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Coating Machine Rebuilds - A Tool to
Enhance Quality and Efficiency

by
Lavuri Korhonen & Kari Sorsa
Metso Paper, Finland

Introduction

The efficiency and profitability of a paper or board making
line can be significantly improved, not only through major cap-
ital investments, but also by various limited scope rebuild and
upgrade solutions. Minimized waste, improved overall effi-
ciency, enhanced quality and increased speed potendal are
among the many benefits which can be obtained through a
range of process improvements.

This paper presents practical mill experiences of undertak-
ing such limited scale rebuild projects.

PAPER ONE

Improved quality and productivity with coat-
ing head modifications

New blade beam on existing coating station

By replacing the blade beam on an existing coating station,
it is possible to improve coat weight profiles and their control.
At the same time, it is possible to increase the blade angle oper-
ating range as well as improve runnability. Enhanced coater
control capabilities improve paper quality, minimize waste,
enable faster tarpeting of product quality following breaks and
consequently ensure a positive boost to overall machine oper-
ating efficiency.

Figure 1. Blade beam with automatic profiling



Automatic CD-profiling on existing blade coaters and sizers

Cross-direction coat weight uniformity is an important fac-
tor in operating efficiency for both blade coaters and sizers -
especially operation immediately following blade/rod changes
or web breaks. High resolution actuators with an automatic
coat weight profile control system offers the best tool for effi-
cient CD profiling. The profilers are automatically adjusted to
the optimal “stant” setting following a web break or blade/rod
change. The system allows rapid smoothing of the coat weight
prefile, which reduces the amount of broke produced following
re - starts. Higher coat weight levels can also be achieved with-
out sacrificing coatweight profile quality. Automatic
CD-profiling improvements are applicable to off-line as well as
to on-line coating machine lines,

Production results

The poor coat-weight profiles from an off-line coater were
creating additional costs on a magazine paper production line.
The quality problems became apparent only at the end of the
production process, when the paper was ready for shipping.
The mill had identified the blade beams on the coating heads as
the main source of profile problems.

The existing coating heads were rebuilt with new blade
beams having automatic straightness control and coat weight
CD-profile control. Since the rebuild, the mill has been able to
significantly reduce the percentage of customer rolls rejected
during quality control. At the same time the overall operational
efficiency has improved by 2 percentage points.
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Figure 3. Automatic CD- profiling, 2 -sigma improvements
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Improved safety and reduction in waste with
automatic backing roll cleaning device

The automatic backing roll cleaning device reduces broke
by minimizing waste related to the washing of coating heads. It
offers a faster, more efficient and more reliable cleaning com-
pared to conventional manval washing methods. The roll
cleaning device keeps the backing roll constantly clean (auto-
mated cleaning), which leads to a significant reduction in
washing waste. The optimisation of wash water usage which it
allows eliminates cleaning-related web breaks. Its automated
operation also significantly improves operator safety.

The automatic backing roll cleaner cleans the backing rell
quickly and automatically by wiping it with a cross-machine
traveling sponge and water. It can be used during both normal
production and during web breaks. It cleans the backing roll
automatically after a flying splice on off-machine coaters, and
during reel tum-up, or periodically, in on-machine coaters. On
both machine types cleaning can be manually controlled from
the local control box. This enables cleaning of the backing roli,
zone-by-zone.

Production results

A wood free coated paper production line was suffering
from excess bottom waste, which had a direct influence on pro-
ductivity. The automatic roll cleaning device was installed on
the jet coating stations of the off-machine coater in order to
minimize the boltom waste and increase production.

The system installed at the mill cleans the backing roll
quickly and automatically following a flying splice by wiping
with a sponge and water. This solves the problem of excessive
waste at the reel spool which was previously caused by random
wet washing of the backing roll, or else by leaving the roll
uncleaned. Reduced waste al the beginning of a new parent roil
means more saleable paper. This was the key target for the mill,
which now has been achieved.

ol

Figure 4. Automatic backing roll cleaner



After successful installation and start-up of the new clean- Improved time efficiency with advanced tail

ing system, the mill has been able to reduce excess bottom threading

waste losses by 80 9. Operator safety has also improved. Man- . . . )
ual roll cleaning inevitably involves certain risks. Following The tail threading system in the surface treatment section
installation of the automatic roll cleaning device, the mill has has a great impact on the time efficiency of the paper making
eliminated the occurrence of strain injuries related to roll wash- line overall. Successful tail threading can only be ensured by
ing. . the right 1ail threading equipment, used in conjunction with a

well designed layouL

2]
BENEFIT .

F

— L

‘ OptiCleaner Coat

. Normal cleaning by hand

Figure 6. Tailor made tail threading solutions
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Production results

A magazine paper production line was extensively rebuilt in
order to increase speed and improve efficiency. In the past, tail
threading inconsistency had been a major eperational problem
for the machine, Most of the breaks occurred in the coater sec-
tions of this on-line magazine paper machine. The tail threading
system needed optimization in order to satisfy the demands for
further speed increase and efficiency improvement.

A fully automated tail threading system with take-off
devices were installed for the coaters and reel section. At the

Figure 7. Ropeless tafl threading device

first coater, tail threading times after the rebuild have been
reduced by 6 minutes per break from their previous best aver-
age threading time. At the second coater, break recovery times
are approximately the same as those prior to the rebuild,
although speed has been increased by 200 m/min.

Conclusions

The efficiency and profitability of a paper or board making
line can be significantly improved by various limited scope
rebuild and upgrade solutions. A new machine is not always
financially justifiable as a way to increase productivity!

With good maintenance, an existing line can be kept up and
running. However, there is a clear limit where elimination of
excessive maintenance costs can become the justification for a
rebuild.

This paper presented some process improvements which
positively benefit the efficiency and profitability of an existing
production line:

» The productivity as well as quality potential of a coaler can
be enhanced by modifying and upgrading existing coating
stations in many ways. For example, the coating stations can
be equipped with new blade beams and automatic CD-
coatweight profile controls.

*» The automatic roll cleaning device reduces waste and
improves safety in the coater area.

* A more functional tail threading system enhances the over-
all efficiency of the coating line.

The justified rebuild can consist of a correctly fitted single
component upgrade, but more often involves a tailored combi-
nation of several such solutions. The installation can take place
in one phase or in several scheduled phases to address issues
related to quality, capacity or safety.

A

Production

Start up

Figure 8. Continuous improvement for future success
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Blade Technology — a Tool for Improved

Print Quality

by
Kenneth Fagrelius
BTG Duroblade S.A

Abstract

In today’s competitive world, the print shops require higher
and more even paper quality.

The requirements differ from print process to print process
but in general the demands are increasing.

Parameters to improve are:

Runnability in the print process
Paper roughness/smoothness
Ink absorption

Print gloss

Visual defects.

. % &

Blade technology has made vast progress during the last 3 -
4 years; traditionally the material used was steel enhanced with
aluminum oxide-based ceramics but increased demands for
better coating quality, lonper lifetimes and increased produc-
Lvity, already at the paper/board mills, have pushed the
development forward.

Today, we have a wide range of blade materials at our dis-
posal, suitable for different processes in the industry:

* Chromium-based ceramics
* Metal-based materials
¢ Elastomer-based materials.

In this paper we will show that by simply changing the coat-
ing blade material we can largely improve quality when it
comes to streak frequency, gloss increase and roughness
decrease.

The materials have different characieristics but one common
denominator s that the wear rate is much lower than that of a
standard steel blade, which gives the papermaker the freedom
to work with the tip geometry.

We will also show that modifications in tip geometry can
substantially change the quality aspects of the finished paper?
e.g. with small modifications the papermaker can simulate bent
mode when running in stff mode.

Introduction

Since 1985, when BTG Duroblade introduced the first
ceramic-tipped ceating blade, until the beginning of the new
millennium, blade technolegy focused on development of the

13
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existing base material, i.e. aluminum oxide. Different improve-
menis of the material was made over the years and these ended
up in improved blades, mainly focused on decreasing in the
surface roughness of the blades. The blades were successful at
the mills because of improved lifetimes and stable quality over
time. However, the blades had their limitations; one being that
the blade had a tendency to give the papermakers an increase
in so-called micro-lines (Figure 1), due to the roughness of the
material of the blade tip. These, micro-lines were especially
frequent when coating board in top coaters, and were not
accepted by the mills and the end-customers, the print shops.
When coating fine paper, the micro-lines mostly “floated out”
in the drying phase after the coaters and were therefore not vis-
ible after the reeling. This was accepied by the mills as it
engendered a decrease in unnecessary stops related to worn
steel blades, savings on broke as well as the fact that an
increase in production was possible.

The advent of new materials, such as chromium-based
ceramics, metal- and elastomer-based materals has boosted
blade use the last four years and the mills can today choose
more precisely the blade suitable for each different process and
quality, such as board, fine paper and LWC. This development
has given & tool to the mills that allows them not only to focus

Figure 1 Microlines



on increased lifetime but also to choose a blade that will give
them the possibility to improve surface quality and better reply
to the increased demands of the print shops.

Another development is the double-beveled blades, which
are very useful for different reasons when running stiff-mode
and in some special configurations, when running in the grey
zone between bent mode and stiff mode. This grinding tech-
nology requires a tough high-performance blade material to
ensure that the secand bevel comes to use and that it isn’t worn
out after a short time.

Materials:

Chrominm-based ceramics:

This material is part of the ceramic family. However, it has
chromium oxide instead of aluminum oxide as its base. With
the right blend you get a more homogenous and tougher mate-
rial. This blade material has opened up the market of fast
machines running under abrasive conditions, where the speed
is high ard low coat weight is applied.

LWC single-coated is a grade where historically most high-
perfarmance blades have failed due to the high wear rate of the
aluminum oxide blades, hence the use of the blades could not
be economically justified. With chromium-based materials the
chances to succeed are greater thanks to the lower wear rate.
Combined with double-bevel geometry the blades keep the
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Figure 2 Chromium-based ceramics
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original geometry for a longer time and the quality is more sta-
ble over time.

Metal-based materials:

This family consists of metal-based materials and the pro-
duction technique is different. The surface of the blade tip is
smooth and homogenous. Compared to aluminum oxide
ceramics, it gives a reduction in streaks and scratches on almost
all coaters were it has been run. The material is tough and wear-
resistant, the blade keeps its original geometry over time and
stable quality is achieved.

The main benefit with metal-based blades is the increase in
paper gloss; the low surface roughness and the even wear
results in low friction between the blade and the paper, enbanc-
ing a smoother flow under the blade, which improves the
pigment arientation.

The drawback with metal-based materials is that they are
sensitive to dry friction on some machines, when running at
high speeds.

A typical configuration in a board machine is a tougher
metal compound on the pre-coaters for longer lifetimes and a
finer compound on the top-coater for excellent quality and a
decrease in streaks and scraiches,

If we compare aluminum oxide with the new materials, we
can clearly see that the surfaces are more dense and homoge-
nous. The roughness is very low on the metal carbide surface
compared to the ceramics.

BTQ Crlpora S
EMT o Z000 v

Figure 4 Aluminium Oxide ceramic
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Figure 3 Metal-based materials
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Elastormer-based materials:

This blade type consists of a steel strip with an elastomer
edge that has a soft and compressible blade tip, which better
follows the paper topography. The fibre coverage is superior to
that of all other coating blades today and the soft material is
actvally very wear- resistant. The drawback with soft-tip blades
is that they are very sensitive to dry friction and require lubri-
cation., however, when well lubricated with coating colourwe
can hardly see any wear on the blade, even after very long run-
ning umes.

As menlioned, the main benefits are superior fibre coverage
and even paper smoothness in the CD direction over the web.

Multibevel concept:

The basic differences between running bent blade mode
and stiff blade mode:

When running in bent blade mode you work with low
angles, e.g. 5° and the hydrodynamic forces under the blade tip
dominate, while when working in stiff blade mode you work
with high angles up to 50° and the contact pressure is the dom-
inating force.

Bent blade mode:

Bent mode is suitable for machines running up to 1,000
mpm and with high coat weights. Higher speeds normally give
too high hydredynamic forces under the blade tip and it
becomes hard to control the coat weight.

100ym BT Eclecern 54
i EMT = 20008V

Figure 6 Metal carbides

The coating colourflow under the blade is high due to the
narrow space between the blade and the paper, the turbulence
at the blade is low and the dewatering zone is long, which
favors a better alignment of the coating pigments parallel to the
base paper, the pigment particles having time to orient properly
{see Figure 10). The pigment orientation gives an increase in
gloss; and the fibre coverage is better when running in bent
mode because of the blade’s ability to follow the structure of
the base paper. However, the flexibility of the blade makes the
profiles harder to control.

Stiff blade mode:

Stiff mode is more suitable for faster machines ruaning with
lower coat weights.

When running in stff mode the dewatering phase is abrupt,
the coating colour excess is doctored off and the flow under the
blade is lower due to higher angie against the web, The turbu-
lence and mixing of the coating colourat the blade limits the
time for the pigment particles to orient properly and gloss is
normally lower (see Figure 11). The blade doesn't follow the
structure of the fibres, which resulis in lower fibre coverage.
The profile control is easier thanks to less bending and flexi-
bility of the blade.

F ire 8 wa-angie, bent mode

s

Figure 7 Elastomer-based materials

Figure 9 High-angle, stiff ode



Which mode is chosen, is the paper maker’s decision and as
shown above there are both negative and positive effects for
both methods. In some cases, it is not possible to run in bent
mode, namely - as mentioned before - when the machine speed
is too high or when the coat weight is too low.

Double bevel concept:

This is a development mainly aimed at paperméakers running
in stiff mode and who cannot, or don’t have the intention to,
run in bent mode but who would like to increase the quality or
run ability of the coaters.

When running a traditional steel blade in a coater we know
that the wear rate is high. We also know that a steel blade is
much more forgiving then a high-performance blade. When
working with a steel blade the run-in time is short due 1o the
fact that the blade wears and shapes to the conditions fast and
the profiling is easier in the beginning of the run. With a high-
performance blade the wear is much slower, hence it is
important to find the right blade tip geometry from the begin-
ning. Most coaters are not perfectly straight in the CD direction;
with a steel blade this is not a problem but with a blade with
much lower wear rate this conld easily cause profile problems
because the blade will run on the heel in some positions. That
is why, when you grind a second angle on the blade, you move
the sharp heel further from the paper and the risk of running on
the heel is much lower.

The benefits of the double bevel blades are the short run-in
time and the forgivingness of not completely straight coaters,

Figure 10 bent blade mode

{less sensitivity to the straightness of the coater). Other bene-
fits more focused on the quality are:

- Good and stable profiles
- Fewer blade scratches

- Increased gloss

- Increased fibre coverage.

The second bevel prolongs the dewatering zone and pives
the pigment particles the proper orientation, which results in
increased gloss. The fibre coverage improves thanks to the
increased flow under the blade, which gives the coating colour-
the ability to follow the structure of the base paper. Generally
speaking, we cap say that we increase flow without bending the
blade too much and that the contact pressure is reduced (see
Figure 12).

The risk for scratch/streak problem is greater when running
in stiff mode. In bent mode operations, the flow has a tendency
to push the impurities under the blade tip. With a double bevel
the wedge between the blade and the paper opens up, which
gives the impurities a greater chance to pass under the blade
while the increased flow helps pushing them under the blade

tip.
Conclusion:

With the new materials and improved understanding of
what happens under the blade tip, papermakers can now also
focus on the quality parameters and not only concentrate on
the lifetime when using a high-performance blades. Obvi-
ously, the high-performance blade is more expensive than a
traditional steel blade and some sort of payback is necessary.
When talking about cost savings we peed to consider other
parameters than purely an increase in lifetime. Below are
some examples of papermakers using the new materials for
other reasons.

- Reduction of scratches when using a double bevel metal-
based blade. Savings on broke and claims.

- Even roughness quality in the CD direction when vusing an
elastomer-based blade. Savings on broke.

- Increased solids level when using a chrominm/ceramic-
based blade. Savings in drying energy and higher flexibili-
ty to make improvements in the coating colour.

The demands will continue to increase and blade suppliers need
to continue developing and increasing their knowledge of what
happens under the blade tip. These new observations described
here are a good and stable base for further developments.
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Figure 11 stiff blade mode
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Free Jet Coating Application — Recent
Experiences with “Closed Head’ Design

by
Paolo Rabito
PMT ltalia

Introduction

The advantages of the free jet coating application are well
known; the report aim is to discuss the free jet coating applica-
tion characteristics through the S-FLOW *“closed head” design,
developed by Mitsubishi Heavy Industries.

The used concept, different from the “conventional” open
type, assures a more stable, homogeneous and repeatable in
time jet structure; in addition it is very flexible and reliable for
the different production requirements, such as different coating

PAPER THREE

types, machine speeds, basis weights and sheet surface charac-
teristics.

Before analysing the results of coating application with
closed head, it is important to understand the technical-strue-
tural characteristics, that make this system stable, versatile and
reliable in time.

Figure ] shows the swainless steel body assembly; at the
upper end there are two lips that convey the jet 1o be applied on
the paper. One lip is fixed, while the other one is adjustable
through set screws.

Coating color chamber ' =

Nozle slot

Adjustable lip

Figure 1 Free jet lips and head design
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Thanks to the symmetrical coating feeding from both end
sides (see Figure 2) and to the free jet design, the coating
colour on the paper and subsequently the applied film is always
stable and vniform, allowing constant operating conditions.

Figure 3 shows a simulation of coating velocity inside the
free jet chamber: the absence of “dead zones” avoids the coat-
ing waste production.

The filters (see Figure 4) installed at both ends of the free
jet avoid the passage of possible coating grumes, eliminating
the possibility of disturbing the jet during machine operation,

In order to have a stable nozzle structure, the lips and the
free jet body are equipped with cocling chambers. They keep
the system clean during operation {see Figure 5).
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Figure 2 Free jet head feed system

Figure 3 Free jet velocity distribution
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Figure 5 Free iet cocling system




Figure 6 shows the parameters defining the nozzle structure
and position compared with the backing roll. As the lips are
fixed and straight, it is possible to adjust the nozzle opening
from 0.8 mm to 1.5 mm, acting as for adjusting the headbox
lip. The distance from the backing roll can vary from 5 to
15 mm.

Figure 7 describes the importance of the angle produced
from the coating jet and the paper. This adjustment possibility

is very important to obtain a constant jet and subsequently a
good coating application quality according to the machine
speed, to the coating formuiation and o the paper surface fea-
tures. The angle can vary from 40° up to 65°. The change of the
jet angle in relation to the backing rolf is guaranteed by two
mechanical jacks operated by electrical engines,

The uncoated edge is guaranteed with high precision
through provided devices (see Figure 8).
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Figure 8 Free jet seals
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Figure 9 shows the free jet installation on its whole.
Hydraulic cylinders and a lever system allows the body to
move from a waiting position to a working position or to a
maintenance and cleaning position.

In Figure 10 the parameters needed to obtain a stable jet and
a pood coaling guality, without back flow or skip coating, are
described. The optimisation of these parameters is performed
by mill according to the different coating types, paper surface
characteristics and machine speeds.

The experience achieved in Belgium demonstrated high
flexibility. Using the same equipment it is possible to apply dif-
ferent coatings at different machine speeds. Target paper
surface characteristics are also very different. Three years after
the installation, no problems of dirt inside the closed body have
been noticed during operation.

The experience in ltaly is similar from the point of view of
the flexibility and cleanness. In this case the application is even
more critical because some of the coating formulation are
absolutely not compatible. In the case of coating contamination

the paper would be rejected from the quality control, Follow-
ing the normal flushing procedure and using hot water, two
years afier the installation, no cases of obstruction or coating
contamination have been remarked

Conclusions

» The “closed head” design is simple to operate; few adjust-
ments are required.

s+ Better jet profile and stability, even at high speed, reduce the
danger of application faults.

* Easy to clean

* Reduced down time.

« [ts symmetric structure with a straight nozzle makes it very
accessible.

+ The possibility to adjust the jet angle during operation
makes it very versatile.

+ Seal efficiency contributes to keep clean the equipment dur-
ing the operation.

» Easy maintenance due to the simple design.

Figure 9 Free jet coater station
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New Technology to Measure the Parallelism

of Rollers

by

Keith Twigg

Pruftechnik Ltd

Martin Hummel, Matthias Ecker

Pruftechnik Alignment Systems GmbH

The alignment of rollers is referved to as a special art. Well
aligned rollers are vital to avoid wrinkles or tears in the mate-
rials involved in the coating or converting process. In addition,
rolls in printing machines, a possible further production step,
need to be parallel, if passers should fit. Production speeds
have been continuously risen over the years, at the same time,
material thicknesses are decreasing: there’s an ever greater
need for well aligned rolls.

This lecture presents a completely new procedure to mea-
sure the parallelism of rollers: Tt is based on the ring laser
gyroscope technology as used for navigation in the aerospace
industry. The measuring system developed by Priiftechnik
Alignment Systemns GmbH is called Paralign®, see Figure 1.

Figure 1: Paralign® device, containing three Ringlaser
Gyroscopes
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Conventional optical systems as e.g. theodolites require a
lot of time to perform a measurement. The necessary optical
line of sight from the machine axis to the rollers to be measured
can sometimes only be obtained by means of additional mirrors
and prisms. The repeatability of measurements is thus limited
or the measurement is even impossible.

Measurements with Paralign®, however, can be performed
within a fraction of time compared to traditional measuremenis
- indeed for all rollers to be measured as no optical line of sight
from the machine shaft to the rollers is necessary. Conse-
quently the time required to measure rollers within housings -
e.g. drying sections - is the same as for accessible rollers, Par-
align in use at a converting line is shown in Figure 2:

Figure 2: Paralign® measurement at a calender stack



NOTES
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The Fourth P; Power. How to Save it to

Make Money

by
Tim Klemz
Compact Engineering Ltd

News of rising energy prices has become commonplace
over the last year or so and increasing energy costs have been
held responsible for the closure of several mills in the UK over
the last 12 months.

Papermaking is an endemically energy-iniensive process
with large volumes of water requiring removatl from both the
substrate and any aqueous coating that is applied to the sheet
surface. With high wholesale energy prices, the ever-present
Climate Change Levy and distribution costs higher than else-
where in Europe, now is an excellent time to invest in energy
saving technology.

There are 2 number of methods of applying an agueous coat-
ing to a sheet of paper or board and the coatings are applied for
a number of reasons, normally either aesthetic or functional
and commonly a mixture of the two. Technological advances
are being made that allow the solids content of coating colour
to be increased, thus reducing the drying requirements. The
changes that are being made encompass both the physical
equipment required for the application of the coating as well as
the chemical components of the coating itself, where the theol-
ogy of the coating colour is modified to ensure good coverage.

Drying the water from the coating represents a critical phase
in the production of the coated product. If the drying regime is
wrong or performing poorly, the potential costs and subsequent
implications on profitability can be dire. Failure to dry coatings
effectively results in poor control of binder migration, which in
turn results in poor printability and a reduction in the visual
impact of the coated product. While sub-standard product can
be returned to the broke pit so that some raw material can be
recavered, the cost of the lost added value and machine time
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cannot be recovered and in a competitive marketplace operat-
ing on thin margins, not many mills can afford 1o manufacture
sub-standard product for long.

Modemn coating lines will generally incorporate a number of
different drying methods. The choice of drying system will
depend on the product being made, the coat weights, line speed
and purchase and running costs.

A comumon combination of drying types is infrared followed
by either hot air dryers or drying cylinders, with cylinders
being more prevalent on on-machine coatets.

In this paper we will look at the operation of the Titan short
wave infrared dryers from Compact Engineering and the running
cost reductions that Aéinekoski Paper Mill witmessed as a result
of removing their existing short wave infrared dryers and replac-
ing them with Compact Engineering Titan dryers and making
some improvements to the operation of their hot air dryers,

We will start with a brief introduction to infrared and some
of the physics that determines the properties of infrared and we
will then look at the Titan dryer and how the design of it com-
bines the benefits of high-intensity infrared with an active
boundary layer management system to provide an efficient
means of mass transfer. We will also look at the role that
infrared plays in the chosen drying regime and examine some
results from Aznekoski and then draw some conclusions.

Infrared: A brief introduction.

Infrared is a small yet significant part of the electromagnetic
spectrum sandwiched between microwaves and visible light
(Figure 1). The infrared area of the electromagnetic spectrum
is further sub-divided into three distinct bands of infrared,
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Figure 1. The electromagnetic spectrum
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identified as long wave medium wave and short wave (or far,
mid and near [R) with the distinction between each band being
determined by wavelength (Figure 2). The temperature of the
emitter determines the wavelengths of infrared, with the hottest
emitters producing the shortest wavelengths and consequently
the highest energy densities. As a result of this, it is only the
medium and short wavebands that are of interest to paper mak-
ers as they are capable of wransferring the maximum amount of
energy per unit area and we will focus on the application of
short wave infrared.

The total radiant heat from an emitter is calculated using the
Stefan-Boltzmann Law that is essentially an integration of Max
Planck’s Law for emissions at all temperatures. The Stefan-
Boltzmann Law states that the radiant heat from 2 body with an
area A=AxExT'xo

Where € is the emissivity of the emitting body.

T is the absolute temperature of the emitting bedy and

o is the Stefan-Boltzmann constant = 5.67 x 107~ (Wm~K4)

It can be seen that the temperature of the emikter has 2 pro-
found effect on the total energy emitted and if the wavelength
of the radiation being emitted was not important then the opti-
mum lamp design would be one that ran at the highest possible
temperature. However, wavelength plays a vitally important
role in heat transfer by radiation as heat transfer by radiation
occurs when the frequency of the incoming electromagnetic
wave is the same as or close to the natural resonance of the
inter-atomic bonds within the structure being heated. The
closer the match berween the emission frequency and the
absorption characteristics of the solid being heated then the
radiation is more readily absorbed and less of the emitted out-
put is either reflected or transmitted.

The relationship between the absolute temperature of the
emitter and the peak wavelength of emission, A, is given by
Wien's displacement law, where A T = constant. If A, is
expressed in microns then TA, = 2898 Therefore, if an emit-
ter has a running temperature of 2450K then the corresponding
peak wavelength will be 2898/2450 = 1.18um as is the case
with commercially produced lamps.

Short wave infrared is that part of the electromagnetic spec-
trum that occupies the waveband between 0.76ym and 2um
corresponding to emitter temperatures of between 3800K and
1450K and it is always generated using tungsten-halogen
lamps that use electricity as an energy source.

INFRA-RED WAVELENGTHS
N WAVELENGTHS DEVELOPED
BY COMPACT LAMPS,

Visible |Short | Medium 7

Ught |waveir |wavelr 2ong wavein

038 078 20 40 1,000
¥ Wavelength microns
X Ray uv Htg Infra-red Radio

Electromagnetic spectrum

Figure 2. Wavebands of infrared
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Tungsten is used as it is capable of withstanding the high
temperatures demanded in generating the shorier wavelengths
of infrared radiation and the halogen is added to prevent the
tungsten that is evaporated from the filament from condensing
on the inside of the quartz tube.

Bearing in mind the relationship between the wavelength of
the radiation and the absorption characteristics of the solid
being heated, it is important to geoerate wavelengths of
infrared that are going 1o be absorbed by the cellulose fibre in
the sheet and the components in the coating colour. Neither cel-
julose fibre nor most coating ingredients will absorb any
radiation that is shorter in wavelength than 1.30um so generat-
ing shorter wavelengths of radiation is expensive and wasteful.

At Compact Engineering, we manufacture our own emitters
that are specifically designed to transfer energy to the heart of
the sheet and they work at a temperature of 21 50K praducing a
peak wavelength of 1.35pm. The choice of 1.354m as a peak
wavelength is so that the energy is able to penetrate deep into
the sheet structure, If the wavelength were any shorter, too
much energy would pass straight through the sheet. Generating
the correct wavelengths of infrared is important when drying
coatings as the infrared has two functions to perform. Firstly, it
is required to increase the vapour pressure in the sheet structure
and secondly, it is required 1o heat the water in the coating. The
waler in the coating will preferentially absorb medium wave
infrared with a wavelength between 2pm and 4um and over
80% of the energy is absorbed in the first 20pm of the film
thickness.

On sheets where the combined thickness of sheet and coat-
ing is less than 20pm, medivm wave infrared generated by
burning gas is an acceptable source of heat. As the sheet thick-
ness increases, the proportion of shorter wavelengths has to
increase to penetrate the sheet. Failure to heat the sheet results
in their being too little resistance to the water in the coating that
will move in to the sheet as it is warmed and its viscosity
reduced.

The unique lamp design allows the optimum wavelengths of
infrared to be generated while running the emitters at either
2kW or 5kW each depending upon both design and require-
ments.

Table 1 below, shows the importance of running emitters at
the correct colour temperature to ensure the generation of the
preferential wavelengths of infrared. In the above table it is
possible to see that there is a large proportion of energy that is
available to be absorbed by the cellulose fibre in ihe sheet and
the components in the coating colour from the energy emitted
by the Compact Engineering lamps. In fact, just over 75% of
the total emissions from an emitter running at 2150K (1.35um)
are available to be absorbed by the sheet compared to around
60% from the industry standard lamp running at 2450K
(1.18p¢m). The shorier wavelengths are not only unavailable to
heat the sheet as they are transmitted but they are expensive in
kilowatt terms 1o generate, as they are higher energy waves.

Wavelength range | % Of total energy | % Cf total energy
{um) at 2450K at 2150K
Short of 1.4 41 K|
1.4t0 2.5 37 42
2510 3.6 14 17
Long of 3.6 8 10

Table t Percentage of total output at different wavelengths
for emifters running at different temperatures for a
KW lamp.



Increasing the proportion of emitted energy that can be eas-
ily absorbed by the sheet is clearly of interest, but there are
ather considerations 10 be taken into account, especially when
drying coatings. The fact that the frequency of the incoming
wave does not have to be a perfect match for absorption to take
place can be used 1o great advantage. Generating infrared from
an incandescent scurce results in a relatively broad waveband
of infrared being emitied rather than a single wavelength. This
in effect means that the coating and substrate are heated and the
coating is effectively dried from the interface berween the sheet
and the coating. This is beneficial for the control of binder
migration and we will look at this again later in the paper,

The Titan dryer

The Titan has been specially designed for modem high-
speed coating applications, It is capable of applying a large
kilowart density to the sheet, with each frame being able to
apply 333kW/linear metre, which is the equivalent of
530kW/m®. The Titan uses special 5kW lamps that have a
heated length of 600mm and the total machine direction length
of the dryer ranges between 780mm and 850mm depending on
the air handling system used.

Generating the correct wavelengths of infrared is just the
start of successful drying, Coating colour is formulated to
reflect light so that the printed image is shown with the best
possible definition. This is great for aficionados of the printed
image but rather bad news for manufacturers of infrared dryers
who want the coating and the underlying sheet to absorb their
infrared. Infrared, being closely related to visible light behaves
very much like visible light and is reflected by many of the
same elements. Thus ingredients in a coating colour, such as
titanium dioxide, that are inciuded because of their reflectivity
of white light, increase the reflectance of infrared too.

To compensate for this high degree of reflection from the
surface of the coated sheet, it is important that the design of the
infrared dryer takes this possibility into consideration,

The Titan dryer benefits from a series of planar reflectors
that are set behind the lamps, The reflector bodies are coated in
a special gold formulation that exhibits superb reflection char-
acteristics of infrared and they are angled to maximise
absorption by the coating. This reflects the radiation back to the
sheet at the original wavelengths until absorption takes place.

The reflectors behind the famps ensure that the majority of
the primary radiation is presented to the sheet at as close to 90°
as possible as this enhances the rate of absorption. Careful
management of the reflected radiatian and using reflectors to
direct the primary radiation towards the sheet so that the opti-
mum incident angle of 90° is maintained can increase the
overall efficiency of an infrared dryer. A typical sheet will
reflect as much as 60% of the radiation initially presented to it,
but the energy used to generate this radiation need not be lost
from the overall drying equation. Absorption of radiation is not
an instantaneous event and although the infrared is being pre-
sented to the sheet at the speed of light, the cellulose fibre is not
necessarily able to absorb all the energy at this rate, hence a
degree of reflection.

There are a number of factors that should be taken into con-
sideration when manufactring an cffectjvt__:_!;cflcctor. The first
factor concerns the materials used to provide a reflective surface
and suitable subsirate. By far and away the most common mater-
ia] used is gold. Although it is relatively expensive, it is an
inherently good reflector of the wavelengths of infrared that we
are concerned with, is a good conductor of heat that is not
reflected and above all it is maintenance-free as it will not tarnish.
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The second factor that ought to be considered is the physi-
cal shape of the reflector as the incident angle of the radiation
plays a role in the rate of absorption. It is a well-documented
fact that the maximum absorption by a body of infrared will
occur when the radiation is presented at 90°, or normal, to the
sheet surface. Lambert’s cosine law quantifies the loss of
absorption of radiation through reflection by determining that
if the receiving surface is moved away from the normal by an
angle 6 the intensity of the radiation received is proportional to
the cosine of the angle @ between the normal to the surface and
the direction of the radiation.

If the coated sheet is relatively lightweight and there is a
possibility that some of the incident radiation may be transmit-
ted and pass through the sheet, a passive reflector is installed
opposite the infrared emitter on the vncoated side of the sheet.
This reflector alse benefits from Compact's cold gold and the
orientation of the reflector plates ensures that the radiation
stays within the confines of the dryer where it will contribute
to the heating phase of the drying cycle. Infrared radiation lost
from the confines of the dryer and scattered around the mill is
a waste of energy and should be minimised.

The lamps and gold reflectors have to be protected from the
dirty environment found around coating stations and to achieve
this, the Titan uses Quartz Protection Tubes (QPT). The QPT is

- a callection of hydroxyl-free quartz tubes that are installed so

that they form a continuous sheet of quartz across the front of
the dryer. The fact that they are hydroxyl-free means that they
are practically invisible to the wavelengths of infrared that the
lamps emit and so they absorb very little infrared. This is ben-
eficial as it means that useful radiation is not being filtered out
of the system, and also means that the front of the dryer does
not run 0o hot, so will not pose a fire risk. In fact, the dryer
face cools to touch within 2 seconds.

There are two benefits of using QPT as a method of protect-
ing the internal workings of the dryer. Firstly, they are very cost
effective and secondly, they are strong yet use less material
than a plate. This means that there is less quartz to absorb the
infrared from the lamps and this helps keep the face tempera-
ture down,

Applying heat 1o the sheet and the coating is not drying it is
merely heating. Evaporation is a cooling process and evapora-
tion is the mass transfer of water vapour from the sheet and or
1he coating. To achieve commercially acceptable levels of mass
mransfer, the water vapour in the coating needs to be given some
encouragement that extends beyond the application of heat.

The boundary layer must also be considered. The bound-
ary layer is a lubricating strip of air between the moving sheet
and the reiatively static surrounding air. At the interface
between the sheet and the air the boundary layer has a veloc-
ity that is virtually the same as the sheet, so the air in the
boundary layer appears stationary relative the sheet. This
means that as the water vapour moves from the coating to
evaporate it encounters a stagrant air mass, which becomes
saturated quickly.

For effective evaporation to take place, a vapour pressure
differential needs to exist between the area where the water
vapour 1s and where you want it 1o go, with a higher vapour
pressure existing where the water vapour needs to be removed
from. When the boundary layer becomes saturated, the vapour
pressure differential between the coating and the surreunding
air reaches equilibrium and evaporation stops and the sheet and
coating heat up.

The Titan dryers berefit from active boundary layer man-
agement facilities that scrub the boundary Tayer from the sheet



surface as the sheet enters (he dryer and replace it with a dry air
streamn of low relative humidity. This creates room for the
water vapour liberated from the coating to move Lo as the coat-
ing is heated. At the exit to the dryer the now saturated
boundary layer is removed from the sheet surface and again
replaced with a low humidity air stream that allows evapora-
tion to continue in the machine direction,

The air used for the mass transfer is used to cool the inter-
nal workings of the dryer so the heat picked-up by the air as it
passes aver the hot components in the dryer is not wasted but
used to great effect in maximising the mass of water removed
per kilowan consumed.

Irradiating the sheet with infrared and heating the coating
from the sheet-coating interface while keeping the coated sur-
face cool by ensuring the perpetual removal of water from the
coaling not only saves money due (o being an efficient way of
removing water, but it serves to deliver excellent quality in the
finished product too. -

The length of the dryer in the machine direction and the use
of the active airflow to remove the water vapour mean that the
majority of the water required to be evaporated in order o
imrnobilise the coating is done in a single pass. This strategy
keeps the water vapour on the move and delivers a high degree
of control over the potential migration of the binders in the
coating.

If the coating is allowed to overheat and the surface of the
coating becomes sealed due to the temperature induced
cross-linking of the latexes in the coating then the water
remaining in the coating will seek refuge in the sheet struc-
ture. When this happens, some of the binders that hold the
coating in-situ on the sheet surface are taken with the water.
This results in the appearance of mottle and more impor-
tantly dusting from the sheet surface, which plays havoc with
effective lay down of ink during the printing process. A
booked sale returned from a customer is very expensive
recovered fibre indeed!

The Titan's active air management system and the fact that
the coating is dried from the base up, with a high vapour pres-
sure being created in the substrate means that the water vapour
is encouraged to flow from the coating to the atmosphere. The
high vapour pressure in the sheet structure provides a partial
barrier to the uncontrolled ingress of water from the coating.
The combination of high intensity heating and aciive air
impingement provide a very useful tool in the contro] of binder
migration.

Controlling binder migration offers some very real cost-sav-
ings. First of all there is the possibility of reducing expenditure
on chemistry due to the ability to control the binders with the
infrared dryer. Secondly, the output from the infrared dryers is
flexible and can be run in a closed loop linked to a scanner.
Changes to the required energy output are nearly instant guar-
anteeing minimal losses through quality issues with the drying
output flexing automatically to accommodate any variation in
drying requirement. Monitoring the coat dryness and using this
information to drive the infrared dryers maximises the energy
efficiency as well as quality control.

As discussed earlier, one of the most pressing issues of the
day is the rational use of energy. Saving energy has some envi-
ronmental benefit, but on the whole, shareholders care more
about enhanced shareholder value and saving energy pays div-
tdends, literally.

As an example of the potential benefits we will look at the
installation of Compact Engineering’s Titan infrared dryers at
the Atinekoski paper mill belonging to m-real.
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m-real Adinckoski Paper Mill

The off machine coater at Adnekoski is 3900mm wide and
runs at speeds of between 720m/min and 1100m/min on grades
of between 115gsm and 300gsm. The original infrared dryers
were manufactured by IRT and were instafled with the coater at
the end of the 1980's, The off-machine coater has two coating
heads and the sheet run is the same through each coater. Prior
to the re-build, the sheet left the coater vertically and ran
through two frames of infrared with reflectors on the uncoated
side of the sheet and into a hot air dryer with a length of
approximately 1800mm. The sheet then turned around a roll
and went through a second hot air dryer with a length of
approximately 3000mm and then round another tumn roll and
through a second set of infrared dryers and reflectors before
going through a third hot air dryer, MD length 1800mm. The
sheet then went around another roll towards the next coating
station as seen in Figure 3.

The re-build involved the renovation of the first and third
hot air dryers and the result of the re-build was an increase in
their moisture removal capability by the order of 30%, the mid-
dle hot air dryer was left untouched. The re-build zlso entailed
the removal of the infrared drying frames and associated reflec-
tors immediately after the coater and the removal of the two
infrared dryers and reflectors that were installed afier the sec-
ond hot air dryer.

The Titan dryer frame and associated reflector were
installed immediately after the coater where the first two
infrared frames were previously located.

The layout for the second coating station is very similar to
the first and the rebuild followed similar lines.

In this example the Titan dryers have been installed specifi-
cally as heaters to provide all of the sensible heat input to raise
the coating temperature to the constant rate temperature before
the sheert enters the hot air dryers,

The action of the Titan dryer appears to make the water in
the coating more available to the hot air dryers than anticipated.
The results below are the initia) results gained by the mill
immediately after the system was installed and the mill has
reparied better energy savings since these results were collated.

Results following the re-build.

The installed capacity in kilowatts prior to the re-build was
1963kW per coating station. Following the re-build this was
reduced to just 1300kW per coating station, a reduction of
33%.

The lightest sheet that is made on the line is 115gsm and this
is produced at around 1000m/min. Prior to the replacement of
the infrared, the first coating station required, on average,
507kW and the second coating station 506kW. These figures
have been reduced to 323kW and 322kW a saving of 36%.

On a medium weight sheet of 150gsm, also produced at
around 1000m/min. the previous average power inpul was
947kW and 896kW per coating station. These figures have
been reduced to 729kW and 713kW an average reduction of
just over 20%.

