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ABSTRACT
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Keywords: retention, microparticle, Retention Rrex Analyzer, RPA,

micropolymer

In the literature survey retention mechanisms, oigcteffecting retention and
microparticles were studied. Also commercial miendigle retention systems and
means to measure retention were studied. Opti¢ahtien measurement with
RPA and Lasentec FBRM was studied.

The experimental part contains study of differeatianic polyacrylamides,
anionic silica, bentonite and new generation miohpmper. In these studies the
dosage, dosing order and dosing history were chgrfgctors.

The experimental work was done with RPA-apparatitl which, the retention
process can be followed in real time.

In testing was found that silica yielded betterengion, when dosed non-
traditionally before the polymer. Also silica wasry dependant on the polymer
dosage. With bentonite good colloidal retention &elsieved with relatively low
doses. Unlike silica bentonite was not dependargatymer dosage. The relation
of bentonite and polymer dosage is more definingrwhigh retention is wanted.
With 3-component systems using bentonite very higfiention was achieved.
With silica no improvement in retention was found 3-component systems
compared to dual component systems.
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Kirjallisuusosassa perehdyttiin retentiomekanisnmeitekijoihin jotka vaikuttavat
retentioon ja eri mikropartikkeleihin joita kaytété mikropartikkelijarjestelmien
komponentteina. Liséksi kasiteltiin kaytossa oleviakaupallisia
mikropartikkelijarjestelmia, seka laitteita joillaetentiota voidaan mitata
laboratorio-olosuhteissa ja retention mittaamigtsesti RPA:lla seka Lasentecin
FBRM-menetelmalla.

Kokeellisessa osassa tutkittiin erilaisia katioaipolyakryyliamideja, aninonista
silikaa, bentoniittia ja uuden sukupolven mikroposerid. Nailla aineilla tehtiin
koesarjoja joissa muuteltin annoskokoja ja anrlogtgestystd. Lisaksi
annosteluhistorian vaikutusta tutkittiin.

Kokeet tehtiin RPA-laitteella, jolla pystytadn ssmmaan retentioprosessia
reaaliaikaisesti koko prosessin ajan.

Kokeissa todettiin, ettd annostelemalla silika @nnpolymeeria saatiin
korkeampia retentioita. Silika on myds huomattavanippuvainen
polymeeriannoksen suuruudesta. Bentoniitilla sastiit hyvid retentioarvoja jo
pienilla annoksilla. Toisin kuin silika, bentoniittei ole riippuvainen
polymeeriannoksesta vaan annostelun suhde on maartekija retention
tehokkuuteen nahden. Kolmikomponenttijarjestelmiiaavutettiin bentoniitin
kanssa erittédin korkeita retentioita, kun taaskaila ei saavutettu lisdysta
verrattuna tavalliseen kaksikomponenttijarjestelmaa
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Dynamic Drainage Jar
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Fennosil ES325 Micropolymer
Fennosil FS515 Anionic silica
Altonit SF Bentonite
Altonit EF Bentonite
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1 Introduction

Colloidal retention and drainage are expected ot lthe papermaking process.
An efficient measure to improve the productivity haset the application of
retention aid chemicals to the wet-end. Althoughide variety of retention aids
is now available commercially, the current papernmgkelies particularly on the
microparticle retention aid system. Achieving gadention has become very
important factor in papermaking. Good retentiorelsumprove runnability of the

machine and reduce production costs.

Retention and drainage aid programs have evolwed frsing single flocculant to
include the use of microparticles. Current micrtipke retention systems are
divided into three categories; bentonite, silicd amcropolymer based systems.

Micropatrticle systems yield efficient dewateringgtter balance of dewatering,
retention and formation than traditional retenti@ystems. Microparticle
containing retention aid systems have been inarghsused for fines retention

and drainage, especially in the manufacture of iayeers.

In this thesis the different retention mechanisnnsicroparticles, current
commercially used microparticle retention systemd #ne laboratory equipment

used to study retention are studied.

Purpose of experimental study was to charactefffereht microparticle systems
with Retention Process Analyzer. RPA was first wdady Erkki Saharinen for
his licentiates work in 1994. With RPA the retentjorocess can be followed, so
the effects of retention aid are shown continuau#ifects of C-PAM’s and
different microparticle systems behavior and effertess in colloidal retention
were studied. Dosing, dosing order and dosing histb retention aids was also
studied.



2 Retention

It is generally accepted that the retention on@epanachine is mostly a filtration
process, where furnish solids are captured byfiin through the forming fabric
and the fiber mat. Good retention is important te tefficiency of the
papermaking operation, because it has a largeeinée on furnish and production
costs, as well as on the quality of the productwtetention can lead to many
problems, including:

. Poor runnability

. Increased deposits

. Higher additives costs

. More downtime for wash-ups

. Higher sewer losses

Retention aids can improve the overall runnabildly the machine, allow
increased speed through better drainage, reduasideand sheet breaks caused
by high levels of fillers and fines circulating thwet end and reduce furnish costs

through better use of fillers and other additivis./

2.1 Mechanisms

2.1.1 Charge Neutralization

In the early days of papermaking, common retenéims were based on alum,
which neutralizes charges on the furnished compsném water suspension all
solids have certain negative surface charge. Restiof the same electrostatic
charge repel each other but, once this chargeusatieed, the attractive forces
dominate and the furnish components flocculate.s Thappens when Stern-
surface adsorbs oppositely charged polymer andgidh potential reaches zero.

This type of mechanism has a narrow maximum innteie versus added



chemicals. By increasing the addition of the fldaot, beyond the point of
charge neutralization, the components are redisgeiRetention aids following
this mechanism are generally low molecular weighhly cationic compounds,
which do not extend beyond the electrical doublerabut decrease the net
charge to zero. Examples of these are polyvaletibrsa polyethyleneimine,

poly-DADMAC and polyamines./2/

Figure 1 Charge neutralization/2/

2.1.2 Patch Flocculation

Patching occurs when polymer attaches itself i fatches to the particles
surface leaving some of the surface uncovered.eRadirolytes of molecular
weights in the range of ¥@ 1¢ Da give a broadening of the flocculation zone,
indicating a charge neutralization mechanism whegmplete neutralization is
not needed for optimal flocculation. A surface aage of about 50% or less
gives optimum flocculation. In principle, the fladation occurs through
interaction between sites with opposite chargeshendifferent particles which
have an uneven charge distribution due to flat qutim of the charged polymer.
Patch flocculation is sensitive to shear, but tletiges reflocculate easily.
Retention polymers following patch mechanism arelygibyleneimine,

polyacrylamide of lower molecular weight and polyaey2/



Figure 2  Patch flocculation/2/

2.1.3 Bridging

Polyelectrolytes, such as copolymers of polyacryd@mof very high molecular
weight form relatively strong flocs, in which thelpmer adsorbs with loops and
tails extending far beyond the electrical doubleta The flocculation region is
thus considerably wider for these high moleculaigivepolymers. The bridging
between particles by segments of a high molecukaght polymer contributes to
flocculation, already at a concentration correspogpdo about ten polymer
molecules per particle. Obviously, the conformatbthe polymer on the particle
surface is very important for bridging flocculatioft low cationicity, only loops
and tails are present; as cationicity increasas)gwill also be found.

