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Abstract

7he Srinting Slate used in offset lithograSh\ is designed to acceSt inN on iPage areas and reMect inN on non�iPage areas. 
,n order to reMect inN in conYentional offset, fountain solution is needed to forP a weaN boundar\ la\er between the Slate 
and the inN. PaSer and coated SaSer in Sarticular are designed to acceSt inN and absorb inN oil and fountain solution. 7he 
latter is often transferred to the SaSer surface through the rubber blanNet and its absorStion or subseTuent disSlacePent is 
essential for final inN transfer to the surface. 7here are strong dePands on the uniforPit\ of  the SaSer surface, including 
in resSect to absorStiYit\, both in structure and chePistr\, in order to gain a Srint of  high Tualit\. ,f  this is not the case, the 
inN filP thicNness Pa\ be non�uniforP� subseTuentl\, inN adhesion Pa\ eYen fail coPSletel\, leaYing white sSots on the 
SaSer surface in the Srint. 7his giYes rise to Srint Pottle, a seYere Srint Tualit\ defect. 

7he aiP of  this SaSer was to stud\ the Tualit\ of  Srints froP a full scale offset Srinting trial Pade on Silot coated SaSer, 
with attention giYen to inN�surface adhesion. SeYen calciuP carbonate SigPent based coatings with different contents of 
SigPent disSersing agent were included in this stud\. 7he worN showed that a Poderate oYer�dosage of  disSersant signifi-
cantl\ increased the inN adhesion failure and Srint Pottle, Painl\ on Srints froP the later Srint units and esSeciall\ at high 
fountain feed leYels. 7hese findings dePonstrate the fundaPental iPSact of  fount leYel, surface chePistr\ and coating 
forPulation on inN adhesion and thus also Srint Pottle.

Keywords: coated SaSer, coating SerPeabilit\, offset Srint Tualit\, water induced Srint Pottle, uncoYered area, 
Sol\acr\lic disSersant

1. Introduction

7he SrinciSal function of  fountain solution in conYen-
tional offset Srinting is to SreYent inN to be transferred 
to the non�iPage areas of  the Srinting Slate �0acPhee, 
����� .iSShan, �����. 7he fountain feed leYel is a delicate 
control issue for the Srinter. 7oo low a feed YoluPe will 
cause scuPPing, i.e. the non�iPage areas will taNe uS inN 
and start to Srint. 7oo high a feed will giYe SroblePs with 
Soor inN transfer and Srint Tualit\ defects will aSSear. $ 
PiniPuP thicNness of  the fountain filP is considered 
to be around �� to �� nP �see 'iscussion for details�, 
which is well below the range of  �.�²� �P which has 
been reSorted as a norPal aYerage thicNness �0acPhee, 
�����. +oweYer, the non�iPage area of  the Slate is not 
Pirror�sPooth, a Sress design feature is aSSlied to ensure 
satisfactor\ fount transfer, and so sufficient fountain feed 
is needed in order to assure that the water filP on ele-
Yated areas also has an aSSroSriate thicNness. 

%oth inN and SaSer Pust be coPSatible with fountain 
solution in order to assure inN transSort in the Sress and 
good Srint Tualit\. 7he inN Pust be able to incorSorate 
fountain solution in a water�in�oil ePulsion �0acPhee, 
����� )adner and 'o\le, �����. $lso the SaSer needs 
to cater for water that has been deSosited on its sur-
face when the SaSer coPes into contact with water rich 
regions on the rubber blanNet. 7he water is first h\drau-
licall\ iPSregnated into the SaSer in the niS in a Srocess 
controlled b\ the SaSer SerPeabilit\ and then subse-
Tuentl\ caSillar\ absorbed b\ the toS la\er of  the SaSer 
during the tiPe that elaSses between two niSs �$sSler, 
�����. 'irect PeasurePents of  water uStaNe b\ coated 
SaSers during heatset offset Srinting haYe been reSorted 
b\ 7ng et al. �����, �����. 7he\ used near infra�red 
Srobe sSectroscoS\ and confirPed a significant water 
uStaNe which was inÁuenced b\ coating sPoothness and 
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caSillarit\. 'ue to the high sSeed of  the Srinting Sro-
cess, the controlled uStaNe of  water into inN and SaSer 
Pust be fast. &oPSact areas of  the SaSer surface haYe 
a low caSabilit\ to rePoYe larger water YoluPes fast 
enough froP the surface and this will giYe SrobleP with 
inN transfer to the SaSer. 

Print Pottle is a SerceiYed uneYen Srint densit\ and a 
coPPon and seYere Srint defect on coated SaSers. 7he 
aPount of  wet inN transferred to the SaSer is Yer\ low, 
less than 1 g · m−2 �0acPhee and /ind, ����� and after 
dr\ing when the inN oil has deSleted froP the inN filP 
�Str|P and *ustafsson, �����, the thicNness of  the dr\ 
inN filP �i.e. SigPent and binder� is in the order of  half 
a PicroPetre or less �Str|P and .arathanasis, �����. 
7hus, it is eas\ to understand that a Yer\ sPall Yariation 
in inN filP thicNness and sPall sSots were the inN has 
failed to adhere to the surface will result in a Pottled 
low Tualit\ Srint. 

7here are two SrinciSal t\Ses of  Srint Pottle. %acN traS 
Pottle �%70� is due to Yariation in inN filP thicNness. 
7his Pottle t\Se has been subMected to scientific stud-
ies in both laboratories and on Srinting Sresses for half 
a centur\, with significant breaNthroughs seen during 
the last ��²�� \ears �2]aNi, %ousfield and Shaler, ����� 
5aMala and .osNinen, ����� ;iang et al., ����� Shen 
et al., ����� ;iang et al., ����� ,soard, �����. %70 is 
basicall\ due to an uneYen deSletion of  inN oil b\ trans-
fer into the coating, which in turn is due to a non�uni-
forP Sore structure and�or surface chePistr\ of  the 
coating. 7his results in an inN filP on the SaSer with 
local Yariations in thicNness and Yiscosit\. 7his giYes an 
uneYen build�uS of  inN on the non�iPage areas of  the 
rubber blanNet and non�uniforP inN transfer �bacN traS� 
in subseTuent Srint units where the SreYious Srinted 
area Peets the non�iPage area of  the following rubber 
blanNet, and finall\ a non�uniforP inN filP thicNness on 
the SaSer that e[its the Srinting Sress.

7he other SrinciSal t\Se of  Pottle is water interference 
Pottle �:,0� �PlowPan Sandreuter, �����. 2nl\ Yer\ 
little scientific worN in this area haYe been reSorted 
�Str|P and 0adstedt, ����� /ie and .olseth, �����. 7he 
coPPon belief  is that it is due to inN refusal caused b\ 
too high a fountain solution feed rate. :e becaPe inter-
ested in this research area after a laborator\ stud\ on inN 
adhesion �.aPal et al. ����� .aPal $lP et al., �����, 
where we realised that inN adhesion failure could haYe 

seYeral origins. 1ot onl\ fountain solution feed was 
iPSortant but also SaSer SroSerties and the interaction 
between fountain solution and SaSer coating.

7he laborator\ worN �.aPal et al. ����� .aPal $lP 
et al., ����� showed that an e[cess aPount of  sodiuP 
Sol\acr\late in the coating colour affected the coating 
SroSerties and the interaction between inN and the SaSer 
coating. 7he coatings becaPe Pore Solar and interacted 
Pore strongl\ with water. 7his resulted in slower inN 
setting and reduced inN²SaSer coating adhesion, esSe-
ciall\ in the Sresence of  aSSlied water�daPSening solu-
tion �to PiPic fountain solution during offset Srinting� 
which are identified as contributor\ factors in inN Siling 
and Srint Pottle �Purfeerst and 9an *ilder, �����. 7he 
worN showed that inN adhesion failure resulted in white 
sSots in the Srint and suggested that the inN failure was 
due to two different PechanisPs, the well�Nnown inN 
refusal, which is an inN transfer failure, and a new Pech-
anisP, which we refer to as inN�lift�off. 7he latter Pech-
anisP suggests that the inN is transferred to the SaSer 
surface but rePoYed in a subseTuent Srint niS due to 
Soor inN�surface adhesion �.aPal $lP et al., �����.

,n order to Yerif\ if  the findings froP the labora-
tor\ stud\ had an\ releYance in industrial Srinting, we 
designed a sSecial Silot coating trial and Srinted the 
coated SaSers in full�scale sheet�fed offset with a la\out 
designed for our aiPs. 7he results are reSorted in two 
articles. 7he first �.aPal $lP et al., ����� focuses on 
the iPSact of  SaSer coating SroSerties gained froP the 
si]e distribution of  the SigPent, t\Se of  late[ binder, 
calendering and one dosage of  additional disSersant 
on inN adhesion failure. 7he white sSots that were a 
result of  inN adhesion failure were anal\sed in detail, the 
unSrinted surfaces were insSected with scanning elec-
tron PicroscoS\ �S(0� and a PechanisP was SroSosed. 
1ow, the second reSort, i.e. this SaSer, focuses on SaSer 
SroSerties that arise froP the use of  high aPounts of 
disSersant since this aSSears to be a Ne\ factor, and esSe-
ciall\ since SaSer Pills often add in e[tra disSersant�s� to 
the colour in order to assure that it will SerforP well on 
the coater following, for e[aPSle, S+ shocN in the case 
of  calciuP carbonate, arising freTuentl\ froP the use of 
acidic binders or Picrobiological contaPination on the 
Pachine. %oth reSorts focus on fountain solution�water 
feed in addition to SaSer SroSerties on inN adhesion and 
Srint Tualit\. 7he Sresent SaSer additionall\ discusses 
Srint Tualit\ SroSerties in Pore detail.