On the heavier weights, the reduction was around 30% with
average energy being reduced from 1015kW on the first station
te 701kW and from 970kW on the second station to 659kW
while drying a 250gsm sheet at 722m/min.

The mill generates electricity locally via a combined heat
and power plant and is able to buy the power at 3.5cents/kWh.
There is an opportunity cost associated with this arrangement,
as the power can be sold locally for twice as much if, it is not
consumed by the mill.
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The saving in energy can be directly translated into an
additional income stream assuming that the system is run-
ning for 8000 hours per annum or 22 hours a day. The lowest
energy saving is on the lightest weigh sheets and this
amounts to approximately €206,000 per annum. On the
heavier weight sheets the potential increases to €350,000 per
annum.

The installation at m-real A#nekoski utilised much of the
existing equipment from the previous infrared dryer installa-
tion and so represented a low-cost method of cost reduction.
The payback period on the invested capital, using the cost sav-
ings as the only means of amortising the capital expenditure
and using the initial resulis as the performance criteria, is
around 300 days. In light of recent anecdotal evidence from the
mill, the new performance levels are better and these would
reduce the payback time to nearer 210 days.

The mill is still experimenting with the Titan dryers and
optimising the balance between (he use of the infrared dryers
and the after dryers and as a result the total energy being con-
sumed by the infrared is falling.

Conclusion.

It represents a great leap of faith by the mill to have invested
in a technology that shows such a reduction in energy require-
ment. In reducing the power available to be applied to the sheet
Compact were essentially removing any contingency plan that
the mill may have wanted, should the projected improvements
not have materialised.

However, the success of the project only goes to show that
those mills that are prepared to take a perceived risk and make
an investment in the most modern technology will be the same
mills that are rewarded with superior returns on invested capital.

There is no immunity from risk for any corporation and fail-
ure to embrace managed risk in the form of investing in new
technologies only exposes companies to the far greater yet
unappreciated risk of doing nothing.

Saving energy should be an obvious target for most mills as
it is environmentally responsible and fiscally astute. While
many companies make much of their environmental creden-
tials, it is inevitable that shareholders are most interested in
enhanced shareholder value, or more prosaically, money.

Hiting bath targets at once is a boon for everyone involved.

NOTES
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Design of Coating Structure for Flexographic

Printing

by
Janet Preston, Anthony Hiorns,
D.J. Parsons
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Abstract

In flexo printing, advances in plate making technology and
pre-press have improved the quality greatly and allow flexo
printing to compete effectively with rotogravure and offset
quality. Substrate requirements include the comect surface
topography and porosity to enable good transfer of the ink to
the surface. The surface energy of the substrate may need to be
altered to ensure good wetting of the ink, with no reticulation.

This study investigates the infleence of different pigment
types, binder levels and calendering conditions on the structure
of board coatings. Specifically the influence of calendering
conditions on topography, surface porosity and absorbency are
considered, The board samples were then printed using a labo-
ratory flexo printer and the print characteristics studied.

Selected samples were submitted for sectioning using a
Focussed lon Beam (FIB). This enabled the penetration of the
ink into the coating layers te be visualised.

Introduction

Flexographic printing is an expanding printing technology,
its growth being partly linked to its increasing use for printing
packaging materials in combination with its much improved
print quality and versatility. The main areas of growth have
included pre-printed corrugated board™.

In Europe, the flexography market share was 45% in 1990
increasing to 50% in 1995 and was forecast at 55% for the year
2000%. It is now the dominating process in packaging. Over
90% of the post-print corrugated market is held by flexo and
95% of the pre-print market™,

Trends in packaging include the increasing number of
colours used™, and also an increasing share of printing carried
cut by UV curing flexo inks®. The growth of the UV market is
largely attributed to environmental reasons®™# but its versatil-
ity and ability to print on almost any substrate are probably also
drivers for its growth"”. There are some documented problems
such as slight odour, lower colour intensity, gloss and abrasion
resistance”, There is a strong trend towards ‘point-of-sale’
printed products, especially in the linerboard sector'+'>'%,

The key developments in the flexo printability, have
occurred from the 1970's to current day, include computerisa-
tion of almost all press functions, improvements in narrow and
mid-web sleeve technology (1990's), gearless direct drive tech-
nology and new plate making systems {1990-2000). A modem
flexo press may print up to 12 colours simultaneously at 2 res-
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olution of 175 lines per inch and at a printing speed of up to
600 m/min®".

Flexography is a versatile process which is used to print a
wide variety of substrates, making it more difficult to sum-
marise concisely the requirements of the substrate for good
print runnability and quality. Both surface energy and topo-
graphical aspects of the substrate are discussed in the literature.
Aspler er al studied the surface chemistry of different surface
sized liperboards using inks with different polarites. They
showed that surface chemistry of the board was a less impor-
tant feature than its formation and topography for obtaining
good print quality, The polarity of the ink however had a sig-
nificant influence on its rate of penetration. When a
commercial ink with a low polarity and surface tension was
used, the surface sizing acted purely as a mechanical barrier to
ink penetration. However when a high polarity and high sur-
face tension ink was used, the paper surface size had a
considerable influence, preventing transfer of the ink and low
print density.

However in work by Mesic er af'® there was little difference
observed between the print quality observed from printing with
surfactant modified ink, or ones which had no surfactant ireat-
ment. In this work it was shown that Corona treatment of the
substrate improved both the print quality (spreading rate of the
ink on the surface was faster giving better full tone printing)
and also the ink rub resistance. The topograpby of the surface
was also shown to be an important parameter in obtaining a
homogeneous ink film layer and less mottle and unprinted
areas. Rentzhop!"® studied the influence of water based flexo
ink parameters on the print quality of printed PE coated board.
She found that ink transfer correlated well with the ink plastic
viscosity and surface tension, and that the most transfer was
achieved at intermediate values of these. Print mottle was
mainly caused by ‘dewetting’ of the ink, which then forms
tivulets on the board surface. Print mottle was decreased by
increasing the solution polymer content of the ink, which
served (o increase the low shear viscosity and decreased the
surface tension.

Methods to evaluate topography and its relationship to flexo
print quality were comprehensively discussed by Barros"”. He
used an optical imaging technique ‘OptiTopoTM’ to determine
the topography of the linerboard and its relationship to the print
quality. He determined the size of surface depressions in the
substrate which led to bridging of the ink across the substrate



leading 1o local uncovered areas. These were visually observed
as white areas and were detrimental to the visual appearance of
the print. Good recent reviews of the flexographic process are
included in Rentzhog 2006 and Barros 2006¢™.

In this study, a number of different pigments have been used
to coat a white top board using a range of latex levels. The
coated boards were then finished using two different calender-
ing regimes. The aim of the work was to study the influence of
these different parameters on the surface porosity of the coat-
ing and the priotability. Measurements of printed dot area, print
density and Focussed Ion Beam (FIB) determination of ink pen-
etration were used to determine the distribution of the ink in the
printed state.

Experimental

Materials

Four carbonates were selected which varied in their particle
size distributions, and were coated at a range of binder levels
onto a white top board using a HelicoaterTM blade coater with
a pond head and stiff blade. The coatings were made at their
maximum runnable solids content.

The pigments used are detailed in Table . These pigments

a nip on the IGT press at a speed of 0.5 m/s. The length of the
stain gave an indication the porosity of the coating.

Imaging reflectometry

The Imaging Reflectometer is a new instrument for quanti-
tative analysis of surface optical reflectance and appearance.
The instrument uses imaging technology to map the 2D angu-
lar distribution of light forward scattered from surfaces in the
range + 10° about an angle of incidence of 75°. The measure-
ment geometry is applicable 1o most coated papers. Various
features of the distribution of scattered light may be calculated
(most commonly the distrfibution width which is a characteris-
tic of surface waviness), The technology was originally
described in papers by Gate & Leaity™ and Gate & Parsons®™".
More recent work using the Imaging Reflectometer has been
reported by Elton & Preston®, and Preston & Gate®™.

The reflectometer uses polarised light at two wavelengths to
determine other surface properties, principally refractive index
(a sensitive measure of surface composition) and optical rough-
ness™ (roughness features < wavelength of light).

were combined with Dow 920 latex at a range of levels (9, 12,
15 and 18 pph). Ash (%) 4.2
As a second part to the exercise, blends of the PCC and 3 B'ness (D65 with -400 nm UV filter) 74.3
clays were also made at a ratic of 80:20 PCC:clay at a laex Y'ness (D65 with —400 nm UV filt 21
content of 12 pph. The properties of the white top liner board (D85 w il :
are given in Table 2. L* (D65 with —400 nm UV filter) Ba.5
The boards were 1ested in their uncatendered state and LISiIIg a* [Dss with =400 nm UV ﬁ"er) —0.36
two different calendering temperatures (80°C and 140°C), "
using a soft compact calender (EP-210 laboratory calerder b (D85 with —400 nm UV filter) 1.21
from Enfoplan OY, Finland) at 40 m/min and 1 nip.
The pressures were selected to give 50 gloss with the ultra- -
fine GCC coating containing 12 pph latex (50 kN/m at 80°C and B'ness (D65 +UV) 745
25 kN/m at 140°C). Y'ness (D65 +UV) 2.3
*
Paper testing L (D65 +UV) 89.6
An DataColor Elrepho 3300 was used to measure the opti- a* (D65 +UV) -0.35
cal characteristics of the papers both using D65 illumination, N
with and without a 400 nm UV filter. Paper brightness, white- b? (D65 +UV) 13
ness and L,a,b were measured, A Parker Print Surf was used to CIE Whiteness (DES +UV) 69,3
measure roughness at a pressure of 1000 kPa. TAPPI 75° gloss PPS (0/S) 1000 kPa / um 823
was measured using a Hunter glossmeter. A Gretag densitome-
ter was used to measure the print densities. The absorbency of PPS (1/8) 1000 kPa / ym 5.2
the coatings were measured using a stain length test on the IGT Density (a/cm?) 0.843
printer apparatus. A controlled volume (~6pi) drop of
Dibutylphthalate, with Sudan red IV dye was applied from the Caliper (um) 166
syringe to this disk, and then transferred to the sample through Table 2. Basepaper properties
Pigment Pigment Sedigraph Sedigraph
Brightness D65 Mass <1pm content (%) Mass <0.25um content (%)
Ultra fine GCC 92.9 87 33
Fine GCC 93.8 77 27
Narrow PSD GCC 95.3 86 19
PCC 98.7 94 1
Platey kaolin 87.5 74 24
Fine platey kaolin 88.4 a8 45
Fine blocky kaolin 88.8 93 72

Table 1. Pigment properties
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It has been shown previously that the RI value measured by
the reflectometer gives an average of the Rl of the components
under the beam™™, If a surface contains a large proportion of
air, this is seen as a lower RI. The technique has also been
shown to be very surface sensitive, only probing the top few
microns of the surface to be studied®™. The RI has often been
found to correlate with the micro-roughness of the substrate,
which in tumn is influenced by the pigment particles in the coat-
ing layer and the finishing of the surface.

Printing

The print testing was carried out using a RK Flexiproof 100
print tester. The print forme was designed to have two different
screen rulings (20 and 40%) and a solid 100% coverage area.
The prinis were made using a water based ink at a speed of 50
m/min. The test forme is divided into two portions, which are
printed with two different anilox rollers (6 em’m® and
5 em¥m?).,

The print gloss of the solid area was measured, and the print
density was determined for the 20, 40 and 100% areas. Dot size
evaluation was carried out on the halfione arcas.

Focused ion beam, FIB

An FEI FIB201 gallium focused ion beam instrument at the
University of Bristol was used for sectioning and high-resolu-
tion imaging. The instrwment can produce a 30 keV gallium ion
beam of between 7 nm and 300 nm in diameter using beam cur-
rents of 1 pA and 12 nA respectively. A platinum
organometallic gas injector allows deposition of platinum over
selected areas of the sample, which pratects the top surface of
the sample during ion milling. For sample sectioning, a large
ion current was used initially to remove a staircase-shaped
trench. A finer beam of lower current was then used to *polish’
the larger vertical face of the trench. This was done by scanning
with the beam in a series of parallel tracks from the bottom to

the top of the trench. The sample was then tilted 10 45° and the
polished face imaged using the same ion beam (at a much
lower beam current to achieve high resolution). The image
below shows the geometry of the FIB ‘trench’ and the images in
the results section are taken from the rear wall of this trench,
viewed from above at an angle of 45°.

Results
Paper properties

The influence of pigment type and binder level for the
140°C calendering condition on the gloss and whiteness of the
paper are shown in Figures I and 2, and the brightness and Pps
roughness in Figures 3 and 4.

The addition of latex can clearly be seen to influence the
gloss of the board; a decrease in gloss with more latex occurred
for every pigment. Calendering obviously raised the gloss of
the surface. A very slightly higher gloss was observed for the
samples which were calendered at a higher emperature and
lower nip pressure. In terms of the coating pigment, the PCC
coated board had the highest gloss, followed by the Narrow
PSD GCC. The fine GCC coating clearly had the lowest gloss.
These same rankings were observed in the brightness and
whiteness measurements. Addidon of more latex resulted in a
decrease in the brightness and whiteness of the coatings as
would be expected. However the calendering of the samples
had little impact on the brightness or whiteness. The macro-
roughness as measured by the PPS, increased slightly with
increasing latex content.

Imaging Reflectometry

Figures 5 - 8 show the reflectometry results obtained for
these coatings as a function of latex level, In Figure 5, it can be
seen that there is a large difference in effective RI of the differ-
ent pigment coatings, indicating differences in the surface air
content of the coatings. The PCC coating has the lowest effec-

FIB Sectioned paper - an example

Focussed Gallium ion beam used to slice through the surface

ﬁ Surface of ink/paper

Pt deposit
Sectioned ink layer

Sectioned paper

Example of a FIB section of a printed uncoated paper
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Figure 2, Whiteness (D65 with 400nm UV filter) of calcium carbonate coatings at 4 binder levels
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Figure 4, PPS (1000 kPa) roughness of calcium carbonate coatings at 4 binder levels
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Figure 5. Effective Rl of coated surfaces with varying latex level, showing targe differences between different pigments, and
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slight increase with increasing binder level.
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Figure 7. Reflectometer macro-roughness of coated surfaces, showing lower roughness for the narrow PSD pigments. Little
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tive RI {most porous), the narrow particle size distribution GCC
coating is the second most parous coating and the two finer,
broad particle size distribution calciom carbonates had the
most closed surface in terms of surface air content. Calender-
ing of the samples reduced the surface air content, probably by
lowering the surface micro-reughness, compared to the uncal-
endered samples, but there was no real difference in the RI
values for the two different calendering conditions.

Interestingly the additdon of increasing amounts of latex
results in a small decrease in RI, This is probably due to a slight
increase in micro-roughness of the coating on the addition of
more latex. The correlation between the micro-roughness and
the coating refractive index is shown in Figure 9. However,
larger differences in RI and micro-roughness are superimposed
on this plot when studying the different pigment and calender-
ing systems. This increase in the surface micro-roughness is
also likely to be responsible for the decrease in gloss, as the
macro-roughness is not shown to change significantly (PPS
Figure 4 and reflectometry Figure 7). Results such as the stain
length (Figure 10) show that the bulk porosity of the coatings
are indeed decreasing significantly on addition of latex.

The Imaging Reflectometer gloss results (Figure 8) show
similar trends to those obtained from the Tappi glossmeter. The
high gloss of the PCC coating is a result of both low micro and
macro-roughness values.

Stain length

In all cases the higher temperature and lower pressure cal-
endering has resulted in a longer stain length, indicating a more
closed surface.

The stain length for the 140°C calendering condition is shown
in Figure 10. The trends for the two calendering conditions were
very similar with respect to the pigment in the coating layer. It
can clearly be seen that the PCC coating was the most porous and
has the shortest stain length. The narrow paniicle size distribution
GCC is the second most porous sample as would be expected, and
the broad particle size distribution carbonates give the most
closed surface. As these coatings were made onto board, it was
not possible 10 measure the porosity using mercury intrusion
porosimetry, However previous data have clearly shown that for
carbonate coatings, the pore size is a function of the average size
and steepness of the particle size distribution, and that the pore
volume is simply a function of the steepness.

Print Results

The samples were printed on the RK Flexiproof printer. In
Figures 11 and 12 the print gloss and delta gloss results are
shown for the 140°C calendering condition. The print gloss
generally increased with binder content, despite the fact that
the sheet gloss decreased, so it appears that print gloss in this
instance is more dependant wpon ink absorption, than on the
sheet gloss.

Dot analysis

The dot perimeter gave a good measure of the ink spread
and as shown in Figure 13, correlated reascnably well with the
print density, larger dots giving a higher density as would be
expected. The influence of latex level and pigment type can
also be observed. As the binder is increased from 9 pph to 18
pph both the print density and dot perimeter clearly increase.

Relationship between surface micro-roughness and Rl
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Effective RI

Figure 9. The retationship between micro-roughness and Rl for each pigment type, when combined with varying latex lev-
els. Increasing latex content, resulls in a slightly higher micro-roughness and a lower RI. Larger Rl differences are seen
between different pigment types.
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Figure 10. Stain length for 140° calendering temperature. Increasing binder, reduces bulk porosity and increases the stain
length.
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Figure 11 Print gloss of samples calendered at 140°. Increasing print gloss observed with increasing binder content -
despite a slight reduction in sheet gloss, dug to improved ink hold out.
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This is the case for both the PCC and the Ultrafine GCC coating.
The more porous PCC coating also has a lower print density and
smaller dot perimeter than the Ulrafine GCC coating, when
compared at the same binder level.

A summary of the printed dot results is given in Figure I4.
The increase in binder content clearly results in a higher print
density for the same ink coverage area, The pigment types fail
into 2 groups, the samples which are more closed and less
absorbant (Ultrafine GCC and GCC), and those which have a
more porous structure and consequently a lower print density
(PCC and Narrow PSD GCC).

FIB analysis of ink penetration

Selected samples were analysed for z direction ink penetra-
tion using the technique of focussed ion beam, Sections were
made through a printed dot of the printed Ultrafine GCC and
PCC coatings which contained @ pph latex. In Figures 15 and
16 the ink penetration can be observed for each of these coat-
ings. There is a quite low amount of ink penetration, and it is
probably only the ink pigment and the resinous binder which is
being seen, as the water solvent would not be imaged using this
technique. However but it can clearly be seen, that it is greater
for the PCC coating. There is also a thinner amount of ink
remaining on the paper surface, and this would relate to the
lower measured print density.

Addition of Kaolin

In practice, sole pigments are rarely used in a coating for-
mulation and using a blend of different minerals is often the
most practical approach for optimisation of coating and
printing properties. For this reason blends of 3 different part-
ner clays were made with the PCC pigment at 12 pph binder
level.

Table 3 summarises the paper properties for all of the pig-
ment combinations at 12 pph binder.

There is a slight synergy observed for the PCC / platey kaolin
pigment blend with an slightly higher brightness and white-
ness, probably due to increased light scattering from disrupted
particle packing.

Addition of a partner clay to the PCC has resulted in a [ower
macro-roughness than the 100% PCC and a slightly higher RI
(Figure 17), and the combination of these has increased the
sheet gloss further.

Addition of the clay to the PCC coating considerably
decreases its porosity, resulting in a far longer stain length, and
a higher RI (surface porosity), as shown in Figure 17. Interest-
ingly, there is very little differentiation between the coatings
with different types of clay added. It is likely that the fine clays
are simply filling up the holes between the PCC particles,

In Figure 18 the relationship between print delta gloss (print
gloss minus paper gloss) and its relationship 1o the stain length
results is shown. There is clearly a good correlation between
the stain length and the delta gloss, with a long stain length
{lower porosity surface) giving a higher print delta gloss. This
may indicate that there is no loss in delta gloss with addition of
clay, but an increase in ink mileage as shown by the stain
length increase,

Despite the decrease in porosity of the samples on addition
of kaolin, there was unfortunately no measurable increase in
the print density, as shown in Figure 19.

Discussion

This work has outlined some of the most important coating
structural properties for flexo printing of coating linerboard.

The choice of coating pigment has a major impact on the
coating structure and properties of the final board. 100% pCC
gave a high gloss surface and a high brightness and whiteness,
Addition of a partner kaolin did nat reduce the optical benefits
of this coating significantly. Indeed some sywergies in optical
properties were cbserved when a platey kaolin was combined
with the PCC.

0.64
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Interpolated Print Density (60% black)
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PSD GCC
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Figure 14 Black print density for different pigments and binder levels
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Ink penetration into
coating layer

Beam | HFW | Mag Scan | pAl] T |.—- m. Beaml HAW. | Mag Scan Ip.ﬁ Tit |_________‘__‘__'____'___

300kV| 608 pm|500KX| H2283s| 400| 450" 300kV| 608 um|500kX| H2263s | 200|450 |7
Figure 15 Very little Z direction ink penetration into the Figure 16 More Z direction ink penetration into the 100%
Ultrafine GCC ceating. 9 pph latex PCC coating. 9 pph latex

Cal 80°C and 50 kN/m Tappi Gloss Brightness L* a* b* Whiteness PPS/ um

75°1 % D65 with 400 nm UV filter 1000 kPa
Ultrafine GCC 504 796 918 -021 0.78 76.6 1.89
Fine GCC 41.9 78.8 914 -023 0.81 75.5 2.07
Narrow PSD GCC 52.6 80.8 821 -022 045 789 1.89
PCC 55.0 81.1 923 -0.24 048 79.2 1.73
PCC/Platey kaclin 58.3 82.0 926 -025 0.39 80.4 1.75
PCC/Fine platey kaolin 58.0 80.9 922 -027 048 78.9 1.52
PCC/Fine blocky kaolin 58.3 80.7 821 -028 055 78.5 1.83

Cal 140°C and 25 kN/m Tappi Gloss Brightness _ L* a* b* Whiteness PPS/pm

75°1% D65 with 400 nm UV filter 1000 kPa
Ultrafine GCC 50.0 79.2 916 -021 084 76.0 1.87
Fine GCC 451 79.2 916 -021 071 76.4 1.76
Narrow PSD GCC 54.6 80.8 922 -022 048 78.9 1.82
PCC 56.2 8186 925 -023 042 79.9 2.00
PCC/Platey kaolin 58.3 820 927 -0.24 041 80.4 1.58
PCC/Fine platey kaolin 58.6 812 923 -026 047 79.3 1.61
PCC/Fine blocky kaolin 59.0 B0.7 922 -028 0.56 78.5 1.76

Table 3. Paper properties for coatings at 12pph binder level
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Figure 17. Bulk porosity (stain length) and surface porosity (Rl) of coatings containing 12 pph binder. Addition of a pariner
kaolin to the PCC decreases the porosity.

Correlation between stain length and print delta gloss
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Figure 18. Good correfation is observed between the stain length and the print della gloss for each pigment / binder sys-
tem. Addition of a platey pariner clay to the PCC coating has closed up the surface and improved the print delta gloss.
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Figure 19. Print density for PCC coating and PCC with partner kaolin, as a function of printed area fraction.

The stain length test clearly showed the differences in sur-
face porosity between the different pigment coatings. The PCC
was the most open, followed by the Namrow PSD GCC. The
broad GCC samples had the lowest surface porosity. Calender-
ing temperature also influenced the porosity with a higher
calendering temperature giving a more closed surface and
longer stain lengths.

In flexo printing, one of the most important guality parame-
ters is that the dot gain is even from point to point. The printer
can compensate on press to achieve a certain dot gain and a
print with the required colour and print density. However an
uneven spread of ink from point to point on the substrate will
result in mortle, Another impartant criterion for flexo printing
is fast drying of the ink 10 avoid smearing and bleeding of the
colours. Hence fast adsorption of the fluid phase of the ink into
the coating layer is desirable. However, it is important 10 keep
the coloured portion of the ink on the surface of the print to
avoid low colour density or an increase in ink consumption.
The print results from this study indicated that a slightly higher
print gloss and density were achieved on substrates where the
ink was better held on the surface, i.e. a broad particle size dis-
tribution carbonate, and one with a higher latex level. For these
coatings the ink spread further giving a higher total printed area
in the halftone region, and a higher print density. In reality this
may allow the printer to use less ink to achieve his desired dot
gaio. A porous coating, such as 100% PCC, gave smaller dots,
a lower print density and a higher ink penetration in the 2 direc-
tion. However addition of a parmer clay, either the fine platey
kaolin or the coarser platey kaolin filled up some of the surface
pores and lowered the porosity. This was achieved without loss
of the optical benefits afforded by using a narrow particle sized
distribution carbonate. Addition of a platey partner kaolin 10
the PCC resulted in an increase in the print gloss, but unfortu-
nately no measurable increase in print density for the same area
of print coverage.

The calendering appeared to have little real impact on the
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paper and print properties in this case, although the stain length
tests indicate that the higher temperature resulted in a slightly
more sealed surface. It is possible that altering the calendering
conditions may have effected a greater change in the basepaper
than the coating layer.

Conclusions
This work has shown the following:

+ Coating structure of coated board can be influenced con-
stderably by the choice of pigment in the coating layer.
Narrow particle size pigments produce a more open coal-
ing with better optical properties.

« The 100% PCC coating has a very porous coating which
resulted in higher ink penetration in the z direction and a
lower print gloss and density.

« Addition of a partner kaclin te the PCC can reduce the
porosity of the coating layer.

» As a secondary effect the coating structure can also be var-
ied by using different amounts of binder. A higher binder
content gives improvements in ink hold out, but is slightly
detrimental to the paper optics. However sufficient binder
(high levels) is required 1o prevent common board prob-
lems such as cracking during the creasing process, which
was not studied in this exercise.

*» Altering the finishing conditions is another ool for the
paper maker, although altering the calendering lemperature
appeared 1o have little impact on the optical and printing
propenties of the coated boards in this study. This may
have been impacting the basepaper rather than the coating
layer.

+ It may be the case that the optimum balance of properties
is achieved using a multi-pigment blending approach.
Combining a PCC with a fine platy kaolin maintains a coat-
ing with a high optical performance as well as giving a
good surface on which to print.
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Abstract

Over the last few years, the use of clay in glossy coated
paper has declined. This has been driven both by the need to
produce brighter papers and further by increasing cost and
dezlining availability of clay. This has increased interest in cal-
cium carbonate. This paper describes the use of a steric
stabiliser as a water retention aid to decrease the aggregation of
particles in coating structure. Improved coating structure order
has been found to improve gloss and thus reduce the need for
clay. Traditional water retention aids function by increasing the
viscosity of the dispersing medium. However, as the solids
increase during coating application and drying the pigments
can aggregate causing a non-even structure to form, which
reduces gloss. This new class of water retention aids are poly-
mers with a structure of steric stabilisers, These improve water
retention by decreasing the amount of free water in the system.
The polymers also prevent aggregation during coating applica-
tion and drying so a good state of dispersion of the particles is
kept causing improved gloss. Examples of this technology in
pitot and full-scale mill application are given,

Introduction

Coating colours are concentrated suspensions of solid pasti-
cles in a water based liquid phase. The solids particles can be
mineral or organic. The mineral particles are the pigments (cal-
cium carbonate, clay, talcum) and the organic ones are mainly
the latex or in some cases also plastic pigments. The liquid
phase contains dissolved substances: ions and organic poly-
mers, The dissolved organic polymers can be of low or high
molecular weights and originate from natural or synthetic prod-
ucts, They can alse be strongly anionic or non-ionic and very
seldom cationic. These dissolved organic polymers are intro-
duced for many purposes including rheology control
(dispersing agents and thickeners), brightness increase {OBA),
insolubilisation, shading, and defoaming. This being said one
can understand that coating colours are complex mixtures in
which all the constitutive components may interact. Well-dis-
persed slurries of pigments, which means at their optimum of
high solids content with low viscosities, and well-stabitised
dispersions of lattices are mixed together and sheared in a lig-
uid phase that receive increasing amounts of dissolved
substances during the coating colours preparation. The equilib-
riom between the dispersive and the attractive forces may be
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changed and cause formaticn of particles agglomerates. Vis-
cosity is a consequence and a reflection of the pigments and
lattices particles state of dispersion. For a given system of solid
particles at a given solids content, low viscosity levels can be
assimilated to a good state of dispersion and higher viscosity
tevels to the very possible presence of particles agglomerates.
The formation of particles agglomerates is a major means for
the thickeners (o increase the viscosity of coating colours. The
presence of these agglomerates can be detrimental for both the
rheology and the paper surface. The use of steric stabilisation
technology, instead of classic thickeners, can improve
runnability, paper smoothness and ploss. Viscosity remains a
major parameter of the paper coating process and regulates
blade pressure and water retention,

The Role of Viscosity in the Paper Coating
Process

Rheology modifiers a can influence a coating colour during
pumping, filtration, deaeration and the behaviour under a blade
or in a fitm press nip, where the coating colour is submitted to
plane shearing or to stretch. These account for less than one
percent of the coaling colour and less than five percent of the
formulation costs. When they are well chosen to fit to a given
coating colour applied with 2 given coating technology signif-
icant cost savings can be achieved.

Viscosity and Water Retention

The liquid phase migration into the absorbent base paper
should be under control. In blade coating, a too fast migration
creates a gradient of concentration in the coating colour thick-
ness during the dwell time. An immobilised layer of pigment
witl grow from the base paper surface and eventually reach the
surface in contact with the blade. The solids content right under
the blade tip can then be high and close to the immobilisation
solids where the coating colour switches to dilatancy. The
blade load and the blade wear will be increased. Risk of bleed-
ing increases. Fines and latex particles migration carried by the
{low of the liquid phase will leave the coarser pigment particles
at the surface with a deficit of binder. Decreased gloss and
dusting are some of bad consequences from 100 low water
retention.

The Darcy and the capillary ascension laws describe with
simple equations the contribution of viscosity in the liquid phase
penetration. The base paper pores are assumed to be capillaries.



K, x AP
n XL
Q: Flow of fluid through a porous medium with a thickness L
A: Surface of contact
K,: Permeability coefficient of the porous medium
AP: Pressure gradient through the thickness L of the porous
medium
n: Viscosity of the liquid

. Q
The Darcy law: i

rxtrxcoso x{

2
h: height of the liquid in the capillary at time ¢
r: radius of the capillary
t* ; Surface tension of the liquid
o: Contact angle liquid/capillary wall
f: ime of contact liquid/capillary

The capitlary ascension law: & =

Higher values of the liquid phase viscosity slow down its
penetration, The liquid phase surface tension as well as the
notions of sizing degree and permeability of the porous and
absorbent base paper are also mentioned here.

Viscosity and blade pressure

Aside friction and compression forces related to the base
paper compressibility or the backing roll hardness, three forces
exerting on the blade can be linked to the coating colour (Fig-
ure Ik
- Impulse forces F; from the je1 of coating colour striking the

blade and being deviated for recirculation in the circuit:

F; = mU(1+cos 6)/sin O (Eklund)

m: coating colour mass flow (kg/s) striking the blade

U: coater speed (m/s)

8: coating head angle

I h h -h,
- Hydrodynamic forces Fy = t;‘: 8 x(]n(f} Hz[ l:l +h- ] ]
; | 2

h, and h, : thickness of the coating colour film before and
after the blade
17: coating colour viscosity for the shear rate under the blade

Fa=yXn x5,
where S, is the area of the blade tip in contact with the
coating colour

y is shear rate
17 is viscosity

- Shear forces:

Higher blade loads, or higher coal weights for a given blade
Joad, can be reached with increased high shear viscosities
either by means of a higher sclids content {(Figure 2} or with
the addition of a chosen thickener (Figure 3).

The I.M.Kuzmak equation expresses also the role of viscos-
ity in coat weight control:

- h""K\JK: x NS ‘U x cos8
KF; -a/F,

h, wet coating thickness

h' Minimum coat weight

7 Viscosity of coating colour
S =C/sinf

U Speed

C Blade thickness

8 Blade angle

P; Blade pressure

F,, Hydraulic forces exerted by the coating colour flow
a,, K Conversion coefficients
K,.K; Constants

Viscosity and misting on Metering Size Press
At the exit of the MSP nip, the coating colour is stretched
and not sheared.

160 ;
1 \\——‘V%‘\ -
2 ~0-§C= 68% |
|
100 !
- & 5C= 65% ||
1 i
D_"-'D- I
SO~ g |
% ~——.
o L & a - '
: A
F A i
A .
0 —

a 0000 420000 S00CO0  EOCDOD (D000 1200000  14IKD00 1500000 TECILOD
Shearate ¢l

Figure 2 Capillary viscosity as a function of solids content
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Figure 3 Capillary viscosity as a function of thickeners type



The misting trend is often linked to the viscoelastic behav-
iour of the coating colour. As seen in the oscillatory viscometry
graph below, a strain resistant elastic modulus G' can be detri-
mental. The coating colours for which the phase angle switches
from below 45° (G'>(G") to over 45° (G'">(") at lower strain are
less prone to misting (Figure 4).

G” is the viscous or loss modulus.

Viscosity and Paper Quality

As already mentioned before, water retention drives the
coating colour hold out and is itself driven by the coating
colour viscosity or more precisely the liquid phase viscosity.

In that sense the viscosity influence on paper quality is a
well-established fact. Nevertheless, viscosity is also a clue of
good or bad particle’s state of dispersion and their conse-
quences for the paper surface.

Viscosity reflecting the coating colour siructure.
Newronian systems

In a Newtonian system, viscosity is a constant and does not
depend upon the applied shear,

It can be temperature dependant. A simple way to link the
viscosity with the physics of particles dispersion is to consider
the Einstein {(1906) law!™:

=1l +2.5 X @)
7 is the liquid phase viscosity

& is the volume fraction of the particles (sum of the particles
volume divided by the total volume of the dispersion)

The Einstein law applies to diluted suspensions with the fol-
lowing conditions:
- the pariicles are non interactive mono dispersed hard
spheres
- the liquid phase is Newtonian

Still it already predicts the viscosity increase with the selids
coatent (higher volume fraction) and with the liquid phase vis-
costty.

At higher solids or for higher volume fractions Krieger-
Dougherty (1959) and Maron-Pierce (1956,1981) introduce the
notion of maximum close packing volume fraction €

-7

5]
n=1 1*6—_

@, is the maximum volume of particles that can be introduced
per unit volume of the suspension.

It takes into account the particles shapes and size distribu-
tions. At bigh solids content when the volume fraction reaches
@, the accumulation of particles is such that no further move-
ment is possible. Viscosity tends to infinite. This notion can be
linked to the immobilisaticn solids.

Non-Newtonian systems

For most of the mineral suspensions in water, including the
coating colours, viscosity is not constant. At least below their
immobitisation solids coating colours are thixotropic and shear
thinning which means that viscosity decreases with time and
applied strains, Coating colours differ from the upper models
of Newtonian systems because:
- the particles are polydispersed
- there are strong interactions between the particles
- the liquid phase may not be Newionian

Effect of the particles sizes polydispersion on viscosity
Coating colours are concentrated dispersions of poly-dis-
persed particles, The laex particles rank between 0.1 and 0.2
microns. Coating pigments have a Gaussian particles size dis-
tribution with a mean diameter from 0.4 micron, for the finest
grades, up to 3-4 microns for the coarser ones. The effect of
polydispersity on viscosity can be found by referring to the pre-
vious Krieger-Doughenty-Maron-Pierce equation. Smaller
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particles can fill up the voids between the coarser ones. Thus,
Q_, is increased and viscosity decreased. Narrow particles size
distribution pigments lead to higher viscosities than equivalent
pigmenits, in terms of fineness."

Effect of particles interactions on viscosiry

The balance of forces between particles can lead either to
the formation or to the destruction of agglomerates. Agglamer-
ates are assumed to be 2 coherent ensemble which volume
fraction is the addition of the particles volume fraction plus the
volume of the entrapped liquid phase between the particles.

il
D
B, = o XN 7

©,,,. is the volume fraction of the agglomerate
6,,n. is the volume fraction of one particle.

D, is the fractal dimension of the agglomerate.
N is the number of particles in the agglomerate.

As consequence, an agglomeration means an increased vol-
ume fraction and a higher viscosity or reciprocally, the break
down of the agglomerates ends up with a lower volume frac-
tion and a reduced viscosity.

Forces acting on particles in Non-Newtonian suspensions®
Hydrodynamic forces - Viscosity measurement

The hydrodynamic forces stem from the process when the
coating colour is under agitation in the storage tanks or pumped
or filtered or sheared under a blade. They are responsible for
the total or partial breakdown of the particies agglomerates.
The resistance of the agglomerates to their own destruction or
their ability to stretch and deform under the hydraulic forces
are at the origins of thixotropy, yield stress and viscoelasticity.

Measuring viscosity consists in the evaluation of these rhe-
ological characteristics. In principle, a rheometer applies
hydrodynamic forces (a shear stress) in a given geomelry at
measured speeds (Figure 5).

By definition viscosity: n=tXx g—;
T Shear stress in Pascal
dutdy Shear rate in sec”

n Viscosity in Pa.s

The hydrodynamic forces in the theometer chamber put the
suspension into motion and may break down existing aggiom-
erates of particles.

We should also mention here the migration model of
Acrivos® as an alternative to describe thixotropy. Accarding to
this model, migration of particles can occur in two cases:

- Sedimentation of the heavier (coarser) particles submitted
to gravitational forces and described by the Stoke’s law:
)

a is particle radius

g acceleration

Poar and py;y. the particle and the liquid phase densities

1] viscosity

- Migration under shear

Particles move to the region with the lower shear rates or in
other word migrate from the moving to the stationary bound-
aries of the rheometer.
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The migration model seems to focus more on the measure-
ment of viscosity with long time scales and low shear rates. It
is controversial whether it can apply to coating colours of high
viscosities, high solids and under continnous agitation.

Non-hydrodynamic forces

The non-hydrodynamic forces between particles are:
- The Brownian motion
- The Gravitational forces
- The London-Van der Waals {(Lvaw) attractive forces
- The Electrostatic repulsive forces
- The Steric repulsive forces

The Brownian motion originates from the fluid thermal
energy. A permanent agitation of the fluid molecules carries
the smaller particles. These forces are negligible for particles
over one micron and for concentrated dispersions in which the
electrostatics forces are much bigger. The gravitational forces
can taken into consideration during sedimentation of low vis-
cosity slurries left without agitation. They can be neglecied in
the case of highly viscous coating colours under permanent
motion.

The artractive London-Van der Waals forces originate from
interactions between the surface dipoles of the particles.

The attractive energy V, between two spherical particles:
-AXa

124y

- Ajis the Hamaker constant integrating all the dipole inter-
actions

- ais the spheres radius

- h is the distance between the spheres

- by = h - 2a smallest distance between the spheres

V=

The electrostatic repulsive forces occur when two particles
are of the same electrical sign. These Coulombian forces
depend upon the Debye length X comesponding to the thick-
ness of the fixed layer of the liquid phase that surrounds each
particle. This layer is highly ionic.

The repulsive energy Vy between two spherical particles:
(1K A
V, =2ree g K XH{W]

- h distance between the spheres
- £g, electric permittivity
Y Surface potential
- K Debye length
- K :=VkT/2I
-k Boltzman constant
- T temperature
- I ionic strength of the media
- aradius of the spheres

Strongly anionic dispersing agents adsorb on the particles
surface and modify the Debye length. Selected molecular
weights and addition rates of dispersing agents maximise the
repulsive energy in order to maintain the state of dispersion and
minimise viscosity.

The total energy V= V, + Vy resulting from the attractive
L-VdW forces and the repulsive electrostatic forces can be:

- positive and the particles remain dispersed
- or negative and the particles flocculate



According to the DLVO theory V. as a function of the dis-
tance h between two particles, can become negative for small
values of h (Figure 6). In other words, when two particles are
close enough the repulsive forces are lower than the attractive
farces and the particles can flocculate.

When are the inter particles distances reduced and the risk
of flocculation high?

- At higher solids content

High solids can be a choice already at the coating colour
preparation but high solids will definitely occur during the
dewatering and the drying phases of the coating colour.

- With finer particles

Reduced inter particle distances and in the mean time higher
charge density and higher mobility make the fine particles
more prone to flocculation.

The viscosity increase with higher solids or finer particles
comes from an increase of the volume fraction. Increased vol-
ume fractions can stem from a bigger mass of solid particles or
the previous notion of the agglomerates volume fraction dagg
if the particles flocculate,

Introduction of Steric Stabilisation in Paper
Coating

Steric Stabilisation

Steric stabilisation is a known technology for the stabilisa-
tion of colloidal particles by non-ionic macromolecules®™®, It
consists in adsorbing a layer of non-ionic macromolecules on
the surface of the particles te disperse. The best effective poly-
mers are made of ancher groups firmly attached to the particles
surface and stabilising moieties soluble in the liquid phase.

