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SUMMARY

The aim of this project is to investigate the efffe€ both paper and printing press

parameters toward linting of newsprint in the affgdographic process.

IGT pick test found not to be a suitable methogEdicting lint. This is because IGT
pick test imposes a lot higher pressure and ink ta@ piece of sample in order for it to
be able to collect enough lint to be measured eilyeweight or by image analysis.
However, the lint collected by IGT is not relevaatthose from the commercial press

trials.

Three different papers were investigated in thissiby The paper labeled Golbey was
Nornews produced by Norkse Skog France. The otlerpapers were Norstar and
Nornews produced by Norkse Skog Boyer. Golbey preduhe most lint, followed in
order by Norstar and Nornews. Fines, fillers andycked fibres are the paper
components that can lint. Fines are desirableey thond well with the fibres. However
this may not be the case if fines are poorly bondéem the configuration of the Boyer
paper machine, with the horizontal twinwire fornserd a twinver press, it is believed
that the top side of the paper ends up with maresficompared with the bottom side of
the paper. However the work here showed that thrsthliotop side of the paper produced
more lint than the bottom side. This suggested ttiatfines are not bonded too well in

Norstar.

The printing press variables were discussed intw fpain major parts, paper variables,
ink and fountain solution balance, printing presanket/plate variables, and printing

press operating conditions. Various printing par@mseewere tested to investigate their
effect towards offset lithographic printing. Heidetg GTO-52 and Man-Roland Uniset

were used to do most of the printing trials. ANO®stat was done and showed that
printing take-off angle, tack, print coverage (pirig tone), two sidedness of the paper
and speed were among the significant print parasetdfecting linting in offset
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lithographic printing in Man-Roland Uniset trialScreen ruling and printing pressure

were not significant according to the ANOVA results

Lint accumulation on blanket follows a linear r@aship with the number of copies for
both Heidelberg GTO-52 and Man-Roland Uniset trisd$ore it reaches its plateau, i.e.
when the rate of lint accumulation in the blanketzero because the rate of lint

transferred to and from the blanket equal to edlcro

The small effect of ink tack was explained as agdrom the nature of the measurement
of ink tack. Ink is shear thinning, and the Inkdenaised to determine ink tack measures
tack at much lower shear rates compared to ther sla¢@ in the printing nip of a
commercial printing press. Ink tack increases \whth increase of ink film weight or ink
film thickness as shown by inkometer and Deltatkvds also shown that the higher the
speed, the higher the ink tack is for both the m&ter and the Deltack.

Ink tack change with the addition of fountain smntand with the change of speed, ink
film thickness and printing nip pressure needsatedrrelated better with the commercial
offset lithographic press. Thermal Gravimetric Arséd is considered to be the most
suitable equipment to measure fountain solutiorteatrin process ink.

Analysis of variance showed that pressure was rsgraficant variable towards linting
in the Man-Roland Uniset trial. Swapping the erigtblanket with a new blanket, which
increased the pressure from 5.5 MPa to 9.5MPa,ionlgased the average lint of several
take off angles, printing tones, and two sideshefpaper by 4%. The Heidelberg GTO-
52 trials also showed that pressure did not styoradlect lint results. This is also
consistent with the Deltack effect of pressuraribrig results.

25% printing screen always yields the highestragardless of the test. The 75% scren
and solid (100%) gave the lowest lint for resultenf both the Man-Roland and
Heidelberg GTO-52.



Lint increased greatly with take-off angle. Theeswith higher take-off angle has higher
rate of ink film splitting, since the side with thegher take-off separates faster from the
blanket at the exit of the nip. The higher ratentffilm splitting increases the stress that
is applied to the surface of the paper, which iases the amount of lint and the size of

the lint particles.

Among those variables investigated, take-off angbper side and the combination of

take-off angle and paper side are the most sigmfiparameters affecting linting.

Lint migration from paper to blanket to plate isndynic and need to be investigated in
the future. Lint in the ink and fountain solutiasllers is harder to measure. Some sort of
dynamic lint measurement needs to be developedamimimage analysis consists of
high speed and high resolution camera with imagdyais. Ideally the image analysis

should also be done in real time Some early woskali@ady been done by Knut Wiik

More paper variables, printing plate and printingniket type, different ink and fountain
solution chemistry composition, paper batch valigbiand ink colours need to be
investigated. The main components affecting ink taed therefore affecting lint mainly
are to be identified. Inks with same tack numbethlroldset and sheet-fed inks, which

often give different result in linting, needs toibeestigated.

The relationship between image quality and the arhooef lint should also be
investigated, as linting is ultimately an issueptinters because of its effect to image

quality.
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1.0 Introduction

Linting is defined as the tendency of paper to dbedely bonded patrticles, i.e. fines, ray
cells, fibres and fillers, from its surface durinffset lithographic printing [1]. These
materials can then be transferred from paper totipg blanket, plate, ink and water
trains causing deterioration in print quality. iiete is too much lint then this can cause
runnability problems since the operator has to atmgh wash the machine, either washing
the printing blanket or even the whole ink and watestems [1].

The total material removed from paper surface rasidi only around 0.002-0.004 % of
the total area [2]. However, since offset lithodgnaprocess demands keep increasing and
normally offset lithography printing runs are loagpecially for newspapers, where over
100,000 copies in total can be printed, it can éenswhy linting is one of the serious
offset-lithography printing problems today. It i®sh noticing that offset lithography is
the only newspaper printing process used in Auatral

Linting is a complex phenomena associated with ithieraction between ink, water,
paper [3] and also press parameters. It has bgented that paper and printing press
parameters interact and this affects lint residtsen though factors affecting lint have
been studied for the last 30 years, some of thertegtill give contradictory results and
explanations. The effects of printing press paransatin linting still need to be studied in

more depth.

The mechanism of linting is generally describedaasombined effect on the ink film
splitting forces (sometimes called ink tack) [1Hahe inter fibre bonding energy of the
paper surface. Linting is also related to the flofunk in the press nip under pressure.
There are two types of ink flows[1], a porous ifdwf penetrating the paper surface pores
and a free ink flow at the surface of the ink-satew pores. Theoretical analysis by
Mangin and Silvy [1] shows that the ink flows in@usufficient drag on the fibre to cause
lint by disturbing the bonding of weakly bound &lsron the surface.



Researchers suggest that different levels of f¢4¢eapplied to the surface of paper
generate different types of linting. At low forcembonded material, often referred to as
dust, is removed. At medium forces, weak or lopbelund material, often referred to as
lint is removed. At higher forces, well bonded sgH fibres are removed, a process that

is often referred to as picking.

The lint removed from an offset blanket rangesize rom very fine fibre fragments [5]
filler particles, ray cells [6], whole fibres [Sptmini shives and other debris. Lint
composition has changed over the years from mdbtlgs to fines, ray cells and fillers.
This can be explained by improvements in the papking process such as more energy
is used now in pulping producing a better develofim®. Some studies have suggested
that the printing press variables have a greafectebn the linting propensity of paper
than the paper itself [1, 7]. Therefore the effexftprinting press parameters on lint are

worth to be investigated.

The aim of this project is to investigate some paagers affecting lint in offset-
lithography printing of newspaper. Most of the waet parameters have been examined
including ink rheology, fountain solution, ink degrof emulsion, paper, printing speed,
printing plate, nip pressure, blanket materialesprlayout and geometry and the relation
affecting lint. Some of these parameters had béahesl before by other researchers.
However, there were some contradictory resultsexpdanations that need to be clarified

and examined further.

This project, investigating the affects of offs#ttéagraphy printing parameters on linting,
was carried out as a Masters of Engineering Scibgaesearch with project funding by
the Smartprint CRC in collaboration with the indigtpartner, Norske-Skog Australasia
Research and Development. This project is a pafarEke-Skog global lint research

project that is carried out in Norske-Skog Eurdjpestralia and New-Zealand.

Norske Skog Boyer Mill employs 450 people and maatufres a range of newsprint and

publishing related grades. The 290,000 tonnesapépproduced represents 40 % of the



Australian market. Raw materials for the mill arlnpation radiata pine, regrowth
eucalypt and recycled fibre, which is produced atdde Skog, Albury Mill, NSW. There

are two paper machines on Boyer site, PM2 and PMB production capacities of

125,000 tpa and 165,000 tpa respectively. PM2 gresliooth newsprint (Nornews) and
improved newsprint (Norstar and others) while PM8/@roduces newsprint

The three different grades of paper were used isttlesis were supplied by Norske-
Skog. The main one was called Norstar 52 gsm. iEhé& improved newsprint with an
ISO brightness of 74. The furnish typically corsief 67 % TMP radiata pine, 28 %
chemi-mechanical eucalypt (cold caustic soda) affilea component of 5 % calcined
clay (supplied by Imerys as Alphatex). This papggorioduced by PM 2 in Boyer. PM2 in
Boyer has a horizontal twin wire former and a tve@npress. Since TMP [5] and filler [8]
have been reported to result in higher tendendintihg, and this paper gave the most
problems to Norske Skog, therefore this paper Wwasen for most of the testing. The
second grade of paper used was Nornews, 45 gsmqeddy PM3 Boyer. It consists of
25% cold caustic soda pulp, 20% recycled fibre B¥dkraft pulp and the rest is TMP,
with no added filler component in it. The Third deawas 45 gsm Nornews produced by
Norkse Skog France, i.e. Golbey. It has 60-75%ealfcled fibore and the rest of its
component is TMP. Both Normews and Golbey have tolréghtness compared than
Norstar. The inks used in the experiments weredalset offset lithography printing ink
with different colours, tacks, brands. These arsculised in more details in the

experimental method and results and discussions&tsa

Various printing parameters were tested to invagtigtheir effect towards offset
lithographic printing. Heidelberg GTO-52 and Manktaw Uniset were used to do the
printing trials. ANOVA Systat was done and showbdttprinting take-off angle, tack,
print coverage (printing tone), two sidedness o# thaper, speed were the most
significant print parameters affecting linting irffset lithographic printing in Man-
Roland Uniset trials. Screen ruling and printinggsure had no statistically significant

effect on linting.



2.0 Literature Review

acalel ——— 10gm

Figure 2. 1. Diazo Plate, the image area is the soth part and the rest is the non-image
area[9]

Artwork Film (negative) Plate

Figure 2. 2. Negative Plate Production[10]

A lithographic plate is normally bimetal, i.e. ibresists of the base plate component and
the component building the image area of the plate base material in lithographic
plates can be aluminium, polymer or paper [11]. iIthage area materials that lie on top
of the base material can be diazo,GRN), photopolymers or silver halide. Both
polymer and paper are normally used in small forpratting for short runs. For the
aluminium plates, a coating is applied on the lladeehave as the ink receiving surface
with the aluminium, normally in oxidised form, beiray as the water receiving

surface[11]. This is shown in Figure 2. 1



While there are several types of offset platesy e generally are classified as either
positive or negative working plates. Negative patare generally coated with
photopolymer and are known as negative workinggmreitised plates. To expose the
plate, a negative film is placed over the lightssewve coating and exposed to the UV
light. Light that passes through the clear areah®fmegative causes a reaction with the
monomers of the photopolymer which chemically ciods with each other to form
polymers . These polymers can be thought of as nghains of monomers, which are
linked so strongly, that they behave a single, havéar-resistant molecule. The
unexposed non-hardened polymer will be removedndutihhe process. The process of

producing a plate using negative film is shown igufe 2. 2.

A more recent method of producing plate is callethputer-to-plate (CTP). Digital data
from the computer directs the infrared laser exposf the plate. This thermal energy
will then start the acid-catalysed crosslinkingctemn [12]. The second step is then
preheating the plate to complete the crosslinkeagtion [12]. The last step is to remove
the unexposed coating with wet processing [12]. Qdi&e processing method is
preferable to the older method because CTP resulisiicker production cycle, lower

production cost, easier revisions, sharper priafiguand better registration [13].

CTP also eliminates steps from the production cyt8. Even in a Computer to Film
(CTF) workflow it can take five steps from havirdgetcopy in digital form to having it
imaged on a plate: film imaging, film processingipping, contacting, and finally plate

processing [13].

In a CTP process four of these steps are fully redd13]. Each step eliminated from
the process reduces the overall time required tglg¢es to press. Not only were these
steps time consuming they were also very labo@nsive. Labor is not only costly but
by virtue of the human element, performance of éhtesks may lead to quality and

consistency problems.

CTP allows printing presses to print cleaner amsper images by way of eliminating dot

gain in the prepress process [13]. In a conventipngpress workflow, dot gain from



photomechanical processes of imaging plates friindan increase overall dot gain by
as much as 6% on press [13]. In a CTP workflowst fgeneration dots are directly
imaged to the plate eliminating dot gain in prepreBhis also gives the press more
latitude for printing higher ink densities witholugging up." The benefits are richer,

fuller, better saturated color printing.

Film is comprised of a polyester substrate thasubject to changes in humidity and
temperature that can cause it to stretch or slamrtkthis can be a problem for registration
[13]. CTP excludes the use of film negatives origpeess. CTP plates are imaged on
highly accurate plate-setting equipment on alumirsupstrates that are very resistant to

changes in temperature and humidity.

Before CTP, revisions were cumbersome and timeuwoimgy and even more sensitive to
the registration issues mentioned earlier[13]. Withall-digital workflow it is simply a
matter of making the needed changes to the pagksind) the old pages, and placing the

new pages in place through the use of automatett@héc imposition techniques.

Inking rollers  pampening rollers

Gil-base

ink.

To be cut
and folded

Cffsetimage

Guide

Printin
- rollers

plate rallers

wWeb of paper

Reel

. Dampening rollers
Inking rollers

Microsoft lllustration

Figure 2. 3. Offset Lithographic Printing lllustration. [14]



Offset lithographic printing is a method of mecleahiprinting whereby ink is distributed
and transferred by the inking rollers and the faunsolution is also distributed by the
fountain solution rollers, which are labeled as ganing rollers in Figure 2. 3. Ink and
fountain solution are then transferred to the prinplate, printed to the printing blanket
and then printed to the paper substrate. Ink rsstesred on the printing plate only if the
adhesion force between the ink and the plate iatgrehan the opposing force, i.e. the
ink cohesion [11]. Ink is transferred to the imageea because the image area is
hydrophobic. Ink does not transfer to the non-imagea because the non-image area is
hydrophilic and the film splits in the layer of fotain solution that is applied before the
ink. 95% of concentrated fountain solution is watgth small fraction of surfactants and
other wetting agents. 2-5 % of the concentratedtimin solution is then diluted with

water used for printing.

Linting is considered to be one of the more seripaper related problem in the offset
printing of newsprint [15]. It is defined as thedency of fibres and fines to be removed
from the surface of the paper and accumulate orbkiweket and possibly also on the
plate. Lint migrates from the surface of the papeprinting blanket. It also can be then
transferred to the printing plate, ink and fountawiution rollers. Image degradation
starts to appear when a considerable amount oatiotimulated in the blanket or plate.
This is more likely to occur as the lint particieesincreases [17]. Accumulation on the
plate is a bigger problem than the initial movemento the blankets as it interferes

directly with ink transfer.

Figure 2. 4 is a printing result of a 50% screaretand a solid test pattern printed with a
Heidelberg GTO-52 at Norske Skog Boyer. It showsiat quality comparison between

the beginning of the run and after 7000 copies gendegradation can be easily seen in
the solid as white specks. These are probablyphmticles which have transferred to the

printing plate.



Figure 2. 4. Image Degradation from the beginning fothe run (LHS) to the 7000th copy
(RHS) caused by linting

A low level of lint can also cause a problem injegbve human quality judgement as
human eyes are more sensitive to a small increlset @t low level [18]. For high lint
level, almost all samples were ranked equally poitl7-19]. Linting reduces image

guality when the build-up of lint deposits on tHariket is non-uniform [17].

Lint primarily consists of three different clas4ds 7], which can be picked up from the
surface of the paper during printing. Firstly, liconsists of particles, which are not
bonded to the surface at all. Their origin is maiinl the slitting of the web into reels.
These patrticles are referred to as ‘dust’ [7]. Eaéer there are particles that are weakly
bound. The stronger the anchorage in the surfacéathr in the printing process they are
removed [2]. These are classified as ‘lint’ [7]n&lly there are fibres, which are bound in
the surface but which because of moistening lose Hinding ability. This phenomenon
is described as water-induced linting or ‘wet-pi§K]. Forces required to pick the lint

from the surface of the paper gradually increasmfdusting to linting and picking [20].

A close examination of the composition of lint releefour different types of particles —
fines and ray cells [21], fibre fragments [21], \v&® [21] and filler particles [16].

Improvements in equipment [22] and processes [d2h2a4e led to a decrease in the
amount of fibres and shives, whereas the amoumayfcells has relatively remained

constant [4, 25]. Thus the size of lint has de@daser the years [21, 26].



The composition of lint has changed over the yéans stiff, unfibrillated fibres [5] to
deposits dominated by ray cells [16, 21, 26] amedi [6, 27]. Recently, filler [8] and
fines have become more significant componentsofdilthough it was also reported that
the surface strength of paper could increase withinerease of fines content [27],
because fines could increase the bonding betwbessfilf they are not bonded well with
the fibre, they will be readily picked up from tsarface of the paper. Therefore, the
effect of fines on linting is somewhat dependenttlom overall surface strength of the
paper. However, irrespective of the size, the commtwaracteristic of particles that are
linting is their low bonding potential [26].

Offset processes are especially prone to lintimdplems because of the tackiness of inks
[21] and the use of multicolour printing places ajex stress on the surface of sheets.
Studies have shown that the application of higHaser forces in printing is generally
associated with the removal of larger particlebrdas

The role of fountain solution has been extensivpated. Fountain solution weakens
the fibre bonding and therefore an increase in @uansolution should increase lint[21,
28]. On the other hand, fountain solution lowers thk tack force [29], which should
decrease lint. Reducing fountain solution has beported to improve ink penetration
and dimensional stability but increasing the rate size of lint accumulation [6]. For this
reason, the role of fountain solution at differ@mninting screen tone will be different.
Unfortunately most of the literature did not mentibe details of the experiments [6, 28]
making it impossible to evaluate the results. Hpect#fied that decreasing fountain

solution tend to increase lint in the blanket &f titnage printed area [7].

Many linting theories have been proposed but noas found to properly describe the
effect of press parameters [28]. Attempts to modéyisting theories require a

fundamental evaluation and understanding of th&nfnmechanisms. Based on the
examination of the fibre removal curve, it was doded that at least three forces were

required to fully describe the effect of press paeters on linting [1].



Stefan’s Law predicts the stress required to sphittayer for a Newtonian liquid, under
laminar flow conditions, and very high film thicksses compared to actual printing

conditions [1, 28, 30]. It is given by

VA
g, =—
h

X

Equation 2. 1. Stefan's Law

o, = tensile stress required to split ink layersdéper unit area)
V, = velocity of separation

h, = fluid thickness

n = fluid viscosity

A = Area in contact

Despite the conditions of which Stefan’s law waswaal, it is still used [31] to explain
the decrease in the force applied to the papeaseirvhen ink film thickness is increased

or ink viscosity is changed.

It was proposed that fibre removal in the printimg is due to two different types of ink
flows, a porous ink flow that penetrates into papeface pores and a free ink flow at the
surface of the ink saturated surface pores. Thesddrces are shown in Figure 2. 5. It
was shown that the ink flows induce sufficient doagthe lint particle to overcome the
bonding potential of the weakly bonded surface igdaed and that the main fibre
debonding force is related to the free ink filmdeywhich is an inverse function of the

ink transfer function.
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Ink Splitting (Tack) Forc

Free ink Film
Flow Force

v
Porous Flow Force

Figure 2. 5. Porous ink flow force, Free ink flow drce and ink splitting force. The three of them
works at different points. Therefore they can not le added together.

As shown by Figure 2. 5 above, the three forcedritute to lint can’t be added since

they are acting at different directions.

The porous ink force can be expressed as

F = Po?
 8h,(2-logRe)

Equation 2. 2. Porous Ink Force Equation

P is the printing pressure

o is the paper surface pore size

hy is the average ink film thickness transferrecht paper
T is the paper turtoisity

Re is the Reynold’s number related to the poraus fl

The free ink flow can be expressed as

- _an(\2-1Vn(h,
| 2-logRe | h

Equation 2. 3. Free Ink Flow Equation
Vis the printing speed
he is the half thickness of the free ink film

hy is the ink film thickness on the printing plate

11



n iIs the viscosity of the ink during printing
Re is the Reynold’s number of the flow fluid arouhd fibre.
It is to be noted that Reynold’s number is a furrcdf fibre diameter and flow velocity

around the fibre.

Linting can be affected by both printing and papsking variables [1]. By comparison,
the paper roughness and the pulp furnish have désst on linting than the press

parameters [1, 7].

The main focus of this thesis is the effect of pnig variables on linting and these are
discussed in more detail later in this literatuexiew, together with the method for
measuring and characterizing lint. However, befdnées is done, the effect of

papermaking variables will briefly be discussed.

2.1 Papermaking Variableg[7]
The whole process of papermaking will be discusselation to lint, from furnish to

stock preparation and paper machine.

2.1.1 Stock Preparation

Screening, cleaning and reject refining are impuartactors to produce high quality
mechanical pulps and reduce linting propensityhef sheet by improving the surface
properties [7, 21]. Fibres that are rejected at gbeeens and processed by the reject
refiners tend to be stiff and to make poorly bondbdet prone to linting and picking.
The reject refining process thins the wall thiclsne$ these fibres, creating fines. The
combination of thinner, more flexible fibres andhes for bonding creates a better
consolidated and stronger sheet surface. Nowadggsems are operating with double

screening, two-stage reject refining or separdteing of screen and cleaner rejects.
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2.1.1.1 Refining, Screening and Cleaning
Screening is generally not effective in removingt Icandidate fibres [7, 33]. This is
because screens separate fibres according to lémgth rather than according to the

specific surface.

Hydrocyclones are more efficient than screens mongng fibres with low specific
surface because they separate fibres on the bispeoific surface. The efficiency in
removing lint-candidate fibres increases with iasiag reject rate [7]. A centricleaner
reject requires a substantially higher specifianigfy energy than a screen reject to
reduce the amount of lint candidates in the reiedhe same level. Increasing refining
energy has been found to reduce linting [34]. A& Hame applied energy, a grinding

process produce less lint candidate fibres thametfr@ing process [34].

Fractionating the pulp with a hydrocyclone, to remmahe material of low specific
surface so that energy can be selectively apphed riejects refiner in order to raise its

specific surface, is found to be effective [34].

2.1.2 Furnish

2.1.2.1 Mechanical Pulp

Lint deposit from press blanket nowadays consisamiy of ray cells [16, 21, 26] and
pulp fines [6, 27]. Ray cells are wood elementd tinansport nutrients in the radial
direction in the tree. They have a diameter appriogcthat of the normal fibres, i.e.
around 20 micrometres, but are not physically egleahin the web to the same extent as
normal fibres are, nor are they very conformablas’is because the aspect ratio of ray
cells is quite low, i.e. they are short, and themefthey are not entangled in the web.

Their contact area to fibres after sheet consotidan the press section is not high [7].

Ray cells have a relatively high resin content teatls to a very low hydrogen bonding

therefore its bonding ability to fibres is weak B4]. Ray cells are readily dislodged from
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the paper surface, especially when exposed to ameisir when the sheet is not well

consolidated.

Ray cells can deposit on blanket as layers thath@&rk enough to reduce the print quality
[7]. They can also travel back to fountain solutemmd or ink trains and subsequently

reappear in the printing nip [7].

A poor mechanical pulp is susceptible to lintingl][2Common causes include
insufficient specific energy, non uniform wood slypunstable pulp mill operation such
as lack of control for freeness, coarseness, agditage length, and inadequate screening,

cleaning and reject refining [21].

2.1.2.2 De-Inked Furnish

The traditional ideas says that recycled chemicphiyduced fibres are weakened by
recycling and this leads to more linting [21]. Homee it was also suggested that for
mechanical fibres, linting may actually be redus#ice the mechanical and chemical

action of the deinking plant may improve sheetrgjte [35].

The ray cell content of waste paper is much lowemgared to papers which contain
fresh fibre. This may also contribute to the loviet result paper made from deinked
fibres compared with paper made of virgin stock |7jwas found that the buildup of
filler left over from the deinking process was aly more of a problem than the
recycled fibre itself [6]. Mineral fillers in thaugface of the deinked-pulp-based newsprint

are more easily deposited as lint than the fibmmmponent [6, 7].
A relationship between fillers and lint can be expéd as the fillers settle between fibres,

preventing hydrogen bonding between cellulose $ilpré. As filler content increases, the

number of bonds is consequently reduced [7].
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2.1.3 Paper Machine

Several papers have discussed the effect of papehine variables [7, 21, 28, 36, 37]
and the effect of printing press variables [2, 617, 38-40] on linting. Some reported
that there is little quantitative evidence of tHileet of paper machine variables compared
with the effect of printing press variables [1, The difficulties are due to three factors.
First, lint measurement is not easy and only geguaducible methods should be used
[7, 20]. Secondly, paper machine factors probabkgract among with pulp factors
themselves [7]. Thirdly, pulp quality [21, 34] hasignificant effect on linting propensity

and sometimes they can mask the effect of papehimadactors [7].

2.1.3.1 Sheet Forming

In a Fourdrinier former, lint propensity of the wiside of a sheet is less than that of the
top side. The wire side of fourdrinier newsprins faahigher surface strength than the top
side. Lint propensity on the top side of the papecreases going from Fourdrinier to
Hybrid and to gap former [22]. In order to prodsteet with low linting on both sides,
adequate removal of water in both sides of the pispienportant in the forming process.
The reason for this is when fines are well bondeth¢ fibres, it increases paper strength.
Fourdrainier drainage occurs from the bottom sitléhe former. Therefore it tends to
pull fines away from the top side of the paper. éirontal twinwire former will still
have the effect of two-sidedness, although thendge occurs from both side of the
former, as drainage will still occur preferentiaidythe bottom side of the paper and drive
the fines to the bottom side of former due to tfiece of gravity. At the Boyer Mill, the
bottom side of the former actually is the top sidéhe paper once the paper is in rolls.
Norstar and Boyer Nornews are produced with a bate twinwire former and
therefore there will be difference in the distribatof fines on top and bottom side of the

papers.
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2.1.3.2 Pressing
Lint tendency is decreasing going from straighbtiyh presses that drain through the
bottom side, to top draining twinvers, or tri-nif!]. Norstar and Boyer Nornews are

produced with a twinver press [41].

In a single-felted press nip, the paper is compesetween a felt and a smooth press
roll. Fibres and fines are flattened by the roldl @me in intimate contact with its surface
[7]. When the web emerges from the press nip, ritnadly adheres to the press roll rather
than to the felt [7]. In an open draw, the sheeabsuptly peeled away from the roll.
Depending on the strength of the adhesion to teesproll and the cohesion with the rest
of the sheet, the individual fibres and fines ledabn the paper surface may either
become separated from the roll and remain parhefweb surface or be picked and
remain on the roll surface until they are cleant#dy the doctor blade [7].

Material collected on the press roll doctor blakesomposed largely of ray cells. These
wood components are known to have a low specifitase, high lignin content and a
low ability to absorb water to form papermaking 8sifi7, 21]. The material collected on
the doctor blades of press rolls or drying cylisdezsembles the lint which accumulates
on printing blankets and plates [7, 38].Thus cdivecmeasure that reduce picking in the

press section of the paper machine might also eetilniing in the pressroom [7, 36].

Linting on the felt side of the newsprint decreasdten the load in both presses was
increased [42]. However, the lint measurements weree on uncalendered paper and
neither the press nor felting arrangements wererihesl. It was recommended that to
reduce ray cell linting in the press section, rapds should be increased or the sheet
temperature going to the press section raised. ddiflbre fragments and shives are

primarily located on the side that is in contadiwthe felt [42].
2.1.3.3 Drying System

Picking can occur in the dryer cylinder. If the mmature is too high, the adhesion of

individual fibres to the cylinder surface can extdeeir cohesion to the wet web [7]. It
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was suggested that paper damage by picking in tyer dection leads to an increased

linting tendency [7].

2.1.3.4 Calendering

At low temperatures, hard nip calendering of neypspanay increase linting [23]. High
temperature calendering [23] and soft nip calemdeeven at a moderate temperature of
110°C can significantly reduce linting. The lintaserement in this studies were done by
removing lint with transparent tape, followed by aserement of lint area by image

analysis [23].

Reducing the bulk of a 100% thermo-mechanical méw/sprint sheet with different
combination, of soft nip pre-calendering and haig ealendering at low temperature
increases the offset linting propensity [23].

2.1.3.5 Slitting and Cutting
Blunt slitters can cause linting since a lot oftdgsgenerated during the cutting process.
Therefore sharp slitters should be use to minimdmst generation [7]. Mechanical

brushing of the moving web suction is also an éiffeaneans of removing dust [7].

2.2 Printing Variables

The second part of this chapter will discuss tHecgfof printing variables on linting.

Both the effects of paper making variables [4, 1%, 23, 37, 43] and printing variables
on linting have been investigated. Some studie® Isanggested that the printing press
variables have a greater effect on the linting pngity of paper than the paper itself [1,

7]. All of the most important printing variableslWie discussed in this chapter.
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2.2.1 Nip

2.2.1.1 Take off Geometry

The angle separation affects the web-to-surfaceesidh characteristics at the point
where the sheet begins to leave the nip [7]. Thecetan be explained by the fact that
one side of the paper has a larger separationfrte the blanket [7]. This is because
both sides of the paper travel at the same speethéuwo sides of the ink films do not
split at the same rate, i.e. the side for whicht#ke off angle is higher will separate from
the blanket at a faster rate compared with a sitle avlower take off angle, This has
been reported in several studies [7, 17, 44], tesuin a higher force imposed to the

surface of the paper and causing more lint.

The take-off angle of the paper web from the inkéhket surface is a function of the
press geometry and of operating variables suchmlagack, ink transfer, inking level,
ink/water emulsification, printing speed and otpenting parameters [7]. The blanket
cylinder diameters and the press web orientatienthe two most important of these

determining printing nip geometry [21].

Waech [42] reported that there was no large eftédiake-off angle unless the paper
wrapped the blanket cylinder rather than the ingogscylinder. This meant that the
effect was obvious at a high take off angle, i.apgy wrapped partially around the
blanket cylinder. In laboratory testing, paper sknp fixed on the printing cylinder and
the take-off angle therefore is constant. Howewarying web lead in a large commercial

printing press would make it possible to do trigith different take-off angle [7].

There has not been much work to investigate theceftif take off angle compared with
the effort put into investigating the effect of thaher press variables nor have
guantitative results been produced. Therefore durdtudy is required to quantify and
measure the importance effect of take off anglentng.
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2.2.1.2 Blanket

As the blanket cylinders of a web offset press geared in a one-to-one ratio, both
cylinders must be packed evenly and should havélasirkind of blankets to obtain
identical speed of the elements in the printing Mdnen packing mismatch between the
blanket cylinders occur, the lint accumulation @ases slightly [7, 21]. A mismatch of
peripheral speed between blankets has greaterend®i on the lint migration on the

blanket surface rather than lint pick-up [7].

2.2.1.3 Plate to Blanket

Plate-blanket pressure is believed to affect Nenethough the plate does not touch paper
due to three particular situations of plate-to-ké&tnvelocities that occur [7]. The first
arises when the blanket is over-packed. The pemplspeed of the blanket in the nip is
greater than the plate speed. Lint particles whmtumulate on the blanket will move in
a direction opposite to that of the moving web. §heond case [7] is when the blanket is
under-packed, and the speed of the blanket istiessthat of the plate cylinder and the
lint particles will be pushed forward in the diriect of the moving web. This normally

occurs when using old blankets that have lostatgHility.

The third case [7] is when plate and blanket areectly packed. The peripheral speed of

both are similar to each other therefore veryelitd no migration of lint occurs.

Plate-blanket study is important since lint movenhresults in migration and build up of
the lint. Once the lint is built up on the platedan the ink trains, runnability and image

guality will become a serious issue.

In plates containing only solid (100%) and non-png area (0%), blanket lint was
observed to decrease with decreasing solid arepa@u with the lint in the ink plate
and ink trains [38]. This suggest that the lintkeid up from image area is more likely to
contribute to blanket lint, while the lint pickeg from the non-image area is more likely

to be released to the plate and then transferrétetmk train [38].
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It was reported that it seemed that the lint pkegion the plate were larger than those on
the blanket [38], although the author only visuafigasured it, without any quantification
[38].

It was also reported that there was migrationmafdin the plate, i.e. from the image area
to the non image area [20]. If this has been vadiiat would then need to be questioned
whether increasing fountain solution feed to theghffected the non image area lint by
increasing the amount of lint picked up from ther mmage area or by increasing the lint
collected from the non-image area as a resultehtigration of lint from the image area.
This would be able to be confirmed by using imagelysis and judging whether the lint
collected are coloured. Coloured lints would havgrated from the image area while

non-coloured lints would have originated from tlom mimage area.

2.2.1.4 Pressure

The effect of pressure on linting is not fully ungteod. This is due to the lack of

comprehensive models of ink-paper-press interagtidviost results showed that lint

increased both in non-image areas and in images am@n the printing pressure is

increased [7, 28]. However, the opposite resultahss been reported [7, 45]. It has been
shown that due to the non-linearity and the syndrgfween linting and the various

parameters, with the right combination, a low pnigtpressure can produce more lint
than a high printing pressure [1]. Overpressurth@nip was reported to reduce blanket
lint deposits by way of a frictional cleaning effealthough the authors stated that
overpressure actually caused the paper to lint f@JreThese contradictory reports do

not explain the details of the experimental condsi such as printing speed, the type of
printing machine, the type of blanket or the numbtcopies done. This may be the

reason why the reported results vary so much. ¥ aiso observed that there was
generally less lint in a blanket to blanket niprti@blanket to steel nip [6].

Pressure plays important role to all three forcescdbed by Mangin [32]. The ink

porous flow force (Equation 2. 2) is directly propanal to pressure. On the other hand,

the free ink film flow force (Equation 2. 3) is datly proportional to (¢hy)?, where his
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half of the thickness of the free ink film andik the ink film thickness on the blanket.
This is likely to fall as printing pressure increasas more ink will be forced into the
pores of the paper.

The ink tack also depends on the ink film thicknalsough there is dispute about how
tack will change with the ink film thickness. Taftkce, as it is measured by the parallel
plate tack-meter decreases with increasing of therank film thickness but not as a
function of the cube of the ink film thickness [285]. However, these measurements
were done in a parallel tack meter with ink thatsweertically elongated to do the
measurements. The tests also used a with highlimkHickness, i.e. 5-3am. The lower
plane was attached to a force sensitive piezo@dctmsducer that measures the force-
time curve during splitting. These conditions amwvhere near the printing condition
where the thickness of the ink is in the order oh&rometer and it definitely has
different geometry to the blanket printing rollerSherefore the results from this
experiment may not be directly comparable to thetipg press condition. In addition

the material used was oil [28], not ink.

Recent studies showed that ink tack increasesthathink film thickness [17, 30, 47-49].
The equipment used in some of these experimentsurezh the ink film splitting force
using printing rollers with only ink printing onéhcylinders [30] while other equipment
was later used that could simulate offset printinidy a cylinders on paper substrate [17,
47, 48]. Zang [30] reported five different setsmogasurements of the effect of ink weight
to ink tack. All five of them showed ink tack inases as a function of ink weight in the
range that is very high of interest of offset prigt Only one data set showed a decrease
in ink tack for ink weighs above 5 gfmiThis was attributed to the Stefan’s law type
behaviour. Mangin and Silvy [1] also stated that lint reduction at a high ink weights
also might be due to a Stefan’s type law, but evthen the surface is fully saturated with
ink.

Thus, the three forces will increase and decraasbe same time as pressure changes

and how lint is affected will probably depend oniethforce is most important under the
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condition they are tested. We can not work thissoute most of the experimental details

are lacking.
2.2.2 Lint Accumulation Characteristics

2.2.2.1 Lint Accumulation Rate with the number of @pies Printed

Lint accumulation is highest in the beginning o ttun and diminishes significantly as
the run progresses. In the beginning of the rum,dccumulation curve behaves linearly
until it reaches a point where the curve startatiben out [19, 50, 51]. It was explained
that this behaviour was due to two competing preeeof lint transfer to the blanket
from the paper and lint transfer off the blanket tlhe start of the run there is no lint on
the blanket and so lint transfer onto the blankebithates. As lint build-up on the blanket
increases the rate of lint transfer away from tienket also increases until the lint
migration from paper to blanket is equal to the @t migration of lint from the blanket
to the plate [51]. At this point the lint on theabket will reach a constant level. This was

mathematically expressed as

L= g-een
k

2
Equation 2. 4 Lint Accumulation Model [51]
where

L = Rate of lint accumulation on the blanket

k, = The number of lint particles shed per unit arbpaper

k, = The probability of a lint particle on the blamkeosening during one revolution

A high speed, high resolution camera combined witage analysis was developed to
monitor the lint on the blanket dynamically anddetermine the rate constants from
Equation 2. 4 [51].
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2.2.2.2 Lint Accumulation of First and Subsequent Rnting Unit

Lint accumulation in offset blanket is not uniforbetween printing units and the
mechanism of ink transfer and setting, particulanymulti-colour printing, is poorly
understood [52].