The polymer tails and loops interact with the cledrgurfaces and form bridges in
between the particles. The floc strength is duthéoplurality of bonds between
each particle. However, if the shear forces arehigh, the flocs will break and
the polymer will degrade. Reflocculation will notaur through bridging, but
rather through the weaker patch mechanism./3/



Figure 3  Bridging mechanism/2/

3 Factors affecting retention

3.1 Hydrodynamic effects

First effect of retention chemical is its adsorptio the surface of fiber, filler or
fine. In second phase patrticles form bonds withatideof polymer. Both of these
phases require that the particles are collidingrer in close proximity of each
other. When there is no flow the collisions betwdiler particles and fibers
happen by Brownian movement. In flow particles éatwo transition

mechanisms, Brownian movement and turbulent diffusiwith polymers the
main transition mechanism is Brownian movement wait particles over 1 um

in size the turbulent diffusion is commanding metban.

Research shows that stirring increases the effecttention chemicals. Stirring
increases the movement of particles and therefmreases the collisions between
particles compared to the state where collisioeshappening just by Brownian

movement./4/



3.2 Floc strength

Attachment of filler to fiber is not enough to ensgood retention. Filler must be
able to remain attached. Researchers have fourd flihes disperse when
hydrodynamic forces increase. Dispersing of flacsffected by the amount of
shear, shears angle and direction. Also the flegcs&lative size of particles and

bonds have effect on dispersing./5/

Bond strength depends on attractive forces betilenand fiber. Electrolytes

and molecules that adsorbs to the patrticles, ssigolgmers and polyelectrolytes,
affect these forces. Larger fillers and fines coucleéate weaker bonds and
dispersing might occur. Retention aids that créaidging between particles and

fibers enhance bond strength and prevent dispef@ing

Research has been conducted to determine the hendth between particles. It
has been noted that larger amount of adsorbed polgmeate stronger bonds.
Also longer polymer molecules create stronger botds) shorter polymers.
Different retention aids attach filler to fiber witifferent strengths. In table | is

shown few results.

Tablel  Shear force (1/s) that separates fillemficellulose/5/
Retention aid particle size 0.1 pm particle size|On
No retention aid pH =7 84 1/s 6 1/s
No retention aid pH = 3 510 1/s 34 1/s
Cationic starch 990 1/s 75 1/s
PEI 2600 1/s 190 1/s
C-PAM 6700 1/s 150 1/s

As table I illustrates C-PAM creates harder bondhmgn PEI and cationic starch,

which instead create stronger bonding with VanWaals forces./5/



3.3 Dosing delay

Marton has researched the effect of different dpgilaces in papermaking and

found that there are at least 3 important factoas ¢ffect adsorption:

» Consistency of furnish changes from high (> 3 %dpw (< 1 %)
» Effect of shear is higher near headbox’s feed panpafter it.

* Contact times are shorter near headbox

Retention aid needs to be mixed evenly out in &irtb ensure efficiency. To
ensure mixing flow must be turbulent and chemiaddigons fast enough. In
turbulent flow the reaction speed of retention aglsery fast, even below one
second. Adsorbed polymers start to lose effectisenght after reactions and
after ca 20 seconds the effectiveness had droppediderably. To ensure
maximum retention with cationic polyacryleamide$e tdosing should be

approximately three seconds before headbox./7,8/

3.4 Mixing

Retention chemicals are usually used in dilutedtsmis to ensure good mixing.
Mixing can be enhanced by mixing the retention dlcala from multiple points

at the same time or increasing turbulence in fianis

Mixing can be increased by adding polymer from lobploop there are many
dosing points for polymer and adequate turbulescproduced throughout the
loop./4/



4 Microparticle retention systems

Microparticle systems yields efficient dewateringida better balance of
dewatering, retention and formation than with tiadial retention systems.
Microparticle containing retention aid systems h&een increasingly used for
fines retention and drainage during papermakinge@ally in the manufacture of
fine papers. Several types of systems are comniigr@sailable. The main

difference between the systems is the type of rpamticle used, such as anionic
silica, anionic aluminium hydroxide and anionicsslinked acrylate gel particles,

bentonite and micropolymers./9/

Complex flocculation
Microparticie systems

anionic
microparticle

o dispersed
flocs

Figure 4 Schematics picture showing the initial cgdg8on and bridging
flocculation of a cationic polymer (high moleculaeight starch or
synthetic polymer) and, after the shearing stdue réflocculation by
an anionic microparticle./3/

Flocculation in microparticle systems is differetitan in dual component
polymeric systems, but the exact mechanism is noivk. It has also been shown

that the degree of flocculation on microparticleliidn can be high. It is believed

10



that the difference between microflocculation aodwentional flocculation lies
in the ability to reflocculate after shear. Theestf re-formed floc is small. These
microflocs are evenly distributed throughout theeth therefore giving better
filler distribution./1/

Current microparticle retention systems can besdiad into the following
categories depending on the type of micropartiskdu

. Colloidal silica

. Bentonite

. Micropolymer

These systems can be used in different combinatisshiown in table I

Table Il Typical combinations of microparticle @ation systems/10/

silica Cationic Starch Colloidal silica
Cationic polyacrylamide Colloidal silica
Colloidal silica Cationic polyacrylamide
Bentonite Cationic polyacrylamide Bentonite
Bentonite Cationic polyacrylamide
Bentonite Non-ionic polyacrylamide
Micropolymer| Alum Micropolymer
Cationic polyacrylamide 4 Micropolymer
Alum
Anionic polyacrylamide +| Micropolymer
Alum

11



The effectiveness of floc forming can be presemigd following formulas.

where Epartis floc forming efficiency of microparticles

T is coverage between microparticle and high moéraukight polymer

Ebridge: 20t(1-1)(1-6)

where Eriage iS bridge forming efficiency of high molecular \gat polymer
0 is coverage of high molecular weight polymer

T is coverage between microparticle and high moéonkight polymer

The flocculation of microparticle system is the sof,parrand Briggd 11/

4.1 Microparticles

4.1.1 Silica

The sizes of the primary particles in commercialyailable colloidal silica
additives generally lie within the range of 1-5rf8mce these primary particles
are non-porous and approximately spherical, thredaitimensions imply surface
areas in the range of about 500-30G0ynfL2/

12



Sal-type colloidal 5i0;

Gel-typa

10nm

Figure 5 Typical silica particles/12/

The surface of silica can be described as acidegnimg that protons dissociate
from silanol groups, leaving behind a negative ghaBoth dissociation and the
density of surface charge increase with increagiflg As well as their high
surface area and negative surface charge, thdwseuaf colloidal silica products
can also vary. The primary particles may existiasrdte entities, which then may

become joined as clusters or chains during theijpgmation./12/

If colloidal silica is added in dispersed form tarsy of untreated fibers, nothing
happens. The fibers are neither flocculated ngredised and there is no change in
the rate of release of water when the slurry isgilaon a screen. The negatively
charged patrticles have little interaction with thegative surfaces of untreated
fibers. A high-mass polyelectrolyte, usually ofioaic charge, is required before
significant benefits in terms of dewatering rates fine-particle retention is
observed./12/

The exact mechanism is not known. The colloidatas ability to reflocculate
after shear is the major difference between miooafllation and conventional
flocculation. When conventional flocs are disruptiety cannot reform as easily

as flocs form by the aid of silica. Colloidal sdiaids in the reformation of

13



bridging. Distribution of microflocs in the sheet mmuch better, which leads to
better filler distribution. Microparticles are udlyafed after the screens while
retention aid is fed prior to the screens. Micrbiples allow greater first pass

retention and ash retention without overflocculatid/

Fresh cationic source

Figure 6 Silica bridging/1/

Traditionally in papermaking silica has been useith wationic starch for

dewatering purposes and not with polyelectrolytes.