When nwo steric stabilised particles approach each other, the
adsorbed layers of polymers resist to inter-penetration {Figure
7).

The Gibbs free energy change during the attempt of over-
lapping of the adsorbed layers can be written:

AG=AH-TAS
Where AH and AS are the variations of enthalpy and entropy
- T is the temperature.
When AG is positive, the particles remain dispersed.
When AG is negative, the particles flocculate.

Figure 7 Approaching steric stabilised particles with their
layers of polymers
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Figure 6 DVLO theory - Aftractive and Repulsive energy as a function of inter particle distance h
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The system switches from stabilisation to coagulation for a
critical temperature T,.

The steric stabilisation energy VS as given by Napper

(1983):
Zz! 1 x I
Vy =akT 2

hevg

a is the particle radius

k the Boltzmann constant

T the temperature

% the interaction factor between the stabiliser and the liquid
phase

Z the thickness of the polymer layer

hg a function of the particles distance

vs the molar volume of the liquid phase.

Steric stabilisation can be an additional repulsive energy 10
the total energy rendering the risks of flocculation lower:

VT = VA + VR + VS
Steric stabilisation also induces some viscosity increase. An

effective volume fraction can be calculated for each particle
with a radius a + Z including the attached polymer layer:

3
Design of a Steric Stabiliser as rheology modifier and water
retention aid
Classic thickeners are hydrophilic polymers that can
increase viscosity and provide water retention by two meaas:
- Absorption and jellification of the liquid phase increasing
o
- Formation of particles agglomerates in order to increase
the apparent volume fraction.

The agglomerates are either a consequence of depletion
flocculation (when the liquid phase is absorbed by the polymer
and deficient around the particles (PAC Gane,™) or the thick-
eners ability to bridge between adjacenmt particles. The
carboxylic groups of synthetic thickeners can adsorb on the
pigment surface. The additional hydrophobic groups of asso-
ciative thickeners can also react with the hydrophobic surface
of the latex particles and create mare agglomerates. The longer
the polymers chain, the bigger the agglomerates, the higher the
elasticity and the high shear viscosity.

Classic thickeners have drawbacks linked to their thicken-
ing mechanism:

- Formation of agglomerates causing a rougher paper sur-
face and lower gloss

- Strong increase of the Brookfield viscosity needed to
improve water retention

- [Increased elasticity

- No OBA carrying effect of the synthetic thickeners

New high molecular weight polymers designed as weakly
anionic steric stabiliser can surround each pigment particle
with a thick hydrolysed layer. These polymers can provide the
following benefits.

- Steric stabilisation protects particles from flocculation
even at high solids content

- A moderate increase of Brookfield viscosity

- A pood water retention

- Alow elasticity

- An OBA carrying effect
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Case Studies

In the following case studies some examnples will be shown,
where steric stabiliser has been used in different coating trials
{pilot and mill). In all of the trial formulations CMC has been
repiaced totally with a steric stabiliser. At the same time solids
content and the share of carbonate have been increased.

CASE 1: Replacement of CMC (GCC 90 % < 2 um, Steric
Stabiliser 1)

In this pilot trial, the use of the steric stabiliser as a water reten-
tion aid was examined by coating 58 g/m’ basesheet with 12 g/m’
of coating using a blade coater. The formulations used and the key
paper quality results are given below. This trial showed a signifi-
cant increase in gloss with some Joss in optical properties.

Fine GCC, pph 80 B0

Fine US clay, pph 20 20

Latex, pph 11 1

OBA, pph 0.8 0.8
CMC, pph 0.3

Steric stabiliser 1, pph 05
75° Gloss, % 58 63

75° Print Gloss, % 65 70

% Brightness +UV 98.6 97.7
% Brightness -UV 85.4 85.0
% Opacity 86.6 86.0

Case study 1: Replacement of CMC with Steric Stabiliser 1

Some Questions were then raised:

Would the Rheocarb work in a more demanding situation, a
double-coated sheet with finer carbonates? Could this increase
in gloss be used 1o ¢liminate the use of clay?

Would this reduction in clay eliminate the slight loss in opti-
cal performance?

CASE 2: Replacement of clay (GCC 95 % < 2 um, Steric
Stabiliser 1)

Another trial was run applying 12 g/m* of ceating onto an 80
g/m?* precoated sheet. Again, coating formulations and key
paper results are given below. This showed that use of the steric
stabiliser would prevent the gloss loss caused by removing 20
paris of clay. By eliminating the clay, the brightness could be
improved over the original formulation but there was still a
slight loss of optical properties when comparing CMC to the
steric stabiliser in equivalent formulations.

Ultrafine GCC, pph 80 | 100 | 100

Coating PCC, pph g0 | 100 | 100
Fine US clay, pph 20 20

L atex, pph 11 |11 [ 11 1| 11| 1
PVA, pph 04 (04|04 | 04| 04| 04
OBA, pph 08|08 |08 |08 08|08
CMC, pph 03 | 0.3 03 03

Steric stabiliser 1, pph 0.45 0.45
75° % Paper Gloss 84 | 79 | B3 | 85 | 81 | &
75° % Print Gloss 84 | 80 | 79 | 82 | 74 | 74
% Brightness +UV 89.4 (103.0(101.6 | 98.6 | 101.4,101.0
% Brightness -UV 85.7 [87.4 | 86.8 | 84.6 | 86.2 | B5.8
9% Opacity 90.0 [ 90.0 [ 89.5 | 89.6 | 89.6 | 89.4

Case Study 2: Replacement of clay in gcc and pee
containing formulations



CASE 3: Replacement of clay (GCC 95 % < 2um)

This approach was then trialled at woodfree double coated
mill, This showed that loss in gloss by removing 15 parts of
fine clay could be stopped through increasing solids and use of
steric stabiliser 1. This reduction in clay meant there was an

CASE 5: Replacement of plastic pigment (GCC narrow
particle size 75 % < 1 um, Steric Stabiliser 2)

Another mill was interesied in using the steric stabiliser to
eliminate the use of plastic pigment. The data below showed
this could be done.

increase in brightness. Referance Trial with
Reference | Clay Clay formulation s Sbt,?_"‘c )
formulation | replacement | replacement tabiliser
with CMC | with Sterig GCC narrow psd (75% <1 um) 65 70
Stabiliser 1 Fine clay 30 30
GCC 95 % < 2um 85 100 100 Plastic pigment 5
Fina clay 15 Latex SBR 12 12
Latex SBR 11 10.5 10.5 cMC 0.8
cMe 0.3 0.3 PVOH 1 1
PVOH 0.4 0.4 0.4 Steric Stabiliser 2 0.9
Steric Stabiliser 1 045 OBA ! !
i 28 o8 o8 \Sfo - 'cor;::to? 12(130 1220
Sollds content % £8.8 68.1 69.3 'scosity Bk 100 rpm 0
Briohiness AA57 +UV 977 9.2 o8 Capillary viscosity 106sec-1 140 160
rgTnass : ; Water retention Gradek 110 85
G'%SS Ta’;p'gls ' 741 —— 69{ t T: Brightness R 457 + UV 975 o8
ase 3: Clay replacement in a glossy top coat - Bent - -
blade - 800 m/min - 16 g/m? Brightness R 457 - UV 849 84.9
WCIE 120 122
Gloss Tappi 75 70 70

CASE 4: Replacement of clay (GCC narrow particle size
distribution 75 % < 1 um, Steric Stabiliser 2)

In another woodfree mill, the use of steric stabiliser was tni-
alled with narrow psd carbonate. This mill needed a higher
Brookfield viscosity so a different steric stabiliser was vsed. A
pilot study showed that use of the steric stabiliser could
imprave the gloss and smoothness. This improvement in gloss
could then be used to reduce clay use from 30% to 10% on this
high speed coater.

Case Study 5: Removing plastic pigments in a glossy
topcoat - Stiff blade - 1500m/mn - 7g/m?

CASE 6: Replacement of clay (various GCCs, Steric Sta-
biliser)

A pilot coater study was then done in conjunction with a mill
who was interested in removing clay from a gloss formulation. In
this trial, other additional factors were also studied; the effect on
rheology at low and high shear rates, whether these jmprove-
ments in gloss could be seen in over a range of calendaring
conditions, and carbonate types and a deeper investigation into

Case4: Clay replacement in a glossy top coat - Stiff blade
- 1600 m/min - 9 g/m?
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Reference | Study with Clay why there was loss in optical performance. The trial was ran by
formulation Steric replacement applying 15 g/m® 10p coat onto base paper precoated with 11 g/m?
Stabiliser 2 | with Steric on a metering size press. The coating formulations and rheologi-
Stabiliser 1 cal properties are given below. This showed the improvements in
GCC narrow psd waler retention gained from the use_of the steric s‘Labiliser. This
(75 % < 1 um) 70 70 a0 more l!'lcn compensated.for the loss in water retention caused by
removing the clay or vsing finer or more parrow psd carbonates.
Fine clay 30 30 10 In addition, the reduced effect on low shear viscosity allowed an
Latex SBR 12 12 12 increase in solids when the steric stabiliser was used.
cMC 0.6 GCC (90% <2um), pph | 80 | 100|100 30 | 30
G
PVOH 05 05 05 Ea;;&"zﬂﬁ p?)ﬁ 70 | 70
Steric Stabiliser 2 0.6 0.7 GCC (95%<2pm), pph 100100
OBA 0.5 0.5 05 Brazilian clay, pph 20
Solids content % 81 62.1 629 Latex, pph 10 |10 |10 [ 10 |10 ]| 10 [ 10
Viscosity Br 100 rpm 1050 870 930 OBA, pph 0.480.48 10.48 (0.48 | 0.48)|0.48|0.48
Water retention Grade 138 105 a3 g:::; zgll)ﬂlse oo 03 03 oF 0.3 o5 6.3 05
r, pp . . .
Gloss Tappl 75 612 683 618 % Solids 68 |68.7|59.8|67.9 |68.6|68.6/69.4
Brightness R457 +UV | 934 83.2 948 Viscosity 100 rpm, mPas [1320[1210[1080]1150 |1180]1570]1320
Opacity 91.6 9.7 913 Water retention, g/m*  |121 [ 146 | 97 | 175 [ 111 [ 140[113

Case study 6: Replacement of ¢lay using Steric Stabiliser
and other grades of carbonate




The eifect of the steric stabiliser on high shear viscosity is
shown in Figure 8. Here there is an increase in the viscosity at
high shear caused by increased solids and increased addition
rate of the water retention aid.

The sheets were then calendered at three different loads.

This confirmed the improvement in gloss over different loads
using the different carbonates. However, use of the steric sta-
biliser alone did not compensate for the elimination of the clay
but a switch to an ultrafine carbonate and the use of the steric
stabiliser did. -

ACAV High shear viscosity
110 - === e e e .
- - - eow ., .
100 i
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0 - 7"""---..__* T e =—p s S5 ullrafine geo
( P LR e "--..l.‘. = @ = S5 namowpsd
,"—. Bl R
— - — g L™~
&0 = = N "-\L‘ e
50 g-———-&-""-_-" ------- P
e
. Tk
40 J— e . FEE NS [SEC TR P T DRater, 1O S T e S
o 200000 400000 600000 200000 1000000 1200000
Shear rats, Us

Fig.8 Effect of Steric Stabiliser on high shear viscosity

Paper Gloss
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Figure 9 Effect of Steric Stabiliser on 75° gloss under a range of calendering (cad
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Use of the steric sta-
biliser and removal of
the clay had little effect
on the Parker Print
Smoothness. Indicating
the changes in surface
structure are small.

Unlike previous pilot
trials, the use of the
steric stabiliser did not
affect the brightness
with UV.

This was because the
steric stabiliser showed
improved OBA lift over
the CMC.

Paper Smoothness

= 240 kNm
B 280 kN'my

| : ; B 220kNm

"N H
LN

CMC finegec  SSfinegoc CMC namow 55 namow cre ulrfine S5 uirfine

psd psd o goc

20 paits chy

Figure 10 Effect of Steric Stabiliser on Parker Print Smocthness under a range of calendering
loads

Brightness with UV
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Fig 11 Effect of Steric Stabiliser on brightness with UV

Fluorescence

1"

105

10 1
a5 | ® Side 1
B Side 2

85 4

CNMClinepec  SSfinegec CMCramw S5 namow cne ul=fine 55 ubsfine
psd pad e oec

20 parts clay

Fig 12 Effect of Steric Stabiliser on OBA lift
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Therefore, use of the
steric  stabiliser had
reduced the brightness
without UV,

This reduction arose
from a decrease in the
light scattering coeffi-
cient  indicating a
reduction in the voids in
the coating as would be
predicted from the
mechanism.

Brightness without UV

" L} L} 13 L
cmrnegnc SSfinegecc CMCrnarow  SSragow oo ulmfine SSubmfine 20 pars chy
psd psd oec gee

m Side 1
A Side 2

Figure 13 Effect of Steric Stabiliser on brightness without UV

Light Scattering Coefficent

B2RBLBBISES

lIIIIlL

CMC fine oo 55 fine gor Cmmrrm SSranowpsd o ubEinegec 5SS ubafinegoe 20 parts clay

Figure 14 Effect of Steric Stablhser on coating structure as measured by tight scattaring
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Conclusions

These results based on various pilot and mill trials show that
by taking advantage of this new class of polymers, coating
colours can be reformulated in order to improve the runnabil-
ity, paper quality and cost effectiveness. The benefits of this
new chemistry can be summarised as following:

- The share of carbonate can be increased
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Titanium Dioxide and Zinc Sulphide:
High-Quality Pigments for Special Papers

by
Jorg Hocken, Michael Stefan
Sachtleben GmbH,

Pigments and fillers

The following provides an overview of pigments and fillers.
These terms are illustrated, starting from a range of different
definitions, against the background of refractive index. The
whiteness of pigments and the use of optical brightening agents
(OBAs) is also discussed.

Pigment or filler? Refractive index

The definitions of the terms “pigment” and “filler” used in
the paper industry differ from those of other industries that
also use fine inorganic powders. In the paper industry, any-
thing which is included in the body paper formulation in the
form of an inerganic, fine-powdered material is referred to as
a “filler”, whereas everything which forms part of the coating
is referred to as a pigment. In associated sectors, such as the
paints, coatings and plastics industries, for example, differen-
tiation is based on refractive index: All substances which
have a refractive index of the order of magnitude of the
binder, i.e., of the unfilled plastic {or, more precisely, “poly-
mer”’) or paint resin is, traditionally, a “filler” (referred to in
some of these contexis as an “extender”, however) and all
substances with a significantly higher refractive index are
known as “pigments”.

There are, without doubt, both traditional and practical
reasons for these two schools of thought, but it is, nonethe-
less, helpful to analyze these terms in detail in order to
achieve better understanding of the concept of opacity and, in
particular, of wet opacity. In the case of pigments, our obser-
vation will remain restricted to the whiie pigments, and we
will not examine the coloured pigments which are used for
decorative purposes and which depend on absorption of indi-
vidual wavelengths or wavelength ranges of visible light.

Both white pigments and fillers are, initially, in powder
form, both white, but only white pigments retain this charac-
teristic even afier complete wetting in a system, e.g. a paint,
a plastic or a “wet” label; fillers, on the other hand, become
more or less transparent. This phenomenon and, therefore, the
difference between pigments and fillers, is the result of dif-
fering refractive indices with respect to the surrounding
medium. The following table shows a number of refractive
indices for typical fillers and pigments (Mpg). In addition, rel-
ative refractive index is also shown as the ratio of
pigment/filler content 10 a resin system (refractive index n, =
1.48):
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PAPER EIGHT

Refractive Relative
index npe refractive index
Blanc fixe 1.64 1.11
Calcium carbonate 1.68 1.14
Lithopone 30% 1.86 1.26
White lead 1.94 1.31
Zinc oxide 2.03 1.37
Zinc sulphide 237 1.60
TIO, (anatase) 2.55 1.72
TiO, (rutite) 2.75 1.86

Where relative refractive index is close to 1, the system will
appear transparent, whereas the more greatly relative refractive
index differs from 1, the greater is scatter which, ultimately, is
the factor which in the typical white pigments, zinc sulphide
and titanium dioxide, ensures a white and “hiding” colouration
even after complete wetting, Tt is also apparent that, in terms of
optical properties, titanium dioxide in its rutile modification
must be the most effective white pigment. Practically all com-
monly used binders have a refractive index of around 1.5, with
the result that their influence can initially be ignored in the case
of paints, coating and plastics. The sitvation is different in the
case of paper, since only partially wetied systems occur in this
field in many cases.

This dependency can be illustrated particularly strikingly
using the example of a wet chalk mark on a school blackboard:;
as long as the chalk remains wet, i.e., present in an agueous
medium, relative refractive index is close to 1; the mark is
practically invisible. As the water gradually evaporates, it is
teplaced as the “binder” by air, which has a significantly lower
refractive index. Relative refractive index increases greatly and
the chalk mark becomes visible. In formal terms, the chalk
filler has become the chalk pigment as a result of changing of
the medium! A further example of this dependency can be
found in the white foam “head” at the top of a glass of beer;
here, bubbles of carbon dioxide with an extremely low refrac-
live index act as the pigment, embedded in ultra-fine
membranes of beer which, for their part, have a higher refrac-
tive index. Relative refractive index is therefore again different
from 1 and the beer foam is white (a special feature in this case
is, however, the fact that the binder is the participant with the
higher refractive index),

Against this background, all inorganic constituents of body



paper should really be referred to as “pigments”, since they are
all present in the body paper to a more or less pronounced
extent on the interface with the air. Practically all fillers (using
the paper industry’s definition) therefore exhibit “pigment”
properties. The body paper is *white™. If the body paper is wet-
ted with melamine resin, for example, as in the case of
decorative papers below, however, a material with a high
refractive index, such as titanivm dioxide, for example, must
then be used in order to retain the white coloration. A material
with a low refractive index, such as calcivm carbonate, for
example, would not achieve this,

It should be noted, for the sake of completeness, that parti-
cle size also has a significant influence on the effectiveness of
a white pigment. This can be illustrated wsing the example of
glass beads of differing sizes. The smaller the beads are, the
greater the visual impression of “white’, Scatter is at its opti-
mum when particle size is approximately half of the radiation
wavelength to be scattered. This signiftes a particle size of 0.3
to 0.4 pm in the case of visible light. Even smaller particles
then start to become increasingly transparent. These correla-
tions are summarized in the following approximation formula,
Figure 1.

A further “trap” must, in detail, be added in the case of
coloured papers if substances with a high refractive index are
used:

In case of combination of titanium dioxide pigments with
coloured pigments, the dependence on particle-size results in
restrictions on selection of potential alternative pigments. The
apparently easily verifiable correlation between particle-size

and scattered wavelength is, in fact, made more complicated by
the fact that there is no such thing as a “white” wavelength,
“White” is simply the summation of all the colours of the rain-
bow. A particular pigment is, correspondingly, optimum only
for a particular colour. Other colours are scattered less effi-
cienty. This means, transposed to the context of coloured
papers, that only a greater layer thickness will provide hiding
power for these non-optimum colours; the propagation time of
the ray of light in the paper is, therefore, longer. In a paper
which does not contain only white pigments, this results in dif-
fering attenuation (=absorption} of individnal colours.
Titanium dioxide thus superimposes an additional hue on the
primary colour. The result is generally meore bluish or more yel-
lowish shades of grey, for example. Comesponding titanium
dioxide types are not compatible, i.e., they cannot be inter-
changed with one another. The tolerable “window" is of
differing size, depending on requirements, and colour mixing
systems usually make the greatest demands, Figure 2.

Brightness and whiteness

The conditions under which a substance is capable of scat-
tering back incident light as a result of a significant difference
in refractive index vis-2-vis the medium have been examined.
Incident white light thus generates the impression of a white
surface by means of scatter. Scatter, however, is only one
requiremest for the achievement of a white surface. The com-
plete absence of absorption is also necessary, since absorbed
light cannot be scattered. Uniform absorption across all wave-
lenpths of the visible spectrum results in a more or less

D=A/21(np, —np)

D: Optimum particle diameter
A: Wavelength to be scattered

np: Refractive index of pigment
ng: Refractive index of binder

Glass beads of differing sizes

Figure 1

Generation of hues via combination of tilanium dioxide and carbon black. The titanium
dioxide used has the best scattering power for the "yellow™ wavealength, Due to the longer
travel path the blue ray of light in the right-hand diagram is attenuated by the carbon black
more greatly than the yellow. The overaH resultis thus a yellowish grey.

Yellowish!

Figure 2
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pronounced grey coloration of the surface in gucstion, selective
absorption of individual wavelengths produces a hue or a tint.
Since it is generally blue light which is absorbed, the comple-
mentary colour of blue, ie., yellow, is the colour which
generally appears. Where basically white materials are used,
the loss of brightness is most generally caused by impurities in
the substances utilized. Natural mineral materials, in particular,
nearly always contain admixtures of coloured, iron-containing
(for example) silicates. Synthetic producis, on the other hand,
are virtually always considerably purer. Such synthetic types
include, for example, PCC, Blanc fixe, titanium dioxide and
zinc sulphide.

The whiteness of a paper is, ultimately, the result of the
combination of the effects described; the materials used must
have a high brightness, whereas possible absorption by impuri-
ties can be balanced out at least partially by the selection of a
material with a high refractive index. This is true, in particular,
when the entire system is totally or partially wetted. High
refractive index becomes more and more important, the higher
the degree of wetting. Where wetting must be anticipated dur-
ing subsequent use of a paper, only materials with a high
refractive index can be used if the requirement for whiteness is
to be retained even under these conditions, i.e., in case of a
need for wet opacity or oil opacity in label papers.

Use of optical brightening agents

Optical brightening agents are frequently used in cases in
which the brightness of a paper is not adequate or in which the
production of a particularly bluish-hued paper is required.
These substances are compounds which convert near UV light
1o visible — generally blue — light. Unlike blue pigments, which
abserb the complementary colour, yellow, and thus, ultimately,
achieve the required bluish hue at the cost of a loss of bright-
ness, total brightness is not only retained but actually increased
when OBAs are used.

The incorporation of OBAs, does, however, presuppose
appropriate selection of the other substances used. If any one of
these substances is an absorber of UV light, precisely this
wavelength range wili be absent for the OBA, and the use of
the OBA will be pointless. Titanium dioxide, in particular,
unfortunately exhibits extremely high absorption of UV light,
starting more or less at the boundary between the visible and
the UV range (this, for instance, is the reason for the wide-
spread use of ultra-fine titanium dioxide in sun-blocker

cosmetic products). The advantageous use of titanium dioxide
(with the highest refractive index of all commonly used sub-
stances) in combination with the “bluing” properties of OBAs
is therefore virtvally impossibie,

The properties of titanium dioxide and zinc
sulphide pigments

Two of the three known mineral crystal modifications of
titanium dioxide, anatase and rutile, are produced syathetically

on an industrial scale, while the third, Brookite, has no com-
mercial significance:

Rutile Anatase
+ white * white
* hard » softer
* resistant » photoactive
+ yellowish * bluish

* higher specific waight * lower specific weight

Despite the fact that, in terms of chemical structure, both
modifications consist of octahedrons with a titanium atom at
the centre and one oxygen atom at each of the six comers, the
differences between them can be explained in terms of the dif-
fering interlinking of these basic building elements, More
comer-10-COMer contacts are present in anatase than in rutile,
in which edge-to-edge contacts predominate. Rutile’s higher
density, greater hardness, slightly higher refractive index (cor-
relating to the opticaily higher density) and, probably, also
lower photoactivity, are the automatic result, Figure 3,

As far ag the light fastness of complete systems is con-
cemned, there is scarcely any other pigment which is so
ambiguous as titaniom dioxide; it absorbs incident UV light
completely, on the one hand, and thus protects the deeper lay-
ers of coating located in its UV “shadow” against UV-induced
damage; the UV energy absorbed is, on the other hand, con-
verted 1o “chemical energy™ Hydroxyl radicals atiack the
surrounding area and desiroy it oxidatively. The promoted elec-
tron leaves in the valence band a positive hole, which is
extremely mobile and thus reaches the surface of the particle.
Here it encounters hydroxyl ions which, in combination with i,
{form hydroxyl radicals, which then start their destructive work,

All titanium dioxide manufacturers counter this behaviour
using two strategies; on the one hand, the crystal lattice can be
doped, i.e., interspersed with small quantities of extraneous

Structure of TiO; rutile
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Structure of TiQ, anatase

Figure 3
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atoms in replacement for titanium atoms. This modifies the
electron structure and thus the mobility of the positive holes. In
addition, an inorganic coating, which prevents direct contact
between the sensitive organic environment and the surface of
the titanium dioxide, can be applied 1o the titanium dioxide par-
ticles. The protective action is clearly emphasized in
comespondingly treated pigments; system stability is signifi-
cantly enhanced. Unstabilized pigments, on the other hand, are
deliberately used to achieve controlled “chalking”, with its
desirable self-cleaning effect. In this case, the binder is broken
down so quickly that clean white surfaces appear again and
again, Figure 4.

The large number of different titanium dioxide pigments
available on the market becomes understandable against this
background, Untreated anatase pigments are generally nsed in
the paper industry, for cost reasons. Untreated rutile pigments
may also be used if particulacly high opacity is required. Inor-
ganic coated pigments are also used in coating formulations,
whereby the motivation here is less the further increased pho-
tostability compared to untreated rutile and instead the
exploitation of the new interface properties resulting from the
modified surface, which are generally apparent in the form of
significantly greater stability of the slurries thus prepared, or in
retention, however.

Unlike the familiar titanjum dioxide pigments, the use of
zinc sulphide pigments in the paper industry is much less wide-
spread, despite the fact that these pigments have a considerably
longer history than the titanium dioxides. The reason for this
can be found in these substances’ only limited stability vis-a-
vis acids, which has excluded their use in case of simultaneous
acidic sizing. In addition, optical performance is somewhat
poorer, due to the slightly lower refractive index, without the
compensation of a direct price advantage. Zinc sulphide pig-
ments do, however, possess over titanium dioxide one decisive
benefit, which can now, in times of neutral sizing, be exploited:
Zinc sulphide is transparent in the wavelength range in which
OBAs function. Optical brightening agents can thus be com-
bined with a substance which has a high refractive index; in
other words, wet opacity plus ultra-high whiteness. Zinc sul-
phide, funhermore, on the basis of the Mohs hardness scale, is
an extremely soft pigment, with the result that the “Abrasion”
factor does not impose any restrictions, Figure 5.

Incorporation of pigments into systems

Although the same rules apply in principle to all fine-parti-
cled additives for papers and coatings, “pigments” such as
titanium dioxide and zinc sulphide, for example, are the group
with by far the greatest fineness. By reason of the optical
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necessities already discussed, their size is fixed at around 300
nm. These dimensions mean that it is necessary to obey the
rules of dispersion particwlarly strictly if the commercially
available slurries, i.e., pre-dispersions, are not used.

It is generally necessary to differentiate between three oper-
ations in the incorporation of a pigment or filler; these are
examined individually below. It is, firstly, helpful to study the
state of the pigment as such, however. Pigments are generally
powders. The elementary units of such powders are referred to
as “primary” or “individual” particles. Due to their mutual con-
tact, they accumulate to form aggregates as a result of their
high mutual adhesion forces. These intermeshed aggregates
form a larger unit contacting with them at their comners and
edges, so-called agglomerates. The objective of incorparation
must now be that of breaking down and uniformly distributing
alt agglomerates. Aggregates, on the other hand, can no longer
be broken down during incorporation. The overall incorpora-
ton procedure is generally referred to as “dispersion”.

Wetting

The pigment to be incorporated is initially dry, i.e., all inter-
faces are saturated with air. This air must be replaced by the
liquid phase when this pigment is now put into a liquid. This
operation depends both on the geometrical preconditions of the
agglomerate, on the physical and chemical interactions
between the liquid and the surface of the solid and, finally, on
the viscosity of the liquid. The phenomenon of “wetting™ can
in principle be described using the generally known Hagen-
Poiseuille viscosity equation, since the liquid must penetrate
into the interstices of an agglomerate (capillaries). Substitution
of wetting tension which, for its pan, is dependent on angle of
contact and surface tension, for pressure difference, produces
the known Washbum equation:

V_nesR’eg, 2cos &
ET T el

Volume of liquid transported
Time

Capillary radius

Viscosity

Length of capillaries
Surface tension of liquid
Angle of contact

PR TR RATL

The determinant factor is therefore capillary radius, which
is rated with a power of three. The more loosely the agglomer-
ate is packed, the more easily it can also be weited, and the
greater the quantity of liquid transported per unit of time. The
product of surface tension and angle of contact primarily
describes the physical and chemical interaction and will vary
from system to system. A large agglomerate and, therefore, a
great capillary length, on the other hand, reduces wetting, Since
it is contained in the denominator, a high viscosity will also
have a negative effect.

It is assumed, in general, that readily mabile low-molecu-
lar-weight constituents of a liquid are firstly responsible for
the initial expuision of the air, whereas higher-molecular-
weight components, such as the binder, for example, “follow
up”. Where capillary cross-sections are exwremely small
{pores), blockage may actually occur as a result of exces-
sively large binder units. Reduction of binder concentration is
generally the only recourse if such a pigment is nonetheless
to be wetted. Typical wetting agents act either via modifica-
tion of the surface tension, or themselves perform primary
welting.

Dispersion

The dispersion operation involves the irput of energy at
least equivalent to the adhesive energy of the individual
agglomerates. For any individual agglomerate, this signifies
that it must, both spatially and chronologically, enter a situation
in which forces of such differing magnitudes act on the two
“ends™ of the agglomerate that the adhesive energy is over-
come. This generally occurs as a result of shearing in a velocity
gradient. We should, at this point, examine in somewhat more
detail that standard item of paper-industry equipment, the dis-
sotver or 1oothed-disk stirrer. The greatest velocity prevails at
the teeth of the disk, and declines slowly to zero toward the dis-
solver receptacle. Any agglomerate on this velocity gradient
must therefore move more quickly on one side than on the
other; it will be disintegrated (or will start to rotate). At the
same time, it also becomes clear that, as from a certain agglom-
erate “smallness”, and with otherwise identical adhesion
energies, the velocity difference will become so slight that
breakdown is no longer achieved. The best results are attained
when the dispersion geometry as a function of dispersion disk
diameter is retained, Figure 6.
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Stabilization

Once breakdown of all agglomerates has been achieved dur-
ing dispersian, it must be ensured during the stabilization step
that re-agglomeration, or “flocculation”, is exciuded. Floccula-
tion will always cccur if it is easier for a system to be
“flocculated” (the system, in thermodynamic terms, has a
lower energy content). This can be counteracted in two differ-
ent ways:

» Elecrrostatic stabilization
« Steric stabilization

Electrostatic stabilization is always capable of playing a role
in cases in which ion pairs, which possess a different solvation
potential in the system or a different adsorption capacity on the
pigment surface, are present in the system. In both cases, selec-
tive absorption will occur of only one jon type, which will
subsequently impress its charge on the pigment particle. Like
(“same-sign™) charging of all the particles in a system thus
results in mutual repulsion and therefore in stabilization.

In water, salts of polyacrylic acids are also frequently used
in addition. The counterions, usually alkali or ammonium ions,
are generally better solvatable in water than the relatively large
polyacrylic acid anion. The anion correspondingly remains on
the pigment particle and imparts a negative charge to it. The
reverse is the situation in solvent-containing systems; here, a
small hard ion would remain on the pigment particle, while
only the largest and only singly charged ions have an opportu-
nity of being solvated at all in a predominantly non-polar
environment. To this situation must be added pigments’ own
surfaces, which are frequently hydroxidic and thus more read-
ily accept negative charges.

A disadvantage of electrostatic stabilization, at least in
water, is the significant dependency on pH of both the ion pair
and the pigment surface charge {location of the Zeta potential}.
A critical situation occurs when, at a selected pH, two different
pigments carry unlike (+ or -) charges. Immediate flocculation
would occur here.

Steric stabilization is based primarily on a simple priaciple:
Something acts as a “spacer” between two converging particles
and thus prevents further attraction and, ultimately, floccula-

tion. Close examination indicates, however, that other effects,
such as osmotic pressure in the immediate vicinity of a pigment
particle. for example, also play a role. Since these mechanisms
are significant in the paper industry only in excepiional cases,
however, this form of stabilization will not be examined in
more detail here.

The toxicology of titanium dioxide and zinc
sulphide

Neither titanivm dioxide nor zinc sulphide are toxic, nor is
either of them a “hazardous substance” in the sense of the Ger-
man “GefStoff V™" (Hazardous Substances Ordinance) and EU
Hazardous Substances Directive §7/548. and they are therefore
not subject o mandatory marking as such; nor is either classi-
fied as a water-pollutant. No R (Risk) or § (Safety) statements
are therefore applicable. In the USA, FDA 176, under which
titanium dioxide is listed as one of the “INDIRECT FOOD
ADDITIVES: PAPER AND PAPERBOARD COMPO-
NENTS”, applies, and in particular Articles 176.170 (Aqueous
and Fatty Food) and 176.180 (Dry Food). The requirements of
CONEG, HAPS, EN 71/3 and AP(89)1 are also met. The Ger-
man Tabak VO (Tobacco Ordinance) requires the use of grades
which conform with the requirements for an E 171 foods addi-
tive, but such grades are available, It is possible here, due to the
large number of regulations applicable around the world, to
state only those with a certain general applicability, but a large
range of other lists also exists and must be checked jointly with
the manufacturer in each individual case.

“Pigment” and paper

As already discussed, the use of substances possessing a
high refractive index permits the production of papers with
good wet opacity and also whiteness; the individual products
do, however, possess in detail significantly differing effects on
the other optical parameters.

Opacity and whiteness

Whiteness has already been defined as a combination of
powder brightness and opacity. The differences between the
individual product groups, i.e., rutile, anatase and zinc sul-
phide, become clearly apparent when opacity is plotted against
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the achieved brightness. Any inorganic coating possibly pre-
sent has a significantly lower effect in this view, on the other
hand.

Ruiile (due to its having the highest refractive index) thus
has the highest opacity, followed by zinc sulphide and anatase.
Despite their somewhat lower opacity, higher brightnesses can
be achieved with zinc sulphide or anatase, however, if the R46
is observed. The slightly less blue L* value reacts slightly less
to the differences.

Colour location

With respect to the colour [ocation achievable or occurring,
the differences are more fundamental than in the cases of opac-
ity and whiteness, While anatase causes a shift into the blue/red
range, the use of zinc sulphide results in a blue/green shift. In
this case, the coating has a comparatively great influence, but
it must be remembered that this material is not a commercial
product. Rutile also drifts slightly toward red, but the drift is
not unequivocal on the blue/yellow axis:

Combination with optical brightening agents

OBAs require exploitable ultra-violet light to permit their
unimpaired functioning. The simultanecus use of UV-absorb-
ing substances is therefore counterproductive. In the graphic
below, the “pigment-free” paper coating, which contains
“only” calejum carbonate, exhibits in measurement of R 460
nm brightness the greatest increase in brightness in white upon
addition of UV light. Opacity, measured as R 460 nm bright-
ness on a black background is, however, modest and is
improved only insignificantly by UV light. Partial replace-

ment of calcium carbonate with rutile immediately indicates
the dramadcally superior concealing of the background, but
the addition of UV light increases brightness over white only
marginally. Zinc sulphide also exhibits significantly improved
hiding power over a black background, but additional UV
light also results additionally in a significant increase in
brightness over white. If all other boundary conditions are also
correct, this example demonstrates how high brightness can be
combined with good opacity. The graphic should, in this con-
text, be understood as follows: A point occupies the X/Y
coordinates of R460 measurement of diffuse reflectance
agatnst biack and white, in each case. The two points at which
measurements of diffuse reflectance were performed with and
without UV light components are connected in each case, Fig-
ure 9.

Specimen applications for “pigments”

By definition, pigments with a high refractive index are
always used where papers are to remain opagque despite being
{(temporarily) weltted, as in the case, for example, of label
papers (wet and oil opacity) and when a dark background is o
be permanently concealed. This may apply, for example, to a
paper coating on body paper with a recycled-paper content.
Here, the low body paper price must be set against the higher
price for pigments. It is necessary, of course, to also take more
far-reaching effects into account to achieve a compleie calcula-
tion, since not only the darker colour of recycled paper but
also, for example, more heavily coloured and therefore gener-
ally cheaper additives can be balanced against the more
expensive pigments, with a system formulation price which
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will provide a decision-making basis as the result. The same
applies to the use of OBAs, which harmonize well with zinc-
sulphide pigments and can thus be used at lower
concentrations.

The calculation must include not only purely raw materials
prices, but also continuous operating costs. Rapid dispersion,
good drying properties thanks to low specific surface and long
machine-component service-lives achieved via the use of soft

pigments for embossed papers, as in certain wallpapers, for
example, thus also assist in optimizing costs,

Experience indicates, all in all, that each and every individ-
val case must also be examined individually; there are
(unfortupately) only very few universally applicable sysiem
rules which can be used for the precise definition of optimum
use of pigments, selection of types and grades, and best deliv-
ery form.
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Summary

The coating of papers is an important step in determining
the final quality of the product. The coating recipe has an influ-
ence on the optical and physicai characteristics of the sheet as
well as the printability. Given the high cost and non-biodegrad-
able narure of synthetic latices derived from oil, an interesting
alternative is the use of natural polymers made from renewable
resources. Roquette, a maoufacturer of starch and starch deriv-
atives for the paper, food and pharmaceutical industries have
developed a range of binders specifically for paper coating.
These nawral polymer binders are optimised to obtain a stable,
high selids giues. The replacement of synthetic latex is possi-
ble without loss in coating solids. Coating colours containing
these natural binders have a rheological behaviour adapted to
suit all types of coating and give excellent offset printing prop-
erties. In addition, compared to oxidised starches sometimes
used in pigment coating and which have an anionic charge,
these natural polymer binders are non-ionic and result in a
lower COD and better fixation of cationic additives during the
re-cycling of the broke.

Key words: natural polymer binders - coating recipes - pre-
coat - top-coal -offset printability

Introduction

The qualities looked for in a coated sheet include: bright-
ness, opacity, gloss smoothness, and printability. During offset
printing, the paper should allow faithful image reproduction
with a good printing gloss gain, to improve reading comfort,
and a homogeneous reproduction of the solid colour areas (no
mottling).

To obtain the desired final sheet qualities, the papermaker
can modify:

- The base sheel properties; fibre composition, additives,
porosity, absorption capacity, formation.. ..,

- The coating colour recipe and its characteristics: pigments,
binder and co-binders, additives, coating solids, water
retention. ...

- The type of coater

- The drying of the base paper and the coatings. The most
widely used technique for drying coatings is the High-
Low-High strategy 1o avoid binder migration!™,

Roquette have developed a range of thermally medified nat-
ural polymer binders marketed under the name Stabilys®.

PAPER NINE

These binders can be used in both pre-coat and tap-coat
recipes. This aliows the coating cost 1o be reduced by partial or
total replacement of synthetic latices while maintaining the
final paper quality. In our Application Laboratories in Lestrem
we have two pilot coaters for small-scale production of coated
papers. We have siudied more specifically the influence of the
composition of the coating colour (binder ratio, proportion and
type of binders and co-binders} in pre coat and top coat formu-
lations, on the offset printability of coated papers and boards
using our Dixon pilot coater and Helicoater high speed coater.

Trial Descriptions

Dixon Coater Trials — Binder Selection and Preparation

The Dixen Coater allows us to surface-treat or coat papers
from 30-300 g/m™ up to a maximum speed of 150 m/min. We
have a selection of coating heads enabling us to carry out trials
with: size-press, film-press, blade coating, air-knife coating,
Champion coating, and rod applicator. The paper, after coating,
enters two-zone hot air dryer (max. temperature 200°C), an
infra-red pre-dryer is also available. After drying the paper is
passed over two cooling cylinders before re-winding.

For these trials the base-paper used was a 39 g/m™ sheet con-
taining re-cycled fibre with a relatively high Cobb value (Cobby,
= 50 g/m®). The drying temperature was fixed at 110°C.

The Stabilys® range of thermally modified natural polymer
binders being developed by Roquette for paper coating is under
active development. For the trials on the Dixon coater, two
products from the Stabilys® range were selected together with
an oxidised starch marketed for use in coating (referred to as
Starch A in the result tables). These binders were used in com-
bination with styrene butadiene latex. The recipes are given in
Table 2 (overieal).

The products from chosen from the Stabilys® range and
Starch A were prepared by jet cooking (3' @ 145°C) to produce
a 35% solids glue. The Brookfield viscosities of the glues is
given in Table 1 (overleaf).

