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"Vi sual appeal |inerboard" is one
of the fastest grow ng val ue-
added segnents of the

cont ai nerboard and corrugated
nmarket. There is continued
pressure to upgrade quality. For
a growi ng nunber of users of
corrugated containers, "plain
brown boxes" are neither plain
nor brown anynore. Many custoners
who nade the switch frombrown to
nottled white over the past
several years are now seeking a
surface with better optica
uniformty. There is continued
pressure toward multicol or
printing and direct process col or
printing.

Current US consunption of
linerboard is about 20.5 nmillion
tons. About 10 mllion tons of
this is printed for use either as
outside liner on corrugated
contai ners or for displays. Ten
years ago, only about 5% of

i nerboard was either white top
or nottled white. At present,
about 28%of printed liner is on
a surface other than brown,
including nottled white, white
fiber top, and coated. Packagers
and corrugators forecast that by
the turn of the century, at |east
50% of all printed liner will be
on a surface other than brown.
Assumi ng an average 3% GDP grow h
rate, this would translate to a
US narket for about 5.5 nillion
tons of visual appeal |inerboard
by the year 2000. It is unlikely
that all of the increnental 3.3
mllion tons of demand for white
surface, high print quality Iiner
will be obtained fromwhite fiber
t opped products. There is also a
l'ikelihood that the growth rate
of linerboard coating will be
even faster overseas, especially
i n devel opi ng countries, than in
the USA. Thus this market
represents true new growth of

consunption in coating nmaterials
rat her than displ acenent of
existing materials by other
products.

The primary notivation for growth
in visual appeal liner is
external to the corrugated

i ndustry and nay be generally
expressed as having two sources:
Resi dual demand for better
print quality at an econom cal
cost in corrugated containers;
Changes in retailing--
specifically, continued growth
of mass mer chandi si ng | eadi ng
to | ess personal selling and
nor e dependence on product

i nfornmati on provided on the
package- - f our si ded,

nmul ticol or graphics which
create product differentiation
at the point of sale.

Mass nerchandi sers have repl aced
sal espersons with clerks or
central check out. The package
itself is the sal esperson. It has
to have visual inpact, color

bri ght ness, and excel |l ent
graphics. This level of quality
is difficult to obtain with the

| ong practiced nethod of flexo
printing on the board or box
after it has been | am nated on
the corrugator. In an attenpt to
neet the quality requirenents,
some packagi ng producers started
| am nating preprinted coated
paper (box |abeling or overw ap)
onto the board after it was
corrugated. This was a difficult
process with high waste rates and
problenms with regi ster and

di nensional mismatch. In the late
1970' s the technol ogy and

equi prent were devel oped to sol ve
the m sregister problem The
corrugator could be run so as to
make the printing appear in the
right position on the finished
container, i.e. the liner could
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be "preprinted" using better
quality printing processes than
coul d possibly be carried out on
a wavy surfaced corrugated board.

Preprint grew through the 1980's.
Most preprint operations use
flexo printing. There is sone use
of offset printing, and a few
installations use rotogravure.

Figure 1 illustrates the

qual i ty/ cost/ performance

rel ati onshi ps of the six major
grades of paper currently used
for preprint. The positions on
the graph attenpt to rank them by
overal |l contribution including:

aest heti cs,

press performance,

conbi nability,

sheet bal ance,

strength properties,
particul arly edge crush,

C score cracking resistance,
C cost.

OOOOO

It can be seen that the nost

ef fecti ve approach to nake a

sui tabl e sheet at econoni cal cost
woul d be to find a way to inprove
kraft linerboard to give it the
print surface quality associated
with coated SUS and SBS but at a
| ower cost.

Producers of coated SUS | ose
productivity when running the

| ower basis weights needed for
preprint. For this sane reason,
it would not be practical to
install an on machine air knife
coater on a high speed, high
production rate |inerboard
machine. It is practical
however, to off nachine coat

i nerboard to nmake the needed
grade. Before discussing the
requi red coating processes to
nmake a coated preprint
linerboard, it is desirable to
revi ew the changes in direct
print corrugated.