In the first printing unit, lint consist of small@articles compared with the subsequent
units [2], if all of the conditions are constanttween the printing stages. It was
suggested that the lint particles on the firstgorunit are normally the weakly bonded
particles that loosen up from the surface of theep§/] and their origin is mainly in the
slitting of the web into reels [7]. The type andesiof lint particles can vary due to
differences in other printing variables. Thereftire lint in the first printing station is not
only dust originated from slitting, although it Wihclude some of this. It has been shown
before that a single printing unit of a smallentirig press produced lint particles similar
to the fourth printing unit of a larger commercpess [2]. This may be due to the

difference printing parameters applied and alsaltfierence of the press geometry [2].

The stronger that particles are bonded to the ceirthe later in the printing process they
are removed [2, 7]. Well bonded fibres can loseirtibonding ability because of
moistening. This is sometimes called water-induggthg [7] that occurs in the third or

fourth printing units.

2.2.3 Speed

Effect of printing speed is not fully understoodowtver, it is usually believed that
linting increases with increasing speed [28]. & ladso been reported that the increase of
lint accumulation with speed is two or three timasre in the image area than in the non-
image area [7]. This is probably because an iseréa speed increases tack force and
also increase in speed increases the free ink filroe (Equation 2. 2). Tack force
between paper and ink film would be higher compavéet the tack force between paper

and water film.
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The percent transfer of ink from the blanket to paper is an inverse function of the
length of the time the ink contacts the blanket].[%& speed increases, the nip dwell
time, i.e. the contact time between the ink andepapirface decreases. This results in

less ink flow into the porous surface of the paper

Ink transfer was modeled in three steps [54]: anaad adhesion between the ink film
and the paper surface, immobilization of a poridrithe ink into the paper pores, and
splitting of the remaining portion of the free ifilkn. This was mathematically expressed
as

Y = A [bB + f(X-bB)]

Equation 2. 5. Walker-Fetsko Equation

Where,

Y = amount of ink transferred to paper per unibare

X = initial amount of ink on printing plate per tiarea

A = 1-* the coverage function

B = 1-*, the immobilization function

k = a parameter describing the rate at which c@eeracreases with increased ink level
on plate (printing smoothness parameter)

b = a parameter describing the maximum amount lothat can be immobilized in the

paper. It depends on surface roughness and ahstyrpfithe paper

f = a splitting parameter, describing the fractmiink that transfers to paper through
splitting of the free ink film

When the contact between the ink and paper is camplt high ink levels, Equation 2. 5
can be approximated by the following linear relasioip
Y = b(1-f) + fX

Equation 2. 6. Walker-Fetsko at High Ink Level

Ink film splitting is approximately in the middlarough the free ink film. Although there

are variations such as the percent transfer ofrork the blanket to the paper is less than
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percent transfer from the plate to the blanket [5&], because once the ink is on the

blanket, selected ink components are absorbednanidk begins to set [53].

The larger the porosity of the paper, the more flolvs into the pore of the paper
therefore the pore flow force increases and thefilnk thickness decreases resulting in

the lower free ink film force.

Referring back to the force equations proposed bpdih (Equation 2. 1, Equation 2. 2,
Equation 2. 3), this means that speed will not havdinear or straight forward
relationship with linting. Lower speed will haveetsame effect as higher pressure (refer
to 2.2.1.4). Speed plays an important role intaké forces described by Mangin [32] as
the ink porous flow force and ink film flow forcd&Equation 2. 2, Equation 2. 3) are
inversely proportional to speed. On the other h#émel free ink film flow force (Equation
2. 3) is directly proportional to )% where his half of the thickness of the free ink
film and h is the ink film thickness on the blanket. Thidikely to rise as printing speed
increases as less ink will be forced into the pofake paper. How speed affects lint will
be dependent on which of the three forces is domhia& the condition at which the

printing is done.

In a printing press, the effect of speed on lifess dramatic for a larger diameter blanket
cylinder since the tack force is related to the fildkment acceleration at the exit of the
printing nip [7]. Cavitation in the ink film resgltin filaments which are accelerated

normal to the paper surface, with the acceleratpgiven by [7, 28].

a=\?R Equation 2. 7. Relation of acceleration, speedd radius
Where,
V is the velocity and R is the radius of the pnigtcylinder

Acceleration is inversely proportional to the cylr radius [7]. Therefore, for the same

linear speed, presses with larger cylinder diameteduces less acceleration compared
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with that of smaller cylinder. Press with biggetimger diameters produce less lint than

presses with smaller cylinder diameters at the gaméing speed [28].

2.2.4 Temperature

Temperature of the printing press varies acrossvitith of the press and varies from run
to run and there is also variation during a rurthes press warms up [39]. Two main
parameters that influence heat production arehibelogical properties of the ink and the
rubber of the inking rollers [39]. It was identididoy MacPhee, as reported in Dalphond
[39] that three of the five sources of heat gemamain an inking system were related to
ink rheological properties and to the printing gpdak film splitting, vibration inking
roller action and inking roller slippage. The othwo sources are constant for each press
running under fixed condition, i.e. cyclical stri@ig (compression-decompression cycle)
of the roller cover and roller bearings. MacPheeeg®rted in Dalphond [39] stated that
for a sheet-fed press running at 2.8 m/s, 79% eftdkal heat generated comes from the
ink film splitting, the vibrating roller action arttie circumferential roller slippage[39]. It
was found that for a web offset press that blaakek plate temperatures range between
290-39° C while the ink form roller and the osditig roller temperature ranged from
24°-40° C [39].

As the temperature in the press increases, theatagkiscosity of the ink decreases [7,
21, 39]. The lower the tack and the viscosity, sheoother the ink transfer is, therefore
the lower the lint accumulation is [7]. On the athwmand, the lower the viscosity, the
greater the chance of the liquid components ofirikeghat are more volatile penetrating

into the paper, increasing risk of tack rise onlitamket [7].

Control over the temperature of the ink is mandatordecrease the variation in dot gain

and density over the printing run [39]. Dot gairsHaeen reported to increase as the
temperature increased. Print density was repoaetrease at lower printing tone while

it increased at a higher printing tone with thedase of the temperature [39].
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Temperature also affects fountain solution propsrtiFountain solution should be
maintained at a constant temperature in order mbrabits evaporation and its viscosity
[39]. It has been reported that fountain solutieiph to cool the press therefore its

absence in waterless offset has a major impact [39]

2.2.5 Relative Humidity

Relative humidity has been reported to be of ndgkgimportance compared with other
printing parameters [7, 28]. However, linting haseb reported to be more serious in
summer months when the relative humidity is highan that of winter months, although
no real data has been provided to justify thisncl@f]. It was suggested that relative
humidity may affect paper surface wettability arapability to absorb offset fountain

solution [7, 28].

In contradiction to [7], another review reporteatthint could be reduced by increasing
humidity and increasing temperature [21]. They atguhat increasing humidity
improves the fracture resistance of fibre-fibre d®r{21]. This is a very grey area
whereby both of the effects can apply to papeelation to linting. However, if both of
the theories were right, there must be an optimwmidity level which results in
minimum linting. Relative humidity is something thia hard to investigate. A further
complication is that none of the reports gave expemtal details of the press trials.

These reports were only from observations and ribduinvestigations were carried on.

2.2.6 Fountain Solution

2.2.6.1 Fountain Solution Composition

There are two types of fountain solution-acid alk@lane [56]. Only 5% of the fountain
solution components are active ingredients, theisesater. The main ingredients of acid
fountain solution are water, a desensitizing gurd an acid (phosphoric acid, an acid
phosphate compound, or citric or lactic acid) [Sbhe acid converts the desensitizing
gum to its free acid form in which the moleculesitein carboxyl groups, -COOH [56].

These groups help the gum adsorb to the metal [H&8le Gum is used to prevent plate
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corrosion. The acidity of the dampening solutionmeasured by determining its pH.
Modern acid fountain solution should have a pHim tange of 3.5-4.5 [38]. Excess acid
in the dampening solution is not only useless bay rhe a disadvantage. If such a
solution is emulsified into inks containing varreshwith drying oils, the inks will take
longer time to dry [38]. Furthermore, acidity prow® corrosion and can actually cause a
sharpening of image area dots due to corrosioa lthographic plate [38].

The alkaline fountain solution ingredients are mgt of water, sodium dihydrogen
phosphate(NakPO,) and disodium hydrogen phosphatefNRO,) at a pH around 10 or

11 [56]. At this pH, the phosphate ion reacts rgpudith the aluminium surface and

functions as the desensitizing material. When li@&afountain solutions are made the
concentration of the active ingredients are colgdolthrough measurements of
conductivity and not pH since the solution is hyghuffered [56].

Several advantages of the use of alkaline dampesaigtions on newspaper offset
presses have been claimed [56], these includelititatg will be reduced because it
usually requires a little more dampening solutiorkéep the plate clean. In addition, ink
rollers usually do not strip and blankets do natdmee glazed since the solution contains
no gum and fungus does not grow in the fountain[péh

Few studies had been done on the effect of acalkatine fountain solution on linting.
Most of the papers in the linting literature didtreven specify the type of fountain
solution they used. However, it has been reported more lint was deposited with
alkaline fountain solution than with the acid onken the plate has a preponderance of
image area and the reverse is true when the platelynconsisted of non-image area
[38]. The advantage of alkaline fountain solutiothmthe largely non-image area plate

for reducing lint was particularly apparent in lengress runs [38].
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2.2.6.2 Effect of Amount of Fountain Solution Used

The role of fountain solution has been debated.nfsan solution weakens the fibre

bonding and therefore more fountain solution efdatuld increase lint. It was reported
that printing the same paper with both lettersatheut water) and relief lithography

(raising the image area and not having the non @reaga on the plate but printing it
lithographically) resulted in higher linting resuiltvith the lithographic method (with the

water) [38]. The authors argued that water couldnawe lowered the fibre bonding since
the contact time is in the order of millisecond$ydsut somehow the role of water is to
make fibres more flexible and more conformablehsd it decreased the migration rate of

fibres from blanket back to the paper but it wasfadher explained.

Fountain solution lowers the ink tack force [7, 28] therefore increasing fountain
solution flow should decrease lint. Increasing fiaim solution flow to the plate reduces
lint build-up on the blanket in both the non-imaged image areas. In the image area, it
was reported that 50% reduction in dampening le@ tihreefold increase in the lint
weight accumulated on the offset blanket [28].Ha hon-image areas in the first printing
unit, lint accumulation in the press blanket desesawvhen dampening increases [28]. It
has been reported that an increase of solution flowm the minimum to maximum
extreme limits of tolerable fountain solution conmtion led to a 50% drop in linting in
the screened area while a reduction to less thHrthHeasolution flow from the normal
setting led to a three-fold increase in lint depasithe non-image areas [7]. Waterless
printing with letterset resulted in more coarse grehter quantity of lint compared with
that of offset lithographic printing [38].

Fountain solution weakens the fibre bonding buteieses the ink tack, therefore the role
of fountain solution in different printing screeone might be different. Most of the
literatures did not mention the details of the edpents, nor the effect of fountain

solution in all of printing tones that were invgstied.

In order to reliably test the effect of fountainlig@mn on linting, it is necessary to

determine how much fountain solution is emulsifiednk. This is quite difficult and will
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be discussed later (Chapter 3.31). It is not ptesgio estimate the amount of fountain
solution emulsified in ink just from the ink andufatain solution duct openings or even
from ink and fountain solution consumption as thenttain solution can do three things-
emulsify, spread in the non image area, or evaporBllere have been some on-line
sensors that have been developed to try and mefsurin solution emulsification [6,

39, 57, 58]. Only Near-Infrared Moisture meter [5ds used in our experiments but no

guantitative information could be obtained duehi limitation of time

2.2.6.3 Effect of Fountain Solution Composition Chage on Linting

Alcohol is sometimes added to the fountain solutiinis known to improve the
wettability of the offset plate and it is also usedreduce scumming, an undesirable
effect showing ink spots on originally white are@fsthe image. This happens if the
printing plate is not able to separate the inkafiely from non-printing areas of the
plate. It also reduces lint accumulation by up %2[7]. However most of today’s
newsprint is printed without alcohol.

Hydrophilic correctors are necessary to preventosion of printing plates. They
function by filling in capillaries formed in the grective oxide layer on the plate surface,
thereby preventing corrosive ions from reaching #ieminium surface. Therefore

corrosion is prevented.

Hydrophilic correctors also improves print quali@égpecially at the beginning of the run,
where they facilitate cleaning and they stabillse ink/water balance [6]. Some reports
showed that lowering the content of hydrophilic rector in the fountain solution
increase the blanket deposits by a factor of 2]5H@wever the exact amount of the
reduction of hydrophilic corrector was not mentidne

2.2.7 Printing Form: Screen Ruling and Printing Tane

The effect of printing form on linting relates bdthscreen ruling and tone value, as well

as the physicochemical properties of the plateaser{28].
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The screen area produces more lint than that ad.9dbwever this can not be related
directly to either the percentage of inked areatoothe total perimeter length of the
inked/non-inked interface, although the percentageinked surface and total ink/
uninked interface is larger for screened areas thanfor solid [28]. The relationship
between solid and non-image area linting is alsb well understood. Some results
showed that non-image area gave a higher lint tregule others found no difference

between solid and non image area linting [59].

It was reported that a screen ruling between 65 E3fl line per inch (Ipi) had no
significant effect on lint [28]. However, lint aldmas been reported to increase linearly
with screen ruling between 65 to 100 Ipi independsrtone value [28]. Larsson and
Jansen, as reported in John, et al [88hd that the finer the plate screening, the highe
the lint result was. Larsson and Jansen suggels&gdhe boundary length between the
image/non-image areas was the critical factor iterd@ning lint. This was then
investigated by John, et al [38}ho found that increasing the boundary between the
image and non-image area by a factor of thirty haceffect on lint. The only difference
observed between the two plates was that the tdmgendary length plate produced a
slightly higher amount of lint in the ink train cp@ared with the plate with the shorter
image/non image area boundary [38]. The reasomgtlZe mechanism of it was never

explained.

Researchers who have investigated the effect ofipg tone on lint generally find a
maximum in lint at some intermediate value of prigttone. However different studies

have come to different conclusions about whererthgimum is.

In one study, the average size of lint particles ata maximum at 50% tone value and
decreased linearly as a function of tone valueitreeside of this maximum [28]. The
number of particles removed also increase as atitmof the size of the particle
removed [28]. In another study [59], it was repdrieat between 30 and 70% tone value,
the number of lint particles was constant for géets with surface area between 2000 to

30,000um®. However for particle sizes greater than 30,068, the number of particles
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increased as a function of the tone value. Heistwaved that linting on a small Apollo
web offset press was independent of tone valuedset80 and 70% dot area for a screen
ruling of 85 Ipi (line per inch) [60]. In the sol@rea, linting increased with print density
[60]. It was speculated [60] that the increaséime value, up to the point of maximum
lint, increases the number of possible ink-to-filmentacts, i.e. ink anchor points and
therefore the probability that particles may beadeted by ink-related forces.

Some important results from the Apollo Press tred¢se that large lint particles, i.e. lint
particles that could be retained by the 150 meskess, of the non-printed area (0%
printing screen) in the blanket did not change wite number of copies printed [60].
Large lint content of the 30% and 70% screen tdnihe® blanket increased strongly as
the number of copies printed increased [60]. Feharter press run of either 2,000 or
20,000 copies, the lint from the area of 70% screere has a significantly higher
fraction of large particles than that of the 30% coverage area [60]. However after
40,000 copies, the large lint content was foundbdoabout the same in both 30% and

70% coverage areas [60].

It was reported by Mangin [28] that Parker and Mortfound a maximum lint
accumulation between 33% and 67% tone value a3j@Pressions, but at 33% tone
value at 12,000 impressions and when the ink lessd increased, the maximum in the

lint accumulation curve was shifted towards a brgione value.

It can be seen from the above discussion thatdbelts on the effect of screen tone of
lint are not consistent, although there is genagikement that the maximum lint is
obtained at a screen tone somewhere within theesd@ne range of 30-70%. This is
probably because a range of printing machines wseel including an Apollo printing
press [38, 60], Hamada printing press and HeaglTO-52 . In addition, details
about the fountain solution and ink level of emidstion, the dot shape and dot
orientation, the ink and also the take off angle aot generally given. All of these

variables could have affected the results of tladstr For example, different types of ink
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(sheet-fed/web-fed, heatset/coldset, ink tack, wtna ink vehicle is, i.e. mineral

oil/vegetable oil, etc) will produce different lirgsults.

Most of the experiments also did not state whatghet density was or how it was
controlled. The thickness of the ink on the plaid determine the gain of a printed
screen dot and so therefore the actual screerototiee paper surface. Furthermore, each
and every individual printing tone is a combinatminimage and non image areas, each

of which has their own lint accumulation rate cleégastic.

2.2.8 Printing Plate
Plate surface physical properties, especially tamgess of the plates and its wettability
were reported to affect lint accumulation on offskeinket. However, these effects are not

well understood yet [59].

The grain on the non image area plate acts assavaasfor water. It facilitates wetting
and therefore the ability to hold a thin film owee entire surface. A smooth ungrained
plate has a tendency to collect water in dropsremaover the plate with a complete film
[7]. The effect of blanket-plate nip to lintingdsscussed in chapter 2.2.1.3.

2.2.9 Blanket

Figure 2. 6. Compressible Blanke{61]
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Although the blanket are known to be the most irtgpdrpart of the offset process
because ink is transferred from the blanket topiger, relatively little is known about

blanket properties and their influence on lint analation and print quality [39].

Several blanket properties influence lint accumaigti.e. adhesive properties, hardness
and compressibility. When the blanket is compressisel blanket flow properties may
also affect fibre removal during printing. Blanketaterials are complex, layered
structures whose behaviour in the printing nip §pkerefer to chapter 2.2.1) and in the

presence of ink, water and lint is not well undawst[6, 7].

2.2.9.1 Durability

The surface characteristics of the blanket are mapb to lint performance in offset
lithographic newsprinting. New blankets showed agio textured surface under electron
microscopy while old blanket appeared to have dmedl an additional layer of

deposited material over the surface texture obthrket [7].

Old blankets pick up significantly more lint thamat new ones. Blanket age also has a
strong influence on the migration of lint [7]. Oldanket has lost its adhesive and
compressibility properties therefore, at the sapiad shear rate when compared with a
newer blanket, an old blanket would result in higlireg migration. Old blanket normally
has a glazed and smoother surface than the newtamas shown that a smooth surface
exhibited worse picking [6]. However the degreecofmpressibility did not appear to

affect lint results [6].

An aged blanket, with a glazed surface that has ilgssurface roughness and its
adhesion, reduces the ability of the fibres to aellhe the blanket [7]. The fibres are then
more susceptible to migration since the printing isiconducive to slippage. Since there
is more rapid lint migration, the rate of lint actulation does not decrease [7]. Blanket
adhesive properties are limited by the presenagabtér, both free and emulsified in ink.

It was believed that increasing the water will @ase linting by reducing the blanket
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adhesion [7]. An increase in blanket adhesive pte@seresulted in an increase in fibre
removal [7]. This phenomenon is similar to the ‘irdtease property’, i.e. the more ink
adheres to the blanket, the harder it is for inkeéaeleased [7]

2.2.9.2 Hardness

The effect of blanket hardness is controversialofof studies have shown that lint
increases with blanket hardness [7]. On the othedhthere has been a report that said
that linting decreases as a function of blanketihess [7] and that blanket hardness is
important to provide ability of the blanket to corh to the paper surface and ensure a
transfer of a thin uniform ink layer [39]. Increagiblanket hardness will decrease print

quality due to blanket ink hold out and ghosting.

2.2.9.3 Compressibility

Lack of compressibility normally results in a retlan of ink transferred to the blanket
from the plate. The print density in some area®beclight and the solid area appears to
be grainy and blotched [7]. Due to this, the prnimtermally corrects the printing by
feeding more ink which in turn necessitates andase in fountain solution feed to the
plate. Once the ink level is increased, it is dift to adjust the water so that the
water/ink balances properly. Therefore lint will theen governed more by the effect of
the operator trying to adjust the ink/water balartban by a change of blanket

compressibility [7].

A compressible blanket consists of three layerspaer layer, a compressible layer and a
fabric layer in the bottom [61]. In quality contrialboratories of blanket manufacturers,
the compressibility is measured without tensione Bhanket thickness reduction under a
given pressure is used as an indication of comimiéss [39]. Both the age of the

blanket (even if it has not been used) and how ntbehblanket has been used to print

affect blanket compressibility.

Some studies have shown that compressible blantedte more lint than incompressible
blankets [7].
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The discrepancies between the reports on the effdaianket hardness on linting could
be explained by the opposite effects the blankeldcbave on ink film flow force and ink
porous force. For a given load applied at the printhip, a harder blanket will have a
higher peak pressure. This will result in a higherous flow force but a lower ink film
flow force, since the harder blanket will force mank into the paper pores (refer to
chapter 2.2.1.4). Thus a change in blanket comibiiss could either increase or

decrease lint depending on the relative importaritiee two forces.

2.2.10 Ink
Coldset offset lithographic ink normally consists20% carbon black, 5% alkyd resin,
5% vegetable oil, 10% hydrocarbon resin and 60%iakral oil [62].

The rheological properties of ink, i.e. viscositdaack, are functions of temperature and
the ink chemical composition as well as the degreemulsification of the fountain
solution in the ink [30]. Tack is defined as tordqoece required to split the ink film on
the roller of the inkometer at one metre distaneayafrom the centre of the cylinder. It
is also related to the viscosity for inks manufaetu from the same chemical
components. Tack determines how easily the blardteases ink [7]. At a slow printing
speed, ink tack is mainly affected by filament glatnon while at high printing speed, ink
tack is affected by the maximum force transfergethe paper surface before the ink film
splits [7].

Ink drying and setting can be a problem in newspapiating. Newspaper coldset inks
are not sufficiently dry immediately after printisghce they dry only by setting at room
temperature condition [63]. Therefore ink tend®éopartly transferred onto other paper
surfaces pressed against the printed surface Hgysoor by folding jaws, a condition
called set-off [63]. Ink transfer also occurs optess parts if the freshly printed web
contacts them during its travel and rubs off [3]}b-off is also a problem in the finished
product [63].
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“Drying” or, to be exact, setting in newspaper png just means that the low molecular
weight ink vehicle is absorbed into the pores @f paper while the pigment and binder
stays on the surface of the paper [64]. Multi-cleiraonfocal microscope can measure
liquid penetration into porous webs at a pressmigetermine quantitatively the rate and
degree of penetration of inks into paper poresg®p-It was found in these studies that
the bigger the pores the quicker ink sets [64]. Eeav, since the amount of sample used
is relatively small, it has to be assured that shenple is uniform and representative,

therefore sampling technique is critical.

2.2.10.1 Ink Tack and Ink Viscosity

Viscosity and tack are functions of ink temperatlftre31] and chemical composition.

Offset inks are non-Newtonian and pseudo-plasic,the viscosity decreases with the
increasing shear rate [39]. They are also thixatrapeaning that the ink viscosity

decreases with time at constant shear rate [39].
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Figure 2. 7. Ink tack development with the additionof fountain solution. 0%(triangles),
15% (squares) and 30% (circles) [29]

Ink tack is also affected by the amount of fountaution that has been emulsified.

Figure 2. 7 showed that the higher the level oihtain solution emulsified in ink, the
lower the tack is [29]. The ink emulsions in thigute were prepared using a Ultra
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Turrax colloidal mill ( Janke & Kunkel GmbH, Germgr{29]. The measurement of the
ink tack after the ink emulsion was transferreth® paper was performed with ISIT (Ink
Surface Interaction Tester) [29]. The tack measumngdSIT was the force required to

separate the disk covered with the ink film frora graper [29]

The Hydroscope is an instrument that can be usedeasure ink tack as a function of
fountain solution addition as well as determinirge tpoint at which the emulsion
becomes saturated and the time required to retaaseuntain solution after it reaches it

saturation point [48].

It has been reported that no agreement has beed fmetween the results obtained from
the Duke Tester and a Mixmaster, when both of timeisers were used to produce ink
emulsions saturated with fountain solution, with #mulsification on the press [39]. As
reported in Dalphond [39], Chou and Cher arguetlttha may be because emulsification
tests provide a mean of determining the emulsiboatrate and the emulsification
capacity of the ink but they do not measure changgshysical properties of the ink
caused by emulsified fountain solution. Anotheplatory experimental method that had
been used to measure the amount of water emulsifigdk is gravimetry. This was used
to measure the gain in weight at the end of 30 tagof mixing of ink with water [39].
As reported in Dalphond [39], Fetsko mentioned #atl Fischer titration was also used
to measure water emulsification in ink. Howeveis tmethod is very time consuming
and complex. It also cannot detect any isopropdmal might have been used in the

fountain solution.

Although emulsification rate and capacity are us&funeasure, the characteristic of the
emulsion in the printing press is not solely deericn the ink itself. The printing press
physical properties such as the ink roller speedntain solution feed rate and fountain
solution roller speed also contribute to the degreemulsification of the process ink.
Therefore sampling the ‘process ink” either frore fbrinting plate or from the inking
roller once it has reached stability also needsetalone in order to measure the level of

emulsification on the press.
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Tack is defined as the maximum in the force exededhe paper surface by the ink,
from the onset of cavitation in the ink film to thepture of the ink film filament [28]

which is an extension of the definition implied Kghla, et.al. [46].

Most researchers reported that an increase inreitheéack as measured by inkometer, or
ink viscosity leads to an increase in lint [1, [Ak tack varies with the amount of fountain
solution added [29, 49, 68], the speed of printnoder [47-49], also the ink film
thickness [47-49, 69, 70]. Another study showeat tmting increased with increasing
ink tack only at low printing speed [7]. In additiolint usually increased more in the

screened area than that in solid area [7], whédnvas increased.

Due to variations in rheological properties witmpeerature and printing nip shear rates,
as well as complex interactions with other printpagameters, the mechanisms related to

the effect of ink viscosity and tack on linting aret well understood [7, 30].

2.2.10.2 Inking Level

Contradictory effects of the level of ink film tlkigess on the blanket towards lint have
been reported [7]. Some studies from trials on cemcral press have reported an
increase of lint on the blanket with increasing fitka thickness, others have reported
that there was no effect of ink film thickness [Hlowever, these results do not agree
with acoustic results which have found that prigtiwith higher ink film thickness
resulted in higher acoustic power from the splittaf the ink film, which is related to the
ink tack [49, 69]. Printing with higher ink film itkness also resulted in higher tack force
measured by Prufbau Deltack [17, 47, 48].

The amount of ink transferred to the paper is doieand typically the amount of ink on
the paper required for a solid print is around h’gihich correspond to a thickness of
roughly 1um [64]. A difficulty in adjusting ink/wat balance is probably the cause of the
disagreement in the reports [7]. Operator factoess mmask the effect of inking level

since the operators adjust the ink/water balana® @mt density manually [7]. In
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addition, a lot of the reports did not really repoow they measured the thickness of the
ink printed on the paper. Sometimes it has beetedstdnat printing press ink settings
have been increased but the physical meaning odastg press setting was not really

clearly explained.

2.3 Lint Measurement and Characterisation Method

2.3.1 Laboratory Experiments

2.3.1.1 IGT Dust, Lint and Pick Tes{8, 21, 71]

The IGT-AIC-2 is a piece of laboratory printing ggument that has been used to test for
dust, lint and picking. For dust test, deionisedewavas used. After printing a paper strip
with water, fibres from the printing forme are @alled on a micropore filter. The rubber
dampening disc is cleaned of fibres between eachtippg. The fibrous material
originating from the printing with water of 10 papsrips is collected in a clean glass
bottle. Two sets of ten strips are prepared. Theefsuspension from each bottle is run
through a fibre analyzer. The test result is treported as the number of fibres removed
from the known surface area of the printing didee Tvhole solution has to pass through
the fibre analyser. The differences between a duodta lint/pick test is that a lint/pick
test uses oil and the viscosity of the oil can aeed by changing the resin content [15],
also the use of speed acceleration for pick tedtsd@ady speed for dust test. Pick test

observes the distance at which fibres visibly stagick from the surface.

The advantage of using laboratory experiments laee ninimum amount of sample

required and the time required to do the experimané relatively short. However, the
standard pressure and ink tack that are used ind@Tmuch higher than those in a
commercial press. Therefore a lot of laboratoryesixpents do not produce lint that is

representative of the sort of lint picked up frome fprinting press [2]. The reason that
much higher pressure and ink tack was chosen ®I@T experiment was because the
amount of lint picked up from the surface of th@grain a printing press represents only
around 0.002% - 0.004% of the surface of the palieerefore, running several strips of
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paper through an IGT under comparable conditiong toommercial press, will not

produce enough lint to be accurately analysed.

2.3.1.2 Fibre Length Analyseff21, 40]

Fibre length analysers, such as the Kajaani FSR80e been used to analyse fibrous
materials removed from the paper surface durimgua printing experiments [40]. The
instrument analyses all fiborous material presena imolume of water according to its
projected length. Most authors agree that about #0%he lint debris is shorter than
1mm. the average length of lint material which isllwwithin the range of the fibre

analyser [15].

Kajaani and the newer version of Kajaani (callerélab) are good for measuring fibre
fragments in lint. The experiment time is also veinprt, around 15 minutes per sample.
However the Kajaani is optically blind to most fipeas well as ray cells and fillers,

therefore it does not detect the most common hntigles.

2.3.2 Small Scale Printing Trials

2.3.2.1 Hamada 612 CD [45]

A Hamada 612 CD was used to test lint tendencyedsprint. The test used a dry
blanket without ink or fountain solution. A handldheeflectance meter was used to
measure the change in surface reflectance of #uek lffset blanket [45]. Hamada press
method is easy to operate since there is no inkf@amnatain solution applied. It is also a
simple test and time efficient. However, it is ngpresentative of what really is occurring
in offset lithographic printing as it does not mdé the effect of ink-water interaction
with paper.

2.3.2.2 Heidelberg GTO-52 [45]
Heidelberg GTO-52 trials were done by printing ,08! sheets with a test pattern that
included a large solid area. Relative humidity amoim temperature were controlled and

all press settings were held constant [45]. Thentityaof lint was assessed by weighing
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adhesive tape strips taken from the solid image afethe blanket and expressing the
weight change of the tape in grams of lint per sgumaetre. A Gretag E186 densitometer
was used to measure the print density across it wf the sheet. A print density of 0.7
was targeted by changing the ink keys [45]. Inaean linting have been detected due
to decrease in room temperature, due to ageindaokbt and dampener and due to a
decrease in nip pressure [45].

2.3.3 Web-fed Commercial Press Trials

2.3.3.1 Apolio Presg438, 72]

The Apollo press is a web-fed printing with a maximspeed of 28,000 copies per hour.
The Apollo press has been used to measure theditgndencies of mechanical printing
paper for over 30 years [72]. For most of this parithe press has been run according to
a test method using 500 copies that was develap&870 [59]. Heintze then developed
a newer test method [72] with the same standars, inlankets and other press condition
as in [59], but the printing plate was changedrie that had large bao$ 0%, 30% and
70% screen tone at a screen ruling of 85 linesrmér. Press runs were made with total
copies of 2000, 20,000 and 40,000 copies [72].

2.3.3.2 The Dagbladet [43]

Dagbladet press is a web-fed, 4-colour offset preits a maximum speed of 60,000
copies per hour. The aim of the experiment wasompare the lint results from 27
different newsprints and to identify laboratory s that could successfully predict
the linting tendency of newsprints [19]. Howevére tspecification of the printing press
was not described, including the web configuratiand the ink and fountain solution
used therefore it is quite hard to compare it wither full scale printing press trials that

had been done before, e.g. Apollo, Hamada, HeidgBd O-52 printing presses.
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The advantages of using a printing trial is toaént sample that is representative of that
which the customers really get [2]. However, itilse consuming and the analysis of the
samples require a great deal of care and attef#jdkv, 20].

2.3.4 Lint Measurement and Characterisation

There are a number of different approaches initeeature have been used to quantify
lint accumulation. Lint has been removed from thiesp blanket with adhesive tape-
“tape pulls” method and the fibres were then codriig image analysis [21, 42, 60].
However, for heavier deposits, image analysis wa$ used. Caliper or weight

measurement [2, 17, 40, 45] were used instead.

The press blanket has been covered with moltentaveamove the lint. The lint particles
were then separated from the wax using a suitatilesist [21, 60]. The lint was then

analysed by Kajaani fibre length analyser [21, 60].

Another way of measuring lint was by cleaning thesg blanket with a 5% isopropanol
solution and a small brush. The lint collector iray which is held firmly against the
stationary offset blanket area to be sampled. frhisis called Domtar lint collector [21,
60]. Once the samples were collected, lint wasus#pd according to size by screening
using a two-stage screening device [40]. It is toeged of commercial PVC pipe and
fittings with spaces for one removable 150-mesinkgss steel in the upper position and
one removable 400-mesh stainless steel in the Ipos&tion.

This device was filled with distilled water throutite valve at the bottom to a level about
two centimeters above the 150-mesh screen. Thenixture to be analysed was poured
into a blender and dispersed thoroughly before dogiaured into the top of the lint
screening device. The larger lint material tendethe retained on the 150-mesh screen
(about 11@m on a side), while some smaller materials are @@chlly trapped in the
weave of the 400-mesh screen. The large and smaliveights were determined by

weighing the screens before and after the filtepngcess. Not all material that passes
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through the 150-mesh is retained by the 400-mesdesc The ink pigment and smaller
paper derived material that passed through thed&h are ignored.

For a given press and paper, it was found thaetheas a linear relationship between the
guantities of large lint and fine lint collected thre two screens [60]. However, the large
lint content of lint from commercial presses wasrd to vary significantly, ranging from
less than 10% to over 70% of the total lint madssWwas due to differences in papers
and presses being used by the printers. Totahlags and large lint mass percentage are
two criteria that were used to characterize liatrfrooth commercial and laboratory press
trials [60]. A linear relationship was also founeteen lint determined by weighing tape
pulls and the Domtar screening method [40]. It @& found that the Domtar screening
method is very difficult because the two screeesqanite heavy, therefore it is difficult to
accurately measure the change in weight from totienulation on the screen [40].

Printing trials combined with the image analysisl dimt weight measurement are the

method that is considered to be the best optiotifomeasurement at the moment [2, 17,
20, 45].
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3.0 Experimental Method

In this chapter, all of the equipment used in thesis will be discussed, together with the
materials tested, and the methods and the procedisel. This chapter will be divided
into three different sections, laboratory scaleegixpents, press trials, and ink rheology.

The materials, equipment and method used will Ipdagned in details for each.

3.0.1. Paper Tested

There are eight different batches, i.e. batch ACBD, E, F, G, H that were used for all
experiments mentioned and discussed in this thBsighes A, B, and C were the ones
used in the Heidelberg GTO-52 experiments. Batclwa#s used for a preliminary

experiment in year 2004 and therefore no resuéisrgported on this. Batches B and C
were the ones that were used to do the test oéhility within and among batches.

Batches B and C were also the ones used to destiad of any other printing variable

effects on linting. Batches D, E and F were thesamged for the first, second and third
Man-Roland Uniset Trial (Appendix E, F, G). Batch v@as used for Man-Roland

Geoman trial (Chapter 5.2.8). The Deltack experisi@rsed Norstar batch H (Chapter
5.2.4).

There were three different types of paper usedhenMan-Roland Uniset trial. The first
grade used for the study is named Norstar and58 gsm improved newsprint grade
manufactured on PM2 (Paper Machine 2) at Boyer. flineish is 67 % TMP radiata
pine, 28 % chemi-mechanical eucalypt (cold causiata) and a filler component of 5 %
calcined clay (supplied by Imerys as Alphatex). Beeond type was 45 gsm Nornews,
which consists of 25% cold caustic soda pulp, 26#fycled fibre and 5% kraft pulp and
the rest is radiate pine TMP, with no added fillemponent. Nornews is made by
Norkse-Skog Boyer on PM 3. This paper has a bragdrof 74. The third type of paper
was 45 gsm Nornews made in Golbey, France, whish6Ba75% of recycled fibre and
the rest is TMP. To differentiate this from the News made in Boyer, this will be called
Golbey for the rest of the thesis.
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Nornews, which was produced by Norske Skog, Boyasmania, was used in the Man-
Roland Geoman trials and Norstar was used in theetberg trials.

3.0.2 Inks and Fountain Solutions Used

Black and cyan inks with different tacks were usklbre information on the inks is
presented in Table 3. 1. The tacks listed heraharge supplied by the manufacturer of
the ink. For some of these inks, the tack value®wséso measured with an inkometer at
APPI, for details of the method used see 3.4.1.drhg web-fed ink used in this thesis is
the black, tack 13.5 which is manufactured by Qador. The others are sheet-fed inks.
Coldset web-fed ink has different composition tislreet-fed ink. Sheet-fed ink has a
higher composition of alkyd resin as well as higbemposition in rosin esters while the
coldset web-fed ink has a higher mineral oils congod. Sheet-fed ink costs up to three

times as much as the coldset web-fed news-ink.