You will note that the viscosity depends both on the type of
modification and the molecular weight. For the same type of
modification the Brookfield viscosity is directly proportional to
the molecular weight.

Stabilys® A030, the product with the tower molecular weight
has a higher sol/gel transition temperature than Stabilys® A020
but the gel structure is weak and does not change the theological
behaviour of the resulting coating colour significantly,



Analysis of the Coated Papers and Evaluation of Offset
Printing Quality
After coating the papers were calendered using a Ramisch
sheet calender, 1 pass at 90°C, pressure 3 bar.
The optical characteristics, surface properties and strength
of the papers were measured. The tests included:
- Brightness, opacity and gloss.
- DBendtsen smoothness and porosity
- Stiffness and breaking length
- Wet and dry IGT
- One minute Cobb
~  Paper surface energy, this factor is very important in order
to predict the ink/paper compatibility. Offset printing inks
are oil-based and it is therefore preferable to have a
hydrophobic surface.

The printability of the papers was determined with the col-
laboration of the Centre Technique du Papier (CTP) at Douai
after commercial printing on a Heidelberg SM 52 press, 4
colours (black - cyan - magenta - yellow) speed: 4400
sheets/hour. The inks used were from the Lotus+ range sup-
plied by Coatex Lorilleux.

The following criteria were analysed:

- Optical density

- Dot gain

- Printing gloss and printing gloss gain

- trapping

- mottle

- Ink transfer and speed of ink immobilisation.

- Resistance to scuffing, see-through, debris, blistering (heat
sel -offset)

For commercial printing a significant quantity of paper is
required, at least 500 sheets. In the laboratory, with the use of

the IGT-AIC2-5 print tester and the same industrial inks, it is pos-
sible evaluate certain criteria, including some of those given
above, with a more limited quantity of paper:

Formulations for LWC Top Coat Coating Colours Based on
Clay and a Clay/Calcium Carbonate Blend for Trials on the
Dixon Coater

The recipes of the coating colours are given below in Table
2. The coating colours were tested using:

- BROOKFIELD Viscometer

- AR 2000 Rheometer (viscoelasticity and yield point)
- HERCULES Viscometer (to 40 000 s")

- ACAV Viscometer (to 1 000 000s™')

- WARREN tester, for water retention

For formula A we replaced 7 parts of latex by 9 parts of Sta-
bilys or Starch A, the pH was not corrected, The coating solids
was 52% and the coatings were applied using the trailing blade
head at 50 m/min, the blade angles (x and ) were set at 35° and
0° respectively to give a single-sided coat weight of 5.5 g/m~.

A customer recipe was used as the base for formula B,
which contained a high proportion of calcium carbonate
together with a lubricant, insolubiliser and dispersani. The pH
was adjusted to 9, coating solids was 62.5% and 4.5 parts of
latex were replaced by 5 parts of Stabilys or Starch A, leaving
the binder ratio virtually unchanged. the coatings were applied
using the trailing blade head at 30 m/min, the blade angles (x
and =) were set at 20° and 0-5° respectively to give a single-
sided coat weight of 13 g/m™.

Comment: It is known that a change in coat weight can
influence the degree of mottling™. During our trials the coat
weight variability was limited to 5%.

Products BROOKFIELD Mean molecular Sol/gel transitlon
Viscosity (mPa.s) weight (105 Da) temperature* (°C)
Stabilys® A030 130 1.5 62
Amldon A 200 7 -
Stabllys® A020 310 . 7.9 50
*Measured by dynamic rheological analysis during the cooling of the glue.
Tabfe 1: Brookfield Viscosity @ 60°C, 35%MS
Farmula A Formula B
Reference Trial Reference Trial
Products Parts Parts Products Parts Parts
Clay 85 85 Calcium Carbonate 60 60
Calcined Clay 15 15 Clay 40 40
Latex {SBR) 14 7 Latex (SBR) 12.5
STABILYS® or Starch A 0 9 STABILYS® or Starch A 0 5
cMC 0.7 0.7 CMC 0.5 0.5
Dispersant 0.06 0.06
Insolubiliser 0.5 0.5
Lubricant 0.4 0.4
Characteristics pH as Is, 52%MS Characteristics pH = 9, 62.5%MS

Table 2: Recipes
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High Speed Helicoater Trials
We have used the Helicoater to carry out pre-coat and top-
coat trials on both paper and board.

Coat Trial — Board
The coating was carried out in two stages:

- Blade application of pre-coat at 900m/min., coat-weight
10-12 g/m~* (single sided). The reference formula used 14
parts of latex, 0.1 parts of CMC and 0.6 parts of a synthet-
ic thickener, Five parts of latex were replaced by STA-
BILYS® A020. The parts of CMC and synthetic thickeper
were also altered to optimise the formula. The final coating
solids were 63.5% and the coat weight 10-12 g/m (single-
side).

- The top-coat was also applied by trailing blade at 900
m/min, coat weight 10-12 g/m. The coating colour solids
were 62% (o0.d.). .

The papers were then calendered under the same conditions
as before.

Top-coat Trials, Offset Printing

These trials were carried out on a pre-coated wood-free base
paper. The coating was applied using the trailing-blade head,
the coat weights were: 10 g/m™ (series A) and 12 g/m™ (series
B). The formulation of the coating colours and paper charac-
teristics are summarised in Tables 3 & 4 below.

The series A papers were subsequently calendered (ABK
calender, 80°C, 1st pass at 180 kN/m, Znd pass at 130 kN/m).

The series B papers were not calendered {mart finished).
The ofiset printing quality was evaluated by CTP (see above for
conditions).

Series Series
A B

Grammage (g/m?) 65

Grammage (g/m*) | 100

Coat weight (g/m?) 10 | Coat welght (g/m?) | 10

Latex/starch {paris)| 4/6 | Latex/starch {parts) 0/22

Cobb 60 (g/m?) - | Cobb 60 {(g/imY 80

High-speed Pilot Trials
This irial was carried out on a high speed semi-industrial

pilot coater. The base paper was a 58 g/m* wood-free sheet.

The coating was carrted out in two stages.

- Ablade-applied pre-coat at 1250 m/min, 10 g/m-¥/ side.
The reference formula contained 8 parts of starch, this was
replaced by Stabilys® A030. The coating colour solids
were 67-68%.

The top coat was also applied by traiting blade at 1250
m/min, the coat weight was 10 g/fm™/ side. The reference
formula used latex only for the binder, the colour solids
being 66-67%.

The papers were subsequently calendered.

Results and Comments

Dixon Trials, Formula A

The colours were all shear thinning (Figure 1) and elastic.
The flow viscosities of the coating colours using natural poly-
mer binders were higher than that of the 100% latex binder
reference, principally at low-shear. At high shear rates, the vis-
cosity of all the formulas is very close. The minimum force
required to induce flow was no higher for the coating colours
using natural polymer than for the reference formula. The coat-
ing cenditions on the machine should not therefore need to be
altered.
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Figure 1: Viscosity of formula A colours at various shear

Table 3: Pre-coated base characteristics rates
Series A Series B
Reference Trial Reference Trial
Products Parts Parts Products Parts Parts
Carbonate 0 30 Carbonate 80 90
Clay 10 10 Clay 10 10
Latex SBR 10 8 Latex SBR 10 7or8
STABILYS® A030 0 20r3 STABILYS® A030 o 5or3
CMC 0.3 0.3 CMC 0.8 0.8
0OBA 0.4 0.4 PVA 0.5 0.5
OBA 0.45 0.45
Lubricant 0.1 041
Characteristics pH = 9, 68.5%MS Characteristics pH = 8, 67%M5

Table 4: Recipes




The water retention, as measured by the Warren test, was
superior with colours containing patural binders, Stabilys®
A030 gave a water retention of 183s, Stabilys® A020, 200s
and Starch A, 175s. The reference, containing oaly latex, had a
water retention of 120s,

Statistical analysis of the most important paramelers
allowed us to find a correlation between the molecular weight
of the natural polymer and the water retention of the final coat-
ing colour: the lower the molecular weight, the higher the water
retention, This is a result of the presence of a higher number of
hydroxyl groups available to form hydrogen bonds with the
water molecules.

How do the paper properties vary as a function of type of
natural polymer binder used and the number of parts of binder?

The LWC papers were very similar in terms of brightness,
opacity, breaking length and 60 second Cobb. Slight differ-
ences were observed in gloss and stiffness. (Figure 2), the
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Figure 2 : Gloss and stiffness before printing

papers using natural binders in the coating were stiffer. The
natural binders appear to be more resistant to calendering and
this would explain the differences in gloss values, an alteration
of the calendering conditions or an increase in the coating
solids should enable the same levels of gloss 1o be achieved.
After printing we have noted that the print glosses are equiva-
lent and that the gain in priot gloss was higher for the coatings
containing natural polymer binders, the best results were
obtained with the Stabilys® A020 (Figure 3).

The surface strength of coated papers is very important. If
the surface strength is too low, picking will occur during print-
ing because of the tack of the inks. Generally it is felt that it is
necessary 1o use 12 to 2 parts of natural pelymer binder o
replace 1 part of latex. However it is shown in Figure 3a that
the replacement of 7 parts of latex by 9 parts of Stabilys® gives
no loss in pick strength and, in fact, the papers containing nat-
ural polymer binders give slightly higher results, In parallel the
analysis of the surface energy shows that the papers containing
natural polymers are more hydrophobic than the reference, We
think that this is because more of the latex stays on the surface
thanks 10 the presence of the hydrophilic natural polymer
which penetrates more in to the body of the sheet.

With regard to post print mottle, the coating coniaining nat-
ural polymers give the same results as the 100% latex reference
(Figure 4). The paper containing Stabilys® A0Q20 has a mot-
tling index of 2.2 compared to 2.4 for the reference paper, a
difference sufficient for an expert eye 10 see. A mottling index
higher than 2.2 is regarded as poor.

Print-dot gain is also lower for the coatings containing nat-
ural polymer (Figure 5).

For the other printing parameters examined, no differences
between the papers were apparent.
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Dixon Trials, Farmula B

All the coating colours were shear-thinning and elastic. The
latex reference coating colour had the lowest viscosity across
the shear range. At one million s-1, the colour containing Sta-
bilys® A030 had a viscosity of 53 mPa.s, the colour with starch
A, 52 mPas, Stabilys® A020, 57 mPa.s and the reference, 38
mPa.s. The viscosity level of the natural polymer containing
coating colours is dependent on the type of chemical modifica-
tion of the base material, the molecular weight and the
interaction of the polymer with the other colour components. In
all cases the differences between the four colours is relatively
small and it should not be necessary to change the machine
parameters for high-speed coating.

The water retention values of the coating colours containing
natural polymer-based binders, as in the previous formulas, are
proportional to the molecular weight of the product used. Not
all the results treated in the statistical analysis allowing us to
demonstrate the correlation are included in Figure 8.

There were same differences found in the finished papers.
The paper coated with the reference formulation had the high-
est gloss level; of the others, the coating containing Stabilys®
AD20 was closest to the reference value. The coatings with nat-
ural polymer binders gave a stiffer final sheet and the print
gloss and print gloss gain were higher than the reference (Fig-
wre 7). The coating containing Stabilys® A030 gave the best
print gloss value and gain. )

The pick resistance of the coating containing Stabilys®
A030 is improved compared with the reference coating. Sta-
bilys® 030 has the lowest molecular weight of the patural
polymer binders examined in the study and therefore can pen-
etrate more easily into the base paper, the latex slaying more on
the surface. The loss in pick resistance of the other coatings is
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relatively small given that the test conditions were particularly
severe (a high-tack ink was used at the maximum speed range).

The papers coated with the natural polymer containing
celours were more hydrophobic than the reference paper; the
dispersive component was little changed but the polar compo-
nent fell by around 25%. There was no significant difference
between the papers treated with the three trial coatings.

The lowest mottling index was observed for the reference
sheet, 2.1, then the papers containing Stabilys®, 2.3 and then
Starch A, 2.4. The two extremes are discernable by an expert
eye (Figure 9).

We also noted that the ink transfer was faster for the papers
containing Stabilys® than for the reference. The paper con-
taining Starch A had a different ink immobilisation speed than
the reference. The two types of naiural polymers used in this
study gave different distinguishing criteria. The distribution of
the binder in the coating layer is a function of the different
physio-chemical modifications of the polymer.

The other printing parameters examined showed no differ-
ences between the papers.

Helicoater High Speed Pre-coat Trials on Board

We have demonstrated that, from a rheological point of
view, the 14 parts of styrene-butadiene latex can be partially
replaced by a natural polymer binder from the Stabilys® range.
The number of parts of Stabilys® used allows for the optimi-
sation of the formula and the possibility of replacing all or part
of the CMC and synthetic thickening agent without changing
the coating colour rheology. Medified natural binders such as
Stabilys® influence the viscosity over the complete range of
shear rates encountered by a coating colour, as do synthetic vis-
cosity modifiers. CMC is only effective at low rates of shear and
does not influence either the viscoelastic behaviour of the
colour or its water retention value.

8

b

|

3

S
Polar and apolar surface
energy (mN/m)

-
(=]

Dry IGT - Ink 3806 - 7m.s (m.§)
o

C = W W ko 3 =y oW

o AL
O

= o 0
SBiatex STABILYS® AQ3D

Siarch A

STABILYS® AD20

Figure 8: Pick Resistance and Surface Energy

STABILYS® AD20

STABILYS® AD30

58 tatex Starch A

Figure 7: Print Gloss and Gloss Gain.

69

Figure 9: Mottling Index



The characteristics of both the pre-coated and the finished
board were examined. Only slight differences were noted
between the pre-coated boards in terms of their characteristics:
stiffness, Scott bond, smoothness, brightmess and wettability.
These differences would be later masked by the top-coating
when the gloss and stiffness were virtually identical whaiever
pre-coat formula was used (Figure 10).

A further trial on the Helicoater replacing 6 parts of latex
confirmed these excellent results (Table 6).

High Speed Helicoater Top-coat Trials, Series A

With Stabilys® A030, the top-coat colour has a higher vis-
cosity throughout the shear range compared 1o the 100% latex
reference formula, The main consequence of this was to require
an increase in blade pressure.

The finished paper test results show an increase in the
hydrophobicity of the surface, which would normally result in
improved offset printing quality. The dry pick strength was he
same as the reference, the other characteristics measured

Reference Trial showed no significant difference.
Smoothnsss (ml/min.) 149 9 High Speed Helicoater Top-coat Trials, Series B
Brightness (%) 82.4 83.4 Unusually, in this study we did not find an increase in UV
Scott Bond (J/m?) 205 295 brightness as is normally the case with formulas containing
Stifinoss MD (N 524 507 starch and other natural polymer binders.

. 088 (N) We noted that the board stiffness was improved when the
Stitiness CD (N) 270 269 coating colour contains a natural polymer binder. The loss in
Dry IGT (No. 3808 - 2m.s) 0.82 0.82 gloss, except for LAB A & B and Stabilys® A030, was surpris-
Wet IGT (No. 3808 - 0.3m.s) Ink refusat | Ink refusal ing given that the board was not calendered. It is thought that a

- change in coating parameters was responsible for this.
Formamide penetration index 0.1 01 The surface strength of the board was the same as the refer-
Surface free energy (mJd/m?) 29.1 30 ence for LAR’s C,D & E. Only LAB's D & E appeared to increase
Polarity (%) 16 18 the hydrophobicity of the board's surface.
— — ) Table 7 gives a summary of the parameters analysed after a
Table 6: Finished board characteristics, replacing 6 parts commercial printing of the boards. The boards are ranked from
of latex good to poor (high to low).
100 70
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Reference Sp Stabilys® Sp Stabilys® 6p Stabllys® 7p Stabilys®
AD20, no thickener A020, no thickener 1A020, no thickener 2A020, no thickener
1, ho CMC 142, no CMC
Figure 10: gloss and stiffiness of the finished beard as a function of the pre-coat formula
Product Dot gain Print Ink Trapping | print Mottling Rub Set-off | TOTAL
Gloss transfer throtgh resistance
LAB A 0 1 2 1 2 1 1 1 9
Ref 0 0 4] 2 2 1 1 2 8
LABB 0 D 2 1 1 0 2 1 7
LAB G 1 1 1 1 1 1 1 o 7
S, AQ20 0 1 1 1 1 1 1 0 &
S. AD30 1 1 1 1 1 o 1 0 &
LAB C 0 1 1 1 2 o 1 0 6
LAB F 1 1 1 1 0 0 1 0 5
LAB B 0 1 1 1 0 0 1 0 4
LAB E o 1 1 1 1 0 0 0 4

Table 7: Offset printing quality of finished boards.
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It can be observed that it is feasible to replace a significant
portion of the latex by a modified natural polymer binder pro-
viding that a suitable product is chosen considering both the
rheological properties desired and the base paper. In effect, the
products LAB's A, B, G give virtually the same printing proper-
ties as the reference and the others were only slightly poorer
(Table 7).

High Speed Pilot Trials

With Stabilys® A030, the pre-coat colour could be prepared
at a higher solids than the reference formula, 68% compared to
67%, whilst still maintaining good handling characteristics at
high shear rates. The Brookfield viscosity was slightly higher
then the reference, The water retention (Gradek method} was
higher with the Stabilys® (Figure 10).

Paper treated with the Stabilys® AQ30 containing pre-coat
was cone point higher. This could possibly be explained by the
higher coating solids but is this sulficient to change the gloss of
the finished paper?

The papers were also checked in the fab for their mottling
characteristics, both wet and trapping mottle. Little or no dif-
ference was observed in spite of the differences in coating
solids (Figure 11).
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Figure 11: Pre-coat characteristics
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Figure 12: Mottling index of reference paper and paper
containing Stabilys® AD30 in the pre-coat
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Conclusions

The Stabilys® range of thermally modified natural poly-
mers has proved itself to be suitable for use in pigment coatings
for paper and board. It is possible to obtain stable, high solids
{up to 42%) binder solutions. Coatings prepared with natural
polymer binders have a suitable rheology for current coating
technologies, are cost effective and irnprove the recyclability of
the finished papers and boards.

Stabilys® can be used to substitute latex in the pre-coat and
top-coat without a loss in dry solids:

The water retention is better.

The surface strength is generaily equivalent or better; Jatex

tends to remain on the surface of the coating while the nat-

ural pelymer binder tends to penetrate into the body of the
sheet.

Sheet stiffness is normally improved.

The gloss of supercalendered papers is lower but the print

gloss and print gloss gain is higher.

There is no signiftcant difference in the degree of mottling.

The cost savings are significant. The examples presented

represent savings of between €2.5 and €8 ftonne of fin-

ished paper.

The loss in supercalendered gloss can be compensated for
by changing the calendering parameters, by increasing the
coating solids (binder solutions concentrations of up to 42%
are possible) or by a change in the grade of the natural polymer
binder used. A supplementary advantage to increasing the coat-
ing solids is a reduction in drying costs (+ 1% in solids = -4%
energy cost).

Roquette is actively working on the development of natural
polymer binders for non-contact coating methods such as cur-
tain coating and on the problem of misting at the film-press. A
new binder was recently tried at KCL on their film-press at
1500 m/min with no evidence of misting, unlike the reference
formulation.
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Abstract

Polyolefins are used extensively in many industries due to a
combination of attractive attributes. To date, these attributes
can orly be incorperated into finished articles through conven-
tional thermoplastic forming processes such as extrusion,
thermoforming, injection molding, and btow melding. Poly-
olefins have not been available for vse via low viscosity
application techniques due to the difficulty in polymerizing
polyolefins, especially polypropylene. in an agueous environ-
menkt

To address this gap, a novei process has been developed to
disperse conventional polyolefins in water. Dispersions of eth-
ylene and propylene based resins have been produced at scale
with high solids content and with submicron particle size,
When applied to a substrate, these dispersions combine the typ-
ical attributes of polyolefins, namely heat sealability, low
temperature flexibility, and water and chemical resistance, with
the autributes typical of aqueous systems, adhesion to polar
substrates and the ability 10 accept inorganic filters. Polyolefin

Differentlal Volume
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Figure 1. Example of particle size distribution of polyolefin
dispersion.
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dispersions (PODs) can be applied via traditional low viscosity
application techniques including printing operations such as
rotogravure, This combination of properties makes these mate-
rials ideal for use as a laminating adhesive and as a heat
sealable coating.

Mechanical Dispersion of Polymers

A mechanical dispersion technology has been developed to
produce water-borne dispersions of polymers that cannot be
made by emulsion polymerization. While the focus of this
paper will be on mechanical dispersions of polyolefins, it is
envisioned that commercially viable mechanical dispersions of
other polymer types will be developed in the future. The advan-
tage of the mechanical polyolefin dispersion technology is that
there is no solvent used and the dispersion is stable to high
selids content.

Under the right processing conditions, the process produces
high solids (40-55 wt %) dispersions with an average particle
diameter of about 1 micron from olefin homopolymers and
copolymers (see Figure ). The dispersions typically have a
viscosity of less than 500 cps at ambient temperature (USP
Method 911} and pH ranges from 8.5 to 11.0 (USP Method
791).

Properties of Polyolefin Dispersions

Mechanical polyolefin dispersions provide the properties of
polyolefins in a water-based product that can be processed
using many conventional low viscosity application techniques.
Some of the attributes that polyolefins exhibit in end-use appli-
cations include:

* Water resistance

* Oil and grease resistance

*» Heat sealability

* Range of hardness and melting point
* Recyclable

* Thermoformable / embossable

= Elasticity / low temperature flexibility
» Superior adhesion to polyolefin substrates
* Compliant for direct food contact

* Adhesion 1o polar subsirates

+ High coefficient of friction (anti-stip)
* “Consumer friendly” chemistry

*» Non-allergenic



Many of the desirable auributes of polyolefin dispersions
are driven by the semi-crystalline nature of the polymer. Figure
2 shows the crystalline structure of dried polyolefin dispersion
that has not undergone film formation. Crystallinity provides
structure for enhanced mechanical swrength and flexibility. In
addition, the crystalline structure is insensitive to the presence
of water and oil and grease, providing good water and
oil/grease barrier properties. Many emulsion polymers derive
their strength from hydrogen and ionic bonding, which is sus-
ceptible to water and oils.

Another attribute of crystalline structure is the presence of
melting behavior. Most emulsion polymers are characterized
by their glass transition temperature, T,. Polyolefins have a
glass transition temperamre and a melting point, T, which is
the temperature where regular packing of the crystal lattice dis-
appears. The T, of polyolefins is typically below -20°C and is
the reason for their excellent low temperature flexibility. The
T,, of polyolefins ranges from 40 to 160°C and is the more
important thermal transition for most converting operations
and end-use applications for PODs. The melting behavior of
polyolefins is critical to providing the ability to heat seal, ther-
moform and emboss coatings made from PODs. The level of
crystallinity can be tailored to adjust heat sealing temperatures
as well as the hardness/modulus of the finished coating.

The low surface energy nature of polyolefins also plays an
important role in the performance of polyolefin dispersions.
Many polyolefins, especially the homopolymers of ethylene
and propylene, are composed solely of carbon and hydrogen
(see figure 3 below). The surfaces of articles produced from
these polyolefins have low surface energy (often less than 34

- 3 - r— " F I
8 BT

dynes/cm) and are very difficult to adhere to. This often pre-
sents an issue when building structures based on multiples
layers that include polyolefins. The challenge is especially
great when vsing water-based dispersions as adhesives or coat-
ings onto polyolefins. Most monomers used in emulsion
pelymerization are polar in nature and are not compatible with
pelyolefin surfaces. Polyolefin dispersions have the advantage
of having the same chemical building blocks, or monomer
units, as standard polyethylene and polypropylene polymers.
This allows PODs to have excellent adhesion to substrates such
as unprimed, untreated BOPP (biaxially oriented polypropy-
lene) and HDPE (high density polyethylene). In addition to
adhesion, the benign chemical nature of polyolefins allows
PODs 1o be direct foed contact compliant and non-allergenic.

The low surface energy coalings possible from PODs are
advantageous for adhesion to polyolefins, but this can be prob-
Jematic for adhesion to paper, foil, and other polar surfaces. To
balance the adhesion between polar and non-polar substrates,
acid groups are incorporated into PODs. The carboxylate
groups provide adhesion to metals and polar polymers such as
polyamides. The acid groups also provide enhanced shear sta-
bitity and compatibility with mineral fillers such as calcium
carbonate and aluminum trihydrate.

Table 1 outlines examples of some of the developmental
polyolefin compositions that have been produced. Ethylene
and propylene copolymers have been widely investigated in the
dispersion process. The melting point of the polyoelefin copoly-
mer can be varied by changing the ratio of the comonomers and
is a key parameter that influences such properties as film for-
mation and heat seal performance.

Polyethylene

o, [HHHH Y
\ GGG LG
HHHHHHHH

Polypropylene
HoW W oH
—G—C —C—C
H-C-HH H-CHH
H H

propylene
monomer

=

Figure 2. Atomic force micrograph (AFM) of dried poly-
olefin dispersion showing crystalline structure.

Figure 3. Chemical structure of homopolymer polyethyl-
ene and polypropylene.

Product Designation | Polymer Composition Carbaxylic Acld Content Polymer T,,, (" C) | Palymer T, (° C)
Dispersion A Ethylene Copolymer Yes 60 -55
Dispersion B Ethylena Copolymer Yes 116 -55
Dispersion C Propylene Copolymer Yes 85 -25 ‘
Dispersion D Ethylene Copolymer No 60 -55
Disperston E Propylene Copolymer No 85 -25

Table 1 — Examples of Developmental Polyolefin Dispersion Compositions



The addition of acid functionality is based con the desired
properties of the end-use application. For example, in some
applications it is desirable to blend the dispersion with fillers
such as calcium carbonate. The ability to incorporate such
fillers is particularly important for applications with textiles. In
this case, we have found that incorporation of acid functional-
ity in the dispersion formulation is desirable. The ability to
incorporate such fillers is particolarly important for applica-
tions such as carpet backing.

Film Formation

One key difference inherent to polyolefin dispersions, com-
pared to conventional latexes produced wvia emulsion
polymerization, is fitm formation. Since the crystalline phase
persists until the temperature is increased above the melting
point, the polyolefin dispersions are not film forming at room
temperature. Conversely, many emulsion polymer latexes have
film forming properties at or below room temperature.

Little to no film formation of the polyolefin dispersions
occurs until all of the water is driven off, due to evaporative
cooling. The coating must then be heated adequately above the
crystalline melting point for the particles 10 melt and coalesce.
For many existing converting processes and applications this
does not present an obstacle, since in many cases the existing
process already encompasses a drying step that operates at ele-
vated temperatures.

Deformation of polyolefin dispersion particies and forma-
tion mechanisms of void-free film from discrete particles were
investigated in situ using hot-stage tapping-mode atomic force
microscopy (TMAFMY. Figure 3 shows the TMAFM topography
images of an ethylene copolymer film cast from Dispersion D,
which has a crystalline melting point of about 60 °C. Spherical
particles with clear boundaries can be observed. The size of the
spherical particles ranges from 0.1 to 3 gm. The unique advan-
tage of TMAFM with hot stage capability is that ir allows the
monitoring of the particle deformation and inter-particle coa-
lescence processes in real time at the same location.

In order to examine the particle deformation with increasing
emperature, a series of TMAFM topography images associated
with film formation at elevated temperature are shown in Fig-
ure 4. Essentially no coalescence occurs at temperatures below
56°C. The particles maintain their shape even up to 60°C. At

o e B ~ - 3 g g = =
Figure 4. A series of TMAFM topographic images of
ethylene copolymer digpersion film at elevated
temperature.
(Reprinted with permission from Reference 1)
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70°C, the particles start to deform and a low level of particle
coalescence is reached. At 78°C, individual particles essen-
tially disappear with few restdual particles still recognizable.
The particles become exceedingly diffuse when the tempera-
tre is over 80°C.

Under the appropriate drying conditions, the polyolefin dis-
persions produce films with excellent mechanical properties.
Figure 5 shows the stress-strain curve for a relatively thick {10
mil) film cast from a dispersion of ethylene-octene copolymer,
when dried under different conditions. These thick films were
dried in a standard forced-air convection oven. Excellent qual-
ity films and foams have been produced in continuous
processes at conventional processing speeds.

Conversion Options for Polyolefin Dispersions

Polyolefin dispersions have been processed using many of
the traditional converting processes employed with emulsion
polymers. As shown in Figure 6 (overleaf), PODs can be (1) air-
frothed to produce a foam or feamed backing on various
substrates, (2) spray-dried to produce a very fine powder, (3)
applied as a very thin coating on a variety of substrates using
processes such as roll coating, gravure, spray-coating, and oth-
ers processes, {4) used to impregnate porous substrates such as
woven and non-woven fabrics, etc.

It is also within the capability of this process to disperse
compounded blends of polymer(s) with plasticizers, fillers,
tackifiers, pigments, stabilizers, and other common thermo-
plastic compound ingredients. For example high solids,
water-based dispersions of hot melt adhesive (HMA) com-
pounds have been successfully produced in this process. These
HMAs are typically based on thermoplastic polyolefin elas-
tomer, tackifier resin, wax, and antioxidants. Pigmented
polyolefin powder coating formulations have also been dis-
persed as a precursor to spray drying to preduce fine powders.

Adhesive Lamination and Heat Sealable
Coatings

Polyolefins are widely used in the packaging industry as
coatings on polymer films and aluminum foil. Typically, poly-
olefins are applied in the melt phase using processes such as
extrusion coating, coextrusion, or extrusion lamination. Often
these polyolefin coatings provide a sealant layer or function as
a laminating adhesive. The availability of a water-based poly-
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Figure 5. Mechanical Properties of 250 um films cast from
Dispersion D {using different drying conditions
in a forced air convection gven)



olefin dispersion allows converters to apply these sealant and
adhesive layers using conventional water-based application
techniques such as flexographic printing, This can provide
advantages such as the ability to apply a much thinner coating
than can be achieved with melt processing techniques, the abil-
ity to coat at significantly higher line speeds, the ability to coat
in a pattern, the ability to apply very low melting point poly-
olefins with low heat seal initiation temperature, as well as the
ability to apply a polyolefin coating at low temperatures.
Applying polyolefins at traditionally high melt processing tem-
peratures can sometimes have detrimental effects on the
substrate being coated.

Paper Coating

Oil/grease and water resistance are key properties of paper
and carton board that can be improved with the right choice of
coating. High levels of oil and grease resistance (OGR) are
often needed for demanding packaging applications such as pet
food bags, pizza boxes, hamburger wrappers, and the like. Flu-
arepolymer based coatings provide excellent OGR, but have
come under increasing regulatory pressure. This has led con-
verters ta search for alternative water-based OGR coatings.
Polyolefins are widely used for paper coating, but are typically
applied as a thermoplastic melt using extrusion coating tech-
niques, The availability of waterbased based polyoclefin
dispersions provides an excellent alternative with good OGR
performance and economics.

Paper Oil and Grease Resistance Examples

Water-based polyolefin coatings were made on paper to
evaluate the oil and grease resistance of the coating. The dis-
persion was applied onto the rough side of a Fraser base stock
having a basis weight of 59 g/m* using wound rods. A coating
weight of 8.9 g (dry) /m* was used. The drying of the disper-

sion coating onto the paper substrate was performed at 149°C
for 5 min. using a convection oven.

OGR was determined by performing a hot oil evaluation. A
drop of oil was placed on each sample and the drops were
examined at various time intervals to determine the degree 1o
which the oil penetrated to the back side of the sample. Test oils
consisted of sesame, vegetable, canola, olive, peanut, corn, and
oleic acid. The oils were preheated to 60°C in an oven. A6 X 7
inch coated sheet was taped onto a PLEXIGLAS® acrylic sheet.
A drop of oil was then placed on the sample surface and the
time recorded. Samples were then rated on a pass to fail scale,
immediately without oil wipe-off. This is the immediate or *I"
reading on the test chart.

The pass to fail scale is rated as follows:

P = Pass, i.e. no staining noted on front-side or backside

LS = Lightly Saturated, i.e. stain not through to backside of
paper

HS = Highly Saturated, i.e. spreading stain through to back-
side of paper

8 = for complete saturation of the fiber network

A# = Number of pinholes noted in the field of the drop

M = Multiple pinholes in the field of the oil drop

The samples were rated again after one hour at ambient con-
ditions. This reading is indicated as “1” (1 hour) on the test
chart. The treated samples were then placed in a 60°C oven
overnight. After 20 to 24 hours in the oven, the samples were
taken out and the oils wiped off the surface. The back side of
the samples were observed through the PLEXIGLAS® acrylic
sheet. Staining through to the backside is more easily observed
with back lighting. Alternatively, the samples were removed
completely from the PLEXIGLAS* acrylic sheet. The total
amount of time fram initial to final reading was recorded to the
nearest 0.5 hour. Hot oil test resuits are shown in Table 2.

» Open Cell Foams

Compounding PO Dispersion 1
Technology > Technology _|—> Very fine PO Powders

Polyolefin

+ T Coatlngs

Campounding Ingredients i —» Adhesives

*» Tackifiers ) Binders

* Plasticizers Tie-layers

» Stabilizers Primera

« Flllers Sealants

Figure 6. Conversion optlions for polyolefin dispersions.

Oll Type Corn Sesame | Vegetable Olive Peanut |” Canola Olelc
Exposure (HR) Il 1|24t 1241|241 | 1241|1241 ] 1([24)i; 1|24
Polyolefin Dispersion D P|P|HS|P|AI[HS|P| P|HS|P| P|HS|(P|P|LS{P| P/HS|P| P |HS
Polyolefin Dispersion A plp|P|P|P|P|P|P|P|P|P|P P|P|PiP|PiP P|P|HS
Styrene/Butyl Acrylate Latex PIA1|HSi{P| P|HS|P| P{HS|P| PIHS|P| P|HSIP| P |HS|P| P|HS

Table 2. Hot Oil Evaluation for Coated Paper Samples
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Polyolefin Dispersion A showed superior performance when
compared to a commercially available styrenebutyl acrylate
latex Formulation. It is also interesting to note that the car-
boxylated POD (Dispersion A), performed significantly better
than the acid-free dispersion (Dispersion D).

The polyolefin dispersion can be applied to paper using con-
ventional processes for water based coatings, including various
spraying techniques. In addition, the dispersion can be printed
onto a paper web, such as by gravure printing, roll coating, etc.

Paper Moisture Vapour Transmission Rate
Examples

The water resistance / absorption of PODs were measured
using a Cobb test in accordance with ASTM D3285-93 with an
exposure time of 2 minutes, The test involves a known volume
of water (100 ml) being poured onto a specific area of the
board’s surface (100 cm”). Dispersion coatings were applied on
kraft paper using a #3 rod and then dried at 120°C. The mois-
ture vapour transmission rates and water resistance of the
coated paper samples were then measured and compared to
uncoated kraft paper. The board is weighed before and after the
exposure and the difference between the two can then be
expressed as the weight per unit area of water absorbed in that
given time; the lower the Cobb value, the better the result.

The moisture vapour transmission rate (MVTR) was mea-
sured using ASTM E96-80 dish test. The test measures the
transmission of moisture from a wet chamber through a test
specimen {sheet) and into a dry chamber containing a desic-
cant. The MVTR experiments performed were performed at
room temperature with a wet chamber relative humidity of
T0%.

Table 3 shows the MVTR and water resistance via Cobb test
for bath coated and uncoated samples. [n contrast to the QOGR,
these data show that the acid-free polyolefin dispersions are
preferred for water resistance. Blends of acid functionalized
and non-acid functionalized formulations can be used to
achieve a very desirable balance of both OGR and water resis-
tance in the same polyolefin dispersion coating formulation.

Frothed Foams and Coatings

Frothed foams can be readily made from polyolefin disper-
sions, thereby producing structures that are vastly different
from foams available from extrusion based foam processes.
Figure 7, illustrates the lab-scale converting process for pro-
ducing air-frothed foams from PODs. Continuous foaming on a
larger scale has been conducted using readily available equip-
ment employed for froth foaming of conventional latexes.
Novel formulation and process technology has been developed

Dispersion % Solids | Ambient Brookfield Visc (cP)| pH |Cobb 120 (g/sqm/120 sec) | MVTR {g/sqm/24hr)
Polyolefin Dispersion E 50% 56 12 1 a0
Polyolefin Dispersion B 44% 510 11 7 420
None - - - 28 850
Table 3. Cobb Moisture Resistance of Polyolefin Dispersicn Coatings
Polyolefin
Mechanical
Dispersion
Technology

! Rotor

Pressurized
Air

Frothing (
Formulation

Foam
Rollstock

Q
£

Figure 7. Process for producing frothed foarms from polyolefin dispersions.



in order to balance the foaming and drying processes. Achiev-
ing this without encountering foam collapse or surface
cracking is the key to preparing foams from polyolefin disper-
sions. These novel foams have the following features:

s Open-cell structure

» High moisture adsorption and “wicking”

» Low compression set at ambient temperature

= High elasticity

s Very soft, luxuriant feel

= Biocompatibility

« Excellent adhesion to polyolefins and other substrates
+ High filler loading capability

* Recyclability

* Embossability

Foams can be foamed directly onto a variety of substrates
such as textiles and fabrics, non-wovens, carpet, paper, metal,
plastic films, etc. A scanning electron microscope picture of
frothed polyolefin foam is shown in Figure 8.

Summary

Thermoplastics, including polyolefins, have many desimable
properties in end-use applications. However, extrusion is typi-
cally the only viable method for converting these materials into
a finished good. A proprietary process has been developed for
mechanically dispersing a wide range of polyolefins to produce
high solids content polyolefin dispersions with an average par-
ticle size of approximately 1 micron. These dispersions can be
employed in conventional converling processes typically used
for cmulsion polymer latexes, including: spraying, froth foam-
ing, rol coating, gravure printing, dipping, impregnation, etc.
The polyolefin dispersions offer a unique combination of char-
acteristics not found in typical emulsion polymers. These
attributes create significant opportunities for innevation by for-
muiators and converters.

1 L5, Jing, Liang, Wenbin, Churn, Steve, In Sitv Monitoring of
Dispersion Film Formation Using Tapping Mode Atomic Force
Microscopy, MRS 2004 Fall Mecting Proceeding: Vol. 838E 010.19
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Optimization of the Coating Colour Kitchen
in the New Environment of the Paper Mills

by
Thierry Leduc

ABB Cellier

Introduction

The paper mill like any company must constantly adjust to
the constraints of its market and its environment. In a giobal-
ized economy, the industrialist faces fierce competition and
often has an out-of-date production tool which is more and
more difficult to maintain. The rise in the costs of raw materi-
als and energy necessitates the industrialists to constantly
optimise their processes. To ensure production with a stable
margin is one of the paper mills major preoccupations.

Coating kitchens in paper mills are concerned. Projects for
new kitchens in Europe are rare, but modifications, optimiza-
tions and revamping are significantly increasing. The
engineering business evolves quite rapidly towards a service
business where the advice becomes as essential as the supply
of equipment.

For the industrialist, the technico-economical justification

PAPER ELEVEN

of an adaptation of the production tool is not always simple.
How can we replace what is functioning 7 What is the return on
investment of the expected change ? All these questions require
a detailed assessment of the pertinence of solutions provided
on the market.

In this connection, we set out below the most pertinent evo-
lutions/optimizations of coating Kitchens regarding this
economical logic.

Energy saving

Energy saving is a 1opical matter in paper mills. One of the
after effects of successive oil crises is that energy is more and
more expensive. While the energy cost has doubled in 5 years,
the paper price has only or slightly increased. The energy part
in the paper cost price has doubled 10 reach an all-time high of
about 20 to 30%.
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The capacity of (he installations and equipment to control
their energy consumption has become a significant criterion of
assessment. The coating kitchens and the preparation of chem-
icals compounds are no exception to this rule.

The coating kitchen comprises many units. The units that
consume large quantities of energy are pumps, cookers, mixing
and dispersion tanks. Energy is consumed in the form of steam
for cookers or electricity with the many motors used on pumps
or equipment. For example, a 12 m* mixing tank for pigment
dispersion can have installed powers ranging from 250 to 300
kW.

Reducing energy consumption has therefore become one of
the concerns of the supplier of solutions. One possibility con-
sists in modemising the power supply circuijts by, for example,
using frequency inverters. Inverters consume only the energy
necessary and sufficient for performing a process function
without waste. They also allow a more flexible use of the coat-
ing colour preparation plant.

As far as the process is concemned, a continuous system
consumes far less than a batch system. For the batch system,
the use of pumps and equipment is discontinuous with a short
time of utilisation and large volumes. The dimensioning of
the equipment, pumps and motors is more important than for
the continuous process. The compactness of the continuous
sysiem means it is preferred with respect to the batch tech-
nique when the quality obtained and the performance levels
can be identical. More generally, the use of more and more
concentrated coatings is also a quite efficient way to save
energy.