41.2 Bentonite

Bentonite is mainly composed of montmorilloniteshwiraces of silica, quartz
and other clay materials. The particular structfrenontmorillonites generates a
very high surface area and charge when dispersedter. In the dry state, this
aluminosilicate clay consists of stacked dioctabkthyers with a thickness of
about 1 nm and a unit formula of 28i,0,0(OH), in which a fraction of the Al
ions are substituted by cations of lower valencehsas Na, Mg, Li, etc. This
creates a charge imbalance, which is compensatedthby presence of
exchangeable cations on the surface of the platestheoretical surface area of
the montmorillonite is about 800fg. The cation exchange capacity depends on

the substituting cations, but is generally in thdeo of 1 meq/g. This leads to a

14



very high surface charge of approximately 0.2 & mompared to a cellulosic
surface charge of about 0.015 &/th3/

® Si 00O OOHA Al

Figure 7 The generic structure of bentonite

The interlayer space, with a thickness of about @8, contains both
exchangeable cations and intercalated water. Dabame deficiencies, the edges
of the plates are positively charged. When therdoyptmorillonite is mixed with
water, the water molecules rapidly penetrate initkerlayer space. At low water
content, this gives rise to a swelling of the dinue that causes an expansion of
the interlayer space by several nanometers. Howéverplates remain together
presumably due to van der Waals attraction. As m@ter is added, an electrical
double layer is created on the plates and eleetiostepulsion of the layers
increases. Due to the swelling, the van der Watifacéion decreases and the
structure becomes less stable./13/
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The degree of swelling depends on salt concentratia cationic charge. There
are two types of bentonites, sodium and calciuntdret®. Natural sodium-type
bentonite has better swelling properties. The smgelbroperties of calcium-type
bentonite are improved by activation with caustmda (synthetic sodium
bentonite), i.e., by exchanging calcium ions fodism. In the dry state, the
specific surface area is low (about 1Z/g) but reaches 300-400%y after
swelling in water. The shape factor of pure monitomite can be as high as
1 000:1. The specific surface area can be as @@ ni/g due its large surface
area and the high ion exchange capacity./3/

4.1.3 Micropolymers

Long chain polymers with high molecular weight, yadrylamides (PAM'’s), are
efficient for gross retention. Generally these loharged polymers are linear.
Even though some branched or structured versiaasad. Linear version still is
the most commonly used structure. To obtain sefficiretention of fines and
fillers PAM’s require the development of a largdocf via bridging. In the

presence of filler, PAM’s can agglomerate fillerfodes and therefore effectively
increase the average particle size of the minehatliwcan compromise optical
efficiency. With the changes in filler distributionithin the sheet and patrticle
size, both opacity and formation can be adverséigced, as well as other
physical propertiea 4/

A new generation of micropolymer technology enaldefioc and subsequent
sheet structure to be created that maximizes dyaina the former without
compromising pressing efficiency. This technologyalso very efficient for
retention of both calcium carbonates and kaolites€ polymers are synthesized
with either cationic or anionic charge./14/

16



Figure 8 shows how the charge and molar mass otakienic micropolymers
relate to the conventional linear cationic PAM’sdashort chain high charge

coagulants./14/
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Figure 8 Charge Density versus Molecular Weight #éarious Cationic
Polymers/14/

Figure 8 shows the unique combination of molecwaight and charge
density of the cationic micropolymers, also theigure and composition of
these micropolymers differ from conventional. Tlidymers are synthesized
using a controlled molecular weight cationic polydamide polymerized
within a coagulant matrix. The end result is a eysof high charge density
low molar mass polymers and higher molecular weigtgdium cationic

polymers. This system is shown in the followingufig 9./14/

17



Water
PAM

Lower

Micropolymer Drop

PAM
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Figure 9 Schematic of New Micropolymer Techology/14
The micropolymers are highly structured polymermdestrating very little

linearity. This is largely due to the inclusion bfdrophobic associative

groups in the synthesis./14/
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5 Commercial Microparticle systems

51 Nalco Ultra POSITEK

Ultra POSITEK is a product of Nalco, where flocatlacan be chosen from
variety of products. Microparticles used in thisteyn are known by product
name NALCO 8692. The main mechanism in this systemathionic polymer

and anionic microparticle./15/

5.2 CIBA Hydrocol

This two component system is comprised of a pretaddof polyacrylamide
followed by a bentonite microparticle. A high malé&r weight polymer is added
early in the thin stock system and the bridgingdldation is substantially broken
down by the action of the fan pump and other sf@aes in the approach flow to
the headbox. In breaking the flocs, the polymetdistributed more evenly along
the fiber and filler particles, giving their suréa@ controlled cationic charge.
Micropatrticle flocculation is then induced by théd#&ion of modified bentonite
clay. This mechanism produces smaller, uniformslocompared to the normal
bridging mechanism./16/

53 CIBA Telioform

Ciba Teliofrom is a combination system of micropogr and microparticle. It
consists of cationic flocculant, bentonite/silicadaanionic micropolymer. The
system can also contain a 4th component in formoafgulant. The Telioform
system has demonstrated in both laboratory evahstnd in machine trials that
it is possible to decouple the effect of retentidrminage/dewatering and more
importantly, formation/sheet print quality resulitsis particularly cost effective
when used on high-speed twin wire paper machinesevit has at times proved
difficult to achieve good ash retention without asely affecting formation. It

has also proved to be valuable on smaller machints former configurations

19



that exhibit rapid free drainage and dewateringattaristics that can contribute

to poor sheet formation./17/

54 KemForm

Kemiras KemForm is a brand new micpoparticle tegheithat utilizes new
generation micropolymers both cationic and anioficere are three principle
variations that utilize these micropolymers.
« KemForm S
o Micropolymer (Cationic or Anionic) + Colloidal Sda +
Flocculant (Cationic or Anionic PAM or Starch)
* KemForm B
o0 Micropolymer (Cationic or Anionic) + Bentonite + délculant
(Cationic or Anionic PAM or Starch)
* KemForm P
0 Micropolymer (Cationic or Anionic) + Flocculant (@anic or
Anionic PAM or Starch) + Optional inorganic promote
(PAC/ACH/Alum)

o KemForm P usually utilizes an Anionic Micropolymer

The unique composition and structure of these nemexation micropolymers
allow them to increase sheet dewatering while exireg retention in both low
and high ash environments. Sheets formed with Kemkmpart greater strength

in both tensile and tear./18/

5.5 Eka Chemicals Compozil

Compozil is a microparticle system that uses catistarch and anionic silica.
The retention mechanism in Compozil is complext Bfit is traditional bridging

and patch flocculation. Silica adsorbs in staramiag a network of very small
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flocs after shear. Such network gives good fornmatand retention. Also

dewatering is improved and good starch retentigoraves tensile properties./15/

Compozil S is modified version of Compozil. Compdiis designed for closed
water systems. Compozil S uses cationic starch raadified colloidal silica.
Compozil P is designed for high speed dewatering) lzetter retention, without
the loss of formation. Compozil P uses cationicypotyleamid and structured
silica./15/

