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A letter from the Editor

Gorazd Golob
Editor-in-Chief

ail: gora d.golob@ tr.org
ournal@iarigai.org

n front of  ou it is the last issue of  our Journal in . uring the last four ears 
of  successful ublishing of  this ournal, this title has beco e er  rele ant to the 

rogress and consolidation of  our e tensi e scientific and research fields.

 would li e to ta e this o ortunit  to e ress  sincere ac nowledge ent to all 
the authors, re iewers, editors and iarigai  the ublisher, and also to our readers and 
users to who  the Journal re resents an i ortant resource and reference of  their 
research acti ities. nl  with our full acti e contributions, su ort and coo era-
tion, we can together ersist and beca e ore isible and recogni ed. e want to 
continue on this ath and beco e e en better, ore broadl  acce ted in the wider 
scientific and research co unit .

n this issue onl  four a ers are ublished, howe er, the total age range is co a-
rable with re ious releases. wo of  the ublished a ers ha e increased in olu e. 

es ite the decision of  the re iewers and editors to classif  the  as esearch and 
riginal scientific a ers, due to the e tensi e e eri ental content and co ents, 

so e ele ents of  e iew a ers can be recognised in the .  co rehensi e theo-
retical introduction, which gi es a dee  insight into the s ecific area of  research, re -
resents i ortant added alue to co on ublished a ers. ll four articles bring 
i ortant infor ation on research results, resented in different areas  fro  od-
elling of  re ectance s ectra o er the stud  of  rint ottling, dein abilit  of  so bean 
based in s to the ad ances in rinted ca acitors.

o icalities section, re ared b  ar ta r o  ar eta.dr o a@ tr.org , 
is bringing news on dru a, the to  forthco ing e ent in  for our co unit , 
together with an interesting o er iew on new boo s ublished, three doctoral thesis 
and e ents announced for ne t onths.

his issue of  the Journal is also the last to be ublished in rinted for . ro   
the Journal will be ublished digitall  for all iarigai e bers, subscribers and other 
reci ients. or a surcharge it will be ossible to subscribe to the rinted edition of 
the Journal. he basic structure of  the content and for at will re ain unchanged 
for one ear and during this ti e we will re are a re ised conce t, with design and 
t ogra hic solutions ore ada ted to the digital ediu . he Journal will also ha e 
a new, additional SS  code. Pa ers fro  re ious olu es, with e bargo of  si  

onths, will be ublished in o en access ode. ith this decision, the Journal will 
beco e e en ore recognised and ho efull  e en ore wides read a ong scientists 
and researchers in our ultidisci linar  area.

n the ne t age ou will find a no elt  in the Journal, the rrata section is intro-
duced. Errare humanum est  to err is hu an, and our intention is to release re isions 
to allow a credible ublication and use of  research results, co ents and conclu-
sions. rrors a  occur alread  b  the authors or the  a  ha e been o erloo ed or 
co itted b  re iewers or editor, often as a result of  ista es in the for atting and 
con ersion of  files in rocessing anuscri t into the final for  suitable for ublica-
tion. t is difficult to co letel  a oid the , howe er we ha e to consider the  and 

ublish corrections. n this issue corrections are ublished onl  for ol. , ublished 
in . he ublication of  the digital archi e of  a ers will be corrected for an  
nown errors, and of  course, ro erl  docu ented.
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t the sa e ti e,  would li e to call on all critical readers and users of  the Journal, 
let us draw attention to errors the  encounter, and the results and conclusions with 
which the  disagree, with clear argu entation. hec ing of  research ethods used, 

ublished results and the resulting co ents and conclusions is one of  the bases of 
scientific research. e will gladl  ost our letters and other o en discussion between 
the authors, critics, re iewers and editors.

n behalf  of  the ditorial oard and all acti e artici ants and contributors to the 
Journal of  Print and edia echnolog  esearch  wish ou a lot of  success and 
e cellent ublications in the ew ear 

ubl ana, ece ber 

Errata

The following corrections are to be made:

4(2015)1 
Title on the spine: Journal of  Print and edia echnolog  esearch

instead of  Journal of  Print and edia echnolo  esearch

4(2015)2
Scientific contents on cover and 
Contents in preliminary pages 
(p. 83): ffects of  awareness to securit  features on the confidence in ban notes

sa u asuda, arius Pedersen, Jon . ardeberg  

Securit  offset rinting with twin colors b  eans of   se aration
ran a ori  olari , ana il a  Stani iro i , ana a  

instead of Securit  offset rinting with twin colors b  eans of   se aration
ran a ori  olari , ana il a  Stani iro i , ana a   

ffects of  awareness to securit  features on the confidence in ban notes
sa u asuda, arius Pedersen, Jon . ardeberg 

4(2015)3
Page 211: he igures  and  are in the right osition but their ca tions are switched. 
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JP     riginal scientific a er
 . JP  ecei ed: 
 .  : .   .  cce ted: 

o e in e ectance acto o specia e ect pi ent coatin s

Nina Rogelj1 and Marta Klanjšek Gunde2

1 ni ersit  of  astern inland, nstitute of  Photonics, ail: nina.rogel @uef.fi  
 Joensuu, P. . o  , inland

2 ational nstitute of  he istr , ail: arta. .gunde@ i.si 
 ubl ana, a driho a , Slo enia  

st act

 nu erical odel to calculate gonio etric re ectance factor for effect coatings with interference a es was de elo ed 
and anal sed here. he odel incor orates three arts of  the light scattering e ents  fro  the front surface of  the coating, 
fro  ig ents inside the coating, and fro  the coating substrate. n order to alidate the odel, re ectance s ectra were 

easured at an incident angle of   and at re ected angles of  , , , ,  and  using a co ercial ul-
ti angle s ectro eter. etal lustre coating was used for testing the odel. t contains riodin  ig ent, an interference 

ica based ig ent coated with iron  o ide fro  erc . his coating includes all s ectral characteristics in ol ed in 
the odel. he thic ness of  the interference la er on the ig ents was ad usted to obtain good atches of  interference 
features between odelled and easured re ectance factor. he in uence of  surface co erage b  ig ents and of  the ig-

ent orientation distribution on the resulting s ectra was anal sed. he first ara eter re resents the fraction of  surface 
area co ered with ig ents and the second how well the ig ents inside the coatings are oriented. 

e o s a earance, scattering, s ectru , ulti angle re ectance, effect coating

1. nt o ction an ac o n

Surfaces that change their a earance significantl  
with illu ination and iewing directions are beco ing 
increasingl  i ortant in se eral a lications, rang-
ing fro  the urel  decorati e u  to ro iding arious 
functional ur oses. he uni ue o tical i ressions of 
such surfaces gi e e e catching effects, angle de end-
ent interference colours, earl lustre, or ulti le re ec-
tion, which characteri e the a earance of  the so called 
gonioa arent effect.  large ariet  of  sa les falls 
into this class, gi ing angle de endent effects due to a  
to ogra h  of  the icro  and acro te tures of  sur-
faces, such as leather, te tile and other icrote tured 
surfaces, and b  o tical effects co ing fro  etal-
lic, interference and surface structured a  ig ents 
a lied in coatings, lastics and rinting in s, which 
are ostl  used in auto oti e, decorati e and securit  
coatings. he o tical ro erties of  such sa les s read 
well be ond solid colour and cannot be described b  an  
straightforward colori etric easure ent. d anced 
a lications de and roduction of  surfaces with 
re eatable a earance, which re uires controllable ro-
duction rocess and ossibilit  to redict the a ear-
ance. Se eral conditions ha e to be fulfilled for these 
re uire ents, such as the ossibilit  to easure the 
a earance of  such roducts, to identif  the causes for 
differences a ong the , and to docu ent these details 

in a con enient wa . e ha e shown alread  that goni-
os ectro hoto etric s ace cur es, a s ecial re resenta-
tion of  the corres onding bidirectional re ectance 
distribution function , could ser e as an a ear-
ance finger rint of  se eral t es of  gonioa arent 
sa les lan e  unde and ogel , . owe er, 
theoretical consideration of  this methodology was made 
originall  onl  on diffraction gratings ogel , Pobera  
and lan e  unde, . or this ur ose, the dif-
fraction theor  was a lied to calculate the  of 
diffraction gratings. his research is continued herein 
to anal se the nu erical odel that will enable reliable 

rediction of  the  of  effect coatings, es eciall  of 
aints or in s containing interference a es.

 contains s ectral radiance coefficients for all os-
sible illu ination and iewing directions which could be 

easured b  goniore ecto etr . ost research ade so 
far has been done for etal effect coatings, interference 
coatings, and ore co le  effect coatings. hree dif-
ferent geo etries i.e. co binations of  illu ination and 
iewing directions  are good enough for etallic coat-

ing S , , whereas at least fi e or si  geo e-
tries are re uired for coatings ado ting the interference 
effect a agi, atanabe and aba, . ost co -

le  effect coatings re uire   geo etries a agi, 
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Sato and aba, . he gonios ectro hoto eters 
currentl  a ailable on the ar et ha e  ac i, 

 ardner ,  , ite  and  geo etries 
, eiss  irchner and ra er, .

ffect ig ents can be classified into two grou s, class 
i  ig ents that consist of  onl  one o ticall  ho o-

geneous aterial substrate free ig ents, e.g. etallic 
and earlescent a es  and class ii  ig ents that ha e 
a la ered structure and consist of  at least two o ticall  
different la ered aterial ig ents with la er substrate 
structure or ultila ered ig ents with or without a 
substrate, e.g. interference a es . he class i  ig ents 
gi e rise to re ection and or artial refraction fro  

a es, which in the corres onding coating a e etal-
lic or earlescent effects, res ecti el . nterference a es 
fro  class ii  add the effect of  interference in thin fil  
la ers, which contributes strong angle de endent col-
our, which is added to the lustre and brilliance Pfaff 
and e nders,  aile, Pfaff  and e nders, .

he ob ecti e set for this research is to a e a good 
calculation odel for  of  effect coatings with 
interference a es, and to erif  it b  co arison with 
gonios ectro etric easure ents. ost attention was 
de oted to build the theoretical odel that could enable 
one to ar  the o tical constituents of  effect coatings  
i.e. the t e of  a es in ter s of  refracti e inde  and 

absor tion coefficient , their ig ent olu e concen-
tration, si e, a erage inclination angle inside the coating 
and the corres onding ariance. he o tical ro erties 
of  the substrate were also allowed to ar . So e ste s 
in sol ing this o tical roble  were alread  resented 

er er and adal, . he  were included here 
and de elo ed further for the ur ose of  the a lica-
tion in hand. he first successful and ro ising results 
of  the research are shown here together with the lans 
for the future. irst, building of  the nu erical odel 
is e lained, and then its a lication is resented for a 
coating with la ered interference a es class ii . or 
this ur ose, a suitable sa le was selected fro  a co -

ercial set of  sa les  its re ectance was easured 
using handheld gonios ectro eter and calculated b  the 
built nu erical odel. ost ara eters of  the tested 
sa le were ro ided b  the roducer. he ost i or-
tant e e tion is orientation of  a es inside coating  it 
hea il  in uences the a earance and ust be included 
in the nu erical odel. owe er, it is well nown that 

easure ent of  a e orientation in coatings is far fro  
straightforward irchner an ouweling,  aile, 
Pfaff  and e nders,  Pfaff  and e nders, . 

ontrar , the in uence of  a e s inclination angle and 
ariance to this angle on the gonio etric re ectance is 

easil  anal sed b  ariation of  the corres onding ara -
eters in the nu erical odel. his is one a ong an  
ad antages of  the odel.

2. ate ia s an et o s

.  Sa les

he erc  ffect Pig ents colour card erc ru e, 
ar stadt, er an  was ta en here as a source of  effect 

coating with different ig ents.  re resentati e fro  
the coatings with etal lustre ig ents was selected. t 
contains riodin  ig ents , , which 
are interference ig ents, consisting of  ica based a es 
with thin la er of  iron  o ide e2 3 . he coating is 
a lied on a white subsurface  its a earance at easure-

ent conditions is shown in igure .

.  easure ents

he  ultiangle s ectro eter ite, nc.  was 
a lied for easure ents. he de ice is intended for 

anal ses of  ost o ticall  co le  coatings, also on 
cur ed surfaces. t enables re ectance factor easure-

ents within  geo etries  two illu ination directions, 
 and , co bined with  and  iewing directions, 

res ecti el . our directions at each illu ination are out 
of  the lane of  incidence, therefore there are  off

lane and  in lane geo etries. ngular accurac  of 
the e ui ent is  . , its re roducibilit  on a erage 
is .  E*

ab on reference Series   tile set, and its 
re eatabilit , using  easure ents at  seconds inter-
als, is a i u  .  E*

ab on white cal la ue ite, 
. easure ents are ta en at different locations on 

the sa le to achie e a erage of   easure ent alues. 
he s ectra were easured in the  n  s ectral 

region with  n  incre ent. nl  the in lane eas-
ure ents at  incident angle were anal sed here. his 

Figure 1: Photographs of the selected sample taken with 45  illumination angle in directions −60 , −30 , −20 , 0 , 30  and 65  ( from left 
to right) in respect to surface normal; the in-plane geometry is used
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gi es  detection directions, , , , ,  
and 65°, as easured in res ect to the surface nor al. 

hile the interference ig ents in the selected sa le 
are oriented unifor l  and arallel to the substrate, the 
gonio etric re ectance factor is distributed s et-
ricall  around the in lane direction, therefore, such a 
si lification is reasonable. 

e ection coefficients for a er substrates, which are 
used in the nu erical odel, were calculated fro  their 
re ectance factors. he latter were easured using a 
s ectro hoto eter Per in l er  . 

.  alculations

he nu erical odel describes the scattering of 
light i inging onto a s ecial effect ig ent coat-
ing igure  at an incident angle θi fro  the surface 
nor al. e ection of  scattered light is described using 

olar angle θr and a i uthal angle r relative to the 
nor al to the at surface of  the coating. Pig ents are 
assu ed to be tilted at an angle θn . rientation distribu-
tion function describes how the tilt angle changes fro  

a e to a e  it can be described b  an  functions. 
n this a er we use a logistic orientation distribution 

function P using θ0' as a ean a e tilt angle and  as a 
standard de iation:

CP
n

n

n 2
0

0

0

'
''

exp1(
(

( ((
(

'

'
''

exp
)',','(

+
=

n uation , C is the fraction of  the surface area 
which is co ered b  ig ents, going fro   no ig-

ents  to  ig ents co er the whole sa le area . 
ther angles in uation  describe the a lied geo -

etr  as shown in igure .

 Figure 2: Simplified schematic of light scattering on 
special effect pigment coating

. .  u erical odel

he nu erical odel resented in this a er incor o-
rates three odels, na ed here as facet odel, a e 

odel, and base odel. ach of  the odels describes 

scattering fro  different le el of  the coating with s e-
cial effect ig ents:

  scattering fro  front surface of  the coating  facet
model

  scattering fro  s ecial effect ig ents inside the
coating  a e odel

  scattering fro  substrate of  the coating  base
model

Scattering fro  the whole sa le is then described 
using Sto es ector S:

0)( SFGFGFS baseflakefacet ++=

where F facet/F flake Fbase are the ueller atrices  
for the facet a e base odel res ecti el , S0 is the 
Sto es ector of  the incident light, and G is the geomet-
rical attenuation factor, which accounts for as ing and 
shadowing of  the light at large re ection angles. ts defi-
nition and for ulation can be found in orrance and 
S arrow . he facet and a e odels are treated 
in si ilar wa  and are described in detail in er er and 

adal , and in er er, win els and sai . 
he  are used to calculate Ffacet and Fflake b  following the 

e uation:

MPF
nri coscoscos4

=

using different ueller atrices, Mfacet and Mflake, a ro-
riate angles θi, θr, θn or θi , θr , θn , and orientation 

distribution function P . he facet odel treats the 
scattering fro  the front surface as a s ecular re ection 
fro  the aligned facets which ha e their slo es distrib-
uted according to the orientation distribution function. 

he a e odel treats ig ents as aligned facets and 
also ta es into account the refraction into and out 
of  the binder, surrounding the a es. he facet and 

a e odels are resented ore in de th in er er 
and adal , and in er er, win els and sai 

, whereas the base odel is described in the ne t 
subsection.

. .  Base model

Scattering fro  the substrate is incor orated in the base 
odel. ccording to this odel, light can ta e four 

different aths on its wa  through the coating towards 
the substrate and bac . he aths, along with the corre-
s onding angle notations are sche aticall  re resented 
in igure , and e ressed as:

. trans ission through ig ents, diffuse re ection 
fro  substrate, trans ission returning through 

ig ents,
. trans ission through ig ents, diffuse re ection 
fro  substrate, trans ission returning through 
binder no crossing of  ig ents ,
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. trans ission through binder no crossing of  ig-
ents , diffuse re ection fro  substrate, trans is-

sion returning through ig ents, 
. trans ission through binder no crossing of  ig-

ents , diffuse re ection fro  substrate, trans-
ission returning through binder no crossing of  

ig ents .

n igure b, onl  the ath  is shown. or other three 
aths, the angles are the sa e  we onl  add ig ent on 

the corres onding side s .

he ath  will alwa s occur to so e e tent, being the 
onl  ossible ath in the case of  co lete co erage 
C  , whereas the other three can occur onl  if  C  . 

ueller atrices  for the four different aths are 
calculated as:

1
2

01

'coscoscos4
)',','( path

nri

bindernpath MnPF
θθθ

σθθ
=

2
2

02 )1(
'coscoscos4

)',','( path

nri

bindernpath MCnPF −=
θθθ

σθθ

3
2

03 )1(
'coscoscos4

)',','( path

nri

bindernpath MCnPF −=
θθθ

σθθ

424 )1( pathpath MCF −=

and ueller atrices are transfor ed fro  Jones atri-
ces, Jpath, as oldstein, : 
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where qii
flake are ele ents of  Jones atri  for facet odel, 

ts' and tp' are transmission and rs'' and rp  re ection 
coefficients for substrate and ig ents, res ecti el . 

rans ission coefficients for ig ents are calculated 
using the thic nesses of  the ig ent s la ers and their 
wa elength de endent refracti e indices. he e ua-
tions are well nown and can be found, for e a le, in 

er er, win els and sai .

.  u erical odelling of  the sa les

he described nu erical odel was used to calculate 
the re ectance factor of  the selected sa le at the 
conditions used for easure ents. his includes si  
in lane re ectance directions with 45° illu ination and 
as ecular angles °, , , 0°, , 65° as s eci-
fied for  ultiangle s ectro eter. he sa le was 
described with a coating containing a  ig ents in a 
resinous binder able .  white a er was used as a 
substrate. he ica based a es, ha ing thin interfer-
ence la er ade of  e2 3 on both sides riodin , 

erc  were used. he a es are described as la er core
la er where the corres onding thic nesses were ad usted 
b  the best fit to the easured re ectance. ecause the 

a es co er the entire surface, C   was used. ast 
a orit  of  a es were oriented arallel to the substrate, 

therefore the a e s ean tilt angle was ta en to be 
θ0   . he refracti e inde  of  Si 2 was used instead 
of  ica l2 Si3 l 10 , 2 . he refracti e indices 

a

b

c

d

a

Figure 3: a) Schematic representation of the four different paths the light can follow when undergoing scattering from the substrate, where 
for simplicity only few pigment flakes are drawn, and b) schematic representation of angles used in the base model

b

a

b

c

d

a) b)
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of  Si 2, e2 3 and acr lic itch binder  were obtained 
fro  the literature Pali ,  asaro a et al.,  

atabase of   Jena, , while the thic nesses of 
the core aterial and of  the interference la er of  a es 

were obtained b  the best atch between the calculated 
and easured s ectra, based on  colour differ-
ence Schanda, . he Sto es ector of  the incident 
light for all calculations was that of  an un olari ed light. 

Table 1: Specifications of the analysed effect coating: data for the binder, the substrate and the flakes, where C is the coverage of the substrate 
by flakes, θ0' is the flake s mean tilt angle and ' is the standard deviation for the orientation distribution of flakes, binder layer thickness 

was estimated from measurements with caliper and flake s thicknesses were ad usted by the best fit to the measured reflectance while the mean 
diameter was taken from the Merck Effect Pigments colour cart

Binder
Material acr lic itch

Layer thickness 600 µm

S st ate Material white a er

Specia e ect pi ents a es

Materials e2 3  ica  e2 3

Thicknesses .   .   .  µm

Mean diameter 5–50 µm

C 1

θ0 0

' 3

5. es ts an isc ssion

he suitabilit  of  the nu erical odel to describe the 
gonio etric re ectance factor of  an effect coating was 
anal sed in four ste s. irst, the easured re ectance 
factor was co ared to the calculated one for the entire 
set of  illu ination iewing angles. he thic ness of 
the ig ent a es, the ica core and interference la er 
a lied o er it, were aried for the best ossible atch 
of  the re ectance s ectra. Second, the in uence of  the 
fraction of  the substrate surface co ered b  ig ents 

ara eter C in the uation  on the calculated 
re ectance factor was anal sed. hird, the conse uences 
of  the orientation distribution function of  a es within 
coating were anal sed. nd fourth, the effect of  differ-
ent coloured a er substrates was anal sed.

.  easured s. odelled re ectance factor

he calculations were ade for the  n  s ec-
tral region because the ublished alues for refracti e 
inde  and absor tion coefficient are li ited to this 
region, and no e tra olation was ade. igure  shows 
the easured and calculated re ectance s ectra for all 
a lied illu ination iewing co binations and the cor-
res onding  a* and b* colour alues Schanda, 

 deter ined fro  the easured re ectance factor. 
he ara eters used in co utations are those fro  
able . he  alues a* and b* are the largest 

at  re ectance angle and al ost linearl  di inish 
when this angle changes towards smaller and then nega-

ti e alues, where the a earance of  the sa le is going 
towards blac . his is in accordance with hotogra hs 
shown in igure . 

he easured s ectra ha e a slight increase in re ec-
tance at  n , a alle  between  and  n , 
a ea  around  n  and a decrease at  n . he 
reader should notice that the easure ents, as well as 
the odel, ro ide re ectance factor and not re ec-
tance.  definition, the re ectance factor is the ratio 
of  radiant u  re ected of  a sa le in a gi en direc-
tion to that re ected in the sa e direction b  erfectl  
re ecting diffuser P . his eans that so e sa -

les can re ect ore light in a certain direction than the 
P , resulting in re ectance factor alues abo e . he 

osition of  ea s and alle s is greatl  deter ined b  
the thic ness of  interference la er a lied on the ica 
core of  the ig ent a es. he thic ness data are not 
a ailable for the riodin  ig ent, howe er, the er-
centage of  each aterial used in the ig ent is s ecified 
b  the roducer. he interference la er thic ness and 
the thic ness of  the ica core were ad usted, using the 

ercentage infor ation, in order to ini i e the colour 
difference, E*

ab, between the easured and calculated 
re ectance factor. he  colour difference for ula 
was a lied for this ur ose. able  shows the results 
obtained for the s ectra shown in igure . he s ec-
tra show an acce table atch, howe er, the indi idual 
colour differences are uite large. he ossible reasons 
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Table 2: CIE76 colour difference and RMSE between measured 
and modelled reflectance factor values

spec a
angle E *

ab RMSE

. .

. .

. .

. .

. .

. .

Figure 4: a) Measured (dashed line) and modelled (solid line) reflectance factor obtained for the selected coating sample with interference flakes 
and (b) CIELAB a  and b  colour values calculated from the measured reflectance spectra (see also Figure 1 and Table 2)   

measurement directions are specified in the legend

could be insufficient nowledge about the la ers thic -
nesses, substituting o tical constants of  ica la er for 
o tical constants of  Si 2, and insufficient odelling of
the roughness of  the ica a es. longside the colour
difference, able  also shows the root ean s uare
error RMSE  between easured and calculated s ec-
tra. t was calculated as:

w
ss

RMSE calculatedmeasured∑ =
−

=

700

440
2

,, )(
λ λλ

where s re resents re ectance s ectra and w is the nu -
ber of  wa elengths.