The coating colour manufacturing process itself is opti-
mised to reduce the energy consumption. For example, ABB
Division Cellier has developed in conjunction with research
centers of the group, a new innovaling turbine enabling the
energy consumption to be reduced by 20 to 30% when produc-
ing coating colour or when dispersing. This type of
improvement necessitates thorough simulation studies to deter-
mine an optimal operation in a sciemtific way. Several

customers have already modernized their equipment to benefit
from emergy savings or productivity with a quick retumn on
investment.

Environmental protection

Environmental protection has become a legal European
obligation since 23rd October 2000. The European directive
WFD (Water Framework Directive) has a clear objective which
consists in rezching the good ecological state of underground
and surface waters in Europe for 2015, and reducing or sup-
pressing the rejects of some substances classified as dangerous
or very dangerous. In the United Kingdom as in all countries of
the EEC, a schedule of measures is fixed every six years (2006,
2009, 2015) with deadlines per district. If these measures
announce a tightening of the environmental constraints, a sig-
nificant effort has already been performed for the treatment of
effluents by the paper-makers. A report of SEAP (Scottish Envi-
ronment Protection Agency) states that a mill in Scotland
spends less than £450,000 per year for the treatment of its
effluents and almost £1 million for the totality of the water
treatment process.

In this field, ultrafiltration is considered as an encouraging
solution to reduce the operating costs of the water treatment
stations. The principle consists in concentrating the effiuents
and recycling the solid contents in small quantities in the
process.

ABB Cellier has designed and installed several ulirafiltra-
tion units in the world. Ultrafiltration units are reputed fragile,
however this technigue remains very encouraging as this was
confirmed by a test programme performed over a year in co-
operation with the PALL company in a major French paper
mill. The retumn on investments for this type of installation is 2
years thanks to the savings made with the recycling of dry
materials when pre-coating and to the reduction of effluents to
be eated. If this technique is currently expleitable for coating
effluents, it has not been validated for all effluents and in par-
ticular white waters which are the subject of many enquiries.
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The effluent weatment is surely not the most satisfactory
solution, because it is preferable not to produce them. The
quantities to be treated can often be reduced by simply
analysing the causes of the rejects. Several leads are to be sys-
tematically explored:

- What are the residual quantities at the end of the batch
trearment?

- Where are the dead volumes and the low points of the
pipes?

- How is the equipment cleaned and with which efficiency ?

This analysis is usually performed in the case of a revamp-
ing of an installation because the recent technologies give
solutions by choosing the appropriate equipment.

As an example, the cleaning technique with high pressure
nozzles has many advantages :

- Reducticn of cleaning quantities
- Time saving
- Labour saving.

ABB Cellier frequently implements this technique on its
Filtercel and its high viscosity mixing wvnits called Delicel.

Similarly, the pigging techniques enable the emptying of the
coating transfer circuits and the reduction of lost quantities
when rinsing the line. This technique is particularly interesting
if the coating kitchen is located far from the coater.

In the same way, a well thought-out planning and a short
anticipation on the preduction ends reduce significantly the
effluents between two productions.

Reduction of maintenance costs

The efforts of the production sites have also concermned the
persennel and the paper milis operating often with a minimum
siaff. The less strategic tasks have been externalised in order to
better concentrate on the trade. One of the sectors the most con-
cerned is certainly the maintenance,

In this connection, all preducts or solutions enabling the
staff to obtain time saving are precious. Products with a long
autonomy of use and which do not require much maintenance
are favoured. As an example, the pressure filters are now more
commonly used than the vibrating filters which are reputed to
necessitate much maintenance and frequent cleanings.

Either for the control of the installations or for the mainte-
nance, the modern solutions must assist the operators, simplify
and accelerate their decisions. The systems or units must
reduce the maintenance necessary to keep them in good work-
ing order and provide seif-diagnosis functions enabling the
operators to intervene only when it is absolutely essential.
Automation and supervision meet this requirement, but not
many coating kitchens works without production monitoring
and in total autonomy.

Far its coating kitchens, ABB Cellier division uses a spe-
cialised and ergonomic software which benefits from the retum
of experience of several hundreds of instalfations. All the paper
mills do not have the chance to have such a tool; many paper
mills have been equipped more than ten years ago and their
production tools are now obsolete in particular the automa-
tisms. The maintenance costs increase because the equipment
arrives at the end of its life-cycle, the level of automatism is
low and even nonexistent. In that case, modemizing is neces-
sary even if the return on capital invested is not easy to
demonstrate. A contrelled maintenance is a preventive mainte-
nance which can be planned without unexpected events. The
possible stop of the machine due to a failure of an obsolete
equipment can sometimes justify the replacement, but the dif-
ficulty often lies in assessing this risk ?

AN

€ Total Cost

e ==
. Yl Wr2 Yra . " Time Eﬂdfﬁfu : >

Total Cost of ownership during product life

81



To avoid the problem of obsolescence, a long-term vision is
essential. It is advisable to reduce the number of systems, the
sets of independent automatisms and to take into account each
oppartunity of evolution to modemize locally the production
tool.

Adaptability and reaction capability

There is no need nowadays to be made aware of the costs of
the non-quality. A better contro) of the quality of a continuous
coating process can be understood from two points of view :

- the control of the drifts in continuous operating mode
- the control of the production changes.

For several years, there have been reliable techniques for in-
line analysis of quality criteria for coated paper. ABB scanners
enable many parameters like shade. gloss, coating weight, etc.
to be recorded in real time. These systems offer the possibility
to react and to adapt oneself to different in-line measures. For
example, it is possible to correct the paper shade by modifying
the quantities of dyes introduced at the coating head. But the
highly reactive Inline Mini-Batch (IMB) offers the possibility to
correlate measurements and formulation.

Combined with in-line systems measuring the paper charac-
teristics (whiteness, gloss, shade,..), a reactive kitchen must
offer the possibility to modify rapidly the formulation in order
10 reach the required quality grade. Production changes are
hence quicker, less risky, without losses and cost effective. To
guarantee this reactivity, stocks and useless volumes must be
reduced to a maximum up to the coating head.

ABB Cellier has designed a new type of coating kitchen
called Inline Mini-Batch (IMB) by combining the batch and the
continuous techniques. The principle consists in manufacturing
a series of small batches to feed a second mixer working con-
tinuously. The main advantage of the IMB is to obtain a great
flexibility in the formula percentages as well as a significant
reactivity regarding the in-line formula change.

-
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The reactivity of this equipment contributes once again to
the general objective by reducing the manufacturing costs and
by securing the margins.

Influence of the customer specificity

Each paper mill has its own constraints. A mass production
with low added value cannot be compared 1o a specialised pro-
duction with a high added value.

In the case of mass production, a shutdown is excessively
expensive, the maintenance must be controlled and the obso-
lescence banished, the saving on effluents is rapid. The coating
kitchen must offer a constant quality while saving the compo-
nents,

In the case of specialised production, batches are smaller,
production changes must be rapid and controlled. Production
shutdown is more frequent but must remain short. The automa-
tism is generally less sophisticated and the oldness of the
equipment less problematic.

With these two examples, we understand that the economi-
cal consequences of the choice are specific to each unit. Each
project necessitates a thorough analysis and a good knowledge
of the site to justify easily the return on investment.

Each necessity of production evolution must be considered
as an opportunity to bring improvements in particular to mod-
emize the process, the operation and the automation. The
global analysis of the project profitability involves the compe-
tence of the supplier of the solution and the project manager
who must be able to justify jointly the return on investment.

Conclusion

All the aspects of the coating kitchen must adapt (o con-
tribute to the requirement to make economies in the paper
mills, Many possibilities to make savings exist with a short
return on investment. The pure engineering business is gradu-
ally changing into a service and expertise business enabling the
customers to analyse their production tocl with an external
light. The analysis of the retum on investment can he per-
formed only with a close co-operation between the supplier dnd
the production site.



Cost Reduction through Optimization of

Coating Formulations

by
Mariela Gauto
Clariant

Abstract

The coated paper market is diversifying rapidly. However,
coating formulations are becoming simpler, in the search for
performance and economy.

This paper will demonstrate how to achieve those objectives
through a careful selection and addition of coating slurry ingre-
dients, combining novel and traditional technology.

The points 10 be covered include:

* Wet End vs Coating process control
* Secondary binder selection
* Additives role

Introduction

The white paper market is quite vast and diverse. Coated
grades are also demanding similar requirements seen on the
uncoated grades, such as

higher whiteness
higher lightfastness
improved runnability.
AND lower costs.

Machines are running faster and the chemical technology is
also evolving rapidly to catch up with the trend. Optical Bright-
ening Agents (OBAs) cannot be excluded from these
phenomenon. They play a key role within the white papermak-
ing process and this role should be thorcughly understood.

OBAs have proven to be very versatile as chemical products.
Over the last few years the number of different grades now
made with OBA has increased rapidly.

This paper intends to ilustrate a way to a more cost-effec-
tive and environmentally friendly white papermaking process,
selecting and optimising the right ingredients for the final
grade.

Wet End vs Coating: process control

A global internal survey was carried out in 2005 within
Uncoated grades ( Printing & Writing, 80-90 gsm ). The aim
was 1o evaluate typical Whiteness of those grades and their
composition and to understand market trends.

In terms of Wet End chemistry, it was observed that the
higher the Whiteness, the greater the tendency 1o use
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disulphonated OBAs. This was not surprising since
disulphonated OBAs are more efficient than their tetra counter-
parts. Disulpho OBAs are more substantive, then extra benefits
could be gained, for example:

+ process flexibility
= extra product efficiency through less quenchability
+ less anionic charge in the backwalers.

Disulphe OBAs can be applied indistinctively in wood-con-
taining or wood-free grades, following certain criteria.

Due 1o all of the above, disulpho OBAs introduce a great
range of opportunities for the papermaker to generate savings
within the process. For example, the addition point could be
chosen optimising the interaction of the remaining chemicals -
see Figure 1.

Disulpho OBAs can have a beneficial effect on the backwa-
ters, wherever tetrasulphos are used. Usually, the latter are the
first choice due to the lower price/kg. However, when applied
in the stock, quite often they reach the saturation point very
quickly. This working situation produces an increase of the
anionic charge and with it, the whole Wet End chemistry is
affected. The change in grades is delayed and runnability wors-
ens. To complicate matters further, the broke level becomes
high. When working with coated broke, the picture could
become even more complex.

Pulper

N

<

Leucaphor A range
{can be added as late as fan pump)

Figure 1 Quick Response



The altermative of using disulphos in the wet end will
improve all the above conditions dramatically, bringing extra
process control. Particularly improving the total and filler
retention - see Figure 2.

The market started to see all these benefits. However, at the
same time, it demanded a more environmentally friendly prod-
uct:

Features Beneflis

Urea free Lower N & COD in the backwaters
Solvent, dispersant| Lower COD in the backwaters

or glyco! free

True liquid. Easy to handle

Traditionally, it has been impossible to produce a stable lig-
uid with the above characteristics. Clariant has been working
on this area for a while. Some attempis were partially success-
ful. Last year a breakthrough was achieved: Leucophor A range
( patent pending ).

Now, it is possible to achieve the same or even better per-
formance than current disulphos, such as Leucophor AHF, with
a new range completely friendly with the environment,

The Wet End chemistry needs to be understood throughout.
The interaction of the chemicals covld cause the sacrifice of
some profits.

In wood-free coated grades, savings on total OBA consump-
tion were observed at around 10-20%, through the optimisation
of the pre & top coatings OBA additions and applying disulphos
in the Wet End.

Other benefits gained:

+ pgreater process control: in some cases, higher Whiteness
levels were reached.

+ the lightfastness was improved

+ solids were increased. This led to a saving in drying energy.

Wood-containing grades are not exempted. The application of
OBAs in these types of grades is not new. Indeed use of OBAs
in these grades is developing rapidly. Higher Whitenesses are
also required, to the extent that many improved newsprint mak-
ers are talking about Whiteness instead of Brightness these
days. The opacity also can be optimised.

OBA Consumption Wet End Slze Press
- 15to 50% - 1510 40%

Total Retention -5t0 6%

Filler Retention - 10 to 30% 3

Retention Aid - 510 35% :

Catlonlc Demand ->300uegf ! ]

Formation T

Internal Sizing v

Runnability Excellent

Grade changes were performed [n a few minutes

instead of 30-40 mins

Lignin is the main problem in these grades. It absorbs UV
energy within the same wavelength area as the OBA. The chro-
mophors introduce a yellow shade. All this affects the OBAs
performance — see Figure 3.

However, disulphos OBAs develop higher brightness against
their tetrasulpho counterparts vnder the same conditions. Sav-
ings could be considerable, depending on each particular
situation.

It ts clear that disulphos have introduced more flexibility
and potentiality to these types of grades, providing they are
handled in a focused Wet End versus Surface optimisation.

The next sections will cover other additives.

Secondary binder selection

This is a very interesting and critical area. As it is well
known, OBAs need hydroxy groups to work. Secondary binders
are the support for the OBA in coating applications. They have
different chemistries. In consequence, OBAs will react differ-
ently with each of them.

The type of secondary binder and amount should be care-
fully selected to maximise the OBA performance - see Figure 4.

While the development of different properties are sought
(i.e, gloss, printability, water retention), lightfastness still is a
must have. With the careful selection of the secondary binder,
this property could be improved. - See Figure 5 & Ref 1.

Rafloctanco (%)
w |-

‘Wavelength {nm,
CTMP = CTHP & 25 SR e i

Bi. 5W = Rleached Sulphile Softwood @ 25 SR

Figure 3 Fact 1: UV Absorption of wood containing papers

M OH groups are amanged in different positions
B ODifferent mathods of attachmant = different interactions

CMC

PVOH

Figure 2 Case Study: P&W grade, 80-80 gsm
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Additives role

We are analysing the most expensive ingredients of the coat-
ing formulation. However, the ones that could maximise the
efficiency of coated papermaking the most.

Studies have been carried out with several thickeners and
shading colorants.

It has been cbserved that correct selection of a thickener
could lead to an improvement of the water retention and that
this thickener combined with the right OBA for the formulation
in question, could boost the whiteness to higher tevels. This
analysis will certainly generate savings - see Figure 6.

Clariant understood this and had worked in developing also
a more flexible and efficient OBA range: Leucohpor V range.

140
137 -
134
131 - Leucophor VS liquid
128 Farmulation
125 4 " Dry Parts
122 / CaCo3 50
o ' Clay 50
g 1194 g Latex 10
§ 116 |
Solds 60%
w1131 pH 85
o 110 - Coal Weight 10gsm
107 - ~
104 Pure Latex
101 | 8- PVOH, LBpph
|
98 —s—Starch, 8pph
95 —8-cMc, 1pph
92 £ —— . - — 1
0 0.5 1 1.5 2 25 3
OBA Concentration, pph
Figure 5 Effect of Secondary Binders an OBAs (cont.)
115 1
Formulation Reference 2 3
CaCo, 100 100 100 114 4
Latex 13 13 13 3
Thickener 1 0.06 0.06
Clariant Thickenar 0.02 112 +
PVOH 0.2 0.2 0.2 11
Leucophor UO 0.8
Leucophor VF 0.6 0.8 110 +
Others 0.76 0.76 0.76
109 +
Solids (target) % 68.5 68.5 | 68.5 108 ;
pH (target) 83 83 | 83 Reference 2 3
OBA optimization (type and amount)
should lead to a more effective System
Total savings: 25% OBA + 65% Thickener

Figure 6 Thickeners and OBAs
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The range cover all the needs:

However, the plus came through a different angle; Light-
fastness. They certainly improve this property - see Figure 8.

+ Reduction in dosages could lead to considerably savings in The studies also covered shading colorant. Often is forgot-
drying energy (see Figure 7) ten the effect of the OBA on the shade. The coordinated
» FDA and BfR applications have an alternative optimisation could lead to a whiter paper, with a good light-
+ And others. fastness and good visual appearance.
136
Starch coating formulation:
Dry parts 130 1
CaCo, 70
Clay 30 a
Dispersant 0.4 124 4
Latex 10 -
Starch 5 2 s ]
= .
Solids content 60% =
Coat weight 8-10gsm 8 4 |
' ~ 40 - 50% reduction in OBA
— o6 dosage
—=&— Leucophor VS liquid +
Drying energy savings
--i— Standard tetrasulpho 100 ming gy g
94 T - I T = T !
—o— Leucophor YC liquid
X 1.0 2.0 30 4.0

OBA Concentration, pph

Figure 7 Starch Application — Leucaphor V3,VM & VC iiquid

e Strandard tefrasulpho @ 0.8pph

~B-Leucophor VS {ig @ 0.8pph

i Bank
m
2
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Figure 8 Pure Latex Coating — Lightfastness (Xenon Test)
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Conclusion

The studies concluded that there is an interaction between
some of the coating ingredients that affect whiteness, in some
cases this is physical in others optical.

A good understanding of the impact on the final paper
whiteness grade of each of these interactions, both individually
and collectively, will lead to substantial savings and process
control improvements.
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Abstract

Synthetic water retention and rheology modifiers (WRRM’s)
are gaining increasing acceptance in the paper coating industry.
Their intended function is to provide an optimum rheological
behavior in a range of shear rates and water retention of the
coating colour. Optimal thickener dose and chemistry will thus
provide certain flow characteristics and water retention praper-
ties required for coater runnability and coating structure. In the
latter case, it is crucial to understand the influence of the
WRRM's on the interactions in the dispersion that cause rele-
vant physical and chemical properties of the coated sheet.

Recently it was demonstrated that the synergistic effects
induced by WRRM chemistry could influence the coating struc-
ture of the coating colour, particularly the distribution of the
coating ingredients along the Z-direction. Optimal interaction
prior to immobilization is a critical phenomenon necessary to
avoid the strong particle co-aggregation or depletion, which
can occur on both the lateral (X-Y) plane as well as along the
depth (Z-direction). These findings enable opportunities to fur-
ther tailor coating structures, via the control of shear-dependent
interactions between the various coating ingredients.

In our continuing efforts to improve the fundamental under-
standing of mechanisms important in dewatering of coating
colours and the subsequent formation of the coating structure,
particularly the surface morphology of coated sheets, the coat-
ing formulations evaluated earlier were applied on a pilot
coater (CTC, Raisic, Finland), on a woodfree base stock. These
coated sheets were subsequently printed using sheetfed offset
inks on a commercial printer (FPC, Raisio, Finland).

Latex distribution both on the X-Y plane and in Z-direction
showed local concentration variations, which can be partially
ascribed to the particle-thickener interaction state prior to the
consolidation and immobilization of the coating layer, Latex
concentration on the surface, determined semi-quantitatively
from SEM images, indicated small differences between the
samples, which seemed to affect the physical-chemical proper-
ties of the coated sheets. A method to estimate the ink fitm
thickness based on image analysis is presenied. Based on the
results, we demonstrate that the ink film thickness can be con-
trolled indirectly via appropriate choice of WRRM chemistry.
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Introduction

Conventional cellulose based thickeners and alkali-
swellable polymers (solution or emulsion) are used in coating
formulations to provide water retention and certain flow behav-
for. Anionic charged polymers with conventional chemistry, for
example, are known to increase the liquid phase viscosity,
without inducing associative particle-particle interactions in
the coating formulations'"!, Associative thickeners or nonionic
thickeners, on the other hand, may be designed to promote
interaction between the various particles of the coating colour,
thereby creating a “wet interacting structure™ with particles
immobilized in a 3-D network at low shear rates, leading to
enhanced Brook{ield Viscosity. At higher shear rates, however,
the structure breaks down providing shear-thinning behavior of
the coating colour.

The increased use of narrow particle size distribution
(NPSD) ground Calcium Carbonate (GCC) slurries in the paper
industry has established a need for more efficient water reten-
tion and rheology modifiers™. In a recent work, we
demonstrated that tajlored physical-chemical properiies of the
thickener will not only provide thickening but also ability to
control the distribution of pigment and binder particles within
the coating structure. Optimal interaction prior to and during
immebilization is thus a critical phenomenon in order to avoid
strang particle co-aggregation or depletion, which can occur on
both the lateral (X-Y) ptane as well as along the depth (Z-direc-
tion) causing uneven distribution of coating ingredients. Such
uneven distribution has been cited as a cause for mottling®?,
The recent findings enable new opporunities to taitor coating
structures through controlled interactions between the various
coating ingredients, primarily between pigments, latex and atso
pigment-latex. Nevertheless, the added value to such ability to
fine-tune dry structure formation can be gained when under-
standing its impact on coating structure, surface morphology
and end-use, viz., effect on print quality, While the effect of
coating structure and porosity on ink and ink constituent
absorptivity has been addressed in several studies™ 15
might be worthwhile to include the ability 1o reduce ink
absorption through optimized binder design™. The laiter is not
solely proper design but also optimized concentration and in
particular at the surface of the coating,

The scope of this study was to gain a fundamental vnder-
standing of mechanisms dominating in the formation of coating
structure and distribution of coating components and its impact



on surface morphology and ink absorptivity. The coating for-
mulations prepared in the work has been evaluated earlier*,
A pilot blade ceater (CTC, Raisio, Finland) was used to apply
the coatings on a woodfTee base stock. The coated sheets were
subsequently printed using sheetfed offset inks on a commer-
cial printer (FPC, Raisio, Finland).

Experimental Plan

The coating formulations are presented in Tables 1 and 2,
and have also been discussed in previous studies™!, These
were coated on a woodfree base paper using a roll applicator
and blade coater. The coating formulations were targeted to a
Brookfield Viscosity (100 RPM) of 1250 + 100 mPas. Some
key physical properties of the wire side of the base paper are
described in Table 3.

The coating parameters from the Pilot Coater are summa-
rized in Tabie 4. The coated sheets were calendared offline
under conditons summarized in fable 5. The coated sheets
were subsequently printed on a sheetfed offset machine, seen in
Table 6 with target print densities,

The coating colours from the pilot coater trial were also wet
pressed and the tablets analyzed by ToF-SIMS to determine the
local distribution of especially latex. A secondary objective of
this analysis was to demonstrate continuity between this study
and the previous study",

The coated sheets were analyzed using a Scanning Electron
Microscope to semi-quantitatively evaluate the area-% latex
and pores on the coated sheet surface. SEM images were ana-
Iyzed using 5 kV accelerating voltage and 15 mm working
distance in magnification 5000x. Osmium Tetra Oxide (QsQ,)
staining was used to label SB latex on the surface and in the
cross-section samples and to separate three phases from the
backscatter image. Pigment, latex and pore phase were sepa-
rated due to their gray values and arca percentages were
caleulated with analySIS 5.0 software"®.

Woodfres base stock
Dascription for pilot coater trials
Basis weight 73 g/m?
Callper 100 um
PPS (10 kg) fum) 5.01
Gurley Porosity [um/Pa.s] 10
Brightness (I1SO) [%)] B9.5

Table 3. Description of the base paper (roughness, poros-
ity and brightness measured on the top side)

Coating Process

*» Pilot Coating at the Coating Technology Center (CTC),
Raisio, Finland

* Coated 2 sides (C2S5)
* Roll Applicator, blade metering
+ Blade Angle; 42°
* Speed: 1200 m/min
« Smoother side coated first
* Moisture target:
* Pre-coat or dingle coat: 3.5-4.0 wi%
= Top-coat: 4.0-4.5 wit%
» Coatweights:
» Single Coatings: 11 + 11 and 13 + 13 g/m?
* Drying:
* Pre-heater + 2 IR driers + 3 Air-Foll driers
» Pre-heater: 260 cm before blade
» IR Driers; 230 cm (1st) + 440 cm {2nd)} from blade
» Air Foil: 620 cm from blade

Table 4. Summary of the parameters from coating opera-

tion
Single Coat
Name Description 1 2 2(n 3
CoverCarb 75 GCC (72% slurry) 100 100 100
Latexla 302 SB Latex (50% emulsion) 11 11 11 11
FF&02 WRRM (see Table 2) 1 - - -
CTA161 WRRM (see Table 2} - 1.2 0.7 -
CTE4AM WRRM (see Tahle 2) - - - 0.35
Solids (wi%) 63.9 64.2 64.0 64.2
pH 9.0 9.0 9.1 9.0
Brookfield Viscosity @ 100 RPM [mPa.s] 1260 1180 772 1328
Capillary Viscosity @ & = 4 x 10° 57'[mPa.s] 68 80 - 42
Statlc Water Retentlon (AA-GWR) [g/m7] 133 134 155 156
’(_Note: Coating #'s 2 (i) and (i} could not be run on the coater but are Included here for reference)
Table 1. Coating formulaticns and characterization
Cobinder Name (code) Supplier Chemistry WL% solids | lonicity
FInnFix® 602 (FF602) CP Kelco Oy CarboxyMethyl Cellulose dry powder Anlonic
Rheovis® CTA-161 (CTA-161) | Ciba Specialty Chemlcals | Acrylic Solution Polymer (AS) 16.5% Anionic
Rheovis® CTE-401 (CTE-401) | Ciba Specialty Chemicals | Emulsion Polymer (HASE-type) 40% Anjonic

Table 2. Detailed description of the WRRM's (Water Retention and Rheology Modifiers) used in the study
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Further, the printed sheets were analyzed for the thickness
of the ink film. The images were analyzed using magnification
1000x of cross-sections of printed papers. Cyan colour area
was separated from the colour image using threshold, colour
separation and filter operations. Ink thickness was calculated
with analySIS 5.0 software by overlaying grid to separated
cyan layer and calculating length of the lines™.

Calendar Conditions

* OPTILOAD at the Coating Technology Center (CTC),
Raisio, Finland

* Offiine at 8000 m/min

= 2 nip soft calendaring

» Surface temperature: 1200C

» Line load: 80-40-60 kN/m

Table 5. Summary of calendering conditions

Printing Process

* Pilot printing at the Future Printing Center {FPC),
Raisio, Finland
» Heidelberg CD-74 (sheetfed offset)
* 4-color printing @ 8000 sheets / hour
* inks:
* Fast setting: Flint-Schmidt Arrowstar
*» Slow setting: SICPA Tempo Natur
* Target colar density:
* Black: 1.75
* Cyan: 1.45
« Magenta: 1.40
* Yellow: 1.35

Table 6. Summary of the printing process

Results and Discussion

Wet and dry coating structure: laboratory and pilot coater
study

In the previous study', it was reporied that the WRRM's dis-
piay different water retention behavior in the formulations
comprising 100% engineered calcium carbonate pigments.
Coating formulations targeted to the same Brookfield viscosity,

- displayed different water reteotion and different shear depen-

dent theological properties™. Partly, these observations were
expected due to specific functionality of the WRRM's. One area
of focus in this study was to coafirm observation made in labo-
ratory scale™, with findings observed from the Pilot coater trial,

Figure 1A presents the effect of WRRM's on the blade pres-
sure difference recorded at the start and the end of the short
pilot run, respectively. In case of the CFA161, the blade pressure
increased to the limit, as presented in Figure 7B, and therefore
the blade pressure difference is not representative. However,
the values presented here are mean values from top and back
side coating. From the data, it appears that at the lower coat
weights, the difference in blade pressure becomes more depen-
dent on the interaction induced by the WRRM's used in this
particular formulation. Obviously the pressure under the blade
becomes slightly higher at lower coat weights, which causes a
shear stress induced breakdown of the interacting structure
leading to depletion of tertain constituents. This is accompa-
nied by the characteristic properties of the base paper thus
reflects the performance of the WRRM's at critical conditions.
The CTA161 is designed to work at lower shear rates and to pro-
vide shear thickening which thus explains the observed
difference in blade pressure before and after the trial. This is
thus in agreement with results reported earlier revealing to the
behaviour of unstable rheclogical operating window.

For the various coating colours, the Brookfield Viscosity (100
RPM) was approximately the same (1180-1328 mPas) and so
were the static water retention values (133-156 g/m?). Neverthe-
less, remarkable differences in behavior of the blade coater
runnability were observed, i.e. referring to blade pressures. Dif-
ferences in rheological and water retention behavior of these and
other coatings have been presented in detail earlier”.

Figure 1A

Diffarence In blade pressure measured at the
start and end of the trial
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Note: In Figures 1A and 1B, the blade angle for the coating colour containing CTA161 was changed from 42° 1o 22°;
consequently the blade pressure is higher at the higher coatweights!
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Recently, it was also presented that the chemistry of the
WRRM's can control the macroscopic coating structure, in
tablets made from coating colours®. It was found that the
proper use of WRRM's can avoid defects in this structure such
as air bubbles or latex depletion. The ToF-SIMS images of the
tablets made from the coating formulations described in Table
1 are presented in Figure 2. The ToF SIMS images indicated that
the differences in WRRM chemistry caused latex depletion and
segregation to the surface,

Scanning Electron Microscope imape analysis for the
coated papers demonstrates semi-qualitatively the latex con-
centrations and uniformity on the coated surface, as presented
in Figure 2. Image analysis reveals relative latex content on
the surfaces from 4.9 to ~7% (area). This is less than earlier
reported as concluded from ESCA analysis'!). ATR-IR method
has recently showed to be an efficient method for determina-
tion of latex content and mapping, while it was concluded that

Figure 2

Figure 3

this method reports 1-2 parts lower latex contents than added.
In the same study, however, it was reported that the latex con-
tent determined with SEM is lower than the addition level due
to the particular analyzing procedure. It was also stressed that
the small areas of latex cannot be identified with SEM™.
Therefore, the SEM images presenied here can also be
regarded as an inverse measure of latex aggregation at the sur-
face since very uniform latex content will likely ot appear
obvious in the analysis. In such case, it implies that there is a
correlation between the qualitative ToF-SIMS images and SEM
images.

Presented in Figures 4 and 5 are the images from the X-Y
ptane of the coating and the qualitative analysis to calculate the

" % area covered by pigment, latex and air {or pores) respec-

tively. Although the limitations of the SEM method as discussed
eisewhere!"™ it appears that the WRRMS causes clear differences
in the surface morphelogy of the coalings.

FF602, 11 gsm, Single
Coated CZS

Flgure 4

Pigment, latex and air (pores) on surface of single coated papers (C2S 8.5 gsm/side)
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Presented in Figure 6 are plots of uncalendered and calen-
dared coated paper roughness (Parker Print Surf @ 10 kgf) as
a function of coatweighl. It is interesting to note the effect of
WRRM’s an the coating structure and especially on the surface
roughness after calendering. Increased difference in roughness
before and after calendering for papers with lower coat weight
might in this case indicate different base paper-coating layer
interactions.

Nevertheless, the laboratory results are partially confirmed
here especially observation related to mechanisms such as par-
ticle depletion and coating structure homogeneity, The effect of
base paper and pilot coater conditions are not considered in the
laboratory study which must be considered when evaluating
the results and especially the dynamic conditions.

Effect of WRRM's on surface morphology

As was discussed in the previous section, surface structure
and particularly uniformity of the coated sheet can be affected
by the WRRM chemistry, other than the obvious dosage and
synergistic effects, While the primary intention of choosing a
WRRM in a paper coating formulation might be to ensure coater
runnability and uniform paper quality, secondary effects like
impact on binder distribution must be considered®™? As
demonstrated in several studies™, the binders might be tai-
lored for controlled absorptivity of the structures.

Figure 5 presents the weight % of pigment, latex and air
{pores) on the coated paper surface for the sheets coated at
8.5 gsm per side (C28). As discussed above, it indicates that the
relative ratios of the 3 ingredients on the coated surface may be
varied. In case of the organic component, correlations with the
ToF-SIMS images are seen, Thus, we note an affirmation of the
phenomenon of latex surface segregation, from two indepen-
dent tests, viz., tablets and pilot coated paper.

Another manifestation of the surface morphology of the
coated paper is presented in Figure 6. The surface ronghness of
the coated sheets through Parker Print Surf (10 kegf) measure-
ments are presented as a function of the coatweight, for both
calendared and uncalendared samples. At the higher
coatweights, we note differences in roughness of the uncalen-
dered samples. However, after calendaring, the differences are
not significant any more. k is obvious that the uncalendered
samples are more influenced by the base paper and the coating
structure, whereas calendaring may smoathen out those differ-
ences.

An obvious effect of the surface morphology and coating
structure is its effect en printability, In this study we restrict our
analysis to the thickness of the ink film applied on a printing
machige, while targeting the same print density. The ink layer
thickness of sheetfed ink applied on the coated sheet, at the
same ink density, was studied for some selected samples using

Coated Paper Roughness of coated sheets versus coatweight
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light microscope for imaging of cross sections. Results were
calculated using analySIS 5.0 software of 10 paralle] images.
The method is summarized in Figure 7. An average and a stan-
dard deviation was calculated for each sample. The data from
this analysis was used to construct the graphs presented in Fig-
ure 8 and 9 described below.

Figure 8 presents the area % of latex on the coated sheet sur-
face (as shown in Figure 4} versus Ink Film thickness. We
focus on slow setting Cyan ink only. The other inks showed
identical trends and are therefore not discussed here. It indi-
cates that the WREM’s can be also considered to control the
distribution and surface concentration of the latex which
directly impact on the ink uptake or causes a blocking effect.
Since same ink density was targeted in this case, it appears that
the ink film thickness reduces with increased latex concentra-
tion in the surface derived from SEM analysis, which thus is in
agreement with statements made earlier®"#'%, The WRRM's

may also be assumed to segregate to surface but its impact on
ink film thickness is most likely limited.

In addition to differences in coating structure and surface
morphology, of the structure, it is revealed that the local distri-
bution of componenis clearly affects the interaction with the
printing ink™. It appears that there is a negative correlation
between the ink film thickness and latex concentration on the
coated paper surface. A similar negative trend for the ink,
printed both with and without water. This correlation implies a
lower in ink film thickness with increased latex concentration
at the surface when targeting same print density. Thus, to
obtain the same print density, one needs less thick ink film
when there is more latex on the coated sheet surface which sug-
gests that latex fills the voids and thus reduces ink absorption™.
Since the PPS roughness of the calendared sheets were similar,
as shown in Figure 6, we can assume that PPS roughness had a
minor impact.
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Figure 9 presents the ink film thickness as a furction of % air
on the surface of the coated sheet, apain obtained from the
images presented in Figure 4, Here we note a positive trend, viz.,
higher porosity of the coated paper substrate the higher ink thick-
ness (o abtain the same ink density. This is intuitively obvious
because higher porosity of the subsirate would mean that more
ink goes into the sheet and therefore less of it is available to con-
tribute to higher ink density. Since porosity was not a primary
focus of this study, further analysis was not attempted.

Conclusions

We present a study on the effect of WRRM chemistry on the
coating structure.

We have demonstrated the distribution of latex along the Z-
direction of the coating layer and on the plane, which is
controlled primarily through the choice of the WRRM. A semi-
qualitative agreement between the Z-direction latex uniformity
found in the laboratory made tablets and the coating layer of
pilot coater coated sheets was observed.

It is also concluded that uniformity of the latex distribution,
influenced by the WRRM chemistry, induces noteable effects on
the surface morphology of the coated sheets, The coated sheets,
which were printed on a commercial offset sheetfed printer,
revealed different ink layer thickness which was ascribed to the
characteristic surface morphology of the coatings.

Thus, surface topography with specific functionatity can be
controlled via controlled interactions in the suspension and
structure build-up. New polymer technology provides unique
solutions to increase water retention behavior of the WRRM, but
these can be further used to adjust final coating structure such
as optical properties or print quality.
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Abstract

Cost efficiency is today the primary requirement in the
paper and board industry. This has led therefore, to a greater
preponderance of products with specifically designed function-
ality to take account of current industry needs. Continually
increasing machine coating speeds together with these new
coating colour components have put more empbasis on the
importance of the correct rheology and water retention of the
coating colours 1o achieve good runnability and end product
quality.

In the coating process, some penetration of the agueous
phase, to the base paper or board must occur to anchor the pre-
coating 10 ihe base or the topcoat to the pre-coat. The aqueous
phase acts as a vehicle not only for the binder, but also for the
other components. If this water or material penetration is not
controlled, there will be excessive material shift from the coat-
ing colour to the base, before immobilization of the coating
colour will stop this migration. This can result in poor machine
runnability, unstable system and uneven coating layer, impact-
ing print quality,

The performance of rheology modifiers or thickesers on the
coating colour have tended to be evaluated by the term, “water
retention”. This simple term is not sufficient to explain their
performance changes during coating. In this paper we are intro-
ducing a new concep! of "material retention™, which wakes note
of the total composition of the coating colour material and
therefore goes beyond the concept of only water retention.
Controlled material retention leads to a more uniform z-direc-
tional distribution of coating colour components. The changes
that can be made to z-directional uniformity will have positive
effects on print quality as measured by surface strength, ink
setting properties, print gloss, mottling tendency. Optical prop-
erties, such as light scattering, whiteness and light fasmess
delivery should also be improved. Additionally, controlled
material felention minimizes changes to the coating colour
with time in re-circulation giving less fluctuation in quality in
the machine direction since it more closely resembles fresh
coating for longer periods.

Use of the maierial retention concept enables paper and
board producers to have more stable runnability (i.e. lower
process costs), improved end product quality (i.e. better perfor-
mance of used chemicals) and/or optimized use of coating
colour components (i.e. lower total formulation cost).
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Summary of Results

As stated earlier, controlled material retention has a target of
ensuring that the coating colour remains stable throughout the
process and to control the mobility of the material in the coat-
ing layer prior to immobilization. Once both of these targets are
reached the end product quality is more uniform both in
machine and z-direction. Key observations from our work can
be summarized as follows

- Controlled material mobility ensures uniform end product
quality such as surface strength and whiteness,

- Blade induced pressure penetration is more significant
with jet application compared to roll application and there-
fore understanding and contro! of the particle mobility
under higher shear rates becomes more critical.

- The understanding of the influence of thickeners (and the
mechanism of slip velocity) on the boundary layer is high-
ly important in assessing their impact on machine
runnability and end product quality.

- Penetration of materia] through excessive particle mobility
can be controlled through modification of aqueous phase
viscosity and immobilization properties,

Insufficient control of material retention results in changes
in the particle size distribution of the coating colour. This
leads to deviations in the colour due to re-circulation of
coating colour thus negatively impacting machine direction
quality uniformity.

Introduction

Cost efficiency is today the primary requirement in the
paper and board industry. Cost efficiercy means maximized
productivity (good runnability, minimum amount of broke -
stable process) and optimized use of raw materials {(maximum
performance with minimum addition Jevel - right component
in right place) resuiting in uniform end product quality. This
has led therefore, to a greater preponderance of products with
specifically designed functionality to take account of current
mdustry needs. For example the development of the pigments
and the latexes has a similar trend; smaller particles and nar-
fower particle size distribution. Continually increasing
coating machine speeds togesher with new or modified coat-
ing colour components have put more emphasis on the
importance of the correct rhealogy and water retention of the
coating colours to achieve good runnability and end product



quality. Today the coating colour optimization is often done
on a single component basis, but in order to be truly cost effi-
cient, a more holistic view should be taken to ensure coating
colour optimization.

The aqueous phase of the coating colour acts as a vehicle
for its various components. If this water (and material) pene-
tration is not controlled, there will be excessive material shift
from the coating colour to the base, before immobilization of
the coating colour will stop it. The migration rate towards the
surfaces of primarily pigment particles, latex and OBA will
have a significant impact on coated paper quality and
machine runnability. This migration rate is exacerbated par-
ticularly if especially small size and narrow distributions of
pigment and latex particles are used. This results in a greater
rate of mobility, significantly influencing particle-packing
behaviour and tesultant end product guality.

In this paper we will demonstrate that it is possible to con-
trol mobility of the material by the correct choice of a
thickener. This will be illustrated by end product perfor-
mances such as surface strength, optical and printed paper
properties showing the impacts of thickener type on the per-
ceived improvements to z-directional distribution of the
materials. Furthermore we will show that material retention
can be evaluated and a predictive assessment to mill scale
performance be made by indirect methods in laboratory scale,
This will be of great benefit and importance to coating mills
for cost effective performance of their coating units. This is
achieved through the optimization of the location of the key
coating components throughout the coating layer to maximize
their performance. Traditionally coating colour research con-
centrates on fresh coating colour analysis. The results
therefore, ¢an be contradictory to mill scale findings as the
stress factor of coating colour processing is missing, severely
minimizing the value of the obtained results.

Historically, indirect methods siuch as low and high shear
viscosity and static water retention have been utilized 10 eval-
uate coating colour performance and in many cases still are.
These methods seldom take into account the influence of key
factors such as base paper, coating colour circulation or coat-
ing process stabilization time. In order to achieve a more
complete picture of the influence of coating dynamics, we
have adapted known test methodologies, namely dynamic
water retention (DWR), slip velocity and particle size distrib-
uwtion of coating colour to allow this. The combination of
these methods allows us to monitor changes in coating
colours during the coating process and suggest formulation
modifications to maximize performance.

