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A comprehensive study of color characteristic changes of offset printed images have been performed. A
specialized and designed for this research test form have been used. In real printing conditions on different papers have
been printed the test form with big number of control strips and elements. The optical and color characteristics
properties of different combinations of inks, paper and printing press were measured before and after artificial ageing
time periods. The main goal of this paper is estimating and evaluation in real printing conditions on real papers the

impact of artificial ageing of inks and papers.
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1. INTRODUCTION

Examination of color characteristiks of printed
materials during the thermal ageing processes
provides important information about preventive
care, which should be undertaken for the purpose of
preservation of printed materials kept in museums,
libraries and archives and increase of their
durability [1]. Until now there was not made
enough experiments recording to the problems of
aging and discoloring of offset prints. The main
purpose of these studies is to follow the change of
the color range and color difference arising on
aging of prints.

For the determination of these parameters
was needed to exposing the paper samples on
artificial thermal ageing. The main goal is
estimating and evaluation in real printing
conditions on real papers the impact of artificial
ageing of inks and papers.

2. EXPERIMENTAL

For the purpose of the experiment were used
printing samples printed on 5 major types of paper
for sheet and reel offset printing machines,
according to [2].

o Paper type 1 and 2, responding to coated papers

— glossy and mat;

o Paper type 3, responding to LWC paper /coated
reel papet/;

e Paper type 4, responding to offset uncoated
paper;

o Newspaper.

*) To whom all correspondence should be sent:
E-mail; i_spiridonov@abv.bg

On paper samples have been measured the
change of color characteristics and brightness of the
sealing material, and the change in the 3D color
ranges, depending to the time of artificial thermal
aging.

A. Printing conditions and color
measurement of printing samples

Printing was done in real production conditions
with state-of-the-art-equipment. Implemented print
forms were positive acting and were exposed by
Computer to Plate System for direct exposure. Heat
set reel offset printing presses Komori System 40
and sheet-fed offset printing press Heidelberg
SpeedMaster 7.4-5 P+L was emoloyed. The ink
sequence was Black (K), Cyan (C), Magenta (M),
Yellow (Y). After printing of all test copies,
printing samples were selected meeting the optimal
inking requirements and corresponding to all

examinations, according to [2, 3, 4]. Color
measurements were performed with
spectrophotometer ~ GretagMacbeth ~ Spectrolino

installed on a scanning table GretagMacheth X-Y
SpectroScan [5]. Measurement conditions -
standard light source D50, measuring geometry
45°/0° or 0°/45°, 2° standard observer [6].

Paper samples with printed control scales (TC
6.02) containing 999 color fields of dimensions 5x5
mm were treated and subjected to thermal ageing.
The fields have single, double, triple and quadruple
overprinting of inks. Resulting colors are the most
common one, in respect where of human eye is
particularly sensitive. Control scales may be used to
examine changes in color characteristics of a
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printed image on the respective paper during the
artificial thermal ageing process.

B. Artificial thermal ageing

The color characteristics of 5 papers and
printing samples were measured before and after
artificial thermal ageing in cupboard at 105°C for
72 hours. The measurements were done on
intervals: 2 hours, 4 hours, 6 hours, 12 hours, 24
hours, 36 hours, 48 hours and 72 hours.

The following parameters were measured:

e CIE L*a*b [7, 8, 9] color charecteristics with
spectrophotometer GretagMacbeth Spectrolino.

e Brightness of 5 papers was measured with
apparatus ELREPHO-2000 on standard light
source CIE D65, Brightness Rus7, according to

[10].

3. RESULT AND DISCUSSION

A. Color characteristics and brightness of
investigated printed materials before thermal

Color characteristics and brightness of five types
of papers, have been measured before printing and
artificial thermal ageing. The results are shown in
Table 1.

B. Color characteristics and brightness of
investigated materials depending of time of
artificial thermal ageing

On next figures (Fig. 1, 2, 3) are presented
graphic dependences of CIE L* values CIE a* and
CIE b* of paper before and after exposing of
artificial thermal ageing.

In addition to color range changes, it is essential
to study color changes expressed by the color
difference (AE) resulting from thermal ageing as
compared to untreated sample. For objectivity
reasons, color difference was assessed using
AEaverace — mean arithmetic color difference of
999 measured fields between the specific sample
and the original untreated sample, before and after
thermal ageing period calculated by Formula 1:

ageing
Field 1 Field 2 Field 999
AE _ AESample/OriginaI + AESample/OriginaI +.o.t AESampIe/OriginaI
AVERAGE — 999 ) 1)

Field
Where' AES.':\mpIeIOriginaI

specific sample color field and the same field of the
original untreated sample.
The results on Fig. 1 are showing relatively big
change approx. 3,5 units of L in CIE L* between 0
- 24 hours and 36 - 72 hours. The difference of CIE
L* is insignificant - about 1,5 units.