.  n uence of  surface co erage

hanging the olu e concentration of  ig ents or their 
dia eter, in general, changes the surface co erage, which 
is e ressed b  C in uation . S aller surface co er-
age eans that less of  the area is co ered with ig ents 
and the substrate has a greater in uence on the re ec-
tance of  such a sa le. he in uence of  this effect on 
the re ectance factor s ectra was anal sed b  calculat-
ing the re ectance factor s ectra for all the a lied illu-

ination iewing geo etries using different alues of 
the surface co erage, C. igure  shows the results for 
C alues of  . , .  and . . S aller surface co erage 
results in bigger in uence of  the substrate, as e ected. 

t wa elength below  n , the re ectance factor in 
all iewing angles con erges to a single alue, but their 
relati e se aration sta s the sa e as it is at longer wa e-
lengths. he sha e and the intensit  of  the re ectance 
factor changes with surface co erage. or s aller co er-
age, the re ectance factor beco es si ilar to that of  the 
coating substrate alone see also igure . herefore, 
the interference effect caused b  the ig ents is clearl  
seen at large enough co erage. his confir s the alidit  
of  the used co utational odel and enables to redict 
the concentration of  a es that should be used in coat-
ing if  hiding of  the substrate is desired. 

he reader should a  s ecial attention to the scale of 
the re ectance factor in igure . hen surface co -
erage is , the interference effect roduces re ectance 
factor alues higher than . ith the s aller surface 
co erage, the interference effect di inishes and the 
re ectance factor alues slowl  beca e ore si ilar to 
the re ectance factor of  the substrate, eaning that the 
alues go below .

.  n uence of  orientation distribution function

he orientation distribution function of  a es is 
assu ed to be a logistic distribution with its ean alue, 
θ0', and standard de iation, . Since both ara eters 
in uence the results, we will anal se how each of  the  
affects the re ectance s ectra.

. .  n uence of  orientation distributions standard 
deviation

ere, we assu e that the ean tilt angle is , eaning 
the a es are arallel to the substrate, and we change 

a) b)
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Figure 5: Reflectance factor spectra calculated for the applied illumination viewing directions using surface coverage a) C = 0. , b) C = 0.5, 
and c) C = 0.1  the legend in the middle graph is applicable to all three graphs

a) b) c)

Figure 6: Reflectance factor spectra calculated for the applied illumination viewing directions (see the legend) using surface coverage C = 1, 
the flake s mean tilt angle θ0  = 0  and standard deviation of the orientation distribution function equal to a)  = 1  and b) = 15   
the reader should pay attention to the y axis range of the two graphs; c) orientation distribution function using the standard deviations 

specified in the corresponding legend

a) b) c)

the alue of  standard de iation. igure  shows the cal-
culated re ectance s ectra for the a lied sa le using 
standard de iation e ual to  and . he logistic ori-
entation distribution functions for the ariances ,  
and  are also illustrated in the sa e figure, to show 
the broadness of  the ig ent tilt angle in such condi-
tions. e ectance factor s ectra show that s aller ar-
iance results in significant re ection onl  at re ectance 
angles close to the s ecular re ection, at  and . 

ther angles ha e er  low re ectance factor. hen ori-
entation distribution is broader the standard de iation 
is bigger , the re ectance factor increases o er a wide 
range of  re ectance angles. 

 s all standard de iation eans that al ost all a es 
are arallel to the substrate, therefore the re ection of 
the sa le is highl  directional, and distributed around 
the s ecular direction, as a result of  scattering on the 
edges of  the a es.  large standard de iation of  the 
orientation distribution function eans that the ig-

ents are rando l  oriented, thus re ect in accordance 
with these directions. he re ectance factor of  such a 
coating beco es highl  diffuse, eaning that a wider 
range of  re ection directions re ect si ilar a ount of 
light. 

To analyse how the standard deviation of  the orientation 
distribution function affects the re ectance factor at dif-
ferent re ectance angles, we ha e anal sed the re ec-
tance factor at    n  as a function of  the a lied 
alue of  standard de iation. he results are shown in 
igure . he re ectance factor at  n  is shown for 

all a lied geo etries lotted against standard de iation 
alues between  and .

Figure 7: Reflectance factor at  = 650 nm for specific reflectance angle 
versus standard deviation of orientation distribution function
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he re ectance angles closer to the s ecular re ec-
tion ha e a uic er rise at s all standard de iation and 
slowl  con erge to a constant alue at larger standard 
de iation. he re ectance factor at angles furthest awa  
fro  s ecular re ection,  and , starts to increase 
at larger standard de iations, and does not show such a 
high re ectance factor li e at angles closer to the s ec-
ular direction. Such beha iour is in accordance with the 
logistic distribution function  when standard de iation 
beco es large enough, all inclination angles beco e 

ossible.

. .  n uence of  orientation distributions ean alue

ere, we assu e that the standard de iation is   , 
and we change the ean alue of  the logistic distribu-
tion function, θ0'. f  the a es would be surrounded b  
air, the re ected angle for s ecular re ection on a es 
noted here as s ecular re ected angle  would be an 

addition of  incident angle and a e s tilt angle. ecause 
the a es are inside a binder, the refraction at binder air 
interface has to be also ta en into account. he nonlin-
ear relation between a e s tilt angle, θn', and s ecular 
re ected angle, is shown in igure a. la e s tilt angle 
can onl  range between  and , be ond this we 
would encounter total internal re ection and no light 
would co e fro  the sa le. e can see that a s all 
shift in a e s tilt angle causes a large shift in s ecular 
re ected angle.

igure b shows the re ectance factor at    n  at 
different re ectance angles, as a function of  the a lied 

ean alue, ranging fro   to . hen we change 
the ean alue, we see that e er  as ecular angle has 
its own re ectance factor ea . he osition of  these 

ea s is directl  related to the s ecular re ected angle, 
shown in igure a. he intensit  of  the ea s, on 
the other hand, is ainl  related to the deno ina-
tor in uation , where we ha e cosine of  a e tilt 
angle and re ected angle igure c . his art of  the 
e uation is relati el  low for ost of  the angles, but 
beco es large in the border range of  a e tilt angles, 
corres onding to as ecular angles  and . his 

e lains the uch higher intensit  of  re ectance factor 
ea s for those two as ecular angles in relation to other 

as ecular angles.

.  n uence of  the substrate

he in uence of  the substrate can be anal sed when 
different a er substrates are used. e ha e used 
blac , agenta, c an and ellow a er substrate 

igure . o show the corres onding effects, we cal-
culated re ectance factor s ectra of  the effect coating 
with different surface co erage, C. igure  is show-
ing the results for C  . , .  and .  for re ectance 
angle . ther ara eters used in the calculations 
were those defined in able . igure  should be 
co ared with igure , where the sa e ara eters 
were used with white a er substrate. 

Figure : Measured reflectance factor for white, black, magenta, 
cyan and yellow paper substrates

en with high surface co erage, C  . , so e differ-
ences were obtained in calculated s ectra when differ-
ent a er substrates were a lied. oating on agenta 
and ellow substrates that ha e high re ectance factor at 
   n , where the a es also gi e high re ectance, 

gi e si ilar but slightl  lower re ectance as the white 
substrate. an and blac  a er substrates gi e e en 
s aller re ectance factor alues since the re ectance of 

Figure 8: a) The reflected angle for specular reflection on flakes (specular reflected angle) as a function of flake tilt angle, 
b) reflectance factor at  = 650 nm for specific reflectance angle as a function of orientation distribution s mean value, θ0',

and c) inverse of cosine of flake tilt and reflected angle versus flake tilt angle

a) b) c)
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the substrate alone is not high in that region. he s all 
difference is because the interference effect caused b  
the ig ents roduces uch higher re ectance factor 
alues than the re ection fro  the substrate. hen the 

surface co erage is getting s aller, the difference a ong 
a er substrates beco es larger. his is e ected, since 

ore and ore of  the substrate is isible and thus it 
contributes ore to the re ectance factor of  the entire 
coating. ot onl  the re ectance factor intensit  changes, 
but also the sha e of  the re ectance factor cur e starts 
to change and beco es ore and ore si ilar to the 
re ection of  the substrate alone igure .

6. onc sions

he focus of  this research is on odelling the re ec-
tance s ectra of  the selected s ecial effect coating with 
interference ig ents, ha ing a e2 3 layer on a mica 
core. he odelled re ectance factor was alidated with 

easure ents of  the selected sa le at the sa e gonio-
etric angles that were used in the odel. he in uence 

of  three i ortant ara eters on gonio etric re ec-
tance factor was anal sed, na el  surface co erage, 

ig ent orientation distribution and coating substrate. 
Surface co erage is directl  related to the dia eter and 
olu e concentration of  ig ents for a gi en ig ent 

thic ness, i.e. as ect ratio, and both can be aried in the 
in  or aint anufacturing rocess. e ending on this 
factor, the coating substrate will affect the re ectance 
factor and in uence the a earance of  the coating. he 

ig ent orientation distribution is an i ortant factor 
when a l ing the in  or aint. ifferent a lication 

rocesses can distribute ig ents with different orien-
tation and standard de iation of  orientation, and, as we 
ha e shown, this ara eter can ha e great in uence on 
the gonio etric re ectance factor. Substrate used for 
a lication of  the coating also contributes to the o er-
all a earance of  the sa le, es eciall  if  the surface 
co erage is s all. he results of  our research show that 
the odel built for such sa les ro ides useful results  
therefore it will be de elo ed further. he coating sa -

le, selected to resent the a lication of  the nu eri-
cal odel, includes all t es of  o tical e ents ta en into 
account in our nu erical odel. herefore, this e alu-
ation shows that the odel is generall  acce table for 
effect coatings with both t es of  a es, class i  and 
class ii . oreo er, this a es a good ground for fur-
ther research of  roble s connected with a earance 
of  gonioa arent sa les. oreo er, interference a es 
with ore la ers ultila ered interference a es  are 
currentl  being considered. he entire data will be used 
to chec  the ossibilit  of  using the nu erical odel to 
define the in ut data for a earance finger rinting.

he entire research has an a bition to ro ide a gener-
ali ed odel for gonios ectro etric re ectance factor 
of  effect coatings with arbitrar  co le it . he nu er-
ical odel should hel  in answering the uestion which 
s atial resolution is good enough to describe the  
of  effect coatings. hile coatings with all currentl  
nown s ecial effects ig ents will be considered, the 
ro osed odel will ro ide the re ection s ectru  for 

arbitrar  illu ination iewing directions for an  co -
binations of  in aint re aration and coating a li-
cation. Such data are i ortant for se eral ur oses of 
o ticall  co le  coatings, being for decorati e, securit
or an  other ur ose.

a  
Figure 10: Reflectance factor calculated for the reflection angle −60  using surface coverage a) C = 0. , b) C = 0.5, and c) C = 0.1 for 
different paper substrates (the legend in the middle graph applies to all three graphs); other parameters used in the calculation are those  

from Table 2; scale on y axis is changing for different C parameter, however, the same C parameter  
has the same y axis scale in this Figure 10 as well as in Figure 5

a) b) c)
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Abstract

he rinting late used in offset lithogra h  is designed to acce t in  on i age areas and re ect in  on non i age areas. 
n order to re ect in  in con entional offset, fountain solution is needed to for  a wea  boundar  la er between the late 

and the in . Pa er and coated a er in articular are designed to acce t in  and absorb in  oil and fountain solution. he 
latter is often transferred to the a er surface through the rubber blan et and its absor tion or subse uent dis lace ent is 
essential for final in  transfer to the surface. here are strong de ands on the unifor it  of  the a er surface, including 
in res ect to absor ti it , both in structure and che istr , in order to gain a rint of  high ualit . f  this is not the case, the 
in  fil  thic ness a  be non unifor  subse uentl , in  adhesion a  e en fail co letel , lea ing white s ots on the 

a er surface in the rint. his gi es rise to rint ottle, a se ere rint ualit  defect. 

he ai  of  this a er was to stud  the ualit  of  rints fro  a full scale offset rinting trial ade on ilot coated a er, 
with attention gi en to in surface adhesion. Se en calciu  carbonate ig ent based coatings with different contents of 

ig ent dis ersing agent were included in this stud . he wor  showed that a oderate o er dosage of  dis ersant signifi-
cantl  increased the in  adhesion failure and rint ottle, ainl  on rints fro  the later rint units and es eciall  at high 
fountain feed le els. hese findings de onstrate the funda ental i act of  fount le el, surface che istr  and coating 
for ulation on in  adhesion and thus also rint ottle.

Keywords: coated a er, coating er eabilit , offset rint ualit , water induced rint ottle, unco ered area, 
ol acr lic dis ersant

1. Introduction

he rinci al function of  fountain solution in con en-
tional offset rinting is to re ent in  to be transferred 
to the non i age areas of  the rinting late acPhee, 

 i han, . he fountain feed le el is a delicate 
control issue for the rinter. oo low a feed olu e will 
cause scu ing, i.e. the non i age areas will ta e u  in  
and start to rint. oo high a feed will gi e roble s with 

oor in  transfer and rint ualit  defects will a ear.  
ini u  thic ness of  the fountain fil  is considered 

to be around  to  n  see iscussion for details , 
which is well below the range of  .   which has 
been re orted as a nor al a erage thic ness acPhee, 

. owe er, the non i age area of  the late is not 
irror s ooth, a ress design feature is a lied to ensure 

satisfactor  fount transfer, and so sufficient fountain feed 
is needed in order to assure that the water fil  on ele-
ated areas also has an a ro riate thic ness. 

oth in  and a er ust be co atible with fountain 
solution in order to assure in  trans ort in the ress and 
good rint ualit . he in  ust be able to incor orate 
fountain solution in a water in oil e ulsion acPhee, 

 adner and o le, . lso the a er needs 
to cater for water that has been de osited on its sur-
face when the a er co es into contact with water rich 
regions on the rubber blan et. he water is first h drau-
licall  i regnated into the a er in the ni  in a rocess 
controlled b  the a er er eabilit  and then subse-
uentl  ca illar  absorbed b  the to  la er of  the a er 

during the ti e that ela ses between two ni s s ler, 
. irect easure ents of  water u ta e b  coated 

a ers during heatset offset rinting ha e been re orted 
b  g et al. , . he  used near infra red 

robe s ectrosco  and confir ed a significant water 
u ta e which was in uenced b  coating s oothness and 
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ca illarit . ue to the high s eed of  the rinting ro-
cess, the controlled u ta e of  water into in  and a er 

ust be fast. o act areas of  the a er surface ha e 
a low ca abilit  to re o e larger water olu es fast 
enough fro  the surface and this will gi e roble  with 
in  transfer to the a er. 

Print ottle is a ercei ed une en rint densit  and a 
co on and se ere rint defect on coated a ers. he 
a ount of  wet in  transferred to the a er is er  low, 
less than 1 g · m−2 acPhee and ind,  and after 
dr ing when the in  oil has de leted fro  the in  fil  
Str  and ustafsson, , the thic ness of  the dr  

in  fil  i.e. ig ent and binder  is in the order of  half 
a icro etre or less Str  and arathanasis, . 

hus, it is eas  to understand that a er  s all ariation 
in in  fil  thic ness and s all s ots were the in  has 
failed to adhere to the surface will result in a ottled 
low ualit  rint. 

here are two rinci al t es of  rint ottle. ac  tra  
ottle  is due to ariation in in  fil  thic ness. 
his ottle t e has been sub ected to scientific stud-

ies in both laboratories and on rinting resses for half 
a centur , with significant brea throughs seen during 
the last  ears a i, ousfield and Shaler,  

a ala and os inen,  iang et al.,  Shen 
et al.,  iang et al.,  soard, .  is 
basicall  due to an une en de letion of  in  oil b  trans-
fer into the coating, which in turn is due to a non uni-
for  ore structure and or surface che istr  of  the 
coating. his results in an in  fil  on the a er with 
local ariations in thic ness and iscosit . his gi es an 
une en build u  of  in  on the non i age areas of  the 
rubber blan et and non unifor  in  transfer bac  tra  
in subse uent rint units where the re ious rinted 
area eets the non i age area of  the following rubber 
blan et, and finall  a non unifor  in  fil  thic ness on 
the a er that e its the rinting ress.

he other rinci al t e of  ottle is water interference 
ottle  Plow an Sandreuter, . nl  er  

little scientific wor  in this area ha e been re orted 
Str  and adstedt,  ie and olseth, . he 

co on belief  is that it is due to in  refusal caused b  
too high a fountain solution feed rate. e beca e inter-
ested in this research area after a laborator  stud  on in  
adhesion a al et al.  a al l  et al., , 
where we realised that in  adhesion failure could ha e 

se eral origins. ot onl  fountain solution feed was 
i ortant but also a er ro erties and the interaction 
between fountain solution and a er coating.

he laborator  wor  a al et al.  a al l  
et al.,  showed that an e cess a ount of  sodiu  

ol acr late in the coating colour affected the coating 
ro erties and the interaction between in  and the a er 

coating. he coatings beca e ore olar and interacted 
ore strongl  with water. his resulted in slower in  

setting and reduced in a er coating adhesion, es e-
ciall  in the resence of  a lied water da ening solu-
tion to i ic fountain solution during offset rinting  
which are identified as contributor  factors in in  iling 
and rint ottle Purfeerst and an ilder, . he 
wor  showed that in  adhesion failure resulted in white 
s ots in the rint and suggested that the in  failure was 
due to two different echanis s, the well nown in  
refusal, which is an in  transfer failure, and a new ech-
anis , which we refer to as in lift off. he latter ech-
anis  suggests that the in  is transferred to the a er 
surface but re o ed in a subse uent rint ni  due to 

oor in surface adhesion a al l  et al., .

n order to erif  if  the findings fro  the labora-
tor  stud  had an  rele ance in industrial rinting, we 
designed a s ecial ilot coating trial and rinted the 
coated a ers in full scale sheet fed offset with a la out 
designed for our ai s. he results are re orted in two 
articles. he first a al l  et al.,  focuses on 
the i act of  a er coating ro erties gained fro  the 
si e distribution of  the ig ent, t e of  late  binder, 
calendering and one dosage of  additional dis ersant 
on in  adhesion failure. he white s ots that were a 
result of  in  adhesion failure were anal sed in detail, the 
un rinted surfaces were ins ected with scanning elec-
tron icrosco  S  and a echanis  was ro osed. 

ow, the second re ort, i.e. this a er, focuses on a er 
ro erties that arise fro  the use of  high a ounts of 

dis ersant since this a ears to be a e  factor, and es e-
ciall  since a er ills often add in e tra dis ersant s  to 
the colour in order to assure that it will erfor  well on 
the coater following, for e a le,  shoc  in the case 
of  calciu  carbonate, arising fre uentl  fro  the use of 
acidic binders or icrobiological conta ination on the 

achine. oth re orts focus on fountain solution water 
feed in addition to a er ro erties on in  adhesion and 

rint ualit . he resent a er additionall  discusses 
rint ualit  ro erties in ore detail.

2. Materials and methods

2.1 oating colour for ulations

Se en different coating colours were for ulated. he 
coatings were re ared according to the for ulations 
in able . he sa e ig ent, a ground calciu  car-

bonate  with ass fraction of    of  the arti-
cles being less than  , was used in all for ulations. 

he  ig ent drocarb , su lied b   
was deli ered in the for  of  dis ersed slurr  where 

ol acr late P  dis ersant had been used during its 
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roduction. he binder used in all for ulations was a 
st rene butadiene late   su lied b  S . 

he additional ol acr lic dis ersant used for e cess 
dosing was is e   su lied b  S , a full  
sodiu  neutralised dis ersant aP . he aP  solu-
tion used in the e eri ent consisted of  diluted co -

ercial roduct, in which onl  water had been added.  
further dis ersant solution was also re ared, a artiall  
calciu  neutralised a aP . n the a aP  solution 
a calciu  to acr late ratio a2+ −  of  .  was tar-
geted. he ion e change fro  sodiu  to calciu  ions 
was ade using calciu  nitrate tetrah drate su lied b  

erc . he calciu  salt was first dissol ed in water, and 
then carefull  added to the dilute aP  solution. he 
thus re ared dilute P  solutions contained   acti e 
co onent, i.e.   acr late. he solutions were  
ad usted to .  with a a  solution ass fraction of 

 before being added to the ig ent slurr , followed 
b  binder addition and additional water to reach a target 
solid content of   . he coating colours were finall  
ad usted to  . . n three of  the se en re ared coat-
ing colours, the diluted sodiu  ol  acr late aP  was 
added in different dose a ounts. n one of  the for u-
lations ef  no additional dis ersant was added. n the 
re aining three for ulations the a aP  with artial 
calciu  neutralisation was a lied as an additi e to the 

ig ent slurr . 

2.2 Pilot coating 

he coating colours were coated on re coated wood
free fine a er agnostar  g   su lied b  Sa i . 

oth sides of  the industriall  re coated base a er 
were to coated with a ro i atel   g  . The 

a ers were coated with a blade coater at a s eed of 
    in  odular o bi lade  anufac-

tured b  oith Pa er . or additional rocess ara e-
ters see endi . 

he coated a ers were su ercalendered S   
anufactured b  ruderhaus aschinen b  and 

assed through  ni s, each with a linear ni ressure of 
    and a line s eed of  nearl     in . The 

te erature of  the calender rolls was e t constant at 
  and the a ers were calendered to reach   gloss 
easured with PP  Standard . urther rocess 

ara eters can be found in endi .

2.3 ull scale rinting

he coated a ers were rinted  wee s after being 
coated with a sheet fed offset rinting ress anroland 

   su lied b  anroland sheet fed b , 
er an . or ore details of  the ress set u , lease 

see endi .

he rinting order was blac  , c an , agenta 
, ellow , c an  and c an again  as shown 

in igure . nl  the c an rinted areas were e aluated.

K C2 C5 C6M Y

Figure 1: The ink sequence used during the printing trial

he rint la out seen in igure  shows a total of  si  
c an areas, three of  which are rinted in fulltone first 
colu n  and three areas are rinted in   halftone 
second colu n . ach area is rinted onl  once at 

either  first row in igure ,  second row  or  
third row , res ecti el . 

he ositions of  the rinting units in uence the a ount 
of  fount being ut onto the a er surface, rior to it 
being rinted. Significantl  ore fount will be ut onto 
the a er rinted at  co ared to the fount a ount on 
a a er rinted at . lso the rints fro   a  suffer 
fro  bac  tra  ottle caused b  the subse uent  blan et 
c linders , ,  and , whereas rints fro   do 
not ris  that as it is the last rinting unit in the ress.

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



260 H. KAMAL ALM, G. STRÖM, J. SCHOELKOPF ET AL.  –  J. PRINT MEDIA TECHNOL. RES. 4(2015)4, 257–278

Figure 2: Print layout used in the printing trial

 nor al fountain feed would be  , whereas 
the feed of    used during ost of  the trial runs 
was chosen to show the i act of  high oisture, i.e. at 
er  hu id conditions, on the rint ualit . he foun-

tain solution used during the rinting rocess contained 
two da ening additi es,   iso ro l alcohol and 
  Substifi  su lied b  uber grou . or two trial 

runs using uncalendered a ers, a lower ore nor al 
fountain feed   was used. hese two uncalen-
dered trial runs were the reference and the coating with 
.  h a aP . he rubber blan ets were ins ected 

and cleaned between each trial run. o wet ic  could 
be obser ed for an  of  the coating for ulations.

2.4 haracterisation of  the coating colours

he coating colour iscosities for the se en re ared 
for ulations were deter ined using a roo field is-
co eter at a rotation rate of   and  in  using 
s indle . he  and te erature were held constant 
at .   .  and .   .  , res ecti el . 

2.5 haracterisation of  the a er surface

2.5.1 o ogra h

he surface to ogra h  of  the un rinted coated a ers 
was anal sed using two easuring de ices, Par er Print 
Surf  PPS S  : , su lied b  orent en  

ettre, Sweden  and ti o o su lied b  nn entia 
, Sweden . he PPS instru ent is sensiti e to 

roughness within the range of  . .   whereas the 
ti o o can detect s aller ariations in the to ogra-

h  than the PPS instru ent. he ti o o is an o ti-
cal instru ent that deter ines the to ogra h  in , 
gi en as a standard de iation fro  a ean lane of  the 
sa le using i age anal sis of  two i ages ta en of  the 
e actl  sa e area on the sa le. he two i ages dif-
fer onl  b  the illu ination direction during the ac ui-
sition of  the i ages arros and Johansson, . he 
to ogra h  is then co uted with a hoto etric stereo 
techni ue ansson and Johansson, . efore the 
to ogra h  ariations are co uted using fre uenc  
anal sis, a band ass filter is a lied to eli inate both 
the finest scale and largest scale ariations. he band-
width of  the filter used was . .  . 