2. Materials and methods

2.1 &oating colour forPulations

SeYen different coating colours were forPulated. 7he 
coatings were SreSared according to the forPulations 
in 7able �. 7he saPe SigPent, a ground calciuP car-

bonate �*&&� with Pass fraction of  �� � of  the Sarti-
cles being less than � �P, was used in all forPulations. 
7he *&& SigPent �+\drocarb ��, suSSlied b\ 20<$� 
was deliYered in the forP of  disSersed slurr\ where 
Sol\acr\late �P$� disSersant had been used during its 
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Sroduction. 7he binder used in all forPulations was a 
st\rene�butadiene late[ �'/��� suSSlied b\ S7<521�. 

7he additional Sol\acr\lic disSersant used for e[cess 
dosing was 'isSe[ 1�� �suSSlied b\ %$S)�, a full\ 
sodiuP neutralised disSersant �1aP$�. 7he 1aP$ solu-
tion used in the e[SeriPent consisted of  diluted coP-
Percial Sroduct, in which onl\ water had been added. $ 
further disSersant solution was also SreSared, a Sartiall\ 
calciuP neutralised �1a&aP$�. ,n the 1a&aP$ solution 
a calciuP to acr\late ratio �>&a2+@�>$−@� of  �.� was tar-
geted. 7he ion�e[change froP sodiuP to calciuP ions 
was Pade using calciuP nitrate tetrah\drate �suSSlied b\ 
0ercN�. 7he calciuP salt was first dissolYed in water, and 
then carefull\ added to the dilute 1aP$ solution. 7he 
thus SreSared dilute P$ solutions contained � � actiYe 
coPSonent, i.e. � � acr\late. 7he solutions were S+ 
adMusted to ��.� with a 1a2+ solution �Pass fraction of 
���� before being added to the SigPent slurr\, followed 
b\ binder addition and additional water to reach a target 
solid content of  �� �. 7he coating colours were finall\ 
adMusted to S+ �.�. ,n three of  the seYen SreSared coat-
ing colours, the diluted sodiuP Sol\ acr\late �1aP$� was 
added in different dose aPounts. ,n one of  the forPu-
lations �5ef� no additional disSersant was added. ,n the 
rePaining three forPulations the 1a&aP$ with Sartial 
calciuP neutralisation was aSSlied as an additiYe to the 
SigPent slurr\. 

2.2 Pilot coating 

7he coating colours were coated on Sre�coated wood�
free fine SaSer �0agnostar �� g Ã Pî� suSSlied b\ SaSSi�. 
%oth sides of  the industriall\ Sre�coated base SaSer 
were toS�coated with aSSro[iPatel\ �� g Ã Pî�. The 
SaSers were coated with a blade coater at a sSeed of 
� ��� P Ã Pinî� �0odular &oPbi %lade �0&%� Panufac-
tured b\ 9oith PaSer�. )or additional Srocess SaraPe-
ters see $SSendi[. 

7he coated SaSers were suSercalendered �S. �������� 
Panufactured b\ %ruderhaus 0aschinen *Pb+� and 

Sassed through �� niSs, each with a linear niS�Sressure of 
��� N1 Ã Pî� and a line sSeed of  nearl\ ��� P Ã Pinî�. The 
tePSerature of  the calender rolls was NeSt constant at 
�� �& and the SaSers were calendered to reach �� � gloss 
�Peasured with 7$PP, Standard 7����. )urther Srocess 
SaraPeters can be found in $SSendi[.

2.3 )ull scale Srinting

7he coated SaSers were Srinted � weeNs after being 
coated with a sheet�fed offset Srinting Sress �0anroland 
5 ��� /77/9 suSSlied b\ 0anroland sheet�fed *Pb+, 
*erPan\�. )or Pore details of  the Sress set�uS, Slease 
see $SSendi[.

7he Srinting order was blacN �.�, c\an �&��, Pagenta 
�0�, \ellow �<�, c\an �&�� and c\an again �&�� as shown 
in )igure �. 2nl\ the c\an Srinted areas were eYaluated.

K C2 C5 C6M Y

Figure 1: The ink sequence used during the printing trial

7he Srint la\out seen in )igure � shows a total of  si[ 
c\an areas, three of  which are Srinted in fulltone �first 
coluPn� and three areas are Srinted in �� � halftone 
�second coluPn�. (ach area is Srinted onl\ once at 
either &� �first row in )igure ��, &� �second row� or &� 
�third row�, resSectiYel\. 

7he Sositions of  the Srinting units inÁuence the aPount 
of  fount being Sut onto the SaSer surface, Srior to it 
being Srinted. Significantl\ Pore fount will be Sut onto 
the SaSer Srinted at &� coPSared to the fount aPount on 
a SaSer Srinted at &�. $lso the Srints froP &� Pa\ suffer 
froP bacN traS Pottle caused b\ the subseTuent � blanNet 
c\linders �0, <, &� and &��, whereas Srints froP &� do 
not risN that as it is the last Srinting unit in the Sress.

Table 1: Coating colour formulations

Sample GCC 
[pph]

SB latex 
[pph]

Excess PA dosage 
[pph] [Ca2+]/[A−]

Ref 100 11 0 0

0.2 NaPA 100 11 0.2 NaPA 0

0.2 NaCaPA 100 11 0.2 NaCaPA 0.3

0.4 NaPA 100 11 0.4 NaPA 0

0.4 NaCaPA 100 11 0.4 NaCaPA 0.3

0.8 NaPA 100 11 0.8 NaPA 0

0.8 NaCaPA 100 11 0.8 NaCaPA 0.3
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Figure 2: Print layout used in the printing trial

$ norPal fountain feed would be ��²�� �, whereas 
the feed of  �� � used during Post of  the trial runs 
was chosen to show the iPSact of  high Poisture, i.e. at 
Yer\ huPid conditions, on the Srint Tualit\. 7he foun-
tain solution used during the Srinting Srocess contained 
two daPSening additiYes, � � isoSroS\l alcohol and 
� � Substifi[ �suSSlied b\ +uber grouS�. )or two trial 
runs using uncalendered SaSers, a lower Pore norPal 
fountain feed ��� �� was used. 7hese two uncalen-
dered trial runs were the reference and the coating with 
�.� SSh 1a&aP$. 7he rubber blanNets were insSected 
and cleaned between each trial run. 1o wet SicN could 
be obserYed for an\ of  the coating forPulations.

2.4 &haracterisation of  the coating colours

7he coating colour Yiscosities for the seYen SreSared 
forPulations were deterPined using a %rooNfield Yis-
coPeter at a rotation rate of  �� and ��� Pinî� using 
sSindle ��. 7he S+ and tePSerature were held constant 
at �.� � �.� and ��.� � �.� �&, resSectiYel\. 

2.5 &haracterisation of  the SaSer surface

2.5.1 7oSograSh\

7he surface toSograSh\ of  the unSrinted coated SaSers 
was anal\sed using two Peasuring deYices, ParNer Print 
Surf  �PPS �,S2 ������:�����, suSSlied b\ /orent]en 	 

:ettre, Sweden� and 2Sti7oSo �suSSlied b\ ,nnYentia 
$%, Sweden�. 7he PPS instruPent is sensitiYe to 
roughness within the range of  �.�²�.� �P whereas the 
2Sti7oSo can detect sPaller Yariations in the toSogra-
Sh\ than the PPS instruPent. 7he 2Sti7oSo is an oSti-
cal instruPent that deterPines the toSograSh\ in �P, 
giYen as a standard deYiation froP a Pean Slane of  the 
saPSle using iPage anal\sis of  two iPages taNen of  the 
e[actl\ saPe area on the saPSle. 7he two iPages dif-
fer onl\ b\ the illuPination direction during the acTui-
sition of  the iPages �%arros and Johansson, �����. 7he 
toSograSh\ is then coPSuted with a ShotoPetric stereo 
techniTue �+ansson and Johansson, �����. %efore the 
toSograSh\ Yariations are coPSuted using freTuenc\ 
anal\sis, a band�Sass filter is aSSlied to eliPinate both 
the finest�scale and largest�scale Yariations. 7he band-
width of  the filter used was �.��²�.� PP. 

