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cCool and Silveri developed an excellent
tool to select equipment for the removal
of contaminants of a specific size range.1

Their undefined x-axis chart has ingrained
itself into daily aspects of the paper busi-
ness. It showed why and how one should

use a given piece of equipment in a system. Equipment
manufacturers used the tool to sell more equipment.
Paper manufacturers used it as a reason to buy more
equipment. It was a sales tool—not an accurate measure
of what yesterday’s equipment could remove. It was def-
initely not an indicator of what today’s more modern
equipment can remove.

This presentation will add fact to the sales tool by
showing actual efficiencies for particle size variation and
the removal rate for those particles using various pieces
of equipment. The paper will further expand the equip-
ment groupings to include equipment that did not exist
earlier. There will also be a more realistic composite par-
ticle size removal chart with real removal rates and doc-
umented particle sizes.

Work by Kuhn et. al. presented size removal ranges
for some equipment.2 They did not show removal rates.
Although others have shown actual particle size
removals for various equipment, no one has compiled a
complete system with all components present. This
paper will show what range of sizes today’s pulpers,
coarse screens, fine screens, forward cleaners, reverse
cleaners, neutral buoyancy cleaners, washers, flotation
cells, presses, kneaders, and dispersers can remove. After
this, the paper shows a system efficiency curve for two
types of systems—a high end design and a conventional
design.

PULPERS
Removal by pulpers depends on two factors only—
actual pulp dispersion and size of the extraction plate.
The pulper is a crude barrier screen. It does not remove
all particles of a specific size if they are flexible, extrud-
able, or predominantly one dimensional. A 50-mm-long
sliver of wood can fit through an extraction plate with 6-
mm perforations if it is only 4-mm wide.

Recycling pulpers today have extraction plates with
holes as small as 3- mm diameter. Although extraction
plates having holes of 6-, 9-, and 18-mm diameters are
more common, the small diameter plates do find use in
some recycle processes. Pulpers with such plate sizes
may be substituted for coarse pressure screens.

Figure 1 shows a typical plot for removal of recycled
fiber using perforated plates of 3-mm and 6-mm diame-
ters.

COARSE SCREENS
The coarse screens in recycling systems today are not the
scalping devices of yesterday. They used 2.4-mm diame-
ter perforations, and they were the first position where
most contaminant removal occurred. A typical coarse
screen today may have 1.6-mm perforations. If a coarse
screen follows a pulper with perforations of 6-mm or 3-
mm, one can easily reduce screen plate perforation size
to 1-mm diameter. This increases the already large
amount of removal at this position.

Figure 2 shows a typical plot of contaminant
removal by size for both perforation plates of 1-mm and
1.6-mm diameters.
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FINE SCREENS
The term fine screens refers to pressure screens placed
after coarse screens. These screens usually have con-
toured slotted plates. The slot width depends largely on
the screen plate size used in the previous coarse posi-
tion. A large slotted plate of 0.2–0.25-mm usually follows
a large coarse screen perforation. There must then be a
third screen—the micro screen. If the coarse screen can
successfully use a small perforated plate with 1.0-mm-
diameter openings or 0.2-mm slots, the fine screen can
have 0.1-mm slots—the domain of the micro screen.This
type of system eliminates the third screening stage.

The curves in Fig. 3 show the removal with fine
screens fitted with both 0.1-mm and 0.15-mm-wide slots.

CLEANERS
There are many cleaners now that were not available
even five years ago. Let us examine the removal for two
types of forward cleaners—a reverse (lightweight)
removal cleaner and a neutral density cleaner.

Note that particle size removal becomes consid-
erably more accurate with progression through a system.
Extraneous flakes and oversize particles that mask small
particles are gone.Very large particles are less predomi-
nant. It therefore is possible to expand the particle size
scale for plots after the screen positions. In addition,
more contaminant removal means small amounts
remain. Now particle size removal is more erratic
because an accept sample may have one particle in a size
group while there was none noted for the feed.
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High consistency sand removal cleaners
This new class of cleaners has evolved from a need to
protect the fine and micro screens from excessive or
accelerated wear by abrasive sand and other gritty mate-
rial. It is a forward cleaner but one that operates at a
higher consistency than normally expected. The capabil-
ities of the fine screen to handle elevated inlet consis-
tencies dictate the consistency of operation. If that
screen can process 2.5% inlet consistency, then that is
the process consistency of the sand cleaner. When that
screen can process only 1.5% inlet consistency, the
cleaner’s job is simpler—it needs to operate at that lower
consistency.