The flexo printing process has
been subject to nunerous
i nprovenents over the past
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decade. To inprove fidelity,

pl ate makers have reduced

t hi ckness from 0. 067 to 0.045
inch (1.7 to 1.14 nm. Doctor

bl ades on anilox rolls are
becom ng commonpl ace. I n sone
cases, foamnaterial is being
added as a layer on the

i mpression cylinder, a "shock
absor bi ng" layer, or under the
pl at e. Phot opol yners have

i nproved dot accuracy. Optim zed
ink transfer, targets for col or
accuracy and tone, and i nproved
regi ster are now parts of the
direct print process in many
plants. Printing on corrugated
boxes, not preprint, has inproved
to include 150-1ine screen and
process col or.

Today, many box nmakers are

| ooking to achieve "preprint”
graphic quality through direct
print on corrugated. Achieving
this may require a different
conbi nati on of sheet properties
and surface characteristics. Some
of the grades which perform well
on preprint presses, such as
coated SBS and coated SUS, are
problematic in direct print. The
maj or problemarea is the | ack of
drying in direct print
operations. On a case naking
machi ne, the sheet is gripped by
belts imredi ately after printing.
If the surface cannot absorb the
ink vehicle (water) rapidly,
there will be belt marks on the
printed surface.

Paper machi ne i nprovenents have
made |ighter weight high
performance liners a reality. The
use of bl eached fiber as top

i ner has an unfavorabl e effect
on sheet structural properties,
especially at | ower weights.

Addi tional ly, bleached fi ber
usage can conplicate papernaki ng.
Since the amount of white fiber
required per unit area to get a
gi ven brightness and optica
uniformty is constant regardl ess
of overall basis weight, the

bl eached fiber ratio increases as
sheet wei ght decreases. Problens
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wi th del anminati on are conmon when
trying to make white top liner at
| ow basi s wei ghts.

A nunber of box plants have begun
coating on the corrugator over
t he past several years. They

apply prem xed coatings which are I,

expensi ve. Theses coatings are
| at ex based and have | arge
proportions of titanium dioxide
pi gments. Most of the coaters
used are rod coaters. Wth this
conbination, it is necessary to
apply heavy coat weights to
obtain optical uniformty. This
coating process produces a sheet
surface which is not optimzed
for flexo printing. In addition
some plants have found it
necessary to reduce corrugator
speed when coating. Most
corrugat ed plant nanagers woul d
prefer not to coat on the
corrugator and resort to it out
of econom c necessity.

There is a growing need for a
range of coated |inerboard grades
to neet the requirenents of a
changi ng nmar ket pl ace.

It appears that the market is
trending toward a range of four
grades which may be classified
according to the foll ow ng
characteristics:

C Brightness (standard deviation
of brightness to indicate
degree of optical uniformty),

C Surface properties including
snoot hness and scuf f
resi stance,

C Type of printing to be done on
t he surface

l. Premi um Wiite for
and Di spl ays

Preprint

<80 TAPPI Brightness (SD <1)
<150 Sheffield snoot hness
Process col or flexo or

of fset printing

([ No. 1 Standard Wite

78-80 TAPPI Brightness (SD
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1-2)
Scuff resistant
Mul ticol or direct flexo

printing wthout drying
Limted process col or
printing

No. 2 Wite

70-75 TAPPI
3-5)

Scuff resistant

Flexo line art and type
printing

Bri ght ness (SD
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V. No. 3 Econony Wite
60- 65 TAPPI Brightness (SD 3-

8)
Optical uniformty not
critical

Scuf f resistant
Flexo line art and type

Grade IV is the equivalent of the
current conmon nottled white.
Gade Il is the premumwhite
top simlar in optical uniformty
to the sheet being nade by nulti-
ply formng. Grades I-1l require
coating to obtain optica
uniformty.

Wth the proper conbination of
coating formul ati on and coating
process, it is practical to nake
Grades 11-1V without the use of
titani um di oxi de. Grade | can be
made wi th nuch | ower percentages
of titanium dioxide than
currently used by the two mgjor
US. producers of clay coated SUS
The surface produced is scuff

resi stant, glueable with standard
adhesi ves, and direct flexo
printable without supplenentary
drying. The coating does not
adversely affect the strength
properties of the |inerboard base
st ock.