2.5.2 Contact angles 

7he aSSarent contact angle and YoluPe absorStion of 
water on the coating surface were Peasured using the 
)ibro�'$7 instruPent �suSSlied b\ )ibro S\steP $%, 
Sweden�. 7he instruPent Slaces a droSlet of  deioni]ed 
water onto the saPSle surface and then records the 
height and base diaPeter of  the droSlet as a function of 
tiPe, together with the contact angle. 7he Yalues after 
�.� s are reSorted. 7he contact angle PeasurePents 
were SerforPed �� Ponths after the coating trial, dur-
ing which the SaSers were stored in bo[es in a non�con-
ditioned storage room.

2.5.3 PerPeabilit\ anal\sis

7he SerPeabilit\ of  tablets Pade of  coPSressed and 
dried coating colour was deterPined graYiPetricall\ 
using a SerPeabilit\ aSSaratus �SchoelNoSf, *ane and 
5idgwa\, ����� deYeloSed b\ 2P\a ,nternational $*, 
Swit]erland. 7ablets were forPed b\ filtration of  the 
coating colour under Sressure ��� bar�. 7he coating 
colours anal\sed were forPulated according to those 
shown in 7able �. 7he coatings were filtered through 
a fine PePbrane filter ��.��� �P� suSSorted b\ two 
coarser Petal Peshes. 7he tiPe reTuired to forP a tab-
let of  a certain height deSends both on the solids con-
tent of  the saPSle, the water retention SroSerties and 
the si]e and SacNing characteristic of  the solid Sarticles 
in the saPSle. 7he tablets obtained had a diaPeter of 
� cP and a thicNness of  �²� cP was attained. 7he tablet 
forPing Srocedure tooN �²� h. 7he tablets were then 
dried in an oven (60 °C) overnight. 

%efore the SerPeabilit\ PeasurePents could be Ser-
forPed, the tablets needed to be further SreSared. 
7he dried tablets were cut and ground into blocNs, see 
)igure �, with a cross sectional area of  about � cP2. 
7he blocNs were then ePbedded in resin and left to 
cure oYernight at rooP tePSerature. 7he absorbing 
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surfaces of  the ePbedded blocNs were then carefull\ 
ground to ensure full rePoYal of  e[cess resin froP the 
surface. :hen the resin had dried, the now ePbedded 
blocNs were Slaced in a glass dish with he[adecane 
�5eagentPlus SolYent *rade ��� � Surit\� suSSlied b\ 
SigPa $ldrich�, see )igure �, and left there until the 
entire blocN was saturated with he[adecane, which tooN 
roughl\ one weeN.

7he SerPeabilit\ PeasurePent was SerforPed b\ Slac-
ing the ePbedded saPSle in the SerPeabilit\ aSSara-
tus. +e[adecane was inMected into the SerPeabilit\ cell 
and the saPSle chaPber was then NeSt Sressurised at 
� bar using nitrogen gas. 7he SerPeabilit\ aSSara-
tus was Pounted oYer a Picro balance and during the 
SerPeabilit\ anal\sis the SerPeated he[adecane was 
collected in a saPSling dish, Slaced on the balance, so 
that the Pass of  he[adecane as a function of  tiPe could 
be noted �PeasurePents tooN a � da\s�. 7his anal\sis 
returned the YoluPe rate of  the he[adecane Áow, and 
using 'arc\·s law �(Tuation >�@� the SerPeabilit\, in 
terPs of  'arc\·s SerPeabilit\ constant �k�, could be 
deriYed �SchoelNoSf, *ane and 5idgwa\, �����.

Q kA P
l

=
�¬ '

Ƨ
>�@

where Q is the YoluPe Áow, k is the SerPeabilit\ 
constant, A is the cross sectional area, ƅP is the Sressure 
difference, Ƨ is the Yiscosit\ of  the liTuid, and l is the 
length of  saPSle.

2.5.4 Pore structure anal\sis 

7he Sore structure of  the coating colour tablets, gen-
erated for the SerPeabilit\ anal\sis described aboYe, 
was eYaluated. 7he Sore YoluPe intrusion was ana-
l\sed on �.�²�.� g saPSle Paterial using a 0icroPer-
itics $utoSore ,9 Percur\ SorosiPeter �0icroPeritics 
,nstruPent &orSoration, 1orcross, *$, 8S$�. 7he 
Percur\ SorosiPetr\ Pethod is based on the intrusion 

of  the non�wetting liTuid Percur\ into the saPSle under 
Sressure. 7he Sressure reTuired to intrude Percur\ into 
the saPSle structure is then inYersel\ SroSortional to 
the Sore si]e, and therefore this techniTue \ields Sore 
si]e according to the <oung�/aSlace eTuation >�@.

D
P

= �
1 4J cos θ >�@

where D is the diameter, P is the Sressure, γ is the sur-
face tension of  Percur\, and θ is the contact angle of 
Percur\ in contact with the saPSle.

7he Pa[iPuP aSSlied Sressure of  Percur\ was 
��� 0Pa, eTuiYalent to a /aSlace throat diaPeter of 
� nP. 7he eTuilibration tiPe at each of  the increasing 
aSSlied Sressures of  Percur\ was set to �� seconds. ,t 
is Yital that the Percur\ intrusion PeasurePents be cor-
rected for the coPSression of  Percur\, e[Sansion of 
the SenetroPeter and coPSressibilit\ of  the solid Shase 
of  the saPSle. 7his is SerforPed conYenientl\ using the 
software Pore�&oPS �a software SrograP deYeloSed 
b\ and obtainable froP the (nYironPental and )luids 
0odelling *rouS, 8niYersit\ of  Pl\Pouth, 8...�, in 
which the Pore�&oPS eTuation >�@ �*ane et al. ����� 
is aSSlied:
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where Vint is the YoluPe of  intrusion into the saPSle, 
Vobs is the YoluPe of  intruded Percur\, ƤVblanN is the 
YoluPe change during blanN run, V 1

bulN is the saPSle 
bulN YoluPe at atPosSheric Sressure, P is the aSSlied 
Sressure, Ɩ1 is the Sorosit\ at atPosSheric Sressure, P1 
is atPosSheric Sressure, and Mss is the %ulN Podulus of 
the solid saPSle.

Figure 3: Blocks of compressed coating colour Figure 4: Coating colour blocks embedded in resin and left to imbibe hexadecane
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2.6 &haracterisation of  Srint Tualit\

2.6.1 Print densit\

7he Srint densit\ of  c\an fulltone areas was Peas-
ured with a reÁection densitoPeter �7echNon suSSlied 
b\ SSectro'ens� which records the aPount of  light 
reÁected b\ the studied surface oYer an e[Sosure waYe-
length range of  ���²��� nP. 7he densitoPeter returns 
the Srint densit\ as a logarithPic ratio between the 
light reÁected b\ white �unSrinted� SaSer and the light 
reÁected b\ the Srint. 7he Srint densit\ reSorted in this 
stud\ is the aYerage Srint densit\ of  �� PeasurePents. 

2.6.2 Print gloss

7he Srint gloss at an angle of  ��� �according to 7$PP, 
Standard 7��� using a =/5 ����0 glossPeter suSSlied 
b\ =ehntner� of  c\an fulltone areas was detected and 
the stated results are an aYerage of  �� PeasurePents.

2.6.3 Uncovered area

7he uncoYered area �8&$� on Srinted areas was Tuan-
tified with the S7), Pottling �Johansson and 1orPan, 
����� iPage anal\sis software. 7he Srints are scanned 

�Perfection Y��� Pro scanner with a Pa[iPuP oStical 
resolution of  � ��� dSi ï � ��� dSi suSSlied b\ (Sson� 
and saYed as gre\�scale iPages. 7he software uses light 
reÁectance shown in the gre\�scale iPage. 7he iPages 
are calibrated with resSect to reÁectance, b\ deter-
Pining a reÁectance threshold �relatiYe to the Pean 
reÁectance leYel of  the iPage�, and 8&$ is then coP-
Suted b\ including all areas with a higher reÁectance 
than the threshold as those contributing to the coP-
Suted 8&$. 7he resolution of  the anal\sed iPages 
was ��� dSi, which reSresents a Si[el si]e of  ��.� �P. 
7he 8&$ reSorted is an aYerage of  �� anal\sed areas 
��.� cP ï �.� cP�.

2.6.4 Print mottle

7he occurrence of  Srint Pottle was also eYaluated 
using the S7), Pottling software. 7he software deter-
Pines Srint Pottle b\ detecting the sSatial change in 
light reÁectance in gre\�scale iPages. 7he iPages are 
calibrated to reÁectance and the outSut data froP the 
Pottle anal\sis is the coefficient of  Yariation �&29� 
in reÁectance, diYided into sSatial waYelength bands. 
9alues of  Yariation oYer � � are considered to be 
of  iPSortance. Print Pottle was anal\sed on �� areas 
��.� cP ï �.� cP� of  each saPSle.

