absorb light too. Excited molecules and particles usually dissipate redundant energy 

as heat, but excited molecules are unstable, and they can participate in reaction prior 

to their de-excitation, e.g. burnout of optical brightening agents (OBA’s).
4
 

Dyes present in inkjet prints are usually degrading by a photodegradation 

oxidation mechanism (see Figure 3). The principle of this is the fact that airborne 

pollutants generate free radicals that are degrading the inkjet ink. This degradation 

reaction produces more free radicals, which speed up the fading process.
15
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Figure 3 Oxidation mechanism of light fading for ink colorant–azo dye.
16
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Figure 4 Reduction mechanism of light fading for ink colorant–azo dye.
16

 

Additives enhancing the lightfastness of prints 

Additives that enhance the photo-stability, usually water soluble, can be added to 

inks in low concentrations, to protect chromophores. When the dyes fade in 

oxidative manner the antioxidants are added or reductive manner then reductive 

reagents are added respectively. Additives can be added also to the receiving layers, 

but in that case much higher concentrations are used.
17,20

 

 

2.3.2 Airborne pollutants 
Image stability of unprotected prints is affected by pollutant gasses in the indoor 

and outdoor atmosphere.
18

 Inkjet print degradation caused by these airborne 

pollutants is called “gas fading”. And it occurs not only in light but also when the 

prints are stored in dark.
19

 

Among airborne pollutants that are harmful for inkjet prints, in terms of stability, 

belong ozone 
3
O2, sulphur oxides (mainly sulphur dioxide) and nitrogen oxides 

(nitric oxides, dinitrogen pentoxide, nitrogen peroxide and their mixture).
20,21,22

 

From all airborne pollutants the major influence on image stability has ozone and 

other gasses have just minor influence or cause different problems (e.g. yellowing of 

the substrate).
18

 As well as environmental conditions influence ozone-induced 

degradation process; it is speeded up when humidity and temperature is elevated.  

During the fading, oxygen, water and surface hydroxides may lead to a 

formulation of hydroperoxyl and hydroxyl radicals, who could attack the colorants 

present in the print.
23

 An example of ozone induced degradation is shown in 

Figure 5 on phtalocyanine dye molecule, which is present in cyan inks. Proved by 

studies, there is a correlation between changes in the residual optical density and the 

total ozone exposure.
24
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Figure 5 Phtalocyanine ozone induced degradation.
24

 

From receiving layers the least resistant to airborne pollutants is the microporous 

type. The reason is their open structure, high porosity. Vast specific active area of 

synthetic sorbents allows even very small concentrations of ozone induce 

degradation.
20

 The differences between microporous and conventional cast coated 

photopaper when interacting with light and airborne pollutants is clearly portrayed 

in Figure 6. When inkjet prints fade the higher the concentration of ozone, the bigger 

the degradation, so the reciprocity law is valid.
25

 

 

Figure 6 The difference between microporous and cast coated receiving layers and their 

interaction with light and air pollutants.
26

 

2.3.3 Catalytic fading 
This phenomenon refers to the fact that a given dye may fade faster when it is in 

contact with another dye as a result of an image area containing more than just one 

ink. Components in the ink or their degradation reaction products or the printing 

substrate can also act as photocatalysts.
27
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2.4 GENERAL PRINCIPLE OF LIGHT-FASTNESS EVALUATION 
Inkjet prints exposed on bright places loose in time their image information. The 

loss speed depends on many factors, e.g. processing, material combination, 

influence of the environment, and their combined effect. The most accurate is 

exposure of samples to actual daylight, but this form of test is time demanding (test 

can go on for years) and not very practical (tested product manufacture may be 

discontinued during test duration). Then there are accelerated tests which give 

reproducible results and take much shorter time. When prints are tested for light-

fastness (in accelerated way), they are exposed to specified light source at given 

conditions. Usually the tests are carried out with special targets in test chambers 

with controlled conditions. In certain intervals test targets are measured 

spectrometrically. And after a given endpoint criterion is reached, the test is ended. 