No | Colour Tack Manufacturer Experiments
1 Black 13.5 Toyo Heidelberg, Man-Roland
2 Black 13.5 Colortron Heidelberg
3 Black 9 Toyo Heidelberg, Man-Roland
4 Black 6 Toyo Heidelberg
5 Black 4 Toyo Deltack, Heidelberg, Man-Roland
6 Black2 4.5 Toyo (Harris) Heidelberg, Hydroscope
7 Black 4.6 Flint Inkometer, Hydroscope,
Heidelberg

8 Cyan 4 Toyo Heidelberg. Man-Roland
9 Cyan 4.6 Flint Inkometer
10 | Cyan 6 Toyo Heidelberg
11 | Cyan 9 Toyo Heidelberg
12 | Cyan 13.5 Toyo Heidelberg, Man-Roland
13 Magenta IGT IGT Ink IGT

Normal :

Tack 16
14 | Yellow 4 Toyo Man-Roland
15 | Magenta 4 Toyo Man-Roland

Table 3. 1. Inks used for all of the experiments
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Fountain solutions that were used in this thesisewEBurofount H and Alcofix

manufactured by DS Chemport. These are acid faunsaiutions. Eurofount H is

designed for web-fed applications, while Alcofixas sheet-fed applications

3.0.3 Plates Used

A number of different printing plates were usedhwidifferent plate materials and

patterns. These are listed in Table 3. 2.

Plate Type Tone Dot Dot Screen H=Heidelberg
Shape Orientation | Ruling(lpi) | M=Man-Roland
Diazo 100%,50% Square 0° 150 H
Photopolymer 100%,50% Square 0° 150 H
25% Ellipse 0° 150 H
90°
25% Square 0° 150 H
45°
Photopolymer 100%,50% Square 0° 150 H
Multigrain
0%, 100% 100 H
25% Round 0° 100,150 H
50% Round o° 100,150 H
75% Round 0° 100,150 H
0%,100%, 100 M
Picture
25% Round 0° 100,150 M
50% Round 0° 100,150 M
75% Round 0° 100,150 M
100%,50% Square 0° 150 H
50% Ellipse 0° 100,150 H
50% Line 0° 100,150 H
50% Square 0% 100.150 H

Table 3. 2. Plates used for all of the Man Roland tilset and Heidelberg GTO-52 Trials

The images of the dot orientation and dot shapd ase given in Table 5. 22. A screen
ruling of 100 lines per inch means that there &6 image area dots per inch in the
direction of printing. Therefore a 150 Ipi platesha smaller image dot size compared

with a 100 Ipi plate.
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3.1 Laboratory Scale Experiments

There were two laboratory scale experiments dorsintolate commercial offset printing
press. These were done on the Prifbau DeltackhentST printability tester. The IGT
printability tester was used to simulate offsetnpng with a given amount of ink,
pressure, speed and then the print was examinate&sure the area of fibres that had
been picked from the surface. The Prifbau Deltdsk provides a laboratory scale
simulation of the offset printing process. It caaasure the amount of ink transferred as a
function of printing variables, such as speed, prigssure and ink. The Deltack is also

used to measure the printing tack force that d@getd the exit of the printing nip.

3.1.1 Prufbau Deltack

3.1.1.1 Equipment

The Prufbau Deltack is illustrated in Figure 3.ltLconsists of an inking unit and a
printing unit. The inking unit comprises of an inkdler and four inking stations. The
printing unit has two measuring units, 1 and 2, pndting cylinders A and B. Attached
to the measuring unit are sample carriers and piag are equipped with force
transducers with force ranges of 5 to 6 N for tighHorce transducer and 0.1 to 1.7 N

for the low force transducer. Printing pressure apeed are specified for each of

experiment.

Figure 3. 1. Prufbau Deltack Equipment
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3.1.1.2 Method

Paper was cut into strips of 285mm by 55mm. Thesaridhe samples were reinforced
with adhesive tape before punching it with a halegher. Each strip was then
transferred into the sample carrier of the appedgrnmeasuring unit. Ink was applied with
a standard ink distributor on the inking unit fominute before inking the printing forme
for 30 seconds. The printing forme was then transfeto the printing unit and then

samples were printed.

In order to measure the quantity of ink transferiredn the printing forme to paper, the
ink forme was weighed before and after inking. Téegght difference between the ink
weight on the printing forme before and after thimting process is the amount of ink
transferred to the paper. The forme, printing yréisd ink roller were cleaned with

heptane at the completion of each set of four runs.

Printing trials were done at different speeds, tprinforces, ink tacks, and ink volumes.
Different types of forme were also used in ordesé¢e the effect of different materials,
i.e. metal, poly-urethane and rubber. 45 gsm Nosn®&& gsm Norstar and sheet-fed ink
coldset Toyo black tack 4 were used. All experimemere done in a controlled

temperature at 23 + 0.1 °C and relative humiditg@t: 0.1%.

3.1.2 IGT Printability Tester

The IGT measurements were performed by Sonya Rapdraof her Master thesis work
[8]. The method developed is given here for thedees convenience as her picking
results are used later in this thesis for comparwah lint produced during full scale

printing.
3.1.2.1 Materials

Six separate batches of Norstar were used forGhepick test experiments. The ink used

for the experiments is given in Table 3. 1.
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3.1.2.2 Equipment

Figure 3. 2. IGT printability tester AIC2-5 printin g unit [82] and IGT printability tester
AIC2-5 inking unit. [73].

3.1.2.2 Method

The IGT Printability Tester AIC2-5 Series 414.Z wased to do laboratory printing
experiments, as it can be used as a preliminangatat of linting. The IGT consists of
separate printing and inking units which are shomwifrigure 3. 2. A Pick test [8] was

performed on each of the samples as describea ilit¢nature review.

The printing parameters were chosen so that thepumiluced excess force when run on
the surface of the paper so that enough lint wasoved from a piece of paper to be

readily analysed. The conditions chosen by SonyalRzre:

Variable Setting Units

Ink Volume 0.2 ml

Ink Film Thickness 5 pum

Constant / Acceleration mode Constant speed mode

Printing Speed 4 ms’

Printing Nip Pressure 800 N

Ink Refer to table 3.1

Printing Disc 50mm wide, covered with coated rubloér80
Shore A Hardness

Number of Tests 2

Table 3. 3. Variables for setup of IGT Printability Tester
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Printing nip pressure was measured using pressmstise tape Fuji Prescale Pressure.
The method is discussed in more detail in chapt@33t. All experiments were
conducted in the constant printing speed mode [8Jwas noticed in the printed IGT
paper samples that there was a degree of accelgratien in this mode of operation, as
the amount of lint removed on the sample incredsed start to end of printing. This

was apparent in all samples and can clearly beiadégure 3. 3

0 3
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Figure 3. 3 More lint removed in latter part of IGT Printed samples, despite constant
printing speed [8].

The printed sheets were fully dried before furthenlysis was performed. A Hewlett
Packard Scanjet 6300C Flatbed scanner was usedptore the images. The glass
surface of the scanner was thoroughly cleaned avitlust free wipe to ensure that the
images were free from contamination. A 1: 1 image captured (sized 4.8 x 10 cm) at

the bottom of the printed image as this represethiedirea of most lint removal. This is

shown in Figure 3. 4

Figure 3. 4. Image captured of printed IGT sample§]

The images were then analysed by image analysisves@f, Image Pro Plus 4.5, to

determine the size distribution of non- printedaare
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Figure 3. 5. IGT Test Print igure 3. 6. Image analysis quantification

Figure 3. 5 shows the original image. Figure Biéwss the areas that have been darkened

and then counted as lint by the image analysisvaod.

The settings used in Image Pro were Hue : maxinBB)( Saturation (94), Intensity :
maximum (255) [8]. The particle classes used tasifa the lint particle are shown in
Table 4. 11.

3.2 Printing Press Trials

Printing press trials were considered to be mopragpiate to measure linting tendency.
A smaller sheet-fed print press, Heidelberg GTOab# a larger scale web-fed Man-
Roland Uniset printing press were run to inveséighe effect of printing parameters on

linting.

One Man-Roland Geoman trial was also done to coenple lint from the IGT
laboratory pick test with that of a commercial ping press. There was no control over
the printing screen or conditions since the samgpWas done after the printing press
finished its daily newspaper printing. The Man-RalaGeoman printing tower at which
the samples were from was similar to the third tprgn unit of Man-Roland Uniset
(Figure 3. 14). The order of printing in the fowlaur printing unit of the Man-Roland

Geoman is cyan, magenta, yellow and black. Chdp®8 can be referred to for more
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details regarding the effect of four-colour primgtim the Man-Roland Geoman on linting
and how the lint removed on this press comparedh whiat removed by the IGT

laboratory pick test.

3.2.1 Heidelberg GTO-52

3.2.1.1 Equipment

The Heidelberg GTO-52 located in Norske-Skog Reteand Development, Boyer is a

sheet-fed single-colour cold-set printing presdiwitmaximum speed of 8000 copies per
hour, with a maximum paper size of A3. Several pthent parameters can also be

adjusted in this machine, i.e. speed, impressiesgure setting, and water and ink swipe
rate. Ink ducts opening can also be adjusted taimltite required print density. The take-
off angle of the machine was found to be 70°. Tlaehme can only print one side at a
time. A picture of the machine and a schematic rdimgof the machine are shown in

Figure 3. 7.

Fountain Solution

Figure 3. 7. Heidelberg GTO-52 Sheet-fed Printing ress

3.2.1.2 Materials
The paper used for all of these experiments wastiiorFor each paper type and batch,
the top or bottom side of the paper was printedarsgply. The inks used in these
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experiments are listed in Table 3. 1. The platesl wgere manufactured by Tadpac Print
in Hobart. Several printing plates, i.e. a standasd plate consist of solid and 50% tone,
25%, 50% and 75% tones with different screen rgliofy100 Ipi and 150Ipi were used.

Several plate materials were also tested. Thelsi@ti@ given in Table 3. 2.

3.2.1.3 Method

The number of copies printed ranged from 1000 @070 he impression (nip) pressure
ranged from 0.05 to 2 on the press. These setingsequivalent to a pressure in the
range of 3 to 12 MPa depending on the blanketithased (Please refer to Figure 5. 36).
Ink and fountain solution swipe speeds were sdiahtsettings of 7 and 9, respectively to
get print density of 1, except for one set of ekpents where the ink and fountain
solution swipe speeds were set to 7 and 7, respéctiThe fountain solutions used were
either 2% Alcofix or 5% Eurofount H manufactured B¢ Chemport. The standard
conditions used for Heidelberg GTO-52 are showTable 3. 4. For each group of
experiments which were meant to test a specifiarpater, only that parameter was

changed and the other parameters were kept atesthodnditions.

Parameters Value

Pressure Setting Heidelberg 0.05
Speed 8000 copies/hour
Ink Colour Black

Ink Tack 4

Ink Brand Toyo

Fountain Solution 5% Eurofount H
Plate Material Multigrain

Dot Shape Circle

Number of Copies 7000

Ink Sweep Rate 7

Fountain Solution Sweep Rate 9

Table 3. 4. Standard Conditions of Heidelberg Trial
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Before starting a trial, speed, nip pressure, mk&ater swipe speeds, and the paper size
setting were adjusted. A four digit balance was tbalibrated and prepared. The balance
was used to weigh blank paper, wet printed coprebs aso dry printed copies. Each

printing trial was started with a target of pririty of 1.

Fountain solution consumption volume and paper atergere noted every 500 copies.

The blank paper weight was calculated from the pgpammage and sheet size. 500
copies of printed paper were also weighed. The healgference between 500 copies of
printed paper and the blank paper was the weigttteoprocess printing ink, i.e. ink and

fountain solution emulsified in it that has beemfad on each batch. During the printing

trial, the solid print density was always targetede 1.0. This was done by measuring
the solid print density (see section 3.2.3.3) athe width of the sheet and adjusting the
ink duct opening if the print density deviated framd. This was done every 500 copies.

At the end of each run, 20 sheets of paper weremthout ink and fountain solution to
remove excess ink before lint was collected. Aftenting the desired number of copies,
lint was collected using tape pulls and Domtar tinotlector, followed by lint analysis.
The lint collection and analysis/measurement mettavd discussed in section 3.3.

The fountain solution was fed to the machine frongraduated measuring cylinder.
Fountain solution usage was measured after evedycbpies by noting the level in the
cylinder. However the exact percentage of founsailution emulsified in the ink on the
plate or on the paper could not be measured. Ths ecause while the amount of
fountain solution flows to the fountain solutionsllers could be measured from the
cylinder, the ink flow to the ink rollers, from thek reservoir can not be measured. The
weight of ink added to the machine at the beginmhthe experiment can be measured
but not the weight at the end of the experimenthasink must be partly removed with
cloth and solvent. Therefore another way of meagutie degree of ink emulsification is
required. Chapter 3.4 will explain the methods thete developed in more detail.
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3.2.2 Man-Roland Uniset

Figure 3. 8. Man-Roland Uniset Web-Fed Press

The Man-Roland Uniset press that was used for @rpats in this thesis is located in
Harris Print in Burnie, Tasmania. It is a 4-coloueb-fed coldest offset lithography
printing press. Its maximum speed is 30,000 copéshour. The inks that were used in
the trials are listed in table 3.1. They are altlset offset lithography inks. The print trial
parameters that were varied including printing speaumber of copies, as well as

different plate parameters, such as printing tane,screen ruling.

At the end of the run, i.e. when the desired nundferopies had been printed, lint was
collected from the printing blanket for lint measorent and analysis using the Domtar

and Tape pull methods (see section 3.2.3.1).

There are three web-fed full commercial pressdribbt have been done on this Man-
Roland Uniset press. Each of the trial will be aipéd in this chapter and the full details

can be referred to in appendices E, F and G.

The Man-Roland Uniset at Harris Print has 5 prgptimits. Each unit has two pairs of

printing couples. The press has six reel-standbadifferent web arrangements can be
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achieved, such as arranging top and bottom sitleegbaper, and varying the printing nip
take off angle. On the press, the reel standsabelled 3, 4, 5, 6, 7, and 8. All odd
numbered reel stands, i.e. reel stands 3, 5, and in the clockwise direction while even
numbered reel stand, i.e. reel stand 4, 6, 8 ruasticlockwise direction. This resulted in
different paper side orientation, depending on whethe even or odd numbered reel

stand was used.

P

*Bottom side

*Top side

Reelstand 7

O

Figure 3. 9. Paper web runs clockwise for reel stah4, 6 and 8, Bottom side of the paper is on the
LHS of the printing machine

*Top side

e *Bottom side

Reelstand 8
O

Figure 3. 10. Paper web runs anticlockwise for reedtand 3, 5 and 7. The bottom side of the paper is
on the RHS of the printing machine

57



In odd numbered reel stands, the bottom sideeoptper is located on the left hand side
while in even numbered reel stands, the bottom sfidbe paper are located on the right
hand side, as observed from the control room. Tafwn side of the paper means the

top/bottom side of the paper as it was producetherpaper machine.

The take-off angle is the angle between the papdy and the printing nip. The right
hand printing cylinders are slightly higher thae taft hand printing cylinder (see Figure
3. 10). This resulted in the right hand sides hgvarhigher take-off angle compared with
the ones in the left hand sides.

There are three printing units that were used @séhtrials. These were the first, second
and third printing units. The first printing unibmsists of two printing couples, i.e. top
printing couple (blue) and bottom printing coupled). A schematic diagram of the two
print couples is shown in Figure 3. 11. Due to Web configuration, the top printing
unit has 102° take off angle for its top side & pgaper while the bottom side of the paper
has 78° take off angle. The bottom printing colqg#om side of the paper has 153° take
off angle while the top side of the paper has aKe toff angle (see Figure 3. 12). This

unit was used to in all three trials.

This printing unit is normally be used to print twolours with the web running through

both units. However for our experiments, the takeangles produced were due to the
web leads that were selected and these were naoiotimeal web leads used in standard
printing on the press.
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Figure 3. 11. First printing unit of Man Roland Press consist of Top (blue) and Bottom (red) Print
Couple

e i) =

Bottom Couple of Man-Roland Uniset First Printing Unit

Figure 3. 12.Top and bottom unit of Man-Roland Unist with the take off angle accordingly. The red
line shows the paper web and the blue line shows ke off angle.

The second printing unit consists of two printinmuples as well. However, only one
paper web ran through it, meaning that the papsrpiated twice or four times (RHS of
Figure 3. 13). This unit was used to investigai ¢fffect of printing multiple colours
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(four-colour printing) and also the effect of foaimt solution on linting (LHS of Figure 3.
13). The right hand side printing cylinders weresiponed a little bit higher compared
with those of the left hand side, therefore papethe right hand side had a higher take
off angle compared with the paper side on theHaftd side. This unit was used to do
experiment in the first (RHS of Figure 3. 13) aedand printing trial (LHS of Figure 3.
13). This unit could be run from either the fouoththe fifth reel stand and so the paper

side could be swapped as needed.

Reel 5or 6 Reel 5 or 6

Figure 3. 13. Second Printing Unit of Man-Roland Pess

The third printing unit consists of four printinguples. This unit was used to do 4-colour
printing in the first printing trial. The order gfrinting was Magenta (M), cyan (C),
yellow (Y) and black (K). Again, the printing cylilers on the right hand side had a
slightly higher position compared with those on e hand side. Therefore the take off
angle of the right hand side of the paper side aaijher take off angle compared with
the left hand side of the paper.
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For both of the second and third printing unite(5&gure 3. 13 and Figure 3. 14), when
the odd-numbered reel stands were used, the T/8iplasr take off angle (~105°) since
T/S is on the right hand side compared with the B/&°). The situation was reversed

when an even-numbered reel stand was used.

A

Reel 7 or 8

oo
-
o®

)

Figure 3. 14. Third Man-Roland Printing Unit.

3.2.2.1 First Man-Roland Printing Trial

(Refer to Appendix E for more details)

3.2.2.1.1 Aim
To investigate the effect of paper type, papemdaigon, paper side and the effect of first

and subsequent printing units.
3.2.2.1.2 Web Configuration

There were two runs in the first printing trial,tbavith the first (Figure 3. 11) and third

printing units (Figure 3. 14). The two printing tsmiwere used in order for us to
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investigate the difference between three typesapieps. The only difference between
web leads used for the runs was that the firstused reel stand 7 and the second run
used reel stand 8 for the third printing unit. Téfere the take off angle and paper side

orientation of the two runs were different on thied printing unit.

The second printing unit was used to print Nornewd Golbey, while the third printing

unit printed Norstar. For details of these papeessection 3.0.

3.2.2.1.2.1 First Run First Trial Man-Roland Uniset

There were two paper webs run on the first run.ndess from reel stand 5 ran through
the second printing unit while Norstar from reedrst 7 ran through the third printing
unit. However, both of them had the same take ndiea since all the odd numbered reel

stand ran in a clockwise direction.

4 colour printing was done on both printing unithe order was magenta (M), cyan (C),
yellow (Y) and black (K). This is unusual, as nolin¢ghe order of colours in the press is
cyan, magenta, yellow and black. All of the inkedisvere Toyo inks with tack of around

4, regardless of the colour.

3.2.2.1.2.2 Second Run First Trial Man-Roland Unide

The inks used were the same as the first run tfii@t Man-Roland Uniset. From Reel

stand 5 Golbey ran through the second printing, wvtiile Norstar from reel stand 8 ran
through the third printing unit. For the Golbey th& has higher take off angle (~105°)
since T/S is on the right hand side compared wiéhB/S (~75°). This was identical to

what was used in the first run and was done to @enghe lint performance between
three different type of the paper, i.e. Norstar Blodnews that had been done in the first
run first trial (3.2.2.1.2.1). Therefore Golbey was with reel stand 5 (odd reel stand),

the same as the first run.

Reel stand 8 (even numbered reel stand) was ruriamgtar through the third printing

unit. This was done to investigate the effect &taff angle. In the first run, reel stand 7
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was used with the third printing unit. However,eidamine the effect of take off angle,
this time reel stand 8 was used, so that the boside of the paper has a higher take off
angle (~105°) than that of the top side (~75°).

The printing plates image area patterns were 0%, D%, 75%, solid and picture for
all runs in the first trial. Each trial was run #0,000 before stopping and measuring the

lint accumulation using the Domtar and tape pulls.

3.2.2.2 Second Man-Roland Uniset Printing Trial (Rfer to Appendix F for details)

3.2.2.2.1 Aim
To investigate the effect of two sidedness of thpap, the effect of ink tack, ink colour,
take-off angle, screen ruling, printing speed dredrtumber of copies on linting

3.2.2.2.2 Web configuration

The first and second printing units were used fos trial. The first printing unit was
used to look at the effect of ink tack, ink colotime number of copies, and take off angle
on linting. The second printing unit was used toklat the effect of water consumption
on linting during printing.

3.2.2.2.2.1 First Printing unit-Second Man-Roland Tial

The paper web came from reel stand 3 and reel &taRédel stand 3 fed the top couple of
the first printing unit and reel stand 5 fed théttwm couple of the first printing unit. The
paper web which came from either reel stands 3lmadbthe bottom side of the paper at
the left hand side, and the top side of the paptrearight hand side.

In The first printing run, the top printing coupd&s run with black ink of tack 13.5 while
the bottom printing couple was run with black inktack 9. On the second run to the
fifth runs, black ink of tack 6 was run on the topnting couple while the black tack 4
ink was run on the bottom printing couple. Pleast he difference of the take off angle

for the top and bottom printing couple, as wasulised in Figure 3. 12.
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There are 6 runs were done in the first printing. drhe first and second runs were done
to investigate the effect of black ink tack, i.ack 4, 6, 9, and 13.5. The second, third,
and fourth printed different number of copies todide to investigate the effect of the
number of copies to linting. In the fifth run, tepeed was half the ‘usual’ speed (25,000
copies an hour), i.e. it was run at 12,500 copershpur to investigate the effect of speed
on linting. Lastly the sixth run used cyan ink tacknd 6 for comparison with the second
run which printed in black tack 4 and 6. The fistcond, third, fourth and sixth runs
were all run at 25,000 copies per hour, while ifte fun was run at a speed of 12,500
copies per hour. The first run used black tack @ HB.5 inks, the second, third, fourth,
fifth runs used black tack 4 and 6 inks, while $in¢h run used cyan tack 4 and 13.5. The
first, second, and sixth runs printed 23,000 come®tal. The third run printed 7000
copies, while the fourth and fifth run printed 1@00copies in total. For details please
refer to Appendix F.

3.2.2.2.2.2econd Printing Unit Second Man-Roland Trial

In the second printing unit, only one paper web ttanugh both of the bottom and top
printing couple (LHS of Figure 3. 13) from reelrsdas. The effect of water consumption
to linting was investigated. A full paper web wam rthrough the Man-Roland Uniset
(810 mm). Two different water settings were applétoss the paper web. A higher
water setting was applied in the LHS of the web arodwer water setting was applied in
the LHS of the web. Both the LHS and the RHS ofled printed the same pattern from
the printing plate which had 150 lines per inc%t, 25%, 50%, and 100% printing tone
across the web. More details of the experimentdbeareferred to Appendix F.

3.2.2.2.3 Third Man-Roland Uniset Trial

(Refer to Appendix G for details)

3.2.2.2.3.1 Aims

The third trial was run to further investigate twe effect of ink tack, printing tone and
take off angle. This trial also investigated thieef of printing nip pressure and blanket

age to linting. All of the runs were done with firet printing unit.
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3.2.2.2.3.2 Web Configuration
In this trial, only the first printing unit, consisg of the top and bottom printing couple,
were used. In this trial, black inks of tack 4a8d 13.5 were used. Both top and bottom

couples were run with the same ink.

These three runs ( Run 1, 2, 3) were done to imastthe effect of different ink tack,
take off angle and printing tone with the same papentation, i.e. bottom side of the

paper on the left hand side for both paper wehetdp and bottom printing couple.

In Run 4, a pair of new printing blankets was usethe bottom print couple. This was
done to investigate the effect of printing nip e and blanket age to linting. This run
was done with Toyo black ink tack 4 in the bottormpcouple only while there was no

paper run through the top print couple.

In the third Man-Roland Uniset Trial, all runs wedene with 25,000 copies per hour
speed and 25,000 copies printed for each run. Tae gonsisted of different screen
tones starting from 0%, 25%, 50%, 75%, solid arctipe.

3.2.3 Linting Press Collections and Measurements
3.2.3.1 Lint Collections
There are two lint collection methods that weredusethe work in this thesis. These are

the tape pull and Domtar lint collection method.

3.2.1.3.1 Tape Pull Method

At the end of printing trials, Scotch tape withamea of 68 cfhwas used to collect lint by

sticking it onto the blanket with a roller (Figude 15, Figure 3. 16). The weight of the
tape before and after lint collection was notedttsat the lint weight per unit area of
blanket could be calculated. Previous studies byhBen [74] and Mey [40] have shown
that the measurements were repeatable within 5-10%e repeatability of the

measurements was also examined in chapter 4.3.wWanght is calculated from the

following formula,
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Lint weight on 68 crharea of tape = (Final-Initial) weight of the tape

Lint weight (gsm) = Lint weight on 68 c¢rarea of tape x 147

Figure 3. 16. Tape Pulls with Attached Ink and Lint

3.2.3.1.2 Domtar Lint Collector

Figure 3. 17. Image of Domtar Frame and Lint Colleton Method
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Another way to collect lint from the printing blagtkis by removing lint from the printing
blanket or printing plate with a brush and 5% isgamol solution. The sampling method
involved wetting the blanket by using a squeezdédatith the isopropanol solution and
then brushing vigorously. The isopropanol solutmd lint was then captured in a
Domtar frame. The frame removed lint from an ay€a30 x 10 cm. Different frames
were fabricated to match the radius of curvatureath of the Heidelberg and Man-

Roland blanket cylinders.

The samples volume collected was adjusted firsitteer 100 or 200 mL. 50% by volume
(50 or 100mL) of the sample was filtered througbviously weighed glass filter paper
under vacuum to collect the lint for weighing. T¢et up used is shown in

Figure 3. 18. The glass filter was put in the of@B0 minutes to evaporate the water in
it and then weighed. Several images of filter papdter drying are shown in Figure 3.
20. The difference between the glass filter papdoie and after the filtering process is
the lint weight. This was converted to ling gramsém the blanket using the following
formula,

Lint weight in 0.3 M area of blanket = Lint weight of 50% volume of gample x 2

Lint weight (gsm) = Lint weight of the sample * 3.3

— |Lint in 50 or 100 mL suspensiorr

\J/ Filter paper

\ Connector tc

vacuum pump

Figure 3. 18. Lint filtering system for Weight anaysis.
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Glass filter paper was proven not to loose weighenvit was heated up to 105°C for 30
minutes. Glass filter paper supplied by DFS hasera pize of 0.dm. Originally filtering
was done with a mixed cellulose-esther filter -50un pore size. This was unsuccessful
as it gave inconsistent results. The reason ferwlais because mixed-cellulose ester lost
weight when it was heated in the oven even thohglspecification sheet stated that the
glass transition temperature was 140°C. The refgadhis weight loss is not known and
is still under investigation. More details of thesults of the weight stability tests of the
glass filter and the mixed cellulose ester willdiscussed in chapter 4.4. The lint weight
results from the Domtar method is always lower carad with those of tape pulls

method and this will be discussed in more detailshiapter 4.5.

A previous study by Kevin Mey [40] showed that Bhemtar method repeatability was
within 15%.

Figure 3. 19. Lint After Being Filtered for Weight Analysis
3.2.3.2 Image Analysis
In addition to the 50% that was filtered for weigntalysis, 1% by volume was also

filtered with mixed-cellulose ester filter to beadysed by image analysis (see Figure 3.

20). The reason why mixed-cellulose ester was plid&ethe image analysis was because
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it gave better contrast so that it was easier toraatically set the threshold of image

analysis.

Figure 3. 20. Lint Slides for Image Analysis

20 images were taken using a BTX-60 light microgcdpm the mixed cellulose filter

slide, which has filtered 1% by volume of the Donmgample. This is shown in Figure 3.
21. 20 samples were found to be statistically adegaompared with 40 or 80 images.
That is the accuracy of the measurement was natlgrienproved by measuring 40 or 80

images in comparison to 20 images. This will bewuksed in chapter 4.5

Figure 3. 21. BTX-60 Light Microscope
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Image Pro 4.5 image analysis software was usedrtdist particles according to either
area or length. The software has the limitationt fhacan only sort particles into a
maximum of 16 classes. A macro was written to enéid operator to process multiple

images tied together as well as setting an autartiagshold.

Each of the individual lint particle measurementsvexported to an Excel spreadsheet.
The average results were also calculated by theranand exported to an Excel

spreadsheet.

The details of the method, including the accurang geproducibility of method, are
discussed in chapter 4.6. There is a relationsétvéden lint area and lint weight and this

will be presented in chapter 4.5

3.2.3.3 Gretag D-186 Densitometer

Figure 3. 22. Image of Densitometer Gretag D-186

In order to measure the print density, a Gretagiti@meter was used, shown in Figure 3.
22. All of the print trials were run to attain agat print density of 1.0 in the solid area of
the print. The Gretag Densitometer was calibratethdime before being used by putting
it on top of the unprinted paper and setting itz&yo. Before doing this it was also

necessary to set the printing colour, i.e. cyargenéa, yellow or black
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3.2.3.4 Nip Pressure Measurement

3.2.3.4.1 Material

The blanket-blanket nip pressure was measured ugiegsure sensitive tape-Fuji
Prescale film. It was stuck in between blanket lamket nip. It has two layers of film
with bubbles containing chemical in between thage film layers. Pressure in printing
nip squeezed the bubble in between the films. Higber the colour intensity is, the

higher the nip pressure since more bubbles have theé&en by the printing nip.

Figure 3. 23. Image of the Fuji sensitive tape

3.2.3.4.2 Equipment

Figure 3. 24. Image of pressure reader
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A pressure reader is used to read the colour ityeasd it is automated to convert the
colour intensity level into nip pressure. This gument used the calibration curve

between colour intensity and nip pressure supjethe manufacturer.

3.2.3.4.3 Method

Printing nip pressure was measured using pressusatiye tape Fuji Prescale Film Two-

Sheet Type for Low Pressure (2.5 — 10 MPa). This dane by sticking the pressure
sensitive tape to the blanket and then runningpttess for a minute. A minute was

chosen to give adequate time for the pressuretsenbubbles to react to the pressure in
the nip. However the time required to do the meament is not fixed. It is dependent on
the roller geometry and the roller speed. The optmtime is found by running tape in

the nip until the pressure reading does not charig the time increased. This is unique
for each individual piece of equipment. While theidlberg GTO-52 and Man-Roland

Uniset require 1 minute for each measurement, Dkl@hapter 3.1.1) requires 5

minutes to reach a constant pressure reading. Emeifacturer gives about 20% reading

accuracy of this method in the manual.

3.2.3.4 Temperature Measurements

Figure 3. 25. Handheld Laser Thermometer
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Non-contact temperature measurement was done asiitgrared thermometer-“Minolta
Land Cyclops Mini Laser”. This infrared thermometesrks within -10°C to 300°C and
is based on an emissivity setting of 0.95. Samime is approximately 1 second. It can

record the maximum and minimum temperature durargging time.

Infrared radiation is emitted from the laser themmeder onto the surface of the object,
which is called a spot. The surface will emit im&e radiation back to the thermocouple,
from which the temperature can be read. Anothegthinat needs to be satisfied is that
measurement area has to be bigger than the spat I§ias recommended by the
manufacturer that the measurement area shouldob@dd .5 times of the spot size. The
ratio of the spot size to the distance betweennsieument and the measurement surface
should be 1:7.

3.3 Rheology Measurements

The offset lithography printing process involveg,ifountain solution, plate and paper.
Ink tack, viscosity and the level of emulsificatioh fountain solution in ink are very
important factors to be investigated. During thgprg process, ‘process ink’ can have
different tack or viscosity due to the effect oinping speed, the level of emulsification
of fountain solution as well as shear rate in jroptnip. Therefore, all of these
parameters are required to be better understooddier to understand the wider picture

of what really occurs during offset-lithographyrging.

3.3.1 Thwing Albert Inkometer

Tack is defined in this instrument as the torqugressed as Newton-metre required to
split an ink film in a specified nip configuratiomhe inkometer consists of a bath system
with a thermostat (1) that circulates water to oolrithe temperature of the machine and a
measuring unit with three rollers (2), a fixed lsrasller, a larger rubber roller and a
smaller rubber roller. The standard test masslofvas 1.67 grams, which was supplied

from a specially designed pipette.
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Figure 3. 26. Thwing Albert Inkometer

To operate the instrument, it was first warmed apl0 minutes before the test allowing
the temperature of the rollers to reach 32.2°@rathich the temperature was controlled
by the cooling unit. The unit was then calibratgdsbtting the speed to the desired value
and then re-setting the tack value to be zero lamdnkometer. The unit was then stopped
and ink in the pipette was then transferred tobibtom rubber roller. Roller speed was
then set to be 800 rpm, which was the standarddspssd for all the tests presented here.

Ink tack reading was then taken after 1 minute.

The amount of ink and the test speed were chossrding to the standard test method
supplied by the manufacture. However, speeds rgnfiom 150 to 2000 rpm are

available. Ink weight can also be varied from appmately 0.5 gram to 3.2 grams. The
maximum ink weight must be chosen to make sureittkatioes not splash at the speed

selected. If ink starts to splash, it will looskanging the measured tack value.

After each test, the rollers must be thoroughlycesl. This was done by checking if the

tack was back to zero after cleaning had been done.

Tack is dependent on roller speed, ink weight/tm&kness on rollers. Therefore, speed,

temperature and ink weight need to be specifieedttay with the tack value. More
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explanation and discussion on the effect of ink fihickness on ink tack can be found in
chapter 5.2.4.1,5.2.4.8.

3.3.2 Hydroscope

The offset lithographic printing involves ink anduhtain solution emulsifying on the
plate during the printing process. A plate consistsimage and non-image areas.
Fountain solution is transferred to the non-imagaavhile ‘process ink’ is transferred to
the image area. Process ink in this case is inklsfed with water. The degree of
emulsification has been shown to affect tack of thks. The Hydroscope is an
instrument that measure comparative ink tack irati@ to the amount of water
emulsified in an ink. Each ink has different tagthviour with degree of emulsification.
This is something that will be discussed more iatar 5.

Figure 3. 27. Hydroscope

The Hydroscope is manufactured by Testprint BV. Triedistribution system consists
of two brass rollers and one smaller rubber rolldre unit marked 2 is a temperature
controlled water bath used to keep the temperatiitiee brass rollers constant. The unit
measures relative ink tack from the displacementhef rubber covered roller that is
produced by the splitting ink film. A fountain-stilbn ink emulsion is produced by

dripping fountain solution into the nip between tm® brass rollers indicated by (1) in
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Figure 3. 27. Roller speed (m/min), fountain solutaddition rate (mL/min) and ink
weight can be varied. The standard test was dommtmin and a solution of 5%
fountain concentrate was delivered at a rate ohlL/Bin with 10 grams of ink spread on
the rollers. The fountain solution tested was Eawat H. While the ink was run in the
roller at the specific speed, fountain solution witated until the ink became saturated.
Saturated ink can be noticed when there was aviger flow in the nip between the
brass rollers. To make sure that the ink was sarditration was only stopped 60

seconds after the visually observed saturationtpoin

Tack decreased when fountain solution was addadhneg at the minimum at saturation
point. Once the titration was stopped, tack recpves observed. Finally, the measured
tack reached the original tack level observed leflmuntain solution addition was
commenced. Once the original tack level was regdhedest was then stopped.

3.3.3 Porepoise P-9 Capillary Rheometer

3.3.3.1 Equipment

Figure 3. 28. Porepoise Capillary Rheometer
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Ink tack is also affected by the shear rate ingheting nip. The Porepoise Capillary
Rheometer in Figure 3. 28 is an instrument thabis to apply high shear rate to inks to
find the shear viscosity. This instrument consistspistons (1), a barrel (2) and a
computer to control the instrument. There are tugtops in this equipment. The right

piston is used for the error discrepancy calcutatio

Each piston fits in the ram housing enclosed behietal panels, and is driven by a ram,
driven by a screw attached to the top of the rahigchvis powered by an electric stepper
motor. Up and down buttons are provided to drivegiston during loading and cleaning.

The barrel has a nitride-hardened bore equippeu ayiressure transducer port and a die
location and retention system. Pressure developeithgl the test is measured by the

pressure transducer.

This equipment can measure apparent viscosity gtarept shear rates up to
approximately 2x18 s'. The exact maximum shear rate attainable dependthe

sample tested.

3.3.3.2 Method

Upon starting, computer and the Porepoise wereleaadt on. A 0.05 mm die and 10,000

psi pressure transducer were fitted. The rams wené to the top-stop and transducers
were zeroed. All the parameters were then specifietthe software, i.e. choosing the

transducer, die, temperature, shear rate sequenteatages that will be tested on the
samples. An ink sample was then loaded into both@bores and the pistons were then

run down to make contact with the sample.

A pre-compression stage was set to compact thelsaang to remove any air trapped in
the sample during loading. The test was then rudeushear rate sequence and stages
that were chosen and set in the software previolislis equipment is a form of capillary

viscometer. For each shear rate, apparent shearsitig was calculated, using the model
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that can be chosen in the built-in software, fréva ¢apillary diameter and the measured

pressure.