In this paper four different coating colours were adjusted
from the perspective of improved material retention accord-
ing to the findings published in our previous paper" of the
methods developed. Paper coating, calendering and prinung
were done on pilot scale, the details of which are summarized
later in this paper. Three different co-binding/thickening sys-
tems were chosen to assess their impact on effective control
of material movement and thus z-directional distribution.
Additionally, one further formulation with 2 lower latex level
with a modified CMC was mun to determine the impact on
binder mobility, since there are obvious cost in use implica-
tions if successful. The pigments, additives and coating
colour solids were kept constant. High shear viscosities were
adjusted to the level that is considered appropriate for good
runnability, by adjustment of the co-binding/thickening com-
ponent. From experience this is targeted at 35 - 50 mPas
using a capillary theometer. The slip velocity can be used to
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assess the mobility of agueous phase at high shear rates, and
was adjusted to the level below 10 m/s (at 17,000 N/m?),
which under these conditions we have found to be suitable in
the efficient control of material mobility.

Mobility of the aqueous phase

When coating colour is applied onto the paper, there is a
natural penetration of the agueous phase into the paper influ-
enced by, the coating colour characteristics, by the base paper
properties and the type of coater application/metering geom-
etry. The aqueous phase contains pigment fines, binders,
optical brightener, water soluble materials and free dispersing
agents. It is therefore evident that the ability fo control the
mobility of these functional components are critical to ensure
optimum machine performance and end product quality and
uniformity.

In the blade coating process, the aqueous phase penetrates
into the paper by both capillary and pressure forces. Pressure
penetration is facilitated during coating application and under
the blade during the metering phase. Base sheet penetration
through capillary action, happens in the phases between coal-
ing application and blade metering and in the subsequent
period until total coating immobilization occurs. Quantita-
tively it is difficult to separate out these two types of
penetration, since both phenomena occur at same time regard-
ing liquid penetration into the paper. It has been
demonsirated™ that pressure has a fundamentally more
important influence on liquid penetration than contact time. It
is important therefore to keep this in mind in relation to con-
tinuing increases of coater speed.

Capillary and pressure penetration relate to different char-
acteristics of the coating colour. The wetting ability of the
aqueous phase on wet pigments and on wet fibres has signif-
icance. If the aqueous phase wets fibres well, but doesn’t wet
pigments, both capillary and pressure penetration are high.
The pigments adsorb different amount of water; clay more
than calcinm carbonate and fine pigments more than coarse.
However under external pressure the pigment particles come
closer to each other and they will lose some adsorbed water.
Consequently the balance of surface energies and polarity of
different components control both the penetration rate and
level. Increased solids of the coating colour at constant coat
weight necessitates higher blade pressures, thus increasing
the pressure penetration.

Increase in aqueous phase viscosity slows down penetra-
tion. Temperature has an influence on the penetration via the
impact on aqueous phase viscosity. At high temperature the
viscosity is lowered and the resulting penetration is greater. If
the binder/co-binder is poorly adsorbed on the pigment, or
bonds break down under pressure/shear forces, more binder
remains in the aqueous phase and the resultant viscosity of
the aqueous phase will increase through the different mecha-
nisms described later in this paper.**

There are several factors relating to the base paper, which
also have influence on the amount of absorbed liquid. It has
however been shown that modifications of colour have a
greater influence on the penetration tendency of the agueous
phase, than changes in the absorption characteristics of base
paper.*¥

In jet applications, a significantly lower pressure pulse
prior to blade tip is applied on the coating compared to roll
application resulting in a significantly thinner filter cake and
a lower penetration of materials, A thinner filter cake before
the blade is also the reason for a slightly higher dewatering



under the blade, The highest pressure occurs under the blade
Lip,” so it can be assumed that from a material penetration
point of view in jet applications the role of blade load is
greater than in roll applications. At higher speed the dwell
time prior the blade becomes shorter and an even thinner fil-
ter cake is formed before the blade. Due to this the pressure
penetration and dewatering tendency increases and the mate-
rial flow control becomes even more critical, again impacting
machine performance and end product quality.

Experimental

Thickeners

This work covered different types of commercial thickeners,
which have different thickening mechanisms, resulting in dif-
ferent kinetic impacts on water and material retention. One of
the thickeners was a conventional sodium carboxymethyl cel-
lulose (CMC) used in paper coatings. Another thickener was a
modified CMC, where the cellulosic backbone has been manip-
ulated during the manufacturing process to provide improved
material retention properties through enhanced water retention
capability and faster immobilization through improved asso-
ciative behaviour. A further test point was an alkali swellable
emulsion (ASE). Low molecular weight fully hydrolyzed
polyvinyl alcohol was used in conjunction with the ASE syn-
thetic. This is a typical industry practice to provide additional
properties, which synthetics in general do not normally provide
alone.

Waler-soluble rheology modifiers impart their effect on a
system through one or more distinct mechanisms, The thicken-

ing mechanism is strongly related to the chemical structure of
the chosen rheological additives. The main types of mecha-
nisms for thickeners when building their viscosity are
presented in Table .

Base paper

The base paper used in the trials was pre coated un-sized
wood free paper. The pre coat weight was 8 g/m* and the total
grammage 91 g/m?.

Coating formulations
Coating formulations used in this work consisted of the fol-
lowing:

- Narrow particle size ground calcium carbonate

- Fine china clay

- Carboxymethyl cellulose (Finnfix CMC)

- Typical alkali swellable emulsion

- Small particle size SB-latex

- Low molecular weight fully hydrolyzed polyvinyl alcohol
- Tetra sulfonated optical brightening agent

Formuiation details are listed in Table II.

Coating colours were made to constant solids content at pH
8.5 and 9. The latex level in one coating colour using the mod-
ified CMC grade was decreased by one part in order to assess
the effect of this specific product on the z-directional distribu-
tion of binder.

Conventional Modified ASE PVOH

CMC CMC
Associativity +* ++* + +*
Aqueous phase viscosity +++ +++ ++

* = Depending on the pigment system
Table I. Main mechanisms types for thickeners

Colour Conventional Modified Meodified CMC + | ASE + PVOH

CMC cCMC less latex
GCC 70 70 70 70
Clay 30 30 30 30
cCMC 0.7 0.6 0.7 -
PVOH - - - 0.4
Latex 10 10 10
OBA 0.5 0.5 0.5 0.5
Synthetic thickener - - - - 0.3
Solids, % 63 63 63 63
pH 8.5 8.5 8.5 9.0

Table II. Coating colour formuiations
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Pilot data

Pilot trials were carried out at KCL (Keskuslaboratorio Oy,
Finland). The essential trial conditions are presented in Tables
I, IVand V.

The target moisture content was 5.0 %. The base paper was
heated using electrically powered infra drier. The coated papers
were dried using electrically powered infra driers and gas
heated airfoil driers.

Coating colour analysis

Basic properties of coating colours (solids content, pH, sta-
tic water retention, density and viscosity at different shear
rates) were analyzed. Solids content was measured with Met-
tler-Toledo HR73 Halogen moisture analyzer. Viscosities of
coating colours were measured with Brookfield RVDV-TI+ vis-
cometer (100 rpm), Hercules HI-shear viscometer DV-10 and
with capillary rheometer (DT Paper Science) (capillary:
50 mm/0.5 mm). Static water retention (AA-GWR) was mea-
sured using constant ceating colour volume 10 mi (5 °m
membrane, 0.3 bar pressure, 2 min). Density was measured
gravimetrically. Furthermore slip velocity was measured with
capillary rheometer (DT Paper Science)®, dynamic water
retention was determined with coater by DT Paper Science
applying Novicoater method'™ and the particle size distribution
was analyzed using Coulter LS 13 320MW device. All mea-
surements were performed after standardized handling at
constant temperature (25°C).

Coatied and printed paper analysis

Standard paper analyses were performed to coated papers.
In this paper we are presenting the results that are relevant from
the material retention point of view. To these critical parame-
ters were chosen surface strength, CIE-whiteness and print
gloss.

Surface strength was measured with IGT AIC2-5 according
ISO 3783 standard. CIE-whiteness was measured with Minolta
CM 3700D according 150 11475 standard. From 4-colour printed
papers print gloss (30 % black, 67 % cyan, 67 % magenta and
67 % yellow) was measured with Hunter 75°.

Results

Coating colours
Viscosities

Properties of the fresh coating colours are presented in Table
VI. There were differences in viscosities at different shear rates
of coating colours since thickener dosages were selected in
order that mobility of the aqueous phase was controlled. Coat-
ing colours with CMC as thickener had similar viscosities
through the whole measured shear rate area. Coating colour
with synthetic thickener had lower Brookfield viscosities and
higher high shear viscosities that CMC colours. The viscosities
at high shear rates are presented in Figure 1.

Celour Conventlonal Modified Modifled CMC + | ASE + PVOH
CMC cMC jess latex

Speed, m/min 1200 and 1500 1200 and 1500 1200 and 1500 1200 and 1500

Beam angle, © 50 50 50 50

Blade dimensions 0.3681/84 mm, 40° | 0.381/84 mm, 40° | 0.381/84 mm, 40° | 0.381/84 mm, 40°

Pumping speed, % 45 35 35 35

Blade pressure, bar

{1200 m/min) 0.63 0.58 0.57 0.86

Table lll. Ceating conditions (Opticoat Jet-coating)

Table V. Supercalendering conditions {(Multical)

All trial points All trial points
Nips 4+1+45 Speed, sheet/h 5000
Temperature °C 70 Printing inks Rapida series (HostmannSteinberg)
Speed, m/min 750 Target densities | black 1.85, cyan 1.50, magenta 1.15, yellow 1.15
Target gloss % 70 Table V. Printing conditions (Roland Favorit RVF)

Fresh coating colour Conventional Modified Modified CMC + | ASE + PVOH
CMC cMC less latex
Solids, % 63.1 62.8 §2.8 63.2
Density, kg/dm? 1.47 1.45 1.45 1.44
Static water retention
AA-GWR, g/m? 145 150 135 125
| BrRV viscosty (at 100 rpm), mPa-s 1400 1200 1300 750

Table VI. Properties of fresh coating colours
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Properties of the coating colours after the pilot trial are pre-
sented in Table VI Minor changes in basic properties were
noticed and only major change happened in the density of the
synthetic thickener coating colour; density decreased about 8%
during the trial due to air entrapment. All coating colours were
diluted slightly due to edge showers.

Water retention

The static water retention method (AA-GWR) is a measure of
the amount of water released from the ceating colour during a
certain Gme under a defined pressure, The greater the value the
worse the apparent water retention under these static condi-
tions.

The dynamic water retention method (Novicoater DWR) is
based on the actual change of the coating colour solids during
the coating process. The lower the change in solids content of
the coating colour, the better the water retention.™ Although the
static method resulis indicate that synthetic thickener coating
colour has better water retention, there is virtually no differ-
ences in the results measured at dynamic conditions (see
Figure 2.) Based on our previous experiences we can see that
all the coating colours have good water retention, which com-

bined with correct high shear viscosity levels is beneficial for
good runnability, The differences seen here are not significant
and is a further confirmation that our methods allow more tar-
geted control of mobility,

Stip velociry

Ship is an inherent characteristic of a pigmented coating sus-
pension that depends on pigment particle packing behavior and
solids fraction volume; the state of dispersion and the flowabil-
ity of the continuous phase and is measured using capillary
viscometry. A possible mechanism for the creation of a slip
layer is a lower concentration of particles next to the capillary
wall than in the bulk colour, die to the particle migration and
size segregation. These phenomena have been detected during
shear flow with several optical methods and analyzed mathe-
maticalty. The slip layer has a relatively high shear velocity and
more material flows through the capiilary twbe than expected
by theory with non-slip boundary conditions. Slip velocity can
be related to easy release of water from the bulk colour, lubri-
cation ability of small particles (ball bearing effect) or polymer
coils (viscosity of aqueous phase),®

It is essential to understand the control mechanism of the
material mobility so that to the correct levet of slip velocity can

80
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Shear rate, ts
Conventional CMC = = = Modified CMC
— — Modified CMC + less latex — - ASE+PVOH
Figure 1. High shear viscosity curves of fresh coating colours (Hercules + capillary).
After trial Conventional Modified Modified CMC + [ ASE + PVOH
CcMC cnC less latex
Sollds, % 62.8 62.5 62.5 63.0
Density, kg/dm? 1.45 1.40 1.41 1.32
BrRV viscosity (at 100 rpm), mPa-s 1300 1200 1300 750

Table Vil. Properties of coating calours after pilot trial



be determined. Thickener dosages in these coaling colours control the material mobility efficiently. Slip velocities did not

were adjusted so that slip velocity of all coating colours was on change significantly during the pilot trial coatings. Slip veloci-
a low level, which under these conditions is correct in order 1o ties of fresh coating colours are presented in Figure 3.
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Figure 2. Dynamic water retention results of the fresh coating colours.
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Figure 3. Stip velocity resuits of the fresh coating cofours.
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Particle size distribution

Coutlter LS 13 320 particle size analyzer measures particle
sizes with an assumption that all particles are round, and there-
fore it is not possible to get absolute particle sizes. However,
studying the changes in particle size distributions is an effective
way to monitor the stability of coating colours even if all pami-
cles are assumed to be round. The stability of coating colours
can be monitored by measuring particle size distributions of
fresh coating colours and coating colours after the run and by
comparing particle size distributions to each other. Changes
indicate phenomena such as coating colour homogeneity being
compromised through excessive movement of particles of cer-
tain size (relatively in volume) or if aggregates are formed.

Particle size distributions of coating colours before and after
the pilot irial coatings are presented in Figure 4. Coating
colours with modified CMC were very stable and only small if
any changes in particle size distributions could be seen during
the pilot trial. Coating colours with traditional CMC or synthetic
thickener/PVOH had some changes in particle size distributions
during the trial even though the mobility of aqueous phase was
controlled and therefore the mobility of particles should be
restricted. This is most probably due to higher blade pressures
required for these two coating colours. Higher blade pressure,
as indicated earlier results in higher pressure penetration forces
leading to preferential movement of coating colour compo-
nents more towards the base paper. This leads to more difficult
control of material movement, The reasons for higher blade
pressures were higher capillary viscosity (synthetic thickener)
and higher amount of coating colour applied to the paper due
to higher flow rate of the jet (conventional CMC). To be able to
control the movement of material with high blade pressure
even more controlled material mobility is needed. Understand-
ing the implications of this facilitates the correct choice of
coating colour compaosition.

Coated and printed papers

Controlled material retention allows the coating colour to
remain more stable throughout the process and to control the
mobility of the material in coating layer prior to immobiliza-
tion. Once both of these targets are reached the end product
quality is much more uniform both in machine and z-direction.
Coating calour testing give indications about the coating colour
stability and therefore also about machine directional unifor-
mity. Paper tests enable us to postulate the jmpact on
¢-directional uniformity.

Surface strength

Surface strength of the papers was determined by measure-
ment of picking and delamination tendencies in the laboratory
fsee Figure 5). These tests did not show any differences
between the trial points. This indicates that significant reduc-
tion in binder level is possible if the material retention is
properly controlled. The fact that CMC also functions as a
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binder in its own right (binder strength higher than with SB-
latex®™) becomes more significant when lower latex levels are
considered as part of cost reduction programs.

CIE-whiteness

CIE-whiteness was measured from the papers coated at 1200
m/min and 1500 m/min with equal coat weights (12 g/m®), The
results are presented in Figure 6. Changes in particle size distri-
bution already indicated that there is more material movement in
the synthetic thickener coating colour and the whiteness results
are confirming this. Increased pressure penetration is most likely
forcing material, particularly OBA more towards base paper and
therefore resulting in lower whiteness level due to the location of
the OBA. The difference is increasing with higher machine speed
suggesting sub-optimal mobility control despite meeting slip and
walter retention targets.

Print gloss

In order to see the influence of co-binder systems on printabil-
ity all the papers were calendered to the same gloss level. We
have made the assumption that the papers have comparable micro
smoothness levels as well. Print gloss results presented in Figure
7 show that there are minor differences between the CMC coating
colours. It is known that latex reduction will give a more porous
surface impacting the printability. Correct choice of CMC grade
and addition level together with controlled material retention
ensures that there are no changes in end product printability.
Meanwhile the synthetic thickener coating colour gives much
lower print gloss. Variations in print gloss we believe are most
probably due to differences in component composition on the sur-
face (ie. latex level) and in pore structure as evidenced by the
changes in particle size distribution shown earlier. The air entrap-
ment into the coating colour which can be a tendency of this
system will also result in an even more porous surface structure,
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Figure 7. Print gloss
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Conclusions

This concept of material retention takes note of the total
composition of the coating colour material and therefore goes
beyond the concept of only water retention. In this paper four
coating colours were optimized to have best possible material
retention without sacrificing the runnability. Actual coating
results showed that even minor differences in coating condi-
tions can have significant impact on end product quality.
Therefore it is even more important to have a holistic view on
the whole coating process including base paper, coating colour
and process parameters.

The material movement due to pressure and capillary pene-
tration can be controlled by aqueous phase mobility,
immobilization properties and high shear viscosity. It is impor-
tant to have all these parameters on the correct level
simultaneously. Traditional methods of coating colour mea-
surement, such as low shear viscosity, static water retention are
not sufficient for determining potential performance; they are
suitable only for quality conirol purposes.

The slow immohilization of the conventional CMC coating
colour combined with the high blade load led to higher material
movement, which could be seen in changes in particle size dis-
tribution. Although there were no major changes seen in this
study with the CMC colours, this could lead to changes in end
product uniformity in machine direction in continuous opera-
tion. High capillary viscosity of the synthetic thickener coaling
colour led to blade load induced pressure penetration causing
major changes in particle size distribution and lower end prod-
uct quality even in this short wial. Therefore it can be concluded
that it was not possible to optimize both capillary viscosity and
aqueaus phase mobility simultaneously. Modified CMC coating
colours with controlled material retention gave the most uni-
form results. This enabled the optimization of the latex level
without changes in surface strength and print gloss.

As a final conclusion, controlled material retention leads to
more uniform z-directional distribution of coating colour com-
ponents. Additionally, controlled material retention minimizes
changes to the coating colour with time in re-circulation giving
less fluctuation in quality in the machine direction since it more
closely resembles fresh coating for longer periods. Use of the
material retention concept enables paper and board producers
to have more stable runnability (i.e. lower process costs),
improved end product quality (i.e. better performance of used
chemicals) and/or optimized use of coating colour components
(i.e. lower total formulation cost).
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Today’s Trends in Coating Kitchens, Supply
Systems and Coating Effluent Treatment

by
llkka Roitto
Metso Paper Inc.

Abstract

Basic coating colour preparation systems have remained
quite similar in design cogcept for many years. The demand for
proven reliability, together with characteristic paper industry
conservatistm has prevented overly “radical” solutions from
entering the market. However there are still a number of new
processes and pieces of equipment design which are slowly
becoming industrial standards.

This paper presenis some selected developments and new
products which sheuld prove to be of common interest among
paper makers of various grade ranges.

Pigment dispersion and coating colour mixing is known to
have vital impact upon final coating mix properties. The pig-
ment slurty is the largest single component of the coating colour
formulation, and is also responsible for introducing the major-
ity of the impurities. Inadequate processing can cause defects
which are difficult to correct in subsequent process steps.

Ever increasing solids contents and viscosity levels of the
coating mix demand a particular capability of the mixer in use.
In fact there is a lot of equipment operating in paper mills today
which simply offers inadequate shear and mixing properties.

As an alternative to installing a complete new mixer, however,
there are available agitator retrofit packages which can improve
mix preparation performance, without major capital investment.

Continuous coating colour preparation is becoming increas-
ingly popular. It offers benefits especially in processes where
few coating colour grades are required and particularly where
formulations are quite similar to each ather. The advantages
which may be realised relate to investments costs, space
demands, fast grade changes and minimised colour losses.

Batch processing, however, is still the most common technol-
ogy in use today, and will likely remain so for the foreseeable
future. There have been developments, mainly in dosing systems,
recipe handling and automation, There are also novel dosing sys-
tems which make the uszge of dry components a reality.

The majority of problems in the supply system are related to
screening. There is a goed choice of available technologies
which better take into account the special features of each
application, such as multistage screening, automated strainers,
retumn line pressure screening, in addition to the development
of a new screening element having round holes.

Centrifugal deaeration is today accepied as essential for use
in conjunction with some coating technologies, but offers ben-
efits, in fact to any method.
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On line measurement of colour properties such as solid con-
tent, air content, rheology, pH and temperature is today
commonplace. Coating methods have also been developed
which allow complete elimination of return flow, which per-
mits design of a very compact supply system, saving space and
start up time and allowing much simplified clean up and ser-
vicing procedures.

Ultrafiltration is now one of the principal methods for coat-
ing effluent treatment, and is unique as a method which enables
recycling of pigments and chemicals with retention of their full
functional value. That is to say that the effluent concentrate can
be used as a component of the new coating colour. In some
applications, the limiting factor has been the concentrate solids
at 25 - 35 % level. Adding a small second stage filter, however,
can see this increase to 50% level, which allows higher dosing
amount into the new coating.

Today’s trends in coating kitchens, supply sys-
tems and coating effluent treatment

The basic design of coating colour makedown systems has
remained static for many years, due, in part at least, to a char-
acteristic risk aversion on behalf of paper makers. The need for
100% reliability along with ingrained conservatism has pre-
vented the introduction of too radical solutions into the market.

Even against this background, however, there are a number
of new developments which are slowly becoming modern
industrial standards.

This paper presents some selected improvements ard new
products offering common interest to a wide range of paper
makers.

Coating pigment dispersion and coating
colour mixing

This area of technology is tncreasingly understood 10 have a
vital influence upon final coating colour quality. Pigment is the
principal component of the coating colour and is also responsi-
ble for being the source of the majority of impurities. Poor
theological characteristics of the pigment slurry is almost
invariably related to inadequate first stage dispersion, and
results in coating colour defects or deficiencies which are
impossible 1o rectify in subseguent process steps. Nen dis-
persed lumps or agglomerates, for instance, can cause severe
problems such as coating streaks or blade scratches in the fin-
ished product.



Solids content and viscosity of the coating colour can be
very high, making special demands on the coating mixer: In
some formulations, dry components are specified to allow an
increase in final mix solids level, to give enhancements in
coater runnability and reduction in dryer load. Such applica-
tions are especially demanding due to the conflicling
requirements of providing good mixing and high shear at the
same time.

Almost all pigment dispersing processes are batch type
processes, and this situation is likely to remain the case in
future. Batch type mixers are occasicnally used in continuous

mode, but true in - line mixers are a rarity. The curment percep-
tion of the problems encountered with in - line mixing are
overall retiability, vulnerability and a general lack of controlla-
bility. Most installations are used as wetting devices only, and
still require good post - mixing.

In coating colour preparation, however, in - ling mixers are
much more applicable.

Most of the pigment dispersion and coating colour mixers
on the market today are quite old designs, with developments
only in details or materials. These are categorised basically as
bottom or top entry mixers: Referring to the geometry of the
agitator itself,

Generally, bottom entry mixers suffer from necessarily hav-
ing a relatively complex construction owing to the difftculty in
sealing the shaft: They also tend to have limited ability to agi-
tate the uppermost levels in a full mixer. In some rotor / stator
constructions it is difficult to maintain good mass transfer, par-
ticularly with mixes of difficult rheology: The only solution
found to ease the situation has been the use of adjustable sta-
tors.

The most successful all - round mixer designs have been
proven to be of robust, top entry construction.

This geometry helps to guarantee good mass transfer and
good dispersion in all circumstances. The simple, strong con-
struction allows best runnability, easy installation of the mixer
tub on load cells, and with no need for a comgplicated rotor seal,

Figure 2 shows an advanced impeller design. Its design has
been developed to allow both mixing and dispersing properties
within a single unit. The device has a simple construction
which allows fine tuning of the geometry on a case by case
basis. This means that both pumping and shear characteristics
can be optimised across a wide range of applications. Particu-
lar attention has been paid to material selection, and a highly
wear resistant powder metal compound has been used.

There are many mixers operating within the paper coating
business today which were built with inadequate shear or mix-
ing capability, both in pigment makedown and in final coating
colour preparation areas. It is possible to make a retrofit instal-
lation of the impeller design described above, which invariably

Figure 2: Special Barturbine impeller
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Figure 3: Mixer retrofit package to a bottom enlry mixer.




proves to be a much more cost effective solution than a capital
replacement of the mixer in its entirety. Following such a
rebuild, the performance of the installation as a whole is, in
every case, an improvement upon the original equipment, both
in terms of mixer performance and in cost savings gained from
maintenance enhancement.

Coating colour preparation

Batch coating preparation

The traditional batch coating colour preparation system is
the absolute market leader, considering historical installations
over several decades, and this sitvation is unlikely to change
greatly in the foreseeable future. Despite the fact that the instal-
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Figure 5: Principle of continuous coating kitchen
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lations tend to be costly in terms of capital investment, as well
as being space and maintenance intensive, they practically
remain the only option for many paper makers. Main reason for
this is probably based vpon the legendary conservatism of
paper makers, which in itself gives an endorsement of the
absolute reliability of such traditional design.

No news from the coating kitchen? This is good news.

The batch process is flexible, insofar as it is capable of pro-
ducing a wide range of colour formulations with varying
recipes. Mainly, the areas which have been developed with
batch technology are related to automation and instrumenta-
tion.

Continuous coating colour preparation

Even if the advantages offered by the continuous system
are, in some cases, obvious and even proven, there is still some
resistance to acceptance of the technology, and the selection of
either process is always based upon a very complex matrix of
optimisation objectives.

This method of coating colour preparation is becoming
more prevalent, but such change happens slowly.Experts in the
field have been predicting the growth of continuous processes
far many years now, but only recently has it started to appear
that such a shift might actually be probable. Main reason for
this is that the price, performance and reliability of the demand-
ing autemation and in - line flow control equipment which the
continugus process requires has only recently become more
applicable.

Basicaily, as of today, the coating colour quality and process
runnability of both traditional and in - line processes are com-
parable.

In the in - line process, all components are metered contin-
wously into the mixing unit. The flows of all components are
measured and controlled by on - line mass flow meters and
speed controlied pumps. Flow rates of the various components
are adjusted according to the coating colour formulation, and
the total overall flow is controlled by the consumption of the
coating celour on machine. Directly from the mixer unit coat-
ing colour is transferred into the coater supply system and for
most applications, no intermediate storage tanks are needed.

The order of mixing of components can be optimised, case
by case: Following each dosing point, static mixing is utilised
and the final dispersion of the whole is guaranteed in a
mechanical in - line mixer. Since all of the equipment within
the system is comparatively small, it is possible to house a
complete, functioning installation within a compact rig. Figure
& shows such a continuous “plug - and - play” coating Kitchen.
It houses all of the necessary devices and instrumentation 1o
guarantee accurate dosing and complete mixing with the spe-
cial integrated in - line mixer.

The system offers clear benefits for applications where few
and similar coating colour formulations are required. It is par-
ticularly applicable also where short installation times are
demanded, as well as instatlations where available space is ata
premium. Savings can also be made, owing to reduced effluent
losses, owing to the small volumes involved, and the highly

Figure 6: Continuous kitchen rig

Figure 7: In-line coating mixer

Batch

Continuous

* “Traditional, reliable”

» Suitable for multi grade and several stage
coaters, very flexible

Batch time 35 - 60 min

Need for coating storage tanks

Larger overall space demand

Sharp grade change possible

Easier to disperse dry components
More difficult to handle effluent amount
because of large volumes

+ Total investment cost ?

a L] - L] *® »

+ “New, unknown”

+ Suitable for single grade machines with small
formulation variations

Short retentlon time, only minutes

No need for coating storage tanks
Smalfer overall space demand

Grade change sven sharper
Dispersing dry components difficult
Small efluent amount because of small
volume

+ Total investment cost ?

Table 1: Comparison of continuous and batch coating colour preparation



efficient grade changes which are facilitated by the system.
Any coating methods requiring air - free coating colours are
also accommodated by this closed system, since the system can
operate under slightly elevated pressure,

Doubts regarding system reliability are simply no longer
valid, as the modern technology utilised within these installa-
tions guarantees reliable and trouble free operation to rival that
of a traditional batch preparation system. Table I (previous
page) sets out the pros and cons of each competitive system. It
can be seen that the final choice depends upon numerous para-
meters such as invesiment costs, space availability, number and
type of coating colour formulations, grade change frequency
and effluent losses.

Mixing of dry components into coating colour.

It is a very common target to increase coating colour solids
to give advantages in finished product quality, as well as sav-
ings in coating drying. It is a fact in many applications that no

additional water will be added in the coating kitchen. One of
the major water sources which can possibly be eliminated is
that added as part of the thickening component: For example,
CMC is normally dosed as a 10% solution. If 0.5 parts of CMC
is added, this results in a coating colour solids reduction of 2%.
Adding CMC in the dry state, however, is not straightfor-
ward. It is all to easy to form large sticky lumps with dcy CMC
at their centres. Complete dissolution of these lumps can take
tens of minutes, and so manufacturing capacity is impacted.
Recent development of a new premixing system, however,
makes it possible to add dry powder components such as CMC
in a batch makedown system without the need to increase cycle
time. In this system, the dry powder is premixed, in a special
chamber, with incoming pigment slurry, during its introduction
into the main mixer. The dry component is so evenly distributed
i the premixer, and into such small paricles, that dissolution
takes place very rapidly. This makes it possible to increase final
coating mix solids significantly without loss of kitchen capacity.

BIG-BAG
HANDLING UNIT

Figure 8: Dry companent pre-mixing system

OPTIBCREEN

TO COATER

L

SUFPLY
TANK

WATER
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TO COATER

Figure 8: Double screening with vibrating screen or pressure screen as secondary screen
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Supply systems
Screening concepts

Coating colour screening historically was performed with so
called backwash screens. These had many drawbacks, includ-
ing complex construction, hence high maintenance
requirement, high effluent losses, plus the ever present risk of
coating colour dilution. These have been largely superseded
today by mechanically doctored pressure screens fitted with
slotted wedge wire baskets as the screen element. Today, there
is invariably at least a single stage mechanical pressure screen
between the machine tank and coating head.

Quality demands are ever increasing, and the range of coat-
ing colour formulations is becoming even more complex.
There is a clear need to adapt screening concepts to constder
paper grade, mix formulation, coating method and base paper
characteristics: For instance, it is reasonable that we would pro-

pose a different screening process solution for a testliner size
press installation than for a fine paper top coating duty. It is
important not just to utilise ever finer screening, but to under-
stand fully the application, and develop an optimised solutton.

There are a number of new screening concepts now avail-
able which give clear benefits when compared to traditional
single stage screening,

Double screening

If there are many and various impurities to be sorted by the
screening system, where handling in a single stage may be dif-
ficult, it can be advantageous to arrange screens into multiple
stages.

The primary screen can continuously reject to the secondary
screen, which can be either a pressure screen or a vibrating
screen, depending upon the application. This makes it possible
to purge and flush the secondary screen without disturbing the

Figure 10: Return flow pressure screening

Figure 11: Automated return flow strainer

Figure 12: Wedge wire and round hole screen elements.



main process. The secondary screen is typically finer than the
primary, thus increasing separation efficiency. Effluent
arounts are reduced, and the maintenance needs of the primary
screen is decreased.

Return flow screening

It is possible 10 add pressure screening in the retumn flow
line without additional pumping capacity, if there is adequate
height differential. That is to say that static head is used to gen-
erate differential pressure. Purging and backwashing can be
performed without affecting the process, and impurities are
removed immediately as they enter the circulation system. The
use of static head differential ensures that the screen drum can
never be damaged by over pressurisation.

Automated strainers

The first fully automated coarse screens have only recently
entered the market. The new strainer prevents paper pieces and
other debris from entering the supply system during web
breaks, and automatically removes them to sewer,

Screen element materials

The majority of screen baskets for pressure screens are
made from wedge wire. Wire is wrapped into a basket form,
and the space between subsequent wire layers forms the
desired contineous slot. This design of basket is likely to
remain the standard choice, even though it offers intrinsically
imperfect separation efficiency, owing to the two dimensional

Figure 13: Cyclone deaeratar
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Figure 14: On-line measurement system
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slot. It does, of course, offer good structural strength and very
high capacity.

Only recently available are screen baskets with round holes
or circular perforations of sufficient fineness to allow good
separation efficiency. Even though their capacity is not great,
they offer good performance in specialist applications such as
fresh colour screening, double screening applications, and fibre
and felt hair removal.

Other material choices such as wire mesh or sintered plates
offer only marginal utility in coating colour screening applica-
tions.

Deaeration

Centrifugal or cyclone deaeration is absolutely required in
certain applications such as free jet coating, since skip coating
is otherwise observed, relating to the presence of air bubbles.

Figure 15: Compact supply system design

Deaeration is gaining popularity even in other coating meth-
ods, however, not because of any noticeable quality
improvement, but because it reduces the reliance upon, for
instance, anti foam chemicals, and normally tends to stabilise
the process significantly, giving assured operability.

Figure 13 (previous page) shows a typical deaerator offer-
ing consistent, reliable furction, simple construction and easy
operation and maintenance.

On - line measurement of coating colour
properties

The on - line measurement of the major coating colour prap-
erties - solids level, air content, rheology, pH and temperature
- is, today, a reality.

Frequent, precise measurements can be used for process
analyses, and to forecast potential process disturbances. There are
cumrently ro sysiems which allow actual control of these pararne-
ters, although these are in development. It is probable that the first
parameter which will be controllable under closed loop will be
solids content. The system shown in Figurel4 takes a small con-
tinuous flow from the supply system, through the analyser, and
back into the process stream. Measurement of air content and
solids level is based upon measured density at different pressure
levels. Rheology is measured by capillary viscometry across dif-
ferent shear ranges. Temperature and pH measurements are of
course options. It is envisaged that these analysers will become
ever more integrated as the regular part of a coating supply sys-
tem, along with interfacing with the mill antomation system.

Compact supply systems for closed chamber
sizers

Coating methods which employ zero return flow raise the
possibility of packaging the eatire supply system into a single,
compact rig. This concept offers remarkable savings in space
demand and installation and startup times.
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Figure 16: Ultrafiltration process with additional second stage



Coating and effluent recycling

Broadly speaking, there are today two main methods for
recovering coating effluent materials. Some mills mix coating
effluent with the coarse centricleaner fraction, fine grind the
mix and use it as part fitler supply. This is of course functional,
but suffers from certain devaluation of the recovered fraction,
since coating pigments are invariably more expensive than
filler pigments. Binders and other coating chemicals are addi-
tionally either worthless, or even harmful to the paper making
process.

Ultrafiltration is a process whereby not only the coating pig-
ments, but also the coating binders and other compoenents can
be recovered and reused, at full value, in fresh coating colour
formulations.

In the Ultrafiltration process, hermetically salvaged efflu-
ent, typically in the range of 1 - 3 % solids is purnped to a filter
unit comprising semi permeable membranes with mechanical
agitation.

The pore size of the membranes is such that water and other
smaller molecules are able to penetrate, while suspended solids
and more complex dissolved or colloidal motecules cannot.

Most coating effluent filters utilise polymer membranes.
The effluent streamn feeds into one end of the unit, water is con-
tinuously extracted, and solids content is increased towards the
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discharge end. Mechanical agitation generates turbulence at the
membrane surface, and ensures that no “filter cake” is formed.
The final out flow siream solids is controlled by the retention
time within the filter unit.

Since the concentrate consists of only the original coating
colour components, and no filtration additives such as coagu-
lants or flocculants are used, the material can be reused directly
in fresh coating colour with no quality concemns.

Figure 16 shows a flow sheet for an Ulrafiltration system
utitising polymer membrane separation medium.

There are also ceramic ultrafiliration processes available in
the marketplace: These are of wbular censtruction, and turbu-
lence is generated by high flow velocities. They have limited
use in paper coating applications, as they tead to clog as solids
levels and viscosities increase.

In some applications, the limiting operating factor also with
polymer membranes has been the maximum achievable con-
centrate solids, at 25 - 35 %. In traditional single stage
filtration, it is not possible to further increase solids level safely
and practically. The addition of a small secondary filter how-
ever, can climinate this deficiency, raising the process solids
content to 50%: This then satisfies all practical needs to allow
subsequent material utility.

This optional layout is also shown in Figure 16.



NOTES

114



Round Table Discussion

Moderator
lan Davis

NOTES

115



NOTES

116



Design and Engineering of Mineral Fillers
for Barrier Coatings

by
Dave Gittins, Hannah Howard
and Bob J Pruett PAPER SIXTEEN
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New Developments in Print Receptive and

Barrier Coatings

by

Robin Cooper

New Business Development Manager
Michelman Intl & Co

Summary

This paper describes two recent developments

= A size press treatment for uncoated papers that will
improve ink adhesion to the substrate.

= Moisture vapour and grease resistant barrier coatings both
on-line and off-line at the blade coater.

Print Receptive Coating
Digital printing techniques are becoming increasingly

imporant for both commercial printing and industrial pack-

aging. One of the techniques that is at the forefront of this
growth market is the HP Indigo printing press. This press ts
unique in that it uses a liquid toner [US Par Nos
5,225,306,5,276,492:5,346,796 and 5,407,771] for use in an
electrostatic printing technique. This liguid electrophoto-
graphic ink is better known vnder the trade name Electrolnk.

The limitation of these types of inks compared to more con-

ventional inks is the adhesion of the ink to the substrate. The

Electrolnk will generally adhere properly to the substrates only

with additional help or “optimisation’ of the substrate.

The ‘optimisation’ process is basicalty preparing the surface
to accept and adhere to the ink. The ink is transferred to the
paper under the action of temperature and pressure. See figure
L

To describe the process simply:

1. Elecwostatic charging of the electrophotographic Photo
Imaging Plate (PIP) which is mounted on the imaging
cylinder.

2. Exposure of the PIP to laser light. The lasers are given
binary off/fon instructions from the digital computer file.

3. Image development performed by the Binary Ink
Developer units (BID).

4. Transfer of the inked image to the blanket cylinder.

5. Any residuval ink and electrical charge is removed from the
PIP.

6. Heating of the inked image carried by the blanket.

7. Transfer of the heated inked image to the substrate held by
the impression cylinder.

The adhesion of the ink to the substrate must be such that
the image formed on the heated blanket is fully removed and
transferred to the substrate,

PAPER SEVENTEEN

To best enable this transfer the surface of the paper needs to
have the following properties:

* Good chemical bonding to the ink binder, the image must
prefer bonding 1o the subsirate rather than remaining on
the blanket
A high green strength of this bond to completely remove
the inked image from the blanket

* The surface chemistry should not affect the ageing proper-
ties of the Image.

The approach we have taken is to use a thermoplastic poly-
mer that is chemically compatible with the ink binder and
possesses high hot tack so that the image is stripped from the
blanket under the influence of heal and pressure. This in itself

__loserimager

Figure 1



is a challenge but the moare testing challenge is to make these
products applicable by conventional size press techniques
where the heat activation of the surface eould be a major con-
cem in production - the paper typically is contacting drying
cylinders for instance. To overcome this potential problem it is
necessary to incorporate a thermosetting component into the
formulation and to balance the ratio of the thermoset to the
thermoplastic.

Happily the thermosetting material we decided to use was
one that is well known to most paper makers - starch. We also
realised that because of geographical and local production
requirements we would need to find classes of starch that
would be compatible with the thermoplastic polymer so as to
give the paper maker the widest choice of suppliers.

We carried out stability tests using various starches by mea-
suring the viscosity of the mixtures held at 55°C for 24 hours.
To pass the test the solutions had to remain below 75 cP.

We found that the chemically modified starches gave con-
siderable stability advantages over native starches when mixed
with the thermoplastic polymer and that with these types of
starch we had improved latitude for the incorporation of the
thermoplastic polymer. Based on print tests we found that the
ideal starting ratio of the starch to thermoplastic polymer was
1:1 on a dry solids basis.

To enable better compatibility the thermoplastic polymer is
emulsified in water at a near neutral pH, it has a 35% solids
content with an average particle size of 120nm and is a low vis-
cosity milky dispersion. The product is called DigiPrime®
1500LA.E.

The following performance criteria of the coated sheet are
assessed:

Runnability- The ability of the size press coated paper to
run smoothly through the press without blocking or other
mechanical feeding problems.

Ink transferability- The quality of ink transfer from blan-
ket to substrate-no ink should remain on the blanket.

