WILL WE EVER LIVE IN A
PAPERLESS SOCIETY ?

Modern Paper making equipment
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STOCK

* Throughout this paper | will make reference to “Stock” on a number
of occasions.

* Stock is the Fiber / Water mix (commonly known as the furnish)
which enables paper to be made.

* Virgin fiber typically comes from wood (can also be straw).

Cut trees are de-barked, chipped, and then cooked to break
the wood down into individual fibers which are processed in
the stock preparation system such that they are cleaned,
sorted and cut to length for the desired paper grade.

* Recycled fiber is made from recovered waste paper.

Waste paper needs to be sorted to some degree. The better
cleaner waste paper is used to make higher quality paper
while the poorer waste is used in board filler grades.

Currency Paper (Dollar Bills) utilizes some demin and rags in its
furnish for strength (tear resistance) purposes.
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UNITS

* Throughout this paper | will be using mostly Metric units. The reason
forthis is that most modern paper machinery today is made in
Europe orAsia and much of the worlds paper today is made outside
the USA.

* Throughout the world the Basis Weight of paper is measured in
*GSM” which is short for Grams per Square Metre. In the USA the
Basis Weight of paper depends upon the type of paper, for example,

* Newsprint is measured in pounds per 3000 sq ft, Fine Paper is
measured in pounds per 3300 sq ft. Tissue is measured in either
pounds per 3000 sq ft, or pounds per 2880 sq ft. and Board Grades
are measured in pounds per 1000 sq ft

* Approx. conversions are as follows:  11b/1000 sq ft = 4.88 GSM
11b/3000 sq ft = 1.63 GSM
11b/3300 sp ft = 1.48 GSM
11b/2880 sq ft = 1.69 GSM

* Speed MPM (metres/min) times 3,281 equals FPM (feet/m‘ip)
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INTERNAL

Stock preparation and modern Paper Making
machinery

* This paper will briefly discuss stock preparation equipment for both
Virgin fibers and recycled fibers.

* It will also discuss
paper making machinery for the following grades of paper

GRADE. Approx. Basis Weight
Newsprint (45-52 GSM)
Fine Paper (25-80 GSM)
Board and Brown Paper (60-200 GSM)
Tissue and Towel Grades (11-50 GSM)

-
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HISTORY and DEVELOPMENT

* Until the mid 1960’s most paper was made on what was known as
“Fourdrinier Paper Machines” with Open or Air Pressurized
Headboxes.

* Paper Stock (Pulp) at a consistency of about 1% was ejected on to a
continuously rotating wire mesh from a Headbox which was either
gravity fed or air pressurized.

* The Fourdrinier Section of the machine consisted of a continuously
rotating wire mesh which accepted the stock from the Headbox and
dewatered it in one direction only (downward).

* At the end of the Fourdrinier section the paper stock was 15 to 20%
dry dependent upon what form of dewatering it went through. Here it
was transferred via an “open draw” to a Press Section where if was
squeezed between a series of heavy rollers and further dewatered
down to about 35-40% dryness.
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HISTORY and DEVELOPMENT
CONTINUEDED

* At this time the paper stock could not be dried further mechanically
(without physical damage) so the paper sheet was transferred into a
drying section where it was thermally dried on steam heated
cylinders.

* Paper exits the drying section at between 94% and 97% dry where it
Is either Calendered or Reeled up into Parent Rolls. (Calendering
will be discussed further later in this presentation).

* Some paper mills do further initial converting of the parent rolls of
paper such as “slitting it to width”, “re-winding into smaller diameter

rolls”, “plying”, etc before shipping the parent rolls to the converter.

* Converters take the paper parent rolls and convert them into the final
usage such as envelops, copy paper, newspapers, rolls of kitchen
towel, bathroom tissue, etc.
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HISTORY and DEVELOPMENTS
CONTINUED

* Initially paper machines only used Virgin Fibers.

* The above referenced paper machines had many quality and
production limitations.

* These included but were not limited to “one sided drainage of the
stock through the Fourdrinier wire”, “Open draws between the
machine sections”, limited dewatering in the Press section, etc.

* Today, as was the case earlier, it is generally accepted that for every
1% of extra drying that you can do in the press section you can either
make 3 to 4% of extra production on the existing paper machine or
you can save 3 to 4% of drying energy in the drying section of the
existing paper machine.

* The following slides will show how the paper industry today has
evolved and overcome these limitations. We will start by quickly
looking at the Stock Preparation equipment
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Stock Preparation and Recycled fiber unit
Processes and Services for All Applications
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Stock Preparation and Recycled Fiber
Main processes
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Stock Preparation and Recycled Fiber
Main processes
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Stock Preparation and Recycled Fiber
Main processes
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Stock Preparation and Recycled Fiber
Key technologies

OptiSlush
- Repulping and slushing
J - Drum pulping

Hiia OptiScreen

T - Coarse, fine, thick stock and machine
__ 4 screening

OptiFiner
-Refining, deflaking and dispersing

OptiBright

- Flotation and bleaching

OptiThick

A- Washing and dewatering
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ApproachSystem Diagram
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Stock supply to the Paper machine

* That was a very quick look at the stock preparation equipment. Much
of the finer details were not shown or discussed because :

® a) | am not an expert in this area, and

* b) we need to get into the paper machinery design itself in order to
get through this presentation in a reasonable time.