A note of caution is appropriate. What constitutes
good removal effect here may not relate to the particle

size removal. It is possible that high abrasion materials
may not fall into the large size classifications but into
some intermediate range.

Figure 4 shows the sand cleaner particle size
removal rates at operating consistencies of 0.8% and
2.5%. This plot shows one cleaner at two consistencies. It
is probable that a second, less effective cleaner would
work in a system at the lower consistency for reasons
other than efficiency.

Recycle system forward cleaner
After fine screening, it is safe to use a forward cleaner
without fear of constant plugging.There is a large cleaner
choice for this position. The unit could have a large,
small, or intermediate diameter. The main purpose of the
forward cleaner is to remove heavyweight contaminants.

PARTICLE SIZE, millimeters2

RE
MO

VA
L, 

%

36 62 113 196

PARTICLE SIZE DIAMETER, µm
357 610 1124 1954

Visible
100

80

60

40

20

0

TAPPI ?

0.001 0.003 0.01 0.03 0.1 0.3 1.0 3.0

64 millimeter

140 millimeter

PARTICLE SIZE, millimeters2

RE
MO

VA
L, 

%

36 62 113 196

PARTICLE SIZE DIAMETER, µm
357 610 1124 1954

Visible
100

80

60

40

20

0

TAPPI ?

0.001 0.003 0.01 0.03 0.1 0.3 1.0 3.0

Reverse

Neutral

PARTICLE SIZE, millimeters2

RE
MO

VA
L, 

%

36 62 113 196

PARTICLE SIZE DIAMETER, µm
357 610 1124 1954

Visible

100

80

60

40

20

0

TAPPI ?

0.001 0.003 0.01 0.03 0.1 0.3 1.0 3.0

Pressurized centrifugalPressurized

PARTICLE SIZE, millimeters2

RE
MO

VA
L, 

%

36 62 113 196

PARTICLE SIZE DIAMETER, µm
357 610 1124 1954

Visible

100

80

60

40

20

0
TAPPI ?

0.001 0.003 0.01 0.03 0.1 0.3 1.0 3.0

Drum

Flat

5. Removal by forward cleaners 6. Removal by reverse, neutral buoyancy cleaners

7. Removal by washers 8. Removal by flotation cells



To do this well, it must operate at a low inlet consistency
of 0.8% or less. As consistency increases, the particle size
removal will decrease unless the geometry of the cleaner
decreases or the pressure drop across the cleaner
increases.

The curves in Fig. 5 are for cleaners operating at their
designed consistency and pressure drop ranges. The fig-
ure shows a small, 64-mm-diameter fine cleaner and a
larger, 140-mm-diameter cleaner.

Reverse, neutral buoyancy cleaners
The cleaners that follow forward cleaners remove conta-
minants not removed by screens or forward cleaners.
They do not remove heavyweight contaminants. The
contaminants remaining at this point are lightweight or
have neutral buoyancy. Special classes of cleaners are

necessary to remove these contaminants. Each class
attacks a different contaminant component that is not as
size restrictive as the ink contaminants. These plastic,
sticky, wax, and hot melt contaminants may have a full
range of particle sizes. They may be attached to large but
thin flakes of paper or individual fibers.They may curl or
form a tube so a much larger contaminant can pass
through the screen systems. Their shape may be suffi-
ciently irregular to pass through a forward cleaner sys-
tem.

Larger contaminants than one might suspect can
therefore exist this far into the system. More erratic par-
ticle size removal is more likely than with other equip-
ment. It is possible to remove large, intermediate, or
small contaminants effectively depending on the type of
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contaminant present. For instance, neutral buoyancy
stickies form intermediate and large sized contaminants.
Plastic contaminants may be large.