2.5.2 Contact angles 

he a arent contact angle and olu e absor tion of 
water on the coating surface were easured using the 

ibro  instru ent su lied b  ibro S ste  , 
Sweden . he instru ent laces a dro let of  deioni ed 
water onto the sa le surface and then records the 
height and base dia eter of  the dro let as a function of 
ti e, together with the contact angle. he alues after 
.  s are re orted. he contact angle easure ents 

were erfor ed  onths after the coating trial, dur-
ing which the a ers were stored in bo es in a non con-
ditioned storage room.

2.5.3 Per eabilit  anal sis

he er eabilit  of  tablets ade of  co ressed and 
dried coating colour was deter ined gra i etricall  
using a er eabilit  a aratus Schoel o f, ane and 

idgwa ,  de elo ed b  a nternational , 
Swit erland. ablets were for ed b  filtration of  the 
coating colour under ressure  bar . he coating 
colours anal sed were for ulated according to those 
shown in able . he coatings were filtered through 
a fine e brane filter .   su orted b  two 
coarser etal eshes. he ti e re uired to for  a tab-
let of  a certain height de ends both on the solids con-
tent of  the sa le, the water retention ro erties and 
the si e and ac ing characteristic of  the solid articles 
in the sa le. he tablets obtained had a dia eter of 
 c  and a thic ness of   c  was attained. he tablet 

for ing rocedure too   h. he tablets were then 
dried in an oven (60 °C) overnight. 

efore the er eabilit  easure ents could be er-
for ed, the tablets needed to be further re ared. 

he dried tablets were cut and ground into bloc s, see 
igure , with a cross sectional area of  about  c 2. 
he bloc s were then e bedded in resin and left to 

cure o ernight at roo  te erature. he absorbing 
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surfaces of  the e bedded bloc s were then carefull  
ground to ensure full re o al of  e cess resin fro  the 
surface. hen the resin had dried, the now e bedded 
bloc s were laced in a glass dish with he adecane 

eagentPlus Sol ent rade   urit  su lied b  
Sig a ldrich , see igure , and left there until the 
entire bloc  was saturated with he adecane, which too  
roughl  one wee .

he er eabilit  easure ent was erfor ed b  lac-
ing the e bedded sa le in the er eabilit  a ara-
tus. e adecane was in ected into the er eabilit  cell 
and the sa le cha ber was then e t ressurised at 
 bar using nitrogen gas. he er eabilit  a ara-

tus was ounted o er a icro balance and during the 
er eabilit  anal sis the er eated he adecane was 

collected in a sa ling dish, laced on the balance, so 
that the ass of  he adecane as a function of  ti e could 
be noted easure ents too    da s . his anal sis 
returned the olu e rate of  the he adecane ow, and 
using arc s law uation  the er eabilit , in 
ter s of  arc s er eabilit  constant k , could be 
deri ed Schoel o f, ane and idgwa , .

Q kA P
l

=

where Q is the olu e ow, k is the er eabilit  
constant, A is the cross sectional area, P is the ressure 
difference,  is the iscosit  of  the li uid, and l is the 
length of  sa le.

2.5.4 Pore structure anal sis 

he ore structure of  the coating colour tablets, gen-
erated for the er eabilit  anal sis described abo e, 
was e aluated. he ore olu e intrusion was ana-
l sed on . .  g sa le aterial using a icro er-
itics uto ore  ercur  orosi eter icro eritics 
nstru ent or oration, orcross, , S . he 
ercur  orosi etr  ethod is based on the intrusion 

of  the non wetting li uid ercur  into the sa le under 
ressure. he ressure re uired to intrude ercur  into 

the sa le structure is then in ersel  ro ortional to 
the ore si e, and therefore this techni ue ields ore 
si e according to the oung a lace e uation .

D
P

=
1 4 cos θ

where D is the diameter, P is the ressure, γ is the sur-
face tension of  ercur , and θ is the contact angle of 

ercur  in contact with the sa le.

he a i u  a lied ressure of  ercur  was 
 Pa, e ui alent to a a lace throat dia eter of 

 n . he e uilibration ti e at each of  the increasing 
a lied ressures of  ercur  was set to  seconds. t 
is ital that the ercur  intrusion easure ents be cor-
rected for the co ression of  ercur , e ansion of 
the enetro eter and co ressibilit  of  the solid hase 
of  the sa le. his is erfor ed con enientl  using the 
software Pore o  a software rogra  de elo ed 
b  and obtainable fro  the n iron ental and luids 

odelling rou , ni ersit  of  Pl outh, . . , in 
which the Pore o  e uation  ane et al.  
is a lied:

V V V V P

V

obs blank bulk

bulk

int . ( ) log= + +0 175 1
1820

1
10

ss

P P
M

1 1
1

1 1( ) exp ( )

where Vint is the olu e of  intrusion into the sa le, 
Vobs is the olu e of  intruded ercur , Vblan  is the 
olu e change during blan  run, V 1

bul  is the sa le 
bul  olu e at at os heric ressure, P is the a lied 

ressure, 1 is the orosit  at at os heric ressure, P1 
is at os heric ressure, and Mss is the ul  odulus of 
the solid sa le.

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  rint ualit

2.6.1 Print densit

he rint densit  of  c an fulltone areas was eas-
ured with a re ection densito eter ech on su lied 
b  S ectro ens  which records the a ount of  light 
re ected b  the studied surface o er an e osure wa e-
length range of   n . he densito eter returns 
the rint densit  as a logarith ic ratio between the 
light re ected b  white un rinted  a er and the light 
re ected b  the rint. he rint densit  re orted in this 
stud  is the a erage rint densit  of   easure ents. 

2.6.2 Print gloss

he rint gloss at an angle of   according to PP  
Standard  using a   gloss eter su lied 
b  ehntner  of  c an fulltone areas was detected and 
the stated results are an a erage of   easure ents.

2.6.3 Uncovered area

he unco ered area  on rinted areas was uan-
tified with the S  ottling Johansson and or an, 

 i age anal sis software. he rints are scanned 

Perfection  Pro scanner with a a i u  o tical 
resolution of    d i    d i su lied b  son  
and sa ed as gre scale i ages. he software uses light 
re ectance shown in the gre scale i age. he i ages 
are calibrated with res ect to re ectance, b  deter-

ining a re ectance threshold relati e to the ean 
re ectance le el of  the i age , and  is then co -

uted b  including all areas with a higher re ectance 
than the threshold as those contributing to the co -

uted . he resolution of  the anal sed i ages 
was  d i, which re resents a i el si e of  .  . 

he  re orted is an a erage of   anal sed areas 
.  c   .  c .

2.6.4 Print mottle

he occurrence of  rint ottle was also e aluated 
using the S  ottling software. he software deter-

ines rint ottle b  detecting the s atial change in 
light re ectance in gre scale i ages. he i ages are 
calibrated to re ectance and the out ut data fro  the 

ottle anal sis is the coefficient of  ariation  
in re ectance, di ided into s atial wa elength bands. 

alues of  ariation o er   are considered to be 
of  i ortance. Print ottle was anal sed on  areas 

.  c   .  c  of  each sa le.

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 iscosit  of  coating colour

he roo field iscosit  increased u on addition of 
ol acr late P  dis ersant, see igure . cess dis-
ersant leads to the resence of  free water soluble ol

acr late in the sus ension oiseau et al., , which 
leads to induced ig ent and binder agglo eration, 
which is anifested b  increased iscosit  related ri-

aril  to de letion occulation usband, . 

he iscosit  increase was seen to be higher in the 
coating for ulation where artiall  calciu  neutralised 
dis ersant had been added, in articular at the highest 
dosage. he detri ental i act of  high le els of  bound 
calciu  ions on the dis ersing effect of  ol acr late has 
also been shown b  J rnstr  . t is nown that 
calciu  ions interact strongl  with sodiu  ol acr late 
Stenius, J rnstr  and igdahl,  during the for-
ation of  a ol acr late co le es which are solu-
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ble at low a to P  ratio but for  colloidal articles at 
and abo e a certain ratio. his ratio, also referred to as 
seed oint, decreases with the ol acr late concentra-
tion a al l  et al., . t is reasonable to assu e 
that a water soluble a P  co le  gi es a lower con-
tribution to the iscosit  increase than a water soluble 

ol acr late without a since its dissociation is i eded 
and so the charge densit  is reduced b  incor orating 
calciu  ions. hus, the stronger iscosit  increase in 
the sus ensions where artl  calciu  neutralised dis-

ersants had been used is li el  due to for ation of 
colloidal a P  articles and or articulate agglo era-
tion. he dro  in the iscosit  at .  h aP  is then 
e ected 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  articles. 

3.2 Pro erties of  the a er surface

he a er surfaces studied here were fro  the ilot 
coated series, and both calendered and uncalendered 

a ers were included.

3.2.1 o ogra h  

he different for ulations had no i act on the sur-
face roughness, while calendering, as e ected, reduced 
the roughness. he ean alues of   easure ent 

oints on e er  for ulation included in this stud , on 
both calendered and uncalendered surfaces, are gi en in 

able .

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

hese roughness results atch our re ious findings 
a al l  et al., , where high .  h  dosage of 

ol acr late had no effect on to ogra h . n this stud  
we ha e confir ed that this is the case also for lower 
additions. hus, the aggregation of  coating ig ents 
and or binder, induced b  additional ol acr late, had 
little or no i act on the surface roughness at the scale 

easured.

3.2.2 Contact angle 

he contact angle between a water dro let and the 
coated a er surface was anal sed using the ibro  
instru ent. he a erage contact angles of   dro -
lets fro  each sa le were collected. elati el  s all 
differences in contact angles were obtained, but no 
reliable s ste atic change could be obser ed. he con-
tact angles for the calendered sa les aried between 

 and for the uncalendered sa les it aried 
between , the highest standard de iation for 
these results being  .

3.2.3 Pore structure and er eabilit

he orosit  of  the dried coating colour tablets was 
deter ined b  ercur  orsi etr . his anal sis returns 
the ore olu e of  the dried coating structures, see 

igure a and b for the aP  and a aP  containing 
for ulations, res ecti el . ncreasing dosage of  aP  
resulted in a slight increase in ore si e and ore ol-
u e. he dosing of  a aP , howe er, had a ore 
co le  effect on the ore si e and olu e distribu-
tion of  the coating structure.  dosage of  a aP  with 
.  h had the largest effect on the ore si e and the 
ost ar ed increase in ore olu e, both of  which 

increased significantl  at this dosage. his is because 
the dis ersing effect of  ol acr late shar l  deterio-
rates in the resence of  free calciu  ions, es eciall  at 
low e cess ol acr late dose J rnstr ,  and the 
de letion effect do inates. ence, the occulation of 

Figure 6: The pore volume cm3  g−1  of dried coating colours containing a) increasing amounts of NaPA and b) increasing amounts of NaCaPA
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ig ents, binder and P  is ore se ere u on initial 
e cess dosage le els of  P  in the resence of  a2+ ion 
co ared to higher P  ratio le els, and the ore si e 
therefore increases. nce the initial occulation is o er-
co e b  increased addition of  a aP , the trend fro  
dis ersed to further occulation due to charge densit  
increase follows roughl  that of  the aP  igure b 
ersus igure a .

he li uid er eabilit  of  the dried coating colour 
structures is shown in igure . he er eabilit  of 
the sa le containing e cess aP  was significantl  
higher than for the ones containing e cess a aP , 
with the e ce tion of  the sa le with the lowest e cess 
of  a aP  .  h . hese results coincide with the 

orosi etr  results, where the ore olu e and ore 
si e of  the sa le with .  h e cess a aP  was 
in fact significantl  higher than for the other coating 
for ulations. 
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Figure 7: The permeability 10−18 m2  through compressed tablets of 
ground calcium carbonate

n ins ection of  the surface structure of  the coated 
a ers using S  showed a significant non unifor it  

in orosit  with fre uent occurrence of  co acted
closed areas, in articular for calendered sa les, which 
ha e been re orted re iousl  a al l  et al., .

3.3 Print ualit

Print ariabilit  is often seen when rinting the c an col-
our since the hu an e e is sensiti e to c an, but also 
since the c an in ing unit in a ulticolour ress often 
is laced earl  in the rint colour order. n addition, 
c an is often rinted using a relati el  low fil  weight, 
which leads to a significant isual disturbance when the 
in  fil  thic ness aries. he results resented here are, 
therefore, onl  fro  c an rinted areas in three different 
units ,  and  on calendered and uncalendered 

a ers rinted with a fountain solution feed of   , 
which in this stud  is referred to as the standard high 
le el feed S .

reas rinted at  ha e been wetted b  fount once 
in the  rinting unit  before it was rinted in  and 

the rint will be sub ected to four bac  tra s before it 
lea es the ress. reas rinted in  ha e been wetted 
four ti es and will be sub ected to one bac  tra  before 
lea ing the ress, whereas areas rinted at  ha e been 
wetted fi e ti es with fountain solution and are not 
sub ected to bac  tra .

3.3.1 Print densit

he a erage c an rint densities of  the se en different 
a ers rinted 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 

 . .  on the uncalendered a ers, res ecti el . 
hus, the rint densit  did not ar  uch between the 

different a ers within each rint unit. owe er, the 
rint densit  decreased so ewhat for al ost all calen-

dered trial runs in the th rint unit  when co ared 
to rints fro  the two other c an rinting units. 

3.3.2 Print gloss

igure  shows rint gloss easured at an angle of  . 
alendered a ers returned alues around  , while 

uncalendered ga e alues around  . he difference 
between the for ulations and rint units was s all. his 
was e ected since e cess P  had no effect on the s ecu-
lar re ecting si e co onent of  the coating to ogra h . 

3.3.3 Uncovered area

ight icrosco e i ages of  a rint suffering high le -
els of   were ac uired. igure  shows an o er iew 
i age of  a rint with a high a ount of  , and a 
close u  of  such an area. 

he a ounts of   on fulltone rints fro  all c an 
rint units are shown in igure . he  found on 
rints fro   was inor in co arison to the uan-

tit  of   found on rints fro  the two following 
rint units  and . he a orit    of  the 

unco ered areas identified were s all s uares of  side 
 i els, e ual to . .  . he a erage stand-

ard de iation of  the  found in ,  and  was 
 . ,  .  and  .  , res ecti el , which 

roughl  corres onds to a coefficient of  ariation of 
 .

or rints on calendered a ers igure a and b , 
e cess dosage of  aP  or a aP , u  to .  h, 
increased the uantit  of  . enerall , ore  
was found on the a er coatings with dosed a aP  
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a) b)

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

Figure 8: Print gloss at 75

co ared with aP , es eciall  at the lowest e cess 
dosage of  .  h. he highest ol acr late dosage 
le el, howe er, is seen not to in uence the occurrence 
of   to the sa e e tent as the lower and ediu  
dosage levels. 

lso rint on uncalendered a er returned higher  
when additional P  had been added to the coating col-
our igure c and d . or rints in  and , a i-

al  was reached alread  after the lowest dosage of 
P .  on rints fro   showed a stead  increase 
with dosage of  aP  and reached a significantl  high 
alue at the highest dosage.

he general icture can be su arised as:
cess of  dis ersant leads to an increase in 

with a a i u  at . .  h e cess dis ersant.
he ratio of  P  to a2+ is seen as critical in calciu

carbonate containing coating colours.
ncalendered a ers showed roughl  the sa e

a ount of   on the fifth and si th units while
calendered a ers showed significantl  higher 
on rints fro  the fifth unit.

3.3.4 Print mottle

he rint ottle was easured in two wa elength 
classes, and the results are gi en in igure . he 
larger wavelength class which starts at 0.25 mm shows 

uch higher alues than the s aller and ost often 
used wa elength class, which starts at  . his 

eans that a significant a ount of  the non unifor -
it  in rint densit  co es fro  s all si es, which is 
reasonable in this case since the a orit  of  the  
detected was ade u  fro  s all white s ots. nl  a 
s all effect on the ottle alue related to P  dosage 
was seen on rints fro  , but a rather li ited addi-
tion of  dis ersant had a significant i act on ottle in 

rints fro   and , where rints fro   showed 
the highest alues. 

ddition of  a aP  had a ore se ere i act on the 
ottle than aP , inde endent on whether the a ers 

were calendered or not. or calendered a ers, the rint 
ottle decreased at the highest addition of  aP  or 
a aP , but this was not as ronounced for the uncal-

endered a ers. 
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he rint ottle on   halftone rints was also ana-
l sed in the sa e anner as the fulltone rints. igure 

 shows rint ottle of  fulltone and halftone rints in 
the sa e gra h. ncreasing P  dosage leads to i aired 

rint ualit  ainl  on rints fro   and . he cal-
endered a ers show a clear a i u  in rint ottle, 
which indicates the detri ental effect of  e cess P  dos-
age when considering rint ualit . his is also obser ed 
on rints on uncalendered a ers coated with coating 
for ulations containing a aP .

he detri ental rint ottle a i u  occurs at higher 
dis ersant dose for the halftone rints co ared with 
the fulltone ones. his endorses the h othesis that 
tra ed fount can esca e sidewa s slightl  better in the 
halftone rint than when tra ed under a fulltone in  
la er, and so water interference ottle in the halftone is 
somewhat less severe.

3.4 act of  fountain feed on  and rint ottle 

or two trial runs the le el of  fountain feed was reduced 
fro   , which was the standard feed S , to  , 
referred to as reduced feed . wo uncalendered 

a ers were rinted, i.e. the reference and the one with 
.  h a aP . igure  shows that  beco es 

significantl  reduced u on reducing the fountain feed. 
owe er, also at the lower feed, the dosage of  .  h 
a aP  still had a significant i act on  in rints 

fro   and , since it was about three ti es higher 
co ared to the reference. lso the rint ottle alues 
were reduced when the fountain feed was reduced, as 
shown in igure . he ottle alues were low also for 
the a er containing the to  le el of  .  h a aP . 

he rint ualit  deteriorating effect of  e cess P  was, 
therefore, ore e ident for the standard high  fountain 
le el 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 11a f: The print mottle COV  in two wavelength classes, 0.25 8 mm (solid lines) and 1 8 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 12a d: The print mottle COV  in fulltone (closed symbols) and halftone (open symbols) on prints printed at C2 (  ), C5 (  ) 
and C6 (  ), 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 che istr

he resence of  e cess aP  has a significant i act 
on local ore structure and surface che istr  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) 0.25 8 mm and b) 1 8 mm

coating la er, and these in turn a ear to be e  fac-
tors for in  adhesion. o act areas within the surface 
la er of  the coating ha e been identified a al l  
et al.  and an e a le 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 . he co act s ots occurred ore fre uentl  
on a ers with high a ount of   and contained 

ore aP  than o en areas. ata on this relation effect 
ha e been re orted in a recent ublication a al l  
et al., , in which focus was gi en on the relation 
between a er ro erties and the in  adhesion failure 

echanis , while this a er focuses on the o erall 
rintabilit .

iterature data co aring the surface che istr  of  cal-
cite with adsorbed aP  and that of  calciu  carbonate 
coatings with e cess dis ersants added ha e shown that 
adsor tion of  aP  a es the surface ore h gro-
sco ic, ore olar and the ore structure absorbs water 
faster oi ula, a al l  and oi a a,  a al 

l  et al., . or odel s ste s of  freshl  clea ed 
calcite surfaces oi ula, a al l  and oi a a 
(2011) showed that the water contact angle on clean cal-
cite surface was around , while it decreased to about 

 for a calcite surface co ered b  adsorbed aP . 

he alue decreased e en further when tested in a ore 
hu id en iron ent. he findings were su orted b  
data fro  a our sor tion isother s, which showed 
strong increase in adsorbed a our when the relati e 
hu idit  e ceeded  . lso re orted was the surface 
energ  of  calcite with adsorbed aP . he total surface 
energ  was .  J  −2 with the ifshit an der aals 

art being .  J  −2 and the acid base art being 
.  J  −2. he ifshit an der aals contribution 

to the surface tension of  water is .  J  −2 (Fowkes, 
, which is er  close to the alue found for an 

adsorbed la er of  aP . his suggests that the la er 
in a oist en iron ent is a i ed la er of  water and 

aP . a ers of  ol acr late are indeed both h gro-
sco ic, h dro hilic and olar. 

n a coating la er, the situation beco es different 
since the calciu  carbonate surface is not as ure as 
was studied for the calcite, and one ust consider 
that artiall  h dro hobic ol er late  with surface 
acti e agents has also been added. oreo er, the t i-
cal coating la er is icrorough, orous and che icall  
heterogeneous, all of  which a es the inter retation of 
contact angle difficult. n addition, the contact angles of 
the ilot coated a ers were easured so e  onths 
after coating and cannot be used in the discussion since, 
a ongst an  factors, obile co onents of  the coat-
ing igrate to the surface and act to render it h dro-

hobic inden ar  et al., . nstead, we refer to 
earlier wor  conducted at our laborator . hese eas-
ure ents showed a decrease in the ad ancing water 
contact angle of  , fro   to . en though the 
decrease in contact angle is oderate it has a signifi-
cant i act on wettabilit , since the cosine alue of  the 
contact angles goes fro  .  to . . t is the cosine 
alue of  the contact angle, which re ects the wettabilit  

linearl . 

he water absor tion, as obser ed in the contact angle 
easure ents, occurring within the first  s fro  

contact we refer to as instantaneous absor tion , and 
it was seen to change fro   to  c 3  −2 u on intro-
ducing .  h e tra ol acr late. he surface energ  of 
the coated la er, as calculated fro  the ad ancing con-
tact angle, was around  J  −2 and the acid base art 
had increased fro  around  to .  J  −2 u on 
addition of  e tra aP . his can be seen as a significant 
increase, since the advancing contact angle, which was 
used in the calculations, is strongl  in uenced b  the 
low energ  areas of  the heterogeneous surface, in this 
case areas with high a ount of  late .

he data for calcite, and the fact that ol acr late is con-
centrated within co act areas, suggest that the co -

act s ots a  b  ore olar than the a erage olarit  
of  the coating la er.

4.2 n  adhesion failure echanis s in offset rinting

ater on h dro hilic surfaces has a significant i or-
tance for in  transfer in offset rinting. on i age 
areas of  the rinting late are h dro hilic and foun-
tain solution is a lied to re ent in  adhering to these 
areas. he echanis  that inhibits the in  adhering to 
non i age areas was earlier belie ed to be a result of 
adhesion failure at the in fountain solution interface 

ato, ow es and anderhoff, . owe er, the 
general belief  toda  is that a cohesi e s lit of  the foun-
tain solution la er, rather than a wea  interface, is what 
actuall  re ents in  transfer onto non i age areas dur-
ing the rinting rocess c ill,  Shen, utton 
and iu, . 

ccording to the Stefan e uation  Stefan, , the 
force needed to s lit a li uid fil  de ends on the s lit-
ting elocit , but, ore i ortantl  for this a lication, 
it is in ersel  ro ortional to the third ower of  the fil  
thic ness and ro ortional to iscosit  of  the fil . 