3.3.4 Ink Emulsification Measurement

3.3.41FTIR

It is important to know the exact level of emulsdiion of ‘process ink’ applied to the
paper during offset lithography printing. Norskee§khad previously used an FTIR
(Fourier Transform Infra-Red) Bruker Equinox IFSSthwmercury-cadmium-telluride
detector system. The sampling accessory used Vmeaac Golden Gate' diamond. This
set up was used to quantify how much water was sfiad in the ink during several
printing runs in 2003 [75]. Samples from the pnigtiplate were carefully collected
during each run. FTIR method allows degree of waewlsification in ink to be
determined. This method was also employed in segaraples from the work on this

thesis. This instrument is shown in Figure 3. 29.

Figure 3. 29.Bruker Equinox

To use the instrument, it is necessary to constraldiration standards. These were blank
ink, i.e. ink from the can and not emulsified df ahd several ink samples emulsified to
5%, 10%, 20% fountain solution using the Hydroscofple of these samples were run

through the FTIR to obtain a calibration curve @ft@&r concentration in ink versus water
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peak height in the FTIR spectra. Water has absorfiitands mainly centred at 1640 and
3400 cnf.

Once the sample run through FTIR, the area undepé#ak is then interpolated to find
the corresponding level of water emulsion. Howetleg method is yet to be proven for
guantitative measurement, although it is good ehofay qualitative measurement.

Therefore as a trial, some quantitative measuresiweate attempted.

3.3.4.2 Waterproof Paper Printing

Another attempt to measure water in ink concemmatother than using FTIR, was made.
Heidelberg GTO-52 was used to run this experimpleiaSe refer to 3.2.1). An A4 plate
with 100% solid was used. The reason for using 180%6 on the plate is to minimize

the free-water film on the non-image area. The daga to print on to a waterproof paper
and to measure the weight of the paper before #iaddrying. Tyvek 54 gsm waterless
paper, supplied by Paperpoint in South Melbourrees wsed for this purpose. This is an
extremely high tear strength, waterproof materialden from synthetic spun-bonded
polyolefin fibers. Tyvek was chosen because afég IC and 30 minutes in the oven, it
only loses 0.001 % of its weight. Images of unmthénd printed Tyvek paper are shown
in Figure 3. 30.

r 1

Figure 3. 30. Image of blank and printed Tyvek
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To perform these measurements, first a thousanchalgerints were done to adjust the
press to get the print density close to one. Tkarsheets of Tyvek paper were weighed
individually before printing. One sheet was ther puevery batch of 100 sheets of 52
gsm Norstar. Each Tyvek sheet was then weighedttirafter it had been printed. The
difference between the weight before and aftertipgnwas equal to the weight of ink
and water on the Tyvek paper.

The printed Tyvek papers were then put in the ofeen30 minutes to evaporate the
water. Each sheet of the paper was then weighenh adff2r 30 minutes. The weight
difference of the dried printed paper and blankepap the weight of ink\W). The
weight difference of the printed paper and blanggras the weight of the emulsified ink,
i.e. the weight of the ink, volatile component dadntain solution \{(\&). The fraction of
the volatile component in the ink was averaged ftben TGA experiment (Equation 2.
10) and is called.

W, (- 1,) W =W

Equation 2. 8.

Finally the percentage of emulsification was calted by

Wfs
FS(%)=

e

Equation 2. 9.

Where,

W, = Weight of the process ink (emulsion ink)
W,,= Fountain solution weight in process ink

W = The weight difference of the dried printed paged blank paper
= the weight of pure ink excluding the volatilomponent
fy = Volatile fraction in the process ink
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3.3.4.3 Thermo Gravimetric Analysis (TGA)

Figure 3. 31. TGA

It was realised that another method was requirefthtbthe fountain solution content in
the process ink particularly for work on the well-fdan Roland press where printing a
single sheet was not possible. Thermo Gravimetnalysis (TGA) was examined as a
potential method. The Thermo Gravimetric Analydeattwas used was a Pyris 1 from
Perkin-Elmer. The principle behind TGA is very simpA sample is put on the sensitive
balance and the change in weight measured as thy@esdries. The furnace temperature
and nitrogen gas flow can be varied. It was chasencrease the temperature from 25°C
to 105°C with a temperature increase rate of 10f@ita and then hold the temperature
at 105°C for 30 minutes. The reduction in weighth@ sample is then measured as the
temperature is increased. This reduction in weggithes from the evaporation of both
the water as well as volatiles in the ink. A minmmuveight of 20 pg is advisable. It is

good to have the same starting weight for all sasipb that the results are comparable.

Pure ink was also processed in exactly the sameaw/dlye process ink to provide a blank
sample. The decrease of process ink weight subttaoy the amount of evaporation
found from the pure ink experiment gave the fountalution content in process ink. To

do this first the fraction of volatiles was caldeld from the experiment on pure ink by
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Equation 2. 10.
Then the weight of fountain solution was calculdigd

We (1_ fv) _Wf =Wfs

Equation 2. 11.

Finally the percentage of emulsification was calted by

Wfs
FS(%)=

e
Equation 2. 12.
Where,

W, = Initial weight of the process ink (emulsion ink)
W,,= Fountain solution weight in process ink
W, = Final weight of the ink sample after TGA process

W, = Initial Weight of blank ink sample (pure ink)

fy = Volatile fraction in the process ink
Who = Blank ink weight after oven drying

W,, W, W, could be found from the TGA experiments, therefy&/,, and FS (%)

could then be found.
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4.0 Establishment of Experimental Technique

This chapter will discuss the development of theeeixnental methods and some
reasoning behind the choice of several paramédtatsitive been used in the experiments.

4.1 Fountain Solution

Fountain solution is used on an offset press t@ kbe ink from adhering to the non-
image areas of the offset plate. Fountain solusoused to keep ink off the background
with a film of water, to maintain the hydrophili@ture of the background, to quickly
clean ink off the background during press stagdgqromote fast spreading of water over
the plate surface, to help the water flow evenlyodigh the dampening rollers, to
lubricate the plate and blanket as well as to abrimulsification of ink and water.

Two important keys that need to be considered unti@n solution application are pH
and conductivity. pH is a measurement of the degrealkalinity of substances.
Conductivity is the ability to transmit or conduant electrical charge. In water of any
solution the degree of conductivity is determingdtbe number of ions present as a
result of minerals or other compounds in the wdtbe higher the concentration of ions,
the higher the degree of conductivity is.

To measure conductivity, an electronic conductivitgter is used. Many are combined

with pH meters so pH and conductivity can be mesat the same time.

In the past, up to 20% isopropyl alcohol was usefduntain solution. It was used to help
the fountain solution flow across the dampeninggrs! Isopropyl alcohol is a very good
wetting agent. This feature allows fountain solutitm wet the plate well. However
isopropyl alcohol is high in volatile organic conymals and it is not widely used in the
pressroom now. Alcohol substitutes have been dpedido replace isopropyl alcohol.
Alcohol substitutes are a mixture of solvents whacé strong ink solvents but which are

non-volatile.
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The Man-Roland press had been using fountain solwtith a conductivity of 150QS.
Therefore it was decided to replicate this conditgtifor the Heidelberg measurements.
Two measurements were done using tap water andidetbwater. These are shown in
Figure 4. 1. Based on these results (Figure 45%),by volume of fountain solution in
deionised water was used for the Heidelberg measennts

Fountain Solution Conductivity
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— Linear (Melbourne Tap Water Conductivity) — Linear (Deionised Water Conductivity)

Figure 4. 1. Fountain Solution in Tap Water (y=3429x) and Deionised Water (y=331.42x)
Conductivity.

4.2 Reproducibility of Tape Pulls [74] and Paper Bach Variability

The tape pulls method has been used for years bsskiBlébkog Research and
Development as a lint weight measurement. They Iba&en printing solid, 50% screen
and also a standard picture for 7000 copies and tilnening the last 20 copies without
ink to clean the ink from the blanket. Therefore thample weight will be mostly
contributed by lint particles on the blanket. Otioe weight is found, the area of the tape
is known therefore the lint weight per unit area be calculated. The reproducibility of

the lint value measured in this way has been cliefikewater settings of 6.5 and 7 on
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the Heidelberg press. The same batch of Norstaused for all experiments. The results

are shown in Table 4. 1 and Table 4. 2.

Print density [Screen  lin{Solid lint (g/m?) [Fountain
(g/m?) Solution  Usage
(ml/sheet)
1.064 2.60 2.66 0.0444
1.041 3.90 1.44 0.0400
1.016 4.22 2.66 0.0452
1.008 4.53 2.93 0.0255
0.954 2.53 3.10 0.0409
0.941 2.40 3.32 0.0505
0.996 2.75 5.03 0.0469
1.005 451 3.31 0.0441
1.076 4.87 3.32 0.0395
1.011 3.588 3.085 0.0420 Average
0.045 1.005 0.937 0.0070 Std dev.

Table 4. 1. 50% Screen and Solid Lint at water setig 6.5 [74].

Print density  |50% lint[Solid lint (g/m?) [Fountain  Solution
(g/m?) Usage (ml/sheet)

0.941 2.31 3.09 0.0521

0.968 2.43 2.31 0.0552

1.043 2.45 2.94 0.0591

1.053 2.53 2.82 0.0560

1.073 1.97 2.76 0.0575

1.024 2.35 2.79 0.0547

1.017 2.34 2.79 0.0558 Average
0.052 0.197 0.263 0.0024 std dev.

Table 4. 2. 50% Screen and Solid Lint at water sdtig 7 [74].

The standard deviations of the print density, watsage and the lint results when the
water setting was 7 were around 10% for both ttid smd 50% screen lint. While when
the water setting was 6.5, the standard deviatrem® around 30%. Water usage is an
important factor since too low a water setting wasult in piling. Piling is a condition
where lint is not deposited evenly along the pnigtblanket. This is illustrated in Figure
4. 2 and Figure 4. 3 which show the blanket deparsit tape pull for a printing trial on
the Heidelberg GTO-52 with a 6.5 water setting. $ame batch of Norstar was used for
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these series of experiments. The standard deviafianmeasurement is around 10% of

the measurement value.

Figure 4. 2. Piling on the printing blanket [74].

SeLEEN

02X

2< 5695 B

Figure 4. 3. Piling results in lint weight measurerant tape-pulls result [74].

Having done the experiments in it was decided dhatter setting of 7 would then used
[74] for the rest experiments. This is then thendéad water setting for the Heidelberg

experiments that is listed in Table 3. 4.
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Eight batches of Norstar were used in the Man-Rbland Heidelberg experiments.

These were described in section 3.0.1. BatchesdBCawere selected for examination of

the variability within and between the batches.

Dot Paper Printing Average | Std

Batch Roll ID Shape Side Ruling Screen |Lint Lint Deviation

Line per

Inch % gsm gsm gsm
B B5082919 | Square | TS 150 50 2.63
B B5082936 | Square | TS 150 50 2.68
B B5082936 | Square | TS 150 50 2.25
B B5082944 | Square | TS 150 50 2.38 2.49 0.20
C B6054839 | Elliptical | T/S 100 50 2.48
C B6054839 | Elliptical | T/S 150 50 247
C B6054840 | Square | T/S 100 50 3.06
C B6054841 | Square | T/S 150 50 2.63 2.66 0.28

Table 4. 3. Variability between Norstar batch B andC.

These Heidelberg experiments were done accorditfietetandard conditions in Table 3.

4, but with both ellipse and square dot shape glaf@ble 4. 3 shows variability

experiments within batches B and C, as well asvérmbility between batch B and C of

Norstar. The effect of dot shape on linting is ¢desed to be a lot smaller compared with

the effect of paper batch variability and therefooth of ellipse and square dot shape

plates were used to investigate the variabilitythef paper. Standard deviations of lint

values of batch B and C are around the 10% ofkeage lint values, which agrees with
the experiments that had been done in Table 8dth batch B and batch C shows that

batch B and batch C averages lie within the uppdrlawer standard deviations of each

other.

Thus, Norstar batch B and batch C are fferdnt to each other within the

variability limit. These results suggest that therddar batch A to H results are

comparable to each other.
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4.3 Domtar Lint Collector Weight Measurement

Domtar lint collector has been used since the 18#0s to collect lint from the printing
press blanket. 5% isopropanol has the standarcesblysed to clean the blanket and
collect lint on the printing blanket. 100 mL of geht was used in collecting lint on the
Heidelberg GTO-52 printing blanket and 200 mL adieat was used to clean lint on the
Man-Roland Uniset press blanket. The reason bethisdwas that up to 40,000 copies
were printed in the Man-Roland trials, comparechvaihly 7000 copies for Heidelberg
GTO-52 trials.

After collecting 100mL or 200mL of the samples frdhe printing blanket, 1% of the
sample was then filtered using mixed cellulosere@#CE) filter to create surfaces for
image analysis. 50% volume of the sample was dtterith glass filter to obtain a lint

weight measurement.

The process of producing both samples is shown in
Figure 3. 18, Figure 3. 19, Figure 3. 20 and disedsn section 3.2.3.1.2. After filtering
and drying, each MCE filter was then sandwicheavbeh a microscope slide and a

cover slide and was ready for microscopic imagdyarsa

4.3.1 Weight stability of Glass Filter

Originally, the MCE filter was used for both imaged weight analysis. However, it was
found that the weight of the MCE filter was notidéaunder oven drying. In order for us
to get a reliable lint weight measurement, the Milier has to be stable in weight.

Results showed that after filtering the sample,rnehiat could be seen on the MCE filter,

and drying at 105°C for 30 minutes, the weight feamd to decrease compared with the
original weight of the MCE filter, determined aftaven drying.

It was believed that the reason for this discrepasm¢hat the isopropanol reacts with the

cellulose ester and carries away some of the M@E@& finass with it. Due to this, MCE

88



filters were only used for filtering part of thensple for microscopic image analysis.
MCE filters were used for image analysis sincerdvies 0.45um pore size and the
colour contrast provided by the filter surface litates particle detection. The lint weight
analysis was done with glass filter paper with mre of 0.7um, which has much better
weight stability through the filtering process.

Before | After Weight Weight Change
@) 9) Change(g) (%)

0.1287 | 0.1283 | -0.0004 -0.310

0.1343 | 0.1334 | -0.0009 -0.670

0.128 0.1269 | -0.0011 -0.860

0.1321 | 0.1305 | -0.0016 -1.211

Table 4. 4. Blank glass filter paper weight changeefore and after filtering process

Table 4. 4 shows four glass filters that were dia@d05°C for 30 minutes before the
filtering process and weighed (before). Then, 5&pispanol (blank, no lint inside) was
filtered and each glass filter was dried in theroaé 105°C for 30 minutes and weighed
(after). Glass filter weight losses were in betwé&eio 1.2% during the filtering and
drying process. The common lint weight in the glidssr papers are in the range of 0.01
to 0.1 gram. Therefore the weight losses of thegyfdters are 1% to 10% of the lint

weight.

4.4 Weight Measurement Comparison between Domtar a@h Tape Pulls
Method

There are discrepancies in weight measurementsebatwhe Domtar filtering method
(4.3) and the tape pulls method (4.2). The Domli@rihg method always gives a lower
weight than the tape pulls method.

The reasons for this may be that filtering is mooeplex method compared with tape

pulls, whereby the samples are transferred fronDibmtar tray to the sample container

and then are filtered through the filtering system
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Figure 3. 18). Part of the samples can be loshdute process. Secondly, not all of the
lint particles are removed during the Domtar braghprocess. Several tape pulls test
were done after Domtar sampling to investigate whgre is 5 to 30% weight
discrepancy between Domtar and Tape pulls. Themegalls measurements were taken
on other parts of the blanket which were not washéhl the Domtar. The exact result
seemed to depend on how thick the ink layer onlifamket was. Some of the ink
components may be dissolved in the 5% isopropasolhfe Domtar method while ink

would have been retained by the tape pulls method.

The relationship between Domtar and Tape Pullsvigight is as shown in Figure 4. 4

and Figure 4. 5. The relationship is better with ykaxis intersection of 1.035 (Figure 4.
4) instead being forced through 0 §ffiigure 4. 5). This indicates that there is progabl
a layer of ink that cannot be cleaned with the Daymtethod. This is actually somewhat
positive since we are not interested in measuhegrtk weight remaining on the blanket.
Instead, we are more interested in measuring festiost from paper. However, the tape
pull lint weight measurement is still useful anchas the advantage of simplicity and
because no lint particles are lost during the cttba process. Therefore the tape pulls
method has been mainly used to measure the lighweesults in this thesis. While the

tape pulls method was used for lint weight measergirDomtar samples were used for
the measurement of the area and length distribgitioh lint particles using image

analysis.

90



7 1 y = 1.5324x + 1.1807
R?=0.7443

Tape Pulls Lint (g/sqm)

O T T T T T T
0 0.5 1 15 2 2.5 3 3.5
Domtar Lint (g/sqm)
\ + Domtar vs Tape Pulls Lint — Linear (Domtar vs Tape Pulls Lint)\
Figure 4. 4. Relationship between Domtar and TapelHs Lint using a general linear fit
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Figure 4. 5. Relationship between Domtar and TapelHs Lint through 0, 0
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4.5. Relationship between Lint Total Area and LintWeight on the Blanket
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Figure 4. 6. Relationship between Lint Weight and Int Area of Lint collected from Black Ink Tack
4 and 9 with 5 different printing screen tone (0%,25%, 50%, 75%, 100%, picture) from Man-
Roland Uniset Trials.

Figure 4. 6 shows a very good correlation betwaeh weight and lint area of lint
produced by different ink tack and six differentnping tones using the Domtar lint

collection method. The relationship between limzaand lint weight is linear.

4.6 Microscopic Image Analysis

Image Pro 4.5 was used to analyse sample filteyetthdo MCE. 20 images each of size
7.3 mnf, out of the total area of 1134rirare taken for each sample. An Image pro
macro was written to analyse the images. The rebsbmd taking only 20 images per
sample and not more will be explained later in isact.6.l. The development of the

macro and what it does will be explained in secdh?2.

4.6.1 Accuracy of the Number of Images Captured

The accuracy of the counts of lint particles capduthrough image analysis was also

verified by checking the statistical data of 20, 40dd 80 captured images from two

92



different printing trials. Images were taken atagmification of 50 times using a BTX 60

light microscope. The measurement method was diedus section 3.2.3.2.

The method chosen for the analysis was to meadfuim&ges of two separate samples.
Each set of 80 images were then divided into twaugs of 40 images each and four

groups of 20 images. When the mean area of linicjes of each group of 20 images and

40 images were compared with the original 80 imagesas found that the average lint

area per image, ipm’ varies between 0.8 to 12 percent, and on aveiagiers by 4.8

percent from the average for 80 images, as showirabie 4. 5 and Table 4. 6.

This value is still acceptable, therefore, 20 ins|ageas considered to give adequate

statistics, and taking 80 images for each printmas was unnecessary because of the

amount of time needed to process all the data. afp Table 4. 5 was lint sample of

black tack 4 ink - 6000 copies printed. Sample Bable 4. 6 was lint sample of black

tack 4 ink - 4000 copies printed.

80 40 40 20 20 20 20
shots |shots-1 |shots-2 |shots-1 |shots-2 |shots-3 | shots-4
Ave. Area per
Image (um°) 231217| 224355 | 224004 233217 | 217479 | 242900 | 235818
Std.Dev. 3132 3082 3286 3034 3126 3007 3376
%Difference
compared to
80 images 0 2.97 3.12 0.87 5.94 5.05 1.99
Table 4. 5. Statistical data of different number oimages captured for sample A
80 40 40 20 20 20 20
shots |shots-1 | shots-2 |shots-1 |shots-2 | shots-3 | shots-4
Ave. Area per
Image (um?) 170840| 174475 167274 191381 158884 | 177020 | 158135
Std.Dev. 3700 4082 3286 4800 3266 3470 3107
%Difference
compared to
80 images 0 2.13 2.09 12.02 7.00 3.62 7.44

Table 4. 6. Statistical data of different number oimages captured for sample B
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4.6.2 Image Pro Macro

The complete Macro written in image pro 4.5 isditd in Appendix D. In this sub-

chapter, what the Image Pro Macro does will bearpt in more detail. This macro was
written for the purpose of picking up contrast begw the lint particles and filter paper
and classifying the lint particles by size and a&ace the MCE filter paper is used, the
contrast will be good between the white MCE filisr the coloured lint particles. Before

using Image Pro 4.5, it needs to be calibratedspecifying the width and length of each

pixel.

r . L ".u- - —— ¥ » g, -1
- - . : I - ‘ ‘-!. - 1.-|
- i I i) _j-‘ "‘JJT ._1:_ ._'- (‘t

W t*'ﬁ*-:. R

Figure 4. 7. Example of image taken under BX-60 Ligt Microscope under 50x Magnification
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Figure 4. 8. Example of image taken under BX-60 Ligt Microscope under 50x Magnification After

Automatic Threshold was applied

Image Pro 4.5 has an automatic threshold. This iglauilt command that is capable of
setting the threshold between bright and dark abjdo this case, it can be used to spot
the lint particles on the MCE filter. When the a@ast is not so good, automatic threshold
cannot be reliably implemented. An image of a Bample is shown in Figure 4. 7.
Figure 4. 8 shows the image after the implememntasiche automatic threshold, with the
lint particles identified in red. There are sevdrdduilt functions to measure the area,
length and width, roundness, width-length aspetod,rbox area as well as many more.
However, the main functions used were here the amddength. The dimensions of each
lint particle were analysed to determine the maximand minimum as well as the
average length. When the macro is run through @aelge, a table is exported to Excel
file. The way the particles are categorised is #ueycategorised into 16 different classes.
One of the limitations of the program is that oalynaximum of 16 classes can be used.
These classes can be divided based on area ol Iénigst of the work in this thesis was

done by classifying the particles based on theamesiarea of the particles. The area

classes used for most of the work are given ind 4bl7.
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Printing Min Area| Max Area
Trial Class| (um?) (um?)

1 0 1,000

2 1,000 2,000
3 2,000 3,000
4 3,000 4,000
5 4,000 5,000
6 5,000 6,000
7 6,000 7,000
8 7,000 8,000
9 8,000 9,000
10 9,000 10,000
11 10,000 11,000
12 11,000 12,000
13 12,000 13,000
14 13,000 14,000
15 14,000 15,000
16 15,000 100,000

Table 4. 7. Particle classes for image analysis bfeidelberg GTO-52, Man-Roland Geoman and
Uniset Samples

To speed up the analysis all 20 images from a geaenple were place in one folder. The
macro was written so that all the images in a foldeuld be analysed automatically. The
complete Image Pro Macros is given in Appendix D.

A typical table of results exported to Excel isegivin Table 4. 8. This gives the particle
area statistics for the image in Figure 4. 9 angufd 4. 10. The parameters to be
investigated can be changed according to the irdtom required. Those 20 tables are
then averaged into one table as shown in Table FhB program also gave statistics

results on the image analysis, which is shown inld4. 10.
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Class Objects | % Objects Mean Area Mean Ferret
1 938 79.626 270 18.79570
2 113 9.592 1400 57.202087
3 51 4.329 2447 80.57634
4 22 1.867 3403 101.89968
5 15 1.273 4523 106.91926
6 8 0.679 5462 133.05611
7 8 0.679 6458 167.94055
8 3 0.254 7314 155.41425
9 5 0.424 8616 160.27463
10 1 0.084 9144 268.07858
11 2 0.169 10650 183.12488
12 2 0.169 11252 164.1508
13 1 0.084 12680 228.32489
14 2 0.169 13482 329.97726
15 1 0.084 14996 236.50568
16 6 0.509 18069 306.79572

Table 4. 8. Table of Results exported to Excel byrlage Pro

Figure 4. 9 and Figure 4. 10 shows area and leshgthibution comparisons between 20,
40, and 80 images processed using the Image Pmonimth figures show that using 20
images gives the same area and length distriba8@0 images.

80
70 *L
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20 A
104 * .

0 S dasgsmssmes : A
0 5000 10000 15000 20000 25000 30000

Area Distribution (%)

Averaae Area (um2)

¢ 80 images ® 40 images A 20 images

Figure 4. 9. Lint Area Distribution of Lint Compari son of 20, 40 and 80 Image Shots of 6000 Copies
Sheet-Feed Black Colortron Tack 13.5.
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Figure 4. 10. Lint Length Distribution of Lint Comp arison of 20, 40 and 80 Image Shots of 6000
Copies Sheet-Fed Black Colortron Tack 13.5
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4.7 Comparison between IGT Pick Test and Printing Tial Experiments

There have been several laboratory scale measutelmes in order to investigate linting
[8, 21, 71]. For the work in this thesis, an off$&T pick test was used in the initial
stages of the work to check the applicability af thethod to linting. Details of the test
method are in chapter 3.1.2. The pick test chosed a high speed and a tack 16. It was
immediately apparent that the size of the lint reatbin the IGT Pick experiments was

much larger than that removed in the printing press

Accordingly, new larger size classes were seletdedhe sorting of the lint identified
from image analysis of the picking experiments. eTihist two of the new classes,
numbers 17 and 18, covers the whole range of hntigle sizes used in the analysis of
the lint from the Heidelberg and commercial prigtpresses. Figure 4. 11 - Figure 4. 14
[2] compares area and length of lint particles fi& pick test to those of the printing
trials, both on the Heidelberg press and the Malaib Geoman. Chapter 5.2.8

explained the experiment in more details.

Class Min Area| Max Area
(um?) (um?)
17 0 50,000
18 50,000 100,000
19 100,000 150,000
20 150,000 200,000
21 200,000 250,000
22 250,000 300,000
23 300,000 350,000
24 350,000 400,000
25 400,000 450,000
26 450,000 500,000
27 500,000 550,000
28 550,000 600,000
29 600,000 650,000
30 650,000 700,000
31 700,000 750,000
32 750,000 1,000,000

Table 4. 11. Particle Area Classes for IGT Lint [2]
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Figure 4. 11. Area distribution of lint particles measured from IGT pick experiments on the top and
bottom sides of six samples of Norstar.
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Figure 4. 12. Length distributions of lint particles shown in Figure 4. 11
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Results from small and larger commercial printingl$ showed a reasonable degree of
agreement between the lint distributions resulfirogh both of them when comparing lint
area and length distributions. This comparisorh@as in Figure 4. 13 and Figure 4. 14.
In these figures, tack 4.5, 6, 9, and 13.5 were inuthe Heidelberg GTO-52, while
Comm. black 7 and Comm. Black 8 were run with MaslalRd Geoman. The detail of

the Man-Roland Geoman experiment is discussed apten5.2.8.

35
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Figure 4. 13. Area distribution of lint particles produced in two printing operations using black ink.
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Figure 4. 14. Length distributions of lint particles shown in Figure 4. 13

When the total area of the lint in all classesuimsied, then it is possible to estimate the
total fraction of the surface, which was removediris For the IGT experiments, this
was on average 2.4%. That is, on average fibrdkan pulled from 2.4% of the total
surface area in the single printing run of the I&Pperiment. The equivalent areas for
the Heidelberg trials were only 0.001 to 0.003%gvped it is assumed that all lint
particles removed from the paper surface had resdaion the blanket. For the
commercial newsprint measurements the lint remavaslian order of magnitude smaller
than the Heidelberg measurements, since similaruatacof lint were pulled out after
7,000 copies on the Heidelberg press as were reinafter 137,000 copies on the

commercial press.

Thus both the area of the particles removed asdmtvell as the size of the individual
particles, is much larger in the IGT test thanrisdoiced on the presses tested here. This
suggests that the IGT test is likely to be of lediusefulness in predicting linting on full
scale commercial presses and this technique walsinmbér employed in the work in this

thesis.
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5.0 Results and Discussions

The results and discussion chapter is dividedfmuo different areas, i.e. paper variables,
ink and fountain solution balance, printing pressnket/plate variables, and printing
press operating conditions.

5.1 Paper Variables

There were three different types of paper that weedl in the Man-Roland Uniset trials.
They are Norstar, i.e. a 52 gsm improved newspwith ISO brightness of 74
manufactured on PM2 at Norske Skog Boyer Mill .fltmish is 67 % TMP radiata pine,
28 % chemi-mechanical eucalypt (cold caustic sada) also has a filler component of
5% calcined clay (supplied by Imerys as Alphat@%)e second grade of paper used in
the trial was 45 gsm Nornews made by Norske SkogeBdt consists of 25% cold
caustic soda pulp, 20% recycled fibre and 5% krafp. The rest is TMP, with no added
filler component in it. The third grade of paped® gsm Nornews produced by Norkse
Skog France, i.e. Golbey. It has 60-75% of recydiece and the rest of it's furnish is
TMP. This paper was labeled Golbey in this thesiglistinguish it from the Nornews

produced at Boyer. Both Nornews and Golbey havetdint than Norstar.

In order for us to eliminate the effect of take-affgle, both of the paper grades were run
exactly with the same take-off angle. The firsaltavhich investigated the effect of paper

furnish composition, was run from reel stands 6 &n(even numbered reel stands),

therefore the right hand side is the bottom sid¢hefpaper. Since the right hand side
printing couple position is higher compared witlodé of the left hand side, the bottom

side of the paper has a slightly higher take offlar{~105°) compared with the top side

(~75°).

Based on the 95% confidence interval [76], ANOVAsty showed that the paper grade,
take off angle, screen, paper side and ink colthuraa statistically significant effects on

lint. There were two ways interaction that werdistigally significant. However, these
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will not be discussed here. The analysis of vagawere done with the three different
papers: Golbey, Nornews and Norstar, 5 differemitipig screen : 0%, 25%, 50%, 75%,
and solid, both top and bottom of the paper lim, two different web take-off angle, i.e.
75° and 105°, and each of the four colours tha¢ \wented.

5.1.1 Comparison between Norstar, Nornews and GolgePaper for Both Top and
Bottom Side of the paper (First Man-Roland Uniset Tial)

From Table 5. 1 and Table 5. 2, it can be seenrtigat results showed Golbey (GB)
produced most lint, followed by Norstar (NS) whil®rnews (NN) produced the least.
Fines, fillers and recycled fibres are the compts@mat cause lint. Recycled fibres can
be smaller in size compared with both TMP and CiGfe$ therefore it is easier for them
to be picked up as lint. Fines are desirable iy thend well with the fibres. The printing

plate that was used in this experiment is showfigare 5. 27.

NORSTAR | NORNEWS GOLBEY
(NS)T/S (NN) T/S % Difference | (GB) T/S % Difference
NS as NS as
reference reference

Lint(g/sgm) | Lint(g/sgm) Lint(g/sgm)
NON IMAGE
Magenta 3.38 3.90 15.38 5.23 54.73
Cyan 3.56 0.74 -79.21 2.34 -34.27
Yellow 1.78 2.44 37.08 3.03 70.22
Black 1.90 0.62 -67.37 1.10 -42.11
20%
SCREEN
Magenta 3.82 4.37 14.40 0.72 -81.15
Cyan 1.98 1.19 -39.90 291 46.97
Yellow 2.63 2.44 -7.22 5.07 92.78
Black 1.94 2.87 47.94 2.66 37.11
50%
SCREEN
Magenta 2.48 3.18 28.23 3.69 48.79
Cyan 2.07 0.59 -71.50 2.56 23.67
Yellow 1.03 1.63 58.25 241 133.98
Black 2.09 1.84 -11.96 1.32 -36.84
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SOLID

Magenta 1.76 1.60 -9.09 2.16 22.73
Cyan 1.68 0.65 -61.31 0.57 -66.07
Yellow 1.01 0.59 -41.58 131 29.70
Black 1.43 1.06 -25.87 1.40 -2.10
PICTURE

Magenta 3.87 2.28 -41.09 4.61 19.12
Cyan 2.86 111 -61.19 2.26 -20.98
Yellow 1.38 1.47 6.52 2.61 89.13

Table 5. 1. 4-Colour Printing Lint of Top Side of he Paper (take off angle of 105°)

NORSTAR | NORNEWS GOLBEY
(NS)T/S (NN) T/s % Difference | (GB) T/S % Difference
NS as NS as
reference reference

Lint(g/sgm) | Lint(g/sgm) Lint(g/sgm)
NON IMAGE
Magenta 2.72 3.90 -40 4.19 54.04
Cyan 1.84 0.74 7.2 2.1 14.13
Yellow 2.19 244 47.7 1.57 -28.31
Black 3.35 0.62 -54.4 3.1 -7.46
20%
SCREEN
Magenta 3.56 4.37 -31 3.29 -7.58
Cyan 3.2 1.19 -27.5 3.72 16.25
Yellow 3.29 244 35.7 3.44 4.56
Black 9.25 2.87 -58.5 4.76 -48.54
50%
SCREEN
Magenta 3.84 3.18 -52.5 3.22 -16.15
Cyan 3.07 0.59 -30.6 3.47 13.03
Yellow 1.66 1.63 28.3 3.72 124.10
Black 4.23 1.84 -18.8 4.07 -3.78
SOLID
Magenta 1.9 1.60 -3.9 2.26 18.95
Cyan 1.88 0.65 24.2 2.25 19.68
Yellow 0.53 0.59 38.9 241 354.72
Black 2.13 1.06 -13.8 2.87 34.74
PICTURE
Magenta 4.16 2.28 -55.1 3.86 -7.21
Cyan 3.2 111 -23.9 5.53 72.81
Yellow 1.56 1.47 -17.5 4.36 179.49

Table 5. 2. 4-Colour Printing Lint of Bottom Side d the Paper (Take off angle of 75°)
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Norstar (g/m°) Nornews (g/nf) Golbey (g/nf)

105° Take-off Angle 2.19 1.78 2.46
75° Take-off Angle | 3.03 1.82 3.38
Average of 105° and2.62 1.78 293

75° Take-off Angle

Table 5. 3. Summary of Average Lint of Different Sieens, Colours and Take-off Angles

Table 5. 3 shows that Golbey, followed by Norstad &lornews gave the highest linting
results
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Figure 5. 1. 50% Printing Screen Tone Lint Total Aea in Blanket Comparison between NN
(Nornews), Norstar (NS) and GB (Golbey) of B/S ohie respective paper, Toyo Black Tack 4 Ink.

Figure 5. 1 shows the total lint area on blankegtyessed in percentage area of lint on the
blanket area. In general, Golbey, followed by Narstnd then Nornews has the highest
percentage area of lint on the blanket.

As can be seen in Figure 5. 2, Figure 5. 3, thatiozlship between weight and area were
relatively high for Norstar, followed by Nornews.oWever, Golbey lint has no

relationship between its weight and its area, asRhof the straight line fit to the data is
very poor.
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5.1.2 Comparison between Top and Bottom Side of tleaper

In the first Man-Roland Uniset trial, two web resthnd were used in order for us to
compare the two-sidedness of the Norstar papell. fk&ed 7 was used for the first run
therefore the bottom side of the paper is on th& L\khile on the second run, reel stand 8
was used for the second run and the top side gbdper is on the LHS. The right hand
rollers position are slightly higher than thosehef LHS (Refer to Figure 3. 11 - Figure 3.
14), therefore the RHS paper take off angle is énigfhi05°) than that of the LHS (75°).
Take-off angle is the angle at which paper websefkdm the printing nip. If the paper
web goes out straight vertically, the take-off @nigldefined to be 90°. The results of the

two runs are shown in Table 5. 4.

In Run 1 of the first Man-Roland Uniset Trial, thght hand side take off angle is higher
than the left hand side, therefore the top sidehef paper has higher take off angle
compared with the bottom side of the paper. Theeafthe T/S and B/S of the paper are
compared for the first run, there will be accumedheffect of the two-sidedness of the
paper as well as the difference in take off antylerunl, top side of the paper has on

average 44.22 % lint as high as compared with t¢itein side of the paper.

In Run 2 of the first Man-Roland Uniset Trial, resthnd 8 was used, therefore now the
T/S of the paper is in the LHS of the print couattel this means that T/S of the paper has
lower take off angle. The T/S of the paper has B9@3lower lint than the B/S of the

paper. However this is the accumulated effect efttho-sidedness of the paper and the

effect of the take-off angle.

In order for us to be able to exclude the effediak-off angle, only the top/bottom side
of the paper with the same take-off angle was coetpto each other. This is done in
Table 5. 4.