Figure 6 shows the removal rates for two cleaner
types that remove lightweight contaminants.

Washers and flotation cells
A note about system philosophy may be necessary here.
Some people swear by flotation. Others prefer washing
alone. Certain people combine both techniques. Consid-
ering the original McCool-Silveri curve,both are essential
to complete contaminant removal. Flotation devices
often have a precursor. This is a device that prepares the
pulp contaminants for flotation by reducing contaminant
particle size. The device does not physically remove con-
taminants. It reduces the overall size so the contaminants
fall from consideration as troublesome, visible compo-
nents. Although they may precede the equipment used
in this stage, this paper addresses such devices later.Note
that washing may precede flotation or vice versa.

The data of Fig. 7 shows particulate removal for two
aggressive types of washers.They are not standard chem-
ical or gravity/vacuum drum washers. The increased
removal of large particles indicates there are obviously
other actions taking place with one washer. This type of
washer causes attrition of more brittle ink particles. It
therefore appears to have a broader range of removal.

The flotation devices available vary from open, high
residence time vats to pressurized, flow-through types.
The two devices in Fig. 8 are closed,pressurized devices
of differing designs. They illustrate the variability of
removal inherent with flotation.

SCREW PRESS
There is often a high consistency thickening stage fol-
lowing washing in a recycled system. This prepares the
pulp for bleaching. Consistencies of 30–35% are normal.
Other systems also require a high consistency, but the
reason is not for bleaching. It is to prepare the pulp for
flotation by kneading or dispersion. Screw press thick-
ening does accomplish some washing, and there can be
some brittle ink attrition.This is especially true if the pre-
viously used washer is not the attrition type. The screw
press is a mechanism people do not often consider for
removal.

Figure 9 shows removal rates for two different screw
presses. One press has a mechanical back pressure
device. The other does not.

KNEADER AND DISPERSER
As noted above, the last equipment in the primary
process loop does not really remove contaminants. It
reduces contaminant size so that some contaminants
then fall into the subvisible or color range. This equip-

ment is part of a modern recycled fiber system and war-
rants inclusion here. One should carefully select the
equipment location within the system to prevent an
accumulation of colloidal or microsize contaminants
within a tight water loop. It also is necessary to prevent
the breakdown of large contaminants into a smaller size
that is harder rather than easier to remove. Stickies are
the major contaminants in this category.

Figure 10 shows removal following all other equip-
ment previously mentioned except flotation. Flotation
would normally follow the attrition step in a recycle sys-
tem of modern design.

PUTTING EVERYTHING TOGETHER
Taking each low end plot and combining them onto one
graph and doing the same with each high end plot onto
a different graph provides new particle size distribution
removal charts that are factual representations of equip-
ment capabilities today. Figure 11 shows the top end
composite plot, and Fig. 12 is the conventional system
composite. Combining the two charts gives Fig. 13
showing the spread that a conventional system can
remove when processing recycled fibers today.

Figure 14 depicts the old way of looking at particle
size removal. The cumulative plot of equipment average
removals for the conventional and top end systems in
Fig. 15 gives a picture of contaminant removals gener-
ated by today’s systems. Note that this equipment does
not necessarily represent a complete system.Duplication
of washing, thickening, cleaning, bleaching, or dispersion
may occur in a complete system. It is not surprising that
the difference between the two is not too great for large
contaminants. The difference is greater approaching the
0.02 mm2 and smaller size ranges.

Perhaps least surprising is that the removals for each
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piece of equipment do not have the exact definitions
previously thought. The overlapping of curves is not as
clear as previously presented.

The designer of systems today obviously has more
choices than ever before to match equipment synergies
to obtain the best performance for his needs. It is still
quite evident that any one, two, or three pieces of equip-
ment will not generate contaminant free pulp.This paper
has shown that the selection of equipment for contami-
nant removal is more complex than originally suggested.

Were the old days better when one could simply
select the desired equipment from a simple chart that
had no x-axis? Admittedly the process was easier, but
information available today makes selection more scien-
tific. TJ

Moss is manager research and development at Alfa Laval Celleco Inc.,
1000 Laval Rd., Lawrenceville, GA 30243.
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