5.6 Hydrozil

Hydrozil is a microparticle system that is usedlkaline papermaking process.
Cationic component is starch and anionic compoiermrecipitated aluminum
hydroxide. Anionic colloidal aluminum hydroxide ftiions as bridging agent
between fines and fibers. Cationic starch atta¢bebers and forms cationic
spots in which the aluminum hydroxide binds finElserefore Hydrozil has good

fines retention and good dewatering./15/

5.7 Buckman Mosaic

Buckman Mosaic is retention system that includes 2 components, which
utilizes either Inorganic microparticle and/or amga cationic micropolymer.
Optional third and fourth components can be eitaePAM and/or cationic

polyelectrolyte.
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6 Laboratory means to measure retention

6.1 Dynamic Drainage Jar (DDJ)

Perhaps the most known apparatus for retentionngess the Britt Dynamic

Drainage Jar, DDJ. It is an excellent device fanparing different chemicals and
their effect on retention levels. No sheet is fodnaed hence no effect of filtration
is taken into account, but the influence of shearcolloidal retention can be
estimated with good significance. The drainage #red formation potential of

furnish however cannot be evaluated satisfactotl§/

DDJ-device consists of a cylindrical sample vesstiirer and wire. By adjusting
the stirring level turbulence is created and dtsoretention levels are controlled.
After a certain stirring time filtrate is collectém the valve and from the filtrate

retention etc are measured. /19/

DDJ-device is very simple and easy to use. Theeefoany modifications have

been made from it./19/
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Figure 10 Dynamic Drainage Jar/20/

6.2 Dynamic Drainage Analyzer (DDA)

Dynamic Drainage Analyzer (DDA) is a modificatioh@DJ. Stock filtrates by
vacuum through the wire and retention is measureth fthe filtrate. Whole
process is computer controlled which enables autxinehemical dosing, testing
and results processing. DDA’s advantage over BDthat DDA forms a sheet

through suction./21/
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Figure 11 Dynamic Drainage Analyzer/22/

6.3 Moving Belt Former (MBF)

Moving Belt Former (MBF) was developed for simubgtithe pulsating high-
vacuum dewatering that takes place in the wird@edf a paper machine. Main
parts of the MBF are a vacuum box connected tocawa pump, a moving belt
with foils and a commercial paper machine wire. Pésating drainage created
by foils on paper machine is created by the mouief on the MBF. The
pulsating can be controlled by adjusting the spHdtie belt, density of the holes
in the belt and the size of the holes. The vacuwaiso of the same magnitude as
on paper machine. Biggest advantage MBF has t®@IWDDA is that it form a

sheet from which is possible to measure formatimh@her properties./23/
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Figure 12 Moving Belt Former./24/

6.4 Turbulent Pulse Sheet Former (TPSF)

Turbulent Pulse Sheet Modifier (TPSF) is a modifgedt jar that incorporates air
and vacuum to simulate the dynamics of an indusp@g@er making machine.
Fiber mat filtrates to the wire and the mat is esqubto high pressure and vacuum
pulses to scatter the fiber mat. TPSF consistsiroéis mixing cylinder, wire and

pressure pulse control unit./25/
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Figure 13 Turbulent Pulse Sheet Former/25/

7 Optical Retention Measurement

7.1 Focused Beam Reflectance Measurement (FBRM)

The Focused beam reflectance measurement (FBRMepw solid-state laser
light source provides a continuous beam of monauhat® light that is launched
down probe. An intricate set of lenses focusedaker light to a small spot. This
focal spot is carefully calibrated to be positiorstdthe interface between the
probe window and the actual process. The focusathbmaoves at a fixed speed
across particles in suspension and measuring thee tduration of the
backscattered light from these particles. From tlzaa it is possible to determine
a particle size characteristic labeled as chord. sthousands of chord length
measurements are collected per second, producihgstagram in which the
number of observed counts is sorted in severaldclemgth bins over the range of
used 0.5 -1000 pum./26/
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FBRME (Focused Beam Reflective Measurement) Technology

Lasear Source

FBRM® Probe Tube Loser Refurn

Optics Module

SUPPhira Window

Probe installed in

proess siream Focused Beam

Figure 14 Lasentec FBRM device./27/

Blanco et al. were the first to propose that FBRM would be &ggplin
flocculation studies. Since then FBRM has been usedtudy flocculation
mechanisms. Flocculation kinetics have been stusiece with different fillers

and retention processes.

Gerli et al. examined retention aid efficiency with the FBRMhey observed that
the results from their laboratory test were obseéneecorrelate with the obtained

machine retention values./28/

Markus Patola studied in his master’s thesis tbatdcthe FBRM method be used
to asses the effectiveness of retention aids mgef flocculation. He found that
a change in mean chord length can predict the filleention. FBRM mean chord
length was compared with first pass ash retentfdd) and correlation between
the methods was found. Patola also found no reagonsdicate that FBRM
would be unsuitable as an online measuring appmicdor different retention

systems./26/
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7.2 Retention Process Analyzer (RPA)

Retention Process Analyzer (RPA) was created bykiE8aharinen, for his
licentiate thesis in 1994 in Helsinki. RPA is a nfied DDJ. It consists of a DDJ
which is connected to a turbidity meter to monitoloidal retention in real time.
In the RPA, the shear force field is evoked byiaest Stirring speed and time

can be pre-programmed./4/

Sample flow is circulated through the wire to thebtdity measurement from
where the sample circumvents back to the processur@vention is kept up by
tube pump. Stirring hinders fiber mat from formibtg the wire, so testing is
carried out without mechanical filtration. As a ultsthe calculated retention

refers only to colloidal retention. /4/

The whole process is controlled by a computer tbedrds time, turbidity, torque
and stirring speed. Stirring speed and the time tbé process is

preprogrammed./4/

PC -L stirrer motor
mixing speed
I
' =]
USB cable | :_ ______ B i ﬂ
I | fittrate for DDJ test
uDAS comtrol & |- - — | DDJ R ,i)
5 E r S L
datalogging unit - —,— -/ FirEh SR

] propeller - @ I " pump

Bl | 5'* |

i 0 |R Wwire — = |

i | wvahse control I

| : B —— mmssrr e reowp coreonad z |

I I

| floc data (dc. RMS. ratio ) E =]
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pump speed
bieis S s FRodisosiect wite Sfeeldin supiSe s e oo sme orseon 2

Figure 15 RPA-process/29/

28



Figure 16 Retention Process Analyzer used by Ayskéhen in Savonlinna/30/
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Summary

This study dealt with retention, retention mecharsisand the factors that effect
retention in papermaking process. Microparticled setention systems utilizing

microparticles were also studied.

The current microparticle systems can be divided three different categories
based on the microparticles used, bentonite, siéind micropolymer based
system. All the commercial used microparticle sgst in papermaking use these

microparticles as components.

Microparticles, usually anionic silica sol or bemte clay, are usedn
conjunction with a conventional high molecular weigolymer such as cationic

polyacrylamide and cationic starch.