NORSTAR T/S

NORSTAR B/S

%Difference

Run 1(RHS) 105° 2(RHS) 105° Based on T/S 105°
NON IMAGE | Lint (g/m %) Lint (g/m %)
Magenta 291 2.72 6.6
Cyan 1.56 1.84 -17.9
Yellow 1.41 2.19 -55.2
Black 2.50 3.35 -34.1
20% SCREEN
Magenta 4.53 3.56 21.4
Cyan 4.03 3.20 204
Yellow 3.29 3.29 0.000
Black 8.14 9.25 -13.5
50% SCREEN
Magenta 3.97 3.84 3.3
Cyan 4.09 3.07 24.8
Yellow 2.45 1.66 32.3
Black 4.16 4.23 -1.8
SOLID
Magenta 2.43 1.90 21.8
Cyan 2.53 1.88 25.6
Yellow 0.71 0.53 25.0
Black 2.84 2.13 24.9
PICTURE
Magenta 4.73 4.16 12.0
Cyan 4.01 3.20 20.3
Yellow 1.78 1.56 12.4
Black 3.00 3.53 -18.2
NORSTAR T/S NORSTAR B/S %Difference
Run 2(LHS) 75° 1(LHS) 75° Based on T/S 75°
NON IMAGE | Lint (g/m %) Lint (g/m 2
Magenta 3.38 2.50 26.1
Cyan 3.56 0.69 80.6
Yellow 1.78 2.04 -14.9
Black 1.90 0.81 57.4
20% SCREEN
Magenta 3.82 2.85 254
Cyan 1.98 1.72 13.3
Yellow 2.63 3.28 -24.6
Black 1.94 3.43 -76.5
50% SCREEN
Magenta 2.48 2.72 -9.5
Cyan 2.07 1.85 10.6
Yellow 1.03 0.78 24.3
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Black 2.09 1.57 24.6
SOLID

Magenta 1.76 1.18 33.3
Cyan 1.68 1.18 29.8
Yellow 1.01 0.15 85.5
Black 1.43 0.75 47.4
PICTURE

Magenta 3.87 3.34 13.5
Cyan 2.86 2.93 -2.3

Yellow 1.38 1.64 -18.6
Black 1.18 0.89 24.8
Average (75°

and 105°) 2.72 2.44 10.6

Table 5. 4. Comparison of Norstar Top Side and Botim Side of the Paper for both take off angles
75° and 105° (First Man-Roland Uniset Trial)

From Table 5. 4, top side of the paper of Norstat is produced by Paper Machine
number 2 at Norske Skog Boyer produced more larb(ind 10.56%) compared with the
bottom side of the paper. The average values show@able 5. 4 are the average of all
T/S or B/S of Norstar. Systat ANOVA of this expeent, which is given in Appendix A,
also showed that two sidedness of the paper wa®btie significant factors affecting

linting and that the top side of the paper had &idimt than the bottom side.

Man-Roland Uniset second and third trial also shibwiat the top side of Norstar
produced more lint compared with the bottom sidieage refer to Chapter 5.4.3.
Although for these trials the effect of side was tested independently of take off angle,

as it was for the trials reported in this section.

Figure 5. 40 also shows that the top side of tlpesaproduce more lint than the bottom

side of the paper, when comparing lint from thedsahd 50% screen.
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5.2 Ink and Fountain Solution Effects on Linting

The effect of ink and fountain solution on lintimgll be discussed in 5.2.1, 5.2.2, and
5.2.3. These sections will discuss the effect kftack, the effect of four-colour printing,
and the effect of ink colour, respectively. Furtind and fountain solution measurements
to explain the results in chapters 5.2.1 to 5.2iB ve discussed in chapter 5.2.4 to
chapter 5.2.8. The definition of tack and how itneasured is presented in Chapter 5.2.2,
printing parameters that could affect ink tack eatue discussed in Chapter 5.2.4 and the
effect of shear rate towards shear viscosity isgmeed in Chapter 5.2.3. The effect of ink
colour and 4-colour printing on linting is discudsen Chapter 5.2.5 and 5.2.8,
respectively. Chapter 5.2.6 discusses the taclevalemulsified ink and the methods of
measuring the degree of emulsification of ink arsspnted in Chapter 5.2.7.

5.2.1 Effect of Ink Tack

Ink tack is defined as the torque required to gpétink film in the nip of an inkometer.
The unit for torque is gram of force metre. Thendtad speed used in inkometer is 800
rpm with 32.2 °C temperature and 1.38 grams ofwikich is delivered by a pipette. The
effect of ink tack on linting will be discussed &dyy looking at both the lint weight and
lint image analysis results.

Each of Figure 5. 6 -Figure 5. 11 and Figure 5. shlows either area or length

distributions and the sum of all points equal t®%0 These figures show the relative
proportions of small and large lint particle whitggure 5. 12 — Figure 5. 14 are either
total length per area of blanket or the percentaga of lint on the blanket. Figure 5. 12 —
Figure 5. 14 will give better comparison with tlegal amount of lint. When comparing

the results between the figures, it should be ntitetithe number of copies printed in the
three different printing machines is quite diffeti@re. 7000 copies for Heidelberg GTO-
52, and 25,000 copies for Man-Roland Uniset.



5.2.1.1 Heidelberg GTO-52 and Man-Roland Uniset LinWeight Results
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Figure 5. 5. Effect of Ink Tack towards Lint Weight Results.

Figure 5. 5 shows the lint weight measurement tead a function of ink tack for the
data from the second Man-Roland Uniset trial (Caiapt2.2.2) and the Heidelberg. The
Man-Roland data points were the average of bothatap bottom side of the paper and
four different of take off angle, i.e. 27°, 78°,2%0153°. The inks used for both
experiments were Toyo Black ink. Only the bottokhesof the paper, with take off angle
of around 70°, was printed for the Heidelberg tdsésh data point here is the average of
three replicates. The Heidelberg experiments usewlard conditions stated in Table 3.
4. Norstar batch B was used for the Heidelberg exm@ants while Norstar batch E was
used for the second Man-Roland Uniset trial. Figbirés includes results both for the
50% screen tone (labelled 50%) and the solid (lab€l00%).

The results in Figure 5. 5 show that the higheirtkeack used in printing, the higher the
measured lint accumulated on blanket. However lititeresult on the blanket did not
increase too much from tack 4 to tack 9 but theas wlear increase from tack 9 to tack
13.5.

However, on the plate, the amount of lint produbgdhe trials with the tack 9 ink was

significantly greater than that produced by prigteither the tack 4 or tack 6 inks. It was
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also noticed that the image quality degraded whkigleer tack ink was used since there
was a higher rate of lint migration from the blanteethe plate. Therefore more lint stay
on the plate, resulting in offsetting to the blanked printing to the paper as non image

area.

In order to better understand the effect of inkktaowards lint, the particle area

distributions of the lint particles as a functidrtack were investigated.

5.2.1.2 Heidelberg Lint Area and Length Distribution Results

The data with various tacks in Figure 5. 6 - Fighr® were obtained with the indicated
tack inks on the Heidelberg GTO52 Press at Nordag Boyer. The figures appear to
show a parabolic type distribution of the lint eittwhen lint area or particle length are
examined. The shape is however, somewhat misleadingarises from the selection of
the size classes for image analysis. For exardple to the limitations of the software to
sixteen size classes, the last area class inclalfies those lint particles with area of
15,000 — 100,000m® Thus the points for the largest size class ark separated from
the rest of the points and show a larger percentaga than for the points in the
preceding area classes only because of the lasggerof measurement. If the area
classes had been uniformly distributed then the datld have shown the same negative
exponential type distribution that the rest of dhaa displays, providing enough lint

particles had been measured to obtain reliabldtsesu

Results inFigure 5. 6 - Figure 5. Show some very interesting trends. Firstly, themem

to be relatively little differences between the fimoduced in the different tack and colour
inks used in the Heidelberg press. The simildsgéyween the lint distributions from the
cyan and black trials on the Heidelberg is not ssiry. The Heidelberg press is a single
colour press and therefore simply changing thewods the ink, everything else being
equal, should not change the distribution of thepiarticlesThe other thing to note from
Figure 5. 6 and Figure 5. 8 are that the distrdngishow no trend with ink tack. For

example, in Figure 5. 6 the tack 6 ink has the ésgipercentage of particles in the largest
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area class, while the tack 9 ink has the highestep¢age of large particles for the cyan

ink measurement shown in Figure 5. 8.
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Figure 5. 6. Area distribution of lint particles produced in

screen of Black Ink

Average Area (Um?)

Heidelberg GTO-52 of 50% printing

45
40 - M ¢ Tack 13.5
35 u ® Tack9

< 30 - . A Tack 6

2 25 - ¢ Tack 4.5

[5) A

— 20 -

O\O
15 - 1
10 A ‘ A A IS

5+ ‘ﬁ A.‘ 4 ® .
0 ‘ aviRe Bl © ‘
0 0.05 0.1 0.15 0.2 0.25 0.3

Average Length (um)
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Figure 5. 9. Length distributions of lint particles shown in Figure 5. 8

5.2.1.3 Man-Roland Uniset Second Trial Lint Area Dstribution Results
The effect of ink tack on lint particle size dibtition is examined in Figure 5. 10 - Figure

5. 14. The lint image analysis method of sampldectbn and data analysis used to
measure the data is described in chapter 3.2.323.2, and Chapter 4.4.
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Figure 5. 11. Man-Roland Uniset Second Trial Lint Aea Distribution as a function of ink tack at
50% Printing Tone at a 153 degree take-off angle printed on the bottom sidefohe paper

Figure 5. 10 and Figure 5. 11 plot the lint arestrdiutions for the lowest and highest

take-off angle, respectively for 50% tone and thdiferent ink tacks that were used in



the Man Roland Uniset trials. The results showatnetly little difference in the shape of
the area distribution between the measurements th@hdifferent tack inks. There is
some suggestion for the data with the highest tdkangle of 158 that the increase in

the ink tack has increased the percentage and&ire lint particles in the largest size
class. However the effects are relatively smaltamparison to the differences in the
distributions arising from the change in take-affgke. The effect of take-off angle is

discussed in chapter 5.4.3.

Thus the results obtained on both the Heidelbedythe Man-Roland Uniset show no
apparent effect of tack on particle size excepghathighest take-off angle on the Man-
Roland press of 153°. To investigate further tHeogéfof tack at this take-off angle, the
total lint area distributions for all screen toresl tacks, at a take-off angle of 153°, have
been plotted in Figure 5. 12 - Figure 5. 14. Fomparison, the total lint area
distributions for the 13.5 tack ink and the 27°etaiiff angle is presented in Figure 5. 15.
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Figure 5. 12 - Figure 5. 14 are the measuremeni$3it take-off angle on the bottom
side of the paper of Man Roland Uniset second (Galapter 3.2.2.2). The figures show
the lint distributions at the different screen ten&ach figure contains results for a
separate tack of ink. There is not much differeéndhe small size particles total area lint
with the exception of 0% screen tone that has thkdst amount of lint of the smallest

particle size.

Figure 5. 12 - Figure 5. 14 shows the effect oktaa the total area of lint which
expressed in terms of percentage of lint area ankelt. It could be seen that the total
percentage area of small particles decreased famk 4 to tack 9 and tack 13.5.
However, the total lint area in the largest pagticlass increased dramatically from tack
4, tack 9 and was highest for tack 13.5. This melaasthe lower tack inks at this 153°
take off angle, the majority of the lint are smaparticles while the higher tack inks pick

up larger lint particles.
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It should be noted that this effect seems onlypplyaat this very high take-off angle.
There is not much effect of ink tack on the pagtisize distribution for the Heidelberg
test samples of Domtar lint collection (Figure 5.Fgure 5. 9) and the Man-Roland lint
Domtar samples (Figure 5. 10 - Figure 5. 15). Hbmlg and Man Roland tape pulls
samples (Figure 5. 5) also show little effect & iack to lint weight from ink tack 4 to 9
and then show a small increase from ink tack 93&.1Man-Roland Uniset third trial
samples from the 27° take-off angle (Figure 5. Bigure 5. 15) also shows that at a

lower take-off angle, there is little effect of itkck towards lint.

We are then faced with attempting to explain whg #ffect of ink tack has been
relatively small when the take-off angle is smait Is quite large when the take-off angle
is large. At a lower take-off angle, it is the shamathe nip that could be important. The
Porepoise viscometer shows that the apparent vigaafsthe different inks converge at
different shear rates and so there might only ballshfferences at the high shear rates in
the printing press (Chapter 5.2.3). This compari#is tke much lower shear rates used in
inkometer, which will produce larger differencestvoeen the inks. At higher take-off
angles it seems that the extensional behaviourhefibhk becomes important. The
relationship between extensional viscosity to tektmeasured in the inkometer should

be the subject to further study.

The tack values given here were measured usingkaomleter, which measures the ink
tack based on a specific rotational speed and fapéemperature of the roller. The ink
industry normally uses 800 rpm and 32.2°C for thegerature of the roller. It is
generally accepted that at high rates, inks ararghéning, where the apparent viscosity
will fall as the apparent shear rate increases.sTiuis important to perform the
measurements at a shear rate that is relevanetpréss under investigation. Since the
shear rate of inkometer and the commercial preasessery different (Chapter 5.2.2:
Table 5. 5 and Figure 5. 19), the Inkometer tackhexefore not likely to be a good
predictor of lint as rheological state of the irke quite different in the lab instrument

and in the press. This is discussed further imthe section.
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5.2.2 Ink Tack Measurement using Inkometer

Ink tack is defined as the torque required to gpétink film in the nip of an inkometer.
The unit for torque is gram of force metre. Thendtad speed used in inkometer is 800
rpm with 32.2 °C temperature and 1.38 grams of ink.

However, it is known that the Toyo inks were testgdthe manufacturer at 1200 rpm.
The maximum speed of the inkometer is 2000 rpmkTiacdependent on the speed,
temperature as well the ink film thickness on thiéers of the equipment

Figure 5. 16 shows tack as a function of measuréesyaed for the Toyo inks. The tack
number of the ink in the legend was given by Toywwlid the measurement at 1200
rpm and these numbers match well with the measuresns&own in this figure. It can be
seen that the higher the speed, the higher themakkis.
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Figure 5. 16. Effect of inkometer speed on Inkometeink tack with standard ink weight
manufactured by Toyo
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Inkometer measurements are a measure of ink taskindowever, the number is
dependent on ink weight and the roller speed. 1200 translates to around 5 m/s
peripheral speed which is lower than the speednobdern web-fed printing press, which
is normally around 10 m/s. While the speed is lotven that of larger commercial
printing press, the ink film thickness applied dre tinkometer is around 14.48 pm
compared with a 1-2 pm ink film thickness of newsraprinting. Therefore the tack
number resulted from inkometer has only an indireglationship to the ink film

behaviour and properties in the printing nip.

This leads us to another experiment to vary thdiegphnk weight. The results in Figure
5. 17 and Figure 5. 18 show that the use of a highleweight produces a higher tack
value. This also agrees with the Deltack experimenitich are explained further in
section 5.2.4.1.

5.2.3.Shear Viscosity Measurement with Porepoise

The shear rate of an ink film can be found by fronk film thickness when it splits

divided by the speed of the ink rollers.

ov
X [77
oy [77]

YVyx =
Equation 5. 1
Where y,, = shear rate in’s

v, = velocity decrease in ni's

oy = film thickness in m

Shear viscosity is applicable in the printing pregssince the force applied is parallel to
the ink film direction of travel. Once the ink gpliat the exit of the nip, extensional
viscosity is more relevant since the splitting ®&rs perpendicular to the direction of ink

film flow.
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The approximate apparent shear rates in the Inlenmndydroscope and the two printing

presses are given in Table 5. 5. The ink weightshfe Inkometer and Hydroscope were

calculated from the ink weights of 1.38 and 10 ggamespectively as well as the

respective roller areas of the two instruments. hkeweight in the printing press was

assumed to be between 1-2 gsm. The shear ratesigiVable 5. 5 were then calculated

using Equation 5. 1.

Diameter Speed Ink Film| Shear Rate
Thickness
cm m/s pm g
Inkometer 7.9 3.3-4.95 14.5 2x%0
Hydroscope 7.9 5 108 4.6x10
Heidelberg 30 1 1t02 5x1010°
Man-Roland 40 10 1to2 5x1610’

Table 5. 5. Shear rate occurs in the printing rollenip of the three different machines

Porepoise rheometer is a capillary rheometer thaapable of measuring the effect of

shear rate towards shear viscosity. The advantageisoinstrument is it can perform

measurements at high shear rates of up to 200;b0ths results of the tests on the Toyo

inks are shown in Figure 5. 19.
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Figure 5. 19. Apparent shear viscosity decreases the& apparent shear rate increases of Toyo Inks
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From Figure 5.12, it can be seen that shear vigcdscreases as the apparent shear rate
increases. This figure shows a log-log plot ofdia¢ga. The data for each of the inks can
be well fitted by a straight line. The apparentsshate in the commercial printing press
is three to thirty times as much as the maximumasegt shear rate in the inkometer,
which is around 200,000's However with the linear relationship between lofy
apparent shear viscosity and log of apparent dla¢ey the apparent shear viscosity can
be predicted from a straight line fit to the dathe apparent shear viscosities converge as

the apparent shear rate increases.
5.2.4 Tack Force Measurement with PrufbalDeltack

A project that was done by"4/ear undergraduate student in Monash University sed
up to investigate the effect of several print vialea on the ink film splitting force. Robert
Vukasinovic [47] did this project for one semeste2005. The ink that was used was
Toyo Black tack 13.5.

The Priufbau Deltack can measure the force of ifrk 8plitting between paper and
printing roller. Speed, ink film thickness, type pifinting roller, nip pressure and the
paper grade can be varied (Refer to 3.1.1 for rdetails of the method)

All the Deltack results will be presented in thexson will be averages of four runs, to
condense the data and give a better estimate af¢hds produced. Some of the runs
only consist of three samples. This was due tdabethat on occasion there was a result
that was very different to the others and which wersoved to produce more accurate
averages. The average ink film splitting force ghlited from the point where ink film
force starts to stabilise until the end of the rum, distance 24 mm to 75 mm in Figure 5.
20.

As the forme is rolled across the printing surfatéhe paper the Deltack calculates the

tack force required to split the free ink film aten calculates the average for that run. A

typical plot of this tack force response is displdyelow in Figure 5. 20.
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The only real variance for each run under eachtipgnconditions is the value of the
plateau that is reached in each occasion.

Typical Deltack Tack Force Plot
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Figure 5. 20. Typical Deltack Tack Force Plot [47]

5.2.4.1 Effect of ink volume on Tack Force

The first parameter of the printing process to Xeng@ned is the effect of ink volume on

the tack force required to split the free ink filkss mentioned previously this tack force
contributes to linting during printing, so it woulge of great interest to be able to
minimise this property if possible. The results sltewn in Figure 5. 21. The range of ink
volumes printed on paper was from 0.1mL to 0.3mke Wf volumes less than 0.1mL

prevented the paper from being adequately coatbd. use of volumes greater than
0.3mL caused the ink to be splattered from thesrals it was being dispersed. The ink
volume tests were carried out on only one batch5gfsm Boyer Nornews paper due to
the limited time frame. The effect of speed andguee were also investigated.

As can be seen in Figure 5. 21, the tack forcesamas with ink volume. Clearly the free

ink film increases as the ink volume increases lagnce requires more force to split it.



This result actually opposed Stefan’s Law (Equatihnl) that stated that ink film
thickness is inversely proportional to the ink figplitting force.
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Figure 5. 21. Effect of Ink Volume on Tack Force [%]

5.2.4.2 Effect of Print speed on Tack Force

Print speed (m/s) AVERAGE TACK FORCE
B2048648| B4030933| B4132920| B4110840| B3170585| B3100142
Nornews 45gsm Norstar 52gsm
0.50 0.35 0.35 0.49 0.43 0.39 0.38
1.00 0.56 0.60 0.76 0.72 0.63 0.69
1.50 0.94 0.85 1.07 1.08 0.90 0.89
2.00 1.38 1.07 1.33 1.33 1.21 1.05

Table 5. 6. Printing speed compatrison [47]
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The print speeds analysed ranged from 0.5 m/snos2and were carried out at a mid
range printing pressure of 800N and ink volume & @L. The resulting tack forces
produced for the six batches (B2048648, B403093R3,32920, B4110840, B3170585,
B3100142) as can be seen in Table 5. 6.

It can be clearly seen that the tack force requicedplit the free ink film was directly
proportional to the printing speed. This is mostb@ably due to the fact that at high
speeds the roller has less time in contact withptiyger and hence less time to transfer
ink, leading to less ink entering the pores. Thaases the ink film of the paper/roller
interface to be thicker leading to a larger tacikcéobeing required in order to split it. In
comparison at lower speeds the ink has more timenter the pores and hence this

reduces the film thickness.

Another effect might be due to the ink rheologyeTihk film splits as an extensional
flow. It may be that the more force is requiredsfiit the ink film when it is split at a

faster rate.

5.2.4.3 Effect of Print pressure on Tack Force

The printing pressures examined throughout thieexpent were in the range of 400 N
to 1200 N and were conducted at a speed of 1m/sm&neblume of 0.2 mL. The results,
as seen in Table 5.11, were not as conclusive esbed trials however a trend still

existed.

Print Pressure
(N) AVERAGE TACK FORCE (N)

B2048648 | B4030933 | B4132920 | B4110840 | B3170585 | B3100142

Nornews 45gsm Norstar 52gsm Average
400 0.94 0.61 0.84 0.71 0.66 0.64 0.73
600 0.89 0.63 0.71 0.78 0.7 0.6 0.72
1000 0.77 0.57 0.87 0.78 0.64 0.74 0.73
1200 0.68 0.6 0.82 0.66 0.69 0.71 0.69

Table 5. 7. Printing pressure comparison [47]




As the printing pressure increased the tack foroeyced decreased slightly, especially
for the batches of 45gsm. This inversely propoeloelationship was likely to be related
to the free ink film and the amount of ink that wasced to enter the pores as force was

increased.

The decrease in tack force was as a result ofrtiadlex pores being filled as the pressure
overcame the capillary forces resisting the inkisyerfhe reason for two of the 52gsm
batches not experiencing the same trends wasealy ltk be due to the fact that for the
improved newsprint the average pore diameter isllsmand hence requires more
pressure for the ink to be able to penetrate. Toerdhe pressures we examined did not
have a significant effect on the amount of ink $farred to this paper. This will be
explored further in chapter 5.2.4.5.

5.2.4.4 Effect of grammage on Tack Force

The grammage of paper did not exhibit any realdseaicross the printing properties.

5.2.4.5 Effect of speed on Ink transfer

Print speed (m/s) AVERAGE INK WEIGHT TRANSFERRED (g /m?)
B2048648 | B4030933 | B4132920 | B4110840 | B3170585 | B3100142
45gsm 52gsm
0.50 1.913 1.790 1.924 1.961 1.910 1.842
1.00 1.768 1.824 1.821 1.814 1.703 1.670
1.50 1.730 1.687 1.729 1.768 1.705 1.700
2.00 1.590 1.598 1.700 1.666 1.656 1.688

Table 5. 8. Print speed compared to ink transferred47]

The ink transferred to the paper was calculateglsirftom the differences in weight of
the forme before and after printing, which was tivaftulated in terms gfusing the
dimensions of the papsample to make the number more recognisable. Thdtseseen

in Table 5.12 reinforce the fact that the slower phint speed the more the ink was able

to enter the pores and hence the larger the ovekaltansfer.
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5.2.4.6 Effect of Pressure on Ink transfer
The Ink transfer gave a lot clearer picture retatthe ink transferred to the printing
pressure for all six batches that were examinedm&stioned previously the pressure

appears to be forcing the ink into the smaller p@®can be seen in Table 5.13.

Print Pressure (N) IAVERAGE INK WEIGHT TRANSFERRED ( g/m”?)
B2048648 | B4030933 | B4132920 | B4110840 | B3170585 | B3100142
45gsm 52gsm
400 1.420 1.647 1.690 1.558 1.498 1.610
600 1.624 1.737 1.816 1.719 1.677 1.710
1000 1.747 1.945 1.716 1.890 1.800 1.786
1200 1.819 1.924 1.869 1.992 1.803 1.842

Table 5. 9. Print pressure compared to ink transfered [47]

5.2.4.7 Effect of grammage on Ink transfer
The results obtained were inconclusive and didrdhltoward one paper weight over the

other.

5.2.4.8 The relationship between Free Ink film welgt and Tack Force

The free ink weight of the film that has to be sglieating the Tack force can be
calculated given that none of the ink is absorbbed the rubber forme. From this, the
difference in weights before inking and after gngtmust equal to the ink remaining on

the forme.
Assuming that the free ink film is split in halfe free ink film weight can be calculated

by doubling the weight of the remaining ink on fbeme. A comparison of free weight

versus tack force was conducted for one batchaf ggammage, as seen in Figure 5. 22.
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Figure 5. 22. Plot of Free Ink vs. Tack Force [47]

The trend is as expected with both paper sampldd1@340 is 52 gsm Norstar with
dotted line and B2048648 is 45 gsm Nornews witiddoie) producing a linear increase

in tack force as the ink film weight (and hencekhiess) is increased.

5.2.5 Effect of Ink Colour

A Man-Roland Uniset second trial (section 3.2.2@pendix F) was done to investigate
the effect of ink colour of the same tack ink toegatinting. The same take off angle,
Norstar batch E and the same ink tacks were appliede same printing couple during
the trials in order to be able to investigate tfieat of ink colour. Tack 13.5 was done in
the top couple of the Man-Roland Uniset with takeangles of 78° for the top side of the
paper and 102° for the bottom side of the papeck Bawas done in the bottom print
couple with take off angles of 27° for the top sale¢he paper and 153° for the bottom
side of the paper. 23,000 copies were printeddcheuns.



Toyo
Tack Top Toyo Toyo
13.5 Couple Ruling Black (B) Cyan (C) C-B
Take-Off Paper
Tone Angle Ipi Side Lint(g/sgm) | Lint(g/sgm) | (%)
Picture 78 100 TS 3.76 5.37 42.58
50% 78 100 TS 5.95 7.31 22.72
25% 78 100 TS 5.53 7.20 30.32
100% 78 150 TS 3.47 4.70 35.59
50% 78 150 TS 5.48 6.22 13.40
0% 78 150 TS 5.75 7.36 28.13
Picture 102 100 BS 4.29 3.79 -11.64
50% 102 100 BS 4.50 4.01 -10.78
25% 102 100 BS 4.81 3.07 -36.09
100% 102 150 BS 2.65 3.34 26.11
50% 102 150 BS 4.73 4.63 -2.17
25% 102 150 BS 2.81 3.53 25.65

Table 5. 10. Toyo Tack 13.5 was printed

different runs

on the toprint couple with black and cyan ink on two

Toyo Bottom Toyo Toyo
Tack4 Couple Black (B) Cyan (C) C-B
Take-Off Ruling Paper
Tone Angle (Ipi) Side Lint(g/sqm) | Lint(g/sgm) | (%)
Picture 27 100 TS 1.01 154 52.17
50% 27 100 TS 1.23 1.50 21.43
25% 27 100 TS 141 1.68 18.75
100% 27 150 TS 0.85 0.96 12.07
50% 27 150 TS 1.13 1.46 28.57
25% 27 150 TS 1.50 1.72 14.71
Picture 153 100 BS 4.31 4.15 -3.75
50% 153 100 BS 4.48 4.70 4.92
25% 153 100 BS 4.62 4.28 -7.32
100% 153 150 BS 3.82 3.56 -6.92
50% 153 150 BS 5.06 4.81 -4.94
25% 153 150 BS 4.91 5.00 1.80

Table 5. 11. Toyo Tack 4 was printed on the top pmt couple with black and cyan ink on two
different runs

There are clear trends for the lower take off as@By° and 78°) that cyan ink resulted in
higher lint for the same nominal tack number. Hogvewith the higher take off angle,

black ink seemed to result in higher lint than ¢ian.

13

[#}]



The side with the higher take-off angle has a higate at which the blanket surface and
the paper will separate coming out of the printmg, provided all other press variables
are constant. The higher the printing speed, tijadrithe torque required split the ink
film in the inkometer (Figure 5. 17 and Figure B).1

Figure 5. 17 and Figure 5. Xhow the effect of ink weight and ink speed on tfrk
black and cyan tack 4.6 inks from Flint. Figurel6.shows the effect of inkometer speed
on the tack measured for the Toyo inks. From Fidguré7 and Figure 5. 18, it can be
seen at a lower speed (standard inkometer speg@Dafpm), both of the inks shows tack
number at around 4. However at a higher speed, diathem behave differently. Black
ink tack increases more than the cyan, in othedwadne linear slope of tack increase
versus speed is higher for black ink than thahefeyan. The Toyo tack 9 and 13.5 inks
in Figure 5. 16 show the reverse effect with tlopslof the cyan data being lower than
for the corresponding black ink. Thus inks with noafly the same tack display
divergent behaviour at different inkometer spe&as.a higher take off angle, the rate at
which the ink film splits is higher and therefoteetblack tack ink could have a higher
tack than the cyan ink. Another reason is thatstlame tack inks with different colour
have different rheological properties and behatermintly when they are emulsified,
which is discussed in 5.2.6. The methods of meaguduntain solution in ink emulsion

are discussed in 5.2.7.

5.2.6 Emulsified Ink Tack

While the Inkometer measures the tack of the ink ant the emulsified ink, the
Hydroscope is able to measure the developmentkotaok only with the addition of
fountain solution to the ink in the rollers. Thaufdain solution feed rate and the roller

speed can be varied.
Figure 5. 23 shows the tack development curvesnkat obtained on the Hydroscope on

for the black inks of different tacks and manufaets. In this Figure the lines marked FS

give the amount of fountain solution that has baeded. All of the inks show a similar
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behaviour, with the tack decreasing as fountaintswi is added followed by a recovery

in tack when fountain solution addition was stoppdeen the ink became saturated. The
fountain solution feed was stopped at saturatiantpahich was the point where bubbles
formed across the whole length of the printing nimble 5. 12 summarises the

measurements and gives the initial tack before thonnsolution addition, the tack at

saturation and the volume of fountain solution regflito saturate the ink.
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Figure 5. 23. Change of hydroscope tack number witthe addition of 5% Alcofix fountain solution of
black ink

Ink Brand, Colour and | Hydroscope Initial | Hydroscope Final| Fountain Solution at
Inkometer Tack Tack (Unit) Tack at Saturation | Saturation (mL)
(Unit)

Black Colortron 13.5 320 220 45

Black Toyo 9 284 195 39

Black Toyo 6 264 179 29

Black Flint 4.6 281 216 33

Black2 Toyo Harris 4.5 | 239 214 39

Cyan Toyo 6 293 237 25

Cyan Toyo 9 318 193 2.8

Cyan Toyo 13.5 350 198 34

Table 5. 12. Hydroscope Tack and Fountain SolutioBaturation Point of 10 grams Inks
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Inks from different manufacturers (Flint, Toyo a@blortron, Toyo (Harris) that is
specially manufactured for Harris Print) give diffat trends. Thus Flint tack 4.6 can
emulsify more fountain solution than tack 6 ink mdx/ Toyo. The amount of fountain
solution which was taken up by ink tack 13.5, tGcknd tack 6 to reach saturation point
decreases with tack for a given manufacturer. Harayo Tack 4.5 is at around 40% of
its original value at saturation but its hydroscopkative tack number is the most stable,

i.e. its tack number only undergoes a slight chamlgen the fountain solution is added,

compared with the others.

From Figure 5. 23, it can be seen that that protdssn the printing press will have
different tack compared with the pure ink withooumtain solution. The tack of the
process ink will depend on the stability of the inikth the addition of the fountain

solution. Once fountain solution is added, evers inkth tacks 13.5 and tack 4 could

behave similarly.
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Figure 5. 24. Hydroscope Results with the additioof Eurofount H. Fountain Solution for Inks with
different tacks and colours from Toyo
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Tack | Colour Hydroscope Hydroscope Final Tack| Fountain Solution
Initial Tack | at Saturation (Unit) at Saturation (mL)
(Unit)

4 Black 240 170 4.8

4 Cyan 260 160 3.7

13.5 | Black 340 180 4.7

135 | Cyan 400 200 4.4

Table 5. 13 Eurofount H. Fountain Solution Total Casumption Emulsification of 10g of inks at
saturation point. The inks were all made by Toyo

Figure 5. 24 compares four inks from Toyo with eliéfint tacks and colours. From Figure
5. 24, it could be seen that black inks are maablstin relation with fountain solution
addition compared with cyan inks. Cyan inks havepée trough compared with the
black inks although they can emulsify more fountofution before they reach saturation
point (Table 5. 13).
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Figure 5. 25. Relationship between Inkometer tack easured at 1200 rpm and Hydroscope Tack

Figure 5. 25 shows that the relationship between Ittkometer and the Hydroscope
initial tack before the addition of the fountainlgmn is linear but the slope and

intersection with y axis is unique for each andvitial ink colour and brand.



5.2.7 Measuring “process ink” fountain solution cotent

During offset lithographic printing, ink is emuigfl with the fountain solution. The
property of offset lithographic ink in the can igffekent from the property of the
emulsified ink in the printing nip which we are ggito call as ‘process ink’ in this
thesis. Coldset offset lithographic ink normallynests of 20% carbon black, 5% alkyd
resin, 5% vegetable oil, 10% resin hydrocarbon @& of mineral oil. The fountain
solutions that were used in the experiments wemid and Eurofount H. Alcofix is
designed for a sheet-fed press while Eurofounésghed for web-fed press.

In offset lithographic printing, water is emulsdien ink on the ink rollers and also on the
printing plate. It is then transferred to the prigtblanket and then to paper. After it is
transferred to the blanket and paper, the inkss phrtly de-emulsified.

Measuring fountain solution content in the prodakson the Heidelberg press is not that
simple since the amount of fountain solution transfd from the fountain solution rollers
to the ink rollers can be measured but the amodinhlo on the rollers can not be
measured easily. It was then decided to measurantioeint of water content in the ink on
the printing plate. Fountain solution percentagénkon the printing blanket won't be
exactly the same as the composition on the plateesihere will be some de-
emulsification of the fountain solution from thekinThis can occur rapidly over a
millisecond time frame. “Process ink”, which is iekulsified with fountain solution in
the printing process, on the plate was chosen Bechus the easiest place to sample.
Sampling in the inking roller is harder to do sinoking roller is normally inside the
system and is unreachable and sampling from thatipgi blanket may disturb the
blanket.

5.2.7.1 Fountain Solution Consumption Measurementrothe Heidelberg GTO-52
Fountain solution is fed from a measuring cylinttethe fountain solution rollers before
it is transferred to the inking roller where it emulsified. A typical measurement of

fountain solution consumption on the GTO-52 is shawFigure 5. 26.
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The slope of the graph is dependent on ink emulsioaracteristic under the same
fountain solution roller sweep speed (Table 5. T4 data in Table 5. 14 show that a

lower ink tack is generally associated with a higlrate of fountain solution
consumption.
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Figure 5. 26. Fountain Solution Usage in Heidelber@TO-52 during printing of Toyo Black Tack 4

Ink Brand and Colour Inkometer Tack Slope (mL/copies)
Toyo Black 4 -0.0585
Toyo Black 6 -0.0535
Toyo Black 9 -0.0517
Toyo Black 13.5 -0.0496
Toyo Cyan 4 -0.0493
Toyo Cyan 6 -0.0441
Toyo Cyan 9 -0.0438
Toyo Cyan 13.5 -0.0451

Table 5. 14. Fountain Solution Consumption per shéef paper printed of different Inks

After a lot of number of runs, it was estimated: i@ fountain solution rollers consumes
around 30 ml per 500 sheets printed for the BlaoyoTtack 4 ink, i.e. around 0.060 g of
fountain solution used per sheet of paper priffée ink used to print each 1280 Tof
printed area was on average 0.14 gram and thigrigssponds to 0.14 ¢hof ink. The

weight of the ink consumed was found by weighing plaper after it was printed and
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subtracting it with the weight of the blank pap&he weight of the blank paper was
found by multiplying the grammage specificationtbé& paper (gsm) by its area. The
printed area consists of half solid and half 50%ec tone. This means only 75% of the
total area of 1280 chis inked, i.e. 960 cfTherefore, the ink thickness on the paper is

around 1.46 pm on average.

Therefore the fountain solution content in ink ¢ tinking roller was around 30%,
assuming that none of the fountain solution evapdran the press (0.06 g of water
mixed with 0.14g of ink). This is close to the fa¢ain solution saturation point for Toyo
black ink tack 4 (Figure 5. 23).

5.2.7.2 Fountain Solution Measurement Using Tyvek WAterless Paper

The idea of doing weight measurement of the pringader is to get an approximate
estimation on how much weight of ink and fountagiuion has added to the paper
during printing. The weight of the paper is takentlae average gsm (gram per square
meter) of the blank paper. In order for us to fihd fountain solution content of printing
ink on the paper, a substrate with minimal moistortent needs to be used so that the
evaporation rate comes solely from the evaporatiothe fountain solution. Tyvek 54
gsm waterless paper, supplied by Paperpoint inStMelbourne, was used for this
purpose. At 105 °C, Tyvek only loses 0.001 % ofatsght. A 100% solid printing area
was then printed on the Tyvek paper. Tyvek is aneenely high tear strength material

made from synthetic spun-bonded polyolefin fibers.