From the collected data, it is possible to calculate estimated lifetime of the image.
28

  

 

2.4.1 Accelerated–lightfastness tests 
For testing the accelerated lightfastness of inkjet print there are no ISO standards, 

which administer the test parameters. There is ISO standard that is for all types of 

tests for classical chromogenic materials but, with its translation to inkjet materials 

many issues arise. First and foremost is densitometry, the measuring method. Due to 

the composition differences in inkjet and light sensitive photo paper this method, 

prescribed by the ISO standard, is not suitable for inkjet prints. The wide range of 

colorants used is not compatible with RGB filters in densitometer and in most cases 

absorption maxima of the dyes will miss the absorption maximum of the filter.
29

 In 

design of test properties International practice ASTM F 2366 was fundamental. 

Still used standard is the ISO standard 18909:2006 – Photography – Processed 

photographic colour films and paper prints – Methods for measuring image stability 

is dealing with all types of artificial ageing tests of classical chromogenic 

photographic materials. It is based on optical density loss of neutral and CMY pure 

patches with starting optical density of 1.0 ± 0.05 above the minimal optical density 

of the substrate. The endpoint criteria are complex but the most basic one is, that the 

photograph is considered faded when the loss of optical density on the neural patch 

or CMY is equal or greater than 30%.
30

 This standard was dated when published, 

because in 2006 major production of colour photographs was manufactured by 

printing and not by chromogenic process. 

ASTM F 2366 – International Standard Practice for Determining Relative 

Lightfastness of Ink Jet Prints Exposed to Windows Filtered Daylight Using a Xenon 

Arc Light Apparatus is a standard practice that covers specific procedures that are 

applicable for xenon arc exposure of inkjet media prints. Printed inkjet media are 

exposed to radiant energy from a xenon arc source equipped with a window-glass 

filter. The duration of the exposure may vary widely depending on the light fastness 

of the ink/media. Immediately before and after exposure the specimens shall be 

measured on a spectrophotometer or colorimeter using CIE1964 supplementary 
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standard observer and standard illuminant D65. The change in exposed specimens is 

evaluated instrumentally using CIE 1976 L*a*b* and E*ab is calculated. Also 

percent of retained optical density is calculated.
31

 

2.4.2 Airborne pollutants – Gasfading tests 
Barrier properties of protective films are very important. There are a number of 

international standards, which are dealing with this matter. 

JEITA CP-3901 also describes method for testing the indoor ozone stability of 

digital colour photo prints produced by household printers that re not under glass 

frame. The ozone concentration is measured within test chamber and it should be 

measured either electrochemically or by ultraviolet absorption spectrometry (ISO 

13964) and it is generated by silent electric discharge or ultraviolet lamp, provided 

the amount and purity of ozone are met. Ozone concentration inside chamber shall 

be 1–5 ppm ± 10%. Endpoint criteria are the same as predicted print life for ozone 

stability is calculated in years according to eq. (1). Integral ozone concentration is 

product of the set ozone concentration and time.Chyba! Záložka není definována. 

  (1) 

ISO 18941 – prints sensitivity to ozone is a standard method for testing prints 

sensitivity to ozone. It describes the equipment, methods and procedures for 

generating a known ozone exposure and the subsequent measurement and 

quantification of the amount of change produced within both digitally printed 

hardcopy images and traditional analogue photographic colour print images due to 

that exposure. The colorimetry values of the specimens L*, a*, b*, and Status A 

densities shall be measured before and after treatment interval. Colour balance by 

colorimetry in the dmin patches is calculated. Ozone can be generated e.g. by UV 

lamp or corona discharge unit. This test method does not contain endpoint criteria 

and therefore the measurement results shall not be used independently to predict any 

aspect of print image life. The results are reported as cumulative, i.e. ozone 

concentrations is given in microliters per litre and the exposure time in hours – 

[(µl/l) h].
32

 

 

2.4.3 VolGa 
The new approach includes also Colour management system (CMS) and its gamut 

volume. During ageing, gamut changes its relative volume, which usually decreases. 

Relative gamut volume changes plotted as a function of exposure dose can be 

conveniently used to determine the fading rate and corresponding lifetime. However, 

with use of commercial software, it is not clear how the gamut volume is calculated. 

Calculating the gamut volume is a challenge on its own, as gamuts might not be 

necessarily convex bodies. This problem can be overcome by a non-linear 

“convexing transformation“ of the measured data points. A set of isolated points in 

three-dimensional space does not define a unique body in any obvious way. The 

convex hull of the set is a well-defined notion (resembling the gamut), however, it 
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may over-estimate the gamut substantially. The use of the convex hull might be 

satisfactory for device comparison, but is certainly not sufficient for print fading 

monitoring. Dzik et. al. developed a method for estimating the volume of the gamut 

by identifying its “vertices”, approximating it by a generally non-convex polyhedron 

and calculating the volume of the polyhedron. 