Figure 5: The Brookfield >mPas@ viscosity as a function of increasing amounts of NaPA and NaCaPA dosage 
at a rotation rate of a) 20 rpm and b) 100 rpm

3. Results

3.1 9iscosit\ of  coating colour

7he %rooNfield Yiscosit\ increased uSon addition of 
Sol\acr\late �P$� disSersant, see )igure �. ([cess dis-
Sersant leads to the Sresence of  free water�soluble Sol\�
acr\late in the susSension �/oiseau et al., �����, which 
leads to induced SigPent and binder aggloPeration, 
which is Panifested b\ increased Yiscosit\ related Sri-
Paril\ to deSletion Áocculation �+usband, �����. 

7he Yiscosit\ increase was seen to be higher in the 
coating forPulation where Sartiall\ calciuP neutralised 
disSersant had been added, in Sarticular at the highest 
dosage. 7he detriPental iPSact of  high leYels of  bound 
calciuP ions on the disSersing effect of  Sol\acr\late has 
also been shown b\ Jlrnstr|P ������. ,t is Nnown that 
calciuP ions interact strongl\ with sodiuP Sol\acr\late 
�Stenius, Jlrnstr|P and 5igdahl, ����� during the for-
Pation of  &a�Sol\acr\late coPSle[es which are solu-
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ble at low &a to P$ ratio but forP colloidal Sarticles at 
and aboYe a certain ratio. 7his ratio, also referred to as 
seed Soint, decreases with the Sol\acr\late concentra-
tion �.aPal $lP et al., �����. ,t is reasonable to assuPe 
that a water�soluble &a�P$ coPSle[ giYes a lower con-
tribution to the Yiscosit\ increase than a water�soluble 
Sol\acr\late without &a since its dissociation is iPSeded 
and so the charge densit\ is reduced b\ incorSorating 
calciuP ions. 7hus, the stronger Yiscosit\ increase in 
the susSensions where Sartl\ calciuP neutralised dis-
Sersants had been used is liNel\ due to forPation of 
colloidal &a�P$ Sarticles and�or Sarticulate aggloPera-
tion. 7he droS in the Yiscosit\ at �.� SSh 1aP$ is then 
e[Sected to be due to a reduction in &a2+ concentration 
due to the high e[cess of  P$, and thus also a reduction 
of  colloidal &a�P$ Sarticles. 

3.2 ProSerties of  the SaSer surface

7he SaSer surfaces studied here were froP the Silot 
coated series, and both calendered and uncalendered 
SaSers were included.

3.2.1 7oSograSh\ 

7he different forPulations had no iPSact on the sur-
face roughness, while calendering, as e[Sected, reduced 
the roughness. 7he Pean Yalues of  �� PeasurePent 
Soints on eYer\ forPulation included in this stud\, on 
both calendered and uncalendered surfaces, are giYen in 
7able �.

Table 2: The mean of all surface roughness values measured with PPS 
and OptiTopo � standard deviation

Sample PPS 
[µm]

OptiTopo 
[µm] 

Calendered 0.59 ± 0.04 0.21 ± 0.04

Uncalendered 1.56 ± 0.11 0.53 ± 0.05

7hese roughness results Patch our SreYious findings 
�.aPal $lP et al., �����, where high ��.� SSh� dosage of 
Sol\acr\late had no effect on toSograSh\. ,n this stud\ 
we haYe confirPed that this is the case also for lower 
additions. 7hus, the aggregation of  coating SigPents 
and�or binder, induced b\ additional Sol\acr\late, had 
little or no iPSact on the surface roughness at the scale 
Peasured.

3.2.2 Contact angle 

7he contact angle between a water droSlet and the 
coated SaSer surface was anal\sed using the )ibro�'$7 
instruPent. 7he aYerage contact angles of  � droS-
lets froP each saPSle were collected. 5elatiYel\ sPall 
differences in contact angles were obtained, but no 
reliable s\stePatic change could be obserYed. 7he con-
tact angles for the calendered saPSles Yaried between 
��²��� and for the uncalendered saPSles it Yaried 
between ��²���, the highest standard deYiation for 
these results being � �.

3.2.3 Pore structure and SerPeabilit\

7he Sorosit\ of  the dried coating colour tablets was 
deterPined b\ Percur\ SorsiPetr\. 7his anal\sis returns 
the Sore YoluPe of  the dried coating structures, see 
)igure �a and �b for the 1aP$ and 1a&aP$ containing 
forPulations, resSectiYel\. ,ncreasing dosage of  1aP$ 
resulted in a slight increase in Sore si]e and Sore Yol-
uPe. 7he dosing of  1a&aP$, howeYer, had a Pore 
coPSle[ effect on the Sore si]e and YoluPe distribu-
tion of  the coating structure. $ dosage of  1a&aP$ with 
�.� SSh had the largest effect on the Sore si]e and the 
Post ParNed increase in Sore YoluPe, both of  which 
increased significantl\ at this dosage. 7his is because 
the disSersing effect of  Sol\acr\late sharSl\ deterio-
rates in the Sresence of  free calciuP ions, esSeciall\ at 
low e[cess Sol\acr\late dose �Jlrnstr|P, ����� and the 
deSletion effect doPinates. +ence, the Áocculation of 

Figure 6: The pore volume >cm3 Ã g−1@ of dried coating colours containing a) increasing amounts of NaPA and b) increasing amounts of NaCaPA
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SigPents, binder and P$ is Pore seYere uSon initial 
e[cess dosage leYels of  P$ in the Sresence of  &a2+ ion 
coPSared to higher P$ ratio leYels, and the Sore si]e 
therefore increases. 2nce the initial Áocculation is oYer-
coPe b\ increased addition of  1a&aP$, the trend froP 
disSersed to further Áocculation due to charge densit\ 
increase follows roughl\ that of  the 1aP$ �)igure �b 
Yersus )igure �a�.

7he liTuid SerPeabilit\ of  the dried coating colour 
structures is shown in )igure �. 7he SerPeabilit\ of 
the saPSle containing e[cess 1aP$ was significantl\ 
higher than for the ones containing e[cess 1a&aP$, 
with the e[ceStion of  the saPSle with the lowest e[cess 
of  1a&aP$ ��.� SSh�. 7hese results coincide with the 
SorosiPetr\ results, where the Sore YoluPe and Sore 
si]e of  the saPSle with �.� SSh e[cess 1a&aP$ was 
in fact significantl\ higher than for the other coating 
forPulations. 

0.0  

1.0  

2.0  

3.0  

4.0  

5.0  

6.0  

7.0  

8.0  

0 0.2  0.4  0.8  

Pe
rm

ea
bi

lit
y 

[1
0−

18
m

2 ]

PA dosage [pph]

NaPA

NaCaPA

Figure 7: The permeability >10−18 m2@ through compressed tablets of 
ground calcium carbonate

$n insSection of  the surface structure of  the coated 
SaSers using S(0 showed a significant non�uniforPit\ 
in Sorosit\ with freTuent occurrence of  coPSacted�
closed areas, in Sarticular for calendered saPSles, which 
haYe been reSorted SreYiousl\ �.aPal $lP et al., �����.

3.3 Print Tualit\

Print Yariabilit\ is often seen when Srinting the c\an col-
our since the huPan e\e is sensitiYe to c\an, but also 
since the c\an inNing unit in a Pulticolour Sress often 
is Slaced earl\ in the Srint colour order. ,n addition, 
c\an is often Srinted using a relatiYel\ low filP weight, 
which leads to a significant Yisual disturbance when the 
inN filP thicNness Yaries. 7he results Sresented here are, 
therefore, onl\ froP c\an Srinted areas in three different 
units �&�, &� and &�� on calendered and uncalendered 

SaSers Srinted with a fountain solution feed of  �� �, 
which in this stud\ is referred to as the standard high 
leYel feed �S)�.

$reas Srinted at &� haYe been wetted b\ fount once 
�in the . Srinting unit� before it was Srinted in &� and 
the Srint will be subMected to four bacN traSs before it 
leaYes the Sress. $reas Srinted in &� haYe been wetted 
four tiPes and will be subMected to one bacN traS before 
leaYing the Sress, whereas areas Srinted at &� haYe been 
wetted fiYe tiPes with fountain solution and are not 
subMected to bacN traS.

3.3.1 Print densit\

7he aYerage c\an Srint densities of  the seYen different 
SaSers Srinted at &�, &� and &� were �.��, �.�� and 
1.43 with standard deviation ± (0.05–0.10) on the cal-
endered and 1.44, 1.39 and 1.41 with standard deviation 
� ��.��²�.��� on the uncalendered SaSers, resSectiYel\. 
7hus, the Srint densit\ did not Yar\ Puch between the 
different SaSers within each Srint unit. +oweYer, the 
Srint densit\ decreased soPewhat for alPost all calen-
dered trial runs in the �th Srint unit �&�� when coPSared 
to Srints froP the two other c\an Srinting units. 

3.3.2 Print gloss

)igure � shows Srint gloss Peasured at an angle of  ���. 
&alendered SaSers returned Yalues around �� �, while 
uncalendered gaYe Yalues around �� �. 7he difference 
between the forPulations and Srint units was sPall. 7his 
was e[Sected since e[cess P$ had no effect on the sSecu-
lar reÁecting si]e coPSonent of  the coating toSograSh\. 