A new generation of micropolymer technology enaldefioc and subsequent
sheet structure to be created that maximizes dyaina the former without
compromising pressing efficiency. Micropolymers aed in conjunction with

anionic microparticles and conventional flocculants

Retention systems have been studied in laboratcale sas long as retention
chemicals have been used. DDJ, MBF and othersrghable results, but only
from one point in the whole retention process. WRitention Process Analyzer
and Lasentec FBRM the retention process can be ureshshroughout the

process and also the floc sizes can be measured.
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EXPERIMENTAL STUDY

8 Objectives of the Experimental study

In the experimental study the effects of differamtroparticle retention systems
were studied. Five different cationic polyacrylassd one micropolymer, two
different bentonites and one type of silica weredut create the microparticle
systems. The effects of different systems to resanwere studied with Retention
Process Analyzer. With RPA the colloidal retent@am be measured throughout

the retention process.

9 Materials and methods
9.1 Methods

Retention Process Analyzer (RPA) used in the experis was made by Juha
Leino at Kemira Pulp & Paper R&D laboratory in VaaRRPA consists of the
following components:

* Dynamic Drainage Jar

* Turbidity meter Photometric Dispersion Analyzer PR800

e Tube pump

» Computer for collecting data
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Figure 17 Retention Process Analyzer: DDJ, Turpidieter and tube pump.

RPA gathers data in 20 Hz frequency:

DC-signal (direct current). Signal is measured BOr8n wavelength.
Turbidity is measured by transmittance, lower thebitlity higher the
value in volts.

RMS (root mean square). Measures the size of tiokd]

Ratio ((RMS/DC)*10). Parameter is the ratio of #osize (RMS) to
turbidity (DC) times ten.

Torque
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«J Concentration

Figure 18 Parameters behavior as particle condenmtsafunction.

At the beginning, when concentration increases #t&o rms-signal (flocsize)
increases. Signals noise increases as more parpeles the optic measurement
channel. When particle movement increases even therems-signal becomes
saturated and starts to act like the dc-signabiditsy).

Retention is calculated from equations shown inrigl9.
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Relative T - T

e Yy T s 100%
Retention To
THQO
Relative LN Tt
o/ — SR i S U S
Retention ° — 1 LN Thoo *100 %
(fixed) i
To
THZO = Turbidity of clean water (Volts)
TU' = Initial turbidity of the sample (Volts)
T't = Turbidity at the momentt (Volts)

Figure 19 Equations to calculate relative reteniioRPA

Retention is calculated using relative retentioixe& relative retention is
calculated by taking clean water and initial tuityicof furnish as the starting
points. Turbidity of clean water is 100 % and thigial turbidity of furnish 0 %.
Calculation is fixed to be nonlinear by using natulogarithm so that the
calculations would correlate better with first pastention (fpr %)
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9.2

Furnish, chemicals

Furnish used in tests was of the following content:

70 % 50/50 spruce/pine furnish from Stora Enso KeMi3
30 % broke from Stora Enso Kemi PM 3

PCC-filler from Stora Enso Kemi PM 3

Total ash content of furnish was 45 %

Dry content of furnish was 0,8 %

pH 8

3 kg/t of cationic starch was used in every test.

Following polymers and microparticles was usechméxperiments:

Fennopol K2400R (C-PAM)
Fennopol K3400R (C-PAM)
Fennopol K5600R (C-PAM)
Fennopol K5800R (C-PAM)
Fennopol K7400R (C-PAM)
Fennosil ES325 (micropolymer)
Fennosil 515 (anionic silica)
Altonit SF (bentonite)

Altonit Weil3 EF (bentonite)
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9.3 Test procedure with RPA

All the test were done with RPA by adding 500mDd& % consistency furnish in
to the cup then starch was added and furnish waedsbne minute. After the
minute test program was started. The stirrer bagjanimg furnish with the chosen
speed. At the same time the white water was citedlat the rate of 700 ml/min.
First 30 seconds of the program evened furnishamat removed air from the
procedure. Then the first retention aid or firsinpmnent of the retention system
was injected manually into the suspension on de$ineing after that every other
component was injected in ten second interval. dgtenum delay of dosing was
researched by Rytkdnen in his thesis and from thests the delay of 10 s was
decided due to the fact that the highest retentias achieved with short dosing
delays. Suspension was measured 15 times per sbgd?PldA2000. After the test
was complete RPA was rinsed thoroughly so thatRB&2000’s values were
equivalent to the zero water value and furnish veasoved and the wire was
rinsed. Chemical doses were all added manually Riith-pipettes. Stirring speed

in all the tests was 700 rpm, unless otherwise ioead.

10 Pretesting with RPA

10.1 Cationic Polyacrylamides (C-PAM)

Typical flocculation mechanisms of cationic polyttelytes are bridging

flocculation and patch flocculation. Mechanism degse greatly on the charge
density and molecular weight of polymer. Bridgitactulation is irreversible and
patch flocculation is reversible. Retention is atowiously changing process at
the beginning, with the retention gradually stainilg and the level of retention

depending on the stirring speed.
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Figure 20 Different stages of retention proceds/31

Cationic polyelectrolytes typically flocculate byidiging and patch flocculation.
The charge density and polymer weight are the ohgfirfactors for which
is pityal for
polyacrylamides (C-PAM'’s). Typical relative retesriitime curves are shown in

mechanism is in effect. Bridging flocculation cationic
figure 20. At the beginning of the process retentievel is approximately 0 %.
After injecting the retention aid into furnish retmn increases rapidly and in few
seconds reaches the maximum. In first stage, retertid is mixed into the
suspension and adsorbed to fibers, fines and.fl#larery short intensive mixing
pulse increases the retention at the beginnindnisfdtage by enhancing mixing

and collisions of particles./31/

Near point B the retention begins to decrease.CHuse of this is that almost all
initial reactions of the retention aid are complet&hen retention begins to
decrease since no new flocs are formed by the ingdgechanism. Shear forces

disperse the flocs and deflocculation continues. particle surfaces there are
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cationic sites and therefore the ability to refdtots is partially retained, with the

flocculation mechanism now resembling patch floatoh./31/

At point C the retention reaches a constant levbkre the decrease of retention
level is almost zero. In this state the forming aefiorming of flocs are equal.

Retention level is controlled only by shear for(&¥.

10.2 Effect of stirring speed on retention

The propeller used in the RPA is 2-blade and remthd propeller of an airplane.
This structure maximizes vertical pressure chahge prevents the forming of a

fiber blockade to the wire.

Figure 21 The structure of the propeller used iIARP

In figures 22-24 is shown the effects of stirringeed by using C-PAM as

retention aid.

38



500 rpm

100

80
S 60
c
S
2
8 40 - v
(0] fl
s f
() T
2
g 20
[5]
) T 3

ow- Iy "r i I ‘ ‘ :

20 ' ul U 80 100 120
20
Time [g]
\ —__ 2400 — 3400 5600 5800 — 7400 \

Figure 22 The effects of stirring speed on difféer€APAM’s, dosage 300 g/t,
and stirring speed 500 rpm
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Figure 23 The effects of stirring speed on différ€aPAM’s, dosage 300 gt,
and stirring speed 700 rpm

39



900 rpm
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Figure 24 The effects of stirring speed on difféer€APAM’s, dosage 300 g/t,
and stirring speed 900 rpm

The effect of stirring speed can be seen compatiegfigures 22-24. 500 rpm
yield the highest results because of the lowerrstoeees than in the 700 and 900
rpm figures. Optimum delay is highest in the 50thrand it decreases rapidly
when stirring speed is increased. Stirring speeds 800 rpm resulted splashing

of furnish from the cup and therefore are not &léavith this setup.