Gamut volume can be used for print lightfastness evaluation, since gamut volume 

during ageing decreases. Every device has volume of its gamut different. To be able 

to compare between samples, this criterion needs to be standardized. This is done by 

transferring gamut volume into relative gamut volume. This value of relative gamut 

volume is calculated as a ratio of gamut volume of n
th

 measurement Vn and starting 

gamut volume V0. Relative gamut volume is expressed in percentage. 

  (2) 
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3  EXPERIMENTAL 
3.1 TEST TARGET AND SAMPLE PREPARATION 

For the purposes of fading tests, both ozone and light, has been used test target i-1 

1.5 (Figure 7), which is used for printer profiling and has 288 patches. Targets were 

printed from Adobe Photoshop software with no colour management. Test targets 

were printed on two printers Epson Claria and Hewlett Packard (HP) with three 

types of dye-based inks Epson Claria, HP and MIS Dye Associates. Printing 

substrate was microporous inkjet paper Ilford Smooth Pearl. Targets sizing and 

dimensions were modified for varnishing purposes (Figure 7) in accordance with 

Elcometer Baker Bar, which has 25 mm film width. 

 

Figure 7 Un-divided and divided test target i-1 1.5 

 

3.2 VARNISHES AND VARNISHING 
3.2.1 Varnishing, sample preparation, handling and storage 

As previously stated, prepared varnish composition was applied on test target 

strips with Elcometer Baker bar. Several tests with the bar were made in order to 

determine the best option for thickness of wet film for used varnish composition.  

All samples were treated the same after varnishing. The varnishes were let dry for 

24 hours; test targets were reassembled and attached to a carton backing. After this 

period of time they were stored in dark in EMBA archival paper envelopes and 

cardboard boxes with alkaline reserve. All paper samples were handled in white 

cotton gloves to protect them from dirt and skin residues. 

 

3.2.2 Commercial varnishes 
A total of 3 inkjet light protective commercial varnishes entered in the test; 

Tetenal gloss, Hahnemühle and Herma protective varnishes. 

 

3.2.3 Prepared varnish composition 
CAP based overprint varnish has been prepared according to the further 

composition: 
– Cellulose acetate propionate (CAP-482-0.5)

33
 21.7 w% 
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– Triacetin (Mr=280,20)
34

 1.8 w% 

– 99% Ethanol 53.5 w% 

– Ethyl acetate 99% 23.0 w% 

All liquid components were mixed together and then CAP was added in two or 

three batches. Varnish was stirred on magnetic stirrer in tightly closed glass reagent 

bottle, until the CAP flakes were not visible. 

For lightfastness improvement were mixed in the basic varnish composition UV 

absorbers from EVERSORB series in 5 and 10 w% to total weight of the varnish. 

 

3.2.4 Accelerated lightfastness tests 
Accelerated tests were done in Xenon test chamber Q-Sun Xe-1-B with xenon 

lamp and daylight “outdoor” filter. The test chamber was set to intensity 

0.35 W·m
−2

·nm
−1

 at 340 nm, black panel temperature to 63 °C. The exposure step 

was 16 hours, but to ascertain the first change on inkjet prints the first two exposure 

steps were 4 hours and the third was 8 hours. The end point criterion fort the test 

was 30% gamut volume loss. 

To determine the total integration dose in xenon test chamber, data from relative 

intensity spectrum Er stated in previous sub-chapter were used. These measured 

values of relative intensity were normalized En (divided by the highest intensity 

value Emax) and multiplied by a constant number so, the value at 340 nm is equal to 

0.35 W·m
-2

. 

  (3) 

  (4) 

  (5) 

A sum of Ei, integral irradiance dose, in range 300−800 nm from used chamber 

setting is 295.1 W/m
2
. 

 

Estimated lifetime 

For evaluating the estimated lifetime, light conditions set on Q-Sun xenon test 

chamber have been measured with optometer X11with probe XD-9502-4. 