3.3.3 Uncovered area

/ight PicroscoSe iPages of  a Srint suffering high leY-
els of  8&$ were acTuired. )igure � shows an oYerYiew 
iPage of  a Srint with a high aPount of  8&$, and a 
close�uS of  such an area. 

7he aPounts of  8&$ on fulltone Srints froP all c\an 
Srint units are shown in )igure ��. 7he 8&$ found on 
Srints froP &� was Pinor in coPSarison to the Tuan-
tit\ of  8&$ found on Srints froP the two following 
Srint units �&� and &��. 7he PaMorit\ ��� �� of  the 
uncoYered areas identified were sPall �sTuares of  side 
�²� Si[els, eTual to ��.�²���.� �P�. 7he aYerage stand-
ard deYiation of  the 8&$ found in &�, &� and &� was 
� �.���, � �.��� and � �.��� �, resSectiYel\, which 
roughl\ corresSonds to a coefficient of  Yariation of 
�� �.

)or Srints on calendered SaSers �)igure ��a and ��b�, 
e[cess dosage of  1aP$ or 1a&aP$, uS to �.� SSh, 
increased the Tuantit\ of  8&$. *enerall\, Pore 8&$ 
was found on the SaSer coatings with dosed 1a&aP$ 
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a) b)

Figure 9: A micrograph image of a print a) with high amounts of UCA and  
b) UCA adMacent to ink covered areas on a print, at high magnification

Figure 8: Print gloss at 75�

coPSared with 1aP$, esSeciall\ at the lowest e[cess 
dosage of  �.� SSh. 7he highest Sol\acr\late dosage 
leYel, howeYer, is seen not to inÁuence the occurrence 
of  8&$ to the saPe e[tent as the lower and PediuP 
dosage levels. 

$lso Srint on uncalendered SaSer returned higher 8&$ 
when additional P$ had been added to the coating col-
our �)igure ��c and ��d�. )or Srints in &� and &�, Pa[i-
Pal 8&$ was reached alread\ after the lowest dosage of 
P$. 8&$ on Srints froP &� showed a stead\ increase 
with dosage of  1aP$ and reached a significantl\ high 
Yalue at the highest dosage.

7he general Sicture can be suPParised as:
� ([cess of  disSersant leads to an increase in 8&$

with a Pa[iPuP at �.�²�.� SSh e[cess disSersant.
� 7he ratio of  P$ to &a2+ is seen as critical in calciuP

carbonate�containing coating colours.
� 8ncalendered SaSers showed roughl\ the saPe

aPount of  8&$ on the fifth and si[th units while
calendered SaSers showed significantl\ higher 8&$
on Srints froP the fifth unit.

3.3.4 Print mottle

7he Srint Pottle was Peasured in two waYelength 
classes, and the results are giYen in )igure ��. 7he 
larger wavelength class which starts at 0.25 mm shows 
Puch higher Yalues than the sPaller and Post often 
used waYelength class, which starts at � PP. 7his 
Peans that a significant aPount of  the non�uniforP-
it\ in Srint densit\ coPes froP sPall si]es, which is 
reasonable in this case since the PaMorit\ of  the 8&$ 
detected was Pade uS froP sPall white sSots. 2nl\ a 
sPall effect on the Pottle Yalue related to P$ dosage 
was seen on Srints froP &�, but a rather liPited addi-
tion of  disSersant had a significant iPSact on Pottle in 
Srints froP &� and &�, where Srints froP &� showed 
the highest Yalues. 

$ddition of  1a&aP$ had a Pore seYere iPSact on the 
Pottle than 1aP$, indeSendent on whether the SaSers 
were calendered or not. )or calendered SaSers, the Srint 
Pottle decreased at the highest addition of  1aP$ or 
1a&aP$, but this was not as Sronounced for the uncal-
endered SaSers. 
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7he Srint Pottle on �� � halftone Srints was also ana-
l\sed in the saPe Panner as the fulltone Srints. )igure 
�� shows Srint Pottle of  fulltone and halftone Srints in 
the saPe graSh. ,ncreasing P$ dosage leads to iPSaired 
Srint Tualit\ Painl\ on Srints froP &� and &�. 7he cal-
endered SaSers show a clear Pa[iPuP in Srint Pottle, 
which indicates the detriPental effect of  e[cess P$ dos-
age when considering Srint Tualit\. 7his is also obserYed 
on Srints on uncalendered SaSers coated with coating 
forPulations containing 1a&aP$.

7he detriPental Srint Pottle Pa[iPuP occurs at higher 
disSersant dose for the halftone Srints coPSared with 
the fulltone ones. 7his endorses the h\Sothesis that 
traSSed fount can escaSe sidewa\s slightl\ better in the 
halftone Srint than when traSSed under a fulltone inN 
la\er, and so water interference Pottle in the halftone is 
somewhat less severe.

3.4 ,PSact of  fountain feed on 8&$ and Srint Pottle 

)or two trial runs the leYel of  fountain feed was reduced 
froP �� �, which was the standard feed �S)�, to �� �, 
referred to as reduced feed �5)�. 7wo uncalendered 
SaSers were Srinted, i.e. the reference and the one with 
�.� SSh 1a&aP$. )igure �� shows that 8&$ becoPes 
significantl\ reduced uSon reducing the fountain feed. 
+oweYer, also at the lower feed, the dosage of  �.� SSh 
1a&aP$ still had a significant iPSact on 8&$ in Srints 
froP &� and &�, since it was about three tiPes higher 
coPSared to the reference. $lso the Srint Pottle Yalues 
were reduced when the fountain feed was reduced, as 
shown in )igure ��. 7he Pottle Yalues were low also for 
the SaSer containing the toS leYel of  �.� SSh 1a&aP$. 
7he Srint Tualit\ deteriorating effect of  e[cess P$ was, 
therefore, Pore eYident for the standard �high� fountain 
leYel used during these trials.
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Figure 10: Amount of UCA >�@ found on calendered (a, b) and uncalendered (c, d) papers printed at C2, C5 and C6 as a function of 
NaPA (a, c) and NaCaPA (b, d) dosage >pph@, respectively
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Figure 11a²f: The print mottle COV >�@ in two wavelength classes, 0.25²8 mm (solid lines) and 1²8 mm (dashed lines), for the fulltone 
prints on calendered (left column) and uncalendered (right column) papers from the three print units, where solid symbols are papers with 

addition of NaPA, while open symbols are with addition of NaCaPA
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Figure 12a²d: The print mottle COV >�@ in fulltone (closed symbols) and halftone (open symbols) on prints printed at C2 (ʌ ¹), C5 (ʀ ɿ) 
and C6 (ɶ ɷ), respectively, on a) calendered paper with excess dosage of NaP, b) uncalendered paper with excess dosage of NaPA, 

c) calendered paper with excess dosage of NaCaPA, d) uncalendered paper with excess dosage of NaCaPA

Figure 13: Amount of UCA >�@ on fulltone prints printed at C2, C5 and C6, respectively, 
when two (SF and RF) fountain feed levels were used
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4. Discussion

4.1 &oating structure and surface chePistr\

7he Sresence of  e[cess 1aP$ has a significant iPSact 
on local Sore structure and surface chePistr\ of  the 

Figure 14: Print mottle COV >�@ on fulltone prints printed on uncalendered paper at C2, C5 and C6, respectively, when two fountain feed 
levels were used, SF (solid bars) and RF (striped bars), for two wavelength classes a) 0.25²8 mm and b) 1²8 mm

coating la\er, and these in turn aSSear to be Ne\ fac-
tors for inN adhesion. &oPSact areas within the surface 
la\er of  the coating haYe been identified �.aPal $lP 
et al. ����� and an e[aPSle of  such an area is shown in 

Figure 15: Scanning electron microscope image of an area of the coating with compact spots, which are indicated by the white boundary line
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)igure ��. 7he coPSact sSots occurred Pore freTuentl\ 
on SaSers with high aPount of  8&$ and contained 
Pore 1aP$ than oSen areas. 'ata on this relation effect 
haYe been reSorted in a recent Sublication �.aPal $lP 
et al., �����, in which focus was giYen on the relation 
between SaSer SroSerties and the inN adhesion failure 
PechanisP, while this SaSer focuses on the oYerall 
Srintabilit\.

/iterature data coPSaring the surface chePistr\ of  cal-
cite with adsorbed 1aP$ and that of  calciuP carbonate 
coatings with e[cess disSersants added haYe shown that 
adsorStion of  1aP$ PaNes the surface Pore h\gro-
scoSic, Pore Solar and the Sore structure absorbs water 
faster �.oiYula, .aPal $lP and 7oiYaNNa, ����� .aPal 
$lP et al., �����. )or Podel s\stePs of  freshl\ cleaYed 
calcite surfaces .oiYula, .aPal $lP and 7oiYaNNa 
(2011) showed that the water contact angle on clean cal-
cite surface was around ���, while it decreased to about 
��� for a calcite surface coYered b\ adsorbed 1aP$. 