For the measurement on the Heidelberg GTO-52 machim A4 solid printing area was
used in order to eliminate the effect of printingreen tone on fountain solution
emulsification. The ink and fountain solution swesgitings were 7 units and 9 units,
respectively. The weight of the Tyvek paper befamd after printing was then noted and
gave the weight of the process ink (fountain solutt ink). After the printing process,
Tyvek paper printed was dried in the oven and tee@i before and after drying were
noted and the difference is the weight of the faimsolution and the weight of volatile

component in ink. The weight of the volatile compotin ink was found by using TGA
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experiment (Table 5. 16) and the value was takemnasverage of 4.00%. Therefore by
doing the printing and drying process, both ofweght of the fountain solution and ink
could be found. The method is described in moraidiet chapter 3.3.4.2. The results of

the measurements are shown in Table 5. 15. Each mhant is the average of ten

measurements.
Std Dev
Colour Tack |Emulsion (%) %)
Black Toyo 4 12.90 2.55
6 8.28 1.44
9 10.92 1.71
135 1224 1.94
Cyan Toyo 4 7.86 1.86
6 8.30 1.28
9 8.85 2.00
135 |8.98 1.73
Black Toyo (Harris) | 4 16.81 2.53

Table 5. 15. Tyvek Water-Proof Paper Fountain Solubn Content in Process Ink Results

The weight percentage of fountain solution in threcpss ink on the Tyvek paper is
within 7% to 17%. This value is lower than the esmn rate of the process ink on the
printing roller, i.e. around 30% (Chapter 5.2.4.This is because fountain solution
evaporates as the fountain solution travels frokratlers to printing plate and finally on

the paper. These values are also much less thanthisification capacity of the inks as
measured on the Hydroscope and listed in Tabl@ antl Table 5. 13.

As we can see above, in general the black Toyo tiakss up more water than the cyan
Toyo inks do. The Harris Print Toyo black ink commd the most water among the inks
in Table 5. 15. Harris Print black Toyo ink has ekesigned for large web-fed press to
use with a web-fed press fountain solution. Durthg print runs, some observations
made.
» The Harris Toyo black ink balanced quicker and daetter print quality visually
compared to Toyo black ink of the same tack.
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* The Ink/water balance is highly affected by equipteetting, in this case the ink
and water sweep, and ink duct opening.

» Higher tack inks required a bigger ink duct opernimgrder for it to flow with the
same ink sweep rate and water sweep rate.

» Harris Print Toyo Black Ink takes up more water paned with the other two.

* The print quality degrades as the tack of the mtkeased.

* The equipment setting affects the way the ink eifredsmore than the tack does.

The results above agree with the emulsion expetimene with the Hydroscope which
also showed that the Harris Print Toyo black inls f@ahigher capacity to emulsify
fountain solution compared with the other Toyo bintAnks of the same tack and colour.
The Harris Toyo black inks also have higher emulsstability as the tack with the
addition of fountain solution is also more stablempared with the others. The
Hydroscope results (Figure 5. 24) also showedttteblack inks have a higher capacity
to emulsify fountain solution than the cyan inkdhieh is consistent with the results

presented here.

5.2.7.3 ATR-FTIR

Based on the consulting work done by Chemistry Btepent Monash University in 2003
[75], process ink sampled from the printing plagswun with ATR-FTIR and then O-H
peak at around 1800 chwas detected. Pure ink was also run under the BSIR blank

sample. The method for doing so was described3id 3..

Pure ink also has an O-H peak. The O-H peak framtire ink was chosen as 0% level
of fountain solution. A droplet of water was runder the ATR-FTIR and the O-H peak
was chosen to be 100% of fountain solution. Theadfh 100% correlation was assumed
to be linear therefore the process ink O-H peaktivas found based on the linear plot of

% fountain solution versus O-H peak height.

Process ink samples from September 2005 Man-Roldndet Second Trial were

processed under the FTIR. There were problem wétiingy consistent results since



process ink is far from homogenous. Pressing tikeom the microscope slide gave
different results to not pressing the ink. The ¢4k was also dependent on time taken
between collection and measurement. This indictitatithe fountain solution evaporated

over time.

After a lot of effort was put into the techniquewias realised that more accurate method

was required. This was the Thermo Gravimetric Asialgescribed next.

5.2.7.4 Thermo Gravimetric Analysis (TGA)

The principle behind TGA (refer to 3.3.4.3) is g@usimple. A sample is put on a sensitive
balance capable of measuring up to 4 significamtrés of micrograms of weight. This
balance sits in a temperature and atmosphere dledtfarnace. It was chosen to increase
the temperature from 25°C to 105°C at a rate of°COminute and then hold the
temperature at 105°C for 30 minutes. Pure ink Wss processed exactly the same way
as the process ink provided a blank sample. Theedse of process ink weight
subtracted with the amount of evaporation founanftbe pure ink experiment gave the
fountain solution content in process ink. The et for the calculation are given in
3.3.4.2.

Tack %Weight Reduction
4 3.68
9 4.14
135 4.20

Table 5. 16. TGA weight reduction of volatile compoent in pure Toyo Black ink

Table 5. 16 shows weight reduction of the volattanponents in blank ink samples

(fy). These numbers are used to normalise the pegeerftaintain solution in ink

sample as shown in Equation 2. 11.

Initial Weight
Paper Takeoff | Weight Final Weight of F,S + Weight of | % FS in Ink
Side Angle (grams) (grams) Volatile | pg Samples
BS 78 24.307199 21.455500 2.85 1.96 9.13
BS 102 24.161143 20.408611 3.75 2.86 14.04
TS 153 18.483670 15.516122 2.97 2.29 14.75
TS 27 30.859000 26.589400 4.27 3.14 11.79

Table 5. 17. TGA Results of Process Toyo Ink Blackack 4 collected from printing plates.
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Table 5. 17 shows TGA application of process irdk #h samples collected from printing
plates of Harris Print third trial run 2 (refer 82.2.3). The pure ink acted as a blank
sample undergoing 3.68% reduction in weight as shiovl able 5. 16. This is the weight
of the volatile components in the ink.

Table 5. 18 shows results from samples that welteated in the second Harris trial for
analysis by ATR-FTIR. Following the failure of tAd R-FTIR tests, these samples were
then analysed months later with the TGA in April0B0 In comparison, the Table 5.
17results were samples from the third Harris tnafpril 2006 which were analysed in
May 2006. Therefore slightly lower fountain solutticontents in Table 5. 18 are expected
due to process ink sample evaporation.

Take Initial Final Weight  of % FS in
Paper Off Weight Weight FS + | Weight Ink
Side Angle Tack (grams) (grams) Volatile of FS Samples
TS 27 4 22.720785 | 19.260427 | 3.46 2.63 13.63
TS 153 4 16.443538 | 13.785774 | 2.66 2.05 14.90
BS 102 4 15.698381 | 13.291761 | 2.41 1.83 13.77
BS 78 4 14.924071 | 12.411248 | 2.51 1.96 15.83
TS 27 9 17.913569 | 14.986996 | 2.93 2.18 14.58
TS 153 9 24.315108 | 20.797017 | 3.52 2.51 12.08
BS 102 9 34.867284 | 29.78208 | 5.09 3.64 12.23
BS 78 9 23.17331 19.837048 | 3.34 2.38 11.98
TS 27 13.5 25.259414 | 22.115142 | 3.14 2.08 9.42
TS 153 135 9.370082 7.813514 | 1.56 1.16 14.88
BS 102 13.5 26.654968 | 23.44323 | 3.21 2.09 8.92
BS 78 135 19.289154 | 17.091151 | 2.20 1.39 8.12

Table 5. 18. TGA results of Process ink with (Toyqg)rinted on BS/TS at different take-off angles

The results in Chapter 5.2.7.2 and 5.2.7 .4, i.eieKywaterless paper printing method
with Heidelberg GTO-52 and TGA method in which sémpwere collected from the
second and third Man Roland Uniset trial, weredathe with the same inks, i.e. Toyo
Black tack 4, 9 and 13.5 for both of the methods/drblack tack 9 was also tested on the
Heidelberg GTO-52.
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The Heidelberg GTO-52 samples analysed with Ty\agdep gave results ranged between
7% - 17% for black Toyo inks with tacks 4, 9 and513The emulsion rate results of
samples from Man-Roland Uniset (Table 5. 17 andeél'&b18) are in the same range as

the emulsion rates of the samples from the Heidgld O-52.

To sum up, the experimental data showed relatililg effect of ink tack on lint. Ink
tack is measured in the Inkometer and the tackefegsaontributions from both shear in
the nip as well the filamentation. Inkometer isoaldependent on the speed and ink
volume. Unfortunately the range that is availahléhie machine does not match the speed
and ink volume in the commercial printing presdesaddition, the shear viscosity of the
inks change with shear rate. Unfortunately the odtehange is different with different

tack inks.

Ink that is used to print in the press is emuldifivith fountain solution. Ink
emulsification behaviour changes with tack and cadod experimental data show

differences in lint when colour changes. Lab bassttuments also confirmed this.

Correlation between the lab measurements withithied performance on the press has
not been developed yet and this should be the cubjduture work.

5.2.8 Effect of Four-Colour Printing

There were two trials were done to investigateetifiect of four-colour printing. One was
done in the first Man-Roland Uniset trial (Table1®. - Table 5. 20) and the other was
done on the Man-Roland Geoman (Table 5. 21). Tis¢ Man-Roland Uniset trial
experimental method is given in Chapter 3.2.2.1.

Lint(g/m ) | Magenta | Cyan Yellow |Black
Norstar 3.38 2.49 1.64 3.22
Nornews 2.86 0.89 1.53 1.71
Golbey 2.98 2.91 3.17 2.76

Table 5. 19. First Man Roland Uniset 4-Colour Prining Trial: Averaging 20%, 50%, 75%, 100%
and Picture Printing Screen and Both Paper Sides
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Lint(g/m ?) | Magenta | Cyan Yellow |Black
Norstar 3.05 2.70 1.99 2.63
Nornews 3.90 0.74 244 0.62
Golbey 4.71 2.22 2.30 2.10

Table 5. 20. First Man-Roland Uniset 4-Colour Prining Trial: Averaging non image area of Both
Sides of the Paper

Colour [C1 [C2 M3 | M4 | Y5 Y6 B7 BS
[g/m? | 653 | 3.36 | 1.86 | 062 | 1.35| 0.77| 201 068

Table 5. 21. Man-Roland Geoman CMYK (Cyan, Magentay ellow, Black) Lint Weight

In the Man-Roland Geoman, cyan was printed fislioved by magenta, yellow and

black. This is different from Man-Roland Uniset @igaration where magenta is printed
first, followed by cyan, and the yellow with blatkst. Since the Man-Roland Geoman
trial was printing commercial newspaper, there wascontrol over the printing screen
and there was no balancing of print between the dolours. C1 and C2, B7 and B8, Y6
and Y7, B7 and B8 were sampled from different posibf the printing blanket of the

different images sampled (Figure 5. 27 and Figui28}.

Except for the Golbey paper in the first Man-Rol&hdset trial, the lint deposited shows
the same parabolic trend in both the Uniset andn@eotrials, with the minimum in lint
for the second and third colours printed. The maximlint is generally for the first
colour printed and there is an increase in linbieen the third and fourth stages (Table 5.
19, Table 5. 21). The Golbey paper is unique &t thproduces approximately the same
level of lint across all four printing stations.i$hmay in some way be related to the very
high level of recycled fibre used in the manufaetaf this product. The non-image area
(Table 5. 20) also shows that the first printinggst produced the maximum lint but the
subsequent printing stages do not seem to produeesame trend among the three
different papers.
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Figure 5. 27. Image of the blanket from where C1 ahB7 were sampled from

Figure 5. 28. Image of the blanket from where C2 ahB8 were sampled from

There are very clear differences seen in the aistdahditions for the lint from the cyan
and the black blankets on the Man-Roland Geomasspfegure 5. 29), where cyan was
the first colour printed and black was the lase (tburth).
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Figure 5. 29. Man-Roland Geoman Trial with Cyan andBlack Ink Tack ~4 and 45 gsm Nornews

Cyan produced a lot smaller particles compared thigt produced by the black. It can be
seen that in comparison to the cyan runs on thddi®rg (Figure 5. 8), there are very
few large particles removed as lint in the secondtipg couple of the Man-Roland
Geoman (Figure 5. 29). This is consistent withadhanges in character of the lint as the
paper moves through a multi-colour press as tha wyas the first colour printed on this

press and the black was the last.

In contrast, the lint from the black blankets hppraximately the same area distribution
as that produced in the Heidelberg press (Figu6g,whichever ink was used to perform
the printing trial. This is possible because Hiidey and Man-Roland Geoman are two
very different machines other than both are offse@tting presses. The ink, fountain

solution settings as well as the geometry of thiatipg press are totally different.

Heidelberg GTO-52 printing rollers are also smatlean those of Man-Roland, however
the speed is a lot lower than that of Man-Rolaheéyefore two inks of the same tack
number of 4 could behave totally different in the,rdepending on all of the factors

influencing the ink rheology. In addition the Hdlokrg GTO-52 is a sheet fed process
while the Man-Roland is web-fed. As a result ofddlthese factors, the lint resulted from

both of the printing processes could be quite cbfié.
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As has been previously stated in the literature/[2the lint removed on application of
the first colour is likely to be predominantly sinfahgments, only loosely bound into the
surface, such as dust from slitter operations. dpication of the fountain solution in

the application of each colour then roughens andkess the surface of the newsprint,
increasing the likelihood that larger, better bahgarticles will be removed, later in the
printing process. There is, as yet, no means afgjatively predicting how the character
of the lint will change as it passes through thmtprg process. Different paper with

different compositions, i.e. Norstar, Nornews aral@y, different take-off angle (Table

5. 19, Table 5. 20, Table 5. 21) can give differanswers about the effect of first and
subsequent printing on linting. This is due to dierent natures of the size of the lint
particle candidates, i.e. dusts and fillers areljiko be picked up by low printing forces
while take-off angle (nip geometry) is also onehef factors to define the printing forces.

5.3 Printing Press Blanket and Plate Variables
5.3.1 Screen Ruling, Dot Shape and Dot Orientation

Screen ruling is one of the important variableg tieeed to be investigated. 100 lines per
inch screen ruling (Ipi) is quite common for commal web-fed newspaper printing
while 150 lines per inch is more common for sheet-fommercial printing. Therefore
100 and 150 Ipi were investigated for their efiectlinting.

The experiments were done both with the Heidell§&f@-52 and Man Roland Uniset
second trial (Chapter 3.2.2.2). Norstar batch C wsexl for the Heidelberg experiments
and Norstar batch E was used for the second MaargdUniset trial. The Man-Roland
Uniset trial investigated only the effect of lineling while the Heidelberg trials also
investigated the dot shape and dot orientatiomefaiate. In the Heidelberg experiment,
the plate type, dot shape and orientation were gdthrbut the other experimental
conditions followed Table 3. 4. The dot shapes anentations used in the Heidelberg

trials are explained in Table 5. 22.



Dot Shape Orientation| Drawing

Printing Direction
Elliptical 0° <
Elliptical 90° O
Square 0° [
Square 45° <>
Circle O
Line 0°

Table 5. 22. Dot orientation on printing plate

The Man Roland Uniset data is given in Table 5. &3alysis of variance of the results
from the second Man-Roland Uniset trial showed ttis# screen ruling had no
statistically significant effect on linting (pleasefer to Appendix B and Table 5. 23).
Although there are variations in the lint results tbe two different screen ruling,
statistically, the effect was not significant. Theare a lot of other variables that may
contribute to these variations. For example, tlaeeethree different operators in charge of
the water and ink tuning. The thickness of the kdamacross the paper web may also vary

since sometimes the printing press is run half amib other times it is run full web.

Ruling Paper Side Lint 50%+25% Lint
Tack 13.5 |Lpi g/sgm g/sgm
50% 100 TS 5.95
25% 100 TS 5.53 11.48
50% 150 TS 5.48
25% 150 TS 5.75 11.23
50% 100 BS 4.50
25% 100 BS 4.81 9.31
50% 150 BS 4.73
25% 150 BS 2.81 7.54
Tack 9
50% 100 TS 1.19
25% 100 TS 1.13 2.32
50% 150 TS 1.90
25% 150 TS 1.51 3.41
50% 100 BS 5.16
25% 100 BS 4.31 9.47
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50% 150 BS 5.34

25% 150 BS 5.28 10.61
Tack 6

50% 100 TS 4.48

25% 100 TS 5.32 9.80
50% 150 TS 4.04

25% 150 TS 4.87 8.91
50% 100 BS 2.66

25% 100 BS 3.25 5.91
50% 150 BS 2.54

25% 150 BS 2.66 5.20
Tack 4

50% 100 TS 1.23

25% 100 TS 1.41 2.65
50% 150 TS 1.13

25% 150 TS 1.50 2.63
50% 100 BS 4.48

25% 100 BS 4.62 9.10
50% 150 BS 5.06

25% 150 BS 491 9.97

Table 5. 23. Second Man-Roland Uniset Trial

The results from the Heidelberg GTO-52 (Table 5. &40 shows that both averages of
100 Ipi and 150 Ipi lint of multigrain plates wittide varieties of printing tone, dot shape
are almost identical. From Appendix H, where pagide, dot shape, screen ruling and
printing screen tone were investigated using amabyfsvariance, it was found that paper
side and dot shape were the only two significantatdes, while line ruling was not

significant.

The results also show that the top side of the plapts more than the bottom side of the
paper. Circle resulted in highest lint result, daled by square and ellipse. There are
more experiments that need to be done to investityat effect of dot shape, i.e. line, dot
orientation and plate type to linting. From Table2d, a 90° ellipse gives higher lint
compared with the 0° ellipse while a 0° square gitiggher lint than the 45° square.

However, these results need to be confirmed irutuze.
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The differences observed when changing dot shape@antation are probably because

the force required to split the ink is affected lyw the dots are oriented. A shorter

length of the boundary between the image/non inaaga in the direction of printing will

probably give a lower ink splitting force betweée plate and paper.

Dot Shape and | Dot
Orientation Orientation Paper Side | Plate Type Tone (%) Lint (gsm) Lint(gsm)
(degree) 100Ipi 150Ipi
Circle 0 BS Multigrain 25 2.13 2.38
Circle 0 BS Multigrain 50 1.68 1.49
Circle 0 BS Multigrain 75 1.34 1.71
Circle 0 TS Multigrain 25 2.38 2.34
Circle 0 TS Multigrain 50 3.06 2.63
Circle 0 TS Multigrain 75 1.35 1.90
Line 0 BS Multigrain 25 1.94 2.07
Line 0 BS Multigrain 25 1.56 1.73
Line 0 TS Multigrain 25 2.26 2.37
Line 0 TS Multigrain 25 2.57 2.26
Ellipse 0 BS Multigrain 25 1.66 1.65
Ellipse 0 BS Multigrain 50 1.47 1.44
Ellipse 0 TS Multigrain 50 2.48 2.47
Ellipse 0 TS Multigrain 25 2.00 2.40
Square 0 BS Multigrain 25 1.54 1.60
Square 0 BS Multigrain 25 1.87 1.88
Square 0 TS Multigrain 25 2.16 2.15
Square 0 TS Multigrain 25 2.18 2.25
Square 0 BS Multigrain 50 1.68 1.48
Square 0 TS Multigrain 50 3.06 2.63
AVERAGE | 2.02 2.04

Table 5. 24. Effect of Screen Tone, Dot Shape an@dDOrientation on Linting on the Heidelberg




5.3.2 Plate Type

There are several major types of lithographic glateed in the printing industry today:
diazo, photopolymer, silver halide, electrophotpdyia, bimetal, waterless, and digital

waterless.

Negative-working films are used to image the negatworking plate. These plates are
generally coated with photopolymer and are knowmegative working presensitised
plates. To expose the plate, a film negative isqaaover the light sensitive coating and
exposed to UV light [78]. Light that passes throdigé clear areas of the negative reacts
with the monomers of the photopolymer under the-clear areas of the negative [78].
Processing removes unexposed non-hardened polpmerpplication of a gum solution
to the non-image areas of the plate can make iervadtracting/ink-repelling. The

processing does not wash off the hardened polym@ge areas of the plate [78].

Positive working plate are more expensive compaveéld the negative working plate
[78]. Positive films are used to image this plafbe photopolymer used to produce a
positive working plate is different from the polymesed in the negative working plate as
it is hardened before exposure [78]. The photopelyaosed here becomes unstable when
exposed to ultraviolet light and remains hard whenight strikes the polymer [78]. Plate
processing is similar to negative plate except that processor removes the exposed
photopolymer from the plate and applies a thin daylegum to protect the non-image
areas from ink [78].

The three different types of plate that were ingaseéd were all negative plates, i.e.
diazo, photopolymer, and multigrained photopolymmrich was the standard plate used
in all the other Heidelberg experiments. Diazo @ are organic compounds that are
used to make the presensitised plate. The unexmbaed is dissolved by a solution and
the gum deposits on the non-printing areas ensaterweceptivity. Run lengths are

relatively short with this type of plate.
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The two other plates that were investigated wem@qgyolymer type plates. The coating
that is used to make photopolymer plates is madergdnic compounds that are very
inert and abrasion resistant. Once the plate i®seg to the UV light, the monomers
polymerise to produce polymer. Photopolymer pldtase a longer running capacity
compared with diazo plates.

These two photopolymers only differ in that oneaid-ujifiim patented photopolymer
plates with additional micro grains on the aluminsunface to provide a better ink/water
balance. The grain consists of a complex structemnsisting of primary grain,
honeycomb grain and micropores on an aluminium edgdp9]. The primary grain helps
control tone reproduction and ensure excellent wageeptivity, secondary grains
(honeycomb grains) contributes to the property ighhscum resistance and tertiary
grains (micropores) provide desirable printing gies to the plate, such as optimum ink

to water balance and high non-image area weataests [80].

Plate Type Solid 50%
Multigrained

Photopolymer 1.6 2.78
Photopolymer 1.76 2.84
Diazo 2.22 2.94

Table 5. 25. Lint in g/nf of 7000 copies printed.

The effect of the printing plate towards lint wawestigated. The printing trials were
done under the standard conditions described iteTak! with black coldset Toyo tack 4

inks with chessboard pattern dots (square) priatethe bottom side of 52 gsm Norstar.

From the results above, it can be seen that maitigphotopolymer plate resulted in
lowest lint results, photopolymer came second amdodresulted in the highest lint.
However since these data came from a single measuate more experiments and
analysis of variance are required to confirm tlasuit. It may be that the multigrain
plates allow water hold up better than the other plates therefore a higher level of
fountain solution emulsification is possible, whigbuld lower the ink splitting force and
the ink tack.
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From observation, it was noticed that after 7000ie® had been printed, both the diazo
and photopolymer plates were starting to wear ©his is shown in Figure 5. 31 and
Figure 5. 32 below and can be seen by a lighteourohrea across the plate as in
comparison with Figure 5. 30. The Fuji Multigraitate is the regular plate that is
generally used for the other experiments and ndyrttaik plate does not start to wear out
until it has done more than 100,000 copies. Asbmseen in Figure 5. 33 the multigrain

plate has not worn out after 42,000 copies weredon

Figure 5. 30. Diazo plate before 7000 copies werdrmped

Figure 5. 31. Diazo plate was worn out after 7000pies were printed
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Figure 5. 32. Photopolymer plate started to wear dwafter 7000 copies were printed

Figure 5. 33. Photopolymer Fuji Multigrain after 42,000 copies were printed

5.3.3 Effect of Ink Coverage (Printing Tone)

Figure 5. 34 shows the effect of printing tone foe Man Roland Uniset third trial
averaging results with the Toyo black inks of tadk® and 13.5 (section 3.2.2.2.3 and
appendix G). The paper printed was Norstar batdhaEh data point is the average of the
lint measurements obtained for the combined s#trek ink tacks and two print couples.
For comparison, results are also shown from a sefieneasurements with different ink
coverage made on the Heidelberg GTO-52 press Ww&hToyo black tack 4 ink. The
press conditions are given in Table 3. 4. Thesesareaments were for printing the

bottom side of the Norstar batch C that was testBtbase note that only 7000 copies
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were printed for Heidelberg compared with 25,000tfee Man-Roland. Each data point
of the Heidelberg result is an average of two expents. All 3 data sets show identical

trends, with the 25% tone always yielding the hgghe
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Figure 5. 34. The Effect of Ink Coverage otvinting

Table 5. 26 shows the average lint results fortpntrials where printing screen tone
was varied. 20-25% printing screen tone gives tigadst lint results, followed by the
50%. The results are very clear and consistentiyvshat on average the non-image area
lint was then the third highest, followed by thé&a'Screen tone and the solid. This means
that fountain solution is also a quite importamteidutor to linting. The reason why 25%
printing screen tone resulted in the highest liayrhe because the ink in the image area
has more room to spread to the non image areathiea®0% or the 75% printing screen
tone. This phenomenon is not desirable as theipgimésult will not be delivered to the
exact printing screen desired, something thatlisgdot gain. As a result of dot gain, the
ink on the plate is thinner and is the ink filmnséerred to paper. According to Equation
2. 2, the thinner the ink film transferred to theppr, the higher the porous ink force if all
other parameters are kept constant although tmmehifree ink film produces a lower
tack force (Chapter 5.2.4.8). While Equation 2. @ faehave accordingly to the ink
splitting behaviour to respond whether the freeflolv force increase/decrease with the

decrease of thickness of the ink film on the plaiderefore, 25% printing screen tone



must have resulted in such a combination of fosoethat the resultant effect of the three

forces, namely tack force, ink porous force, frdefilm force to linting is a maximum.

Points

Trial No Ref No Variables Averaged Averaged |0% [20% | 25% | 50% | 75% | 100%

Man Roland Take Off Angle, Paper

1 Table 5.1 | side of Nornews 8 259 | 371 2.56 | 154 | 1.18
Take Off Angle, Paper
Side of Norstar 8 1.75 ] 3.00 2.10 1 1.33 | 1.05
Take Off Angle, Paper
Side of Golbey 8 2.83 | 3.32 310|190 | 1.21

Man Roland Take Off Angle of

1 Table 5.2 Norstar 8 1.94 | 3.98 2.86 | 1.47 | 2.50
Colour, Screen

Man Roland | Table 5. 10- | Ruling, Take  Off

2 Table 5.11 Angle 8 3.15 | 3.04
Nip Pressure, Blanket

Heidelberg Figure 5.39 | Age 7 3.36 2.00
Nip Pressure, Blanket

Man Roland Age, Take Off Angle,

3 Table 5. 28 Paper Side 8 2.36 2.89 | 232|213 | 1.85
Number of Copies,
Tack, Ruling, Side,

Man Roland Take Off Angle, No. of

2 Table 5. 30 Copies 12 2.70 | 2.67

Man Roland Ruling, Side, Tack,

2 Table 5. 31 Speed 16 3.20 | 2.80

Heidelberg Figure 5. 46 Speed, Side 7 2.47 1.42
Water  Setting  for

Man Roland Bottom Side of the

2 Table 5. 32 paper 4 2.73 3.23 | 271 1.57

Man Roland Water Setting for Top

2 Table 5. 32 Side of the paper 4 3.25 5.13 | 4.76 2.82

Table 5. 26. Effect of Printing Screen Tone

Figure 5. 35 shows the lint particle size distnbns for the Heidelberg lint data shown in

Figure 5. 34. Lint particle size distributions wdlfferent printing tones were also shown
in Figure 5. 12 - Figure 5. 14 (Man-Roland Unidatd trial, with 153° take-off angle,

varying printing screen tone). The data show natgidferences in the size distributions

of the lint particles produced with different sardenes, except that the non-image area

lint is always smaller than the image area lindpied at any screen tone.
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Figure 5. 35. Heidelberg Lint Area Distribution of Different Screen Tone- Norstar 52 gsm, bottom
side, tack 4.

5.3.4 Blanket Age and Blanket Nip Pressure

The effect of blanket age and nip pressure expetinwas tested with both the
Heidelberg GTO-52 and the Man-Roland Uniset. Witd Heidelberg GTO-52, an old
blanket, a medium-aged and a new blanket were fmethis experiment. Both the

blanket used for Heidelberg GTO-52 (Brand: SeagabZMand the one that is used for
the Man-Roland Uniset (Blanket Maker: MacDermidaféty thickness of 1.96+0.01

mm.) are compressible. The blanket experiment éenMan-Roland Uniset was done by
swapping the old blanket for a new blanket and stigating the effect on linting. The
nip pressure of the old blanket and the new blanesé also measured.
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Figure 5. 36. Comparison of blanket age with the lahket pressure of Heidelberg GTO-52

0.25

No. of Copies Slope y-intercept R

0 17.469 2.6142 0.9307
56,000 11.850 2.7109 0.9858
330,000 13.324 2.8129 0.9387
442,000 12.460 2.5313 0.9957

Table 5. 27. Linear Fitting Parameters for the Reltionship between Nip Pressure and Impression

Dial Setting for Heidelberg GTO-52

The relationship between Heidelberg pressure getiimd nip pressure measured using
the Fuji Prescale tape is shown in Figure 5. 3@ fiting parameters to each data set are
given in Table 5. 27. The pressure setting in tlaix is the pressure setting that can be
adjusted in the Heidelberg GTO-52 machine. Thitésnip pressure setting between the
impression and the blanket cylinder. 0 and 56,000ies were done with the same
blanket. The medium aged had printed 330,000 copiele the old blanket had printed

442,000 copies. The rate of increase of the pressushown by the slope of the graph,

while the y-intercept shows the nip pressure sg#inan impression dial setting of 0.
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The measurements on both the old blanket (442,6p&s) and the new blanket (56,000
copies) were done immediately after 7000 copieewd®ne. However the measurement
with the medium-aged blanket, that had printed @3D,copies, was done after the
blanket had been allowed to rest for about a maltis. possible that the blanket has
recovered some of its thickness during the tinvgas rested. That may be the reason why
this blanket produced so much higher pressure coedpaith that of the new blanket that
had only printed 56,000 copies. This result is sapg and needs further investigation. It
is recommended for future work to test whether3g@,000 blanket will produce a more

expected result if it is run to reach stabilitydrefthe pressure measurement is done.

The results in Table 5. 27. shows that there isajpidr decrease in the blanket
compressibility from the new blanket (O copiesp&000 copies therefore there is quite a
big difference in the pressure between both of thetra given press setting. After 56,000
copies, the compressibility of the blanket seenoeskttle. As can be seen from Figure 5.
36, pressure lines, for the blankets that had guli®6,000 and 42,000 copies, are close to
each other.

The reason of the change of pressure with the nuwofbeopies the blanket has done is
that the pressure setting actually sets a posdiompression cylinder relative to the
blanket cylinder. This is an absolute position atmks not take into account any
compression of the blanket and so as the blankefpaots with increasing number of
copies printed, the pressure drops as a result.
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Figure 5. 37. Blanket effect on pressure drop at Haelberg GTO-52 pressure setting of 0.05

This pressure drop with blanket age is shown irufédgp. 37. for a pressure setting of
0.05, which was the standard pressure used fotrihle in this thesis. There is a linear
relationship between the pressure and the numbeopés done by the blanket. More
pressure measurement experiments during the agitfgedlanket need to be done to
complete the shape of Figure 5. 37. Due to thetdition of time, this could not be

completed in the current study. However this shd@dlone as part of future work.

The effect of blanket age to linting was then irigggted by doing printing trials with the

standard conditions shown in Table 3. 4. by usheydld blanket and the new blanket
alternately. The new blanket has done between35000 copies while the old blanket
has done around 442,000 copies. For the same egsyre and 50% printing screen, the
old blanket produced slightly more lint comparedhwthe new one. This is the opposite
for the solid (100%) printing screen tone, i.e. t¢iek blanket produced lower lint than the

new blanket.

The relationship between lint and absolute presshi@vs a lot better correlation as
shown by Figure 5. 39 compared with the relatigmséletween lint and the pressure dial
in GTO-52 as in shown by Figure 5. 38. Thus, it banconcluded that simply using the



machine blanket setting to compare lint result a¢ a good practice since the same

pressure setting actually means different nip prest®r both the new and old blanket.
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Figure 5. 38. Relationship between Lint and GTO-5Pressure Setting Relative Dial of B/S of Norstar
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Figure 5. 39. Relationship between Lint and Absolg Pressure of GTO-52 of the New Blanket of B/S
of Norstar
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Figure 5. 40. The Effect of Impression Settings (IdiPressure) towards Lint of Heidelberg GTO-52

The effect of nip pressure setting on lint of theidélberg GTO-52 in Figure 5. 40 was

not so strong although a small increase of lint alaserved with the increase of pressure
setting. It was noted that the blanket was a védyome that had done around 700,000
copies when the experiments were done. This maynleeof the reasons why there was
not a lot of effect of pressure nip change betwtbenimpression setting 0.05, 0.1, 0.15
and 0.2. The actual pressure was not measureck dintle of experiments. However it

could be expected that having run 700,000 copesnip pressure variation would not be

that much between those four impression settings.

The effect of pressure was also investigated inthivd Man Roland trial. A full set of
measurements with different take-off angles waspleted with old blankets and then
repeated after the blankets had been changed forbienkets. The change in blanket

increased the nip pressure from 5.5 MPa to 9.5 MRa.results are shown in Table 5.

28.
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Paper | Take-off Nip Paper Nip
Side Angle Tone Pressure | Lint Side | Couple |Tone Pressure Lint
Degrees (MPa) g/sgm (MPa) g/sgm
BS 27 0% 5.5 1.47 BS 27 0% 95 0.94
BS 27 25% 5.5 2.35 BS 27 25% 9.5 1.59
BS 27 50% 5.5 2.65 BS 27 50% 95 1.53
BS 27 75% 5.5 1.96 BS 27 75% 9.5 1.28
BS 27 100% | 5.5 2.04 BS 27 100% 95 1.54
BS 27 Picture | 5.5 2.15 BS 27 Picture | 9.5 1.62
BS 153 0% 5.5 3.28 BS 153 0% 95 231
BS 153 25% 5.5 3.34 BS 153 25% 95 4.29
BS 153 50% 5.5 3.26 BS 153 50% 95 3.37
BS 153 75% 5.5 3.07 BS 153 75% 9.5 3.09
BS 153 100% | 5.5 2.26 BS 153 100% 95 2.62
BS 153 Picture | 5.5 3.34 BS 153 Picture | 9.5 3.47
TS 102 0% 5.5 3.01 TS 102 0% 95 1.96
TS 102 25% 5.5 4.12 TS 102 25% 9.5 4.44
TS 102 50% 5.5 4.13 TS 102 50% 9.5 4.09
TS 102 75% 5.5 3.59 TS 102 75% 9.5 3.75
TS 102 100% | 5.5 3.95 TS 102 100% 95 3.69
TS 102 Picture | 5.5 3.34 TS 102 Picture | 9.5 3.98
TS 78 0% 5.5 1.00 TS 78 0% 9.5 1.28
TS 78 25% 5.5 1.53 TS 78 25% 95 1.79
TS 78 50% 5.5 0.76 TS 78 50% 95 1.15
TS 78 75% 5.5 0.62 TS 78 75% 95 0.97
TS 78 100% | 5.5 0.53 TS 78 100% 9.5 0.74
TS 78 Picture | 5.5 0.96 TS 78 Picture | 9.5 1.01
Average |2.45 Average 2.35

Table 5. 28. The effect of Pressure towards Lint (ird Trial Man-Roland Uniset)

The data in Table 5. 28 show that the effect ofitprg pressure towards lint was not

strong. In fact, the analysis of variance giverappendix C also showed that pressure

was not a significant variable towards linting (lal&1). Changing the old blanket for a

new blanket which increased the pressure from Fald 9.5MPa actually decreased the

lint averaged over four take off angles, printingg, and two paper sides by 4%.

Another point to note is that the variation of theckness of the blanket in Man-Roland

Uniset trial. The new blanket was manufactured acBlermid, Graffity and had a stated

specification thickness of 1.96 +0.01 mm. Howewdter 2 years old age on a press that

was sometimes only running a half web, there waretions in the thickness of the old

blanket that we measured using caliper.
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On the top left blanket the measured thickness e3¢, 1.90 & 1.91 mm at one edge
and 1.95, 1.93 & 1.98 mm at the other. Middle pahtthe blanket gave thickness
readings of 1.98, 1.98, 2.03, 1.99, 2.00 and 2.0% or the bottom left blanket the
measured thickness were .97, 1.94 & 1.95 mm onsateeand 2.10, 2.00 and 2.08 mm
on the other. There will be variations of pressaceoss the blanket since the thicknesses

of the blanket are not uniform across and thisd@antribute to the experimental error

although it has been statistically proven that gues was not a significant variable

towards linting.

5.3.5 Lint Movement from Blanket to Plate

As discussed in Chapter 5.2.1, the lint weight lteshowed that the lint did not increase

so significantly with the increase of ink tack freihrto 6 and then to 9 and then increased

quite significantly when the tack was increasetattk 13.5. However, from observation

the amount of lint on the plate was significantiffedent between ink tack 4, 6 and 9. It

is important to understand how much lint is transfé back to printing plate since it

causes the deterioration of image quality as #riates with ink transfer in the image

area. It was observed that the higher the ink tdo&, more lint transferred from the

blanket to the plate. Therefore, the lint area dig&ibution on the plate and blanket were

investigated with the Man-Roland Uniset third tribape pulls and Domtar samples were

taken from both blanket and plate to find the wemghd lint area distribution comparison

between both of them. The results are shown inel'abP9.