Equivalent prints lifetimes have been calculated as an incident illumination 

divided by dose of standard day. A standard illumination day is apprehended dose of 

450 lx during 12 hours.
35

  

  (6) 

3.2.5 Gas fastness 
Ozone-fastness 

The important quality of the prints-gas fastness-was tested in an ozone apparatus 

is shown in Figure 8. Compressed technical air was lead trough gas flow regulator to 
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ozonizator. Ozonized air passed through light absorption cell, where absorption 

spectra of deuterium light source were measured at 254 nm to determine ozone 

concentration. The ozonized air flow was adjusted to measured absorbance value of 

0.1. Samples were exposed to the ozonized air in reaction cell with 1600 cm
3
 

volume. Even air distribution was assured by inserted magnetic stirrer with attached 

scapulae. And this even reaction gas distribution was tested on cyan test target. To 

prevent ozone emission to ambient environment, two consecutive wash bottles with 

0.2M NaI solution were placed to the outflow from the reaction chamber. After the 

exposure, assembled apparatus was washed trough with technical air for 10 minutes. 

 

Figure 8 Scheme of ozone apparatus; 1-compressed air tank, 2-air flow regulator, 3-

ozone generator, 4-light absorption cell, 5-deuterium light source, 6-reaction 

chamber with magnetic stirring bar, 7-magnetic stirrer, 8-two wash bottles with 

NaI solution, 9-spectrophotometer, 10-computer 

Samples reflectance spectra were measured before the test and after each 

exposure step with X-Rite i-1 spectrophotometer. Exposure steps were 1.5, 3, 4.5, 6, 

7.5, 9, 12, 15, 18etc.Ozone doses corresponding to hours of exposure were 

calculated. Endpoint criterion was 30% of gamut volume loss. Test was stopped 

either if the test endpoint criterion was achieved or after 72 hours of exposure. 

Evaluation was performed in the same manner as in case of lightfastness test. 

 

Water vapour permeability test 

Water vapour permeability test was done according to ČSN 77 0332. Circles of 

4 cm diameter were cut out from calendered paper coated from one side with PE. 

Prepared samples were sprayed with commercial varnishes. The applied varnish 

amount was determined gravimetrically after 24 hours (samples were weighted 

before and after varnish application). For the prepared composition, the samples 

were first varnished using Mayer rod and then cut out. 

According to the standard ČSN 77 0332 – Determination of transmission of water 

vapour trough thin areal films, a measuring regime was chosen – type D. After 

drying period, samples were adjusted into water vapour permeable cups with silica 

gel, weighted and placed into desiccator, where they were let for 24 hours with 

saturated solution of KCl.  
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To determine the amount of absorbed (into paper substrate) and transmissed water 

(absorbed by silicagel), directly after the end of the test, test cups and samples were 

weighted. 

 

O2 permeability test 

As a substrate for O2 permeability test was chosen a calendered paper coated from 

one side with polyethylene. Permeability of clear substrate was tested, to determine 

its characteristics. For the varnish application was due to the size of the OTR 

measuring device used Mayer rod, with wet film thickness 50 µm (2 mills). Sheets 

of paper of size 12×12 cm were coated with prepared varnish as well as commercial 

varnishes, which were sprayed on. The amount of applied commercial varnish was 

determined gravimetrically. For every varnish type, 5 samples were prepared. 

Sample was placed in the cell. Test chamber was rinsed with nitrogen gas, until a 

threshold of 5 ppm O2 concentration was achieved. After the cell was rinsed, the 

concentration of permeated oxygen trough substrate with applied varnish layer was 

measured ten times for each sample. From each peak in the oxygen transmission rate 

was calculated (Equation (16)), averaged for every sample and the standard 

deviation has been calculated. 

 

Figure 9 OTR measuring device; round measuring cell is on the right. 
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3.3 GAMUT VOLUME CALCULATION–VOLGA 
In Gretag MacBeth Measure Tool 5.0.5., were CIE L*a*b* values calculated from 

measured reflectance spectra from 288 patches on used test target i-1 1.5. Then CIE 

L*a*b* values corresponding to each measurement (exposure step) were entered 

into VolGa software, to calculate gamut volume and its change during ageing.
36

 

From VolGa software the data were exported as visualizations of the change in 

gamut volume (Figure 10-left). The initial gamut volume has always grid-like see-

trough surface and the end of the test has full one. 

 

Figure 10 Example of data evaluation; Left – gamut loss visualization in 3D CIE L*a*b* 

space. The grid belongs to the gamut before exposure and the full surface to the 

gamut volume after certain exposure dose. Right – Plot of change of gamut 

volume and illuminance with linear regression. 
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4  SELECTED RESULTS AND DISCUSSION 
4.1.1 Used printing medium characterisation 

Reflectance spectra of Ilford Galerie Smooth Pearl didn’t reach past reflectance 

value of 100%, by this we can assume that there are no optical brighteners present. 