7he Yalue decreased eYen further when tested in a Pore 
huPid enYironPent. 7he findings were suSSorted b\ 
data froP YaSour sorStion isotherPs, which showed 
strong increase in adsorbed YaSour when the relatiYe 
huPidit\ e[ceeded �� �. $lso reSorted was the surface 
energ\ of  calcite with adsorbed 1aP$. 7he total surface 
energ\ was ��.� PJ Ã P−2 with the /ifshit]²Yan der :aals 
Sart being ��.� PJ Ã P−2 and the acid�base Sart being 
��.� PJ Ã P−2. 7he /ifshit]²Yan der :aals contribution 
to the surface tension of  water is ��.� PJ Ã P−2 (Fowkes, 
�����, which is Yer\ close to the Yalue found for an 
adsorbed la\er of  1aP$. 7his suggests that the la\er 
in a Poist enYironPent is a Pi[ed la\er of  water and 
1aP$. /a\ers of  Sol\acr\late are indeed both h\gro-
scoSic, h\droShilic and Solar. 

,n a coating la\er, the situation becoPes different 
since the calciuP carbonate surface is not as Sure as 
was studied for the calcite, and one Pust consider 
that Sartiall\ h\droShobic Sol\Per late[ with surface 
actiYe agents has also been added. 0oreoYer, the t\Si-
cal coating la\er is Picrorough, Sorous and chePicall\ 
heterogeneous, all of  which PaNes the interSretation of 
contact angle difficult. ,n addition, the contact angles of 
the Silot coated SaSers were Peasured soPe �� Ponths 
after coating and cannot be used in the discussion since, 
aPongst Pan\ factors, Pobile coPSonents of  the coat-
ing Pigrate to the surface and act to render it h\dro-
Shobic �/indenParN et al., �����. ,nstead, we refer to 
earlier worN conducted at our laborator\. 7hese Peas-
urePents showed a decrease in the adYancing water 
contact angle of  ���, froP ��� to ���. (Yen though the 
decrease in contact angle is Poderate it has a signifi-
cant iPSact on wettabilit\, since the cosine Yalue of  the 
contact angles goes froP �.�� to �.��. ,t is the cosine 
Yalue of  the contact angle, which reÁects the wettabilit\ 
linearl\. 

7he water absorStion, as obserYed in the contact angle 
PeasurePents, occurring within the first � Ps froP 
contact we refer to as ´instantaneous absorStionµ, and 
it was seen to change froP � to �� cP3 Ã P−2 uSon intro-
ducing �.� SSh e[tra Sol\acr\late. 7he surface energ\ of 
the coated la\er, as calculated froP the adYancing con-
tact angle, was around �� PJ Ã P−2 and the acid�base Sart 
had increased froP around � to �.�²� PJ Ã P−2 uSon 
addition of  e[tra 1aP$. 7his can be seen as a significant 
increase, since the advancing contact angle, which was 
used in the calculations, is strongl\ inÁuenced b\ the 
low energ\ areas of  the heterogeneous surface, in this 
case areas with high aPount of  late[.

7he data for calcite, and the fact that Sol\acr\late is con-
centrated within coPSact areas, suggest that the coP-
Sact sSots Pa\ b\ Pore Solar than the aYerage Solarit\ 
of  the coating la\er.

4.2 ,nN adhesion failure PechanisPs in offset Srinting

:ater on h\droShilic surfaces has a significant iPSor-
tance for inN transfer in offset Srinting. 1on�iPage 
areas of  the Srinting Slate are h\droShilic and foun-
tain solution is aSSlied to SreYent inN adhering to these 
areas. 7he PechanisP that inhibits the inN adhering to 
non�iPage areas was earlier belieYed to be a result of 
adhesion failure at the inN�fountain solution interface 
�.ato, )owNes and 9anderhoff, �����. +oweYer, the 
general belief  toda\ is that a cohesiYe sSlit of  the foun-
tain solution la\er, rather than a weaN interface, is what 
actuall\ SreYents inN transfer onto non�iPage areas dur-
ing the Srinting Srocess �0c*ill, ����� Shen, +utton 
and /iu, �����. 

$ccording to the Stefan eTuation >�@ �Stefan, �����, the 
force needed to sSlit a liTuid filP deSends on the sSlit-
ting Yelocit\, but, Pore iPSortantl\ for this aSSlication, 
it is inYersel\ SroSortional to the third Sower of  the filP 
thicNness and SroSortional to Yiscosit\ of  the filP. 

F
A

C
t

=
Ƨƭ

3
>�@

where F is the force, A is the Slate area, C is the 
constant, Ƨ is the Yiscosit\ of  liTuid, ƭ is the Yelocit\ at 
Slate seSaration, and t is the filP thicNness or distance 
between Slates.

0acPhee ������ used this as a starting Soint to discuss 
inN transfer in offset Srinting and showed theoreticall\ 
that for a configuration of  non�iPage area�fountain 
solution�inN�inN roller, sSlitting will occur in the inN 
la\er when the thicNness of  the fount la\er is low, but 
once it e[ceeds a certain Yalue sSlitting will occur within 
the fountain solution filP. 7he critical thicNness deSends 
on the Yiscosities of  the two liTuids as well as the thicN-
ness of  the inN filP and can be calculated using Stefan·s 
eTuation. $ calculation using industrial�liNe conditions 
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suggests that the critical fountain solution filP thicN-
ness is around �� to �� nP, below which inN transfer 
to the non�iPage areas of  the Srinting Slate is liNel\ to 
occur. 7he calculation is based on an inN filP thicNness 
of  � �P and a ratio of  inN Yiscosit\ to fount Yiscosit\ 
between � Ã ��4 and 105.

$ siPilar aSSroach can be used for the aSSearance of 
sSots without inN, i.e. 8&$ on a Poist SaSer surface 
due to inN transfer failure, also referred to as inN refusal. 
8&$ is a conseTuence of  areas on the coating surface 
where the absorStion rate of  fount is low coPSared to 
the Srinting sSeed, which results in inN transfer failure. 
7his taNes Slace when the thicNness of  the fount la\er 
on the SaSer surface has surSassed the critical thicNness 
reTuired for inN transfer, according to Stefan·s eTuation 
and the discussion aboYe.

,nN�lift�off, on the other hand, Peans that the inN has 
been transferred to the SaSer, but due to low adhe-
sion to the surface it has been lifted off  b\ the rubber 
blanNet in the subseTuent Srint unit�s�. 7he theoretical 
e[Slanation for the ShenoPenon is that inN first is trans-
ferred to the SaSer because the Poisture on the SaSer 
surface is not sufficient to giYe inN refusal. 7he inN is 
then lifted off  b\ the rubber blanNet in the subseTuent 
Srint niS because the cohesiYe strength in the inN filP 
has increased, i.e. since the Sh\sical state of  the inN filP 
has changed, the inN filP thicNness is now less and its 
Yiscosit\ is higher. 7he inN filP thicNness has decreased 
because the inN filP transferred to the SaSer is thinner 
than the inN filP on the rubber blanNet Srior to trans-
fer, since sSlitting norPall\ occurs in the Piddle ]one of 
the inN filP. 7he inN that is built�uS on the non�Srinting 
Sarts of  the subseTuent rubber blanNet�s� has SreYiousl\ 
been on the SaSer where inN oil has deSleted and its 
Yiscosit\ is higher coPSared to fresh inN that has been 
deSosited on the Srinting areas on the rubber blanNet 
froP the Srinting Slate. 

*iYen the descriStion aboYe, when inN is transferred 
to the SaSer in the �th unit, the inN filP is thicN, which 
results in a cohesiYe failure within the inN filP and thus 
inN transfer. SubseTuentl\, when this inN Peets the rub-
ber blanNet in the �th unit, the inN filP is thinner and it 
Moins together with inN on the rubber blanNet, which has 
high Yiscosit\. 7he cohesiYe strength of  the inN filP is 
now higher. ,f  it is higher than the strength between the 
SaSer and the inN filP, the inN will be lifted off  froP 
the SaSer and transferred onto the rubber blanNet. 7he 
strength between the inN filP and the SaSer surface is 
strongl\ affected b\ the coating structure and surface 
chePistr\, e.g. Solar character and Poisture on the sur-
face, which definitel\ will haYe iPSact on the strength. 
7his effect relies on the large roles being Sla\ed b\ 
SerPeabilit\ and caSillarit\, resSectiYel\, as large con-
nected Sores facilitate transSort of  fountain solution 
awa\ froP the surface onl\ when e[ternal Sressure is 

aSSlied in the niS in contrast to closed areas, and finer 
Sores act between units to rePoYe water b\ their high 
caSillarit\. &alendering will thus be critical since it not 
onl\ sPoothens the surface and reduces the Sore si]e, 
but also induces coPSacted�closed areas. $n e[cess 
of  disSersant will PaNe the surface Pore Solar, which 
enhances adsorStion, and so retention, of  water Pole-
cules and forPation of  water�containing surface la\ers. 