Take off Angle Lint Blanket  Lint Plate Total Lint Area | Total Lint Area
(degrees) (g/m ? (g/m?) In Blanket (%) |In Plate (%)

27 (TS) 0.74 0.10 0.92 1.05

78 (TS) 1.56 0.16

153 (BS) 3.69 0.37 10.7 11.81

102(BS) 2.60 1.28

Table 5. 29. Distribution of Lint in Plate and Blarket with the Take Off Angle Effect of Black Coldset
Tack 4 Ink of Top and Bottom Side of Norstar and T¢al Lint Percentage Area in Blanket or Plate
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In Table 5. 29, the lint percentage area is higheplate compared with that on the

blanket, although it also shows that the lint wéigHower in plate compared with that on

the blanket. This suggests that lint on the plae & larger area size compared with the

lint on the blanket. This hypothesis is confirmedtbe lint particle size measurements

shown in Figure 5. 41 and Figure 5. 42.
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From the area size distributions, it could be gbanthe transfer of lint from the blanket
to the plate occurs at a higher rate at a largeicfemrange (larger than 10,000 fifar
Figure 5. 41 and larger than 7,000 {ufor Figure 5. 42). For lints that are smaller than

this range, the lint tends to stay on the blan&gtar than to be transferred to the plate.

Due to limitation of time, only lint of tack 4 expment from blanket and plate was
sampled. In the future, the same experiments wighdr ink tack needs to be done to

investigate the effect of ink tack to lint transiEmhaviour from blanket to plate.

5.4 Press Operating Conditions

Different printing conditions will affect lintingesults. The printing parameters that will
be examined in this sub-chapter are the numbeopits, speed, and paper web take off

angle.

5.4.1 Number of Copies

Heidelberg GTO-52 experiments were done to invasdithe effect of number of copies
printed on to linting. The standard conditions utdtbwed Table 3. 4, only the number
of copies and ink tack variables were changed.r€helts for the black web-fed tack 4.6
are shown in Figure 5. 43 while the correspondésuilts for the sheet-fed tack 13.5 inks

are shown in Figure 5. 44.

Solid lint seemed to be following a linear relasbip with the number of copies for both
of the inks. The rate of lint build up and the Mmight of the solid area printed with the
tack 4.6 ink are lower compared with that of thekta3.5 ink. However, the development
of lint for the 50% screen is different for the twoks. The lint with the coldset
newspaper ink of tack 4.6 (Flint) is still increagilinearly at 7000 copies while for the
sheet-fed tack 13.5 ink (Colortron) the lint hagcleed a plateau. This means that the rate
of accumulation of lint is zero, i.e. the rate iot kransferred to the blanket is equal to the

rate of lint transferred from the blanket [51].
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The effect of number of copies was also examindtierMian Roland Uniset second trial.

The trial was printing with 25000 copies per hosing black tack 4 and tack 6 Toyo

inks. There were three runs, i.e. printing for 7008000, and 23000 copies. The lint was
collected at the end of the run and was comparashgrthe three runs. The results are
shown in Table 5. 30.

TakeOff Tone Ruling(Ipi) | Paper 7000 15000 23000
Angle Side Tack4 Tack4 Tack4
g/sgm g/sgm g/sgm
27 Picture | 100 TS 0.6909 1.2348 1.0143
27 50% 100 TS 0.9996 0.9849 1.2348
27 25% 100 TS 1.1025 1.0143 1.4112
27 100% 150 TS 0.7203 1.3083 0.8526
27 50% 150 TS 1.1466 1.323 1.1319
27 25% 150 TS 1.2054 1.764 1.4994
Average | 0.97755 1.27155 1.1907
153 Picture | 100 BS 2.4255 3.0429 4.3071
153 50% 100 BS 2.5872 3.5427 4.4835
153 25% 100 BS 2.0433 3.0429 4.6158
153 100% 150 BS 2.2638 3.1164 3.822
153 50% 150 BS 2.7489 3.9984 5.0568
153 25% 150 BS 2.8224 3.822 4.9098
Average | 2.48185 3.42755 4.5325
TakeOff Tone Ruling(lpi) | Paper 7000 Tack6 | 15000 23000
Angle Side g/sgm Tacké Tacké
g/sgm g/sgm
27 Picture | 100 TS 1.7199 1.9698 2.7048
27 50% 100 TS 2.2638 2.0874 2.6607
27 25% 100 TS 1.9257 2.0433 3.2487
27 100% 150 TS 1.7346 2.2638 1.8963
27 50% 150 TS 1.7493 2.205 2.5431
27 25% 150 TS 1.2936 2.3373 2.6607
Average | 1.78115 2.1511 2.61905
153 Picture | 100 BS 2.9547 3.4692 4.0131
153 50% 100 BS 2.8224 3.8808 4.4835
153 25% 100 BS 2.7195 3.9837 5.3214
153 100% 150 BS 2.9547 3.2634 3.6603
153 50% 150 BS 3.3369 4.3071 4.0425
153 25% 150 BS 2.8812 4.2336 4.8657
Average | 2.9449 3.8563 4.3978

Table 5. 30. Man-Roland Second Trial Number of Cogis Effect towards Linting of Man-Roland
Uniset Second Trial.
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Figure 5. 45. Average Lint of Table 5. 30 of Man-Rand Uniset

The average results of Table 5. 30 are plottediguire 5. 45. All the data sets in the
figure show a linear increase in lint with the nwemlof copies printed. Both sets of
measurements at the lower take-off angle, i.ew2ffftack 4 and 6 resulted in lower lint
compared with the corresponding measurements &t Thay also have lower slope, i.e.

lower lint rate accumulation, compared with thot&%8°.

5.4.2 Speed

The effect of speed on lint was tested in the MataRd Uniset second trial (Chapter
3.2.2.2). Two speeds were done, i.e. 12500 and@®80pies per hour. The results are
shown in Table 5. 31. Analysis of variance showett speed was a significant variable
affecting linting. The ANOVA can be referred toAppendix B.

From Table 5. 31, it was clearly seen that an e®gein speed also increases the lint,
especially for the higher ink tack. This may be tksult of the higher free ink film

thickness due to the higher of the printing spebddfter 5.2.4.5), which increases the ink
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tack force (chapter 5.2.4.1, 5.4.2.2). Howevengdlveas one set of data that suggested the
opposite, i.e. top side of the paper, tack 4 sugdethat 12,500 copies per hour speed
produced higher lint than the 25,000 copies per lspeed. The reason for this is not

currently understood and should be a part of theréuwork that needs to be done.

Tack 6 Paper 12500 250000
Tone Ruling Side Copies/hr copies/hr
Picture | 100 TS 3.6603 4.0131
50% 100 TS 4.2189 4.4835
25% 100 TS 4.8069 5.3214
100% 150 TS 3.0723 3.6603
50% 150 TS 4.4835 4.0425
25% 150 TS 4.2630 4.8657
Picture | 100 BS 2.1462 2.7048
50% 100 BS 1.9845 2.6607
25% 100 BS 2.1756 3.2487
100% 150 BS 2.0286 1.8963
50% 150 BS 2.2344 2.5431
25% 150 BS 1.2348 2.6607
Average |2.9681 3.4625
Tack4 Paper 12500 250000
Tone Ruling Side Copies/hr copies/hr
50% 100 TS 1.4259 1.0143
25% 100 TS 1.3377 1.2348
100% 150 TS 1.9404 14112
50% 150 TS 0.8673 0.8526
25% 150 TS 1.6023 1.1319
Picture | 100 TS 2.0580 1.4994
50% 100 BS 3.3810 4.3071
25% 100 BS 3.6897 4.4835
100% 150 BS 3.4251 4.6158
50% 150 BS 2.5578 3.8220
25% 150 BS 4.1748 5.0568
Average |2.4055 2.6754

Table 5. 31. Man-Roland Uniset Second Trial Spedgkperiment on Linting.

Heidelberg trials were also done to investigatedfiect of speed. These measurements
were done with the tack 4 ink from Toyo and Nordtarch C. Otherwise, the conditions

were as shown in Table 3. 4. The results are showigure 5. 46. The results suggest a



slight decrease in lint as the speed is increasbith was the reverse effect to what was

generally found in the Man Roland Uniset Trials.

Heidelberg GTO-52 has runnability problems wheis itun at a lower speed than 8000
copies per hour. 6000 copies per hour is the mimnspeed that could be run without
producing severe paper jams. This suggested thatatability of the results between the
four series shown in Figure 5. 46 was probably tuéhese runnability issues of this

particular press rather than any intrinsic effdctfmeed.
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Figure 5. 46 . Effect of Printing Speed Towards Lihof GTO-52

5.4.3 Take Off Angle and Paper Side

The effect of take-off angle and paper side werkestigated in the second and third

Man-Roland Uniset trials.

Figure 5. 47 shows the effect of side and takeaoffle from the second Man-Roland
Uniset Trial. These results were generated by giusgaall of the data obtained for each

take off angle and paper side. Thus each point shwave is the average of fifteen data
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points as five different screen tones and threfemint ink tacks were tested for each
combination of take-off angle and paper side. Tiitecal importance of these two factors
acting together is indicated as the highest aveliageesult (bottom side with take off
angle of 159 is approximately five times the smallest averligeresult (top side with
take off angle of 2%. Please refer to table B3 in Appendix B and Tabilein Appendix

C that showed that take-off angle and the comlonatf take-off angle and side were the
most significant variables affecting linting. Thata in Figure 5. 47 also shows that the
top side of the paper tends to give more lint ttienbottom side but the effect cannot be
guantified as a different set of measurementsdifeerent take-off angle, were done for

each side.
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Figure 5. 47. Effect of Paper Side and Take-Off Arlg from the Second Man-Roland Uniset Trial
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Figure 5. 48 is the average lint of Man Roland enthird trial using black Toyo ink of

tack 4 with two pressure settings, i.e. 5.5 and\Ea and five printing tones. The data
also shows the effect of take-off angle and pap#z.sThe top side of the paper still
produced more lint compared with that of the bot®ide of the Norstar 52gsm. Again
the higher take off angle for both bottom side tpmiside of the paper resulted in higher
lint, i.e. three and a half times for the T/S anicé for the B/S, when comparing the

lower take-off angle with the higher.

Figure 5. 47 and Figure 5. 48 shows that lint weigbhreases with the increase of take-
off angle regardless of paper side. Figure 5. 16 &igure 5. 11 show the size
distributions for the lint distributions obtainetidifferent screen tones with the tack 4 ink
of the Man Roland Uniset third trial. The data frtime experiments with the 27° take-off
angle is shown in Figure 5. 10., while Figure 5shbws the size distributions of the lint

from the 153° take-off angle experiments.

Figure 5. 10 and Figure 5. 11 show that the higake-off angle has produced heavier
and larger lint. For the data collected at &ike-off angle, nearly half of the total area of
lint is in the smallest size class, while for thghtest take-off angle, the largest area class

contains by far the most lint, except for the noage area (0% print tone) lint.

The side with the higher take-off angle has a higate at which the blanket surface and
the paper will separate coming out of the printmg, provided all other press variables
are constant. It seems likely that the changéhéntake-off angle increased the force
imposed on the surface, which in turn increasedatheunt of lint and the size of the lint

particles.

This hypothesis was tested using a Priufbau Deltaitkan ultra-low force sensor with a
range of 0.2-1.4 N. While the printing nip configtion is fixed in the instrument, it is
possible to simulate a change in take off anglaltsring the speed at which the tests are
conducted (Chapter 3.1.1).
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The Deltack experiments (Chapter 5.2.6) showedttieatack force required to split the
free ink film was strongly related to the print sde The increase in tack force with print
speed arises both from an increase in the forceinedjto split the ink film, as speed
increases, as well as an increase in the thiclofebe ink film that is split. The ink film
thickness increases at higher speeds as the gricyimder has less time in contact with
the paper and thus less ink will enter the poressyihg a thicker free ink film requiring
more force to split. Measurements made on the Blelteave shown that the tack force
increases as more ink is used for printing, bubd#ér conditions are held constant.

On any given press, the ink-film splitting rate lvdépend on the diameter of the printing

rollers, the rotational speed as well as the tdkesgle itself.

Figure 5. 35 shows the lint distributions measufed different screen areas for the
Heidelberg experiments. These can then be compeattd the size distributions
produced in the Man Roland Uniset, for the takeaoffles of 27 and 158 shown in
Figure 5. 10 and Figure 5. 11, respectively. Thia dathese figures show that the size
distributions of lint produced by the Heidelberg ls¢étween those produced at’hd
153 on the Man-Roland Uniset. The Heidelberg produicgslistributions in which the
smallest lint particles still comprise the largpstcentage of the total area, but in which
there are some lint particles in the largest al@ssc This is consistent with the estimated

take-off angle of the Heidelberg press of.70

5.4.4 Fountain Solution Consumption Effect to Linthg

It was not fully understood before whether fountaatution would actually increase or
decrease lint. Fountain solution decreases pracksack while weakening paper surface

strength at the same time.

The second Man-Roland Uniset trial was used to sthigate the effect of fountain

solution consumption on linting. The experiment wdmne by printing a full-web
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(810mm width) of paper and having exactly the saatern in the left and right hand
side, but applying a higher fountain solution lewal the left side and applying a lower
level of fountain solution on the right side. Thiatp consisted of solid area, 25% and
50% printing tone with 150 lines per inch screennly and non-image area. The rest of
the experiment conditions followed Table 3. 4. Téens higher and lower are relative to
the printing condition at the time of the trials. the “higher” level water setting, the ink
and water level settings were chosen by the opsrato that the print densities were
close to the targets. From these settings, thervgatitings were then decreased to the
lowest possible without producing scumming, i.e.evehink starts printing in the non-
image area because of the lack of fountain solyutidhis fountain solution setting was
then called ‘lower’ setting. The numbers were tladugs set in the Man-Roland Uniset
system that controlled the amount of water or irdtivered to the inking/fountain

solution rollers.

The results of this experiment are shown in Tablg2s Some results in Table 5. 32 were
negative values, this means that the amount ofrémoved from the blanket to the
adhesive tape was less than the amount of the iadlbat was removed from the tape to
the blanket. This can occur for tape pulls methbens only a small amount of lint exists
on the blanket. Therefore for the negative numbierajas assumed that no lint was

removed from the blanket and the value was setito. z

From Table 5. 32, it can be seen that a decreafriofain solution setting resulted in a
decrease of lint in the non image area but resutash increase of lint in the image area.
This is expected as fountain solution can decrpaseess ink tack resulting in lowering
the lint in the image area but at the same timesdkens paper surface strength therefore
it increases lint in the non-image area. Theretbeedecrease of fountain solution usage
in offset lithographic printing will increase linvhen the printing area is solid or
dominated with image area, i.e. 100% and 50% pigntone and will act the opposite
way when the printing area is dominated with noage area or blank, i.e. 0% and 25%

printing tone.



Tone Paper Ink/Water

(%) Water Side Lint (gsm) Setting
100 Higher | BS 0 56/62
50 Higher | BS 3.4251

25 Higher | BS 3.2781

100 Higher | TS 0 42/58
50 Higher | TS 8.3202

25 Higher | TS 7.0413

Average | 3.67745

0 Higher | BS 3.8073 56/62
0 Higher | TS 2.9253 42/58

Average | 3.3663

100 Lower BS 2.6019 56/54
50 Lower BS 5.6448
25 Lower BS 7.1883
100 Lower TS 5.292 42/50
50 Lower TS 2.8812
25 Lower TS 5.4537
Average | 4.84365
0 Lower TS 2.7342 42/50
0 Lower BS 2.4108 56/54

Average | 2.7342
Table 5. 32. Fountain Solution Effect on Linting orMan-Roland Uniset Second Trial (150 Ipi ruling)

A set of experiments was done with GTO-52 to ingas¢ whether fountain solution in
printing increases or decreases lint. The expefisnesed Norstar batch C and the Toyo
black tack 4 ink. Except as noted below, the caott of the experiments were as listed
in Table 3. 4. In order for us to do that, the GFDplate was divided into 2 exactly the
same areas at the top and bottom of the plateweificithe same printing screen tone, i.e.
0%, 25%, 50%, 75% and solid area. 1500 copies wemn¢ed under lower water levels
(water setting of 7, ink setting of 7 GTO-52) areen tape pulls and Domtar lint
collection were done in the bottom half of the ar€ae lint measured under these
conditions is referred to as AAnother 1500 more copies were then printed baohing

at higher water levels (water setting of 9 andsekiting of 7), and the lint was measured
with the tape pulls and Domtar on both top anddwmtside of the blanket. The lint
collected from the bottom side of the blanket vedeled A while the lint collected from
the top half of the blanket was labeled.B The water setting of 9 was the standard
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setting used for all the other Heidelberg experitsieA; was sampled in the bottom side

of the blanket, which is at the same place wherbad been sampled.

The lint collected in A would have been the same as the amount of lintnagkated
starting from a fresh blanket (O copies) sincelittewould have been totally removed in
this area with tape pulls and Domtar blanket waghwhen the A lint was collected.
Lint collected in B.y is positioned at the top blanket area and this ldvdae the
accumulation of the lint resulted from 1500 copieith the lower water setting and
another 1500 copies with the higher water setigis measured on exactly the same
position as A and so the ratio of /AL gives the change in lint deposit rate due to the
increase in water. If the experimental conditiome selected correctly then the lint

measured with Ashould also have been laid down at B, i.e=By. and A=By

Control experiments were done by printing 1500 espwith lower water levels (water
setting of 7, ink setting of 7 GTO-52) and theretgplls and Domtar lint collection were
done in the bottom half of the area. The lint meadwnder these conditions is referred
to as Ai. Another 1500 more copies were then continuedet@iinted with the same
water setting (water setting of 9 and ink settih@)p and the lint was measured with the
tape pulls and Domtar at different areas on bgthated bottom side of the blanket. The
lint collected from the bottom side of the blankets labeled A while the lint collected
from the top half of the blanket was labeled.B,. A ,was sampled in the bottom side of

the blanket, which is at the same place wherehad been sampled.

In this case, the lint collected iniAwould have been the same as the amount of lint
accumulated starting from a fresh blanket (0 cgpssce the lint would have been
totally removed in this area with tape pulls andridar blanket washing, when the;A
lint was collected. Lint collected in B> is positioned at the top blanket area and this
would be the accumulation of the lint resulted frtime 3000 copies in total with the
water setting 7 throughout the whole experimentAfsis measured on exactly the same

position as A, therefore, Ar= AL2. If the experimental conditions are selected ailye



then the lint measured withp2should also have been laid down at B, i.e.=8,1 and
AL2=BL2

It is well-known that lint movement is dynamic. Thecumulation of lint on the blanket
equals the difference of the deposition of lintnfrthe paper to the blanket and the re-
deposition of the lint back to the paper from titenket [51]. Thus some of the lin{ Br
B.; would have been removed in the subsequent prinotidigp00 copies. If we denote the
lint from B, remaining after printing the extra copies as, Bhen we can write B=B .n-

A_ and if we denote the lint from_ Bremaining after printing the extra copies as-B
then B1«= Bri+12- AL,

If the increase in water was associated with resd#jpn of lint onto the paper, then
Bi+/AL<Bpi+/AL1. Thus doing this experiment would allow us to gdhe role of the
fountain solution in detail. Possibly some of t@ntradictory information as to the
importance of fountain solution might be becausen#ty be simultaneously true that
An>A_ and B+/A <B1+/AL; i.e. more fountain solution increases the raterathvlint is

removed from the paper but also reduces the ticethie material stays on the blanket.

The results of the experiments are shown in Figu#9, Figure 5. 50 and Figure 5. 51 .
Each figure shows 10 data points from 5 printinge and the two sides. Figure 5. 49
shows that the amount of lint accumulated was loaftar the water setting increased.
The trend line shows thatwAwas on average only 76% of AThis means that more

fountain solution decreases the rate at which ikntemoved from the paper to the
blanket.

Figure 5. 50 and Figure 5. 51 compare the lint axdation of the first 1500 copies with
the lint that remains on the blanket after 1500 encopies were done. Both data sets
showed that between 40 % and 50% of the lint tlzat been deposited in the first
printing of 1500 copies had been removed during ghiesequent printing. The data
showed poor correlations and therefore whether rfaustain solution reduces the time

that the material stays on the blanket was incamndu
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Figure 5. 49. Comparison of the lint accumulation bthe first 1500 copies with lower water setting of
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Figure 5. 50. Comparison of the lint accumulation bthe first 1500 copies and the lint remains of A
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Figure 5. 51. Comparison of the lint accumulation tthe first 1500 copies and the lint remains of A-
after 1500 more copies. A water setting of 7 was e for printing both sets.

Thus it can be concluded from these experimentsthti@increase in fountain solution
usage decreased the rate at which material had fdéd out of the sheet and more
work needs to be done to investigate the effedowntain solution on the time that the

lint stays on the blanket.

5.4.5. Temperature Measurements across the PrintinBlanket

Man-Roland Uniset blanket temperatures were medswih the handheld laser
thermometer for the third Man-Roland Uniset Triedfér to 3.2.2.2.3). There were
variations between the left of right blankets. Té# hand side blanket showed 25.8 °C-
26.3°C while the right hand blanket showed 24 .4°&2°C. It is not known at this stage
how the temperature difference affect lint resirtgetails and this is an area of work in

the future that needs to be pursued.



6.0 Conclusions

In this thesis, the effect of paper and printinggsr variables were investigated. Paper
variables were not looked into in so much detaimpared with the printing press
variables. The printing press variables were disedsn three main major parts: ink and
fountain solution balance, printing press blanKaté variables, and printing press
operating condition.

The length and size distributions of lint from MBoland Uniset, Man-Roland Geoman,
Heidelberg GTO-52 and the IGT Pick Test were meskurThe pick test removed far
more lint than any of the commercial presses. [Ehgth and area of the lint was also
much larger than the material removed as lint omroercial press. This disparity
between the size distributions of the lint produdedthe commercial printing and
laboratory pick test suggests that the resultshef ick test cannot be automatically

assumed to be relevant to linting in commerciadefffrinting.

Lint increased greatly with take-off angle. Theesiith higher take-off angle has a
higher rate of ink film splitting, since the sidethvthe higher take-off angle separates
further, compared with those of the other side whh same amount of time. The higher
rate of ink-film splitting increases the stressttisaapplied to the surface of the paper,
which in turn increased the amount of lint andgtze of the lint particles

Three different papers were investigated in thisith the paper labeled Golbey was
Nornews produced by Norkse Skog France. The paimsiléd Norstar and Nornews
were produced by Norske Skog Boyer. Golbey produlkednost lint, followed in order
by Norstar and Nornews. Fines, fillers and recydibres are the paper components that
can lint. Fines are desirable if they bond wellwthe fibres. However this may not be
the case if fines are poorly bonded. From theigardition of the Boyer paper machine,
with the horizontal twinwire former and a twinvaeps, it is believed that the top side of

the paper ends up with more fines compared wittbtittom side of the paper. However
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the work here showed that the top side of Norstgyep produced more lint than the

bottom side. This suggested that the fines aréoded too well in Norstar.

It was found that 20-25% printing screen tone giveshighest lint results, followed by
the 50% screen tone. The results are very cleacansistently show that on average the
non-image area lint was then the third highestotedd by the 75% screen tone and the
solid.

Various printing parameters were tested to invastigtheir effect towards offset
lithographic printing. Heidelberg GTO-52 and Mankia Uniset were used to do the
printing trials. ANOVA Systat was done and showkdttprinting take-off angle, tack,
print coverage (printing tone), two sidedness efplaper, paper type, printing speed and
dot shape were among the significant print pararsetdfecting linting in offset
lithographic printing. Screen ruling and printingepsure were not significant according
to the ANOVA results.

Linting increases with speed, especially for thgher ink tack, in the Man-Roland

Uniset. This may be the result of the higher itia fthickness due to the higher printing
speed, which increases the ink tack force. Thisusd to be consistent with the Deltack
results. In the Heidelberg GTO-52 trials, it waswh that the effect of speed towards
lint was relatively small. Lint decreases as theespincreases. However this was not

solely the effect of printing speed but also thife@fof runnability issues at low speed.

Lint accumulation on blanket follows a linear redaship with the number of copies for
both Heidelberg GTO-52 and Man-Roland Uniset tri&leme trials were also observed
to reach a plateau when the rate of lint accumanain the blanket is zero because the

rate of lint transferred to and from the blanket equal to each other.
Ink tack was found to have a relatively small efffec the amount of lint. There was no

large difference in lint weight between ink tack64,and 9. However tack 13.5 gave a

somewhat higher result. The size and area of tiiedmoved in the commercial presses
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did not depend on the tack of the ink, except gl lhake-off angle. Lint increased greatly
with take-off angle. The amount of lint on thetplavas significantly different between
ink tack 4, 6 and 9. The higher the ink tack, therenint transferred from the blanket to
the plate. From the area size distributions, itlddae seen that the transfer of lint from
the blanket to the plate occurs at a higher rata farger particles size (larger than 7,000
- 10,000 prf). Lint particles that are smaller than this teadstay on the blanket rather

than transfer to the plate.

The small effect of ink tack was explained as agdrom the nature of the measurement
of ink tack. Ink is shear thinning, i.e. shear visity decreases as the shear rate decreases,
and the Inkometer used to determine ink tack meastack at much lower shear rates
compared to the shear rate in the printing nip otammercial printing press.
Measurements of apparent viscosity on the differgg showed that the viscosity values
tended to converge at very high shear rates. lok itacreases with the increase of ink
film weight or ink film thickness as shown by thikbmeter and the Deltack. It was also
shown that the higher the speed, the higher theaick is for both the Inkometer and the
Deltack Ink tack also changes with the additiofooitain solution. Ink tack depends on
the stability of the ink with the addition of theuntain solution. Once fountain solution is
added, even tack 13.5 and tack 4 inks can behaniady. The relationship between the
Inkometer and the Hydroscope tack is linear busstbpe and intersection with the y-axis

are unique for each and individual ink colour arahial.

Tyvek water-proof paper experiment with two diflerérands of ink, four different ink

tacks and with two different colours gave a varietylifferent fountain solution content
in the process inks ranging from 7 - 17% (procekssample from Heidelberg GTO-52).
Higher fountain solution content in the process makulted in lower lint and a higher
print quality. It was found that the higher thekias, the higher the amount of fountain
solution emulsified in the ink. Black tack inks @lsook up more fountain solution
compared with the cyan ones. This agreed with tten-Moland Uniset trial which

showed that for the same tack number, cyan inksbleadd shown to result in higher lint

weight compared with the black inks.
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Thermo Gravimetric Analysis was concluded to be rtiest suitable method so far for
the measurement of the fountain solution conterthenprocess ink. Weight reduction
measurement with TGA was quite simple to handlee ik acts as blank sample. As the
tack increased, the percentage of volatile compoateh05°C also increased slightly. The
fountain solution content of process ink samplegyea from ~7%-12%. An increase in
tack reduced the fountain solution content. Th& thcink had around 12% fountain
solution content, tack 9 had around 10% while 5815 had around 7% fountain solution
content. These all are samples from Man-RolandséiniThe TGA results were also
found to be of a similar size with the Tyvek wapeoof printing method used to measure

the fountain solution content of the process ink@idelberg GTO-52.

There is optimum level of fountain solution forming. Too little fountain solution will
result in higher lint, possibly followed by scummirincreasing fountain solution usage
was found to increase the lint in the non image &g reduce the lint in the image area.

More fountain solution increased the rate at wihiithis removed from the paper.

Analysis of variance showed that pressure was rsgraficant variable towards linting
in the Man-Roland Uniset trial. Swapping the exigtblanket with a new blanket, which
increased the pressure from 5.5 MPa to 9.5MPa, ionhgased the average lint of several
take off angles, printing tones, and two sideshefpaper by 4%. The Heidelberg GTO-
52 trials also showed that pressure did not styoradlect lint results. This is also
consistent with the Deltack measurements of trecetif pressure on tack force.

For the Heidelberg trials, there was rapid decr@asiee blanket compressibility from the
new blanket (O copies) to 56,000 copies. Theretloeee is quite a big difference in the
pressure, at a given press nip setting between @othem. After 56,000 copies, the
compressibility of the blanket seemed to settleesithe blanket after printing 56,000 and
442,000 copies produced the same pressure at @ ggteng.
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Simply using the machine blanket setting to compiarteresult is not a good practice

since the same pressure setting actually mearesetiff nip pressure if the blanket age is
different. The nip impression setting sets theadisé between the impression cylinder
and blanket cylinders, which does not take intcoaat the effect of blanket ageing and

blanket thickness reduction as the blanket ages.

From ANOVA done in Appendix H, it was found thattdbhape was a parameter that has
a statistically significant effect on linting. Cies produced more lint than squares and
ellipses, respectively. More work needs to be diondine shape and dot orientation to

confirm the observations.

The multigrain photopolymer plate resulted in tbhevést lint, the photopolymer plate

came second and the diazo plate resulted in theekidint. More work needs to be done
to confirm this since there was only one experim@neach plate for comparison. Also,
after 7000 copies printed, it was noticed thatraf@00 copies had been printed, both of

the diazo and photopolymer plates were startinggar out.



7.0 Future Work and Recommendations

Lint migration from the surface of the paper to teanket, plate and then to the ink and
fountain solution rollers needs to be further inigeged. Lint in the ink and fountain
solution rollers is harder to measure. Howeverdieamics of paper-blanket-plate lint
migration should be done next. Some sort of dynalnicmeasurement needs to be
developed. A dynamic image analysis system woultsisd of a high speed and high
resolution camera with image analysis. Ideallyithage analysis should also to be done

in real time as well. Some early work has alreaglgrbdone by Knut Wiik [51].

Variability within one paper grade needs to beHartinvestigated. The differences
between paper grades should also be tested. Pagadrima variables, i.e. if there is
change in any way the paper was made, needs toted narefully. This is important
since changing parameters on the paper machinaitdgfi changes the newspaper

structure. The link between the sheet structurdiahdeeds to be examined closely

The amount of lint is at maximum at 25% screen tdere work needs to be done in
order for us to understand why the curve goes tliranaximum at the 20-25% printing

screen tone, followed by the 50%, non image arg¥# and solid.

More varieties of printing plate and printing blatkype should be investigated further.
It would be worth examining the surface chemistfyhe printing blanket and printing

plate with AFM to get the topography of the platel dhe blanket. Physical properties
such as the compressibility and the tensile sthergft the blanket would also be

interesting to measure.

Different ink and fountain solution chemistry comsggmn could be investigated. Other
ink colours could also be investigated. The maimponents affecting ink tack and
therefore affecting lint mainly should be identifielnks with same tack number often
behave differently towards linting. This needs ¢oifivestigated. The reason why coldset

and sheet-fed inks result in different linting shibloe investigated.
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Ink tack change with the addition of fountain smiotand with the change of speed, ink
film thickness and printing nip pressure needsat@drrelated better with the commercial
offset lithographic press. Ideally, if the % of tfwantain solution in the process ink is
known, the ink film thickness, speed and the nigspure are all known in the
commercial printing press, the lint produced widl bBble to be predicted with a good

model or with the lint library results collectedn the trials.

Thermal Gravimetric Analysis is considered to be tmost suitable equipment to
measure fountain solution content in process inknéthod of reproducibly collecting
process ink from the plate or the last roller of thking train needs to be developed.
Another possible method of measuring the fountalut®n content is by using the
NPIRI water content meter [58]. A calibration cutvetween dielectric constant and the

known fountain solution content in ink needs tallegeloped.

The measurement of fountain solution film thicknassl ink degree of emulsification
method research should be continued further. Measemt of fountain solution film on
the plate can be done with an infrared moistureemetNear Infrared KJT-100
moisturemeter [57] that has been used in NorskegSBoyer. However, a calibration
graph between the moisture-meter and the fountdirtign film thickness still needs to
be obtained. This could be done by smearing enedsjfrocess ink with almost the same
ink thickness applied in the commercial pressiP The process ink fountain solution
content has to be known beforehand so that theletion graph between the moisture-

meter number and the fountain solution free filickhess can be developed.

The relationship between image quality and the arhoof lint should also be
investigated, as linting is ultimately an issueptinters because of its effect on image

quality.
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APPENDIX A. First Trial Man-Roland Uniset ANOVA Systat
Created Fri Jun 16, 2006 at 11:42:09, containssées:

Independent Variables:

PAPERS: Norstar, Golbey and Nornews
SCREENS: 0%, 20%, 50%, picture and 100%
COLOURS$: Black, Cyan, Magenta, Yellow
SIDES$ : Top side and bottom side

ANGLE: 75°, 105°
Dependent Variable
LINT (g/sgm)

N: 80

Analysis of Variance

Variables

Sum-of-Squares| df F Ratio
SCREENS$ 45.58 4 27.55
COLOURS 23,51 3 14.21
SIDE$ 1.65 1 1.00
ANGLE 26.47 1 16.00
SCREEN$*COLOUR$ 26.03 12 15.74
SCREENS$*SIDE$ 0.81 4 0.49
SCREENS$*ANGLE 9.53 4 5.76
COLOURS$*SIDE$ 2.01 3 1.21
COLOURS$*ANGLE 17.17 3 10.38
SIDE$*ANGLE 0.16 1 0.10
SCREEN$*COLOURS$*SIDE$ 3.33 12 2.01
SCREEN$*COLOUR$*ANGLE | 9.86 12 5.96
SCREENS$*SIDE$*ANGLE 2.59 4 156
COLOURS$*SIDE$*ANGLE 0.32 3 0.19
ERROR 1.65 12 1.00

Table A. 1. ANOVA of Man-Roland First Trial
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Based on Fisher, R.A." Statistical Tables for Bgial, Agricultural, and Medical
Research [76], the F ratio was checked at 0.05fgignce level according to its degree
of freedom and 12 degree of freedom error. Theibsahat are in bold are the factors

and interactions between factors that are sigmifitalinting.

Statistically, there are two and three ways int@wacthat affected lint significantly.

However this will need further study to confirm adexplain this further
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APPENDIX B. Second Trial Man-Roland Uniset ANOVA Systat

Independent Variable:

TYPES$ (3 levels)
100%, 25%, 50%
SIDE (2 levels)

1, 2
RULING (2 levels)
100, 150
COPIES (3 levels)
7000, 15000, 23000
Sum-of- Mean-

Variables Squares df Square | F-ratio
SCREENS$ 1.688 2 0.844 | 24.11
SIDE 21.483 1 21.483] 613.80
RULING 0.026 1 0.026 0.74
COPIES 6.725 2 3.363 | 96.09
SCREEN$*SIDE 0.268 2 0.134 3.83
SCREEN$*RULING 0.052 2 0.026 0.74
SCREEN$*COPIES 2.021 4 0.505 | 1443
SIDE*RULING 0.101 1 0.101 2.89
SIDE*COPIES 0.743 2 0.371 10.60
RULING*COPIES 0.306 2 0.153 4.37
SCREENS$*SIDE*RULING 0.051 2 0.026 0.74
SCREENS$*SIDE*COPIES 0.449 4 0.112 3.20
SCREEN$*RULING*COPIES 0.173 4 0.043 1.23
SIDE*RULING*COPIES 0.186 2 0.093 2.66
Error 0.142 4 0.035 1

Table B. 1. First ANOVA of Second Man-Roland Unisefrial

From the table above, it was concluded that scraéng was not a significant factor
towards lint. While printing screen, paper side dnel number of copies printed were

significant factors to linting. Two ways interactidetween screen$ and the number of

copies were also significant.
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PRINTCOUPLE (2 levels)

Top print couple, bottom print couple

Screen$ (5 levels)
0%, 100%, 25%, 50%, Picture
SIDE (2 levels)
Top side, Bottom side
WATER (2 levels)

\"2J

Low, Normal
Sum-of- Mean-

Variables Squares df Square | F-ratio
PRINTCOUPLE 6.27 1 6.27 4.067 0.05%
SCREENS$ 37.297 4 9.324 6.048 0.002
SIDE 32.746 1 32.746| 21.241] O
WATER 0.201 1 0.201 0.13 0.721
PRINTCOUPLE*SCREEN$ 24.797 4 6.199 4.021 0.012
PRINTCOUPLE*SIDE 22.698 1 22.698 | 14.723| 0.001
PRINTCOUPLE*WATER 7.121 1 7.121 4.619 0.042
SCREEN$*SIDE 1571 4 0.393 0.255 0.904
SCREEN$*WATER 3.816 4 0.954 0.619 0.653
SIDE*WATER 0.925 1 0.925 0.6 0.446
PRINTCOUPLE*SCREENS$*SIDE 7.049 4 1.762 1.143 0.36
PRINTCOUPLE*SCREEN$*WATER 62.43 4 15607 | 10.124]| O
PRINTCOUPLE*SIDE*WATER 5.421 1 5.421 3.516 0.071
SCREENS$*SIDE*WATER 2.991 4 0.748 0.485 0.74
PRINTCOUPLE*TYPE$*SIDE*WATER | 18.288 4 4572 2.966 0.04
Error 37 24 1.542

Table B. 2. Second ANOVA of Second Man-Roland Unisé&rial

From the table above, the effect of print coupd® @nd bottom print couple), water level

were not significant. The printing screen, pape@eswere both significant, which is

consistent with the result from table B.1.
There were two ways and three ways interaction€hviiere significant statistically to

linting.
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Sum-of- Mean-
Source Squares df Square | F-ratio
TACK 10.15 2 5.07 7.61
SIDE 26.43 1 26.43 39.62
PRINTCOUP 9.81 1 9.81 14.71
SCREEN 43.29 4 10.82 16.23
TACK*SIDE 15.07 2 7.54 11.30
TACK*PRINTCOUP 8.92 2 4.46 6.69
TACK*SCREEN 11.64 8 1.46 2.18
SIDE*PRINTCOUP 180.47 1 18047 | 27058
SIDE*SCREEN 13.24 4 3.31 4.96
PRINTCOUP*SCREEN 8.71 4 2.18 3.26
TACK*SIDE*PRINTCOUP 361 2 1.81 271
TACK*SIDE*SCREEN 6.98 8 0.87 131
TACK*PRINTCOUP*SCREEN 7.91 8 0.99 1.48
SIDE*PRINTCOUP*SCREEN 9.78 4 2.45 3.67
ERROR 5.34 8 0.67 1

Table B. 3. Third ANOVA of Second Man-Roland UnisefTrial

Tack, side, print couple and printing screen wemngoragst the significant variables

affecting lint. Two way interactions between tackdaside, tack and print couple, and

side and print couple were significant.