By measuring the pH of the used inkjet paper by flat membrane electrode, it was 

ascertained that it is slightly acidic. Also measured gloss of microporous receiving 

layer has been consistent with the type of semi–gloss inkjet medium that ISP paper 

is. 

4.1.2 Accelerated lightfastness test 
In next three figures (Figure 11, Figure 12 and Figure 13) there are summaries of 

exposure doses that took or would take to 30% relative gamut volume loss. This 

exposure dose has been recalculated to equivalent lifetime in months.  

Unvarnished and varnished with clear varnish HP print has faded very quickly 

and reached the endpoint criterion of 30% relative gamut volume in 10 hours of 

exposure, which is approximately 4 months of exposure in real conditions. From the 

commercial varnishes the best result has achieved the Hahnemühle protective 

varnish in 32 hours of exposure (11 months) has lost 30% of relative gamut volume. 

Tetenal varnished print has achieved the endpoint criterion in 28 hours (10 months) 

and Herma varnish in 16 hours (6 months). 

From prints protected with prepared composition with UV absorber additions, the 

best results have shown print with 10w% AQ1. Other two AQ2 and AQ3 have 

produced similar protection (57–65 hours; 20–23 months of exposure in real 

conditions). 
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Figure 11 Exposure dose needed to achieve 30% relative gamut volume loss for inkjet 

prints made on HP 500 PS printer, HP dye-based ink set and ISP paper. 

Unvarnished MIS Dye print would have take approx. 11 months before it would 

loose 30% of its relative gamut volume. From Figure 12 it is clear that any form of 

varnishing prolongs the equivalet lifetime. Comparable results and high protection 

provided clear varnish varnish with 10w% of AQ1 and AQ2 and also Hahnemuhle 

print as well.  
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Figure 12 Exposure dose needed to achieve 30% relative gamut volume loss for inkjet 

prints made on Epson Stylus Photo P50 printer, MIS Dye dye-based ink set and 

ISP paper. 

Interpretation of certain Epson Claria prints results made on ISG substrate should 

be approached with caution. Prints protected with 5w% of AQ2, 5 and 10w% of 

AQ3 shown throughout the test duration extreme lightfastness, but it cannot be 

expected to continue with this behaviour further on. Even thou the calculated 

equivalent lifetime is exceedingly optimistic, it is assumed that the reciprocity law 

has failed and the real–time degradation will proceed in different manner. 

Negative value of exposure dose needed to reach threshold value at print 

protected with 5w% of AQ1 is caused by almost steady level of its relative gamut 

volume. It has oscillated around relative gamut volume of 100%, it has rather 

increased, thus the negative value. 
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Figure 13 Exposure dose needed to achieve 30% relative gamut volume loss for inkjet 

prints made on Epson Stylus Photo P50 printer, Epson Claria dye-based ink set 

and ISP paper. 

4.1.3 Ozone fastness test 
Even distribution of ozone in the chamber was confirmed by test chart with 288 

cyan patches i-1 1.5. 

In general the results of gas-fading test of sprayed–on comercial varnishes are not 

very conclusive, because of the application method. Even thou it was done to the 

highest standard, and with great caution, it can never be applied as precicely as with 

rod or bar. But it provides additional protection and in all tested samples have 

extended longeivity. 

Unprotected HP (Figure 14) sample have lost in 1.5 hour of exposure (122 ppm) 

lost almost 80% of its relative gamut volume. So it can be considered as very 

sensitive to ozone. Varnishing have improved equivalent lifetime four to six times in 

case of commercial varnishes and in case of prepared composition equivalent 

lifetime is at least 60 times longer. 
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Figure 14 Exposure dose needed to achieve 30% relative gamut volume loss for inkjet 

prints made on HP 500PS printer with HP dye-based ink set on ISP paper 

MIS Dye samples proofed with prepared composition have times more equivalent 

lifetime value, than unvarnished sample or samples varnished with commercial 

varnishes. But fom results it it clear that sprayed–on commercial varnishes create 

barrier on top of print and provide some sort of protection.  
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Figure 15 Exposure dose needed to achieve 30% relative gamut volume loss for inkjet 

prints made on Epson Stylus Photo P50 printer, MIS Associates Inc. dye-based 

ink set and ISP paper 

As with Claria prints (Figure 16), providing layer of prepared composition has 

ameliorated the persistance against gas by at least 150times. Commercial varnishes 