With higher stirring speeds the retention procels® accelerated right after
dosing the polymer into the system. This is duthéofaster and better mixing and
to the higher amount of particle collisions happegnin furnish. With stronger
mixing the maximum retention is achieved fasterhvd00 rpm than the lower
stirring speeds, but the maximum is considerablyelo Due to higher shear

forces the increase of stirring speed has negeafieet on retention through out
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the process. The disintegration of flocs increagkdn using 900rpm and yielded

worse results when comparing to lower stirring sisee

10.3 Effects of polymer dosage

Polymer dosage with different C-PAM’s was studigddosing different amounts
of same C-PAM. This was tested to determine thandofor later test with
microparticles. In figures 25-27 are shown thesaelts.

Fennopol K3400R
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o A,
. AN

70 80 90 100 110 120

Relative Retention [%]

Time [g]

‘ — 150 g/t —— 300 g/t —— 450 g/t —— 600 glt ‘

Figure 25 Effect of dosage of cationic polyacryldenFennopol K3400R.
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Figure 26 Effect of dosage of cationic polyacryldenFennopol K5800R.
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Figure 27 Effect of dosage of cationic polyacryldenFennopol K7400R.
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Results with different C-PAM vary only by little, ith heavier C-PAM’s the
results are better. All the curves are typicalfndging flocculation that is typical
C-PAM'’s retention mechanism.

104 Effects of polymer charge and molecular weight

150 git
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Figure 28 Retention with C-PAM'’s that have diffeareharges and molecular
weights. C-PAM dosage 150 g/t
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Figure 29 Retention with C-PAM'’s that have diffeareharges and molecular
weights. Dosage of C-PAM 300 g/t
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Figure 30 Retention with C-PAM'’s that have diffeareharges and molecular
weights. Dosage of C-PAM 450 g/t
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Figure 31 Retention with C-PAM'’s that have diffeareharges and molecular
weights. Dosage of C-PAM 600 g/t
The molecular weight of C-PAM correlates straigttbithe results, with heavier
C-PAM'’s the better the results. The difference lné tFennopol K2400R and
Fennopol K7400R is almost 20 % in relative retemti@therwise all the C-
PAM's use the same retention mechanisms and thesware almost identical in
all the cases. All the constant state values feselchemical are nearly the same,
only with the higher dosages the heavier polymestlyconstant state values that
are higher than 5 %.

There have been experiments by Erkki Saharinersitidentiate work, where he
claims that with the C-PAMs that have higher chahgedeflocculation would be
faster. It is shown in the figures, that the K560 K5800R curves drop faster
and time that the effect of C-PAM is half from tmaximum is lower. It could be
due the facts that flocs formed are harder ando@lastic therefore making these

flocs susceptible to shear forces.
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11 RPA — DDJ comparison tests

Tests were made by using RPA’'s DDJ-mode and wittmab DDJ-apparatus.
With the RPA, retention chemical was added at $0rsés and at 60 seconds 100
g sample of white water was circulated from theteays That sample was then
processed like a normal DJJ-sample to determinértgass retention.
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RRetention [%)]

time [g]

‘ ——100g/t 500rpm —— 100g/t 700rpm —— 150g/t 600rpm —— 200g/t 500rpm —— 200g/t 700rpm ‘

Figure 32 RPA figures using Fennopol K3400R, 10@aoml DDJ is removed
between 60 and 70 seconds

Figure 32 shows that removing the 100 ml of furraarly affects the end result
gained from RPA. Retention drops rapidly and goalsw zero mainly because
the increased shear forces when the mass of fudnigis due removing the DDJ-
sample. Also some air may affect the measuremeattda smaller mass of
furnish. Otherwise the maximum retention is the saa@s using conventional
measurement procedure.
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RPA - DDJ comparison
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Figure 33 The comparison between retentions oldainem DDJ and RPA,
using Fennopol K3400R after processing the 100mipées.

Test was made using the RPA’s DDJ-procedure anatdhgentional DDJ-test,
with the same settings. The samples were driecaahds were determined by the
standard DDJ-process. Results obtained are compafagire 33. All the results
from RPA are approximately 10% higher than the ltedoom DDJ. This could
be the result of the different propellers used he processes, which would
indicate that the DDJ’s stirring speed settings everaccurately converted to
match RPA'’s settings. Also the different wires udsdthe devices may be a
factor in the test. The test should be redone wéme wires. Still this would
indicate that the RPA is comparable to DDJ with dkierage correlation between
the two being 0,92.
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12 Dual component retention systems

12.1 Silica based retention systems

Silica is commonly used in combination with staréi.furnish the amount of
starch used was small so that the reactions betw&soh and silica wouldn’t
affect the retention process. The effect of silicaretention and the effect of
dosing order in which silica and C-PAM'’s are addedurnish are shown in the

following figures.

100

Relative Retention [%]

Time [g]

— 150 g/t + sil — 300 g/t + sil — 500 g/t + sil
sil + 150 g/t — sil + 300 g/t — sil+ 500 g/t

Figure 34 Effect of dosing order and dosage of GAPA&ilica dose on each was
2000 g/t. C-PAM used was Fennopol K3400R

The figure shows clearly that adding silica befGr®AM yields over 10% higher
maximum retention that the conventional method difiag silica after C-PAM.
Stabilized retention values at the end of the &estalso higher especially when

using larger dosages of C-PAM.
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Normally silica is added to the papermaking procdssr the C-PAM. However

these results seem to indicate that just by taketgntion in to question silica
would be more effective when added to furnish keeforPAM.

With silica the formed flocs are much harder anereéfore less susceptible to

shear forces. This is illustrated in figure 35.
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Figure 35 Effects of higher shear forces. Dosag&€-¢tAM was 300 g/t and
silica dosage 2 kg/t

12.2 Bentonite based systems

Purpose of the tests was to determine the effdcbemtonite to retention with
different dosing order, dosage of bentonite andABAPIn figures 36 and 37
show the effect of different C-PAM dosages to reten
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Fennopol K3400R + Altonit SF
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Figure 36 Fennopol K3400R was added at 50 s ar@hAIBF added at 60 s. The
dosage of Altonit SF was 2 kg/t.

Altonit SF + Fennopol K3400R
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Figure 37 Altonit SF added at 50s and Fennopol KB®@dded at 60s. Dosage
of Altonit SF was 2 kg/t.
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Bentonite alone has a moderate effect on reteniédren polymer is added to the
system rapid adsorption reaction occurs betweetobge and C-PAM, because
of bentonites high surface area and anionic suraeege. By comparing figures
36 and 37 can be concluded that by adding bentafiéz the polymer higher
retention is gained. Also systems curves have higheface area in total,
therefore having stronger flocs due to the slowsintegration rate and having
the end retention rate over 10% higher. It can dendhat if the amount of C-
PAM was low, there is no clear advantage of bet¢omiut increasing the dose of
C-PAM caused a clear big increase in retentionlldwefigure 38 is shown the

effects of different polymers with bentonite.
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Figure 38 Effects of different C-PAM’s with both slng sequences. Dosage of
C-PAM’s was 300 g/t and the dosage of Altonit SF5Wakg/t. First
dosage was added at 50 s and second at 60 s.

From the figure 38 can be seen that the heavidgingo results in best retention
due to the better bridging ability. Although thigder difference comes from the
dosing order, when adding bentonite after the C-P&Mntion is approximately
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10% higher throughout the system. By adding betgoinist the retention level
rises to approximately 40 %, which would indicatattbentonite creates some
bonds with fines and fillers by the aid of starthose bonds however are broken
by the addition of C-PAM to the system. This seeémsdicate that the C-PAM

creates stronger bonds that break the weak bordede bentonite and filler.

In figures 39 and 40 is shown the effects of déférbentonite dosages.
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Figure 39 The effect of bentonite dosage in r&entFennopol K3400R was
added at 50s and Altonit EF added at 60s. The @osBEennopol
K3400R was 150 g/t.
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Figure 40 The effect of bentonite dosage in retentAltonit EF was added at
50s and Fennopol K3400R added at 60s. The dosadeermiopol
K3400R was 150 g/t.
Increasing bentonite dosage improved retention,tiheiteffect was smaller than
the increase of dosage in C-PAM. By using a higirabunt of C-PAM would
have made differences clearer. By adding larger usutso of bentonite the
difference in gaining retention is clearly moreigmsficant than the right dosage
of C-PAM. Comparing the results to the figures 3@ &0 it is shown that by
increasing the bentonite dosage the overall retents lower. Therefore the
correct relation of C-PAM and bentonite dosageshes key to gaining better

retention.
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13 Micropolymer based systems

The effects of next generation cationic micropolymennosil ES325 n retention

is shown in figure 41.
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Figure 41 The retention of cationic micropolymer3g5.

The micropolymer ES325 effect on colloidal retentis similar to that of C-
PAM. Comparison to a C-PAM Fennopol K3400R is sham figure 42.
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Figure 42 Comparison of C-PAM Fennopol K3400R ancropolymer Fennosil
ES325

Figure 42 shows that there was no real differereterden the two chemicals in
retention. Both the micropolymer and C-PAM seemugte exactly the same

retention mechanisms throughout the process. Ia tHlare these results shown.
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Figure 43 Effect of dosing order and the dosagenmiopolymer ES325 with
Fennosil 515 silica. Silica dose on each was 2 kag/st dose at 50 s
and second at 60 s
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Figure 44 Effect of dosing order and dosage of omotymer ES325 with
bentonite Altonit SF. Bentonite dose on each wag/® First dose at
50 s and second at 60 s

When comparing figures 43 and 44 to the resultagghiwith K3400R can be

stated that the micropolymer ES325 acts nearlyticily. ES325 is nearly as

effective bridging agent though it has lower molacweight and lower charge

density. In table Il are shown the maximum ret@msi gained with ES325 and

K3400R with silica and bentonite.

Table lll Differences in maximum retention betwekKB8400R and ES325 in
microparticlesystems, K3400R and ES325 dosagegA08Itonit SF
and Fennosil 515 dosages 2 kg/t

max
chemical dosing sequence retention
K3400R C-PAM -> bentonite 84.11
bentonite -> C-PAM 77.61
C-PAM -> silica 67.26
silica -> C-PAM 82.18
ES325 | micropolymer -> bentonite 76.16
bentonite -> micropolymer 74.55
micropolymer -> silica 72.30
silica - > micropolymer 78.31
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13.1 Reversibility

The Fennosil ES325 is highly structured micropolyraad the charge of the
polymer is very accessible, but also a considenabigon of the charge is buried
in the network and requires shear to expose its Thiarge is referred as ionic

regain. The amount of ionic regain in differentdiaf polymers is illustrated in
the figure 45

a
Linear Polymers /\_K?/ ‘T?__ fonic regain 0 - 15%
Structured Polymers X/%::Jﬁ

fonic regain 20 - 50%

%\ fohic regain 50 — 120%

Figure 45 lonic regain of different polymers/18/

Micropolymers

To expose these buried charges following test mrogvas used, from 0 — 70
stirring speed was 700 rpm, from 70 — 110 stirspged was raised to 900
rpm to expose the ionic regain and from 110 — 18B@esstirring speed was

lowered to 700 rpm.
The ionic regain would be seen as a rise in ragarigvels when the shear

forces are lowered in 110 s. These tests were wittieboth bentonite and

silica. The results are shown in figures 46 and 47.
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Figure 46 Micropolymer reversibility test with Feysil ES325, Fennopol
K3400R and Fennosil 515. Test program stirring ddfeem 0 — 90 s
700 rpm, 90 — 110 900 rpm and 110 — 180 s 700 rpm
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Figure 47 Micropolymer reversibility test with Feosil ES325, Fennopol
K3400R and Altonit SF. Test program stirring sp&ed 0 — 90 s 700
rpm, 90 — 110 900 rpm and 110 — 180 s 700 rpm

There is no clear difference between the curvesiogd from using the C-PAM
or micropolymer. In both cases with silica and beite the different polymers
act similarly. This would indicate that the convenal linear C-PAM and the
structured cationic micropolymer have the same gntggs in ionic regain when
studying it from colloidal retentions point of view
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14 Three component microparticle systems

The three component systems tested were:
* C-PAM + micropolymer + silica

* C-PAM + micropolymer + bentonite

Variables were dosing order and the dosage of patyoner Fennosil ES325. In
tables IV and V are shown the maximum and end tierenalues obtained from

the tests.

Table IV Results obtained from tests using silica.

Dosage of ES325 | Dosing Sequence Max Retention | End Retention
100 g/t K3400R --> ES325 --> FS515 57,16 10,50
K3400R --> FS515 --> ES325 52,67 5,59
ES325 --> K3400R --> FS515 47,83 5,26
ES325 --> FS515 --> K3400R 58,89 4,49
FS515 --> K3400R --> ES325 54,55 2,61
FS515 --> ES325 --> K3400R 52,93 4,61
200 g/t K3400R --> ES325 --> FS515 58,08 14,45
K3400R --> FS515 --> ES325 70,83 10,86
ES325 --> K3400R --> FS515 61,68 11,93
ES325 --> FS515 --> K3400R 58,77 8,31
FS515 --> K3400R --> ES325 63,17 9,80
FS515 --> ES325 --> K3400R 70,13 7,95
300 g/t K3400R --> ES325 --> FS515 60,49 16,47
K3400R --> FS515 --> ES325 75,64 14,18
ES325 --> K3400R --> FS515 68,19 14,21
ES325 --> FS515 --> K3400R 68,35 14,09
FS515 --> K3400R --> ES325 69,88 14,22
FS515 --> ES325 --> K3400R 80,32 15,20

Figure 48 shows the retention curves for three @rapt systems using silica.
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Figure 48 Three component system with Fennopol RB4QC-PAM), Fennosil
ES325 (microparticle) and Fennosil 515(silica). ingsat 50 s, 60 s
and 70 s. Dosage of Fennosil ES325 was 300 g/hdsdr515 2 kg/t
and Fennopol K3400R 100 g/t.

The curves in figure 48 and table IV shows thaicad effectiveness is
combination of two things, silica is added befoodymers and only the highest
dosage has a significant effect on retention. Tést betention is achieved by
adding silica first and then adding 300 g/t of ES3Zhe dosage of 100 g/t
K3400R has no effect on retention when there gelaamount of polymer added.