The interaction between side and print couple wls® &ignificant. This actually

represented the take off angle since the takenaffeaof each of the side and each of the

print couple would result in different take off dag

Print Couple Paper Side Take off Angle (°)
Top TS 102
Top BS 78
Bottom TS 27
Bottom BS 153

Table B. 4. The two way interactions between papeide and print couple.
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APPENDIX C. Third Man Roland Uniset ANOVA Systat

SIDES$ (2 levels)
Bottom side, top side
SCREENS$ (6 levels)
0%, 100%, 25%, 50%, 75%, Picture
BLANKETS (2 levels)
New (5.5 MPa blanket nip pressure), Old (9.5 MRaket nip pressure)

Sum-of- Mean-
Variables Squares df Square F-ratio
SIDE$ 0.123 1 0.123 0.66
COUPLE$ 4.769 1 4.769 25.67
SCREENS$ 5.156 5 1.031 5.55
BLANKETS$ 0.102 1 0.102 0.55
SIDE$*COUPLES$ (Take-Off
Angle) 48.582 1 48.582 261.54
SIDE$*SCREEN$ 0.278 5 0.056 0.30
SIDE$*BLANKETS$ 0.486 1 0.486 2.62
COUPLE$*SCREEN$ 2.305 5 0.461 2.48
COUPLES$*BLANKET$ 0.878 1 0.878 472
SCREENS$*BLANKET$ 0.689 5 0.138 0.74
SIDE$*COUPLE$*SCREENS$ 0.834 5 0.167 0.90
SIDE$*COUPLES$*BLANKET$ 0.181 1 0.181 0.98
SIDE$*SCREENS$*BLANKETS$ 0.151 5 0.030 0.16
COUPLE$*SCREENS$*BLANKETS$| 0.227 5 0.045 0.24
Error 0.929 5 0.186 1

Table C. 1. ANOVA of Third Man-Roland Uniset Trial

Print couple (top and bottom) and printing screeremwo significant factors affecting
linting. The interaction between side and printgeuvas also significant. This actually
represented the take off angle since the takermjfeaof each of the side and each of the
print couple would result in different take off dadrefer to table B.4.) Blanket$ means
blanket age or blanket nip pressure. It showshtatket nip pressure and blanket age is
not statistically significant to linting.
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APPENDIX D1. Image Pro Macros for Area Classes

Option Explicit
'path for the temp AOI file
Const TempAOIName As String="temp.aoi"

Sub Afri_copy_area()
Dim pic As Single
Dim down As Single
Dim top As Single
Dim count As Integer

Begin Dialog UserDialog 320,135,"Collect data (ArParim., Roundness",.DialogFunc3
'%GRID:10,7,1,1

Text 20,5,450,21,"To run particle size analysisp&®JN'. ",.Textl

PushButton 65,25,180,21,"Collect Data",.PushButtonl

PushButton 65,50,180,21,"Close All Pictures",.Pustdh?2

PushButton 65,75,180,21,"Clear Data Collector" fBugton3

CancelButton 85,105,140,21

End Dialog

Dim dlg As UserDialog
ret= Dialog (dlg) 'display the dialog

If ret = 0 Then Exit Sub ' Cancel button pressed

End Sub

Function DialogFunc3%(Dlgltem$, Action%, SuppValue%
Dim tmp As Single

Dim heigh As Single

Dim downn As Single

Dim topp As Single

Dim | As Single

Select Case Action%

Case 2 ' Value changing or button pressed

If DIgltem$ = "PushButton1" Then
Call The_best()



DialogFunc3% = True 'do not exit the dialog
End If

If DIgltem$ = "PushButton2" Then
Forl=1To40 Step 1
ret = IpDocClose()
DialogFunc3% = True 'do not exit the dialog
Next |
End If

If DIgltem$ = "PushButton3" Then

Call clear_data_collector()

DialogFunc3% = True 'do not exit the dialog
End If

End Select
End Function
Function The_best()

Dim ttt As String * 400

Dim more As Integer

Dim xratio As Single

Dim yratio As Single

Dim szout As String * 255

' Scan through and process all files in a directory
Dim IName As String*255
Dim fName As String
Dim workStr As String
Dim doclID As Integer
Dim gdirstart As String

' Make certain we have a reasonable starting poim$ code is
" only executed the first run after macro complat If you have
"a desired standard starting point, initialize dhrectory
' search here.
If gDirStart =" Then

gDirStart = "C:\My Documents\herman™
End If

' Get a file name in the desired directory

workStr = GetFilePath("", ™", gDirStart, _
"Select a file in the desired directory", 0)
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' Check to make certain the user did not cancel
If workStr = "™ Then

End If

' Close all open images prior to processing (thn be removed if desired)
ret = IpAppCloseAll()

" Extract the directory name from the full filema
gDirStart = Left(workStr, InStrRev(workStr, ))"

' Clear the output for work purposes
debugclear
ret = IpOutputClear()

' Call a setup routine ***
"Insert your setup call here

' Look for standard files, no directories or systiées.
' See the 'Dir' command help for details
fName = Dir(gDirStart + "*.*", 32)

While fName <> ™
" Print out the file name and its attributes
Debug.Print GetAttr(gDirStart + fName); " Name

'Load the image
docID = IpWsLoad(gDirStart + fName, ")

"Don't process if there is a failure loading
If docID >= 0 Then

ret = IpWsLoad(gDirStart + fName, ")

Ikkkkkkhkkkhkkkhkkkkkkkx

ret = IpCalGet("sName", szout) 'get variable froalibration
If ret <0 Then

Debug.Print "no spatial calibration"

Exit Function
End If

Debug.Print "spatial calibration:"



Debug.Print "calib name =" + szout
ret = IpCalGet("sUnitName", szout)
Debug.Print "unit name =" + szout

ret = IpCalGet("sXUnitPerPix", szout)

xratio = Val(szout)

Debug.Print "unit/pix (x) = " + Str$(xratio)

ret = IpCalGet("sYUnitPerPix", szout)

yratio = Val(szout)

Debug.Print "unit/pix (y) = " + Str$(yratio)
Debug.Print "aspect ratio = " + Str$(yratio / vt
ret = IpCalGet("sAngleOffset", szout)
Debug.Print "angle offset = " + Str$(Val(szout))

kkkkkkhkkkhkkkkkkkkk

ret = [pWsZoom(50)
ret = IpDocMaximize() 'resize
ret = IpDocSize(829, 646)
ret = IpFltFlatten(0, 20) '2 x filters
ret = IpFltLoPass(3, 7, 1)
ret = IpBIbSetAttr(BLOB_FILTEROBJECTS, 0)
ret = IpBlbSetAttr(BLOB_8CONNECT,1)

‘call macro Blob_analys1()
Call Blob_analysi()

ret = IpTemplateMode(1)
ret = IpBIbShow(0)
ret = IpBlbSetAttr(BLOB_AUTORANGE, 1)
ret = IpBlbSetAttr(BLOB_BRIGHTOBJ, 0)

ret = IpTemplateMode(0)
ret = IpBIbCount()
ret = IpBlbUpdate(0)
ret = IpBIbShow(0)

ret = IpDcShow(1)
ret = IpDcShow(3)
ret = IpDcShow(3)
ret = IpDcSet(DC_AUTO, 2)
ret = IpDcUpdate(DC_FETCH)
ret = IpDcSelect("Count_Size", "BLBM_AREA", 0)
ret = IpDcSelect("Count_Size", "BLBM_MEANFERRET0)
ret = IpDcSelect("Count_Size", "BLBM_MAXFERRET") 0
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x=1

ret = IpDcSelect("Count_Size", "BLBM_MINFERRET") 0
ret = IpDcSelect("Count_Size", "BLBM_PERIMETER'), 0
ret = IpDcSelect("Count_Size", "BLBM_ROUNDNESS}, 0

ret = IpDcSelect("Count_Size", "BLBM_ASPECT", 0)
ret = IpDcSelect("Count_Size", "BLBM_BOX_AREA", 0)
ret = IpDcSelect("Count_Size", "BLBM_BOXY", 0)

ret = IpDcSelect("Count_Size", "BLBM_BOXX", 0)

ret = IpDcSelect("Count_Size", "BLBM_MAXCALIP", 0)
ret = IpDcSelect("Count_Size", "BLBM_MEANCALIP")0
ret = IpDcSelect("Count_Size", "BLBM_MINCALIP", 0)
ret = IpDcSelect("Count_Size", "BLBM_BOX_XY", 0)

ret = IpDcShow(1)

ret = IpDcSet(DC_AUTO, 2)
ret = IpDcSet(DC_AUTO, 2)
ret = IpDcUpdate(DC_FETCH)
ret = IpDocClose()

' Close the initial image
ret = IpAppSelectDoc(docID)

ret = IpDocClose()
Else
Debug.Print "Error loading "; gDirStart + fName
End If

' Get the next file name
fName = Dir()
Wend

" Call a finish routine ***
" Insert your code here.

' Let the user know that we've finished

ret = IpMacroStop("All images in directory pessed.”, MS_MODAL)

End Function
Function clear_data_collector()
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ret = IpDcShow(1)
ret = IpDcShow(3)
ret = IpDcShow(3)
ret = IpDcSelect("Count_Size", "BLBM_AREA", 0)
ret = IpDcSelect("Count_Size", "BLBM_MEANFERRETD)
ret = IpDcSelect("Count_Size", "BLBM_MAXFERRET") 0
ret = IpDcSelect("Count_Size", "BLBM_MINFERRET") 0
ret = IpDcSelect("Count_Size", "BLBM_PERIMETER") 0
ret = IpDcSelect("Count_Size", "BLBM_ROUNDNESS}, 0

ret = IpDcSelect("Count_Size", "BLBM_ASPECT", 0)
ret = IpDcSelect("Count_Size", "BLBM_BOX_AREA", 0)
ret = IpDcSelect("Count_Size", "BLBM_BOXY", 0)

ret = IpDcSelect("Count_Size", "BLBM_BOXX", 0)

ret = IpDcSelect("Count_Size", "BLBM_MAXCALIP", 0)
ret = IpDcSelect("Count_Size", "BLBM_MEANCALIP")0
ret = IpDcSelect("Count_Size", "BLBM_MINCALIP", 0)
ret = IpDcSelect("Count_Size", "BLBM_BOX_XY", 0)

ret = IpDcShow(1)
ret = IpDcUpdate(DC_RESET)
ret = IpDcSet(DC_AUTO, 2)
ret = IpDcSet(DC_AUTO, 2)
ret = IpDde(DDE_SET, "row", "1")
ret = IpDde(DDE_SET, "col", "1")
ret = IpDde(DDE_SET, "append”, "0")
ret = IpDcUpdate(DC_FETCH)
ret = IpDocClose()
End Function

Function Blob_analys1()

Dim x As Integer

Dim ttt As String * 400
Dim more As Integer

Dim xratio As Single

Dim yratio As Single

Dim szout As String * 255
Dim xname As String

Dim yname As String

ret = IpFltFlatten(0, 30) '2 x filters
ret = IpFltLoPass(3, 7, 1)



ret = IpBlbSetAttr(BLOB_FILTEROBJECTS, 0)
ret = IpBlbSetAttr(BLOB_8CONNECT,1)

ret = IpDde(DDE_SET, "append","1")

ret = IpDde(DDE_SET, “target", "c:\program filestrosoft
office\office10\excel.exe")

ret = IpTemplateMode(1)

ret = IpBlbSetAttr(BLOB_AUTORANGE, 1)
ret = IpBlbSetAttr(BLOB_BRIGHTOBJ, 0)
ret = IpTemplateMode(0)

ret = IpBIbCount()

ret = IpBlbUpdate(0)

ipBins(0) =0
ipBins(1) = 1000
ipBins(2) = 2000
ipBins(3) = 3000
ipBins(4) = 4000
ipBins(5) = 5000
ipBins(6) = 6000
ipBins(7) = 7000
ipBins(8) = 8000
ipBins(9) = 9000
ipBins(10) = 10000
ipBins(11) = 11000
ipBins(12) = 12000
ipBins(13) = 13000
ipBins(14) = 14000
ipBins(15) = 15000
ipBins(16) = 100000

ret = IpBIbShowSingleClass(BLBM_AREA, ipBins(0% 11)
ret = IpDde(DDE_SET, "topic", "[Book1]Sheet1")

End Function
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APPENDIX D2. Image Pro Macros for Length Classes

Option Explicit
'path for the temp AOI file
Const TempAOIName As String="temp.aoi"

Sub Afri_copy_length()
Dim pic As Single

Dim down As Single
Dim top As Single

Dim count As Integer

Begin Dialog UserDialog 320,135,"Collect data (ArParim., Roundness",.DialogFunc3
'%GRID:10,7,1,1

Text 20,5,450,21,"To run particle size analysishp&JN'. ",.Textl

PushButton 65,25,180,21,"Collect Data",.PushButtonl

PushButton 65,50,180,21,"Close All Pictures",.Pusidh2

PushButton 65,75,180,21,"Clear Data Collector" Bugton3

CancelButton 85,105,140,21

End Dialog

Dim dlg As UserDialog
ret= Dialog (dlg) 'display the dialog

If ret = 0 Then Exit Sub ' Cancel button pressed

End Sub

Function DialogFunc3%(Dlgltem$, Action%, SuppValue%
Dim tmp As Single

Dim heigh As Single

Dim downn As Single

Dim topp As Single

Dim | As Single

Select Case Action%

Case 2 ' Value changing or button pressed

If DIgltem$ = "PushButton1" Then

Call The_best()

DialogFunc3% = True 'do not exit the dialog
End If
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If DIgltem$ = "PushButton2" Then
Forl=1To40 Step 1
ret = IpDocClose()
DialogFunc3% = True 'do not exit the dialog
Next |
End If

If DIgltem$ = "PushButton3" Then

Call clear_data_collector()

DialogFunc3% = True 'do not exit the dialog
End If

End Select
End Function
Function The_best()

Dim ttt As String * 400
Dim more As Integer

Dim xratio As Single

Dim yratio As Single

Dim szout As String * 255

' Scan through and process all files in a directory
Dim IName As String*255
Dim fName As String
Dim workStr As String
Dim doclID As Integer
Dim gdirstart As String

' Make certain we have a reasonable starting poim$ code is
" only executed the first run after macro complat If you have
"a desired standard starting point, initialize dhrectory
' search here.
If gDirStart =" Then
gDirStart = "C:\Documents and Settings\user\MycDoents\Herman"
End If

' Get a file name in the desired directory

workStr = GetFilePath("", ™", gDirStart, _
"Select a file in the desired directory", 0)
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' Check to make certain the user did not cancel
If workStr = "™ Then

End If

' Close all open images prior to processing (thn be removed if desired)
ret = IpAppCloseAll()

" Extract the directory name from the full filema
gDirStart = Left(workStr, InStrRev(workStr, ))"

' Clear the output for work purposes
debugclear
ret = IpOutputClear()

' Call a setup routine ***
"Insert your setup call here

' Look for standard files, no directories or systées.
' See the 'Dir' command help for details
fName = Dir(gDirStart + "*.*", 32)

While fName <> ™
" Print out the file name and its attributes
Debug.Print GetAttr(gDirStart + fName); " Name

'Load the image
docID = IpWsLoad(gDirStart + fName, ")

"Don't process if there is a failure loading
If docID >= 0 Then

ret = IpWsLoad(gDirStart + fName, ")

Tkkkkkkhkkkhkkkhkkkkkkkx

ret = IpCalGet("sName", szout) 'get variable froalibration
If ret <0 Then

Debug.Print "no spatial calibration"

Exit Function
End If

Debug.Print "spatial calibration:"
Debug.Print "calib name =" + szout
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ret = IpCalGet("sUnitName", szout)
Debug.Print "unit name =" + szout

ret = IpCalGet("sXUnitPerPix", szout)

xratio = Val(szout)

Debug.Print "unit/pix (x) = " + Str$(xratio)

ret = IpCalGet("sYUnitPerPix", szout)

yratio = Val(szout)

Debug.Print "unit/pix (y) =" + Str$(yratio)
Debug.Print "aspect ratio = " + Str$(yratio / vt
ret = IpCalGet("sAngleOffset", szout)
Debug.Print "angle offset = " + Str$(Val(szout))

kkkkkkhkkkhkkkhkkkkkk

ret = [pWsZoom(50)
ret = IpDocMaximize() 'resize
ret = IpDocSize(829, 646)
ret = IpFltFlatten(0, 20) 2 x filters
ret = IpFltLoPass(3, 7, 1)
ret = IpBIbSetAttr(BLOB_FILTEROBJECTS, 0)
ret = IpBIbSetAttr(BLOB_8CONNECT,1)

‘call macro Blob_analys1()
Call Blob_analysi()

ret = IpTemplateMode(1)
ret = IpBIbShow(0)
ret = IpBlbSetAttr(BLOB_AUTORANGE, 1)
ret = IpBlbSetAttr(BLOB_BRIGHTOBJ, 0)

ret = IpTemplateMode(0)
ret = IpBIbCount()
ret = IpBlbUpdate(0)
ret = IpBIbShow(0)

ret = IpDcShow(1)
ret = IpDcShow(3)
ret = IpDcShow(3)
ret = IpDcSet(DC_AUTO, 2)
ret = IpDcUpdate(DC_FETCH)
ret = IpDcSelect("Count_Size", "BLBM_AREA", 0)
ret = IpDcSelect("Count_Size", "BLBM_MEANFERRET0)
ret = IpDcSelect("Count_Size", "BLBM_MAXFERRET") 0
ret = IpDcSelect("Count_Size", "BLBM_MINFERRET") O



ret = IpDcSelect("Count_Size", "BLBM_PERIMETER", 0
ret = IpDcSelect("Count_Size", "BLBM_ROUNDNESS), 0
ret = IpDcSelect("Count_Size", "BLBM_ASPECT", 0)

ret = IpDcSelect("Count_Size", "BLBM_BOX_AREA", 0)
ret = IpDcSelect("Count_Size", "BLBM_BOXY", 0)

ret = IpDcSelect("Count_Size", "BLBM_BOXX", 0)

ret = IpDcSelect("Count_Size", "BLBM_MAXCALIP", 0)
ret = IpDcSelect("Count_Size", "BLBM_MEANCALIP")0
ret = IpDcSelect("Count_Size", "BLBM_MINCALIP", 0)
ret = IpDcSelect("Count_Size", "BLBM_BOX_XY", 0)

ret = IpDcShow(1)

ret = IpDcSet(DC_AUTO, 2)
ret = IpDcSet(DC_AUTO, 2)
ret = IpDcUpdate(DC_FETCH)
ret = IpDocClose()

' Close the initial image
ret = IpAppSelectDoc(docID)

ret = IpDocClose()
Else
Debug.Print "Error loading "; gDirStart + fName
End If

' Get the next file name
fName = Dir()

Wend

' Let the user know that we've finished
ret = IpMacroStop("All images in directory pessed.”, MS_MODAL)

End Function
Function clear_data_collector()

ret = IpDcShow(1)
ret = IpDcShow(3)
ret = IpDcShow(3)
ret = IpDcSelect("Count_Size", "BLBM_AREA", 0)
ret = IpDcSelect("Count_Size", "BLBM_MEANFERRETD)
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ret = IpDcSelect("Count_Size", "BLBM_MAXFERRET") 0
ret = IpDcSelect("Count_Size", "BLBM_MINFERRET") O
ret = IpDcSelect("Count_Size", "BLBM_PERIMETER", 0
ret = IpDcSelect("Count_Size", "BLBM_ROUNDNESS), 0
ret = IpDcSelect("Count_Size", "BLBM_ASPECT", 0)

ret = IpDcSelect("Count_Size", "BLBM_BOX_AREA", 0)
ret = IpDcSelect("Count_Size", "BLBM_BOXY", 0)

ret = IpDcSelect("Count_Size", "BLBM_BOXX", 0)

ret = IpDcSelect("Count_Size", "BLBM_MAXCALIP", 0)
ret = IpDcSelect("Count_Size", "BLBM_MEANCALIP")0
ret = IpDcSelect("Count_Size", "BLBM_MINCALIP", 0)
ret = IpDcSelect("Count_Size", "BLBM_BOX_XY", 0)

ret = IpDcShow(1)
ret = IpDcUpdate(DC_RESET)
ret = IpDcSet(DC_AUTO, 2)
ret = IpDcSet(DC_AUTO, 2)
ret = IpDde(DDE_SET, "row", "1")
ret = IpDde(DDE_SET, "col", "1")
ret = IpDde(DDE_SET, "append”, "0")
ret = IpDcUpdate(DC_FETCH)
ret = IpDocClose()
End Function

Function Blob_analys1()

Dim x As Integer

Dim ttt As String * 400
Dim more As Integer

Dim xratio As Single

Dim yratio As Single

Dim szout As String * 255
Dim xname As String

Dim yname As String

ret = IpFltFlatten(0, 30) '2 x filters

ret = IpFltLoPass(3, 7, 1)

ret = IpBlbSetAttr(BLOB_FILTEROBJECTS, 0)
ret = IpBlbSetAttr(BLOB_8CONNECT,1)
ret = IpDde(DDE_SET, "append","1")

ret = IpTemplateMode(1)

ret = IpBlbSetAttr(BLOB_AUTORANGE, 1)
ret = IpBlbSetAttr(BLOB_BRIGHTOBJ, 0)
ret = IpTemplateMode(0)

ret = IpBIbCount()

ret = IpBlbUpdate(0)



ipBins(0) =0

ipBins(1) =10
ipBins(2) =20
ipBins(3) =30
ipBins(4) =40
ipBins(5) =50
ipBins(6) = 60
ipBins(7) =70
ipBins(8) = 80
ipBins(9) =90

ipBins(10) = 100
ipBins(11) = 110
ipBins(12) = 120
ipBins(13) = 130
ipBins(14) = 140
ipBins(15) = 150
ipBins(16) = 5000

ret = IpBIbShowSingleClass(BLBM_MAXCALIP, ipBins)016, 1)
ret = IpDde(DDE_SET, "topic", "[Book1]Sheet1")

ret = IpBlbSaveClasses(™, S_LEGEND+S_DDE)

ret = IpBlIbShowSingleClass(0, ipBins(0), 0, 0)

ret = IpBIbShow(0)

End Function
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APPENDIX E. Harris Print Trial September 2004 (First Trial Man Roland Uniset
Trial)

There are two main sections in this report. Thet fone is aimed to investigate the effect
of paper orientation and paper side in the pressggusorstar produced by Boyer Mill.
The second one is aimed to compare the linting oyeB PM2 45 gsm (Nornews),
Norstar improved brightness of 74 1ISO brightness tat of Golbey 42gsm newsprint
produced by Norske Skog in France, are currenthingesupplied to Australian

pressrooms.

1.0 Effect of Paper Orientation and Paper Side in the RRssroom
Paper Used: Norstar 52 gsm produced by Boyer MillGasmania
There were two runs for this purpose, 52 gsm Nogés run first from reelstand 7 then
from reelstand 8. The paper was still run throughtame printing unit. This allowed us
to ‘turn-over the paper in the press and lookhat éffects of the two sidedness of the

paper and the two sidedness of the press (Figure 1)

2.0Effect of Paper Type : Comparing Norstar, Nornews ad Golbey

Norstar was run in the third printing tower fronelgtand 7 and 8 for the first and second
trials.

Nornews and Golbey were run in the second printinger with reelstand 5 for the first

and second printing trials.

Figure 1.
Reelstand 7 Reelstand 8
-
*Bottom side *Top side
.CD @ *Top side . *Bottom side
o® U
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*Note that Reelstand 6 arrangement is similar tel&and 4 and 8 and reelstand 3

arrangement is similar to reelstand 5 and 7.

The RHS rolls are slightly higher (105°) than tH¢S ones (75°). This resulted in larger
take off angle for the RHS of the paper. Accordimghe literature, the higher the take off
angle, the higher the lint result. The resultshig £xperiment will be discussed later in
this report. Boyer 45gsm newsprint was run fronmstaead 6, then Golbey 42 gsm was

run from the same reelstand.

The Harris Print press is a Man Roland Uniset \Bittowers. The tower the newsprints
were printed upon uses coldset inks. The toweNibestar was printed on is fitted with a
small oven and runs with inks that are ‘heatsed*lifhis enables the pressroom to run

coated paper for some customers.

40,000 copies (gross) were run of each paper peadsof 25,300 impressions per hour.
The last 200 to 300 copies were run with the zooalgwith no ink being applied to the

plate) to remove ink from the blankets. Blanketlpuwlere collected from non-image,

20% screens, 50% screens and solids on each cahoufrom the picture of a balloon

using weighed tape pulls which were reported ip@asate technical memo.

Domtar Lint Weight
Around 300 crfiof the blankets were washed with isopropyl alcotisse samples were
then filtered and weighted, then the lint weigher gquare metre of blanket were

calculated.
This method is slightly different but has the sarppaciple with the one that is normally

used by Boyer Research whereby they use taperpelisod and then wash the tape with

dichloromethane, filtering the lint deposit and gldiit.
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Ink used: Toyo Coldset Newsprint
Paper Used
Nornews : 45 gsm Newspaper grade produced by N&k&g Boyer
Roll number:

» B 4132933

« B 4132921

« B 4132920
Norstar : 52 gsm improved brightness (ISO brighdén&fs74) produced by Norske Skog
Boyer
Roll number: First Run

+ B3170608

+ B 3162655

e B 3170601

+ B 3170585

: Second Run

+ B 3170609

+ B 3162663

+ B 3170600

« B 3170584
Golbey : 42 gsm Newspaper grade produced by N@kkeg France
Roll Number:

e 12203619

12203577

« 12203751
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APPENDIX F. July 4™ and 5" 2005 Harris Printing Trial (Second Trial )

Aim:

Paper. Norstar 52gsm

Looking at the effect of printing parameters to spaper lint:

o Inktacks

o O o o

Roll number:

Ink : Toyo Test Newsprint

Parameters tested

Screen Ruling (100 and 150 Ipi)

Screen tone (25%,50%,solid)

Tack( Black 4,6,9,13.5 and Cyan 4,6,9,13.5
Colour(Black and Cyan)

B 5138329
B 5138352
B 5138354
B 5138362
B 5138336
B 5138345
B 5138387
B 5138334
B 5138343
B 5138353
B 5138344
B 5138335
B 5138379

Colours

Screen Ruling
Speed

No of impressions
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= Effect of fountain solution level

= Second printing unit lints

RUN 1:
Parameters tested
» Black Tack 9 and 13.5
= Screen Ruling (100 and 150)
= Screen tone (25%,50% and solid)
= Efect of fountain solution level

= Second printing unit lints

First Tower: Unit 5
Top printing couple:

Ink: Black Toyo Tack 13.5

Paper:Norstar 52gsm 405 mm width 2 rolls, givisgamound 23000 copies
Bottom printing couple:

Ink: Black Toyo Tack 9

Paper:Norstar 52gsm 405mm width 2 rolls, givingresund 23000 copies

Middle Tower:
Unit 7, two printing couples are used:
Ink:Both top and bottom print couple with Black kat
Paper: Norstar 52gsm 810 mm width, 2rolls arour@P3opies

| am looking at the effect of first and second ping process as well as varying water
level across the paper width (half width with nokeael, the other half with low water
level), therefore | need 810 mm width of papere®aorruling will also be investigated. In

this run,150 Ipiis used
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RUN 2
Parameters tested:
» Black Tack 4 and 6
= Screen Ruling (100 and 150)
= Screen tone (25%,50% and solid)
= Backtrap lint (effect of fountain solution level)

= Dot shape

First Tower (Unit 5):
Top printing couple:
Ink: Black Toyo Tack 6
Paper:Norstar 52gsm 810mm width 2 rolls, givingresund 23000 copies
Bottom printing couple:
Ink: Black Toyo Tack 4
Paper:Norstar 52gsm 810mm width 2 rolls, givingresund 23000 copies
In this first tower | will have a look at lint rebleffect of tack, screen ruling and dot
shape. | will have ellipse, diamond and line as slapes in the full plate, therefore |

need 810mm paper.

Middle Tower:
Ink:Both top and bottom print couple with Black kat
Paper: Norstar 52gsm 405 mm width, 2rolls arour@P3opies

I am looking at the effect of first and second pnig. In this run,100 Ipiis used

RUN 3

Parameters tested:
= No of impressions
= Tack
= Screen Ruling

= Screen Tone
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First Tower:

Top printing couple:
Ink: Black Toyo tack6
Paper:Norstar 52gsm 405mm

No of impressions: 7000

Bottom printing couple:
Ink: Black Toyo Tack 4

Paper:Norstar 52gsm 405mm width 2 rolls.

No of impressions: 7000

RUN 4

Parameters tested:
= No of impressions
= Tack
= Screen Ruling

= Screen Tone

First Tower:

Top printing couple:
Ink: Black Toyo tack6
Paper:Norstar 52gsm 405mm
No of impressions: 14000

Bottom printing couple:
Ink: Black Toyo Tack 4

Paper:Norstar 52gsm 405mm width 2 rolls.

No of impressions: 14000



RUN 5
Parameters tested:
= Tack
= Screen Ruling
= Screen Tone
= Speed
First Tower:
Top printing couple:
Ink: Black Toyo tack6
Paper:Norstar 52gsm 405mm
No of impressions: 2 rolls around 23000
Speed: 12500 imp/hour
Bottom printing couple:
Ink: Black Toyo Tack 4
Paper:Norstar 52gsm 405mm width 2 rolls.
No of impressions: 2 rolls around 23000
Speed: 12500 imp/hour
RUN 6
Parameters tested:
= Screen Ruling (100 and 150 Ipi)
= Screen tone (25%,50%,solid)
» Tack(Cyan 4, Cyanl13.5)
First Tower:
Top printing couple:
Ink: Cyan Toyo tack6
Paper:Norstar 52gsm 405mm width 2 rolls, givingresund 23000 copies
Bottom printing couple:
Ink: Cyan Toyo Tack 4
Paper:Norstar 52gsm 405mm width 2 rolls, givingresund 23000 copies
In this first tower | will have a look at lint relieffect of tack, screen ruling and also

colour effect since Run 1 and 2 are done with black
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Runi

Speed:25000 copies/hr
Run:2 rolls of paper from each reelstand (appr880® copies)

Platte [
Emjpait
F’” Blacld

Y]
Emply

[Plate AL

Black 135

Plafie A;R

Pl B

[Plate AL

Black 9

Reel3 | Reel5 Reel7




RUN2

Speed:25000 copies/hr
Run:2 rolls of paper from each reelstand (appr880® copies)

Reel3

Reel5

Reel7

Plate D
Blacks
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RUN 3
Speed:25000 copies/hr
Run: 7000 copies

Plafie AL
B ) Black 6
Plage AL
Blacl 4
Reel3 | Reel5
RUN 4

Speed:25000 copies/hr
Run: 14000 copies
Plate and ink arrangements are the same as RUN3

RUNS

Speed: 12500 copies/hr

Run: 15000

Plate arrangements are the same as RUN3

Ink top couple: black 13.5 , bottom couple tack 4

RUNG6

Speed:25000 copies/hr
Run:2 rolls of paper from each reelstand (appr880® copies)
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PLATE:
800mm (width) x cut off dimension of the plate whiis 578mm

All dots will be circular with screen ruling as sjfeed, i.e. 100 Ipi or 150 Ipi.
The only thing that needs to be designed is théefBRE in plate A, may be using the
picture of the balloons with gray colour

The dimension of each of the image area insid@ldie is 370x180 mm.
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(]

1605m
50% 100 i
25% 100 i
810

PlaeAL 370

{80 mm

100 (i

25% 100 Ipf

800

Oy

518w
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Platie

Selliel

150 lpf

25% 150 It

600
Plate Bl
Solid
50% 950 [pi
25% 150 [pf
600

Oy

OYEmn
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Plate D

100% 100%
50% 150 [t 150 [pk B70mm
25% 150 [pi 25% 150 [pi
500
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APPENDIX G. Man Roland Uniset Third Trial

13th — 14th May 2006

Speed 25000

25000 copies printed

Preliminary work:

Checking the nip pressure with pressure senstipe.t

Nip Pressure of Old blanket AND New Blanket

Check with the manager how many number of copidmda done before for the OLD
BLANKET. The new blanket is put in the BOTTOM COUPL

Paper and Printing Web Arrangements:

Unit5

Reel3 | Reelt

Run 1 : Using Old Blanket

Reelstand 3 and 5 are used (or reel stand 5 if @mdyprint couple is changed with new
blanket)

Ink: both top and bottom couple with Black toyok&c

Run 2 : Using Old Blanket

Reelstand 3 and 5 are used (or reel stand 5 if @mdyprint couple is changed with new
blanket)
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Ink: both top and bottom couple with Black toyokd.5

Run 3 : Using Old Blanket

Reelstand 3 and 5 are used (or reel stand 5 if @mdyprint couple is changed with new
blanket)

Ink: both top and bottom couple with Black toyoki@c

Run 4

NEW BLANKET IS USED in the bottom print couple. Qrthe bottom print couple was
used to print, no paper is run through the toptimgncouple.

Pressure sensitive tape needs to be run in thariagi

Reelstand 3 and 5 are used similar to RUN1. Pladdriks are the same as run 3

PLATE

800mm (width) x cut off dimension of the plate whiis 578mm

All dots will be circular with screen ruling as sjfeed, i.e. 100 Ipi

The only thing that needs to be designed is théefBRE in plate A, may be using the
picture of the balloons with gray colour

The dimension of each of the image area insid@ltte is 370x180

INK
Toyo Black Test Newsprint
PAPER
Norstar
Roll Number:
Reel Stand 5
« B5154179
+ B 6021582
+ B 5154195
+ B 6021581
Reel Stand 3
+ B 5154186
« B 6021570
+ B 5154187



B 6021569

— 3

‘
180mm

50% 100 [pt

25% 100 [pf

800

PlateAL 370 mm

B0mm Plefare

50% 100 (e

25% 100 Ipf

00

S8
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Brate

Solidl

75% 100 lpt

Bl

00
Plaie BL
Solid
75% 100 [pf
e
800

5178mm
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APPENDIX H. Heidelberg GTO-52 Dot Shape, Paper SidePrinting Screen Tone,

Printing Ruling Effects to Linting Systat ANOVA.

Categorical values encountered during processegg ar

DOT_SHAPES (3 levels)
Circle, Ellipse, Square
SIDES$ (2 levels)
BS, TS
SCREEN (2 levels)
25, 50
RULING (2 levels)
100, 150

Dep Var: LINT100 N:28 Multiple R: 0.991761 g&ared multiple R: 0.983590

Analysis of Variance

Parameter Sum-of- | Mean- F-ratio |P

Squares Square
DOT_SHAPE$ 0.3996232 0.199811 8.085432 0.0393p5
SIDE$ 3.9440541 3.944056 159.5976M.000226
SCREEN 0.0301921 0.030192 1.221732 0.3310p9
RULING 0.0177561 0.017756 0.718490 0.4443B1
DOT_SHAPES$*SIDE$ 0.037562 0.018781 0.759990 0.5251p4
DOT_SHAPE$*SCREEN 0.148002 0.074001 2.994487 0.1603p3
DOT_SHAPES$*RULING 0.0647232 0.032361 1.309509 0.3652p2
SIDE$*SCREEN 1.0758281 1.075828 43.533779.002734
SIDE$*RULING 0.0051011 0.005101 0.206419 0.6731p1
SCREEN*RULING 0.1737281 0.173728 7.029981 0.0568P8
DOT_SHAPES$*SIDE$*SCREEN 0.115662 0.057831 2.340162 0.212348
DOT_SHAPES$*SIDE$*RULING 0.0610212 0.030511 1.234648 0.3823p1
DOT_SHAPES$*SCREEN*RULING 0.010422 0.005211 0.210875 0.8183B6
SIDE$*SCREEN*RULING 0.01451p1 0.014510 0.587161 0.4862B9
DOT_SHAPES$*SIDE$*SCREEN*RULING 0.0124Q02 0.006201 0.25093 0.7894b7
Error 0.0988504 0.024712

Table D. 1 Analysis of Variance of Heidelberg GTO-8 Printing Press Variables

Parameters which are significant to linting at®8& level are highlighted in bold.

The dot shape, the side of the paper have signtfieliect to lint and also there is a significant

interaction between the paper side and the scygen Circle, square, ellipse respectively gives

higher lint results. Top side of the paper resuiteligher lint than the bottom side.
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LINT100

LINT100

Least Squares Means

21 \i/‘

0 | | |
Circle Ellipse Square
DOT_SHAPE
Least Squares Means
3 T T
2 —
1 —
0 | |
BS TS
SIDE
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