F
A

C
t

= 3

where F is the force, A is the late area, C is the 
constant,  is the iscosit  of  li uid,  is the elocit  at 

late se aration, and t is the fil  thic ness or distance 
between lates.

acPhee  used this as a starting oint to discuss 
in  transfer in offset rinting and showed theoreticall  
that for a configuration of  non i age area fountain 
solution in in  roller, s litting will occur in the in  
la er when the thic ness of  the fount la er is low, but 
once it e ceeds a certain alue s litting will occur within 
the fountain solution fil . he critical thic ness de ends 
on the iscosities of  the two li uids as well as the thic -
ness of  the in  fil  and can be calculated using Stefans 
e uation.  calculation using industrial li e conditions 
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suggests that the critical fountain solution fil  thic -
ness is around  to  n , below which in  transfer 
to the non i age areas of  the rinting late is li el  to 
occur. he calculation is based on an in  fil  thic ness 
of    and a ratio of  in  iscosit  to fount iscosit  
between   4 and 105.

 si ilar a roach can be used for the a earance of 
s ots without in , i.e.  on a oist a er surface 
due to in  transfer failure, also referred to as in  refusal. 

 is a conse uence of  areas on the coating surface 
where the absor tion rate of  fount is low co ared to 
the rinting s eed, which results in in  transfer failure. 

his ta es lace when the thic ness of  the fount la er 
on the a er surface has sur assed the critical thic ness 
re uired for in  transfer, according to Stefans e uation 
and the discussion abo e.

n lift off, on the other hand, eans that the in  has 
been transferred to the a er, but due to low adhe-
sion to the surface it has been lifted off  b  the rubber 
blan et in the subse uent rint unit s . he theoretical 
e lanation for the heno enon is that in  first is trans-
ferred to the a er because the oisture on the a er 
surface is not sufficient to gi e in  refusal. he in  is 
then lifted off  b  the rubber blan et in the subse uent 

rint ni  because the cohesi e strength in the in  fil  
has increased, i.e. since the h sical state of  the in  fil  
has changed, the in  fil  thic ness is now less and its 
iscosit  is higher. he in  fil  thic ness has decreased 

because the in  fil  transferred to the a er is thinner 
than the in  fil  on the rubber blan et rior to trans-
fer, since s litting nor all  occurs in the iddle one of 
the in  fil . he in  that is built u  on the non rinting 

arts of  the subse uent rubber blan et s  has re iousl  
been on the a er where in  oil has de leted and its 
iscosit  is higher co ared to fresh in  that has been 

de osited on the rinting areas on the rubber blan et 
fro  the rinting late. 

i en the descri tion abo e, when in  is transferred 
to the a er in the th unit, the in  fil  is thic , which 
results in a cohesi e failure within the in  fil  and thus 
in  transfer. Subse uentl , when this in  eets the rub-
ber blan et in the th unit, the in  fil  is thinner and it 
oins together with in  on the rubber blan et, which has 
high iscosit . he cohesi e strength of  the in  fil  is 
now higher. f  it is higher than the strength between the 

a er and the in  fil , the in  will be lifted off  fro  
the a er and transferred onto the rubber blan et. he 
strength between the in  fil  and the a er surface is 
strongl  affected b  the coating structure and surface 
che istr , e.g. olar character and oisture on the sur-
face, which definitel  will ha e i act on the strength. 

his effect relies on the large roles being la ed b  
er eabilit  and ca illarit , res ecti el , as large con-

nected ores facilitate trans ort of  fountain solution 
awa  fro  the surface onl  when e ternal ressure is 

a lied in the ni  in contrast to closed areas, and finer 
ores act between units to re o e water b  their high 

ca illarit . alendering will thus be critical since it not 
onl  s oothens the surface and reduces the ore si e, 
but also induces co acted closed areas. n e cess 
of  dis ersant will a e the surface ore olar, which 
enhances adsor tion, and so retention, of  water ole-
cules and for ation of  water containing surface la ers. 

nother heno enon that occurs in the resence of 
e cess dis ersant, not studied inde endentl  here but 
re orted b  oiseau et al. , is the for ation of 
colloidal a P  articles. he  are for ed at oderate 
e cess of  ol acr late but not at high e cess due to a 
too low concentration of  calciu  ions in solution fol-
lowing the initial chelation b  the dis ersant at lower 
dose. hese articles a  further densif  co ac-
tion s ots under se ere calendering within the coating, 
and so further reduce trans ort of  fount fro  these 
s ots. dditionall , or alternati el , it is this condition 
of  colloidal aP  that we see creates the greatest dis-
ru tion of  the coating ore structure, and so a li el  
non unifor it  in surface che istr  between ig ent 
and binder rich areas. he fact that  is greater 
when a aP  is added co ared with aP , and the 
decrease in  at high dosages of  e tra dis ersant 
suggests that the colloidal a P  co le  has a signifi-
cant i ortance for the o erall echanis .

ore details on the echanis  of  in  adhesion failure 
can be found in our re ious a er fro  this rinting 
trial a al l  et al., . or instance, it was con-
cluded that co act areas in the coating, which ha e 
er  low er eabilit  after calendering, had a large 

i act on in  adhesion failure and . n the resent 
stud  we wanted to in estigate whether a alue of  ean 

er eabilit  also had an i act on the resence of 
. hus, ean er eabilit  was easured and are 

re orted in igure .  co arison between these data 
and the  re orted in igure a d shows no cor-
relation, which suggests ean er eabilit  is not a e  
factor in deter ining  when initial in  transfer is 
not i eded. his is logical, since the re o al of  fount 
water b  h draulic i ression in the rinting ni  defines 
the initial in  transfer success, but not the subse uent 
degree of  adhesion. ocal s ots with low er eabilit , 
howe er, are ore detri ental and a  be regarded as a 
se ere coating defect. 

 in rints fro   can onl  be due to in  refusal 
since the 6th unit was the last unit, but  in  
and  a  be caused b  a co bination of  both in  
refusal and in lift off. he data in this a er show 
that  due to in lift off  could be as high as .   
on calendered a er, while  due to in lift off  on 
uncalendered a ers ne er e ceeded .  . he calen-
dered a ers showed low  after , thus low in  
refusal. owe er,  was significant on rints fro  
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. onse uentl , we consider  on the calendered 
a ers to ainl  be caused b  the in lift off  echa-

nis , and the greater thin la er s litting force generated 
on the s oother calendered surface. 

4.3 Print ottle in different wa elength bands

n ocular ins ection of  the rints re ealed that rints 
fro   and  had not onl  white s ots but also a 
s all scale blurr  attern of  ariation in rint densit . 

his a  be a conse uence of  water being e ulsified 
into the in , which dilutes the in  locall  and gi es a 
non unifor  distribution of  in  ig ent on the a er. 

hus, water induced ottle  a  be di ided into 
two grou s   induced ottle and e ulsified water 
induced ottle. n addition, bac  tra  ottle  

a  show u  in rints fro   and . 

igure  show icrogra h i ages of  fulltone areas 
of  rints fro   with low igure a  and high 

igure b  a ount of  . he ottle alue is higher 
for the rint in igure b due to the high a ount of 

. oth rints show s all scale ariation and a blurr  
s all scale attern is ob ious in the left i age.

Print ottle is uantified as the rint densit  ariation 
in different wa elength bands. ac  tra  ottle  
characterised in the wa elength   has re i-
ousl  shown good correlation with ercei ed une en-
ness in rint densit , and, thus, this wa elength band 
is ost often used for uantification of  rint ottle 
Johansson,  indberg, ahlcrant  and orsgren, 

. owe er, there is no infor ation in the o en lit-
erature about correlations between ercei ed and eas-
ured ottle for water interference ottle . Since 
the s ots that for ed the  were s all, and the 
blurriness also a eared to be of  s all scale, the rint 

ottle was easured not onl  in the   wa e-
length band but also in the .   band in order 
to ca ture irregularities of  s aller si es. his larger 
wa elength inter al ga e higher alues of  ottle. igure 

a shows a diagra  where the two ottle alues ha e 
been lotted against each other for all fulltone rints. 

he data di ide into two linear aster cur es with 
er  high correlation coefficients and interce ts close 

to the origin. hen onl  rints on calendered a ers 
were used to calculate the 2 alues, the  increased to 
.  and .  for the u er and lower line, res ecti el  
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 (0.25 8 mm)  as a function of print mottle COV (1 8 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  sur rising that the data collect into 
two lines igure . ll data oints in the lower line are 
fro  rints in , while all the data in the u er line are 
fro  rints in  and  where fountain solution has 
been in contact with rubber blan ets, a er and in  in 
the earlier rint units. he rints in the lower line ha e 
a low a ount of   but the rints fro   in the 
lower end of  the u er line also ha e low . So e 

a ers fro   actuall  ha e higher  than certain 
a ers fro   see igure . hus,  alone cannot 

full  ro ide an e lanation for the fact that the data 
for  two grou s. 

n the following, ottle alues easured in the larger 
wa elength band are referred to as TO ottle  
and ottle alues in the shorter wa elength band are 
referred to as TO ottle . or the sa e alue of 
1TO ottle e.g. . , a ers fro   and  ha e 

uch higher TO ottle than a ers fro  , about 
.  units higher. hus, the s all scale ottle is uch 

higher in  and  than in , which does not onl  
co e fro  . 

t is reasonable to assu e that the blurr  in  densit  
attern which we antici ate to be due to water e ul-

sified into the in  rior to, or during, its transfer to 
the a er, contributes strongl  to s all scale ottle in 

 and , and that the ottle in  ainl  is due to 
. urther ore, when the water feed is reduced, the  

TO ottle of  the two rints fro   beco es slightl  
reduced, fro  .   .   ean alue of  the two 

rints  to .   .   also the TO ottle is slightl  
reduced, fro  .   .   to .   .   see 

igure . ut the i act on the four rints fro   
and  is uch higher, as the TO ottle is reduced 
fro  .   .   ean alue of  the four rints  to 
.   .  . n the TO ottle easured under the 

sa e conditions the reduction goes fro  .   .   

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 .   .  . he e eri ental data fro   and 
 at reduced water feed collect on, or slightl  abo e, 

the lower line. hus, it is uite ob ious that the u er 
line collects data were WIM dominates the mottle, while 
the lower line collects data were BTM dominates. The 
e ulsified water induced ottle  differs fro  

 in the sense that it shows a s aller scale attern, 
and it in turn differs fro   induced ottle since 
the light areas ha e a certain non ero rint densit . 

A 1TO ottle alue   is regarded as low. hus, there 
was no se ere ottle in the  rints. n the other 
hand, the a ers with the highest alues will touch the 
li it where there is a need for i ro e ent, and so 

an  of  the rints in  and  classif  as suffering 
fro  se ere ottle. 

4.4 act of   on rint ottle

he TO ottle alues of  fulltone rints were lot-
ted as a function of  . he results can be seen in 

igure . ood correlation was obtained on both cal-
endered and uncalendered a ers when all a ers were 
included in the lot.  closer loo  at the correlation coef-
ficients for rints fro  the different rint units able  
shows that high correlation coefficients are obtained for 
calendered a ers rinted 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 fro  the second unit and rints on uncalendered 
a ers do not show the sa e high correlations. or these 
rints, other factors besides  a ear to induce rint 

mottle. 

or rints in ,  is regarded to be the do inant 
echanis , while for uncalendered a ers in  and  

the blurr  attern fro  the water e ulsion induced 
ottle a  be a do inant contribution to the ottled 

rint. his see s reasonable since uncalendered a ers 
ha e a ore non unifor  surface to ogra h  than cal-
endered a ers, which contributes to the transfer of  an 
une en thic ness of  the wet in  fil . 

ocal ariations in e ulsified fount a  a lif  the ar-
iation in in  fil  thic ness after in  setting and dr ing, 
in articular if  the content of  e ulsified fount is high 
on areas where a thin wet fil  was transferred.

4.5 orrelation between fulltone and halftone ottle

n igure , fulltone ottle is lotted against halftone 
ottle for all rints on calendered and uncalendered 

a ers. he e eri ental data are grou ed into three 
series. he series fro  rint unit  show al ost the 
sa e ottle in fulltone as in halftone. Prints fro  , 
where  was onl  due to in  refusal , shows 
higher ottle in fulltone than in halftone. his suggests 
that in  refusal is lower in halftone, ost li el  because 
the water on the a er can be ushed awa  arallel 
to the surface when the in  dot eets the a er. his 
effect a  well be enhanced due to higher local res-
sure in the halftone rint, related to the s aller contact 
area resented b  the indi idual in  dots. Prints fro  

 show lower alues in fulltone ottle. he ottle in 
 is, as alread  discussed, not in uenced b   as is 

e ident fro  the low correlation coefficients in able .

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

he ai  of  this a er was to gain a solid understanding 
of  the i act of  dis ersant content in coating colour 
for ulations and of  fountain feed le el during rinting 
on the ualit  of  offset rints. he a ers were ilot 
coated, calendered and rinted during a full scale off-
set rinting trial. Prints fro  the second, fifth and si th 
unit were e aluated. he  were rinted onl  once and 
with c an. he onl  difference in coating for ulation 
was the a ount of  additional dis ersant. he a ers 
were e aluated uncalendered and calendered in order to 
include effects of  coating structure. cess dis ersant 
had a detri ental effect on the rinting ualit . his was 

ore ronounced at high fountain feed le els and for 
calendered a ers.

he wor  showed that for rints fro  the fifth and 
si th unit where the a er had been sub ected to fount a 
nu ber of  ti es fro  the re ious ni s, the rint ot-
tle was do inated b  , which showed a ore fine
scaled attern co ared to .  was strongl  
in uenced b  white s ots in the rint, where the in  
adhesion had failed. eside the white s ots,  
showed a s all scale blurr  attern of  ariation in rint 
densit , which we concluded to be due to fount e ulsi-
fied into the in . 

hen the fount feed was reduced, the  charac-
ter of  the ottled rints fro  the fifth and si th units 
beca e uch reduced.
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he white s ots in the rint are referred to as  and 
were due to a failure of  the in a er adhesion.

e identif  two origins of  this failure:
 n transfer failure, also referred to as in  refusal, a 
well nown heno enon. 
 n lift off  failure, which eans that the in  initiall  
was transferred to the a er but was re o ed in a 
subse uent rint unit. his echanis  a eared to 
be do inant for calendered a ers with e cess of  
dis ersant. his is a newl  re orted heno enon 
and further details are a ailable in a recent re ort 

a al l  et al., .

he adhesion failure, and thus for ation of  , 
occurred in low a ounts in absence of  additional dis-

ersant and at low water feed on both calendered and 
uncalendered a ers. t is strongl  in uenced b  addi-
tion of  e cess dis ersant, water feed and calendering. 
ncreases of   to  ti es were obser ed. his was 

e lained b  the for ation of  a ore h dro hilic sur-
face induced b  the dis ersant, which increases the sus-
ce tibilit  of  water olecules to beco e retained at the 
outer ost surface la er, together with a disru tion of 
coating structure and inho ogeneit  through occula-
tion, which in turn is strongl  de endent on the calciu  
ion to ol acr late ratio, and for ation of  non unifor  
co act areas induced b  calendering, which reduces 
the trans ort of  free water fro  the surface to the inte-
rior of  the coating. 

n the light of  these findings, it can be concluded that 
the ractice of  ost adding e cess anionic dis ersant to 
co bat the coater runnabilit da aging effects of  cal-
ciu  ion release b  acidic shoc  in calciu  carbonate 
containing coating for ulations, for e a le following 
addition of  low  binders during coating a edown 
or in the case of  rolonged high le els of  anaerobic 
 icrobiological conta ination, is generall  highl  contra  

roducti e in res ect to subse uent rint ualit . 
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Appendix

Coating process
Coating application parameters

Coater: lade coater odular o bi lade  anufactured b  oith Pa er
he following trial order was used during the coating rocess: ef, .  aP , .  aP , 

0.8 NaPA, 0.2 NaCaPA, 0.4 NaCaPA and 0.8 NaCaPA.

et o
Jet ga
Jet angle
Jet osition
Beam angle

0.9 mm
37.72°
8.03 mm
33.04°

a e confi ation
Blade thickness

lade ti  angle
Blade extension

0.38 mm
30°
16 mm

IR drying:
 rows of   were used with a ca acit  of   

Air drying:
Hood 1

ir te erature
ood ressure

Hood 2
ir te erature
ood ressure

Hood 3
ir te erature
ood ressure

142 ± 7 °C
   bar

210 ± 18 °C
   bar

128 ± 5 °C
   bar

Calendering process
Calender parameters

Supercalender: S   anufactured b  ruderhaus aschinen b

No. nips
Speed
Pressure
Temperature

11
   in−1

   −1

90 °C



278 H. KAMAL ALM, G. STRÖM, J. SCHOELKOPF ET AL.  –  J. PRINT MEDIA TECHNOL. RES. 4(2015)4, 257–278

Printing trial setups 
Print press parameters

Press: anroland   anufactured b  anroland sheet fed b
he calendered a ers were rinted first followed b  the uncalendered a ers. 
he following trial order was used: .  aP , .  a aP , .  aP , .  aP , ef, 

0.4 NaCaPA and 0.2 NaCaPA.

Plates
Speed

gfa lura,  eb, P negati e
  sheets hour

Ink parameters:
n  se uence
n  su lier

Ink series

, , , , , 
le ruc farben

oPlus

Fountain solution parameters:

onducti it
so ro l le el

Additives
e erature

Powder

5.6
.  S  c −1

 
  Substifi    uber rou

12.8 °C 
rafi  itronic 
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Abstract

hree t es of  food grade so bean oils were tested to deter ine if  their b roducts could be utili ed in the a er rec -
cling industr . ree fatt  acids were e tracted fro  these co erciall  a ailable so bean oils. hese acids were utili ed 
in one loo  air otation dein ing of  litho rinted a er substrates. t was found that the three e eri ental fatt  acids 
used in dein ing differ in their che ical co osition, na el  cid nu ber and Sa onification nu ber. he effect of 
each of  the so oil free fatt  acid on dein ing was studied, uantified and co ared to the standard   ro-
cedure. he  ethod e lo s co erciall  a ailable oleic acid and e eri ental fatt  acids were tested as its 
re lace ent.  ethod  was slightl  odified due to una ailabilit  of  a obart t e ul er. herefore, a 
MicroMaelstrom™ aborator  Pul er was used instead. he substrate used for dein abilit  stud  was hea il  rinted fro  
both sides b  sheetfed offset lithogra h . ue to hea  in  ileage, none of  the four fatt  acids had the ower to dein  
such substrates in a one loo  otation rec cling e eri ent. esides  dein ing e aluations, further dein ing 
assess ents were erfor ed. ein abilit  factors DEM ab and DEMf were used to e ress the success of  in  re o al 
fro  the ul , since  instru ent easuring e ui alent residual in  concentration, considered in  scoring, 
was not a ailable. irt count anal sis of  dein ed handsheets was erfor ed b  scanning the  using an son Perfection 

 Photo scanner followed b  rocessing of  scanned i ages b  erit   olor age nal sis software. erall, it was 
found that two of  the three e eri ental fatt  acids free fatt  acid fro  e er da  ure so  oil and the one fro  high oleic 
so  oil  erfor ed better than the standard, using oleic acid. t was also found that these free fatt  acids had lower acid 
nu ber than the standard oleic acid, which could i ro e the dein ing erfor ance.

Keywords: dein ing, offset litho rinting, rec cling, acid nu ber, dein abilit  factor

1. Introduction

n the rec cling facilities, the first ste  of  the dein ing 
rocess focuses on re ul ing of  the rinted substrate. 
e ul ing occurs in an a ueous en iron ent, t icall  in 

a basic  range.

echanical agitation allows the brea ing of  the fiber net-
wor . rea ing of  the bonding between the fibers and 
the in  articles is funda ental for the in  detach ent 
fro  the fibers. ddition of  dein ing che icals in the 
re ul ing stage facilitates the in  detach ent. n general, 
re ul ed stoc  will be dar  with isible conta inants 

oating on the surface. Such ul  will roduce a dar , 
s ec led a er substrate that will be unacce table for the 
customer. Therefore, the major goal of  the recycling is to 
eli inate the in  articles and i ro e the o tical ro -
erties of  the reco ered ul  enner, . ased on 
studies erfor ed b  ulti le researches, the strength of 
the fiber in  bonding de ends on ig ent article si e, 
in  for ulation, rinting rocess, in  fil  thic ness and 
in  de th enetration arr  et al.,  Pe aro ico a, 
Pekarovic and Frimova, 2003). Further, ink aging and 

its raw co onents will also i act the dein ing efforts 
ngellier, ousfield and i ota is,  a nes, .

his e eri ental stud  was focused on dein ing ia 
 ethod   and its odification. 

he dein ing rotocol consisted of  offset rinted stoc  
re ul ing followed b  the air otation and further hand-
sheet re aration. ree fatt  acids e tracted fro  three 
t es of  co erciall  a ailable so  oils were tested as a 
re lace ent of  oleic acid used in  ethod  

. he ob ecti e of  the stud  was to deter ine if 
three fatt  acids co ing fro  three t es of  so bean oil 
would roduce the dein ed ul  with co arable o tical 
ro erties to the dein ed ul  re ared using oleic acid. 
he effect of  each of  the so oil b roducts on dein ing 

was obser ed and uantified. he ain focus was to in es-
tigate whether the free acid e tracted fro  food grade so -
bean oil can re lace co erciall  a ailable oleic acid. his 
wor  is a licable in the field of  utili ation of  b roducts 
fro  so bean rocessing and also in i ro ing dein ing 
rocess as designed b  the  ethod.
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2. Materials and methods

2.1 Analysis of  soy oils

he ichigan So bean Pro otion o ittee ro ided 
three co erciall  a ailable so bean oils. heir t ical 
use is found in the food industry. The differences in their 
internal structure were anal ed ia sa onification and acid 
nu ber testing S  ,  S  a, 

. Sodiu  soa s were re ared fro  each of  the three 
so oils. n order to re lace oleic acid used in  
rotocol, it was necessar  to e tract free fatt  acids fro  

the so  oils. he e traction of  fatt  acids was erfor ed b  
use of  ethod  fro  Standard ethods for the anal sis 
of  oils, fats and deri ati es autfenne, .

2.2 ffset sheetfed rinted substrate

he offset sheetfed litho rinted substrate was obtained 
fro  orth erican olor, ala a oo, . he sub-
strate was hea il  color rinted in ulticolor offset lithog-
ra h  fro  both sides, with dual icture on one side, see 

igure . Ph sical and o tical ro erties of  the un rinted 
sheet are illustrated in able .

Table 1: Properties of unprinted base sheet used for deinking

Physical properties of  Unprinted Base Sheet

ra age g 2)

hic ness 

sh content  @  °C

115

75.0

45.0

Optical properties of  Unprinted Base Sheet

rightness

u inance Y–value)

L*

a*

b*

86.7

83.1

92.9

1.24

−2.52

2.3 Deinking

Prior to the dein ing, rinted and un rinted substrates 
were aged for  hours at   as er  

ethod  . fter aging, rinted and un rinted 
substrates, res ecti el , were torn to  c    c  ieces 
and were conditioned in the a er laborator  for 

 hours,     at     relati e hu idit .

ue to the una ailabilit  of  a obart t e ul er 
used in  ethod , a icro aelstro  

aborator  Pul er t e of  slush a er was used 
instead. e ul ing ara eters r   re olutions er 

inute and re ul ing ti e  ersus article dirt count 
and dia eter si e were e a ined rior this e eri en-
tal stud . he ost suitable conditions were selected 
and the  are listed in able . ilution water hardness 
was ad usted as er  re uire ent.  

rotocol lists the ho ogeni ation rocess as o tional. 
uring our e eri ental stud , all of  the ul s were 

ho ogeni ed using a PP  disintegrator.  total of 
eight re ul ing and otation e eri ents were con-
ducted using the four fatty acids. 

he goal of  the re ul ing is to brea  the bonds between 
in  and fibers. t was achie ed first b  a l ing shear 
forces, secondl  b  addition of  dein ing che icals. 
Pul ing ti e was constant for all e eri ents and its 
length was  in. he s eed of  the icro aelstro  

aborator  Pul er was set to  r  and the te er-
ature was ad usted to   b  using the built in ther-

ostat. fter defibration, re ul ed stoc  was diluted to 
  consistenc  using dilution water with fi ed hard-

ness value of  128 mg Ca2+ . e t, re ul ed stoc  
was stored for an hour in the water bath at  . fter 
storage, PP  disintegrator was used to disintegrate 
fiber bundles for  inute. Prior to the air otation, 
undein ed stoc  was ta en for re aration of   filter 

Figure 1: Sheetfed offset litho printed paper side 1 and side 2
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a ers and  handsheets. he rest of  the undein ed 
ul  was ta en and was sub ected to otation dein ing. 
 s all   laborator  otation cell was used for all 

deinking trials. Due to the volume of  the cell, each of 
the e eri ents was re eated twice. his wa , larger 
a ounts of  dein ed ul  suitable for handsheets and 
filter ads for ation were obtained. ilter ad  was 
filtration a er hat an , through which ul  slurr  
was filtered to obtain filtrate as well as the fibers fro  
slurr  without washing needed for further stud . ariable 
a ount of  fibers was tra ed on filter a er. he ota-
tion cell aeration was fi ed to ow rate of   in. he 

duration of  otation dein ing was  inutes.  addle 
scra er was used for froth re o al o er the course of 

otation. he re o ed froth was collected in a re ect 
tan . he ield of  the otation was calculated once the 
re ect was dried and deducted fro  the original oated 
slurr  weight. he final consistenc  of  the dein ed 
stoc  was calculated and the dein ed stoc  was sub-
ected to re aration of  the handsheets, filter ads and 

e brane filters.  filter ads and  handsheets were 
for ed fro  undein ed ul , as well as fro  dein ed 

ul .  e brane filters were re ared fro  water 
obtained after  filter ads were for ed.