It can be concluded that silica has a large deperydever polymer dosage.

In table V is shown the results obtained from 3-ponent systems using

bentonite.
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Table V  Results obtained from test using bentonite

Dosage of ES325

Dosing Sequence

Max Retention

End Retention

100 g/t K3400R --> ES325 --> Alt SF 78,20 19,51
K3400R --> Alt SF --> ES325 69,96 13,85
ES325 --> K3400R --> Alt SF 80,84 17,97
ES325 --> Alt SF --> K3400R 68,14 12,24
Alt SF --> K3400R --> ES325 67,75 6,32
Alt SF --> ES325 --> K3400R 67,23 7,88
200 git K3400R --> ES325 --> Alt SF 90,81 26,54
K3400R --> Alt SF --> ES325 74,99 16,91
ES325 --> K3400R --> Alt SF 88,75 20,23
ES325 --> Alt SF --> K3400R 80,27 14,13
Alt SF --> K3400R --> ES325 70,48 9,93
Alt SF --> ES325 --> K3400R 73,52 9,20
300 g/t K3400R --> ES325 --> Alt SF 92,68 30,07
K3400R --> Alt SF --> ES325 80,10 23,92
ES325 --> K3400R --> Alt SF 91,80 31,86
ES325 --> Alt SF --> K3400R 85,54 18,50
Alt SF --> K3400R --> ES325 78,98 15,30
Alt SF --> ES325 --> K3400R 83,24 13,09

Figure 49 shows the retention curves using bergonit
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Figure 49 Three component system with Fennopol RB4QC-PAM), Fennosil
ES325 (microparticle) and Altonit SF (bentonitepding at 50 s, 60 s
and 70 s. Dosage of Fennosil ES325 was 300 gnAISF 2 kg/t and
Fennopol K3400R 100 g/t.

Clearly the best results are obtained when bemasiadded last in to furnish. As

with dual component systems the best results anedavith bentonite being the

last component, but unlike silica bentonite is thatt dependant of large polymer

dosage.

The constant state values with systems that indbeatbnite last have over 10 %
higher values. This seems to indicate that thesffoomed with those two systems
are different that the rest. This could mean thattivo cationic polymers used
have some kind of synergy. Another thing that caottlice the effect of higher
retention is the dosing, by adding the polymervio tdosages could also have
effect. This could be easily tested by adding tRRABA or micropolymer in two

dosages into the system. Clearly more testingesle to determine this.
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Table VI Comparison of results the best retentistesms, using 3-
component system. Dosages of Altonit SF and FehbbSiwere 2
kg /t, dosage of Fennopol K3400R was 100 g/t

End
Dosage of ES325 | Sequence Max Retention | Retention
100 g/t K3400R --> FS515 --> ES325 52.67 5.59
FS515 --> ES325 --> K3400R 52.93 4.61
200 g/t K3400R --> FS515 --> ES325 70.83 10.86
FS515 --> ES325 --> K3400R 70.13 7.95
300 g/t K3400R --> FS515 --> ES325 75.64 14.18
FS515 --> ES325 --> K3400R 80.32 15.20
100 g/t K3400R --> ES325 --> Alt SF 78.20 19.51
ES325 --> K3400R --> Alt SF 80.84 17.97
200 g/t K3400R --> ES325 --> Alt SF 90.81 26.54
ES325 --> K3400R --> Alt SF 88.75 20.23
300 g/t K3400R --> ES325 --> Alt SF 92.68 30.07
ES325 --> K3400R --> Alt SF 91.80 31.86

Table VI clearly shows that the best systems usilica are more dependant of
polymer dosage that the systems using bentonitéh We initial dosage of 200
g/t of total polymer only yielded almost 53% in abtretention, while with
bentonite the maximum retention was 80%. By indrgashe dosage of
micropolymer in the system the maximum retentiothvgilica was 80% which
was obtained with bentonite by using 200 g/t lessropolymer. The overall
effectiveness of bentonite in 3-component systesnexcelent. With 300 g/t of
total polymer dosage the retention reached 90 %lwisi 10 % higher than the
results obtained just by using dual component aysigth the same polymer
dosage. This clearly shows the fact that bentdméteefices greatly from the 3-
component system and with silica the same resaltsbe obtained with just a

dual component system.
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15 Conclusion

In the experimental the colloidal retention effitdy was studied. All the tests
were made with Retention Process Analyzer. Micrioglas used in the tests were

anionic silica, bentonite and a next generatiorromiclymer.

In the first tests the reliability of RPA was tebtey comparing it with DDJ and a
good correlation with the two was found, resultsraveomparable. Cationic
polyacrylamides were tested to gain knowledge @nhbtasic levels of retention
gained only with the bridging C-PAM’s. Also it wasncluded that with heavier
polymer the results were better. The stirring speédRPA was tested to
determine the optimum speed for testing and 700 wms found to be the

optimal.

With anionic silica was found that the non-tradi dosing of silica, being the
first component to be dosed into furnish, yieldewsiderably higher retentions
than the traditional dosing order. Constant statkies with silica were also
higher than with just using C-PAM. This indicatdstt the flocs formed with

silica are harder than the flocs formed with onlP&M.

Bentonite based microparticle systems are efficighén using the traditional
dosing order, in which bentonite is dosed last theosuspension. Earlier research
with bentonite has always concluded that bentoalid@e has a very little effect
on retention. Here with high filler content furnibkntonite has a moderate effect
on retention. This seems to indicate that bentamigates soft flocks with filler.
These flocs are broken with the addition of C-PAdlie to C-PAM'’s strong
bridging ability. With silica the efficiency is depdant of high C-PAM dosage,
but with bentonite the correct ratio of polymer dwhtonite gives high retention

with relative low dosage.

66



The cationic microploymer Fennosil ES325 was fotmdise the same retention
mechanism as conventional C-PAM’s. Micropolymer leager molecular weight
than conventional C-PAM’s still the result were gmod as the result obtained
with C-PAM. Dual systems with silica and bentorateo yielded similar results.
No evidence of the ionic regain was found in caolédi retention with

microparticles.

3-component system with silica had no effect iHaidél retention. The behavior
of silica was the same as it was with dual compbsgstems. Best results were
those when silica was dosed first followed by agdéadose of polymer. The
obtained maximum retention was the same as themmemiwith dual component
systems. Also the dosing history had no effectloa $trength since all the tests
made had the same constant state value. Bentarteamponent system yielded
best results by dosing the bentonite last, butkanBilica bentonite clearly
benefited from 3-component system. Results were d0€% higher than results
from dual component systems. This would indicatd there is either somekind
of synergy between the cationic PAM and the catiomicropolymer or this effect
could be induced by the two different dosing poiligher way the results were
very good, even with relatively low polymer dosageshigh retention was

achived.

16 Need of further studies

In this thesis the retention aids used were limitgdy to a few, different
microparticles and polymers especially anionic pwys were not tested. The
presumed synergy of C-PAM and micropolymer has lvedn proved. So the

research of multiple dosing points in retentiongess would be interesting.
When studying colloidal retention one of the masportant things is floc size

and that was not included in this thesis. The pring of the RMS-signal from
RPA would be the next step. Also implementing tlesdntec FBRM device in
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RPA would give much needed data of floc dynamias feot size distribution in
the process. High speed imaging would also be bzalk$o the flocs could be

actually seen.
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