* If there are questions in this Stock Prep. area | will try to deal with
these later.

* We will now move on to Paper Machine development
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PAPER MACHINE OPERATING
PARAMETERS

* It needs to be understood that most paper machines operate 24
hours per day and seven days per week. The typical machine shuts
down for about 10 hours once every month for clothing (wire and felt)
changes plus routine machine maintenance. Typically Press felts last
about 30-50 days, wire section fabrics last 90 to 120 days and dryer
fabrics need changing maybe twice a year. Shoe press sleeves are
changed maybe once a year. All of this clothing is subject to
mechanical damage both hopefully that is not a common occurrence.

* Most major Press Rolls are rubber covered and need some routine
maintenance every 6 months so these are typically removed from the
machine twice a year for re-grinds.

* Most mills budget for their paper machines to be in operation
between 340 to 348 days per year.
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Design Speed Development: 1955 - 2000
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Design speed development 1955-2009

Machines delivered by Metso Paper
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Trim Development: 1955 - 2000

Metso paper and tissue machines
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Trim development 1955-2009

Machines delivered by Metso Paper
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Development of speed

Impingement drying

Dryer section 18

runnability improvement

Shoe pressing
- closed draw

Shoe pressing X

- open draw

Speed m/min

Gap forming
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DEVELOPMENTS

Probably the biggest initial development in speed and machine
production increase was the move from Air Padded Rectifier Roll
Headboxes to Hydraulic Headboxes along with the innovation of
Twin Wire Gap Formers.

So now let us look at the machinery required for Newsprint and Fine
Paper grades. Remember that these modern machines are now
being designed for paper trim widths of 400 plus inch wide and
speeds up 6600 FPM (roughly 1.24 miles per minute or 75 miles per
hour).

The other thing to keep in mind is that these machines all use
endless fabrics in the wet end of the machine. This means that the
design of these sections must be cantilevered in order to install this
clothing.
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OptiFlo Il Headbox
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OptiFlo Pro Headbox
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HEADBOX

* All Headboxes are typically fed with the paper stock from the
driveside of the machine.

*® This stock varies in consistency from 0.4 to 1.2% consistency, that is
08.8 to 99.6% water and the remainder is fiber. Typically the lower
the consistency the better the paper sheet formation.

* Stock typically exits the Pressure Screen via a large diameter
standard schedule 10 or schedule 40 pipe and enters either a
tapered pipe or tapered rectangular section which it bolted to the
back of the Headbox. The reason this section is tapered is to ensure
that the stock enters the Headbox at a uniform pressure across the
width of the machine. Typically 5% of the slice flow is recirculated
back to the supply pump (Fan Pump). Most modern Headboxes are
equipped with consistency dilution devices
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Drying basics

Couch Roll - 22% Solids
97.5% Of Total Water Removed

Headbox - 0.7% Solids

Y {

1st Press - 38% Solids
1.3% Of Total Water Removed

Y

2nd Press - 48% Solids
0.4% Of Total Water Removed

Dryer Sections - 92% Solids
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FORMING SECTION

* The Headbox slice jet of water and fiber is forced into the Forming
Section between two rolls. At this point dewatering starts to take
place and that is a function of wire tension and roll diameter. Further
dewatering takes place in both directions with the assistance of foil
blades which create small vacuum pulses as the wires past over the
foil blades. Later in the Forming section more water is removed with
at aid of low vacuum boxes. All the water that is removed is collected
In saveall pans and re-circulated back into the system. As the sheet
reaches to end of the Forming Section it is typically 16 to 20% dry at
the point where it is transferred into the Press Section.

* The Forming Section wires (fabrics) must be continually tensioned,
guided and cleaned during operation. Tensioning and Guiding is
done with built in mechanisms and cleaning is typically accomplished
with high pressure water and chemical showers.
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OptiFlo SB Forming section
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Drying basics

* Non-bound free water

Water between fibers or within the fiber lumen

- Inter -fiber free water
* Water in open areas between fibers
* Removed in former and 1st press

- Intra -fiber free water
* Water within the lumen of fibers
* Removed in low and high loaded press nips

* Bound water - Water held within cell pores and walls
- Freezing Bound Water

* Water bound in pores of the fiber walls by surface tension, osmosis and
colloidal chemistry

* Limited removal in high loaded presses, requires heat to remove water
- Non-freezing Bound Water