$nother ShenoPenon that occurs in the Sresence of 
e[cess disSersant, not studied indeSendentl\ here but 
reSorted b\ /oiseau et al. ������, is the forPation of 
colloidal &a�P$ Sarticles. 7he\ are forPed at Poderate 
e[cess of  Sol\acr\late but not at high e[cess due to a 
too low concentration of  calciuP ions in solution fol-
lowing the initial chelation b\ the disSersant at lower 
dose. 7hese Sarticles Pa\ further densif\ coPSac-
tion sSots under seYere calendering within the coating, 
and so further reduce transSort of  fount froP these 
sSots. $dditionall\, or alternatiYel\, it is this condition 
of  colloidal &aP$ that we see creates the greatest dis-
ruStion of  the coating Sore structure, and so a liNel\ 
non�uniforPit\ in surface chePistr\ between SigPent 
and binder�rich areas. 7he fact that 8&$ is greater 
when 1a&aP$ is added coPSared with 1aP$, and the 
decrease in 8&$ at high dosages of  e[tra disSersant 
suggests that the colloidal &a�P$ coPSle[ has a signifi-
cant iPSortance for the oYerall PechanisP.

0ore details on the PechanisP of  inN adhesion failure 
can be found in our SreYious SaSer froP this Srinting 
trial �.aPal $lP et al., �����. )or instance, it was con-
cluded that coPSact areas in the coating, which haYe 
Yer\ low SerPeabilit\ after calendering, had a large 
iPSact on inN adhesion failure and 8&$. ,n the Sresent 
stud\ we wanted to inYestigate whether a Yalue of  Pean 
SerPeabilit\ also had an iPSact on the Sresence of 
8&$. 7hus, Pean SerPeabilit\ was Peasured and are 
reSorted in )igure �. $ coPSarison between these data 
and the 8&$ reSorted in )igure ��a²d shows no cor-
relation, which suggests Pean SerPeabilit\ is not a Ne\ 
factor in deterPining 8&$ when initial inN transfer is 
not iPSeded. 7his is logical, since the rePoYal of  fount 
water b\ h\draulic iPSression in the Srinting niS defines 
the initial inN transfer success, but not the subseTuent 
degree of  adhesion. /ocal sSots with low SerPeabilit\, 
howeYer, are Pore detriPental and Pa\ be regarded as a 
seYere coating defect. 

8&$ in Srints froP &� can onl\ be due to inN refusal 
since the 6th unit was the last unit, but 8&$ in &� 
and &� Pa\ be caused b\ a coPbination of  both inN 
refusal and inN�lift�off. 7he data in this SaSer show 
that 8&$ due to inN�lift�off  could be as high as �.� � 
on calendered SaSer, while 8&$ due to inN�lift�off  on 
uncalendered SaSers neYer e[ceeded �.� �. 7he calen-
dered SaSers showed low 8&$ after &�, thus low inN 
refusal. +oweYer, 8&$ was significant on Srints froP 
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&�. &onseTuentl\, we consider 8&$ on the calendered 
SaSers to Painl\ be caused b\ the inN�lift�off  Pecha-
nisP, and the greater thin la\er sSlitting force generated 
on the sPoother calendered surface. 

4.3 Print Pottle in different waYelength bands

$n ocular insSection of  the Srints reYealed that Srints 
froP &� and &� had not onl\ white sSots but also a 
sPall�scale ´blurr\µ Sattern of  Yariation in Srint densit\. 
7his Pa\ be a conseTuence of  water being ePulsified 
into the inN, which dilutes the inN locall\ and giYes a 
non�uniforP distribution of  inN SigPent on the SaSer. 
7hus, water�induced�Pottle �:,0� Pa\ be diYided into 
two grouSs� 8&$ induced Pottle and ePulsified water 
induced Pottle. ,n addition, bacN traS Pottle �%70� 
Pa\ show uS in Srints froP &� and &�. 

)igure �� show PicrograSh iPages of  fulltone areas 
of  Srints froP &� with low �)igure ��a� and high 
�)igure ��b� aPount of  8&$. 7he Pottle Yalue is higher 
for the Srint in )igure ��b due to the high aPount of 
8&$. %oth Srints show sPall�scale Yariation and a blurr\ 
sPall�scale Sattern is obYious in the left iPage.

Print Pottle is Tuantified as the Srint densit\ Yariation 
in different waYelength bands. %acN traS Pottle �%70� 
characterised in the waYelength �²� PP has SreYi-
ousl\ shown good correlation with SerceiYed uneYen-
ness in Srint densit\, and, thus, this waYelength band 
is Post often used for Tuantification of  Srint Pottle 
�Johansson, ����� /indberg, )ahlcrant] and )orsgren, 
�����. +oweYer, there is no inforPation in the oSen lit-
erature about correlations between SerceiYed and Peas-
ured Pottle for water interference Pottle �:,0�. Since 
the sSots that forPed the 8&$ were sPall, and the 
blurriness also aSSeared to be of  sPall scale, the Srint 
Pottle was Peasured not onl\ in the �²� PP waYe-
length band but also in the �.��²� PP band in order 
to caSture irregularities of  sPaller si]es. 7his larger 
waYelength interYal gaYe higher Yalues of  Pottle. )igure 
��a shows a diagraP where the two Pottle Yalues haYe 
been Slotted against each other for all fulltone Srints. 
7he data diYide into two linear Paster curYes with 
Yer\ high correlation coefficients and interceSts close 
to the origin. :hen onl\ Srints on calendered SaSers 
were used to calculate the 52 Yalues, the\ increased to 
�.�� and �.�� for the uSSer and lower line, resSectiYel\ 
�)igure ��b�.

a) b)

Figure 16: A micrograph image of a mottled print a) with low amount of UCA and b) with high amounts of UCA

Figure 17: Print mottle COV (0.25²8 mm) >�@ as a function of print mottle COV (1²8 mm) >�@ on fulltone prints 
a) on both calendered and uncalendered paper printed at C2, C5 and C6, respectively and b) on calendered paper only
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,t is indeed initiall\ surSrising that the data collect into 
two lines �)igure ���. $ll data Soints in the lower line are 
froP Srints in &�, while all the data in the uSSer line are 
froP Srints in &� and &� where fountain solution has 
been in contact with rubber blanNets, SaSer and inN in 
the earlier Srint units. 7he Srints in the lower line haYe 
a low aPount of  8&$ but the Srints froP &� in the 
lower end of  the uSSer line also haYe low 8&$. SoPe 
SaSers froP &� actuall\ haYe higher 8&$ than certain 
SaSers froP &� �see )igure ��. 7hus, 8&$ alone cannot 
full\ SroYide an e[Slanation for the fact that the data 
forP two grouSs. 

,n the following, Pottle Yalues Peasured in the larger 
waYelength band are referred to as ´ôTO��Pottleµ 
and Pottle Yalues in the shorter waYelength band are 
referred to as ´�TO��Pottleµ. )or the saPe Yalue of 
1TO��Pottle �e.g. �.��, SaSers froP &� and &� haYe 
Puch higher ôTO��Pottle than SaSers froP &�, about 
�.� units higher. 7hus, the sPall�scale Pottle is Puch 
higher in &� and &� than in &�, which does not onl\ 
coPe froP 8&$. 

,t is reasonable to assuPe that the ´blurr\µ inN densit\ 
Sattern which we anticiSate to be due to water ePul-
sified into the inN Srior to, or during, its transfer to 
the SaSer, contributes strongl\ to sPall�scale Pottle in 
&� and &�, and that the Pottle in &� Painl\ is due to 
%70. )urtherPore, when the water feed is reduced, the  
ôTO��Pottle of  the two Srints froP &� becoPes slightl\ 
reduced, froP �.�� � �.�� � �Pean Yalue of  the two 
Srints� to �.�� � �.�� �� also the �TO��Pottle is slightl\ 
reduced, froP �.�� � �.�� � to �.�� � �.�� � �see 
)igure ��. %ut the iPSact on the four Srints froP &� 
and &� is Puch higher, as the ôTO��Pottle is reduced 
froP �.� � �.� � �Pean Yalue of  the four Srints� to 
�.� � �.� �. ,n the �TO��Pottle Peasured under the 
saPe conditions the reduction goes froP �.�� � �.�� � 

Figure 18: The print mottle COV >�@ for the larger wavelength class as a function of UCA >�@  
on fulltone prints printed at C2, C5 and C6, respectively, a) on calendered paper and b) on uncalendered paper

to �.�� � �.�� �. 7he e[SeriPental data froP &� and 
&� at reduced water feed collect on, or slightl\ aboYe, 
the lower line. 7hus, it is Tuite obYious that the uSSer 
line collects data were WIM dominates the mottle, while 
the lower line collects data were BTM dominates. The 
ePulsified water induced Pottle �:,0� differs froP 
%70 in the sense that it shows a sPaller�scale Sattern, 
and it in turn differs froP 8&$ induced Pottle since 
the light areas haYe a certain non�]ero Srint densit\. 

A 1TO��Pottle Yalue � � is regarded as low. 7hus, there 
was no seYere Pottle in the &� Srints. 2n the other 
hand, the SaSers with the highest Yalues will touch the 
liPit where there is a need for iPSroYePent, and so 
Pan\ of  the Srints in &� and &� classif\ as suffering 
froP seYere Pottle. 