Table 2: Repulping, storage and disintegration process parameters

Re-pulping recipe

Sodiu  h dro ide

Sodiu  silicate

drogen ero ide

leic acid cid fro  so  oil  or  or 

.  

.  

.  

.  

Re-pulping conditions

Water hardness

e erature

Consistency

i ing s eed

e ul ing ti e

128 mg Ca2+/L

45 °C

9.5 ± 0.5

 

 r

10 min

Storage

Consistency

Duration

e erature

 

60 min

 

Disintegration

Consistency

Duration

e erature

 

1 min

 

Flotation

Consistency

Duration

e erature

eration ow rate

.  

12 min

 

1 L/min

3. Results and discussion

n order to better understand the differences between 
three so based oils, deter ination of  Sa onification 
nu ber of  oils and cid nu ber of  free fatt  acids was 

erfor ed. Sa onification nu ber allowed identif ing 
the a ounts of  free and bound acid grou s er gra  of 
tested oils, while the cid nu ber deter ines a ount 
of  free acid grou s er gra  of  tested oil or fatt  acid. 

he slight differences in a ounts of  Sa onification 
nu bers were found for so bean oil  .  and 
so bean oil  . . Slightl  higher sa onification 
alues were deter ined for so  oil  . . urther 
rocessing of  oils ,  and  resulted in their free fatt  

acids, further designated as ,  and , 

res ecti el . heir cid nu bers were deter ined and 
are re resented in able  with that of  oleic acid.

Table 3: Acid numbers of free fatty acids

Free fatty acid Acid number

FFA-A

FFA-C

Oleic acid

202.6

196.2

194.8

200.3
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ein abilit  e aluation ara eters according to 
 ethod  focus on ul  and rocess 

ara eters. he ob ecti e of  ul  ara eters are high 
re ection of  dein ed ul  re resented b  lu inance 
value Y, high cleanliness of  dein ed ul  character-
i ed b  low dirt article area A and no discoloration 
of  dein ed ul  de icted b  a  coordinate of   
s ace, where three a es, L*, a* and b*, evaluate the color 
in three di ensional color s ace  Proceedings, 

 le ing, . he goal of  rocess ara eters 
is to assure good in  re o al re resented b  in  eli -
ination and lastl  the cleanliness of  circuit water char-
acteri ed b  filtrate dar ening Y. ue to una ailabilit  
of  the instru ent ca able of  easuring the effecti e 
residual in  concentration , dein ing e aluation 
assess ent b  DEM ab factor ao and Stenius,  
was done. he DEM ab factor uses the color differ-
ence between un rinted dein ed ul  S  and rinted 
dein ed ul  S  in relation to the color difference 
between un rinted dein ed ul  S  and rinted 
undein ed ul  S . echnid ne rightness eter 
S  with  geo etr  of  light source was used. he 
DEM ab factor was calculated according to following 

uation : 

where S re resents un rinted dein ed ul , S re -
resents rinted dein ed ul , and S re resents rinted 
undein ed ul .

n general, the dein abilit  factor is resented on a 
scale fro   to  .  dein abilit  factor closest to 
the   will re resent the sa le that was awlessl  
dein ed. he color difference of  a sa le to a reference 
sa le as a ector in the  color s ste  was 
used to de elo  DEM ab dein abilit  factor. 

uring the e aluation, dein abilit  factor DEMf deve-
lo ed b  Pa iertechnische Stiftung P S  in unich, 

er an  was used. ein abilit  factor DEMf considers 
brightness difference between the dein ed ul  and ul  
before dein ing. t is calculated uation  using a er-
aged brightness alues of  un rinted dein ed ul , rinted 
dein ed ul  and rinted undein ed ul  enner, . 

DEM Brightness Brightness
Brightness Brightnesf

DS BS
US

=
−
−

( ) ( )
( ) ss( )

%
BS

100[ ]  

ased on both dein abilit  factors DEM ab and DEMf), 
 has the highest dein ing efficienc , while  

resulted in the least dein ed ul  able .  was 
so ewhat less efficient than , but still ro ided 
better results than oleic acid. 

n the resent stud , the ain focus was not necessaril  
to obtain erfectl  dein ed ul , but to deter ine if  the 
free fatt  acid e tracted fro  food grade so bean oil can 
re lace co erciall  a ailable oleic acid. 

n addition, the a er substrate was hea il  rinted. n 
order to achie e ore rogressi e dein abilit  results, 
dein ed ul  would ha e to undergo ulti loo ed dein -
ing s ste s, rather than one ste  dein ing otation. 

Table 4: Deinkability efficiency of various free fatty acids

Acid type used 
for deinking

Deinkability 
DEMLab 

[%]

Deinkability 
DEMf 

[%]

Oleic acid

FFA-A

FFA-C

40.1

31.6

50.2

59.2

36.8

29.1

45.9

56.4

Additionally, the deinking evaluation focused on the 
dirt count. andsheets were scanned using son 
Perfection V500 Photo scanner. Evaluation of  the 
scanned handsheets was done with the hel  of  erit  

 olor age nal sis software   ight 
and ar  irt, . . . Scanning resolution was set to 
  i. he ins ected area was set to     000 mm2. 
irt count is illustrated in able .

tical ro erties of  handsheets fro  dein ed ul s, 
including the dein ing ield, are su ari ed in able . 

he highest dein ing ield was obtained with  
fro  low linoleic so  oil. Standard oleic acid and  
from high oleic acid resulted in the similar deinking 
ields, while  fro  e er da  ure so  oil ga e the 

lowest ield.

Table 5: Handsheets Dark Objects Count (in ppm) of different pulps

Acid type used for 
deinking

Unprinted deinked  
(US)

Printed undeinked  
(BS)

Printed deinked  
(DS)

Oleic acid

FFA-A

FFA-C

34

15

60

27

108 774

101 993

94 165

108 721

37 188

46 005

22 690

15 362

DEM
L L a a b b

L L
Lab

US DS US DS US DS

US BS

= −
−( ) + −( ) + −( )
−( )

1
2 2 2* * * * * *

* * 22 2 2+ −( ) + −( )













a a b b* * * *US BS US BS
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Table 6: Optical properties of handsheets from deinked pulp (average and standard deviation )

Free acid type Statistics Y Y A L* a* b* Brightness Yield [%]

Oleic acid
Average 66.3

0.8

3.87

–

37 188

1633

85.1

0.4

1.26

0.09

.

0.18

69.7

0.7

86.6

0.1

FFA-A
Average 65.0

1.1

2.64

–

46 005

1581

84.5

0.6

1.37

0.24

.

0.12

68.2

1.1

92.9

0.1

Average 70.3

0.9

1.73

–

22 690

1029

87.2

0.5

1.34

0.24

.

0.20

73.2

0.89

86.6

0.2

FFA-C
Average 72.7

0.9

0.67

–

15 362

1 653

88.3

0.4

1.33

0.18

.

0.32

76.1

1.0

84.1

0.1

4. Conclusion

he dein abilit  efficienc  of  three e eri ental fatt  
acids obtained b  e traction fro  three t es of  so bean 
oil ,  and  was studied. he dein abilit  otential of 
e eri ental fatt  acids was co ared to the dein abilit  
ower of  oleic acid that is used as a standard fatt  acid in 

  ethod. he substrate used for dein abil-
it  stud  was hea il  rinted fro  both sides and there-
fore none of  the four fatt  acids had ower to dein  such 
a substrate in one otation loo  e eri ent. erall, it 

was found that two of  the three e eri ental fatt  acids 
fro  so bean oils  and  erfor ed better 
than in standard used oleic acid. One of  the fatty acids 
was found to erfor  oorer than oleic acid. ased on 
acid nu ber anal sis characteri ations erfor ed on the 
fraction of  fatt  acids fro  so , it was assu ed that the 
lower cid nu ber of  fatt  acid is ore beneficial in in  
re o al. owe er, further stud  will be re uired to statis-
ticall  confir  this assu tion.
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Abstract

The increasing demand for miniaturized electronic devices has elevated the need for rechargeable micro-power sources. 
While lithium and lithium ion batteries have been utilized in these applications since the late 1990s, other energy harvest-
ing technologies, such as mechanical, thermal and solar, are now being used to augment batteries to enable systems to be 
self owered. owe er, the lifeti e of  an  batter  is finite, which a  be a a or roble  when the a lication is in a 

er anent structure or edical i lant de ice. or ower or significant energ  storage a lications, rinted ultila er 
capacitors or supercapacitors are being explored as an enhancement, or replacement of  micro-batteries.

The printing of  multilayer capacitors offers an inexpensive manufacturing process for these devices. Though the ability 
to rint su erca acitor electrodes, su erca acitors, and batteries on rigid and e ible substrates is well nown, ha ing a 
device supported by a substrate is not always advantageous. This is especially true for cases where the rigidity of  the sub-
strate limits the extent to which the device can be bent or wound, or where substrate compatibility issues to the surface to 
which it is to be attached is faced. The ability to bend or wind devices can improve the attachment to surfaces; enable its 

lace ent in confined s aces and ad ance efforts to further iniaturi e de ices. n this research, a sacrificial water soluble 
ol er la er was used to roduce self su orted substrate free  rinted conducti e and dielectric in  fil s of  different 

thic nesses, as well as a co leted ca acitor. he electrical and echanical ro erties of  these fil s and the ca acitor 
were measured. Such measurements have not yet been reported and should therefore advance our understanding of  prop-
erties at different thicknesses.

Keywords: supercapacitor, printed electronics, screen printing, alginate, silver electrode

1. Overview

The increasing demand for miniaturized electronic devices 
has grown the need for rechargeable micro-power sources. 
Though lithium and lithium ion batteries have been uti-
lized in these applications since the late 1990s, other energy 
harvesting technologies such as thermal, mechanical and 
solar, are now being used (Pech et al., 2010). The bene-
fit of  using energ  har esting technologies to recharge 
batteries is that they enable systems to be self-powered. 
However, the useful life of  a battery is limited, which 
may be a serious problem when placed in a permanent 
structure, such as a concrete support structure, engine 
or biomedical implant (Kang, 2006). Batteries also can-
not provide the peak power for some portable electronic 
devices without increasing the bulkiness or weight of  the 
device. With developing electronic markets searching for 
thinner, lighter weight, lower cost and more conforma-
ble solutions, printed electronics offers a possible solu-
tion to meeting these goals, but a complementary energy 
source to batteries is still missing (Kaempgen et al., 2009).

Electronic capacitors are used to provide charge stor-
age. Their ability to endure millions of  cycles and fast 
charge/discharge rates enables energy densities to be 
maintained for the balancing of  circuitry in electronic 
devices (Miller and Simon, 2008; Simon and Gogotsi, 

. or ower or significant energ  storage a lica-
tions, multilayer capacitors or supercapacitors can be 
used to enhance battery performance, which would help 
batteries fill current and future energ  needs ae gen 
et al., 2009).

The printing of  multilayer capacitors offers an inexpen-
sive manufacturing process for producing such devices 
and the ability to print supercapacitor electrodes, super-
capacitors, and batteries are well documented (Simon 
and Gogotsi, 2008; Kaempgen et al., 2009; Kiebele and 
Gruner, 2007; Grande et al., 2012). However, everything 
reported to date has involved the printing of  various 
functional in s on rigid or e ible substrates. he t e of 
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substrate used is often dictated by the processing temper-
ature requirements of  the functional materials printed and 

e ibilit  re uire ents of  the end roduct. his stud  
focused on the fabrication and testing of  self-supporting 
rinted ultila er ca acitors. he roughness, e ibilit  

and density of  the printed layers were characterized. A 
completed capacitor, consisting of  four alternating lay-
ers of  silver and dielectric, was printed and tested. The 

capacitor was also wound to demonstrate the feasibility 
of  roducing a ulti stac ed ca acitor. he benefits of 
this research include defining the design and co er-
cial potential for self-supported printed energy stor-
age devices, and advancing the technical knowledge for 
self su orted rinted electronic de ices. he findings 
of  this study should also greatly advance work being per-
formed in printed sensors and active transistor devices.

2. Introduction

2.1 Capacitor and supercapacitor technologies

The direct printing of  passive (electrodes, resistors, 
ca acitors  and acti e thin fil  transistors, hoto olta-
ics, organic light emitting diodes) devices has gained sig-
nificant attention as a low cost anufacturing ethod 
for e ible electronics. s the global need for energ  
continues to rise, the risk of  facing a supply imbalance 
also grows. Concerns on how the world will keep pace 
with growing energy demands have led to increased 
efforts to find new technologies for har esting and stor-
ing energy. Some of  the energy harvesting technologies 
being explored are light, human movement, vibration 
and heat, based on technologies such as photovoltaics 
(Swanson, 2009), electrodynamics (Sterken et al., 2007), 
and piezoelectronics (Challa et al., 2008).

he har esting of renewable energ  offers ust one art 
of the needed solution. nce har ested, efficient tech-
nologies to store the energy are required. Batteries are 
the most predominant technology used (Linden, 1984), 
but other technologies such as eutectic systems (Smith 
and Hashemi, 2006) or mechanical methods, such as 

wheel uddell,  and h droelectric storage 
( Jog, 1989) can be used.

he two ost significant criteria for the erfor ance of 
an electrical energy storage device are power and energy 
density. Power density is a measure of  how fast energy 
can be transferred er unit ass into a de ice J  g  s −1). 
Energy density is the amount of  energy stored per unit 

ass J  g−1). Both of  these criteria are especially impor-
tant when device portability is needed (Jiang, 2007).

wo a or t es of  energ  storage de ices are batter-
ies and capacitors. Batteries directly convert chemical 
energy to electrical energy through the generation of 
charge from redox reactions that take place at the elec-
trodes of  the battery. The generated charge creates a 
voltage between the battery’s cell terminals. The con-
centration and chemical species within the battery deter-
mines the voltage output. In contrast, capacitors store 
energy by charge separation. A basic capacitor con-
sists of  a dielectric material sandwiched between two 
parallel electrodes capable of  establishing an electrical 
potential. The dielectric material can be either an ionic 

solution (electrolyte) or solid material. When a closed 
circuit between the two electrodes is formed the elec-
trical potential is released generating a power density 
(Bird, 2010). The two main functions of  a capacitor are 
to charge or discharge electricit  and to bloc  the ow 
of  direct current (DC). The function of  charging or 
discharging energy is used in smoothing the circuits of 
power supplies and backing-up circuits of  microcom-

uters. he function of  bloc ing  ow enables the  
to be used as filters to bloc  undesirable fre uencies in 
a circuit. n general, ca acitors do not efficientl  utili e 
the material from which they are fabricated so their 
energy densities are typically low (Bird, 2010).

Electrolytic capacitors evolved from the basic capacitor 
design. They are similar to batteries, but have an anode 
and cathode composed of  the same materials. There are 
aluminum, tantalum and ceramic capacitors (Jayalakshmi 
and Balasubramanian, 2008).

The next evolution in capacitor technology was the 
creation of  electric double layer capacitors, EDLCs, 
which store electrical charge at a metal/electrolyte inter-
face. The main component of  these devices is activated 
carbon, which is used in the electrode construction of 
these capacitors. This technology served the needs of 
industry for many years, then experienced resurgence 
as interests in electrical storage technology for medical 
devices, miniature electronic devices and applications 
requiring very short high power pulsed devices. EDLCs 
complement batteries by supplying a high power den-
sity and low energy density when needed, while lasting 
longer than batteries. In comparison to conventional 
capacitors, they have higher energy densities. The dis-
advantage to EDLCs is that they suffer from low energy 
density. To address these problems, researchers have 
explored mixing transition metal oxides with the acti-
vated carbon used as the electrode material. This mixing 
enhanced the s ecific ca acitance b  a factor of  , 
depending on the type of  metal oxide used (Halper and 
Ellenbogen, 2006). The increased performance brought 
about by this technology introduced a new class of 
capacitors called supercapacitors or pseudocapacitors.

Supercapacitors have been the focus of  much research 
over more than past 10 years (Butler, Miller, and Taylor, 
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2002). The difference in performance between a super-
capacitor and capacitor can be seen through a compar-
ison of  the s ecific ower and s ecific energ  rates as 
shown in Figure 1.
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Figure 1: Comparison of different storage devices, 
modified from Winter and Brodd (2004)

The general equations for capacitance, Equation [1], 
and energ  storage, uation , were first ro osed b  
Helmholtz (1853):

C = (A ε0 ε)/d [1]

E = ½ C V 2 [2]

where C is capacitance (F), E is the energy stored 
(J or Ws), ε0 is the permittivity of  free space, equaling 
.   −12 F/m, ε is the relative permittivity of  the die-

lectric layer, or dielectric constant, A is the total surface 
area of  the electrodes (m2), d is the distance between the 
two parallel electrodes (m), V is the established poten-
tial between the electrodes (V).

From Equation [1], it is clear that to achieve very high 
supercapacitor performance, a combination of  maxi-
mizing the plate area, minimizing the distance between 
plates and selecting a dielectric material to maximize the 
effective permittivity is needed. For printed capacitors, 
the distance between plates is limited by the thickness of 
the printed dielectric layer, which is often determined by 
the printing method used. The permittivity is based on 
the properties of  the dielectric material, which can be 
deposited/printed, or the original substrate itself. Using 
a number of  geometric techniques, such as stacking 
alternating lates or winding u  a at de ice, can result 
in a e ible ca acitor, which can effecti el  ani ulate 
the area.

By combining these equations from above, the peak energy 
density per unit mass can be written as Equation [3]:

Energy Density = E ρ = (ε0/2) (A/d) (ε Vb
2 ρ) [3]

where  is the de ice densit  and Vb is the breakdown 
voltage of  the dielectric material. Vb is used instead of 

V in order to allow the properties of  different dielectric 
materials to be compared.

A close examination of  Equation [3] shows three parts: 
a constant term (ε0/2), a geometrical term (A/d ) and 
a materials property term (ε Vb

2 ρ). Hence, the energy 
density of  a capacitor can be achieved by altering the 
geometry and properties of  the materials used (Pollet, 
Marinel and Desgardin, 2004).

The most sophisticated types of  ultracapacitors are elec-
trochemical capacitors, ECCs, and electric/electrochem-
ical double layer capacitors, EDLCs. Both devices have 
capacitance values that are orders of  magnitude higher 
than traditional ca acitors, hence, the refi es su er and 
ultra. An ECC consists of  two electrodes immersed in 
an ionic solution, which enables the accumulation of 
charge at the double layer interface. The most com-
mon uses of  ECCs are in hybrid electrical vehicles and 
in solar and wind power facilities where they are used 
to supply intermittent energy. EDLCs store charge 
from ions supplied from an electrolytic solution in con-
tact with high surface area electrodes, typically made 
from activated carbon. These unique properties enable 
the  to fill the ga  between batteries and con entional 
capacitors. 

Both ECC and EDLC technologies are commercially 
available. The main use of  EDLCs are in applications 
where energy conservation, electrical power load leve-
ling, and high power millisecond long pulse delivery is 
needed, for example to start an engine or automotive 
braking system (Jayalakshmi and Balasubramanian, 2008).

The basic differences between the design and con-
struction of  two types of  ultracapacitors are shown in 
Figure 2.

Al2O3
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Electrolytic
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Separator
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Electrode

Figure 2: Schematic presentation of electrolytic capacitor and 
electrical double layer capacitor, recreated from  

Jayalakshmi and Balasubramanian (2008)

wo other t es of  ca acitors are cera ic and fil  
capacitors. Ceramic capacitors are constructed from 
alternating layers of  metal and ceramic, with the ceramic 
serving as the dielectric. Multilayer ceramic capacitors 
(MLCs) typically contain around 100 alternating layers 
encased in two ceramic layers. They are fabricated by 
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screen-printing both the conductive and dielectric layers, 
and subsequently, co-sintering them together. The most 
commonly used material for the conductive (electrodes) 
and dielectric layers is Ag-Pd and BaTiO3, respectively 
(Pollet, Marinel and Desgardin, 2004).

Since the year 2000, when the communications market 
began to ourish, the de and for s has increased 
to keep pace. Other ceramic materials that have been 
identified are a r 3, MgTiO3, and SrTiO3. Mn and Ca 
are some of  the other electrode materials being used. 

il  ca acitors, ust as the na e suggests, are ade 
using thin fil s of  ol ester or ol ro lene. hese 
materials are used with the dielectric and meta-glazed 
capacitors, which consist of  Al electrodes created 
by the vapor deposition of  Al onto a polyester, poly-

ro lene, or ol carbonate fil  agata et al.,  
Keskinen et al., 2012).

Recent printed electronics research has examined nano-
gold, graphene, nano-silver, nano-copper, single-wall 
and ulti wall carbon nanotubes  as electrode 
materials (Grande et al., 2012; Keskinen et al., 2012; Le 
et al., 2011; Hartman, 2011). A comparison of  a few dif-
ferent conductive inks for use in printed electronics is 
shown in Table 1.

In addition to the conductive inks listed above, 
graphene has also been heavily studied as a conductive 
material for pseudocapacitors. Graphene is a non-toxic 
nano-material, which is readily dispersible; it is the most 
conductive form of  carbon. It does not require high 
temperature sintering and therefore can be used with 

lastic fil  and a er substrates. t also gi es the abilit  
to be deposited as very thin layers, and is less expensive 
than sil er, co er, and  in s. 

A comprehensive review of recent research performed 
using graphene in energy harvesting/storage devices and 
printed electronics was recently performed by Grande et 
al.  and air et al. , showed gra hene to be 
a feasible alternative to indium tin oxide (ITO) in OPVs, 
due to the ability of a single layer of graphene to transmit 
98 % of total incident light. Blake et al. (2008), reported 
fil s of gra hene ha ing a sheet resisti it  of a ro i-

atel   s . his corres onds to a bul  resisti it  
of about   −6 . he sheet resistance of gra hene 

was found to depend on the quality of the graphene 
sheets. The fewer the defects in the sheets, the lower 
the sheet resistance. Several reports have also shown the 
method of synthesis greatly impacts the sheet resistance 
of graphene.

The use of  graphene to produce supercapacitors with 
s ecific energ  densities co arable to i etal h dride 
batteries for hybrid vehicles was recently demonstrated 
by Liu et al. (2010). The supercapacitors produced have 
the advantage of  being rechargeable in less than 2 min-
utes, which is faster than what can be obtained with 
current hybrid battery technologies. Wang et al. (2009) 
and Yu, Davies and Chen (2010) synthesized 25 nm 
thic  gra hene gra hite sheets using a acuu  filtration 
method, which enabled a capacitance of  135 F/g to be 
realized. The graphene sheets produced by this method 
were found to be e ible and trans arent, thus ca able 
of  being used in applications where transparent super-
capacitors would be needed.

he use of  h brid gra hene co osites in ol
eth lenei ine P  and ol aniline P  in su erca-
pacitors was explored by Yu, Davies and Chen (2010) 
and Wang et al. (2009), respectively. Capacitances of 
120 F/g and 210 F/g, respectively, at a current density 
of  0.3 A/g were achieved. Han, Ding and Shang (2010) 
used polypyrrole (PPy) and obtained a capacitance of 
223 F/g at a current density of  0.5 A/g. PPy has the 
advantage of  being more stable under ambient condi-
tions in co arison to P .

Jari et al. (2012) explored the use of  graphene to create 
supercapacitors. In their work, supercapacitor electrodes 
of  2 cm2 and 0.5 cm2 using activated carbon were pre-
pared. They showed standard 2 cm2 capacitors to have 
typical capacitance values of  30–35 F/g with only the 
activated carbon mass taken into account. They also 
compared electrodes printed from 3 commercial silver 
inks to graphene electrodes and found no practical dif-
ferences in their conductivity values with typical sheet 
resistances of  . .  s  for   thic  la -
ers (Keskinen et al., 2012).

Graphene oxide (GO) has also been studied. Although, 
alone it is not electrically conductive, the addition of 
thermal, chemical, and photothermal processes reduces 

Table 1: Comparison of conductive inks for PE applications (Grande et al., 2012)

Ink Conductivity Oxide Film cohesion Process concerns

Silver Excellent Conductive Good Long drying times

Carbon Average Does not form Poor one

Copper Good on conducti e Good Ink stability

Polymer Average Does not form Good Low solubility

Excellent Does not form Poor Toxic
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it to graphene. A recent study by Le et al. (2011) showed 
the abilit  to in et rint a ass fraction of  .   
water based  in  with a iscosit  of  .  Pa  s 
and surface tension of    on a i ati  in et 
printer. Once printed, GO electrodes were thermally 
reduced under 2 atmosphere at 200 °C to graphene. 
Even though these ink characteristics were outside the 
reco ended ranges for nor al in et rinting i.e., 

 Pa  s and  , e et al.  found 
that b  ani ulating the firing oltages of  the no -
zles as a function of  time spherical ink droplets with-
out clogging could be produced. A spatial resolution 
of     was achie ed. itaniu  foils fro  Sig a 

ldrich   thic , .   urit  were used as a 
comparison for electrochemical performance. The use 
of  two identical electrodes clamped with a Celgard sep-
arator roduced a s ecific ca acitance of   g in 
the scan range of  0.5 to 0.01 V/s for the graphene elec-
trodes, and were able to retain 96.8 % of  the capacitance 
over 1 000 cycles. It was also shown that graphene elec-
trodes prepared by conventional powder based methods 
were si ilar in erfor ance to the in et rinted elec-
trodes (Wu et al., 2010).

Although graphene and carbon nanotube inks are good 
alternative electrode materials to silver, the printing of 
these nano aterials can be difficult. he difficult  in 
printing these materials is due to their hydrophobic 
nature, which causes them to segregate in water, unless 
surfactants are added, or their surfaces are functional-
ized (Le et al., 2011). 

Silver inks, on the other hand, are well established in 
the ar et lace. n et, screen, e o, and gra ure g 
inks are readily available and have been used as elec-
trode materials in many printed electronics applica-
tions. Solvent based silver inks are of  special interest to 
this study, due to their high water resistance, which is 
required to allow for lifting off  the printed layer through 
the use of  a sacrificial water soluble base la er.

Printed su erca acitors need to be e ible and ca a-
ble of  being printed or attached onto multiple sub-
strates. To be useful, the performance of  the storage 
device should meet the life expectancy of  the prod-
uct. Low cost and ease of  production would increase 
their acceptance. Printed energy sources that could be 
integrated into a printed device in line would greatly 
reduce the fi ed roduction costs of  su erca acitor 
systems.

2.2 Lift-off  processes

Several methods for the lift-off  of  printed electronic 
devices have been reported (Ogier, Veres and Yeates, 
2003; Greer and Howard Jr., 1989; Haskal, McCulloch 
and Broer, 2010; Rogers et al., 2010). Ogier, Veres and 
Yeates (2003) describe the use of  a lift-off  ink to enable 
the printing and lift-off  of  organic electronic devices, 
mainly organic light emitting displays, OLEDs. The lift-
off  ink is printed as a negative image and then sequential 
device layers are printed on top. To lift-off  the device, a 
lift-off  solution, which dissolves the lift-off  ink, but not 
the device layers, is applied. The process requires the use 
of  ultrasonic agitation, stirring, a spray liquid medium 
and/or heat to be used. Haskal, McCulloch and Broer 
(2010) describe a laser lift-off  process that uses the wet 
casting of  a plastic coating, containing a UV absorbing 
additive, to a substrate followed by the screen or ink-
et rinting of  thin fil  electronic ele ents to fabricate 
an active display matrix. The laser is used to lift-off 
the plastic layer after it has been printed from the car-
rier substrate. Greer and Howard Jr. (1989) describe a 
lift-off  process to remove any unwanted areas from a 
metallization layer to form a layer of  masking material 
over a semiconductor device. Lift-off  occurs upon heat-
ing of  the device to a temperature where the metal melts 
on the masking layer and forms globules when it cools, 
which can be removed. Rogers et al. (2010) described 
a carrier la er coated with a sacrificial la er to which a 
stretchable substrate is attached. The stretchable sub-
strate is printed with electronic devices, and removed to 
produce a self-supporting stretchable device. This pro-
cess can presumably make strain-independent electronic 
devices (Rogers et al., 2010).

This study focused on the feasibility of  screen-printing 
a self-supported capacitor. The capacitor was fabricated 
using a commercially available solvent-based silver and 
UV dielectric ink. Information on the conductive (sil-
ver), and dielectric (acrylate) inks is listed in Table 2.

The novelty of this work is that a newly discovered 
lift off rocess was used for the first ti e to obtain 
a self-supported capacitor. The work demonstrates 
that a self-supported fully printed capacitor could be 
wound, resulting in multi-stacked conductive and 
dielectric la ers. he findings suggest that it a  
be possible to create a supercapacitor by winding a 
self-supported dielectric-conductive-dielectric-conductive  
printed stack.

Table 2: Commercial inks used

Supplier Ink type Commercial name

Sun Chemical her al a e sil er AST 6200

Henkel UV dielectric Electrodag PF-455B
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3. Experimental methods

3.1 reation of  sacrificial la er

A water-soluble solution of  sodium alginate was applied 
to sheets of  eline  S   P  fil  uPont, hester,  

 using different rd a licators to obtain fil s of 
different thic nesses. he alginate S , S P nc., 

urha   was a lied to the P  as a   a ueous 
solution. Alginate solutions were prepared by slowly 
sprinkling the appropriate amount of  dried alginate 
into a pre-weighted amount of  deionized water under 
agitation. Once all alginate was added, the solution was 
allowed to mix for 60 minutes to ensure complete hydra-
tion. The solution was then placed in a closed container 
in a refrigerator overnight to enable it to degas. After 24 
hours, the solution was removed and brought to room 
temperature, approximately 21 °C, before applying it to 
the P  fil . he P  fil  was cleaned with iso ro l 
alcohol ust rior to a lication of  the alginate solution. 

hile re aring the alginate fil s of  different thic -
ness from the 6 % solution, it was observed that during 
dr ing the alginate fil s were crac ing. o alle iate this 
problem, glycerol was added to the solution of  alginate 
to hel  lastici e the fil . he addition le el of  gl cerol 
that was found to gi e the ost unifor  alginate fil  
was a mass fraction of  20 % of  dry alginate. From this 
solution, fil s were then re ared using . , . , . , 
8.0 and 10 mil Byrd applicators. Unfortunately, these 
fil s were er  thin and could not be easil  re o ed 
and handled. o create fil s that could be ore read-
ily handled Meyer rods were used instead. After exper-
i enting with se eral different rods,  and  rods 
were chosen. he fil s roduced using these rods were 
strong enough to handle without tearing, and readily dis-
solved in water when rewetted. The thicknesses of  these 
fil s were found to be .  and .  , res ecti el .

After coating, the samples were placed in a conditioned 
room at 50 % RH and 23 °C (allowing for reproduci-
ble and consistent drying conditions). The roughness 
(Sa  and thic nesses of  the fil s were then easured 
with a Bruker GT-K white light interferometer micro-
sco e at a agnification of   gi ing a sa le area 
of  a ro i atel  .    .  . hree eas-
ure ents were ta en on each fil  sa le re ared for 
both roughness and thic ness . wo fil s for each con-
dition were tested. After the initial roughness measure-
ments were obtained, it was apparent that the amount 
of  particulate matter in the air throughout the building 
and within the conditioning roo  was significant, so 
handling rocedures were ad usted to ini i e conta -
ination. All coated samples were placed in an enclosed 
(“clean”) environmental chamber to dry, and kept in 
closed containers during transport to and from the print 
stations and drying/curing stations. The environmental 
chamber used was a Carron RH chamber maintained at 
a temperature of  approximately 21 °C and 50 % RH for 

24 hours. Drying refers to the thermal treatment of  the 
applied silver ink, while curing refers to the UV treat-
ment of  the dielectric ink. The thermal treatment of  the 
silver ink is required to evaporate the solvents allowing 
the silver particles to create a more intimate, uniform, 
and continuous layer. The UV treatment is used to ini-
tiate and propagate a polymerization reaction, which in 
turn for s the dried  dielectric fil .

fter characteri ing the ro erties of  the alginate fil s, 
single and multilayer prints were prepared according to 
Figure 3. The two different thicknesses of  alginate and 
in  la ers are denoted b  the  and  conditions as 
shown and e lained in the figure ca tion. n  fil s of 
different thicknesses were obtained by printing single 
and double la ers of  the in . he in  fil s were dried
cured in between prints, allowing for measurements to 
be taken. Samples were prepared in this way to allow 
for the characteri ation of  the alginate fil s and single 
layer prints alone, before characterizing the multilayer 
prints. This methodology also allowed the impact of 
each la er on the final de ice erfor ance to be better 
understood.

+1 = High Level
−
D = Dielectric
S = Silver

D+1

Alginate

+1

S+1S−1

D−1

D−1

D−1D+1

D+1

−1

S+1S−1

D−1

D−1

D−1D+1 D+1

D+1

Figure 3: Sequence of sample preparation: −1 for alginate obtained 
using a #14 Meyer rod and +1 obtained using a #20 Meyer rod, S−1 
and D−1 refer to single layer silver and dielectric, and S+1 and D+1 

refer to double layer silver and dielectric, respectively

3.2 Printing

The print pattern used is shown in Figure 4. Figure 4a 
shows each individual layer and how they were overlaid 
onto one another, while Figure 4b depicts the com-

leted final de ice.

The inks were screen-printed onto the alginate coated 
PET samples using an AMI MSP-485 semi-automated 
screen printer. Double layer samples were accomplished 
b  first rinting and dr ing curing the first la er rior to 
rinting the second la er on to  of  the first. he sa -

ples were then cured/dried using a Fusion UV curing unit 
equipped with a D bulb (Peak Radiated Power at approx-
imately 375 nm, FusionUV, 2015). The samples were 
passed through the Fusion UV curing unit at 75 m/min, 
until fully cured (no longer tacky to the touch), which 
took anywhere from 3 to 4 passes. Using an IR tempera-
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ture probe, the curing unit temperature within the Fusion 
 drier was easured to be .  , which was suffi-

cient to fully dry the silver ink after 3–4 passes. The pat-
tern rinted for each in  was a  c    c  solid bloc . 

he s ecifications for the screen used are gi en in able 
3. After drying/curing, the roughness (Sa) and thickness 
of  the rinted fil s were easured.

Table 3: Screen specifications

Manufacturer Specifications

Microscreen 
South end, 

230 lpi mesh

.  wire dia eter at 
45º wire angle

  thic  e ulsion

3.3 e o al of  the sacrificial la er

After measuring all the desired properties of  the PET 
printed samples, the samples were wetted with room 
temperature (21 °C) deionized (DI) water to dissolve 
the sacrificial la er of  sodiu  alginate and the rinted 
layers lifted-off  the PET. After retrieving the self-sup-

orted fil s fro  the water, the fil s were blotted dr  
and retained for further measurement.

3.4 haracteri ation of  fil  ro erties

The Young (1805) equation has been known for over 
two centuries. ts odified for  uation  is as 
follows:

 
θLV SV SLcos =  [4]

where γLV is the liquid-vapor interfacial tension or surface 
energy, γSV is the solid-vapor interfacial tension, γSL is the 
solid-liquid interfacial tension, and θ is the contact angle. 

This equation and the measured value of  the contact 
angle are still being used as the basis for calculating the 
surface free energies of  the fil s. owe er since its 
inception, as the result of  further studies, other con-
tact angle measurement methods for the determination 

of  the surface free energy of  polymeric materials have 
evolved. These methods have been widely adopted as 
they are relatively easy to perform and of  high accuracy. 
One such method is the Owens–Wendt method. In this 
method, the surface free energy of  a solid is determined 
from the following Equation [5]:

 
 [5]

where γd
S, γd

L, γp
S, γp

L are dispersion and polar components 
and γL is the surface free energy of  measuring liquid. 
Because γd

S and γ p
L are both unknowns, this equation is 

insufficient to deter ine the surface free energ  of  a 
solid. Thus, the contact angle of  two liquids of  known 
surface tension must be measured. By making these 
measurements, two linear equations in the form below, 
with different alues of  the constant coefficients are 
obtained (equations [6a] and [6b]).

 
x ay b+ = +( )1 1cosθ  [6a]

x cy d+ = +( )1 2cosθ  [6b]

where , py , and θ1 and θ2 are the con-
tact angle values of  the two known liquids, and a, b, c, 
d are the coefficients de endent on the ind of  li uids 
used. For this method, one liquid with a dominant polar 
component and one liquid with a dominant dispersive 
component should be used. By using such liquids, the 
solution of  the system of  above linear equations is 
affected as little as possible by the errors accompanying 
the determination of  the γd

L and γ p
L values.

The Owens-Wendt method is one of  the most common 
methods used for calculating the surface free energy of 
solids and the two most frequently used measurement 

uids used are water and eth lene iodide diiodo eth-
ane). This method was used to determine the surface 
energies of  the fil s. he contact angles of  water 
and methylene iodide were measured with a First Ten 
Ångstrom dynamic contact angle measurement device, 
which captures the change in contact angle with time 
with a high-speed video camera (FTA, 2015; Owens 
and Wendt, 1969). Once captured, the change in contact 
angle with time was plotted, and the equilibrium contact 

Figure 4: Three layer structure in a) exploded view, b) top view

a) b)
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angle obtained and used in the calculation of  the surface 
energy of  the solid to which the liquids were applied. 
Five equilibrium contact angles were obtained for each 

uid fro  which fi e surface free energ  alues were 
calculated. The equilibrium contact angle is the angle 
where no further change in contact angle with time was 
observed. The average surface free energies (total, polar 
and dispersive) for each sample are reported.

The resistance of  the conductive ink layers and capac-
itance using the dielectric in  fil s as the insulating 
la er with dielectric test fi ture  were easured with the 
instruments listed in Table 4. The dielectric constant of 
the dielectric layers was then calculated from the capaci-
tance measurements using Equation [1]. The sheet resis-
tivities of  the samples were obtained using a four point 
probe sensing station consisting of  a Keithley 2602 Dual 
Source Meter with a SMR Probe Head from Bridge 
Technology. The two outer probes are used for sourc-
ing the current, and the two inner probes are used for 

measuring the voltage across the layer. The sheet resis-
tivity is calculated from the measured voltage, applied 
source current, and dimensions of  the conducting 
layer. After printing all the layers of  the capacitors, the 
capacitance was measured using an LCR meter (Agilent 
E4980A) over a range of  frequencies (1 Hz to 1 MHz), 
and the impedance response was measured. Based on 
the response, the capacitance values were calculated. 
Attempts to measure the electrical properties while 
being e ed on a ar  instru ent and attached 
to a Keithley 2602 Dual Source Meter failed, due to 
the inability of  the samples to survive the test without 
tearing. o deter ine the densities of the fil s, the 
weights, thic nesses, and areas of the rinted free fil s 
were measured. The areas were measured using an 
ImageXpert image analyzer. The weights were obtained 
using a Mettler digital balance. Attempts to determine 
the stiffness of the fil s with a urle  Stiffness test 
instru ent failed due to the stiffness of the fil s being 
below the detectable limits of the instrument.

Table 4: Electrical characterization equipment and measurement parameters

Test Equipment Measurement Parameters

Keithley 4200-SCS  
Semiconductor Characterization System

a acitance for final de ice onl , esistance,  
Effective Dielectric Constant

Keithley 2602 Dual Source Meter   to   Surface esistance

Keithley 6517A High Impedance Test Set  
and ASTM D257 Resistivity Test Fixture    Surface esistance

gilent   eter    Surface and ul  esistance

Agilent E4980A LCR Meter a acitance for final de ice onl ,  
Effective Dielectric Constant

4. Results

The surface free energies of  the alginate coated PET 
fil s are shown in able . s shown, the surface free 
energ  increased with increasing fil  thic ness. his 
could be because at the higher alginate fil  thic ness, 
the lower surface free energ  P  did not in uence the 

easure ent, but for the thinner alginate fil , it did. 
This is reasonable explanation when one considers the 
high solubility of  alginate in water. It should be noted 
that observations were made, after running the test, 

showing less of  the thinner alginate fil  re ained on 
the area where the water made contact in comparison 
to the thic er alginate fil  testing too  a ro i atel  
30 seconds).

he high surface free energ  of  the alginate fil  is due 
to the large number of  carboxyl and hydroxyl groups 
in the polymer (Figure 5) (visit-alginate, 2015). The 
polar groups attract the polar components of  the test 

Table 5: Influence of alginate film thickness on surface free energ y

Substrate 
(Alginate Film Thickness) PET +1* 

(14.41 µm)
−1* 

(6.88 µm)

Polar [mJ · m−2] 2.3 ± 0.2 30.3 ± 0.2 15.5 ± 0.2

Dispersive [mJ · m−2] 41.5 ± 0.2 29.7 ± 0.5 31.3 ± 0.5

Surface free energy [mJ · m−2] 
(polar + dispersive) 43.8 ± 0.5 60.0 ± 0.7 46.8 ± 0.7

*Refer to Figure 3
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uid i.e., water, 2 , ulling the uid s olecules awa  
from one another and toward those contained on the 
substrate causing the uid to s read. his increased 
spreading then lowers the contact angle at which the 

uid contacts the substrate s surface decreasing the u-
id’s thickness (e.g. water, ink, etc.).
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Figure 5: Molecular structure of sodium alginate 
(FP-Chem, 2011)

The surface roughnesses of  the +1 and −1 alginate 
fil s which are the .  and .   thic  alginate 
fil s, res ecti el  are shown in igure . he a er-
age roughnesses, Sa, of  the  and  fil s are .  
and .  , res ecti el . he higher roughness of  the 
thic er alginate fil  could be the result of  the coarser 
groo es on the  e er rod or greater fil  shrin age.

Figure 6: Surface roughness a) of the +1 (14.41 µm) alginate film, b) of the −1 (6.88 µm) alginate film

After fully characterizing the alginate layers, the rough-
ness and thickness of  the dielectric and conductive 
la ers rinted o er the alginate fil s, according to the 
experimental setup, were measured. The results are 
shown in Figures 7 and 8.

he roughness alues of  the sil er la ers were signifi-
cantly higher than the dielectric layers due to the pres-
ence of  sil er a es in this in . he roughness of  the 
alginate layers had little or no effect on the roughness 
of  either the conductive or dielectric layers. This would 
indicate that the thickness of  these layers, as a result of 
the properties of  the ink, screen-printing or drying pro-
cesses, was sufficient to o erco e the roughness of  the 
alginate fil . Since the roughness of  the alginate fil  
was related to its thickness, it can be concluded that the 
thic ness of  the alginate fil  had no in uence on the 
roughness of  the printed layers.

 co arison of  the .    and .    
alginate rinted sa les shows an in uence of  these 
la ers on in  fil  thic ness of  both the single and dou-
ble la er rinted conducti e and dielectric in  fil s. ll 
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Figure 7: Variations in alginate and ink film roughness with printed and coated layer thicknesses
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Figure 8: Comparison of film thickness values

dielectric in  fil s single and double,  and  
respectively) were thinner than the conductive ink 
fil s. t is also seen that all in  fil s rinted on the 
.    alginate fil s are thinner in co arison 

to the .    fil s, with the e ce tion of  the 
S  sa le. his could be attributed to the 

differences in surface free energies of  the alginate fil s. 
The higher polarity (due to the presence of  carboxyl 
and hydroxyl groups on the alginate, Figure 5) of  the 

.    alginate fil  could re ent the dielectric 
and conductive inks from spreading, consequently pro-
ducing a thic er in  fil .

Due to edge effects, the thicknesses of  the single and 
ultila er fil s were difficult to easure. dge effects 

are common with all printed samples, due to ink spread-
ing. The contact angle is a measure of  liquid wetting 
and spreading, the lower the contact angle, the more 
liquid (ink) wetting that occurs. The amount of  spread-
ing that occurs can also be in uenced b  how uic l  
the in  fil  is dried. Since the sa les were rinted on 
fil , s reading would be e ected to be greater, than if 
printed on a porous substrate. As shown in Figures 9 
and 10, the thicknesses of  the printed layers were lower 
at the edges, where more spreading occurred. This can 
be seen in both the 2D topographical image in Figure 9, 
and fro  the re resentati e to ogra hical rofile of 
the rofile in igure , where the slo e of  the line 
decreases fro  left to right. he high agnification of 
the ru er  ob ecti e onl  a  ob ecti e was 
a ailable for use  also increased the difficult  of  this 
measurement by minimizing the area of  view to approx-
i atel  .    .  .
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Figure 9: Topographical image of 1D ink 
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Figure 10: Profile of 1D ink on +1 alginate edge effect

The sheet resistivities of  the conductive printed layers 
are shown in Figure 11. All measurements were made 
on PET. Figure 11 shows the importance of  reporting 
sheet resistivity versus alginate layer thickness. The large 
deviations show the unreliability of  this test method. 
The bulk resistivities of  the samples are shown in 
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igure . ul  resisti it  e.g., units                                             · cm) accounts 
for the thic ness of  the in  fil  within its calculation, 
while sheet resistance does not. It does this by multiply-
ing the sheet resistance by the thickness, giving a resist-
ance times length. The performances of  the thicker ink 
fil s are significantl  better due to the additional thic -
ness. For this reason, the sheet resistivities of  the dou-
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Figure 11: Changes in sheet resistivity of single and double printed silver ink layers 
as a result of altering the thickness of the sacrificial alginate coating layer
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Figure 12: Changes in bulk resistivity of single and double printed silver ink layers as a result of  
altering the thickness of the sacrificial alginate coating layer 

ble layer conductive samples are lower than the single 
layer samples. The thickness of  the alginate layer had a 
greater effect on the sheet resistivity of  the thinner con-
ducti e fil  in co arison to the thic er one.

As seen in Figure 13, the dielectric constants are lower 
for the in  fil s lifted off  the thinner alginate coated 
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P  sa les in co arison to the dielectric fil  rinted 
on the thicker alginate sample. The +1+1D sample was 
not reported because its values were repeatedly meas-
ured as being negative, indicating that the thickness val-
ues for these samples were wrong. Unfortunately, the 
measurements could not be repeated without reprinting 
all the samples for consistency of  the results.

n  fil  densities were able to be deter ined after 
re o al of  the fil s fro  the P . igure  shows 
the results obtained by measuring the weight and caliper 
of  the samples of  known dimensions. From Figure 14 
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Figure 13: Comparison of the dielectric constants of single and double layer printed dielectric ink layers over alginate films of varying thicknesses

it may be seen that the density of  the second layer is 
higher than that of  the first la er for both the sil er 
and dielectric inks). This could be due to an incomplete 
re o al of  sol ents in the first la er, or due to inaccura-
cies of  the thickness measurements incurred by the edg-
ing effects.  ha ing sol ent left in the first la er rior 
to drying of  the second layer the second layer during 
curing acts as a solvent trap on the solvents trying to 
esca e fro  the first la er. f  the sa e ercentage of 
sol ent was re o ed, all the sil er fil s would ha e the 
sa e densit  and all the dielectric fil s would ha e  
the same density.
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Figure 14: Changes in ink film density resulting from the printing of a second silver and dielectric layer
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In Figure 15 the top and bottom side roughness of  the 
self su orted conducti e sil er  in  fil s are co -

ared these are free fil s, no substrate su orting 
them). As shown, the roughness of  the topside (the 
side that was not in contact with the P  fil  is nearl  
twice as rough as the side of  the fil , which was in 
direct contact with the alginate coated P  fil  rior to 
its removal in water.

Similar differences can be seen between the top side and 
botto  side for all the sil er fil s in igure .