* Water chemically bonded to hydroxyl or carboxyl fiber groups

* Removed by thermal degradation of fiber bonds

© Metso




P.HALME JANUARY, 2008

Press Arrangements in US Market

Rice Barton
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Basic Wet Pressing Alternatives
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Single felted press Double felted press
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The Press Nip
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Rewetting

“Pressure Controlled Nip”

Fiber pressure

ydraulic pressure
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Double Felted Press in Detall
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Typical Dryness Figures After Press
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DATE

Standard Metso Suction Roll Construction

Head fit

_ _ with stainless steel ring
Labyrinth sealing

» with V-ring
» for oil or grease

Drive Side

» Integrated gear unit

» Vacuum connection

p» Gear and bearing ventilation

Tending Side
» positioning of suction zon
» adjusting of suction widt
» water, air and lubricatio

connections Gun drilled shell
» gauges

Non-contacting LocSeal
axial sealings (option)

Seal lubrication and
shell cleaning showers
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OptiPress

Double Shoe Press with TransferBelt
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PRESS SECTIONS

* The major purpose of the Press Section is to remove as much water
mechanically as possible (remember my comments above about
energy savings or production increases for every percentage point of
additional dryness achieved) without damaging the paper or the
press clothing.

* Today’s technology allows press nip loading of up to 7500 PLI
dependant upon the paper grade. These nip loadings mean that it is
possible to get close to 50% sheet dryness entering the Dryer
Section on certain paper grades.

* The sheet is picked up off the wire section with the aid of a vacuum
pick up roll and transferred into the first double felted press. The
transfer into the second press is again aided with a vacuum transfer
roll and the bottom fabric of the second press is in fact a non porous
belt which improves the sheet surface characteristics.
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PRESS SECTION continued

* The 1stand 2" press top rolls are known as Shoe Press rolls. They
are in fact not rolls at all but sleeves which rotate around a stationary
beam which has a fairly wide shoe mounted on it. The opposing
bottom press rolls are zone loaded rolls which are nipped against the
shoe press sleeve which is passing over the wide stationary shoe.

* This zoned loading device allows to some degree variations in
loading across the machine width to compensate for natural
deflections. This is required for uniform sheet dryness across the
width of the machine as it enters the drying section.

* Just like the wires (fabrics) these press felts need continuous
tensioning, guiding and cleaning during operation. This is generally
done as it was in the wire section.

* Entry in to the Dryer Section is again aided with the use of a vacuum
pick up roll.

40 ‘ © Metso




SymBelt ™M TIS

ViscoNip ™

Tissue Application
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Advantage ViscoNip™
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Principle Multi-Chamber design of ViscoNip™

Not pressurized Pressurized
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Nip Water Handling
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PAPER DRYING SECTION

* When the sheet of paper leaves the Press Section we have
mechanically dried it as much as possible. Now we need to thermally
dry it down to its final desired dryness level. For most paper and
board grades this is 94 to 96% dry or 4 to 6% moisture.

* This final drying is done by running the sheet of paper over Steam
Heated drying cylinders.

* Most early paper machines had two tier drying sections with top and
bottom felt s (fabrics) with an open paper draw between the
cylinders.

* This system has been changed today to single tier drying sections in
order to use single fabrics and eliminate the open draws which
allows for higher speed machine operation. The negative effect of
this is that dryers sections are today longer than in the past.
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Cylinders and rolls
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Fabric arrangement
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Cylinders and rolls

Vacuum at suction
connection is appr. 3000 Pa
or about 0.89” Hg
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DRYING and FINISHING the sheet of paper

* Sometimes “Impingement drying” (to be further discussed later) is
used in the paper drying process.

* It is also quite common to incorporate a Size Press in a fine paper
machine. This device adds a layer of “size” to one or both sides of
the paper sheet. This increases the strength and density of the sheet
so that better sheet smoothness and printing is obtained.

* Most Newsprint and Fine Paper machine have a Calender
Incorporated at the end of the drying section. This enhances printing
capability.

* Finally the paper sheet is rolled into Reels of paper which can be up
to 140" in diameter. These paper reels are then taken to the
converting area where they are for example, slit to size, re-wound on
to cores or cut into sheets.
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Fabric arrangement
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COMPLETE MACHINE CONFIGURATION

A modern Newsprint machine with a trim width in excess of 400”
wide and capable of running at 6500 FPM might look something like
the next slide.

* The Newsprint sheet basis weight is around 45 GSM and often
recycled fiber is used to make this sheet.

* This machine is capable of producing better than 1400 tons of
finished paper per 24 hours of operation.

* A Fine paper machine could be very similar but would likely have a
Size Press added part way down the drying section necessitating
additional dryers and a longer machine.

* A Fine Paper sheet weights vary between 60 and 90 GSM
®* These machines can produce in excess of 2000 t/d of paper

51 ‘ © Metso




