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Comparison of size distributions of lint particles
from different printing operations
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ABSTRACT

Linting is the removal of material from the
surface of newsprint grades during offset
printing.  Excessive linting leads to a
reduction in image quality and can reduce
press productivity. In this paper, the
length and size distributions of lint from a
large four-colour commercial web offset
press, a small single-colour commercial
sheet fed offset press and a laboratory
pick test were measured. The lint
removed on the large commercial press at
the first colour was smaller in both area
and length than at application of the last
colour. The lint removed in the last print-
ing station of the large commercial press
had similar distributions in area and length
to the lint removed in the small commer-
cial printing press. The area and length of
the lint removed in the small commercial
press did not depend on the tack of the
ink. As was expected, the pick test
removed far more lint than either commer-
cial press. The length and area of the lint
was also far larger than the material
removed as lint on the commercial press.
This disparity between the size distribu-
tions of the lint produced in the commer-
cial and laboratory pick test suggests that
the results of the pick test cannot be
assumed automatically to be relevant to
linting in commercial offset printing.
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INTRODUCTION

defined as the tendency of the fibres andf lint reveals four different types of parti-
fines to be removed from the surface o€les - ‘Fines’ or ray cells, fibre fragments
paper and to accumulate on the blanketf all sizes, shives and filler particles.
and plate. Improvements in equipment and processes
Lint primarily consists of three different have led to a decrease in the amount of
derivatives, which can be removed fronfibres and shives, whereas the amount of
the surface during printing. First the lintray cells has relatively remained constant.
consists of particles, which are not bondedhus the size of lint has decreased over the
to the surface at all. Their origin is mainlyyears. However, irrespective of the size,
from the slitting of the web into reels.the common characteristic is their low
These particles are referred to as ‘dustbonding potential§).
Thereafter there are particles that are Despite considerable effort over a
weakly bound. The better their anchoraggumber of years, there is no easy means
in the surface the later in the printing proof predicting the linting propensity of a
cess they are removed. These are clasgiven paper in a particular press. Methods
fied as ‘lint. Finally there are fibres, that can be used to characterise linting can
which are bound in the surface but whictbe divided into laboratory tests, such as
because of moistening lose their bindinghe IGT pick test (or other measurements
ability. This phenomenon is described asf surface strength) and actual trial print-
water-induced linting or ‘wet-pick’3). ing runs. Lindem and Mollef7} investi-
The terms ‘dust’ and ‘linting’ have beengated both types of methods as they used
sometimes used interchangeably in the li@ small Heidelberg offset press and IGT
erature. The composition of lint haspick tests as predictive trials for lint by
changed over the years from stiff, unfibril-comparing the quantity of lint and the
lated fibres 4) to deposits dominated by composition of lint. None of the methods
ray cells and finess|. Recently, filler §) for predicting lint seemed to correlate
and fines have become more significaritvell with each other. No attempt to mea-
components of lint. sure the type and dimensions of the lint
Offset processes are especially pron@aterial was made in their study.
to linting problems because of the tacki- The purpose of this work is to com-
ness of inks and the use of multicoloupare quantitatively the differences
printing places greater stress on the subetween commercial and laboratory print-
face of paper. Studies have shown thag, by examining how the nature of lint
the application of higher surface forces irthanges with the printing process going
printing is generally associated with therom small scale to large scale. Lint col-
removal of larger particles as lir)( lected from two pressrooms, a Heidelberg
The offset lint problem usually mani- GTO-52 single colour offset press, used
fests itself when loosely bound material i€ @ quality control test, and a large four
removed by tacky inks when the ink filmcolour web offset press will be compared
splits at the exit of the printing nip. Thisto the lint obtained from pick experiments
material can then deposit in a layer on thesing an IGT Printability tester.
surface of the offset blanket or it can trav-