The econoni cs of coating using

t hese fornul ati ons and t echnol ogy
nmake it practical to nmake an

i nproved quality sheet at a cost

| ess than or equivalent to the
cost of white fiber. In fact, a
sheet with Grade IV quality can
be made for |ess than the cost
differential between standard and
nmottled white liner. Grades I-1
can be nade for costs |ower than
bl eached board or the cost of
materials for on-corrugator

coati ng.

It is practical to coat any basis
wei ght of |inerboard. Both
natural kraft and recycled fiber

I i nerboard can be coat ed.

Snoot hness and si zi ng of the

i nerboard can inpact the anount
of coat weight and the
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fornul ation required.

To obtain optinum performance
fromthe coating materials, it is
usual |y necessary to apply nore
than one coating. Different types
of coater application equiprent
may be used at each coating
station.

Three coating stations nmay be
required to make Grade I. If
snoot hness is not a critica

requi renent, the required

bri ght ness and optical uniformty
may be obtained with two coating
applications.

It is practical to nmake G ades
1l and IV with a single
application of coating, but
significantly | ower coating
material cost and better overal
econom cs can be achieved with
two coating applications.

Econoni cal production of G ade Il
requires two coating stations.

Coaters may be categorized into
t hree types:

C Leveling coaters which fill
the valleys and trimoff the
peaks such as snooth rod and
bl ade coaters.

C Contour follow ng coaters
whi ch apply a uniform
t hi ckness of coating such as
air knife and transfer rol

coaters.
C Volunetric netering coaters
which fall in between the

above two, such as threaded or

wi re wound rod coaters.
Conpared to white coating base
stock, linerboard is a relatively
rough and dark surface. The
coating rmust not only hide the
brown base sheet but al so inprove
the uniformty of the surface as
a printing medi um

If a blade or snpoth rod coater
is used as the sole coater, there
will be a variation in coating

t hi ckness which will result in
optical nottle which is often
nore severe than that obtai ned
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with white fiber applied by a
secondary headbox.

If an air knife or other contour
followi ng coater is used as the
sol e coater, the dark base sheet
can be successfully hidden
Optical uniformty is obtained
but the resulting sheet is not
snooth. This is further
conplicated by the fact that
contour follow ng coaters must be
run at relatively I ow solids and
viscosity. Wen an air knife
coating is applied directly to a
rel atively porous unbl eached or
recycled kraft sheet, there is
likely to be significant soak in.
Water transported into the base
sheet causes fiber swelling and
can al so cause dusting.

The optimum process for white (or
color) coating of brown kraft

I i nerboard usually invol ves
precoating with a | eveling coater
at high solids, followed by
contour follow ng coating. The
precoating forrmulation is
designed to provide a bal ance of
optical inprovenent and uniform
coating hol dout for the next
coating applied. Wen a contour
follow ng coating is applied over
a properly precoated |inerboard
base sheet, optically uniform
hi di ng of the dark base sheet is
achieved with m ni mal use of
expensi ve pignments.

If finished sheet snoothness is
critical, the optimm process is
usual Iy I eveling precoating at
hi gh solids, contour follow ng
coating to achieve optica
uniformty, and

rod/ bl ade top coating. This is
essentially the process used by
the maj or producers of coated
SUS.

Drying of the coatings is a
critical unit operation to
achieve a quality coated surface
In nost cases, a conbination of
infrared and high velocity air
drying is used.
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Modern |inerboard machi nes are

| arge, high production units.
Until the market for coated

i nerboard devel ops sufficiently
to justify dedicated nachines,
it wll be desirable to coat off
nmachi ne. Runni ng an on nachi ne
coater section only a smal
fraction of the tinme would be
likely to cause efficiency and
qual ity probl ens.

An of f machi ne |inerboard coater
is usually designed for a speed
of about 1000 feet/m nute (300
Mmn), which is conpatible with
contour follow ng coaters. Wth
60 inch (1.5 neter) dianeter
rolls of linerboard, a 1000 fpm
coating line speed provides a

m ni mum of 20 minutes run tine
between roll changes, which is
desirable from an operating
efficiency point of view
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