On the Fig. 2 the results shows sharp increase in
the value of CIE a* /between 24 and 36 hours of
thermal ageing/, approx 1,6 units. The exception is

— color difference between a

for newspaper where CIE a* difference between 36
and 72 hours is about 1 unit.

The experimental results shown on Fig. 4
presented constantly and uniformly increase of AEq,
averace between 0 and 72 hours of ageing. In the
Fig. 1, 2 and 3 the changes of CIE L*, CIE a* and
CIE b* are between specific time period of 12
hours. In Fig. 4 the resulting difference of AEq
which is generalizing the results of Fig. 1-3, shows
constant difference in all ageing hours 0-72.

Table 1. Color characteristics of papers before ageing

N ) Mass
Type of paper CIE L*a*b Brlggtness, of paper,
Yo g/m?
L* a* b*

Coated paper — glossy 99,99 -0,02 -0,19 97,19 130
Coated paper — mat 98,99 -0,30 2,86 91,70 130
LWC paper 97,49 0,48 -0,31 91,00 90
Uncoated offset paper 98,38 0,72 -2,21 97,64 80
Newspaper 90,25 0,07 10,34 58,88 45
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Fig.2. Depending of CIEa* of papers on the thermal ageing.
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Fig.4. Depending of duration of the thermal ageing on average color difference

C. Study of the change in 3D color range
from different point of view depending of time of
artificial thermal ageing

Visualization of 3D color ranges of specific
printing combination - ink - paper - printing
technology is the most valuable method for
estimation of color changes during some kind of
process. Evaluation of changes in different color
areas of 3D body of color range clearly shows the
influence of thermal ageing on color zones =-
green, blue, yellow etc. the crossovers of the CIE
L* axis shows the influence of ageing on light,
midle and dark tones.
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The evaluation of changes of 3D color range for
offset printed images in dependence of ageing time
is innovative methodology developed by authors of
this research. [11]

It is done a comparison of the color ranges from
different point of view before and after exposing
the paper 72 hours artificial thermal aging.

On Fig. 5 are presented 3D color ranges from
different point of view before and after exposing
for 72 hours artificial thermal ageing for glossy
coated paper.
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Fig. 5. 3D color range before (red) and after exposure (green) on 72 hours artificial thermal ageing on glossy

coated paper.

The 3D color ranges shows relatively big
changes for all colors after 72 hours of thermal
ageing. For dark tones (L=18) smaller change is for
yellow color, for some of the dark (L=25) and
midle tones (L=50) the biger change after thermal
ageing is for blue and blue-violet colors. In light
tones (L=63, L=90) color range before artificial
thermal ageing is bigger for blue-violet, green and
yellow colors compare to color range after ageing.

On Fig. 6 is presented 3D color ranges for coated
paper — mat. For coated paper — mat in dark tones

(L=13 to L=25) color range before artificial thermal
ageing is bigger compare to color range after 72
hours thermal ageing on 105°C for all colors. In
dark tones (L=36), middle tones (L=50) and light
(L=70) the biger change of color range after
thermal ageing is for green, blue-green and blue-
violet colors. In light tones (L=82) and (L=90) 3D
color ranges shows relatively big changes for all
colors exception is for yellow-red colors. On Fig. 7
is presented 3D color ranges for offset uncoated

paper.

Fig. 6. 3D color range before (red) and after exposure (green) on 72 hours artificial thermal ageing for coated paper —

mat.
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Fig. 7. 3D color range before (red) and after exposure (green) on 72 hours artificial thermal ageing for offset uncoated
paper.

For offset uncoated paper for dark tones (L=29)
the biger change in color range before thermal
ageing compare to color range after 72 hours
thermal ageing is for blue and blue violet colors. In
dark tones (L=36) the change in color range is
smaller for yellow color. In middle and lights tones

the bigger change for color range is for blue-green
and blue-violet colors.

On Fig. 8 is presented 3D color ranges for
LWC paper.

Fig. 8. D color range before (red) and after exposure (green) on 72 hours artificial thermal ageing for
LWC paper.

For LWC paper in dark tones (L=13) and
(L=25) color range before artificial thermal ageing
is bigger compare to color range after 72 hours
thermal ageing on 105°C for all colors. In some
dark tones (L=36) in middle tones (L=50) and
lights tones to (L=70 shows relatively big changes
in color range for blue-violet color, and in tones
(L=83 to L=90) the change in color range is for
yellow color.

On next Fig. 9 is presented 3D color ranges for
news paper.
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For newspaper dark tones (L=27) color range
before artificial thermal ageing is bigger for blue-
violet color compare to color range after 72 hours
thermal ageing on 105°C. In dark tones (L=36) and
middle tones (L=50) there is change in color range
for all color exception for yellow color. In light
tones (L=63, L=70, L=83) the bigger change in
color range is for green-blue and blue-violet colors
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Fig. 9. 3D color range before (red) and after exposure (green) on 72 hours artificial thermal ageing for newspaper.

4.CONCLUSIONS

In this research for a first time was created and
implemented a methodology for ageing of colors
and brightness and experimental in real printing
condition for mostly used and certified by 1SO
main types of papers — coated paper — glossy and
mat, offset paper, LWC paper and newspaper.

From this research found that with increase a
time of exposure of artificial thermal ageing after
72 hours on 105°C for five types of papers
brightness decreased.

The CIE L* value is decreasing between 3,5 to
4,5 units after thermal ageing for all types of
papers. The bigger difference of CIE L* is between
24 to 36 hours for all types of papers. The value of
CIE a* increase between 24 and 36 hours for all
types of papers, and value of CIE b* is increase for
all types of paper to 24 hour, and then between 24
and 36 hour decreased and after 36 hour increase.
With increased the time of exposure to artificial
thermal ageing color difference for all types of
papers increase. The color difference for coated
papers — glossy and mat and LWC paper, color
difference on 36 hour is smaller compare to this
between 24 and 48 hour of artificial thermal ageing.

In result of exposure on thermal ageing average
color difference (AE*ap, average) increase for all types
of papers.

The 3D color ranges shows relatively big
changes in all colors after 72 hours of thermal
ageing. The lights, middle and dark tones of color
range before artificial thermal ageing is bigger

compare to color range after 72 hours thermal
ageing on 105°C for blue-violet color.

After comparing color range of five types of
papers before and after 72 hours exposure on
artificial thermal aging at 105°C have been
observed the following influence on color shifting
during the ageing process:

In yellow-red color the small difference on color
range was in offset paper and bigger for coated
paper — mat and LWC paper.

For blue-red color the smallest color range have
newspaper, and bigger coated paper — glossy. For
green-blue colors bigger color range have LWC
paper and smallest newspaper.
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N3CJIIEABAHE HA ITPOMEHUTE B IBETOBUTE XAPAKTEPUCTUKHN HA IITEHATHUTE
N30BbPAXEHWA 1TPU N3KYCTBEHO CTAPEEHE HA PA3JINMYHU XAPTUUN

U. Cruupunonos™*, P. Boesal, U. Jlozanona-Jlonuepa’, T. Boxkopal,
K. Manosuu?, I'. Bragnu 2, H. Kammkosuy?, M. Cranuny?, b. Tauesa®
1 Xumuxomexnonocuuwen u memanypeuuen ynusepcumem, Kameopa ,, [{enynosza, xapmus u noauepagus “, bvieapus
2 Yuueepcumem na Hosu Cao, Texnuuecxku paxynmem, Kameopa no epaguuno unscenepcmeo u ousaiin, Copousi

[Moctprmina Ha 28 HOoeMBpH, 2016 r.; [Ipuera 3a nevat Ha 8 maid, 2017 r.

(Pesrome)

B HacTosmaTa pa3zpaboTka € U3BBPIIEHO € MOAPOOHO M3CJIeIBAaHE HA TIPOMEHHUTE B IIBETOBUTE XapPaKTEPUCTUKH
Ha O(CEeTOBUTE NEYaTHH HM300paXCHHS B TpOIleca Ha H3KYCTBEHO TEPMHUYHO CTapeeHe. 3a IeNTa € MOJEIHpaHa,
eKCIIOHMpaHa W OTIeYaTaHa CIelHalHa TecToBa (opMa ChIbPXKAIIA TOJIAM Opod pPa3IMYHU KOHTPOJIHH CKalld U
eleMeHTH. V3MepeHn ca onTHYHUTE (JCHCUTOMETPUIHH) U IIBETOBH XapaKTEPUCTUKH HA PA3IMIHUTE KOMOWHAIIUA OT
MACTHJIO-XapTHs-TIeYaTHA MallliHA TPEeJAW CTApeeHeTO M Clie]l TMOoJJIaraHe Ha CTapeeHe Mpe3 pa3IudyHU BPEMEBU
nepuogu. OCHOBHATa 3ajJaya Ha M3CJIEBAHETO € YCTAHOBSIBAHE U OLIEHKAa B PEaAJIHM NMPOM3BOJICTBEHU YCJIOBUS Ha
CTapEcHETO Ha Pa3IMYHUTE KOMOMHAIIMY OT MACTHJIA M XapPTHH 3a [eYar.

KiaouoBu JAYMH. LIBCTOBU XapaKTCPUCTHUKH, O(l)C@TOB rneyar, UBCTOBU PA3JIMKHU, KA4YCCTBO Ha II€4UaTa, CTApeCHEC Ha
MaTepuaInuTe
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