Blanket-Substrate Compatibility- The so-called “stress
mode’ where long runs with controlled images are made on the
press and any reduction of image quality is noted.

Ink-Substrate Interaction- The degree of ink to substrate
adhesion. This is assessed using a standard 3M 230 adhesive
tape which is carried out immediately, 15 minutes, 1 hour and
24 hours afier printing.

DigiPrime® 1500LA.E is cumently being used by several
paper makers globally to provide paper that will receive digital
images.

Barrier Coatings

The use of barrier coatings on paper and board packaging
has given substantial berefits to preducers, retailers and con-
sumers. Barrier coatings improve product protection either
from the environment or to protect the environment from the
product. This can result in increased shelf life, reduced
wastage, increased convenience, improved presentation and

With the variety of materials available to packaging produc-
ers, the choice of barrer materials is a highly competitive
market and the paper and board industry is constantly changing
to keep pace with strong threats from other packaging materi-
als.

Environmental concems are clearly influencing current
decisions conceming barrier technology. Concems about recy-
clability, energy conservation and air pollution are leading to a
reassessment of available barrier technologies. Paper- based
barrier matenals are perceived very favourably due not only to
their recyclable properties and infrastructure but also their
renewable raw materials.

Barrier coated paper and board consists of several different
types of matesial. For purely grease and oil resistant paper and
board, the surface application of flourochemicals as barrier
coalings were developed as size press applications. Anocther
halogenated polymer system ihat can be applied to paper and
board and offers gas barrier properties is PYdC. Doubis have
been expressed about halogenated coatings because they can
produce potentially harmful degradation products,

For barriers to water and water vapour, traditionally the
choice has been to use off-machine lamination or extrusion
technology where a film of polyolefin (PE,PP or PET) is com-
bined with the paper and board subsirate. This requires
specialised equipment but a coherent film is produced that, as
well as giving a barrier to liquids, can provide good perfor-
mance as a moisture vapour and aroma barrier. Laminated or
extrusion coated paper and board can be difficult to re-pulp and
are seen as a composite structure.

Paper and board has been treated with waxes for many years
to give water hold out and resistance to water vapour. The main
criticism of these products is that when used in large amounts
in the recycling process they can cause problems with *stickies’
and hinder recycling. They often have a negative impact on the
coefficient of friction of the recycled paper as well as interfer-
ing with fibre 1o fibre bonding.

There has been interest towards using water based emulsion
technology since they offer a recyclable product with good bar-
rier properties to water, 0il and moisture vapour. These
coatings when applied to paper and board can also be classified
as a monomaterial and not as a composite structure. Being
water based these coalings can he applied using conventional
paper coating techniques although the application technology
can have a major influence on the barrier properties achieved.

Coating Material Temperate Troplcal
(Dry weights) MVTR {gsm/day) | MVTR {gsm/day)
25 gsm LDPE 5 20

25 gsm Wax K| 15

8 gsm PVdC <2 <10

5 gsm VC2200 <5 <20

Table 2. Moisture Vapour Transmission Rates (MVTR)for

enhanced product safety. typical coatings

Starch Type Max % Solids Max % Thermoplastic pelymer Viscosity Stabllity at 55°C
Hydroxylethyl modified corn starch 10 75 Good
Ethylated com starch 10 75 Good
Acetylated comn starch 8 25 Good
Ethylated potato starch 8 75 Good

Table 1.

120



In work previously published [S G Yeates, M Passier, R Sat-
gura, J Farre Europ Coat J p294 (5) 1995] it was shown that
although low Cobb values could be achieved by using
hydrophobic styrene acrylic polymers, the use of wax was seen
as essential o obtain good MVTR performance. The disadvan-
tages of using wax in ernulsion polymer bartier coatings have
also been discussed by other authors [K Santamiki, ‘Highly
filled dispersions as barriers’, st International Polymer Coat-
ing Conference: June 9-10 1997, Tampere University of
Technology]. These were said io be:
¢ Low surface energy leading to difficulty in glue and print

acceptance on the barrier coated surface, i.e. surface ener-

gy <35 dynes/cm

« Low paper to paper friction, causing handling problems on
automated systems.

« Repulpability, wax present in repulped paper can cause
reduction in inter-fibre bonding capacity and hence paper
strength.

Santamiki suggested vsing pigmentation as a way (o achieve

basriers to water, moisture vapour and oxygen transmission.

To achieve barriers to gas transmission, it is important to
understand how the gases permeate through a film. Permeation
is a three-part process and involves solution of small molecules
in the polymer, diffusion through the polymer according to the
concentration gradient, and emergence of the small molecules
at the outer surface. Hence permeability is the product of solu-
bility and diffusion and it is possible 1o say:

P=DS
Where P is the permeability
D is the diffusion coefficient and
S is the solubility coefTicient.

Some authors (XX V Stannett, M Szwarc, J Polym Sci 16,
89 (1995)) have argues that the permeability is a product of a
factor F determined by the nature of a polymer, a factor G
determined by the nawre of a gas and an interaction factor H
(considered to be of litde significance and assumed to be
unity). Thus the permeability of polymer *a’ to gas ‘b’ can be
expressed as

Py =FG,

From a knowledge of various values of P, it is possible to
calculate F values for specific polymers and G values for spe-
cific gases. If the G value for one of the gases, usually

Nitrogen, is taken as unity, the following values are obtained.

Crystalline structures have a much greater degree of molec-
ular packing and the individual lameliae can be considered as
almost impermeable so that diffusion can occur only in amaor-
phous zones or through zones of imperfection. Hence,
crystalline polymers will tend to resist diffusion more than
either rubbery or glassy polymers. Apart from halogenated
polymers, there are few crystalline polymers in water based
form exhibiting the low toxicity and water resistance required
io be formulated into a barrier coating. Hence the use of pig-
mentation is seen as an alternative way of introducing
crystallinity. However the pelymer binder is still potentially the
weakness in this type of system together with the polymer-pig-
ment interface.

In Figure 2 (overieaf) three formulations are compared for-
mulation 1, formulation 2 and formulation 3. The MVTR resulis
are plotted for two conditions - tropical (90%RH, 38°C) and
temperate (50%RH, 23°C). Formulation | is a product relying
on mineral filler to provide barrier with a binder based on a
polymer which is essentially crystalline but with some amor-
phous regions. Formulation 2 is a preduct based on the same
mineral filler but with a binder based on a rubbery polymer and
formulation 3 is a product that utilises a waxy component to
provide the MVTR barrier.

It can be seen that formulation 3 gives the lower MVTR
under all conditions and at a much lower coating weight than
the filled products. This can be explained by considering that
lhe waxy component exists as a crystalline layer at the coating
surface. Only a relative thin coating thickness is required to
achieve an effective barrier. By contrast the mineral filler
requires a tortucus path to be made as the ‘weakest link’ the
polymer binder is evenly dispersed throughout the product.
Here there is a necessity to have a certain thickness of coating
to achieve a given barrier. However, we can see by comparing
formulation 1 and formulation 2 that contain the same minera]
filler that the polymer choice has a major effect on barrier prop-
erties. Surprisingly given the data in Table 2 we find that the
results in Figure 2 a rubbery polymer birder gives a betier per-
formance than a partially crystalline polymer binder.

This suggests that there are other phenomena operating to
affect the barrier to moisture vapour. Probably one of these is
the adhesion of the binder to the mineral. We could imagine
that in formulation 1 we may have poor wetting between the
mineral and the polymer giving rise to ‘flaws’ within the coat-
ing. These may not exist in formulation 2. Similarly all of the
binders are emulsion polymers and contain surfactants and/or

Polymer F Nature of polymer
PVdC 0.0094 Crystalline

PET 0.05 Crystalline
Plasticisied cellulose acetate 5.0 Glassy

Low density palyethyleng 19.0 Some Crystalline
Polybutadiene 64.5 Rubbery

Natural rubber 80.8 Rubbery

Gas G

N, 1.0

0, 3.8

H,S 21.9

co, 242

Table 3.



surface active ingredients within their formulations. It is easy
to imagine that these ingredients could aid transport of water
vapour through a polymer, essentiaily increasing their F value.

In practice to achieve MVTR barriers on rod or blade coaters
we have two main choices. Either a low surface energy coating
containing a waxy component which will ot be gluable or
printable with water based glues or inks or a high surface
energy coating utilising a mineral filler that will be gluable and
printable but will require a higher coating weight to achieve a
low MVTR. In Table 4 a brief summary of two of our current
commercially available products and their properties is given.

The further development of water-based barrier coatings is

Dry Film Property VC2200 VCea2
Surface Energy (dynes/cm) <35 >50
Transparent Yes No
Glossy Yes No
Target dry coat welght

to achleve Tropleal MVTR

<20 gsm{day 8 gsm 25 gsm
% Solids 40 62
Therefore recommended

weat coat weight 20 micron |40 micron

an ongoing process and currently we are looking at novel poly- Table 4.
mers and methods to disperse them in order to offer an
improved window of performance for coated paper and board,
MVTRversus Coat Weight
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Print, Packaging and Product Uniformity
Issues through the Production Cycle

by
Nigel Jopson
Pira International

Introduction

Paper-based packaging combines two attributes:

* Providing a medium for the display of advertising, brand
and consumer information

» Protection for the pack contents.

There is a necessary compromise between provision of an
ideal base for coating, print performance and image quality and
an ideal protective structure for pack contents. This compro-
mise is not found in graphic printing grades to the same extent.
Other performance aspects are dictated by the converting
process, eg:

* Frictional properties

*  Welttability and absorbency for gluing and functional coal-
ing

» Z-directional viscoelasticity for die cutting, creasing and
folding

* Dimensional stability

These criteria must be balanced against the maintenance of
coating propesties - brightness, whiteness, opacity, ink recep-
tivity etc.

Current market trends tend 1o emphasise the need for uni-
formity, namely:

Downgauging - reduction of packaging mass
Increased speed of converting and pack filling lines
Innovations in pack design

Barrier and heat-sealing functionalities

Digital print

Traceability and anti-counterfeiting

Point of sale display

Smart packaging - eg condition monitoring.

Product categories and characteristics

Coated packaging production originally centred on tradi-
tional grades such as:
» Solid bleached - 5BB/SBS (woodfree)
Liquid packaging board - (woodfree)
Solid unbleached - SUB/SUS (Kraft)
Folding boxboard - FBB/GCHGC2 {mechanical - TMP)
White lined chip - WLC/GT (recycled)

In recent years, the unbleached categories have extended to
include drinks wraps (six-pack) as well as frozen food packag-
ing, formerly the preserve of bleached grades.
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The development of point of sale and shelf-ready packaging
has stimulated the use of coated liners for standard profile cor-
mgated, where print quality is essential for customer appeal.
The print may be applied by either pre-print {eg litho-laminate)
and post-print methods. The vse of pre-coated outer liners in
corrugated has extended to microflute - E. F, N profiles.
Microflute has taken coating technology into new areas and
substrates, notably liners below 100 gsm. In this grammage
range, there are opportunities for producers of coated printing
grades in the development of lightweight fully bleached liners,
eg for food and pharmaceutical packaging.

Coated label stock is a segment that spans packaging pro-
motional and communication categories. Narrow web printing
has seen the advent of digital print capable of producing up 1o
40,000 tabels per hour. Self-adhesive labels without a release
layer have also been evolved, a reminder that functional coat-
ings, ie pressure sensitive adhesives and release coatings are a
significant element in packaging. For some applications, the
label or banderol contributes significantly to the strength of the
pack. In thin-walled plastic yoghurt cartons, the label forms a
continuous restraining band around the garden and contributes
to its rigidity. This function requires good tensile strength in
relation 1o grammage.

Barrier and functional coatings

Barrier coatings can either keep materials within the pack,
eg oil, grease, moisture, aroma etc, or keep them out, eg mois-
ture away from dry goods and washing powder and odours and
taint from sensitive products. Traditionally, barriers used
either extruded polymer laminates, eg the polyolefin coatings
applied to liquid packaging board, or the fluorochemicals,
non-film forming compositions that rely on low surface
energy to resist wetting eg for oil and grease resistance in fast
food packaging.

The advent of water based barrier coatings (WBBCs) has
enabled the development of products with an intermediate
range of properties between the absolute barrier of polyolefin
film and the more ephemeral barriers afforded by fluorochem-
icals. WBBCs also offer the possibility of selective barrier
properties, eg, in the packaging of bakery goods where
‘breathability” is needed, and of heat-sealing properties neces-
sary for liquid packaging and cup stock. The success of the
water-based coating will depend on the level of uniformity per-
mitted by the base sheet. One pinhole can wreck the barrier.



Beyond coatings for printability and functional properties,
the luxury packaging sector involves coating for decoration,
which may be associated with embossing, hot-foil stamping
and metallisation. Fancy paper bags are a example of an old
packaging format, which has seen a renaissance as a ‘designer’
totem for the ‘teen fashion markets with bags made from high
basis-weight coated and coloured materials. The packaging of
premium beverages, chocolates and cosmetics offer high mar-
gins for producers of specialty paper grades, but require
flexibility in production technologies. The value of the product
requires high levels of uniformity to avoid the risk of costly
consequential losses.

Converting vs end-use properties

Maintenance of the balance between competing physical
properties is a problem oot encountered in communication
grades to the same degree. As an example, high out-of plane
stiffness would be thought to be a desirabie feature in folding
boxboard of corrugated to confer pack rigidity. However, stiff-
ness also equates to ‘spring-back’, ie resistance to folding into
a 3-D shape. This causes problem in gluing the flaps and car-
ton joints, since the spring-back force places strain on the
adhesive film during bonding. Thus a hot-melt adhesive may
be strained while still in a warm plastic state. The damage may
not be evident until the carlon is filled and placed in a freezer
whereupon the joint fails.

The cure may lie in better scoring and creasing, or in reduc-
ing the sheet strength properties, eg lowering ply bond to allow
better delamination in creasing and folding, and reducing bend-
ing stiffness. In effect, the uniformity of the intemmal bond in
the Z-direction is deliberately perturbed to allow better folding
and gluing™.

Where an aqueous adhesive is used, surface wetting and
coating absorbency are also issues that may require changes to
coating formulation as well as base stock. The compromise
here may be in optical properties or pigment binding power
versus the absarbency of aqueous adhesives. The use of more
porous binders, ie vinyl or styrene acrylics in place of SBR lat-

tices, buys gluability at the expense of a higher binder: pigment
ratio to preserve surface strength.

Process and product uniformity

Grammage, Strength and uniformity

The foundation of product uniformity lies in the sheet form-
ing and coating processes. The origins of uniformity on the
process were explored in the paper given by the author in the
2005 Conference™ and embrace both surface topography and
interior sheet structure.
In the context of coating, topography is developed from
Surface microflocculation,
Wire mark,
Felt mark,
Surface sizing and calendering.

The *surface architecture’ govemns coating uniformity, gloss,
smoothness and also coating composition™. The net effect of
coaling is 0 remove the higher-frequency element of rough-
ness amplitude and the larger diameter pores, and to alter the
surface profile. The surface of the uncoated base stock resem-
bles a plateau with sub-surface canyons, pits and depressions.
The addition of coating converis this profile to one of gendy
undulating hills - Figures I and 2. ’
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coating)
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coating
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Figure 1 Uncoated and coated surfaces (polymer coating)
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Print defects extend from ink gloss and ragged edges to dots
at the micro-scale to mottle in solids at the macro-scale.
Despite the reduction in surface frequencies and ampliludes,
there may still be sufficient ‘information’ in the surface to
interfere with the printed image that itself is based on the fre-
quencies and amplitudes of the dots.

The base stock propertics that determine coating perfor-
mance are intimately linked to those that govern the
mechanical properties of the board, ie the protective function of
coated packaging is limited by the uniformity of the internal
fibre network. The effect of the drive for lightweighting,
described later, is becoming increasingly influential in terms of
the uniformity-grammage-strength relationships. As basis

A

Plateau regipn

Indexed Mechanical Proparties

Increasing grammage

Figure 3 Strength index-grammage relationship (Source:

weight is reduced, so the specific strength parameters, eg ten-
sile or compressive indices also reduce'. In practice, the
strength index reaches a maximum at an intermediate gram-
mage, then declines - Figure 3.

At lower basis weight, there is insufficient fibre to transmit
applied stress efficiently through the fibre network. At higher
basis weight, there is an increasing amount of redundant fibre
that plays no useful role in trapsmitting internal stress, but acts
as a space filler, rather like the fluting layer in corrugated
board.

Uniformity, strength and basis weight - experimental

Recently trials were made by Dr Christina Sevajee on the
pilot paper machine at the University of Manchester under the
aegis of a Knowledge Transfer Partmership (KTP) in order to
look at the relationship between grammage, formation and
strength*. The following conditions were involved:

Fibre source - 100% commercial recycled board

Stock consistency - 2.5%

Paper Machine - Fourdrinier

Two headbox consistencies - 0.5 and 0.7%

Grammage range - 30 to 200 gm™

Physical properties analysed - Tensile strength, Elastic
Modulus, RCT, S5CT, Stretch

Image analysis - Beta Radiograph, from which it was pos-
sible to obtain floc grammage and diameter values.

Figure 4 shows the relationship between tensile index and
grammage. Stretch and elastic modulus followed similar

C Sevajee) trends.
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Figure 4 Grarmmage - tensile relationship
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The MD values are larger than the CD ones, showing a high
degree of fibre orientation. The effect of increasing the head-
box consistency and therefore reducing formation uniformity
was to both reduce the maximum values and shift the maxi-
mum to higher grammage as suggested before. From the
coating perspective, the loss of base sheet uniformity at higher
consistency would also undermine coating uniformity. Figures
5 and 6 show the formation effects. The variability increases as
consistency increases and as the level of resolution - the ‘zone
size” - reduces, Figure 5.

The images are renditions of the formation under different
grey scales. The ‘thin spots’ at the higher consistency are
plainly visible. The coating uniformity would suffer as a con-
sequence leading to both print mottle and variations in opacity
and gloss.

Figure & shows variability in relation to grammage. Reduc-
ing consistency reduced variability overall but increased the

rate of change of variability with reducing grammage, espe-
cially below 60 g/m?,

This grammage range embraces not only single ply prod-
ucts, eg lightweight linerboard and heavier weight label and
sack prades, but also individual plies in multiply box board
grades. The middle ply is usvally the dominant component in
terms of fibre mass and effects on vaiformity, but the outer
piles are those with immediate contact with the fibre. The inner
and outer plies will occupy different positions on the strength-
formation-grammage relationship and the lower grammage
outer plies may be more sensitive to shifts in forming condi-
tions than the inner one, though the latter may have the greater
effect on uniformity.

The resnlts above are only drawn from one type of furnish
on one, slow machine but the principle generally holds good.
For example, low basis weight label stock made from a highly
refined furnish with bleached hardwood content would tend to
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Figure 5 Formation variability vs level of resolution (afier C Sevajee)
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shift the variability trend to a lower grammage range. This
would also hold good for the outer plies of multiply board.

Scale effects

Basis weight and sheet thickness may reduce, but the
dimensions of the surface topography will not, hence for paper-
board there will be a tendency for coatweight to increase as a
proportion of total basis weight unless surface uniformity is
improved. This not only increases costs, but also may lead to
cracking at the fold.

Furnish variables

Ultimately, the grammage-formation-strength relationship
depends on fibre properties™, eg fibre coarseness, fibre
length, and degree of fibrillation. To this may be added sur-
face chemisiry as determined by the pulping andfor
bleaching process and the wet end additives. In integrated
mills, the variability of fibre supply remains a key issue
which is not always adequately monitored. The advent of
automated and semi-automated systems for fibre monitoring
will enable cause-and-effect relationships to be established
for effects of fibre on sheet structure. From measurement
comes control.

Summary of effects

In summary,

= the coating uniformity is dependent on the uniformity of
the base stock, both surface and interior.

* the same elements of sheet structure also determine con-
verting and strength properties

* grammage, formation and strength properties are intercon-
nected

« at lower basis weights, the strength indices reduce due to
increase in variability of the sheet structure,

This latter point is very important when considering light-
weighting in packaging products. As basis weight reduces, so
the need for product and process uniformity increases with a
requirement for more sophisticated control of the forming
process as the foundation for coating. Other developments in
technology and pack design will reinforce the requirement for
uniformity. These are considered next.

Future developments and end-user demands

The drive for lightweighting has already been noted. The
EU countries are probably in advance of North America in this
trend, under the impact of onerous packaging waste regula-
tions. There are also economic influences - the need to reduce
distribution costs of both packaging and packaged goods and
the fact that paper and paperboard is bought by weight but used
by the unit length. Lower basis means longer run length for the
converter! Technologies that will demand greater product uni-
formity will include:

Barrier and functional coatings,

Digital print

Radiation cure coatings, pre or post print
Higher speed prirting and converting lines
Anti-counterfeiting

Printable electronics.

In functional coatings, cost and recyclability require mini-
mum coatweight, the more uniform is the substrate, the lower
the practicable coatweight,

Digital print has been a ‘long time a-comin’, due to issues
of speed and the capital, maintenance and running costs. How-
ever, it is establishing itself in specific product areas, notably
CMYK printing of labels on namow-web presses. For run
lengths of 2000 metres, a speed of 16m/min is acceptable, as
speed increases, so the economic run length will increase®,
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Figure 8 Formation Coefficient of Variation vs grammage (after C Sevajes)



Another area of digital development is in the printing of corru-
gated containers for consumer durables and point of sale
displays where the size and value of the product dictates short
runs and where digital print can compete in terms of short set-
up time. Speeds of up to 6,000 sq m /hr are feasible. Such
speeds will require tight control of substrate surface micro-
structure™ for accuracy in imaging.

UV curable inks offer greater speed of output and the abil-
ity to provide spot varnishing by inkjet, litho, flexo or gravure.
Even offset litho has developments such as concentric screen-
ing systems where the dots take the form of comcentric rings.
The greater the width of the rings, the more is intense the
colour. Such systems are claimed to reduce half-tone mottle
and increase definition, but the frequencies involved may well
pick up non-uniformities at higher levels of resolution, Elec-
tron bean cure is being installed on flexo printing and
converting lines, especially in the US. This technology may
raise questions about the chemical uniformity of the substrate
due reactions between the electron beam and fibre or coating
binder with the risk of odour and taint.

Speed is of the essence. The application of pressure sensi-
tive labels and release stock can already be made at 1,050
labels/min. Speed will increase as older equipment is replaced
by new installations. This doctrine applies o labels, folding
boxboard, cormugated, flexible packaging etc. Higher speeds
mean greater material demands in terms of tensile, swetch
dimensional stability, stiffness ete.

Anti-counterfeiting measures will also require high surface
uniformity of the substrate, eg, to aveid interference with con-
cealed information patierns. An example is the application of
laser-imageable coatings for authentication by the end-user.
The most demanding application will be the printing of elec-
tronics. The coated surface will require a high level of
precision for the layout of the compenents, eg UV curable
metallic inks for antennae and conductive polymer inks for
printable electronics - sensors for condition menitoring and
diagnostics, photo voltaic cells, RFID tags] light emitting
diodes. The applications extend beyond aati-counterfeiting or
condition monitoring but w promotional devices - noisy, ani-
mated and scented packaging!
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Conclusions

» Coated paper and board products for packaging require
uniformity not just in the coated surface but also in the
physical and surface properties essential for end use. A bal-
ance also must be struck between end-use and converting
properties.

» The common link between coating and strength properties
lies in base sheet uniformity.

* There is a non-linear relationship between strength indices
and grammage, with a maximum value and critical thresh-
olds at lower and upper grammages beyond which, the
strength per unit mass of fibre reduces.

» This relationship has implications for the lightweighting of
coated packaging.

» Non-uniformity tends to increase as the spatial resolution
diminishes, so a sheet may give low mottle in solids, but
loss of definition in half tones when printed.

* Greater non-uniformity in formation reduces the strength
indices in relation to grammage as well as reducing coat-
ing wniformity.

* The non-uniformity of the base stock extends all the way
through wet end chemistry and sheet forming to the fibre
supply.

+ Future trends in packaging technologies will require higher
levels of uniformity as well lightweighting - reduction of
packaging mass.
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Summary

Although nowadays a number of paper properties are deter-
mined using measurement technology, printers are still not
always in a position to reliably predict the quality of a print.
This is due on the one hand (o the interaction of paper, print-
ing ink and printing-related parameters and, on the other hand,
to the fact that paper properties cannot be measured under
practice-oriented conditions in the laberatory. An important
fundamental paper property that greatly influences print
results is the surface structure of the paper. This quality is also
termed smoothness (roughness). Nowadays, smoothness is
usually determined in the paper industry as surface smooth-
ness using indirect measuring methods (air stream measuring
methods), In addition to surface smoothness, the measurement
of printing smoothness is very important, i.e. the determina-
tion of the surface structure of the paper under converting
conditions.

Together with the rapid developments in computer technol-
ogy. a number of topographical instruments have been
developed that are capable of non-contact, direct measure-
ment. These instruments are designed so as to be at least
non-sector-specific, which means that they must be made use-
able for the applications in the paper industry on a
case-to-case basis. The possibilities these instruments offer in
describing surfaces will be discussed based on analytical
results, One drawback of this technology, however, is that the
surface topography is not determined under actual converting
conditions (under applied pressure). This is only currently
possible by using contact area testers that make it possible to
operate at pressures ranging from 2.5 MPa to 7.5 MPa. As
ariginally designed and built, however, these devices provide
only an integral measured value for the surface finish. In arder
to remedy this disadvantage, an existing FOGRA contact area
tester was therefore equipped with a high-precision distance
measurement system and connected to a digital image pro-
cessing system. The resuit of measurement is the development
of the surface structure as a function of paper deformation
under compression load.

This technolegy was used to measure eight natural gravure
papers (SC papers) that had been gravure printed in a large
print shop. The results were assessed by both direct visualisa-
tion and image analysis. The results of smoothness
measurement were correlated with the print assessments. It
was established that there is a strong relationship between sur-
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face structure, the deformation behaviour of the paper under
load and 1he quality of the printed image. The best correlations
were obtained for a newly defined parameter termed the
Grad(CA),.

Introduction

Although it is currently possible to determine a number of
paper properiies using measurement technology, it is not yet
possible to reliably predict two complex properties due, on the
one hand, to the above mentioned complexity of the printing
process itself and, on the other hand, due to the fact that paper
properties cannot be measured under practice-oriented condi-
tions in the laboratory.

An alternative means of evaluating printing quality is cur-
rently to make test prints or small-scale print runs, The
resulting prints are then assessed either by direct visualisation
andfor image analysis. This approach also involves technical
outlay, however, and is therefore expensive. Moreover, it does
not always produce clear resuits so that in-depth paper charac-
terisation still rates highly.

The objective is to measure fundamental paper properties
right on the printing paper produced - or ¢ven better to measure
them during the production process - to be able to draw
irrefutable conclusions regarding the printability of the respec-
tive paper (Figure 1).

—— Raw matcrials
| Paper evaluation
N e.g. =urfece structure B
— Pa_pe r prodt‘:d.lon - direct optical fringe projection
incd, coating - indirect: PPS, Bendtsen, Bekk
|
Finishing
{calendering) o
1 Prediction?
Printing paper Test print
Print evaluation {(DOMAS)
Print product - print L VoSS
- missing dots
i
Print quali
Feadback quality

Figure 1 Problem definition



Within the scope of this study, the print results of eight nat-
ural gravure papers (2 SCA papers, 2 S5CB papers, 4
superimproved newsprint papers) that had been gravure printed
in a large printing works, were assessed by both direct visuali-
sation and image analysis (Table ).

Papers A-F were printed in a first printing trial, whilst
papers P1 and P2 were printed in a second printing run. The
two trials are not comparable. Table I illustrates some of the
important basic properties and results of print assessment.

The full-scale prints were evaluated visually by comparing
pairs of prints with respect to the following complex parame-
ters: overall impression (Total), print quality in areas of low
coverage (missing dots - MD) and print unevenness in solid
areas (PU). The resulting paired comparison index is higher, the
better the print quality of the sample is. In addition, the sam-
ples were measured using the DOMAS image analysis system
which consists of a number of modules for print product eval-
uation. This makes it possible to analyse halftone dots. The
printing parameter characterised as “DOMAS-MD" provides the
number of missing dots / cm_ in the examined sample. In addi-
tion, the print unevenness in solid areas was examined by
power spectrum analysis (PSA) based on structures contained in
the printed image (DOMAS PU). The result is lower, the more
uniform the printed image of the sample is. The latter applies
as well to the formation index (F1) which DOMAS also analysed.

Surface measurement technology

One important fundamental property of paper that greatly
influences the print results is the surface structure of the paper.
This quality is also termed smoothness (roughness). Smooth-
ness constitutes a mechanical property and should not be

equated with surface gloss (which is an optical property),
although certain relationships between both parameters are evi-
dent, especially in the case of natural papers'.

A number of smoothness measuring methods have gained
market acceptance in the course of time and are generally sub-
divided into direct and indirect methods. The direct methods
atternpt to describe the surface geometry directly, whereas the
indirect methods provide an equivalent parameter for smooth-
ness that cormrelates with the surface, but which in tum is
influenced by other parameters to a greater or lesser extent.

Nowadays, smoothness is usually determined as surface
smoothness in the paper industry using indirect measuring
methods. It can be safely assumed that in future this process
will be superseded by direct smoothness measuring methods.
Besides surface smoothness, the measurement of printing
smoothness is also very important, i.e. the determination of the
surface structure of the paper under converting conditions.
Appropriale measuring instruments (Chapman tester, FOGRA
contact area tester, Pira printing smoothness tester) have been
developed that make use of the structure-induced difference in
reflection behaviour of a paper pressed against a glass prism. A
serious drawback of these devices is that they only provide an
integral measured value.

Table 2 provides an overview of the smoothness measure-
ment methods that exist in the paper industry according 1o
VOLK®.

The method and results of two surface measurement meth-
ods will be discussed below. The first method discussed is a
noo-contact optical measuring method that makes use of digi-
tal strip projection, whilst the second studies involve the use of
a modified FOGRA contact area tester.

- Capacitive instruments

No G mg p FC Fi Print quality
g/m? glem? % (PSA) Visual - PV index DOMAS
Total MD Py MD PU

A INP " 515 1.01 35.0 415 60 20 44 5.08 31.6
B INP 51.8 1.08 35.1 367 116 120 184 2.31 16.6
c scB 51.8 1.04 3241 358 80 168 88 1.69 27.4
D INP 52.0 1.06 349 400 60 16 8 6.44 358
E INP 521 1.1 3s5.9 380 72 140 80 1.38 298
F SCB 52.2 113 37.8 221 156 120 180 1.25 20.9
P1 SCA 55.9 1.19 38.6 229
P2 SCA 55.3 1.18 37.3 268
G Grade Total OQverall evaluation
FC Filler content MD  Missing dots
FI Formation Index PU  Print unevenness

Table 1: Paper grades, properties and printability

tndirect methods Direct methods
without measurlng pressure

- Gloss meter - Laser profilometry

- Digital strip projection and coded light techniques
- White light interferometry

with measu

ring pressure

- Air leak Instruments
(Parker Print Surt, BEKK, Bendtsen)
- Frictlon tester

- Mech. sensing profilers
- Contact area measurement

Table 2: Overview of smoothness measuring methods
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Digital strip projection - direct topography
measurement without measuring pressure

A modern, non-sector-specific optical measuring technique
for surface characterisation is digital strip projection coupled
with the acquisition and evaluation of an image sequence based
on the phase shift method or a combination of the phase shift
method and coded light techniques. This measuring technology
allows 3D height images 10 be generated which can then be
used to determine in a quick and reproducible manner the sur-
face parameters defined in DIN EN SO 4287-1998.

Figure 2 illustrates the sequence of operations involved in
acquiring lopographic parameters. As indicated in the camera
image (Figure 2/1), a series of strip patterns is projected on to
the surface of the paper to be evaluated and scanned by a CCD
camera. Software is used to calculate the topographic strip
deformation and create a height image. Starting with the unfil-
tered height image (Figire 2/2), the topographic parameters are
determined in basically the same way. First of all, the unfiltered
height image (raw data) is aligned so as to compensate for
deviations in the parallelism (inclined or slanted position) of
the paper and image planes. The result is illustrated in Figure
2/3. The primary information is subsequently broken down into
detailed information such as waviness and roughness by the
use of filters (e.g. a wave filter in compliance with DIN EN 150
4287-1998). The result of such high pass filtering is shown in
Figure 2/4. The fifth step then involves calculating different
topographic parameters such as Ra, Rz, Rq.

Figure 3 (next page) again illustrates in detail the separa-
tion of information from the primary profile into long-wave
{waviness) and short-wave (roughness) shape deviations
based on a cut-off wavelength. The result of topographic
parameter calculation is highly dependent on the cut-off
wavelength and other filter settings so that, if results are to be
highly reproducible, these values must always be cited as
well.

There might at first be some speculation about whether or
not individual topographic parameters are suitable for pre-
dicting certain usage properties such as print results. The fact
is, however, that most of the calculated parameters originated
in the field of metal technology and thus have only limited
relevance as far as the behaviour of paper is concerned. An
intensive familiarisation with the field of metrology and the
mathematical basis of the calculated topographic parameters,
however, is absolutely essential before finally introducing
this lechnology to in-house use. I is often reasonable to test
the suitability of individual parameters in a defined manner
using a selection of different papers. The surfaces of the
papers will then be considered as different manifestations of
functional surfaces, e.g. “smooth”, “slightly rough”, “very
rough™, or classified according to a prietability parameter. It
is then a matter of selecting those parameters that best corre-
spond to this classification. Non-linear relationships are also
feasible in many cases. The parameter found and the corre-
sponding model correlation must then be scrutinised
critically.

Camera image
sequence with

projected fringes Height image

Aligned height
image

Filtered height
image

Topographic parameters
(e.g. Ra, Rz, Rq...)

Height in pm |
0 3

Figure 2: Image acquisition

131



Figure 4 shows the results of the first printing trial {papers
A-F) in the form of missing dots per cm? plotted against core
roughness §,. The measurements were conducted with a
MicreCAD system manufactured by GF-Messtechnik (Teliow,
Gemmany). Measurement was carried out with a horizontal res-
olution of 8 ym and 24 gm with a 3x3 pixel filter and a vertical
resolution of 0.8 ym. The size of the area to be measured was
9 mm x 12 mm. A wave filter with a cut-off wavelength of 1
mm was used to filter the height images.

If paper C is left out of consideration, it might be concluded

with high stafistical significance that the number of missing
dots increases exponentially as core roughness increases. Paper
C, on the other hand, showed only few missing dots per cm?
although it exhibited high core roughness.

Figure 4 clearly demonstrates that we must refrain from
thinking that we can generate a comprehensively conclusive
prediction of printability results solely by measuring smooth-
ness. On the contrary, it is necessary to examine other paper
properties such as compression, penetration, porosity, etc. and
their interactions when pressure is applied.
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In addition, it must be noted that the topography measure-
ment described above was carried out under non-pressurised
conditions, i.e. the deformation of paper, which in industrial
converting is either unavoidable or perhaps even desired, was
not taken into consideration.

Modified FOGRA optical contact tester -
direct pressurised surface structure measure-
ment

The FOGRA optical contact tester has existed for several
decades and is well suited to evaluate the surface structure of
papers under load. An existing FOGRA optical contact tester
was equipped with a high-precision distance measurement sys-
tem and connected to a digital image precessing system. This
made it possible to obtain additional information about the
reaction of paper volume and paper surface above and beyond
the integral quality parameters of the contact area that have
long been traditional in the paper industry.

The simultaneous digital measurement of the contact area,
the pressure applied, the deformation of the paper and the syn-
chronised detection of contact area images (greyscale images)
make the development of the surface structure in the form of
the contact area as a function of the paper deformatien under
load available as a data-image matrix. This database allows
paper compressibility 10 be calculated based on the thickness

reduction as a result of load on the one hand. On the other hand,
the database provides information relating to the speed and uni-
formity of the reaction of the paper surface during the printing
load based on the spatial coordinate-dependent contact area
values, Figure 5 shows a basic schematic drawing of the mod-
ified FOGRA optical contact tester.

During the measurement process, a pressing die presses the
paper sarnple vertically against a glass prism. The total number
of areas of contact is then counted. The number of points of
contact will be higher, the softer and smoother the paper sam-
ple is. One speaks of optical contact when the gap between the
glass prism and the paper sample is equal to or less than half
the wavelength of the light. In physical terms, this means a dis-
ruption of total reflection and thus a drop in the signal being
measured. This is determined by a photoelectric receiver as the
amount of light measured at the angle of total reflection. The
conlact area, expressed in per cent, includes all those areas in
the sample that are in optical contact with the glass prism based
on the total surface area measured. The measuring set-up
makes it possible to look at the measured surface in a vertical
direction from above. When viewed in this way, the observer
sees the contact areas as bright regions and the non-contact
areas as dark regions™. The integrated optical distance mea-
surement system functions in a contact-free manner and makes
it posstble 1o determine paper deformation with a resolution of
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better than 20 nm. Taking all device components into consider-
ation, it is possible to measure deformation to an accuracy of
1.5 ym.

Figure 6 shows by way of example the time-dependent
progress of paper deformation for three of the sampled papers.
Pressure build-up begins at t = 0 s, aitains a pressure of 5 MPa
after 3.6 s and is then maintained at a constant level. The rapid
paper deformation at the beginning of pressure build-up is very
obvious. But even after the final pressure has been attained,
deformation of the paper continues to occur and is known as
flowing. The deformation curves shown in Figure 6 differ con-
siderably in the maximum final deformation that is achieved.
As might be expected, this material flow not only causes con-
tinted overall deformation of the sample, it also has a
considerable effect, as it acts to change the surface topography.
This is illustrated by the two contact area images in Figure 6.

Although this semistatistical apalysis of the deformation
processes on a time scale of seconds is of great interest in
understanding the reaction of paper as a whole, it is insufficient
to make reliable predictions about the phenomena that occur in
the surface structure as it passes through the printing nip. since
it must be assumed that the time of passage is less than 5 ms in
this case. In order to approximate this time response, the func-
tional relationships between contact area (CA) and pressure (p)
as well as contact area and overall paper deformation were
described mathematically based on measured data and then

processed analytically.

The first derivation at location p = 0 MPa of the contact area
development over pressure is defined as the parameter
Grad(CA),. It deseribes the initial reaction of the paper surface
during pressure build-up {Figure 7).

The value of parameter Grad(CA), is higher, the more the
paper surface reacts during pressurisation by enlarging the con-
tact area. Paper C has high core roughness and exhibits a high
deformation potential of its surface during this procedure. This
apparently results in a smaller number of missing dots (Figure
8).

The following findings regarding the reaction of the paper
sample to pressure can be formulated using the modified
FOGRA optical contact tester. On the one hand, information can
be derived pertaining to the overall deformability of the sample
under semi-static conditions or by gradient formation at the
time of pressure build-up. On the other hand, evaluation of the
contact area images yields findings regarding the manner and
speed of surface deformability during pressurisation in con-
junction with distance and time co-ordinates. A metrological
study of the papers during pressurisation makes it possible to
correlate all measured papers - samething that cannot be done
in the case of non-pressurised measurement.

The results show that the old familiar demand for a “soft and
smocth” paper for gravure printing remains valid, although it
rather refers to the flexibility of the surface. Furthermore, addi-
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tional gradient formation revealed that the prerequisite for a
good printed image (few missing dots) is a high ratio of surface
structure change to overall compressibility. In addition, overall
compressibility at a given contact pressure should be small, i.e.
surface deformability is far more important for good print
results than compressibility (Figure 9).

Figure 10 shows contact area development as a function of
paper deformation.

After a rapid increase in contact area and deformation until
maximum pressure is attained, the curves then pass into an area
in which the contact area develops in almost lirear fashion as
deformation increases. The final portion of the curve is charac-
terised by a faster increase in contact area.

In the case of papers A, B, D, E (improved newsprint
papers}, the deformation that occurs in the third segment is so
marginal that, almost without exception, paper flow reflects the
increase in contact area. The SC papers reveal greater increases
in deformation in this region. It is assumed that the surface of
the SC papers has a greater deformation potential (more flexi-
ble fibres) due to the greater proportion of virgin fibres in the
SC papers.

The documented modifications of a FOGRA optical contact
tester bring about an enormous expansion in the possibilities
for describing both the total deformation and surface deforma-
tion of papers under compression loads. The potential offered
by greyscale images that can be analysed as well has not yet
been utilised completed.

At present, such modifications of the instréments have not
yet resulted in any sort of standardised topographical parame-

ters. The development of such parameters under compression
loads would be useful and meaningful in this context.