The difference in surface topography of  the top and 
botto  surface of  the fil s is attributed to the differ-
ence in the smoothness of  the surfaces in which they 
are in contact. That is, the top side is the side that con-
tacts the printing screen, which is highly rough due to 
the mesh openings, as well as being exposed to the par-
ticulate matter within the environment during drying. 
n o osite, the botto  side of  the in  fil  is in direct 

contact with the highly smooth (in relation to the print-
ing screen  alginate coated P  fil , and is rotected 
from the environment during drying. This difference 
in roughness is apparent when looking at the differ-

Figure 15: Roughness of the self-supported ink films for a) 1+1S top side (Sa = 0.74 μm), b) 1+1S bottom side (Sa = 0.342 μm)

ences between the top and bottom Sa statistical values. 
The Sa value depicts the average roughness averaged 
over an area (a 3D parameter) (Olympus-IMS, 2015; 
Cohen, 2013). The differences in topography of  the top 
and botto  side of  the conducti e in  fil s shows an 
approximate 50 % reduction in Sa values.

ne of  the ain ob ecti es of  this research was to deter-
ine if  the self su orted fil s co bined to create a 

capacitor) could be wound without damage to the ink 
la ers and ca acitor itself. his ob ecti e was successfull  
achieved. A single stacked, self-supported capacitor was 
successfully created as seen in Figure 17, and successfully 
wound without damage, as seen in Figure 18. The gain in 
de ice e ibilit  as a result of  not ha ing a carrier sub-
strate layer is obvious. These encouraging results show 
promise for the use of  this technology as a means to pro-
duce a supercapacitor by winding a multi-stacked device 
or to ini i e the si e of  a de ice to fit into tight laces 
or where substrate compatibility issues to the surface to 
which it is to be attached is faced. The ability to bend 
devices can improve the attachment to surfaces, enabling 
its lace ent in confined s aces and ad ancing efforts to 
further miniaturize devices. It has also been shown that 
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Figure 16: Comparison of top side and bottom side roughness of self-supported single layer silver ink films
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the side of  the rinted fil  lifted off  the rigid substrate 
is much smoother. This can be advantageous for mul-
ti-layer prints by requiring less ink to achieve complete 
surface co erage. So in ractice, a rinted fil  could be 
lifted fro  a s ooth surface, i ed, and rinted with 

minimal ink for coverage. By demonstrating that the 
self-supported layers could be rolled, it is feasible that 
a supercapacitor could be created through the addition 
of  an insulating layer to prevent shorting upon winding. 
This work is currently in progress.

Figure 17: Self-supported unwound capacitor Figure 18: Self-supported wound capacitor

5. Conclusions

A process to produce self-supported electrically 
functional ink layers was demonstrated. Smooth alg-
inate fil s on a P  substrate sacrificial substrates  
were produced by coating a 6 % solution of  algi-
nate with a mass fraction of  20 % of  gly cerol. This 
fil  ser ed as a sacrificial la er for enabling the lift
off  of  screen-printed thermal conductive and UV 
dielectric in  fil s fro  a P  fil  after i ersion 
of  the printed samples in distilled water. The thick-
ness of  the alginate fil  was found to in uence the 
thickness of  the printed dielectric and conductive lay-
ers, which impacted their electrical performance. The 
abilit  to roduce self su orted fil s to deter ine 
the dielectric constant of  a dielectric in  fil  at dif-
ferent thicknesses was demonstrated. This is further 
su orted b  the fact that the final dielectric easure-
ment of  3.81 (dielectric constant), calculated (using 

uation  fro  the final ca acitance easure ents 
(from the fully printed capacitor) was within range of 
what the manufacturer (Table 2) reported (which is 
about 4). This was also true for the conductive inks’ 
sheet resistivity measurements, which were reported as 
being between . .  s . he finding of  the 
differences from the top to bottom side conductive 
fil  roughness is of  great interest. he abilit  to use 
the bottom side of  a printed layer, for use when high 
smoothness is required may prove to be valuable. The 
density measurements also proved to be highly useful 
when calculating for the bulk resistivity and will be 
highly useful for any situation where accurate densities 
need to be accomplished. The ability to wind a fully 
printed self-supported capacitor was demonstrated 
and holds promise for the creation of  supercapacitors 
by this technique.
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New market reports  
from Smithers Pira 

The Future of Printer Demographics 
to 2020 released by the end of 
November builds on historic and 
current company and employment 
situation and examines trends in 
terms of company size, printer 
revenues and other key indicators, 
offering almost 400 tables and figures 
for individual industries and countries. 
In the 60 monitored countries, the 
number of commercial printing 
enterprises raised by 3 % to 720,000 
and the number of employees by 6 % 
to 7.2 million between 2010 and 2014. 
However, this growth was limited 
mainly to the Asia, with little or slow 
growth in transitional economies and 
decline in regions with developed 
printing markets.

The Future of Global Printing to 2020  
published now in December forecasts 
annual growth of 2 % per year from 
now to 2020. As its drivers, growth in 
package printing, continued growth 
in emerging economies, and added-
value opportunities associated with 
digital print are identified. The report 
includes numerous tables and figures, 
analysing the global markets for new 
print equipment, colorants, printing 
ink, plates and substrates, as well as 
different end-use sectors, printing 
processes and individual national 
markets. In the last chapter, leading 
printing groups are introduced.

Colour multi-material 3D printed 
models enhance complex kidney 
cancer surgery planning

Medical applications of 3D printing 
are not limited just to the extensive 
research in bioprinting. Stratasys’ 
transparent VeroClear material helps 
in CHU Bordeaux, France, to better 
locate kidney tumors and estimate 
their depth. The 3D printed models 
also increase patient understanding 
of procedures and are beneficial for 
education and training purposes.

The online ticket shop for drupa 2016 opens on 2nd January

During the few months remaining until May 31st 
when drupa 2016 opens its doors, the plenty of 
information about the printing industry and re-
lated fields is provided by the drupa organizers 
to all of us through several news channels and 
also reflected in reports and expert articles.

Second drupa Global Insights report

More than a year after the publication of the first report focused on stra-
tegic shifts in the international print and media sector, ‘The Impact of the 
Internet on Print – The Digital Flood’, the second report named ‘Touch the 
future – Applications that can create growth’ is available now. Underlying 
survey on the implementation of so called fresh print applications was con-
ducted in spring 2015 and gained almost 750 respondents, 170 of which 
offered also their personal experience of implementing such applications. 
Success stories as well as failures or least major setbacks were reported. 
The importance of careful planning, effective implementation, integration 
and marketing for exploiting the potential of print applications allowed by 
digital technology for turnover growth and profitability was demonstrated.

In spite of recessions and the impact of digital communications, the de-
mand for print is expected to continue to grow thanks to growing world’s 
population, improving literacy and living standards amongst the develop-
ing nations and the rise in trade. Over the last five years, print consumer 
expenditure is falling much more slowly than print advertising (compound 
annual rate −1.5 % versus −6 %, respectively). An investment in integrated 
print applications capable to meet evolving customer demands is favoured 
as a key to improved and sustainable performance. Being aware of fast and 
fundamental changes driven by digital technology, the report predicts that 
the success of different printing sectors and their applications will depend 
on the integration of printed products with web and mobile communica-
tion platforms underpinned by data services and automated workflows.

To quote some numbers included in the report, those adopting good man-
agement practices invested on average an additional $70,235 but were 
rewarded by an additional $175,623 of annual turnover and $63,330 of an-
nual profit. However, regardless of the implementation quality and the size 
of the original investment, some applications outperformed the others in 
terms of a quicker payback. When comparing on-demand with short-run 
batch book production and multichannel marketing with business station-
ery applications, the latter had on average over double the payback period. 
In case of comparison of digitally printed flexibles with digitally printed 
corrugated applications, it was even four times longer.

Expert articles in brief

Four drupa 2016 expert articles were published since the first one, which 
we have shortly introduced in summer issue. The second one, written by 
Des King, is entitled ‘Package Printing’ and cites the top brand owners and 
branding experts in the world. Today, numerous advances enable the pro-
duction of an eye-catching and innovative printed packaging, facilitating 
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Em Software solutions  
for editorial work and creation  
of fully formatted documents

WordsFlow 
and DocsFlow 
plugins enable 

placing of 
Microsoft Word and Excel or Google 

Drive documents, respectively, with 
live links in Adobe InDesign; this way 
the authors and editors can continue 

working on the original documents 
while the production of final file 

proceeds. Changes on either side are 
merged, with automatic notification 

of any conflicts. Efficiency further 
increases because all involved in the 

process work in their native tools.

Similarly, InCatalog InDesign plugin 
and Xcatalog QuarkXPress XTension 
connect prepress documents to the 

source data stored in database or 
spreadsheet, thus avoiding the need 
for manual updating if data change.

InData for InDesign and Xdata for 
QuarkXPress are so called software 

robots, which turn raw structured data 
from spreadsheets and databases 
into finished documents based on 
predefined template, ranging from 

the simple layouts up to the complex 
ones, incorporating any number of 

graphics, and even variable page 
layouts using master pages. Likewise, 

Xtags can be used both with InDesign 
and QuarkXPress when data are in 
an appropriate simple tagged text 
format. A great amount of time is 

saved especially in case of repetitive 
and extensive publishing tasks.

Plugins as well as XTensions 
supporting several versions of layout 

aplications up to InDesign CC 2015 
and QuarkXPress 2015 are available.

Access to PDF files in Dropbox 
using the Adobe applications

The possibility to access 
PDF files stored in 

Dropbox Basic, Pro or 
Business accounts through 

the Acrobat or Acrobat 
Reader desktop and 

mobile applications (at the 
moment on iOS and in 

2016 on Android devices) 
is a good news for all their users, but 
especially for cooperations where an 

investment into professional prepress 
workflow tools wouldn’t pay-off.

greater engagement between a brand and a consumer – in particular, the 
adoption of online-oriented technologies to highlight the overall concept, 
add fun and at the same time reduce the extent of information required 
to be displayed on-pack, technologies which increase product security and 
brand integrity, along with traditional contribution of well-executed crea-
tive design and special decorative effects, supported by appropriate colour 
management technologies and web-based workflow platforms linking all 
components within the packaging print supply chain.

In the third drupa 2016 expert article, the question ‘Inkjet – State of the Art 
or Sci-fi Fantasy Print?’ is raised and discussed by Sean Smyth. Same as in 
case of other technologies, really successful application of inkjet printing 
needs to focus on market with large potential, invest in simple employing 
or even inventing appropriate materials, equipment and systems, and still 
develop new business models. The inkjet technology continues to evolve, 
including the availability of more flexible inks with increased colour gamut, 
thus enabling to reduce the need for special substrates and increase the 
productivity. Decrease in ink cost is still required to make inkjet printing 
competitive for medium to long runs with high ink coverage. In general, 
well utilized inkjet as the only non-contact, high quality, high performance 
printing process is expected to provide higher return on investment for 
many products – besides traditional printing and graphics also in various 
industrial decoration applications.

Fourth expert article is ‘Crossing the finish line – a Cinderella story’ con-
tributed by Cary Sherburn. The title suggests that this time the focus is on 
the postpress step, i.e. binding and finishing in commercial print, packag-
ing, sign and display graphics and other sectors. While both prepress and 
printing processes are nowadays highly automated, significant opportuni-
ties for improving throughput and productivity as well as reducing costs 
are seen in postpress departments of many companies. Although the ma-
chine setup can be often automated based on job ticketing information, 
bar codes, marks and the like, reducing the risk of errors and the number 
of oversheets significantly and allowing to utilise less skilled workers, time 
consuming and error prone manual machine set-up, is still common. Fur-
ther, modular finishing solutions are crucial for greater flexibility and bet-
ter utilisation. The second part discusses each segment and its individual 
characteristics, covering direct mail with emphasis on automation and in-
spection systems, high added value finishing and converting with special 
effects applicable to wide range of printed products including packaging, 
as well as advanced and versatile binding solutions for book printers.

Finally, the fifth one by Laurel Brunner deals with ‘Print and Sustainability’. 
Environmental regulations and green expectations add to all factors men-
tioned above, making the situation in today’s printing industry even more 
complex and confusing for both printers and their customers. On the other 
hand, these circumstances speeded up the development and implementa-
tion of automation and standardisation to allow efficient production and 
controlling colour quality and ink consumption across substrates as well 
as for digital output, accompanied by cutting waste and emissions, while 
increasing the use of renewable resources and materials optimised for re-
cycling. Standards like ISO 14001 Environmental management systems or 
ISO 16759 Calculating the carbon footprint of print help to manage these 
issues. The author points out that for successful and sustainable future, 
printers must reshape their businesses to help clients leverage channels 
and align commercial and environmental goals.
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Encyclopedia of Optical and Photonic Engineering

Shortly after the 3rd edition of the Encyclopedia of Surface and Colloid Science pre-
sented in previous issue, CRC Press has published also the 2nd edition of the Encyclo-
pedia of Optical and Photonic Engineering in a five-volume set. Besides the printed 
edition, online subscription to this reference work is offered by Taylor & Francis Group.

The first edition covered devices or systems that generate, transmit, measure, or de-
tect light, and partly the basic interaction of light and matter. This edition is claimed 
to have a half of the articles revised, with 25 % of new material. Benefiting from the 
addition of a second editor, it offers the fundamentals of a diverse portfolio of tech-
nologies and discoveries in areas ranging from x-ray optics to photon entanglement 
and beyond. For each topic, a general discussion for non-specialists is presented to-
gether with an expert content supported by extensive references to primary literature 
and other sources.

Among basic topics can be listed e.g. aberrations, antireflection coatings, backscatter, 
coherence, collimation testing techniques, diffractive optics, distortion, etching, filters, 
f-number, numerical aperture and depth of focus, Fresnel equations, holography, il-
lumination optics, interference, lenses, mirrors and prisms, liquid crystals, lithography, 
optical amplifiers, optical design and fabrication, optical fibers, paraxial optics, piezoe-
lectric effect, polarization, scattering, surface roughness, thin film deposition, wavelets 
and optical elements for x-rays. Automatic target detection and recognition, compres-
sion transforms, digital image restoration, enhancement, processing, redundancy and 
segmentation, pattern recognition, ray tracing, or eye movements and accommoda-
tion, human vision and colour, psychophysical measurement and nonlinear dynamic 
approaches to vision are also covered. Cavity quantum electrodynamics, high power 
femtosecond pulses, nanophotonics for photovoltaics or numerous entries on nonlin-
ear optics and quantum optics can serve as an examples of the more advanced ones.

Characterization methods comprise film thickness measurement, fluorescence micro-
scopy, Fourier transform infrared spectroscopy, interferometry, microscopy, photom-
etry, polarization measurements, radiometry, a number of spectroscopic methods, 3D 
noncontact sensing and others. From biology and medicine, e.g. biomedical spectros-
copy, optical biopsy, optical manipulation of living cells, microscopy of living cells, tis-
sues and organs, ophthalmic optics, tissue spectroscopy, tissue–laser interactions, and 
medical applications of x-rays can be found. General applications include e.g. commu-
nication networks, data storage, detectors, display systems, disk drives, electro-optical 
imaging systems, integrated optical circuits, lasers, light emitting diodes, liquid crystal 
displays, optical heads, optical modulators, optical neural networks, optical parametric 
oscillators and amplifiers. In relation to astronomy and remote sensing, entries on 
galaxies, Milky Way, scintillation, Solar System, stellar characteristics, Sun, distribution 
of matter in Universe, atmospheric optics, lidar (light detection and ranging) or ocean 
optics applications are presented.

Encyclopedia of Optical and Photonic Engineering 
Editors: Craig Hoffman, Ronald Driggers
Publisher: CRC Press
2nd ed., September 2015
ISBN: 978-1-4398-5097-8
4 088 pages
Hardcover
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Printing on Polymers: Fundamentals and Applications

The knowledge built during many decades of development of printing on 
polymeric substrates, as well as current research in this field and its new 
challenges, are presented in this book, intended as a one-stop reference 
resource for an audience ranging from plastics, resin and ink manufacturers 
over packaging, automotive, aerospace and consumer goods industry to 
scientists involved in materials and printing. Problems that can be caused 
by physical, chemical and thermal interactions, such as cracking, peeling 
or dulling, are addressed, helping to choose the correct way of decorating 
a particular polymer. Furthermore, necessary quality, safety, environmental 
sustainability and cost considerations are presented.

The introduction brings a short history of printing and a brief overview of 
all techniques used for polymer printing and decorating along with their 
suitability for selected polymeric and packaging materials – simple or mul-
tilayer films, semirigid and rigid plastic sheets, molded products, synthetic 
papers, and polymer-coated boards. Surface free energy is explained, be-
ing a key factor that determines material wettability and adhesion of ink to 
the substrate and thus its printability. Some facts about the plastic printing 
industry are included too. All aspects related to materials are detailed in 
next chapters on the structure, properties and applications of polymeric 
materials, printing ink types, formulations and components, including ad-
ditives and advanced nanoscale materials, rheology of printing inks, and fi-
nally various modifications of polymer surface – plasma assisted or corona 
treatment, chemical modification and other methods. Following chapters 
describe individual printing techniques: flexographic, gravure, offset, inkjet, 
screen and pad printing, stamping, 3D printing and other. Last part of the 
book encompasses theory, modelling and simulation of printing, charac-
terization of colorimetric aspects and mechanical properties of prints, their 
ageing and degradation, applications of printed polymeric materials, and 
also the safety and environmental aspects of polymer printing, concluded 
by the recyclability and life cycle analysis of printed materials.

Adhesives Technology Compendium 2015

This comprehensive overview of German suppliers, research facilities and 
service providers, the latest legislation, standards, testing methods and sta-
tistics is available also at http://www.adhesivetechnologycompendium.de.

Image Resolution: Deconstructing 
Hollywood’s Zoom and Enhance

Author: Robert D. Fiete

Publisher: SPIE 
Publications

1st ed., February 2015
ISBN: 978-1628416466

46 pages
eBook

SPIE Spotlights is a new eBook 
series. This one examines the 

results of a typical zooming and 
enhancing process, assuming real 

capabilities of a digital camera and 
image processing. The example 

explored is the capability of crime 
scene investigators to zoom and 

enhance on the reflection of an eye 
in an image to reveal the identity 

of an assailant. Optics, sensors, and 
processing challenges are considered, 

leading to a definition of a camera 
able to provide the required resolution.

Optical Sensing: Microstructured 
Fibers, Fiber Micromachining, 

and Functional Coatings

Authors: Minghong Yang,  
Dongwen Lee, Yu-Tang Dai

Publisher: SPIE 
Publications

1st ed., May 2015
ISBN: 978-1628417937

23 pages
eBook

Integration of the most recent 
enabling technologies based on 

either the longitudinal or transverse 
structuring of fibers for optical 

sensing is presented along with 
example applications of e.g. sapphire 

or photonic crystal fiber.

Optimization Techniques for 
Diffraction Spectrometers

Author: Elena A. Sokolova

Publisher: SPIE 
Publications

1st ed., June 2015
ISBN: 978-1628418439

62 pages
eBook

Optical design methods are applied 
to diffraction grating fabrication 

with the aim to improve diffraction 

Printing on Polymers: 
 Fundamentals and Applications

Editors: Joanna Izdebska, Sabu Thomas
Publisher: William Andrew

1st ed., October 2015
ISBN: 978-0-323-37468-2

444 pages
Hardcover

Available also as an eBook

Adhesives Technology Compendium 2015
Edited by: Industrieverband Klebstoffe e. V.

Publisher: Springer Vieweg
1st ed., October 2015

ISBN: 978-3-658-10331-6
316 pages
Softcover
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Multimedia Data Mining and Analytics: 
Disruptive Innovation

The book describes the impact of innovations in mobile, social, cognitive, 
cloud and organic based computing on the multimedia data processing, 
and the corresponding shift of the research focus towards networked social 
communities, mobile devices and sensors. It pays attention to the practical 
implementation of frameworks, libraries and open source software that en-
ables the development from research to practical, real-world applications. 

Privacy issues in multimedia social environments and large-scale biometric 
data processing, as well as content and concept based multimedia search 
and various advanced algorithms for representation, processing and visu-
alization of multimedia data, are included. To name a few examples, senti-
ment analysis or mining popular routes using social multimedia, detection 
of demographics and identity in spontaneous speech and writing, content 
based image search, concept detection in video by combining visual and 
textual cues and mining videos for attention-driving features are explored 
within 19 chapters of the book, along with the explanation of fast binary 
embedding for high-dimensional data or musical representation of time-
dependent data for listening to the sound of data.

Marketing Analytics: 
Practitioner’s Guide to Marketing Analytics and Research Methods

The digital age and especially the almost permanent use of internet-based 
services on smart devices has transformed the way the customers commu-
nicate, shop and buy, and thus the very nature of marketing. The methods 
of collecting, processing, analysing and disseminating market intelligence 
has changed as well, enabling marketers to respond with much greater 
speed and accuracy at lower costs.

Intended for business management students as well as marketing pro-
fessionals, the book brings a comprehensive overview of market analytic 
techniques and market research processes. It is divided into parts discuss-
ing brand, consumer, product, advertising, price and promotion, and retail, 
accompanied by seven case studies. In addition, sampling and gain–loss 
algorithms are explained in appendices. Further content including lecture 
presentations and case study datasets is available at book’s website.

effi  ciency, tolerance analysis, and 
optimization techniques. Performance 
testing of gratings and modifi cation 
of classical spectrometers using 
modern design and fabrication 
techniques is also covered.

International Colloquium of Art 
and Design Education Research 
(i-CADER 2014)

Editors: Oskar H. Hassan, Shahriman 
Z. Abidin, Rafeah Legino, Rusmadiah 
Anwar, Muhamad F. Kamaruzaman

Publisher: Springer
1st ed., October 2015
ISBN: 978-9812873316
709 pages
Hardcover
Also as an eBook

This collection off ers variety 
of contributions, ranging from 
microscopic image and text 
examination of conventional and 
digital printouts through a formal 
proposition of graphics analysis 
of comics, infographics as a tool 
for facilitating learning, preventing 
childhood obesity through poster 
design or the behaviour patterns 
towards printed colour medium for 
students with hearing disabilities to 
an overview of book printing and 
publishing industry in Malaysia and 
many more. 

Becoming a Graphic 
and Digital Designer: 
A Guide to Careers in Design

Authors: Steven Heller, Veronique Vienne

Publisher: Wiley
5th ed., May 2015
ISBN: 978-1118771983
336 pages
Softcover
Also as an eBook

The 5th edition of this successful guide 
has been substantially reworked and 
off ers to those interested in a graphic 
design career the content with an 
emphasis on portfolio requirements 
and job opportunities, supported by 
numerous images, interviews and 
essays showcasing work, opinions 
and experiences of leading designers. 
The book is organized into parts 
on graphic design, design genres, 
transitional design, digital design 
and design education.

Multimedia Data Mining and Analytics: 
Disruptive Innovation
Editors: Aaron Baughman, Jiang Gao, 
Jia-Yu Pan, Valery A. Petrushin
Publisher: Springer
1st ed., April 2015
ISBN: 978-3-319-14997-4
454 pages
Hardcover
Available also as an eBook

Marketing Analytics: Practitioner’s Guide 
to Marketing Analytics and Research Methods

Author: Ashok Charan
Publisher: World Scientifi c Publishing Co.

1st ed., October 2015
ISBN: 978-981-4641-36-4

720 pages
Hardcover

Available also as an eBook
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Electrochemistry of Carbon Electrodes

The goal of this book was to summarize the preparation techniques and 
specific characteristics of carbon-based electrodes together with their es-
tablished as well as potential applications. First, a brief overview of carbon 
properties is given. Next chapters explore the state of the art in electro-
chemistry at highly oriented pyrolytic graphite, carbon nanotubes (includ-
ing preparation of carbon nanotube paste electrodes with screen printing), 
graphene and conducting diamond. Remaining chapters are dedicated to 
various related technologies – namely to modification of carbon electrode 
surfaces, use of carbon materials in low-temperature polymer electrolyte 
membrane fuel cells, electrochemical capacitors based on carbon elec-
trodes in aqueous electrolytes, utilization of carbon electrodes in electro-
chemical technology and in molecular electronics, carbon paste electrodes, 
and also screen-printed carbon electrodes.

This last chapter is written by Stephen Fletcher. After the introduction, the 
conductivity of composites, carbon polymorphs, oxygen functionalities, ac-
tivated carbons, binder–solvent combinations, PVDF properties and solu-
bility are described. Next sections introduce requirements on flexible sub-
strates, screen printing process and materials, ink flow, substrate wetting, 
commercial ink additives and binder percentage. Finally, the multilayered 
electrodes, overcoming the IR drop (voltage drop due to energy losses in 
a resistor), areal capacitance and equivalent circuit are discussed.