Tetenal and Hahnemühle have very short life span, up to two years before they loose 

30% of their relative gamut volume. 
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Figure 16 Exposure dose needed to achieve 30% relative gamut volume loss for inkjet 

prints made on Epson Stylus Photo P50 printer, Epson Claria dye-based ink set 

and ISP paper 
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4.1.4 Water vapour permeability test 
Figure 17 sums up the results of water vapour permeability test. The medium 

itself has proved to be quite transmissive since the silicagel weight augmented by 

0.677 g after the test. With the application of either varnish, commercial or prepared 

composition, some sort of barrier was formed and water vapour permeability of the 

medium has significantly decreased. 

The applied amount of commercial varnishes was comparable, but the application 

method needs to be taken into account. They were sprayed on and thus varnish layer 

needn’t have to be fully homogeneous, which is indicated by the augmented 

standard deviation value. But the same uncertainty of the varnish distribution has to 

be taken into account when applied on the actual photographs/prints. 

On the other hand, varnish layer made by Mayer rod seem to form quite uniform 

barrier, which provides similar water vapour permeability, thus comparable blocking 

character. 

 

Figure 17 The results of water vapour permeability test 



 25 

4.1.5 Oxygen transmission rate – OTR 
In Figure 18 is a summary of measured oxygen transmission rates for all used 

varnishes in this work. Used substrate has OTR 5646±16 cm
3
·m

−2
·day

−1
·bar

−1
, which 

is considered as transmissive material. With application of commercial varnishes 

that were sprayed on, the varish amount was detemined gravimetrically. From the 

thickest layer applied it was Hahnemühle, Tetenal and Herma varnish, which is 

consistent with OTR results, as the least transmissive was Hahnemühle sample, the 

second Tetenal and the third Herma sample. The application procedure although as 

precise as it was possible to be done by hand, doenst rule out possible unevenness of 

the applied layer, which shows in case of Herma varnished sample, that has 

aggravated standard deviation value. 

With samples with prepared composition the amount of applied varnish should be 

equal as it was applied by the Mayer rod. The application of the varnish itself has 

provided some sort of barrier. It seems that with higher UV absorber percetage, the 

transmission is lowered. This matter needs to be investigated further. 

 

Figure 18 Summary averaged OTR values for all used varnishes 
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5  CONCLUSION 
A protective varnish compatible with photographic media has been prepared. To 

ameliorate the protection against harmful UV light, three EVERSORB UV 

absorbers form AQ series have been added in two concentrations. As a printing 

medium was used microporous photo paper and on this medium was printed test 

target i-1 1.5 containing 288 patches. For the test were used two printers Epson 

Stylus Photo P50 and HP 500 PS and three dye-based ink sets Epson Claria, Hewlett 

Packard and MIS Associates Inc. Samples were proofed with varnish layer of clear 

composition and mixture and UV absorbers. For comparison also three commercial 

light protective photo varnishes entered the test. 

Used photo paper was characterised and from the measured reflectance spectra it 

can be assumed that it does contain OBA’s, due to presence of peak in blue part of 

spectra. As a microporous pearl paper its gloss value corresponds to the type of 

semi-gloss-media. Measurement of pH with surface electrode indicates that the inert 

papers with microporous receiving layer are slightly acidic. 

Accelerated lightfastness test has been done in Q-Sun xenon test chamber, with 

“daylight” filter. During the dye degradation in inkjet prints, relative gamut volume 

decreases. The evaluation of protective character was judged with relative gamut 

volume change and software VolGa. Both MIS Dye and HP prints, when 

unvarnished, can be considered as prints with low light stability. But Claria prints 

even though that are dye based have great light stability and colours with high 

clarity and brillance, indicated with almost double size of gamut volume. HP prints 

proofed with clear varnish showed any improvement, but with the addition of UV 

absorbers, estimated lifetime has been multiplied. From commercial varnishes the 

best protection has been provided by Hahnemühle protective light varnish, which 

according to the measured absorbance spectra should contain UV absorbers. Prints 

made with MIS Associates Inc. inks, which are alternative inks for Epson printers, 

showed that varnishing with prepared composition has also multiplied the exposure 

dose needed to achieve 30% relative gamut volume loss and by that the calculated 

estimated lifetime. The higher concentration of all UV absorbers brought about 

better lightfastness. Hahnemühle and Herma varnishes on MIS dye prints have 

provided the same level of protection as prepared composition with UV absorbers. 

When it comes to results interpretation of Epson Claria prints, they need to be 

approached with elevated attention. From the Figure 92 it is clear that 5w% addition 

of all three UV absorbers and 10w% of AQ3 significantly helps with the 

lightfastness and prolongs greatly estimated lifetime. However, reciprocity law 

failure needs to be taken into account in case of accelerated lightfastness test and it 

is assumed that prints will need much less time to fade, than estimated.  

Gasfading of inkjet prints was tested in ozone test chamber, where prints were 

exposed to 80 ppm O3 per hour. In general the results of gas-fading test of sprayed–

on commercial varnishes are not very conclusive, because of the application method. 

Even thou it was done to the highest standard, and with great caution, it is assumed 

that homogeneous varnish layer is not formed, thus prints protected with commercial 
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varnishes are more prone to gasfading. Unprotected print done with HP ink set is 

very sensitive to ozone and faded very quickly. It has lost almost 90% of its relative 

gamut volume in 1.5 hours of exposure. Overall, varnishing of the HP targets with 

prepared varnish composition, regardless of the UV absorber added, have prolonged 

its lifetime by at least 65 times, so from original 3 months to 12 years. MIS 

Associates inks on ISP paper are also prone to ozone induced degradation. 

Unprotected, they are also unstable as HP prints. By varnishing the estimated 

lifetime goes from 6 months to at least 30 years. Claria prints proved to be almost 

twenty times more resistant than the other two unvarnished prints. It has not 

subjected to gasfading easily and values of exposure dose needed to achieve 30% 

loss of relative gamut volume needed to be extrapolated, so equivalent lifetime 

values are very high in uncertainty. 

Transmission of water vapour trough prepared varnish has been tested. With the 

prepared composition application, quite uniform barrier was formed, which provides 

similar water vapour permeability, thus comparable blocking character. The applied 

amount of commercial varnishes was comparable, but the application method needs 

to be taken into account. They were sprayed on and thus varnish layer needn’t have 

to be fully homogeneous, which is indicated by the augmented standard deviation 

value. 

Oxygen transmission rate was determined by carrier gas method. Used substrate 

had OTR 5646±16 cm
3
·m

−2
·day−1·bar

−1
, which is considered as transmissive 

material. With application of commercial varnishes that were sprayed on, the 

varnish amount was determined gravimetrically. From the thickest layer applied it 

was Hahnemühle, Tetenal and Herma varnish, which is consistent with OTR results, 

as the least transmissive was Hahnemühle sample, the second Tetenal and the third 

Herma sample. The application procedure although as precise as it was possible to 

be done by hand, doesn’t rule out possible unevenness of the applied layer, which 

manifests itself in form of elevated value of deviation. The application of prepared 

composition has provided some sort of barrier. It seems that with higher UV 

absorber percentage, the oxygen transmission lowers. But to make definitive 

conclusions, this matter needs to be investigated further. 
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9  ABSTRACT 
This paper gives a brief overview on the published and accepted standards and 

methods for colour photography and print lightfastness measuring and evaluating. A 

comparison of selected valid standards and evaluation suggestions has been made. 

The aim of this work was to protect inkjet prints by varnishing. Varnish 

compatible with photographic media was prepared. Composition was enriched by 

EVERSORB UV absorber addition in two concentrations. For comparison also three 

commercial varnishes were also used. Prints made with three types of dye-based ink 

sets proofed with varnish layer were exposed to accelerated lightfastness test in 

xenon test chamber as well as to accelerated gasfading test in ozone test chamber. 

Print gamut volume was calculated using measured reflectance spectra and VolGa 

software. The change in gamut volume during ozone and light induced ageing was 

monitored until the endpoint criterion was reached or test ended. Test endpoint was 

set to be 30% of gamut volume loss. A reciprocity law failure was observed, which 

indicates a lower credibility of long lifetime predictions. Gamut volume change was 

used to judge the effectiveness of UV and ozone protection provided by prepared 

composition. 

Studied varnish layers were further tested on oxygen and water vapour 

transmission. 
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