Linting is considered to be one of theel further back into the printing processEXPERIMENTAL

more serious paper related problems iand contaminate the plate and the ink a

the offset printing of newsprini(2). Itis
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. . . nIgrinting trials
fountain solution trains7j. ) L )
Linting causes a deterioration in imagel WO Sets of offset lithographic printing trials
quality when the build-up of lint depositsWere done. The first was done on a small
on the blanket is non-uniform. This iscommercial printing press, a Heidelberg
more likely to occur as the lint particleGTO-52 at Norske-Skog Research and
size increases. Lint can also travel fronfPevelopment in Boyer, Tasmania.
the blanket onto the plates and back into These printing trials were performed at
the ink and fountain solution trains, caus50% relative humidity and 25°C using
ing additional print quality issues. Norstar 52gsm improved newsprint pro-
A close examination of the compositionduced by Norske-Skog at Boyer. The
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paper was printed on A3 sheets. Thereollected by washing and brushing th

e

were two printing areas in the plate oblanket with 5% aqueous iSO-pPropanopapticie classes for image analysis

solid and 50% tone at 155 Ipi. The dataolution. For good removal, the blanket

presented in this paper was collected fromeeds to be washed rigorously. Class  Min Area (um?)  Max Area (um?)
the 50% tone printed area. The nip print- Samples washed from the printing; 0 1,000
ing pressure was 8.1 MPa. The fountaiblanket were topped up with water to 10 1,000 2,000
solution used was 2% Alcofix. The pressnl to simplify the calculations. Half of 3 2,000 3,000
was run at 8000 impressions per hour. the sample was drained through filte 3,000 4,000
Both cyan and black coldset inks wergpaper with 0.45 pm pores, which Wai 2’888 2’888
used for the trials. The inks used wereveighed to estimate the grams per square 6.000 7.000
from several different manufacturersmetre of lint. 1 ml of the remaining sam-8 7,000 8,000
The tack values were measured on ple was then diluted with distilled water,9 8,000 9,000
Thwing-Albert Electronic Inkometer stirred and then filtered through a glas 0 196000000 ﬁ'ggg
operating at a water bath temperature dfiter, dried and analysed by light micro-7, 11,000 12,000
32.2°C and a speed of 800 rpm and arscope and image analysis. This processis 12,000 13,000
listed in Table 3. For each trial, lint wasexplained below. 14 13,000 14,000
collected after 7000 impressions. An Olympus BX 60 light microscope 2 14,000 15,000
16 15,000 100,000

The second set of trials was performegdvas used with 5 times magnification ta
on a large 4-colour Man-Roland Geomarmapture images of the lint. For each sample,
press running at approximately 10hasid 20 images were captured. A typical imagél'he number of classes was limited to 16
137,000 copies were printed. The papds shown in Figure 1. Prior to capturing thedue to software limitations. The last class
was Nornews 45 gsm. The paper waBnages, a white balance operation was pei? the list covers a much wider area range
printed coldset in a 4-colour tower unit informed using a clear glass paper. Each &#an the others. This was because there
the sequence cyan, magenta, yellow antle images covers 7.6 riout of 1134 mrh ~ are very few large particles. Even with the
black. The inks were commercially avail-of the total glass filter area. extended range, these large particles still
able newsprint inks with tacks listed in occur at a rate of much less than 1 particle
Table 3. Lint samples were collected fronimage analysis per image measured.

the blankets in contact with both the toprpo images were then analysed usin
and bottom sides of the paper. FuII-coIourmage Pro 4.5. A manual threshold wadGT Pick Experiments

images were selected from both the togjieq 1o each image to select the linThe IGT pick experiments were per-
and bottom sides of the paper. Samplesqicies.  The area, length, width andormed using the IGT printability tester
were taken from the same position on thgy,, \nqness of each particle were measurédC2-5 at the National Printing
blanket for the different colours. for each lint particle. The lint particles Laboratory, Monash University following
. . were then sorted according to area anal modified 1SO 3783 method.

Sample Collection and Preparation . ;heq into 16 classes based on their Six unique samples of Norstar 52 gsm
For each printing trial, lint was collectedarea. The classes are listed in Table improved newsprint from Norske-Skog,
from the printing blanket by washing the

blanket using a Domtar lint collector. This o Lo
collector is a tray that is held firmly ' : .
against the offset blanket area when sam- - ' o
pling was done. To collect the samples, : .
the lint and the ink within the area were T 3

L ]
N

Fig. 2 Typical scanned image of IGT printed paper show-
ing picked fibres (to show picked fibres, the colour
image was converted to grey scale, inverted and
then converted to black and white).

Vol 59 No 5

Fig. 1

Typical image of lint particles on filter paper.
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Boyer mill were tested on the top side anq.able 3
bottom side with 3 replicates for eacl‘bercent;ge of Lint Coverage Area
sample. In the results that follow, these

samples are labelled B1-B6. These sanhk Colour Tack Number of Total % Lint % Paper Surface Re-moved
ples were from different batches thanSuppller Copies Coverage Blanket that has stayed on the blanket
din the trial he Heidelb Black 135 7000 16.65 0.00237
were tested in the trials on the Heidelberg Black 9 7000 20.93 0.00299
printing press. 2 Black 6 7000 8.04 0.00114
Paper samples were cut into strips of Black 4.6 7000 7.82 0.00111
340 mm x 55 mm and mounted on th(f*1 S:adl: “‘j g;ggg 22‘7‘; 8-888‘113
. . . . . acl ~ . .
printing sector of the_ IGT prl_ntlng unit. Cyan 135 2000 9.34 0.00133
The papers were printed using an 1G} Cyan 9 7000 9.20 0.00131
408002 normal tack ink. An ink volume2 Cyan 6 7000 1.83 0.00026
of 0.2 ml was applied to the inking rollers4 Cyan ~4 137000 25.60 0.00018
of the IGT inking unit. After the ink was 4 Cyan -4 137000 29.58 0.00021

evenly distributed on the inking rollers
the 50 mm wide rubber printing disc waghis represented the area of most lintles in the different size classes. The x-

brought into contact with the inking removal. The images were then analyseakis values of both the length and area
rollers. Next, the inked disc was placedy image analysis software, Image Prplots are the average values of length and
on the printing unit against the paper san#.5. The images were analysed by seleckrea, respectively, of the particles in the
ple and the printing was done in a coning a threshold to isolate the white lines irtifferent classes.

stant speed mode at a speed of 4 m/s. THee printed surface, which were where lint

applied load of 800 N produces pressurd3ad been picked out of the surface. Area and length distributions of

which are far larger than the nip pressures It was immediately apparent that thdint from large commercial press

in commercial printing press, i.e. both forsize of the lint removed in the IGT Pickand from Boyer Heidelberg

the sheet-fed Heidelberg GTO-52 and thexperiments was much larger than thaGTO52.

4-colour Man Roland Geoman web printremoved in  the printing  press.tgpje 3 summarises the results for the
ing press. The IGT test conditions proAccordingly, new larger size classes WerBrinting experiments. For each data set
duce forces on the surface, which greatigelected for the sorting of the lint identipe tota] surface area of the lint was cal-
exceed those typically experienced ified from image analysis of the picking. ated. This was then converted to a per-

commercial printing presses. experiments. The first two of the NeWcentage of the blanket area that was cov-
_ _ classes, numbers 17 and 18, cover geq jn jint (second column from the
Sample preparation and image whole range of lint particle size used Night) and to the percentage of the paper
analysis of samples from IGT pick  the analysis of the lint from the g tice area that was removed as lint
experiments Heidelberg and commercial printing(right column) that has stayed on the
A Hewlett Packard Scanjet 6300C Flatbe@r€sses. The area classes used for thging planket. It should be noted that
scanner operating at 1200dpi was used &alysis are shown in Table 2. this will represent only a part of the total
capture the images. Atypical example of lint removed from the paper surface, as

a captured image is shown in Figure 2. MESULTS AND DISCUSSION ) ¢ ihe lint particles will transfer

1: 1 image was captured (sized 4.8 X 1f} the results that follow, the percentagdack to the paper and some will move

cm) at the bottom of the printed image agjstribution of lint into area and lengthonto other parts of the printing press, such
classes is plotted. The calculations weras the printing plate.

