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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

BTG Eziacans S

Lzre 257245 ccn pole Bt 3 2000 0y

100,571
—

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).

2 = Megz=ls
E; ; '-" -«..'XJ ghfi L{T‘LLI-&

hEERIetiength

[

8 S Up&aixe

cRslimplngementiAngle

. Color _}

Lme Filters

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,
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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

160
150 4
£ Narrow PSD GCC
S 140 .
2
c Ultrafine GCC
5 130 1
8 A M
E 120 - X
=
X More latex =
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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
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Figure 11 Print gloss of samples calendered at 140°. Increasing print gloss observed with increasing binder content -
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38




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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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.
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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
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100 i
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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
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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
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Figure 14 Effect of Steric Stablhser on coating structure as measured by tight scattaring

54




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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o

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.

Brightness R 460 nm over

R 460 with & without UV light
(in the presence of OBA)

white
Opacity & |

85 — whiteness!

. // 7 \\

o /| Measurement + UV /

light

82 / /’ /////e

y / Q / -

80

78 80 82 84 86 88

Brightness R 460 nm overr black

——pigment-free —— RU untr. —=—ZN untr.

Figure 9

64



Replacement of Latex by Natural Polymer

Binders in Coating

by
Ludivine Onic, Frédéric Bouvier,
Christian Bouxin

Roqguette Freres

&

Martin Georgeson
Roguette UK

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.
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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
g9
- 60
98 L
97 50
z
§ 96 n | 40 é
= — [m]
= a5 | 20 S
& 94 - @
O -]
93 - L 20 €
92 - 7 0
1 - 10
91 A -
90 R . iy sty ) '._-]: - = O
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