Summary

Proceeding from the realisation that conventional air stream
measuring methods for surface characterisation couid not
establish a clear correlation between smoothness as a paper
property and the printability results, two direct surface mea-
surement methods for topographic evaluation of papers were
chosen and compared with respect to their validity regarding
the expected missing dots in full-scale printing.

Non-pressurised measurement according to the prirciple of
digital strip projection quickly produces reproducible resulis
that characterise the printability behaviour of most papers.

This methed, however, came up against limiting factors in
view of the fact that it is possible to characterise paper com-
prehensively only under real converting conditions. This lack
of practical orientation was greatly reduced by modifying the
FQGRA optical contact tester, thus making it possible to corre-
late the printability results (missing dots) of all papers tested.

All in all, the following findings regarding the printability
results (missing dots) can be derived from the trials that were
conducted:

* the surface must have good deformability properties (high
value for Grad(CA),),

* the overall deformability of the sample should be low, i.e.
the pressure energy should be used 1o deform the surface
and not to deform the entire structure.
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Figure 9: Initial reaction of paper during pressure build-up



Direct measurement methods are capable of providing a
large number of topographical parameters in a quick and repro-
ducible manner. This, however, does not necessarily mean that
the absolute valuees can be compared with one another or even
with conventional air stream measuring methods in each and
every case. This in tum suggests that the introduction of such
systems under conditions that prevail in practice will require
preparatory work aimed at providing an understanding of the
measured values. The extent and scope of such preparatory
work should net be underestimated.
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Abstract

Print rub, or ink scuff, remains one of the greatest chal-
lenges for the successful development of matt and silk matt
offset coated papers. Using a recently proposed method for
evaluating priat rub, involving a non-slip pressure and friction-
induced stress contact between a printed and unprinted sheet,
this work seeks to test a newly-formulated hypothesis that the
ability to improve print rub resistance is a function of coating
surface capillarity {(absorption} and adsorption properties, in
combination with the roughness and compressibility/con-
formability of the basepaper-coating composite on the
fibre-floc scale. A series of coated papers have been tested,
ranging from woodfree single to multicoated grades, including
the evaluation of compressibility and stretchability under pres-
sure and shear both individually (pre-rubbing), to simulate
external real-up, calendering and converting processes, and in
combination with the aged and conditioned printed surface.
The findings are used to illustrate the comer points of an
hypothesis, from which is deduced that the most resistant sur-
face to print-rub is a combination of high capillarity and high
surface area of the pigmented coating, aiding absorption and
adsorption, together with a uniformly compressible basepaper-
coating composite structure, such that contact shear forces are
minimised. Under conditions of compromise, such as a coating
surface exhibiting low capillarity, an incompressible/non con-
forming sheet can help reduce print rub due to minimised
contact area. The evidence tends 1o suggest that a too rigid
coating-basepaper combination, such as developed by many
modermn paper machines together with multi-coating, is exacer-
bating performance difficulties in this paper sector.

Keywards: print rub, ink scuff, ink setting, print rub test,
ink-surface interaction, printability, matt paper, silk paper.

Introduction

The expanding market for matt and silk grade coated papers,
together with the desire for ever higher opacity, bring chal-
lenges of compromise between optimal light scattering,
matiness and printability. The parameters when optimised for
each separate function are themselves not compatible with the
ather functions. For example, it is well known that maximum
light scattering from a porous coating network is achieved
when the particle size and the voids between the particles
approximate (o the wavelength of light used to view the paper.
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Typically this leads to an optimal average number particle size
for, say, calcium carbonate of ~ 0.2 ym. To achieve uniform
void size, the particle size distribution is frequently made as
narrow as possible aiming at a monosize pore size distribution.
This idealised light scattering scenario is, however, in stark
conflict with printability, while a monosize pore size distribu-
tion with high connectivity leads to a highly permeable surface
with low levels of capillarity. This means that, for example,
thin varnishes and lacquers drain too readily into the paper or
board surface, whilst offset paste inks fail to proceed to com-
plete setling due to low capillary forces insufficient to draw
resin-solving oils from the ink, resulting in a lack of print struc-
tural integrity and, in some cases, water interference-induced
piling on the press. Furthermore, pigments with narrow parti-
cle size distributions are generally of low surface area,
resulting in insufficient polar adsorbing surface for promoting
chromatographic separation of ink oils" and ultimately for
resin adsorption to take place - the result being poor ink-coat-
ing adhesion under conditions of high tack force™" or under the
application of contact pressure and applied in-plane strain as
may occur in the finishing stages of binding and delivery of the
printed format. This conflict of optimal particle and pore size
distributions applies equally 1o gloss papers as to mart and silk
finishes.

Matt and silk papers, by definition, have a microrough sur-
face. This is essential to achieve optical maltness and sheen
uniformity. The corollary of this microroughness is that the
pigments used to achieve it are relatively coarse and therefore
pack together to generate permeable coatings with relatively
large pore sizes, r. Like the steep particle size distribution pig-
ments discussed above, the large pores derived from coarse
pigments also have low capillarity, i.e. low capillary pressures,
P, according to the Laplace equation,

ZYL\" COSS
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P= (1
where yycos0 is the surface wetting tension (contact angle
8 < 90°) between the liquid and the surface material of the pore,
derived from the surface encrgy relationship of the liquid-
vapour interface (y.,) and the energy of the surface. Matting
pigments also have low specific surface areas. These condi-
tions combine to give low capillarity, poor ink adhesion and
limited ink resin adsorption. Solutions to overcome these prob-
lems, vsing specialised pigments of either high surface area
{nano surface features arrayed on micro panticles®) or by



combining polar and lipophilic surfaces together in a carbon-
ate-talc costructure®, have been proposed.

Much of the previous work in the mechanistic study of
print rub has concentrated on the abrasive properties of the
paper surface as a potential parameter responsible for print
rub. However, no clear comelations over a sufficiently uni-
versal sample set can be confirmed from this body of
‘Vorklﬁ,T‘&Q.ID.Il.Illlll.l!.lﬁl?.ll.l?m'ﬂl’ indicaung lhal olhel- mecha_
nisms must be at play, such as those discussed above. The
situation remains, as a result, that commonly used test meth-
ods for print “abrasion” are exactly what they say they are -
tests for print abrasion as either a direct or indirect function
of surface abrasivity. If correlation between print rub and the
abrasiveness of the paper or board surface is poor, then so
will the cormrelation fail between these laboratory tests and
practice. On this basis, the work of Gumbel™ conclusively
showed that the test parameters required to form better corre-
lation with practice are pressure between the printed sheets
and applied lateral strain, which may or may not result in
shearing of the ink, but certainly results in stress within the
ink layer and at the ink-surface boundary. The author goes on
to state that rub resistance is a most complex term, which is
variously described as insufficient drying, strong carboning
or lacking rub resistance. He continues by stating that all
terms refer to the same problem: transferring printing ink
under mechanical stress to white, impression-free paper sur-
faces.

Firstly, let us outline briefly a method for print rub evalu-
ation described by Gane er al.™, The technique is constructed
and applied on the Ink Surface Interaction Tester {ISTT), in
which strain is applied to the ink layer during the passage
through a nip under pressure during rotation of a prinied sheet
in contact with an unprinted sheet. The method has been
extended in this work to investigate the effect of pre-com-
pressing and shearing the unprinted surface on the subsequent
print rub, as might occur during a variety of calendering
applications, real-up, pre-converting etc. The results from
these technigues, having been applied to a series of papers,
including woodfree single and multicoated grades, are then
used to verify a novel combined hypothesis, that print rub
resistance is a function of coating layer capillarity and
adsorption potential, i.e. a function of the number density of
fine pores in the coating pore network driving the process of
ink setting and their surface chemistry, and the basepaper-
coating composite compressibility and conformability under
pressure and shear, combining each to increase the ink back-
transfer resistance and to reduce the stress induced on the ink
layer under shear, respectively.

Method Design

The simple rotational action of a printing nip forms the
basis of the test design®™. The usual compressive action of a
nip provides mainly normal forces to the paper surface. In
fact set-off tests are based on such a principle, in which a
printed sheet is brought into contact with an unprinted sheet
and the ink transfer, as a function of setting time, is measured
via the parameter of transferred ink print density. The differ-
ence between ink rub and set-off, however, is the application
of strain in the case of print rub. For example, the most com-
mon source poinis for print rub occur during cutting,
trimming, binding and transport of printed stacks or finished
articles. During such processes, lateral strain is often
involved while the surfaces are pressed together. This leads to
a shear stress in the ink fiim which can either deform plasti-
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cally (smear) or break away from the coating surface under a
viscoelastic response (post tack adhesion failure (Gane er
al®y if the resin is not fully hardened or fails to adsorb
(adhere) onto the coating surface, respectively. Ink adhesion
can be tested separately according to the methods of Gane er
al™ and illustrated by Haenen™ and Gane'™. The key to a
suitable print rub test, therefore, is to introduce the strain fac-
tor into the typical set-off method.

The compression under rotation in a nip is simply con-
trolled by setting the normal force to a chosen value. On the
ISIT this is applied and adjusted by a cantilever and spring
arrangement. The normal printing pressure force is typically
set to 50 kgf (~ 500 N) applied via a rubber covered printing
disk (IGT type — rubber coated printing disk (2 cm wide) and
this is used to apply a distributed ink layer (~] gm?) at a
printing speed of 0.5 ms” to the test surface consisting of the
coated paper sample attached to the rotating sample platen by
double-sided adhesive tape (Tesofix 4961 colourless 25 mm x
50 m). The ink used in the tests described here was a “stay-
apen” duct fresh iok, Skinnex Cyan 4 x 73. After printing, the
sample can be left for a chosen length of time - this can be
varied according to the ink and the expected interval before
converting, which in contemporary printing shops is becom-
ing ever shorter.

The actual print rub test apparatus involves some relatively
minor modifications to the instrument. A metal roller was
fashioned of dimensions similar to that of the standard print
roller. Metal was chosen to avoid the deformation impact of a
typical printing disk rubber surface and its viscoelastic
response that might lead to an unpredictable stretching of the
paper surface during the test. The external protruding hub sur-
face of the roller was coated with resin to achieve a high
coefficient of friction to material contacting the outside of the
roller, Figure 1. This is then mounted in the normal way on
one of the print stations.

Figure 1 Metal disk matching a print disk design with a
resin coating applied to the extemnal protruding
face of the hub and side surface to achieve a
high triction coefficient. The unprinted contact
strip is applied to the surface by double-sided
adhesive tape.



To achieve an applied strain during the subsequent nipping
procedure, a brake mechanism has been constructed so as to
provide a torque against the direction of rotation. This was
achieved by means of a coil spring extended to a known
applied force and attached to a PVYC-coated flexible loop which
couples with the resin coated printing disk hub to provide a
pre-determined braking torque via the coupling action of the
coefficient of friction, Figure 2.

Providing the strain via the braking torgue

The extension of the coil spring used to apply the friction
force was maintained within the linear Hooke's law regime.
The spring constant, k, was determined prior to mounting on
the machine simply by applying known weights, F_;, = mg, to
the spring held vertically and measuring the extension, x.

Fspf'tng = —&x (2)

A convenient value for our experiments was found to be,
k =50 Nm"'. The adjustment on the machine was then made via
the screw adjuster to a known extension and hence a known
applied force. The practical force was chosen by frial and error
based on the requirement that there should be maximum brak-
ing without inducing surface-to-surface slip at a nip pressure of
500 N, and was shown to be 7.9 N.

The coefficient of friction between the PVC-coated loop
band, placed under tension by the extension of the applied
spring, and the resin coated metal disk hub was then measured
using a further spring extension experiment. This was achieved
by attaching a further flexible inelastic band to the circumfer-
ence of the mounted metal disk. A second spring of known
spring constant was than attached to the band and extended
until steady motion occurred. The extension force of this sec-
ond spring, F,, at the onset of motion gave the effective
coefficient of friction, u (~ 2), by equating torques between the
hub and the outer circumference according to

- FEI]’rcirwml'cr:m
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where the outer radius of the disk, ¥ pternce = 3-40 cm, and the
inner hub radius, ry,, = 1.55 cm, The set torque being conve-
niently used was therefore a1 a value of ~ 0.25 Nm.

Spectral analysis of transferred rubbed ink

The transfer of print density after a chosen series of nips
between the previously printed sample and a fresh unprinted
surface of the same material mounted on the metal disk is mea-
sured over a spectral range switable for the ink and paper being
used. In our experiments we used a wide spectral densitometer
range of 380 to 780 nm (according to DIN 5033 with D65 2%
measuring the remittance using a Techkon Spectrophotometer
SP810X at a resolution of 10 nm. The spectrometer operates
with a high-resolution monolithic grating-diode array apd
detivers (besides XYZ and L*a*b* values) spectral informa-
tion of the measured colour.

For a complete spectral analysis for actual print rub (ink
transfer onto the unprinted sample) it is necessary to deter-
mine the difference between the remitiance for the blank
unprinted surface and that of the same surface after contact
print transfer, as shown schematically in Figure 3. The results
can be expressed using two convenient terms: (i) the differ-
ence in the maxima of the remittance specira, A, .., taken as
the difference at the point of maximum remittance, or domi-
nant region, i.e. at the wavelength at which most radiation is
returned to the detector (equivalent to the dominant wave-
length associated with the substrate paper medium), and (ii) a
transfer print “masking” density, A, ..., taken as the differ-
ence at the point of minimum remittance, i.e. the wavelength
range at which most radiation is absorbed by the ink, so
“masking” the substrate background remittance. The value of
Aut max By i Might be used potentially to reflect the visual
impact of marking.

Test Procedure

One of a series of strips of the paper or board sample is
attached to the sample carrier platen, fixed with two small
pieces of adhesive tape on both ends to ensure easy removal,
The strip is printed with the standard ¥GT printing wheel, (in
our case using the ink: Skinnex 4x73, with a print speed
0.5 ms™', applying 1 revolution at a nip pressure of 500 N). The
sample is removed and allowed to “dry” for a chosen length of
time (in our studies using the “stay-open” ink we allowed at
least 48 hours or even up to a week). The aged dried printed
strip is re-attached to the sample carrier platen.

preprinted and conditioned paper

friction brake

unprinted paper

Figure 2 The application of a coail spring and PVC-coated
flexible loop to apply a braking torque 1o the
metal disk, shown both in practice and labelled
schematically for clarity.
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A second unprinted strip of the same paper sample is
attached with double-sided adhesive tape to the metal rub off
roller. The metal disk is mounted on the 1SIT device (in the
place of the normal printing wheel), and the brake attached.
The sample carrier is rotated for the chosen number of nip
passes (again in our case at a speed of 0.5 ms™), such that the
printed strip is brought into contact with the unprinted surface
under conditions of applied normal pressure (applied force
across the 2 cm wide disk = 500 N) and the braking torque. The
strips rotate together while the brake causes a stress in the
printed ink layer via the applied torque of 0.25 Nm. The rub ofi
effect becomes visible on the unprinted strip, Figure 4.

After the test, both strips are removed from the test device,
Figure 5. The spectral remittance is measured as described
above and reported as remittance as a function of illuminated
wavelength.

Normally a measurement secies of 10 printed strips is made
with varying numbers of revolutions [0, 3, 5, 8, 10, 12, 14, 16,
18, 20, 50). This allows, if necessary, for scaling the degree of
rub off more accurately to cover a range from severe to slight
rub off as a function of rotation number and spectral remit-
tance.

Pre-rubbing

To investigate the impact of deforming the sheet, to reflect
the response under the contact pressure and shear expected to
induce print rub, a method of pre-rubbing was devised. The
technique follows that of the rub test described in the previous
section, but with the use of an unprinted sheet in place of the
usual printed sheet in contact with the contra- or contact sheet.
This pre-rubbed unprinted sheet, parts of which are submitted
to surface and pore analysis, under scanning electron
microscopy (SEM) and confocal laser microscopy (CLSM), to
determine the surface roughness profile changes, and mercury
porosimetry, respectively, provides the surface for subsequent
printing and undergoes finally the print rub test procedure. In
this way, comparison can be made between the resistance of the
paper to print rub before and after progressive compression and
deformation under the shear conditions of the print rub method.

e g T =

Figure 4 The test in action as the printed sheet is contact-
ed with the unprinted sheet under pressure and
braking strain,

Results 1 - the impact of pore size and con-
formability of double coated papers

Pre-rubbing

Four comamercial matt double coated papers, A, B, C and D,
were run through the pre-rub test (without printing) and the
microscopic surfaces viewed by SEM images before and after
the test to see the “rub” markings induced by bringing the
papers together under friction. Two of the papers, labelled A,
MF 135 nCC-60 (where MF refers to machine finished
135 gm™ paper and CC-60 is a narrow particle size gcc having
60 wt% < | ym applied in the pre and topcoat) and B, MF 135
bCC-75/Finegloss (where bCC is a broad particle size gee con-
taining 75 wt% < 2 pym and Finegloss contains 80 parts by
weight of fine gee (95 wit% < 2 pm) and 20 parts by weight of
fine US glossing clay in the topcoat applied to the same precoat
as on paper A), have the coatings applied to the same basepa-
per, and two further papers, C being a commercial matt grade
containing satin white and D, a commercial semi-matt grade,
adopt completely different coating-basepaper combinations.
The papers were measured after 5, 15 and 50 pre-rub passes.

The SEM images before the test and at 50 pre-rub passes are
shown on next page, Figures 6-9. The images are shown at 2
500x magnification. In each case the two pictures represent a)
0 and b) 50 pre-rub passes.

Papers A and B showed areas of strong compression afier as
little as 5 passes. Paper C showed areas of compression after 15
passes, and paper D showed areas of compression only afier a
large number of passes (50).

Paper surface roughness profiles after pre-rubbing were
determined vsing CLSM. The grey-scale {or colour) of a
CLSM-image is a function of height and enables a 3D view
of the surface to be produced. Using an image analysing
programme it is possible to calculate the mean and the sian-
dard deviation of the height values about an average plane.
The derived parameter for expressing roughness is the stan-
dard deviation of the profile abowt the mean plane. Four
CLSM images were taken of each paper at two magnifica-

tions, 200x and 1 350x, after 0, 5, 15 and 50 pre-rub passes.

L

Figure 5 Removing the contact strip for spectral analysis.
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Figure 7 Paper B: MF 135 bCC-75/Finegloss, without pre-rubbing and after 50 pre-rub passes, respectively.

Fig. 9 Paper D: semi-matt, without pre-rubbing and after 50 pre-rub passes, respeciively,
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An example of a surface image is shown in Figure 10 for Paper
C before any pre-rubbing. The standard deviations for all the
images taken were calculated and the average of the four val-
ues for each paper, magnification and number of pre-rub passes
are plotted in Figure 11 and Figure 12.

All the papers have a similar average roughness, but papers
A and B are considerably more uniform than papers C and D.
For the two papers A and B no further smoothening effect is
seen or not retained after pre-rubbing to any great extent - this
may be due either 1o the elasticity of the papers or the lack of
any conformability at all. The papers C and D, on the other
hand, are smoothed to a state of being considerably more uni-
form by this pre-rubbing operation, Figure 12, indicating a
higher degree of conformability under compression and shear.

The internal pore-retated structural changes of the papers
were measured using mercury porosimetry. When using the
mercury porosimetry technique to measure papers there are

often irreproducible differences between the samples at equiva- Figure 10 Example of a CLSM profile plot of paper C
lent Laplace diameters greater than 10 ym, which are generally before pre-rubbing at 200x magnification.
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Fig. 11 Standard deviation of reughness by CLSM at 200x magnification for papers A, B, C and D.
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Fig. 12 Standard deviation of roughness by CLSM at 1 350x magnification for papers A, B, C and D.
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attributable to the occlusion effect due to the irregularity of sur-
face fibres, as described by Ridgway and Gane®. The data have
therefore been truncated at a Laplace-derived pore size of
10 ym. The resulting curves are shown in Figure 13.

The intrusion curves for the papers, as for most coated sam-
ples, are bimodal, the larger voids represent the paper structure
and the finer pores represent the paper coating structure. Tt s

ciear from Figure 14 1hat paper C has the least overall pore vol-
ume change after rubbing, despite the observed conformability
toward uniformity shown from the surface roughness analysis,
suggesting that the basepaper has the dominant roll to play dur-
ing rubbing and that the outlying high ard low points of the
paper are statistically reduced in the compression. This paper
also has the lowest total pore volume.
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Figure 13 Mercury intrusion curves for papers A, B, C and D before and after progressive pre-rubbing.
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Figure 14 Differential mercury intrusion curves for papers A, B, C and D before and after progressive pre-rubbing.
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The coating structure of Paper A, containing the narrow par-
ticle size nCC-60, is shown to be less compressible than that of
paper B containing the Finegloss pigment mix of broad size
distribution fine gcc and US glossing clay. Given that the
basepaper is the same in these experiments, and described
above as incompressible, any differences in end performance
after pre-rubbing will derive, therefore, from the coating dif-
ferences alone.

By taking the first derivative of the cumulative intrusion
curves, the pore size distributions based on equivalent Laplace
diameter, inevitably including pore-shielding effects, are
revealed. These are shown in Figure 14.

These diagrams show that there is very little change in the
coating pore volume for paper C and paper D after pre-rubhbing.
Paper D basepaper, however, (the larger peak) is shown to
reduce in pore size with increased pre-rubbing, also confirming
the surface analysis suggesting conformability of this structure.
Paper C, however, also has the smallest total pore volume
reduction when compared to all the other papers and the basep-
aper peak in this pore size range is shown to be the most stable.
Compression therefore is related to large pore sizes in the
basepaper not recorded here. The coating pore volume is
reduced for both papers A and B under the pre-rubbing process.
The coating peak for paper A is not as broad as those for the
other papers, reflecting the narrow particle size distribution of
the pigment used nCC-60, resulting in a narrow pore size dis-
tribution.

Pre-rubbing, Printing and Post- rubbing

Figure 15 shows the remittance values from the photospec-
roscopy measurement from the respective unprinted contact
sheets. In the legend the first number is the number of pre-rub
passes. The samples, each with their various pre-rub condi-
tions, were then printed, left for 72 hours and then rubbed again
with 15 passes, as defined by the second number in the legend.

The results from paper A show an inverse tread in compari-
son to the other samples, i.e. the print rub of the paper improves
after slight pre-rubbing but then deteriorates again strongly
after further pre-rubbing. This paper with its narrow particle
size distribution in the coaling fails to generate finer pores
under compression, as was seen from the porosimetry in Fig-
ure 14. Pre-compressing the paper at first does make some
small number of finer pores together with a slight amount of
smoothing. However, further pre-rubbing only increases detri-
mentally the contact area for rub to take place on an otherwise
mono-pore size surface. This paper, therefore, develops a high
surface contact area, which is seen to increase after just 5
passes during the pre-rubbing trial, and any significant pre-rub-
bing (representing calendering perhaps) is seen to make print
rub worse.

The other samples, B, C and D contain fine pores in the
coating, either from the formulation or as a result of the pre-
rubbing or both. Therefore, the greater smoothness, if present,
after pre-rubbing, which created the negative effect on paper A
of increased contact, is over-ridden by the benefits the finer
pores give to the ink setting and rub resistance of the ink.
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Figure 15 Remittance values of print nub contact sheet using the “standard” stay-open ink: tesied after progressive
pre-rubbing followad by printing and print rub tesling at 15 passes.
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For completeness, the remittance values are compared
between the print tub transfer sample and the original pre-
rubbed paper, i.e. the remittance difference between the
background pre-rubbed paper and the transferred print rub
sample of ink onto fresh paper undergoing the defined number
of 15 print contact rubs. This allows the papers to be directly
compared. Figure 16 shows the rub off test comparison from
the pre-rubbed unprinted papers (pre-rub passes 0, 5, 15 and
50) with 1he transfer density after 15 passes. The graphs com-
pare the 4 paper types, where the spectra are defined as
{Remittance of background paper - Remittance of print rub
contact papet}.

We see from these graphs, that, when the background
Remittance of the underlying sheet is considered, the matt
paper C is actually not good for print rub in terms of contrast
of transferred ink density. The tendency for paper A to be gen-
erally reported in practice as being poor is shown to be
confirmed, i.e. initial improvement after slight pre-rubbing, but
deterioration after heavy pre-rubbing (which could be inter-
preted in practice, for example, as calendering) in comparison
with the other 3 papers.

Interim Finding I

From this first series of analyses, we extract the first indica-
tions of the interactive role-play of basepaper and coating
structure in determining the level of rub resistance that can be
expected from a matt or silk paper. Confirmation is now needed
to see how the factors of coating and basepaper cross-correlate,
i.e. a fine pore coating that is compressible is expected to com-
pensate for small roughness variations in the basepaper.
Conversely, a large pore coating that is itself incompressible

copes poorly with basepaper incompressibility and ronghness.
In order io do this it is required that a series of samples be cho-
sen that illustrate extremes of roughness and conformability
response, such that the differences in coating structure and
basepaper struciure can be investigated.

Results II - effect of basepaper conformability

Using the pre-rub test, some papers displayed high *stretch-
ability’. This has a negative impact in the test if measures are
not taken to avoid it. Two coated papers, E and F, in the form
of man and semi-mat finishes on the same basepaper, showed
some stretchability under this test. These two papers were then
investigated for their print rub properties and compared with a
non stretching paper, G. Figure 17 (overleaf} shows the degree
to which a paper, after passing through the braked nip, i.e.
under shear, exhibits elongation and wrinkling at the trailing
end if the paper is also attached here to the rotating sector of
the I1SIT.

Far the subsequent work using stretchable papers, the paper
strips were only attached by the leading edge, allowing the
paper to stretch in the direction of shear as necessary without
creasing.

Pre-rubbing

The papers E and F (135 gm?) and the paper G were run
through the rub test without printing and the surfaces viewed
by SEM before and after the test to see the “rub™ markings
induced by bringing the papers together under friction after 0,
5, 15 and 50 passes, as was performed in Part 1 of this work.
The SEM images before the test and at 50 passes, at 2 500x
magnification, are shown below, Figures 18-20 (overleaf).
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Figure 16 Remittance difference values for papers A, B, C and D using stay open ink in a 15 pass print rub test foilowing

progressive pre-rubbing.
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Figure 17 Stretching and crinkling of paper E after pre-rubbing with 50 passes when both ends are held. a) Pre-rubbed
strip showing wrinkling/creasing due to stretch under shear - note the glossing effect - this in tum damages the
contact rub strip b}.

I0x | 3V lomm  108_00388 — Bpm — AV 10mm 105 00404 “F— gum —i

Figure 19 Paper F - stretchable semi-matt, before and after pre-rubbing at 50 passes.

A i 7 P " & -
1000z 30k¥  10mm  fp05_DOBI1 — 20pm —

Figure 20 Paper G - non-stretchable malt, before and after pre-rubbing at 50 passes.
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Papers E and F matt and semi matt show the use of a much
finer pigment formuiation than in the case of paper G. All three
papers, however, show areas of sirong compression after as lit-
tle as 5 passes, the least affected being paper F, the semi matt
paper, which is likely to have had some finishing/calendering
1o create the higher gloss (less mattness). Paper G despite hav-
ing a coarser coating structure still shows very strong areas of
compression reducing the originally coarse coating structure to
one of almost complete closure (or many fine pores) at the
points of contact. It is expected that such a paper would show
strong gloss marking,

Paper surface roughness after pre-rubbing, as in the previ-
ous section, was analysed using CLSM, again at two
magnifications, 200x and [ 350x, after 0, 5, 15 and 50 passes
through the frictional ISIT print rub mounting, and the standard
deviations of the roughness profiles were calculated incorpo-

rating a correction for the shading caused by the undulating
paper surface which arises as the paper stretchability or elas-
licity increases. The average of the four values for each paper
type, magnification and number of passes are plotied in Fig-
ures 21 and 22.

At a magnification of 200x the streichable matt and semi
matt papers, E and F, respectively, appear to become rougher
with increased pre-rubbing, whereas the rigid paper G sample
has a smoother surface with increased pre-rubbing. This rough-
ening effect is assumed to be related to the stretchability of the
samples and is reflected in the large-scale roughness only.
When looking at the papers at 1 350x magnification the papers
show little change with increased pre-rubbing. Paper G has a
greater fine-scale roughness than the man and semi matt
papers, E and F, relating mostly to the differences in coating
pigment structure.
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Fig. 21 Standard deviation of roughness by CLSM &t 200x magnification for papers E, F and G - note the roughness

increase of the deformable papers E and F.
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Fig. 22 Standard deviation of roughness by CLSM at 1 350x magnification for papers E, F and G
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The intermal structural changes of the papers were measured
using mercury porosimetry. The intrusion curves for the
papers, as for the previous samples, are bimodal, the larger
voids represent the finer basepaper structure and the finest
pores represent the paper coating structure, It is clear from Fig-

ure 23 that the semi matt paper F has the least pore volume
change after pre-rubbing. This paper also has the lowest total
pore volume.

The equivalent Laplace diameters, inevitably including
pore-shielding, are shown in Figure 24.
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These data show that there is very little change in the coat-
ing volume for all the paper samples after pre-rubbing. The
coating peak for paper G is slightly broader than those for the
other papers, reaching into the larger coating pore region,
which can be seen also in the previous SEM images, Figure 20.
The basepaper for the semi matt paper F is the most stable, sug-
gesting a likely finishing/calendering step in production such
that there is little volume change after pre-rubbing. The matt
paper E and non-stretchable paper G do show a reduction in
volume and pore size with pre-rubbing.

Pre-rubbing, Printing and Post-rubbing

Figure 25 shows the remittance valucs from the photospec-
troscopy measurement from the uaprinted contact sheet. In the
legend, the first number is the number of pre-rub passes. The
pre-rubbed samples were then printed, left for 72 hours and
then rubbed again with 15 passes, as defined by the second
number in the legend.

The results from the mait sample, paper E, show that the
print rub resistance deteriorates slightly after pre-rubbing at
first as the roughness of the sample increases (Figure 21) but
then recovers after 50 passes. The recovery occurs as the
basepaper is further compressed resulting in a greater number
of fine basepaper pores. The semi matt sample, paper F, shows
an inverse trend, in that the print rub improves initially but then
after 50 passes drops again. This semi matt paper is already
partly compressed before any pre-rubbing has taken place.
Once the pre-rubbing process is introduced there comes a point
when the sample cannot be compressed any further, at this
point the sample increases in roughness as the basepaper
stretches. Paper G behaves in a similar manner as paper E, in

that the basepaper compresses but does not siretch and so does
not get rougher after pre-rubbing.

Once apain, the remittance values are now compared
between the print rub transfer sample and the original pre-
rubbed paper, i.e. the remittance difference between the
background pre-rubbed paper and the iransferred print rub
sample of ink onto fresh paper undergoing the number of print
cosptact rubs. Figure 26 (overleaf) shows the rub off test com-
parison from the pre-rubbed unprinted papers (pre-rub passes
0, 5. 15 and 50) with the transfer density after 15 passes. The
graphs compare the 3 paper types, where the spectra are
defined as {Remittance of background paper - Remittance of
print rub contact paper}.

We see from these graphs, that when the background Remit-
tance of the underlying sheet is considered, paper G shows
itself as good for print rub in terms of low contrast of trans-
ferred ink density. After 50 pre-rub passes alt the papers have a
similar remittance level.

Interim finding I1

Pre-rubbing increases the larger scale roughness of stretch-
able papers, E and F, which can be negative for print rub if the
basepaper is not conformable under contact. However, stretch-
ahility and conformability probably are linked. The micro
roughness, however, remains constant. We can conclude, there-
fore, that for paper E, where the basepaper pores became finer
during compression and shear, the balance of properties is
maintained and the paper is relatively insensitive to handling,
returning a consistent rub resistance value. Similarly, if the
paper is non-stretchable, the roughness remains controlled and
pre-rubbing (finishing) acts to improve the rub resistance by
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Figure 25 Remittance values of stay open ink on papers E, F and G following progressive pre-rubbing and print rub testing
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compressing the basepaper if it is indeed compressible, as was
the case for paper G. The difference in remittance values afier
50 passes shows all these papers E, F and G have a similar print
rub level,

If, therefore, the roughness levels are not too great, a com-
pressible basepaper can compensate for some roughness
variation, resulting in smoothness on contact. Under conditions
of fine pores being present in the coating, this leads to positive
rub resistance behaviour. If, however large pores are present in
the coating - low capillarity - then the converse may be tnze,
This remaining issue is now clarified in the next series of tests
in part IIL

Results I11 - the effect of different coating
strategies

Two coated papers, H and [ (see Table 1), were run through
the pre-rub test. In this part of the study the coating strategy is
changed by comparing a single coated version, using the pig-
ments previously discussed in part I, i.e. bBCC-75 and Finegloss,
and incorporating an acrylic-based latex binder, with a double
coated version in which nCC-60, the narrow particle size pig-
ment, is used as a precoat. SEM images of the surface of the
papers before the test and at 50 pre-passes, at 2 500x magnifi-
cation, are shown overleaf in Figure 27 and Figure 28.

Paper H 50 parts bCC-75 and 50 parts Finegloss
+ Acrylic binder single coated
Paper | 50 parts bCC-75 and 50 parts Finegloss double coated
+ Acrylic binder
Paper A MF 135 nCC-60 {included here as reference)
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Figure 26 Remittance difference values for papers E, F and G using stay open ink in a 15 pass print rub test following pro-
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Figure 27 and Figure 28 emphasise the role of surface fibres
in the single coated example. The coating above the fibre
becomes compressed. In the case of the double coated example,
the existence of fibre flocs in the basepaper contributes to a def-
inite area compression effect of the coating rather than the fibre
directional compression only seen in the single coating example.

Paper H, therefore, shows the fibre siructure of the basepaper,
as might be expected from single coated papers with less cover-
age or more contouring of the basepaper profile, and the coating
on top of the fibres is compressed. In contrast, the double coated
paper 1 displays a strong compression of the coating with little of

the basepaper structure being visible. An initial conclusion is that
the role of the basepaper is thus different between these samples.
In the case of paper H the basepaper fibre compressibility is
imponant, in case I the basepaper caliper profile is important as
the precoating acts to rigidify the composite.

Surface and Structural Analysis of Pre-rubbed / Com-
pressed Samples

CLSM images have been used to derive the surface rough-
ness values expressed as standard deviations and shown in
Figure 29 and Figure 30.
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Figure 28 Paper |: double coated
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Figure 29 Standard deviation of roughness by CLSM at 200x magnification for papers H and | compared with the previousty
studied paper A - note how paper A is significantly rougher at this relatively coarse scale.
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At 200x magnification the papers are all slightly smoothed The mercury intrusion curves for the papers, H and I,

with increasing number of passes. Paper A shows the highest together once again with those for paper A are shown in Figure
roughness, but also the greatest smoothing effect. At } 350x 31, It is clear from these intrusion data that paper H has the
magnification there is a small decrease in the roughness for all most pore volume change after pre-rubbing, and Paper A the
papers. Paper A and paper H have the smoothest surfaces from least,

this microscale measurement.

Pre-rub off test with shading correction
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Figure 30 Standard deviation of roughness by CLSM at 1350x magnification for papers H and |. In this case paper A on the
microscale is at the same smoocthnass level as the others.
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Figure 31 Mercury intrusion curves for papers H and | cormpared with paper A.
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The equivalent Laplace diameters, ingvitably including
pore-shielding, are revealed in Figure 32.

The pore distribution diagrams show that there is a slight
change in the coating volume (left hand peak) for all the sam-
ples afier pre-rubbing. The coating peak for paper [ is higher
than those for paper H, due to this sample being double coated,
and hence more pore volume is present in this region. The
basepaper-coating interface peaks (right hand) for papers H

and I show large changes in pore size as well as pore volume
with increasing number of passes, but, once again, paper A
shows the least response in basepaper change.

Pre- rubbing, Printing and Post- rubbing

Figure 33 shows the spectroscopic remittance values after
post-rubbing the printed samples - the legend describes the pre-
rubbing passes and the print rub test made after 15 passes.
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Figure 32 Differential mercury intrusian curves for papers H and | compared with paper A.
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Figure 33 Remittance values of stay open ink on papers H and | compared with paper A.
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The single coated paper H shows a deterioration in print rub
resistance after 50 pre-rub passes. The double coated sample 1
deteriorates after 15 pre-rub passes but at 50 pre-rub passes has
recovered. The further compression has generated some more
fine pores, which then compensate for the increased contact
area. This is the inverse to paper A, on which, after the initial
pre-rub passes. print rub improved but then at 50 pre-rub passes
the print rub returned to its inigal level. In this case of paper A
the higher contact area together with the lack of response from
the basepaper to pre-rubbing was the determining factor in the
poor print rub resistance.

Spectroscopic remittance values are compared between the
print rub transfer sample and the original pre-rubbed paper, i.e.
the remittance difference between the background pre-rubbed
paper and the transferred print rub sample of ink onto fresh
paper undergoing the number of print contact rubs in Figure
34. The graphs compare the 3 paper types, where the specira
are defined as {Remitiance of background paper - Remittance
of print rub contact paper}.

Paper H had the lowest surface roughness as measured by

CLSM. This paper is seen here to have the least print Tub off.
Paper I has the highest level of print rub and js the double
coated paper. After 50 pre-rub passes all the samples are of a
comparable quality.

Interim finding IT1

As soon as the pre-rubbing technique was applied to the
double coated paper the print rub increased. The basepaper is
being only slightly compressed, whilst the contact area is being
increased. The single coated quality showed by far the best
print rub resistance, partly because the compressibility of the
basepaper can be better utilised under contact deformation and
partly because for the same coat weight application there are
many more fine pores in the coating volume compared with a
double coated paper having larger pores in the precoat, i.e.
despite the double coated sample being overall more porous.

Finally, if the basepaper is of poor quality in respect to print
rub (incompressible), then using more coating will not improve
the print rub resistance, but only make it worse. In such cases
single coating is probably preferable.
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Conclusions

We now draw the interim findings in sections I-I1I together
in the form of a schematic representation, Fi igure 35, showing
graphically the action of compression on basepaper and coat-
ing, together with the coating structure design. It displays a
balance: too much compression of the basepaper without addi-
tional fine pores in the coating is bad, as contact area increases
and the ink has not undergone sufficient capillary-driven set-
ting. If, however, sufficient fine pores exist, then compliant
basepaper is good. Large or manasize pores are generally bad,
as capillary forces are low and the surface area for adsorption
and chromatographic oil separation is limited. A rough basepa-
per makes the print rub relatively insensitive to the coating
structure, and leaves it on a medium level, but rot at the best
achievable,

A summary of the trends that can be used to control print rub
can be given as follows:

* Decreasing the pore size in the surface paper coating struc-
ture, and thereby increasing capillarity and adsorbing
surface area, has a positive effect on print rub resistance
(green line), with the provisos that:

o Increasing the contact area can have a negative effect on
print rub (red line) if the coating lacks capillarity, i.e. the
fine pores are absent and the coating has larpe or mono-
size pores only,

o Compressible basepapers can best manifest their benefit
when the coating is not rigid, i.e. precoats iend to mask
basepaper benefits.

* Rough paper can only lead to compromise! If a coating
structure has fine pores, but the base paper is rough, then the
benefits of the fine pore structure are lost. A rough base-
paper will, however, reduce the contact area and thus reduce
any deficits there may have been from poor coating design.

If it is not possible to form fine pores in a coating structure
1o aid the ink vehicle absorption, and hence complete ink set-
ting and permit drying, then it is necessary to avoid increasing
the contact area and thus avoid smoathing the paper too much.
A larger contact area will lead to more ink transfer and, hence,
an increase in print rub tendercy. I, however, fine pores can be
created their advantage overrides the negative impact of higher
contact area and so betier ink setting, drying and rub off resis-
tance, can be achjeved.
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Figure 35 Basepaper and pore structure factors controlling print rub




Appendix

Paper A: MF 135 nCC-60 (where MF refers to machine fin-
ished and nCC-60 is a narrow particle size gec having 60 wi%
< | pm applied in the pre and topcoat)

Paper B: MF 135 bCC-75/Finegloss (where bCC is a broad
particle size gec containing 75 wi% < 2 um, and Finegloss con-
tains 80 parts by weight of fine gec (95 wt% < 2 pm) and 20
parts by weight of fine US glossing clay in the topcoat applied
to the same precoat as paper A)

Paper C: a matt paper containing satin white in the formula-
tion

Paper D: a semi-matt, adopting different coating-basepaper
combination

Paper E: commercial matt

Paper F: as Paper E but finished to semi-matt

Paper G: example of non-stretching matt paper

Paper H: 50 parts bCC-75 and 50 parts Finegloss + Acrylic
binder, single coated

Paper I: 50 parts bCC-75 and 50 parts Finegloss + Acrylic
binder, double coated
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