Handbook of Carbon Nano Materials 
Volume 7: Synthetic Developments of Graphene and Nanotubes 
Volume 8: Characterization, Conducting Polymer and Sensor Applications

World Scientific Series on Carbon Nanoscience continues with Volume 7, 
dealing with synthesis of graphene, nanocarbon and multifunctional carbon 
nanostructures along with their appropriate characterization and applica-
tions, graphene quantum dots prepared by chemical vapour deposition, 
and synthesis and modification of the electronic structure of single-walled 
carbon nanotubes. Volume 8 contains five chapters on characterization, 
conducting polymer and sensor applications. The second one, written by 
S. Lawes, Q. Sun and X. Sun, is dedicated to the printing of graphene and 
carbon nanotubes for energy storage and conversion applications – lithi-
um-ion batteries, supercapacitors, hydrogen fuel cells and solar cells.

3D Bioprinting and 
Nanotechnology in Tissue 

Engineering and Regenerative 
Medicine

Authors: Lijie Grace Zhang,  
John P. Fisher, Kam Leong

Publisher:  
Academic Press

1st ed., February 2015
ISBN: 978-0128005477
392 pages, Hardcover

Also as an eBook

This book aims to provide a summary 
of the suitability, sustainability 

and limitations of each technique 
for specific applications. Basic 

principles are explained, followed by 
biomaterials and applications (e.g. 

for blood vessels, neural, vascular or 
dental tissue, skin, craniofacial bone 
and cartilage, up to organ printing) 

and also intellectual property aspects.

Bioprinting in  
Regenerative Medicine

Editor: Kursad Turksen

Publisher: Springer
1st ed., September 2015
ISBN: 978-3319213859

140 pages
Hardcover

Also as an eBook

Second book on bioprinting 
presented here belongs to the 

Stem cell biology and regenerative 
medicine series and introduces 

basics as well as latest developments 
in laser-assisted bioprinting for 

engineering different types of tissue. 

Bioprinting:  
Principles and Applications

Authors: Chee Kai Chua, Wai Yee Yeong

Publisher: World 
Scientific Publishing Co.

1st ed., January 2015
ISBN: 978-9814612104
296 pages, Hardcover

Also as an eBook

Research in bioprinting is summarized 
also by these authors active in the 

field, from the concept of tissue 
engineering over various approaches 
including computational design and 
simulation to potential applications.

Electrochemistry of Carbon Electrodes
Editors: Richard C. Alkire,  

Philip N. Bartlett, Jacek Lipkowski
Publisher: Wiley

1st ed., October 2015
ISBN: 978-3-527-33732-3

472 pages
Hardcover

Available also as an eBook

Handbook of Carbon Nano Materials: Volume 7 & 8
Editors: Francis D’Souza (also an author), Karl M. Kadish

Publisher: World Scientific Publishing Co.
1st ed., October 2015

ISBN: 978-981-4678-90-2
500 pages
Hardcover

Available also as an eBook
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Towards Industrial Viability of Organic Solar Cells:  
ITO-free, Green Solvents and Technological Aspects for Upscalability

The motivation for this dissertation, which builds upon recent extensive re-
search of organic photovoltaics (OPV), is named in its title along with three 
key issues solved by the author. The presented approaches are intended to 
the broadest possible range of materials. After an overview of organic solar 
cells fundamentals and state-of-the-art, experimental methods and mate-
rials are introduced. The investigation toward large-scale processing and 
post-processing deals with inkjet printing as a roll-to-roll compatible tech-
nique. When aiming to achieve a suitable layer morphology, the drying ki-
netics has been found to be the most critical. A new method to determine 
appropriate printing patterns for active layer deposition was developed 
and the so called vapour printing was demonstrated as an alternative post-
processing treatment that allows faster annealing of the active layer. Next 
part is focused on replacing halogenated solvents by ‘green’ formulations 
in active layer processing. In order to find suitable solvent systems, the 
Hansen solubility parameters analysis was successfully extended for small 
molecule based devices and later adapted to low band gap polymers. Fi-
nally, the replacement of indium-tin-oxide (ITO) to lower the cost of an 
OPV module and improve the flexibility and conductivity of its transparent 
electrode is investigated. The fabrication and optimization of devices with 
current collecting Ag grids is described, including the adapted model for 
determination of suitable grid geometries through estimated shadowing 
and resistive losses, and the preparation of grid structures using two differ-
ent techniques, showing the inkjet printing as more robust for this applica-
tion. Efficient ITO-free devices based on metallic grids were demonstrated.

Color-Image Quality Assessment: From Metric to Application

This thesis contributes to the research in the field of image quality assess-
ment, which is important for most image-processing systems. At present, 
mainly objective methods that utilize the image-difference metric are em-
ployed, predicting the perceived difference between a distorted image and 
a reference, while working only on the monochromatic intensity level to 
increase the computation speed. Color distortions and the influence of 
viewing conditions are thus neglected, although their impact on the per-
ceived image quality may be significant.

First, the knowledge on visual psychophysics and color spaces is presented, 
as well as an overview of image quality and its objective assessment. Next, 
visual experiments needed to collect subjective data in order to gain in-
formation about perceived image quality are described. The image quality 
assessment databases are divided into two groups according the applied 
distortions – conventional and gamut-mapping ones. The main goal of 
the thesis was the development of a new image-difference metric with a 
modular framework which accounts for viewing conditions and color in-
formation. The images are normalized to standard viewing conditions us-
ing image-appearance model and represented in a working color space. 
The characteristic values for local image differences with respect to human 
perception are then extracted from lightness, chroma, and hue attributes. 
In the last step, these image-difference features are combined into Color-
Image-Difference (CID) metric, yielding the best prediction performance 
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for gamut-mapping distortions. Further increase of prediction accuracy on 
conventional distortions was achieved with an improved version denoted 
as iCID, which addresses individual artifacts occurring in CID-based gamut-
mapping optimization (lightness inversion, chromatic ringing, chromatic 
edges, and lightness banding) by adjustment of CID metric parameters. 
Moreover, the modified metric did not require parameter training on an 
image quality assessment database. Resulting iCID-based gamut-mapping 
optimization significantly outperforms a state-of-the-art spatial gamut-
mapping algorithm on a small newspaper gamut. The optimized images 
benefited from the preservation of local contrast, structure, and color of the 
original image to a great extent. The final part of the work deals with the 
concept of transforming high-dynamic-range images into low-dynamic-
range devices’ gamuts in a single step called high-dynamic-range gamut 
mapping. For this, an existing high-dynamic-range color space was adapt-
ed to an almost perceptually uniform color space called hdr-LAB2000HL.

Knowledge Production Beyond The Book? 
Performing the Scholarly Monograph in Contemporary Digital Culture

The main argument made throughout this thesis is that there is a need to 
pay more attention to the way our scholarship, and the scholarly book spe-
cifically, is currently cut together-and-apart, or reconfigured, and for what 
reasons. Academics themselves are appealed to examine and critique their 
entanglement with the book, both through their scholarly communication 
practices and the systems that sustain them. Scholars should start think-
ing and performing the apparatus of the book otherwise, in a potentially 
more ethical way, as part of a reconceptualisation of the book to come, 
and alongside an ongoing review of scholarly identity.

Current experiments with forms of unbinding, such as remix, openness and 
liquidity, and their potential to cut the book together–apart differently on 
the basis of alternative values and criteria, are analysed. The thesis itself 
is an experiment in making affirmative incisions into the book apparatus, 
following a methodology of critical praxis. Instead of simply conforming 
to and repeating established practices with respect to writing a thesis – 
without analysing the assumptions and perceptions upon which they are 
based – the author has adopted a digital and open research practice to fo-
cus on the processual nature of the research. Different ways of versioning 
the thesis during its development have included – and will include – the 
use of a weblog, various open archiving media and a hypermedia platform. 
Versioning the research in this way serves as a critique of the continued 
emphasis on the end-result of research as well as the object-centred pub-
lication approach promoted by publishers, universities and funders alike.

The thesis shows why it is important at this specific point in time to imagine 
a different future for the scholarly book. First of all, because monographs 
are endangered at the moment – and certain specialised, experimental and 
difficult instantiations of the monograph in particular. Hegemonic com-
munication power structures play an important part here, focusing more 
on increasing reputation and reward for their stakeholders than on pro-
moting access to and reuse of scholarly research for the public at large. 
Furthermore, this is also a key moment to imagine a different future for 
the book because the digital provides an opportune context in which to re-
examine print-based and humanist communication systems, practices and 
discourses. This is the case especially with respect to how these humanist 
systems and practices continue to determine authorship practices, mate-
rial systems of knowledge production, and conceptions of the inherent 
affordances or essential material features of the book (i.e. fixity, authority, 
originality and trust).
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Gravure at Your Fingertips

Stuttgart, Germany 
10–12 February 2016

The European Rotogravure 
Association (ERA) in cooperation 
with Stuttgart Media University 
organizes again a seminar providing 
an introduction to gravure cylinder 
preparation and printing with 
demonstrations as well as practical 
exercises. Stuttgart Media University 
operates a complete gravure line, 
allowing to experience all aspects of 
gravure from the galvanics for copper 
plating of a cylinder, through surface 
processing and finishing, preparation 
of a layout and the subsequent 
electromechanical engraving process, 
to printing on several papers with 
different ink viscosities, and to test 
the quality of all production steps 
with special measuring methods.

Colour Management Symposium

Munich, Germany 
18–19 February 2016

The latest 
information 
about current 
trends and 

challenges in the area of colour 
communication will be presented 
at the fifth Colour Management 
Symposium organized by Fogra. 

One of the main topics will be 
the migration from FOGRA39 to 
FOGRA51 based workflows related 
to the revision of ISO 12647-7:2013 
‘Graphic technology – Process control 
for the production of half-tone colour 
separations, proof and production 
prints – Part 7: Proofing processes 
working directly from digital data’, 
which is at the moment in the stage 
of registered draft International 
Standard (DIS). During the social 
evening event, Karl Gegenfurtner 
will give a keynote introducing the 
visual and mental aspects of colour 
perception.

SPIE Applications of 3D Printing 2016

San Francisco, California, USA 
13–18 February 2016

This event, aimed on innovative ways to apply the multidimensional and 
multidisciplinary technology of 3D printing, is a part of SPIE Photonics West 
and highlights almost 100 papers from numerous conferences being part 
of BiOS, LASE, and OPTO co-located events. Presentations topics include 
additive manufacturing, selective laser melting, maser sintering, laser pho-
topolymerization, novel materials, protean materials, and laser interactions, 
software that increases efficiencies and speed, in-situ sensors or probes 
to verify and quantify additive manufacturing processes in real time, and 
conformal photonics/electronics. Among the industry events, the session 
‘3D printing: A manufacturing revolution’ is organized as well.

IS&T International Symposium on Electronic Imaging 2016

San Francisco, California, USA 
14–18 February 2016

The program of the 28th annual Electronic Imaging Sym-
posium of the Society for Imaging Science and Technol-
ogy consists of 20 technical conferences with 12 planned 
joint sessions, complemented by 17 short courses, tech-
nology demonstrations, and a focused exhibition. For the 

first time, all accepted full papers will be available for free download via the 
IS&T Digital Library on the IngentaConnect platform. 

Human vision and electronic imaging 2016 will focus on human perception 
and cognition for emerging technologies. Various aspects of image capture 
systems will be covered by Digital photography and mobile imaging XII, Im-
age sensors and imaging systems 2016, and Mobile devices and multime-
dia: enabling technologies, algorithms, and applications 2016 conferences. 
Image reproduction and material appearance issues will be discussed within 
Color imaging XXI: displaying, processing, hardcopy, and applications as 
well as Measuring, modeling, and reproducing material appearance 2016. 
Another two conferences, Document recognition and retrieval XXIII and 
Media watermarking, security, and forensics 2016, will aim at document 
processing and media security. Even four conferences are dedicated to 
image and video processing, quality, and systems – Computational imag-
ing XIV, Image processing: algorithms and systems XIV, Image quality and 
system performance XIII, and Visual information processing and commu-
nication VII. Virtual and augmented reality, 3D, and stereoscopic systems 
will be covered by three conferences – 3D image processing, measurement 
(3DIPM), and applications 2016, The engineering reality of virtual real-
ity 2016, and Stereoscopic displays and applications XXVII. Image process-
ing: machine vision applications IX and Intelligent robots and computer 
vision XXXIII: algorithms and techniques are reserved for real-time image 
and video. Finally, web and mobile imaging and visualization will be the 
topic of Imaging and multimedia analytics in a web and mobile world 2016, 
Video surveillance and transportation imaging applications 2016, and Visu-
alization and data analysis 2016.
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VISIGRAPP 2016

Rome, Italy
27–29 February 2016

The purpose of VISIGRAPP 
annual event is to network 
researchers and practition-
ers interested in both the-

oretical advances and applications of computer vision, computer graphics 
and information visualization. VISIGRAPP is composed of three interna-
tional conferences – GRAPP on computer graphics theory and applications, 
IVAPP on information visualization theory and applications, and VISAPP on 
computer vision theory and applications. Besides regular research papers 
and so called position papers, presenting an arguable opinion about an 
issue the author considers relevant, the program off ers workshops, special 
sessions, tutorials and also four keynote lectures, including that on ‘Trends 
and challenges of augmented reality’ by Dieter Schmalstieg.

Another co-located event is PHOTOPTICS 2016 conference featuring tracks 
on optics, photonics and lasers. The topics include e.g. vision and colour, 
display technology and holography, or semiconductor lasers and LEDs.

2016FLEX

Monterey, California, USA
29 February to 3 March 2016

This conference & exhibition is aimed at the latest break-
throughs and developments in fl exible, printed and hybrid 
electronics and their applications. Its 15th volume starts on 
Monday with short courses; in the technical program, two 
plenary sessions are followed by 24 sessions in three tracks.

Participants can choose from fi ve three-hour courses. The fi rst will intro-
duce printed electronics – related market segments, manufacturing strate-
gies, technologies used for printed electronics production – and how to 
become a functional printer. The concurrent one is named ‘Getting ready 
for readiness levels: fundamentals of TRLs and MRLs’, which are abbrevia-
tions of Technology Readiness Levels pioneered by NASA to assess stages 
of development for emerging technologies, and Manufacturing Readiness 
Level built by the Air Force as a complimentary assessment tool to evalu-
ate stages of manufacturing readiness, respectively. This course will teach 
participants to perform a detailed TRL/MRL assessment of emerging tech-
nologies to enhance and accelerate transition to prototypes and prod-
ucts. The afternoon courses are dedicated to basics of hybrid electronics, 
stretchable textiles and fi bers plus electronics, and workshop on 3D print-
ing of engineering thermoplastics.

The lectures of the Flex conference will cover a wide range of topics – the 
technology and roadmaps, fl exible materials, dielectrics, substrates, barri-
ers, encapsulation, patterning, modelling, simulation, and applications like 
displays, lighting, photovoltaics, batteries, sensors or backplanes. Sessions 
dealing with fl exible and hybrid electronics will discuss related technology, 
opportunities, applications, design and manufacturing. Similarly, the topics 
on printed electronics will focus on tools, methods, in-line processing, and 
energy harvesting, radio frequency and bio applications. Within plenary 
lectures, e.g. ‘Building self-diagnostic fl y-by-feel vehicles with stretchable, 
fl exible sensors and electronics network’ can be highlighted.

WAN-IFRA Events

Ad Blocking Action Day

Frankfurt, Germany
11 February 2016

This one-day conference will feature 
case studies on actions taken by 

publishers to improve user experience 
and create quality ad content, along 

with economic implications. 
Ad blocking is a challenge to online 

business models, but if appropriately  
addressed, it is also an opportunity 

to increase the audience trust.

Digital Media India 2016 Conference

New Delhi, India
22–23 February 2016

The 5th edition of Digital Media India 
will pay attention to engaging the 

mobile audience, the audience data 
analytics that enables to serve the 

readers better, digital advertising and 
ad blockers, social media challenges, 

and online video situation in India.

WAN-IFRA Middle East 
Conference 2016

Dubai, UAE
24–25 February 2016

WAN-IFRA’s 11th Middle East 
Conference will enable publishing 
executives to discover the Internet 

of Things, virtual reality, ad blocking, 
wearables, or 3D printing, with new 
and emerging business models for 

newspaper printing companies. The 
best practices from newspapers 
around the globe related to the 

diversifi cation of revenue streams will 
be shared, as well as experiences with 

inkjet printing of newspapers, print 
outsourcing and value added printing. 

In regard to virtual and augmented 
reality, the use of sensor technology 

in interactive and immersive story-
telling will be explored, utilizing 
e.g. registration of movements 
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Forum & INFO*FLEX

Fort Worth, Texas, USA
6–9 March 2016

Annual Forum of Flexographic Technical Association builds upon its long 
tradition and strives to provide conference attendees with the tools, tech-
niques and knowledge to remain competitive. Forum 2016 off ers ten tech-
nical sessions as well as one free preconference session.

In the preconference session, the roles and activities of brand owners, de-
sign artists, prepress and press personnel will be explained and demon-
strated. Further, simplifi cation of ISO 16761-2 combined with CRPC (Char-
acterized Reference Printing Condition) profi les and implementing the PDF 
workfl ow using standard procedures will be introduced.

The fi rst technical session aims to provide an understanding of FIRST (Flex-
ographic Image Reproduction Specifi cations & Tolerances) and what the 
print buyers expect in terms of print quality. After the ‘Hall of fame’ panel 
discussion, new tools for prepress workfl ows will be presented in the last 
Sunday session. Next day, ‘2016 fl exo game changers’ session will focus on 
technologies enabling to maintain the innovative edge in fl exography, and 
then the FQC (Flexo Quality Consortium) session will highlight current re-
search, including evolving industry standards. The third day will start by the 
session on enhancing digital print with fl exography and continue with two 
panel discussions – ‘Flexo international: 60 minutes around the world’ and 
‘Direct engraving: yesterday, today & tomorrow’. The last two sessions will 
provide fundamental concepts and core terminology of the fl exographic 
process, as well as the steps necessary to take control over the print qual-
ity – through calibration, optimization, fi ngerprinting, and characterization.

Nearly 300 exhibitors, ranging from press manufacturers over converting 
equipment providers to process control experts, will showcase their solu-
tions at the co-located INFO*FLEX exhibition through large-scale as well as 
one-on-one demonstrations to prospective customers.

FESPA Digital 2016

Amsterdam, Netherlands
8–11 March 2016

Same as the FTA’s Forum mentioned above, FESPA Digital is 
scheduled earlier in 2016 due to drupa. FESPA celebrates the 
10th year anniversary of the show for wide format digital and 
textile print, which is returning to Amsterdam. Presented in-
dustry sectors include inkjet technology, 3D printing, industri-

al printing, sublimation and transfer printing with wide and narrow format 
machinery, consumables and inks, as well as pre-press, design, print and 
business management software or trade services.

FESPA Digital Textile Conference 2016 will be organized on March 8th and 
a celebration gala dinner of FESPA Awards 2016 the day after. During all 
four days of FESPA Digital, joint events European Sign Expo, FESPA Textile, 
and Printeriors can be attended.

and even current emotional state 
of mind. The Internet of Things will 
be discussed from the perspective 
of marketing transformation due to 
digital innovation and best practices, 
highlighting how technology, 
creativity and new media combine 
to actively engage the changing 
consumer.

Publish Asia 2016

Manila, Philippines
29–31 March 2016

Since 2000, Publish Asia gathers the 
Asian newspaper and news publishing 
industry. Besides standard topics 
covered by other World Association 
of Newspapers and News Publishers 
conferences, also the investigative 
journalism in Asia will be considered, 
including challenges to press freedom 
and journalists’ safety.

ETRA 2016 – Symposium on Eye 
Tracking Research & Application

Charleston, 
South Carolina, USA
14–17 March 2016

The 9th biennial symposium focusing 
on all aspects of eye movement 
research across a wide range of 
disciplines is organized to bring 
together computer scientists, 
engineers and behavioural scientists. 
In addition to presentation of full or 
short papers and posters, ETRA off ers 
three full-day tutorials: ‘Eye-tracking 
and visualization’, ‘Mining scanpath 
sequences with R and TraMineR 
packages: A hands-on introduction’, 
and ‘Eye data quality: measuring, 
calculating, and reporting’.

Laval Virtual

Laval, France
23–27 March 2016

Since 1999, Laval Virtual introduces 
the advances in technology behind 
virtual and augmented reality, which 
enable innovations in a number of 
business sectors, including industry, 
medicine, training and marketing. 
VRIC 2016 conference will feature 
presentations and six workshops.
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Packaging Innovations 
Birmingham 2016

Birmingham, UK 
24–25 February 2016

In its 10th year, the Packaging 
Innovations show again features 
several co-located events for the 

packaging industry, which is expected 
to deliver ever more highly visible, 
exciting and engaging packaging 

while being more environmentally 
friendly. Ecopack area is dedicated 

to environmentally responsible 
packaging, while Contract Pack 

exhibition organized since 2008 is 
aimed on the contract packing and 

manufacturing industry.

Empack 2016 showcases packaging 
machinery, equipment, logistical and 

transit packaging, industrial packaging 
and robotics and automation. 

Label&Print 2016 tracks the latest 
developments in digital printing, 

flexography, labelling equipment, 
3D print, labels and labelling, offset, 

gravure and active or intelligent 
packaging, serving to major growth 

areas of the packaging industry. 

Printing South China  
and Sino Label 2016

Guangzhou, China 
2–4 March 2016

The major keywords of this year’s fair, 
which aims to lead the upgrading 

and innovation of Chinese printing 
industry, are automation, intelligence, 

efficiency and green. 

Sino Label is an international 
exhibition covering the label  

printing, decoration, processing  
and technological applications.

TAGA 68th Annual Technical Conference

Memphis, Tennessee, USA 
20–23 March 2016

The main scope of this traditional conference, organized by the Technical 
Association of the Graphic Arts, rests in graphic arts systems, software, and 
computer technology developments or evaluation, as well as innovative 
applications in the more traditional areas of press, ink, and paper engineer-
ing. The event encompasses a range of diverse topics, such as colour man-
agement, data management, workflow, materials, packaging, curing, proc-
ess control, security, micro- and nanotechnology, printed electronics, and 
fundamental science, presented through scientific and technical innovation 
papers, reporting laboratory research as well as pressroom studies or soft-
ware and systems engineering projects. TAGA’s agenda aims on managers, 
material specialists, manufacturers, publishers, educators, researchers and 
engineers active in the area of graphic arts and related fields.

To date, the program offers three keynotes, with the fourth to be deter-
mined. In the first one, Mike D’Angelo will present web offset as the domi-
nant unknown printing process for converting and packaging. Web offset, 
which has proven as a high quality, consistent print process, did recently 
step aside because converters’ interest was captured by high speed dig-
ital printing. However, it has not delivered on the promise; therefore, it’s 
seen as worth to take another look at web offset, offering more solutions 
through evolutions in ink and colour technology than ever. Next, continu-
ous progress of inkjet printing that migrates and gains acceptance into all 
segments of print production will be reported by Don Schroeder. The goal 
of the third keynote is clearly expressed by its title – ‘Down the rabbit hole: 
Chasing the Internet of Things’ (IoT). Kevin Berisso will share his attempts 
to better determine this wide ranging concept that often means different 
things to different people, with tens of differing definitions and the poten-
tial to touch every aspect of our existence and impacting everything from 
the power grid to healthcare, manufacturing processes to communications 
and everything in between.

Scientific and technical innovation papers will be organized in two parallel 
tracks, both days framed by plenary sessions and concluded by so called 
technical focus sessions. The latter will be dedicated to colour on Monday 
and to ink and paper on Tuesday. As the examples illustrating the diversity 
of presented topics, the contributions on ‘Evaluating the impact of print-
ing, color reproduction, and screening technologies on image preference’, 
‘A model for the cost analysis of inkjet, flexographic, offset and electropho-
tographic printing processes’, ‘Color management with OBAs – theory and 
practice’, ‘Metrology for 3D printing: assessing methods for the evaluation 
of 3D printing products’, ‘Resistive gravure inks made with soy protein’, 
and ‘Using wide format UV ink-jet printing for digital package prototyping’ 
can be mentioned.

TAGA also supports high-quality student publications. Competition dead-
lines are set like this: 15 January 2016 for Harvey Levenson Undergradu-
ate Student Paper Award and the Dusty Rhodes Graduate Student Paper 
Award; in case of Helmut Kipphan Student Publication Award it is 29 Janu-
ary 2016 for formatted PDF of journal, electronic publication, eBook, in-
teractive PDF or web page, and 20 March 2016 for submission of printed 
journals for final judging on the first day of the TAGA Annual Conference.
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