Table 2. done for each sample, by calculating the The data marked Comm. (Figs. 3-6) were
Size classes used for analysis of lint from total length and area of lint and calculatobtained from the two printing blankets of
the IGT experiments ing the percentage of this area or total linthe large commercial newspaper press.

. length that could be assigned to lint partiThe data with various tacks were obtained
Class Min Area (um?) Max Area (um?)

17 0 50,000 60 7

18 50,000 100,000 -+ Tack 13.5 -# Tack 9

19 100,000 150,000 0B e oy Gomm- Cyant
20 150,000 200,000 S 40

21 200,000 250,000 g

22 250,000 300,000 £ 30, //
23 300.000 350,000 | \ s

24 350,000 400,000 X 20 \ -

25 400,000 450,000 .
26 450,000 500,000 10 =

27 500,000 550,000 (m

28 550,000 600,000 0 - TR ' '
29 600,000 650,000 0 5000 10000 15000 20000 25000
30 650,000 700,000 Average Area, pm?

31 700,000 750,000

32 750,000 1,000,000 Fig. 3 Area distribution of lint particles produced in two

printing operations using cyan ink.
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-+ Tack 13.5 = Tack 9
- Tack 13.5 -& Tack 9 - Tack 6 —~ Tack 4.5
& Tack 6 - Comm. Cyanl -x- Comm. Black7 s Comm. Black8
s - Comm. Cyan2 g
5 »
I 5 o m
X ° .
B -
-
e
0 . . ‘
0 5000 10000 15000 20000 25000 300000
Average Length, mm Average Area, pm?
Fig. 4 Length distributions of lint particles shown in Fig. 5 Area distribution of lint particles produced in two
Figure 3. printing operations using black ink.
70 1 the commercial press, where cyan was the
0 1 e —~+ Tack 13.5 = Tack 9 first colour printed and black was the last.
-+ Tack 6 > Tack 4.5 It can be seen that, in comparison to the
s 271\ ~+ Comm. Black7 -~ Comm. Black8 cyan runs on the Heidelberg, there are
g 40 4 &\ very few large particles removed as lint.
= 30 In contrast, the lint from the black blan-
X .
20 | kets has approximately the same area and
length distribution as that produced in the
101 Heidelberg press, whichever ink was used
0 T to perform the printing trial. This is con-
0 005 01 015 02 025 03 sistent with the changes in character of
Average length, mm the lint as the paper moves through a
Fig. 6 Length distributions of lint particles shown in multi-colour press as the cyan was the
Figure 5. first colour printed on this press and the

with the indicated tack inks on theseem to be relatively little differencesblackl)( was (tjhehlasl'F. As has bdeen prev||_ous-
Heidelberg GTO52 Press at Norske Skopetween the lint produced in the differenP/ observec, the lint removed on applica-
Boyer. Both sets of data were obtainegack and colour inks used in thec;on _Of th? first c"o]Icour Is likely t? ble prel-
from a screen printed area. The commeHeidelberg press. The similarity betweerkl)gumr:gaigig tshn;asur:‘:g(renesrzjttszh?sydl?sotsf?oym
cial inks used were coldset inks withthe lint distributions from the cyan andslitter operations The’a lication of the
approximate tacks of 4. black trials on the Heidelberg is not surs. o oPeratons. The applicafion
The data in Figures 3-6 appear to showrising. The Heidelberg press is a Singk1;ounta|n solution in the application of
a parabolic type distribution of the lintcolour press and therefore simply changfaCh colour then roughens_, anq weakgns
either when lint area (Figs 3 and 5) or paring the colour of the ink, everything else he S_“rf‘."‘ce of the newsprint, increasing
ticle length (Figs 4 and 6) are examinedoeing equal, should not change the distrlt-he _hkehhoqd that larger, better ponded
The shape is however, somewhat misleadhution of the lint particles. However, thepart'qes willbe removed{ later in the
ing as it arises from the selection of théack of a clear effect of ink tack is someprlntlng Process. There IS, as yet, no
size classes for image analysis. Due tahat surprising as it had been expecteg;'e"’mS of quantitatively predicting how
the limitations of the software to sixteenthat the use of higher tack inks might proi[ e character of the Imt _W'" change as it
size classes, the last size class includes dlice an increase in the size of the lint paP3SS€S through the printing process.
of those lint particles that are greater thaticles that were removed in the press as o
15,000 ut Thus the points for the well as in the amount of lint. However\réa and length distributions of
largest size class are well separated frothe highest percentage of large lint parti'—GT lint
the rest of the points and show a largerles is observed for the tack 9 ink inThe area distribution of lint removed from
percentage area than for the points in theigure 3 and for the tack 6 ink in Figurethe surface in the IGT pick experiments is
preceding size classes only because of te The reasons for the lack of dependenhown in Figure 7, while Figure 8 shows
larger range of measurement. If the sizen ink tack of lint size and amount are nothe length distributions of the lint particles
classes had been uniformly distributedtlear, but may be related to the differshown in Figure 7. It can be seen that
then the data would have shown the sanences in the uptake of the fountain soluthere is very little difference from sample
negative exponential type distributiontion in the different tack inks. This is anto sample in either the length or area dis-
that the rest of the data displays, providarea that will be the subject of futuretributions. The shape of the distributions
ing enough lint particles had been meamnvestigation. in both area and length are somewhat dif-
sured to obtain reliable results. There are some very clear differenceferent from those shown from the lint
The data in Figures 3-6 show someseen in the area distributions for the lintvashed from the blanket in Figures 3-6, as

very interesting trends. Firstly, therefrom the cyan and the black blankets oirigures 7 and 8 both show the percentage
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30 - 35 7

30 - Bl-bs = Bl-ts -4 B2-bs
| o= —— Bl-bs -=— Bl-ts —& B2-bs i
25 1§41 > B2-ts -+ B3-bs -® B3-ts
AN —x— B2-ts — B3-bs —e— B3-ts 25 4
7\ N —— B4- — B5-
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15 A

10 ~

Average % Area

Average % Fibre Length

800000 100000

0 200000 400000 600000

Average Area, pm?

Average length, mm

Fig. 7 Area distribution of lint particles measured from
IGT pick experiments on the top and bottom sides
of six samples of improved newsprint.

Fig. 8 Length distributions of lint particles shown in
Figure 7.

area and length distributions rising to away from the blanket during the trial onthe fines onto the fibres. Improvement of

maximum for Class 18 before falling. Thethe large commercial press. the bonding of the fibres into the network
origin of this peak is not currently known. should reduce fibre removal in the IGT
When the results of the IGT experi-Discussion experiments, but may not change linting

ments are compared to the lint removegoth the IGT and the Heidelberg printinglr;r[:]r;r\llgr&gaesls"gtlsZ%tht:rt?;: :‘:]b][i(ta)?etr:jagvzrlc_a

during prl_ntlng, it can be seen that t_hetrials have been used as quality contro . .
IGT experiments remove much larger Im[I/S opment in refining would also change the

. ) sts to try and predict linting. The results . ) :
particles than either of the two sets of 1 haille begn presenteg here, SuggébrtOportlt_)ns of fibres and fines, as would a
printing press experiments. Figures 2, %o+ the IGT test may have only Iimited(%?nge in the furm_sh- eg increased substi-
and 8 show that a considerable amountq-- : L i .. “tution of recycled fibres. All of these fac-

s _dtility in predicting linting. This is ) i
the material removed from the surface ifacause the IGT pick test removes muchors could af_fect the prc_)portlonallty
the pick test has been complete or negpqre jint that is much longer and Widerirﬁgxfsena:f; %gfrﬁnﬁn O\c/)?l ;ir:qleG'rlr']:i(eprie;-
complete fibres, with lengths up 0 1.5h,n the lint removed on the printing 9

mm whereas the lint removed in the print; : during printing.
press. These differences would be even The results do show that testing the

ing experiments is much shorter and has geater if we had compared the solid tone h | Heidelb .
i i 7 . . r on m [ rg pr [
much smaller area.  The arithmetic aveliint from the commercial presses with th aper o € small Heidelderg press IS

age length of the lint removed in the IGT|GT data which is measured on a Soli&)otentially useful as a means of characteris-

test was typically 0.18mm, compared tQrint. This is because in offset printing,mg its linting tendency. The lint length and

average sizes ranging from 0.013 tghe solid tone lint was considerably smallS o distributions, shown in Figures 5 and 6

0.024mm for the commercial press an@y than the lint obtained at 50% scree5‘°j|h(.)c\jlvIbgOOd daﬁreement p?tween TtEe
0.021 to 0.035mm for the smallione, which was presented in this paper. elde erghan tecr?mmer0|ahpr(|?ss.d_ IS
Heidelberg press. For the IGT test to be useful, it must bezuggests that a(r;)_/ change_cljn IE) € lint distrl-
When the total area of the lint in allassumed that the amount of long ﬁbr%utlonﬂmeazurg 'Et © H?' e1oerg tesft r?]ay
classes is summed, then it is possible {@moved in the IGT pick test is propor--c ' ecrt]e n t % ber ormancltle © ;.e
estimate the total fraction of the surfacesional to the amount of shorter materiaf b " o" .ﬁ’gme cc&mrr:{erma Y- ;_ 1S
which has been removed as lint. For thesmoved as lint during offset printing, P CPCSIion Will be tested in future work.

IGT experiments, this was on averagerhjs is not something that can be teste

2.4%. Thatis, on average fibres had beefom these results, as the same materia ONCLUSIONS

pulled from 2.4% of the total surface aregvas not tested in each experimeniThe length and size distributions of lint

in the single printing run of the IGT although previous work has suggesteffom a large commercial offset press, a
experiment. As is shown in Table 3, thehat the relationship between pickedsmall commercial offset press and a labo-
equivalent areas for the Heidelberg trialsibres and lint is not straight-forward)(  ratory pick test were measured. The lint
were only 0.001 to 0.003%, provided it isSome limited work has been done comremoved in the large commercial press
assumed that all lint particles removegaring the total IGT lint area of the sam-was smaller in both area and length in the
from the paper surface had remained oples presented in this work, with the masfirst printing station compared to the last.

the blanket.  For the commercialof lint accumulated on the blanket inThe lint removed in the last printing sta-

newsprint measurements the lint removegleidelberg printing trials6). No strong tion of the commercial press had similar

was an order of magnitude smaller thagorrelation between the two was found. distributions in size and length to the lint

the Heidelberg measurements, since simi- It seems reasonable that if mechanicakmoved in the small commercial printing

lar amounts of lint were pulled out afterpulp fibre development in refining press. The size and area of the lint
7,000 copies on the Heidelberg press ashanges due to, for example, an increasemoved in the small commercial press
were removed after 137,000 copies on thia refining energy, then this is likely to did not depend on the tack of the ink. The
commercial press. These differences magffect the bonding of the fibres into thereasons for the lack of dependence on ink
have been influenced by lint migrationnetwork more than it will the bonding of tack of lint size and quantity are not clear,
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