4.4 ,PSact of  8&$ on Srint Pottle

7he ôTO��Pottle Yalues of  fulltone Srints were Slot-
ted as a function of  8&$. 7he results can be seen in 
)igure ��. *ood correlation was obtained on both cal-
endered and uncalendered SaSers when all SaSers were 
included in the Slot. $ closer looN at the correlation coef-
ficients for Srints froP the different Srint units �7able �� 
shows that high correlation coefficients are obtained for 
calendered SaSers Srinted in the fifth and si[th unit. 

Table 3: The collected correlation coefficients (R2) between mottle and 
UCA (on a log scale) on prints from the three cyan printing units

Prints from
R2

Calendered Uncalendered
C2 0.44 0.01
C5 0.95 0.51
C6 0.91 0.43
C2, C5 and C6 0.93 0.79
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Prints froP the second unit and Srints on uncalendered 
SaSers do not show the saPe high correlations. )or these 
Srints, other factors besides 8&$ aSSear to induce Srint 
mottle. 

)or Srints in &�, %70 is regarded to be the doPinant 
PechanisP, while for uncalendered SaSers in &� and &� 
the ´blurr\µ Sattern froP the water ePulsion induced 
Pottle Pa\ be a doPinant contribution to the Pottled 
Srint. 7his seePs reasonable since uncalendered SaSers 
haYe a Pore non�uniforP surface toSograSh\ than cal-
endered SaSers, which contributes to the transfer of  an 
uneYen thicNness of  the wet inN filP. 

/ocal Yariations in ePulsified fount Pa\ aPSlif\ the Yar-
iation in inN filP thicNness after inN setting and dr\ing, 
in Sarticular if  the content of  ePulsified fount is high 
on areas where a thin wet filP was transferred.

4.5 &orrelation between fulltone and halftone Pottle

,n )igure ��, fulltone Pottle is Slotted against halftone 
Pottle for all Srints on calendered and uncalendered 
SaSers. 7he e[SeriPental data are grouSed into three 
series. 7he series froP Srint unit � show alPost the 
saPe Pottle in fulltone as in halftone. Prints froP &�, 
where 8&$ was onl\ due to inN refusal �:,0�, shows 
higher Pottle in fulltone than in halftone. 7his suggests 
that inN refusal is lower in halftone, Post liNel\ because 
the water on the SaSer can be Sushed awa\ Sarallel 
to the surface when the inN dot Peets the SaSer. 7his 
effect Pa\ well be enhanced due to higher local Sres-
sure in the halftone Srint, related to the sPaller contact 
area Sresented b\ the indiYidual inN dots. Prints froP 
&� show lower Yalues in fulltone Pottle. 7he Pottle in 
&� is, as alread\ discussed, not inÁuenced b\ 8&$ as is 
eYident froP the low correlation coefficients in 7able �.

Figure 1�: Fulltone mottle COV >�@ for the larger wavelength class as a function of corresponding halftone mottle COV >�@ on  
prints printed at C2, C5 or C6, respectively, a) on calendered papers and b) on uncalendered papers

5. Conclusion

7he aiP of  this SaSer was to gain a solid understanding 
of  the iPSact of  disSersant content in coating colour 
forPulations and of  fountain feed leYel during Srinting 
on the Tualit\ of  offset Srints. 7he SaSers were Silot 
coated, calendered and Srinted during a full scale off-
set Srinting trial. Prints froP the second, fifth and si[th 
unit were eYaluated. 7he\ were Srinted onl\ once and 
with c\an. 7he onl\ difference in coating forPulation 
was the aPount of  additional disSersant. 7he SaSers 
were eYaluated uncalendered and calendered in order to 
include effects of  coating structure. ([cess disSersant 
had a detriPental effect on the Srinting Tualit\. 7his was 
Pore Sronounced at high fountain feed leYels and for 
calendered SaSers.

7he worN showed that for Srints froP the fifth and 
si[th unit where the SaSer had been subMected to fount a 
nuPber of  tiPes froP the SreYious niSs, the Srint Pot-
tle was doPinated b\ :,0, which showed a Pore fine�
scaled Sattern coPSared to %70. :,0 was strongl\ 
inÁuenced b\ white sSots in the Srint, where the inN 
adhesion had failed. %eside the white sSots, :,0 
showed a sPall�scale blurr\ Sattern of  Yariation in Srint 
densit\, which we concluded to be due to fount ePulsi-
fied into the inN. 

:hen the fount feed was reduced, the :,0 charac-
ter of  the Pottled Srints froP the fifth and si[th units 
becaPe Puch reduced.
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7he white sSots in the Srint are referred to as 8&$ and 
were due to a failure of  the inN²SaSer adhesion.

:e identif\ two origins of  this failure:
� ,nN�transfer failure, also referred to as inN refusal, a 

well�Nnown ShenoPenon. 
� ,nN�lift�off  failure, which Peans that the inN initiall\ 

was transferred to the SaSer but was rePoYed in a 
subseTuent Srint unit. 7his PechanisP aSSeared to 
be doPinant for calendered SaSers with e[cess of  
disSersant. 7his is a newl\ reSorted ShenoPenon 
and further details are aYailable in a recent reSort 
�.aPal $lP et al., �����.

7he adhesion failure, and thus forPation of  8&$, 
occurred in low aPounts in absence of  additional dis-
Sersant and at low water feed on both calendered and 
uncalendered SaSers. ,t is strongl\ inÁuenced b\ addi-
tion of  e[cess disSersant, water feed and calendering. 
,ncreases of  �� to ��� tiPes were obserYed. 7his was 

e[Slained b\ the forPation of  a Pore h\droShilic sur-
face induced b\ the disSersant, which increases the sus-
ceStibilit\ of  water Polecules to becoPe retained at the 
outerPost surface la\er, together with a disruStion of 
coating structure and inhoPogeneit\ through Áoccula-
tion, which in turn is strongl\ deSendent on the calciuP 
ion to Sol\acr\late ratio, and forPation of  non�uniforP 
coPSact areas induced b\ calendering, which reduces 
the transSort of  free water froP the surface to the inte-
rior of  the coating. 

,n the light of  these findings, it can be concluded that 
the Sractice of  Sost�adding e[cess anionic disSersant to 
coPbat the coater runnabilit\�daPaging effects of  cal-
ciuP ion release b\ acidic shocN in calciuP carbonate 
containing coating forPulations, for e[aPSle following 
addition of  low S+ binders during coating PaNedown 
or in the case of  Srolonged high leYels of  anaerobic 
 Picrobiological contaPination, is generall\ highl\ contra� 
SroductiYe in resSect to subseTuent Srint Tualit\. 
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Appendix

Coating process
Coating application parameters

Coater: %lade coater 0odular &oPbi %lade �0&%� Panufactured b\ 9oith PaSer
7he following trial order was used during the coating Srocess: 5ef, �.� 1aP$, �.� 1aP$, 
0.8 NaPA, 0.2 NaCaPA, 0.4 NaCaPA and 0.8 NaCaPA.

-etÁoZ�
Jet gaS
Jet angle
Jet Sosition
Beam angle

0.9 mm
37.72°
8.03 mm
33.04°

%OaGe�confiJXUation�
Blade thickness
%lade tiS angle
Blade extension

0.38 mm
30°
16 mm

IR drying:
�� rows of  ,5 were used with a caSacit\ of  ��� N:

Air drying:
Hood 1
$ir tePSerature
+ood Sressure
Hood 2
$ir tePSerature
+ood Sressure
Hood 3
$ir tePSerature
+ood Sressure

142 ± 7 °C
�� � � Pbar

210 ± 18 °C
�� � � Pbar

128 ± 5 °C
�� � � Pbar

Calendering process
Calender parameters

Supercalender: S. �������� Panufactured b\ %ruderhaus 0aschinen *Pb+

No. nips
Speed
Pressure
Temperature

11
��� P Ã Pin−1

��� 1 Ã PP−1

90 °C
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Printing trial setups 
Print press parameters

Press: 0anroland 5��� /77/9 Panufactured b\ 0anroland sheet�fed *Pb+
7he calendered SaSers were Srinted first followed b\ the uncalendered SaSers. 
7he following trial order was used: �.� 1aP$, �.� 1a&aP$, �.� 1aP$, �.� 1aP$, 5ef, 
0.4 NaCaPA and 0.2 NaCaPA.

Plates
Speed

$gfa $lura, 1�� :eb, &7P negatiYe
� ��� sheets�hour

Ink parameters:
,nN seTuence
,nN suSSlier
Ink series

�., &�, 0, <, &�, &��
(SSle 'rucNfarben
gNoPlus

Fountain solution parameters:
S+
&onductiYit\
,soSroS\l leYel
Additives
7ePSerature
Powder

5.6
�.��� ƬS Ã cP−1

� �
� � Substifi[ 0*$ ������ �+uber *rouS�
12.8 °C 
*rafiN +itronic ����




