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Sticky Deposits ina Tissue Manufacturing Process
SVETLANA KIRILOVA

SOFIA LINDBERG

Department of Chemical and Biologial Engineering
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Chalmers University of Technology

ABSTRACT

Sticky deposits are a common problem in mills producing paper from recyclefibers. This issue
leads to inferior runnability of the paper machine, specks and holes in a final product as well as
production downtime due to cleaning of wires and felts.

The project has been elaborated at SCA Edet mill. The main scayfethe project hasbeen to get
an insight about the sticky depositsfind suitable methods for monitoring stickies, find out
where they are coming from and whythis problem occurs.

The first part of the project consist ofa literature review where the main theoretical aspects of
the problem are examinal, it is followed by analysis of hétorical data where the data from SCA
databases have been processed with an aim to find correlations between cleaning of wires and
felts of the paper machine and stickies measurements performed at SCA laboratoAlso the
effect of wet-strength agent and pilp dosage @ the machine was studied.

The experimental part consists of different process survey where variation in process
parameters has been observedas a first step.Process surveys have furthetbeen performed
where different stickies determination methods have been usedh order to monitor stickies in
the system.

From historical data it could be seen that cleaning occurs to a larger extewhile running toilet
paper compared to wet-strong paper. Indications that a mixture ofpulp from Tower 2 and
Tower 3 contribute to cleanings could be seen. Further no correlations could be seen between
the stickies measurements performed and cleanings of wire and felts.

The main conclusiors of the experimental part are that there are significant variations in pracess
parameters that might contribute to the formation of deposits The system was less
contaminated while running wet-strong paper compared to toilet paper.The obtained results do
not provide clear evidence whether this is due tdncreased retention when the wet-strength
agent is added; pulp dosage or addition of fresh water.

Tower 3is suspectedto contribute to cleaning occasionsand further examination is necessary.

Keywords: Macro-stickies, micro-stickies, dissolved and colloidal substancegulp, white water,
paper machine, deinkingwet-strength agent
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LIST OF DEFINITIONBND ABBREVIATIONS

Stickies - Tacky substances found in pulp and process water systemhich tend to deposit on
paper machine clothing, cylinders and rolls and enter the process with recycled
fiber.

MOW- Mixed office wage
ONP- Old newsprint
White water - Water that is reused within the paper making process.

CCT Colloidal collection test

DCM- Dichloromethane extraction

DisCo- Dissolved and colloidal substances

HT-CTMP- High temperature chenmothermomechanical pulp

PSA Pressure sensitive adhesives

UV-VIS- Ultra violet- visible spectroscopy (micra/colloidal - stickies)

PROCESS RELATED TERMS:

DIP 1- Deinking line 1, raw material: Mixed office waste (MOW)
DIP2- Deinking line 2, mw material: News Print

T1- Tower 1- Internal pulp from DIP1 (Brightness +78
T2- Tower 2- Internal pulp from DIP1 (Brightness +75
T3- Tower 3- Pulp from DIP2 (Brightness 52)

C4- Chest 4Virgin short fiber pulp

C5- Chest 5 Virgin HT-CTMP pulp

C6- Chest 6- Virgin long fiber pulp

C7- Chest 7 Internal broke line

C12- Chest 12 Internal wet strong broke line

White Water - Dilution water in pulp tower 1 and 2 (Blekt BV)
White water (virgin) z Dilution water for the virgin pulp lines

MC pump z mixing pump in which pulp from screw press 2 is diluted to medium consistency
before feeding it to theTower 1 and 2 (DIP1)
DAF- Dissolved air flotation
Krofta - Dissolved air flotation equipment from Krofta EngineeringlUsed for removal of
dissolved and colloidal substances from the process water.
PM- Paper machine



1 INTRODUCTION

In Chapter 1the background, aim and limitationsof this report are presented. In the latter part a
short presentation of SCA and Edet Mill is givemogether with a genewl description of the
process parts treated in the project.

1.1 BACKGROUND

Increasingly growing environmental awareness as well as competition in the paper industry has
promoted the use of recyckd fiber for paper manufacturingduring several decades

The use of recycled fibes has been growing rapidlyln Sweden the amount of recycled paper
increases each year and during 201,94% of all newsprints, catalogues, magazines and paper
advertisements have been collected for recycling2]. One of the important issues that has
contributed to this is the decrease in fibersupply together with rising prices on virgin pulps.
Moreover, producing paper from recycled fiber is more sustainable not only becausef the
reduced deforestation, butthe process itself isalsomore energy effcient (energy requirement is
70% less thanfor the virgin pulp) and consumes lessvater and chemicals[3].

Even though thisopportunity is attractive from both economic andenvironmental standpoint, it
has alsoseveraldrawbacks. The major challenge for industries ulizing the recycled fiber asraw
material is formation and accumulationof detrimental substancesin different locations of the
paper machinesystemresulting in quality and processrelated problems[4].

These problems are mainly caused by tacky materials referretb AO OO OE Anayf &iged6 OEAO
from various sources e.g. hot glues used in magazines, envelopes, poabtes, coating residues
from certain sorts of paper etc[5].

The wire section in the paper machine provides formatia and dewatering of the paper web and

the performance of this step is determinative for the final product properties Utilization of

recycled fibers may often lead to the deposit formation on PM clothingvhich as mentioned

results in quality- and processrelated problems. 4 EA &l O AO ET Al OAAO EIT 1 A
formation in the paper, which results in higher amount of @per reject and complaints from the
customers[5]. This, in turn, leads to economidosses. The latter include runability issues in the

paper machine leading tofor example breaks in the paper webPlugging of wires and felts is oa

of the largestproblems at SCAEdet mill and deaning of the wires is time-consuming and has a

substantial influence from the economic standpoint due to decreaseaatoduction.

The pulp production process from recycled fibers can be divided into three major steps; Re
pulping where the paper is disintegrated into separate fibers or clusters of fibers, removal of
contaminants e.g. ink, plastic materials, metal objectstc. and bleaching of fibers, if needed. The
second step which includes several separation stages such as screening, cleaning and flotation to
reduce the amount of impurities is crucial to obtain high performance of the process and desired
end-product quality. The efficiency of the removal of contaminants is one of thmost important
factors when preventing formation of stickies[6].



1.2 AIM

The aim of the following project wasto obtain information about sticky-deposits, their origin,
how to detect them and possible ways of preventinghem. Further the purpose wasto study,
desaibe and analyze the tissue manufacturing process at SCA Lilla Edet paper mill with focus on
formation of depositsi.e. stickiesin the clothing of the paper machine.

1.3 PROJECT DESCRIPN

In order to obtain an overview of the tissue manufacturing pscess used at SCA Lilla Edet Paper
mill a general process mapping was performed as the first stephe literature study was divided
into different parts including production of pulp from recycled paper, general study regaling
tissue production process andoverview of deposit problems. In the latter part composition and
origin of the stickies as well as their impact on the papermaking process was examined. The
literature study was performed by using Chalmers libraryelectronically data basis, relevant
books, information available on internet and data provided by SCA regarding pdicular
processes used at the mill. Information regarding stickies measurement methods wasalso
provided by Clariant, Banmark Oy AB, Ashland and BIM Kemi AB.

After performing literat ure study and getting familiar with the process at SCA, the next step was
analysis of the historical dataMethods currently used at SCA Edet for quantification of the sticky
deposits are rather questionable in terms of their usefulness in monitoring stigks in the
process. Therefore, with the intention of finding correlations to cleaning sessionshosendata
has been observed

After analyzing historical data the experimental part started with Process 8rvey 1. The aim of
this was to perform preliminary mapping of the tissue manufacturing process at SCA Lilla Edet,
obtain information of the variance in process parameters and correlation between different
parameters as well as their impact on cleaning occss due to stickies formation.Further, the
project was focused on finding suitable mehods fa stickies determination and getting an
overview of the stickies content in the process. To achieve thiadditional three larger process
surveys were performed

1.4LIMITATIONS

Due to time restrictions following parts are notincluded:

1 Analysis of raw materiali.e. recycled paper entering the mill

1 Extensive analyses on PM5 and PM7

1 Extensivesurveys of the deinking line

9 Detailed qualitative analysis of deposits;

9 Extensiveexamination of methods used

9 Laboratory work regarding passivation analysis (no design of ladratory or pilot
equipment)

9 Detailed description of the papermaking process

9 Extensive work regarding the Krofta on PM8



1 No analysis of stickies content in final paper have been performed

Due to the fact that external companies were involved and that many process locations were
chosen as well asthe use oftime consuming analysiswere used, very few duplicates were
performed which would be preferable.

1.5 DISPOSITION OFHE REPORT

In Chapter 1, the reader is introduced to the project and the process at SCA Edet Mili. Chapter
2, theory regarding stickies, analysis methods etc. are presented. The methods usedni the
project are described in @apter 3. Then the project is divided irto sub-parts where the different
process surveys mixing experiments and method examinationsre presented All partsinclude
an introduction to the area, method, results, discussion and conclusions. Thénal discussion
and final conclusions are presentedin Chapter 11 and 12 respectively. Finally, future
perspectives are discussed in iapter 13.

1.6 SCA and Edet Mill

SCA Lilla Edetmill is a tissue manufacturing site located North of Gothenburg. The mill
manufacturestissue and wetstrength grades on three different paper mahines; PM5, PM7 and
PM8.0n PM5 mainly low budget grey paper, i.e. toilet paper, household towel and wipers are
produced. On PM7 premium tdet paper and household towelsare manufactured. Finally, on
PM8 Away-From-Home toilet paper and wipers are producd. Depending on the grade and
quality of desired end product the furnish is made up of different amounts of recovered and
virgin fibers. Commonly 95% recovered fiber is used in the process.

SCA isa global company. Dring 2011 the annual sales reached SEKO6bn and the company had
about 44000 employees.The cmpany develops and produces products within personal care
products, tissue, brest products and packaging skitions [7].

1.6.1 PROCESS DESERION

SCA Edet mill is a paper mill i.e. does not have any pulp production the site. Thowh the pulps
used in the procesamust be treated before they enter the paper machine. For virgin pulps this
process is very simple. The pulsheets are fedinto the pulper together with dilution water
before they are £dinto the pulp chess. Before the recycled fiber reaches the machines it has to
be deinked and separated from other detrimental substances. This is done in the deinking plant.
The mill has two deinking lines; DIP Xor mixed office waste andDIP2 for newsprint. From DIP

1, pulp with brightness higher than 78is fed to bulk Tower 1 and the restwith lower quality to
Tower 2. Pulp from DIP2 is fed to Tower 3 and is unbleachedi.e. has a laer brightness,
approximately 50. See more detailed description for the individual deinkig linesin Appendix A
Figure 1 and 2. How the different parts work in the deinking lines is geneally described in
Chapter 2.2.2In the project, pulp from different sources will be hardled andthey are presented
in Table 1-1.



Tablel-1. Pulp sources used in the process, their origin and properties.

Process name | Pulp origin Pulp properties
Chest 4 Virgin short fiber pulp: Short flexible fibers for surface
Hardwood (Eucalyptus) and bulk softness

Kraft/Sulfate process

Chest 5 Virgin pulp Stiffer fibers, more open
Softwood structure for adsorption
HT CTMP

Chest 6 Virgin long fiber: Soft wood fibers for wet
Softwood (pine, spruce) strength
Kraft/Sulfate process

Chest 7 Pulp from the internal broke line Mixed Fibers

Chest 12 Pulp from the wetstrong broke line | Mixed Fibers

Tower 1 Pulp from DIP 1: Mixed Fibers
Recycled mixed office waste Medium qualities

(sulfate, softwood, hardwood)
Brightness +78

Tower 2 Pulp from DIP 1: Mixed Fibers

Recycled mixed office waste Medium qualities

(sulfate, softwood, hardwood)
Brightness +75

Tower 3 Pulp from DIP2 Bad quality but low cost
Recycled Newsprint Brightness 52

The pulps from the pulp towers (from pulp chests for virgin pulps and broke line pulps) are
refined and then fed into the machine chest. The refining is performed in order tioeat the pulp
to make it more flexible and to generate a fraction of fineall to improve inter-fiber bonding
(strength properties) [8].

On PMS8 the pulps are fed into the paper machine in different layers from 3 machine chests:
bottom layer called Yankee layer, middle layer and top layer called Hood layer (see flaheet in
Figure 1-1). After the machine cheststhe pulp is diluted in several steps passing mixing pumps
and machine screens before it finally reaches the headbox which distributes the pulp suspension
on the wires. Along the paper machine the pulp is dewated and the paperweb is formed
[6].Water that leaves the papeiweb entersthe wire pit and parts of it arecleaned in the white
water system and the rest is recycled in the short circulation. On PM8 the white water is treated
in the Krofta by using dissolved air flotation, DAF, which is briefly described in the theory
section 2.2.2The clear filtrate from the Krofta is used as dilution and sprawater on PM8.
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Figure 1-1 Flow-sheet for the PM8ystem. Samplingoints are marked with red dots.



2. LITERATURE REVIEW

In Chapter 2, background to stickies, unit operations used in the paper recycling process and
theory regarding methods used in the project is presented.

2.1 STICKIES

In this part the term stickies is described more in depth, classification, deposition mechanisms
etc. are discussed. Further, classification of stickies determination methods is presented

2.1.1INTRODUCTION

As mentioned the problems caused in the papermaking process when utilizqnrecycled fibers
arise due to socalled stickies.Sickies are defined as tacky constituents which originate from the
raw material (waste paper)used inthe paper recycling process[5].

Stickies can be located in pulp and process water as well as in ffiveal paper product[9]. It must

be noted thatthe term 6OOEAEEAO6 Al An® pattitular clemidaddomphsition, 1 is
rather a mix of organic substances coming into the process witthe raw material. Properties
they have in common are hydrophobicity, tackiness, low surface energy, softness and
deformability [10]. Stickies melt and flow at 995°C and 0,8 bar in a heated prefkl].

The tackiness can be defined O OOEA OAT AAT AU 1T &£ A 1 AOGAOGEAI
with the surface. In order forthe particle to develop tacky propertiesits glass transition
temperature (Ty) must be exceededThe majority of organic deposits exhibit Jvaluesin a range
from ~30° to 60 °Cwhich is a usual temperature range for papermaking operatiorjd2].

Major source of stickies are pressure sensitive adhesives (PSA) due to thgiermanent
thermoplastic state which ensuredasting tack. These substances are contained in pot notes,
labels used for markingprices on different products etc. Another group of substances that are
considered as stickies are ot melt adhesiveswhich are solid atroom temperature and soften at
temperatures between 65°C and 120C but it can also occurat room temperature which is
mainly predetermined by their chemical composition.Stickiesof this type tend to deposit mainly
on stationary parts of the equipment suchas pipes and chest walls. However, theinfluence
movable partsas well, predominantly wires, felts and rolls Materials classified as hot melts are
mainly plastics, such as polyethylene and polypropyleni®].

Virgin pulps may containstickies in form of wood pitch.Wood pitch is a mixture of resin acids,
fatty acids, natural oily materials and they are of hydrophobic nature. Moreover, they tend to be
sticky and therefore are prone to contribute to the deposit formation in the paper machingl3].

Chemical analysis of stickydeposits at SCA Edet Mill have indicated component such as, talc,
calcium carbonate, latex, silicondyi glycerides, poly-phenols and amideq14].



2.1.2CLASSIFICATION

There are two major ways of classifying stickief9]:

1 According to their origin:
0 Primary stickies;
0 Secondarystickies.
9 According to their physical or chemical properties:
o Micro stickies;
0 Macrostickies.

Primary stickies are tacky substances that enter tb process with the raw material. These
substances areadhesives coming from hot melt glues, binders present in bodkacks, envelopes,
sticky notes, magazie coatings etc. Theymainly consist of organic materials, e.g. styrene
butadiene, styrene acrylic &tex binders, rubber, vinyl acryates, polyisoprene, polybutadiene etc.
[15].

Seconday stickies areformed as aresult of physical and chemical interactions occurring during
the manufacturing process[5]. A mtential reason for formation of the secondary stickies is
shock-type alteration in critical process parameters, such as temperature, pH and chargdich
promote colloidal destabilization and agglomeration of dissolved and colloidal substancg).

Classification into micro- and macro- stickies is performed by the size of the tacky substaes.
This is determined bylaboratory screening where macrestickies are the particles retained on
100 ym or 150 um laboratory screers and micro-stickies refer to the tacky paticles that pass
through these screens but are larger than-5 um [5]. According to Doshi, micrestickies can be
further classified into suspended stickies (26100 um), dispersed stickies (3220 um), colloidal
stickies (5-0,01 pm) and dissolved stickies (<0,01 pm)16].

The classification according to the size imecessary due to different removal approaches for
micro- and macro-stickies, specific methods used for their quantification and different strategies
for minimizing their impact on papermaking [11]. Moreover, size and concentration of stickies
have a great iiluence on the paper quality and the runnability of the paper machingl7].

2.1.3DEPOSITION MECHANISM

In order to tackle the formation of stickies in the process it is important to understand their
formation and accumulation mechanisms.The first step is to understand what kind of stickies
that are involved (micro-, macro., primary, secondary). There are two main mechanisms due to
which deposition may occur: impact deposition due tahe tacky nature of stickies and flow
deposition due to destabilization of colloicl material [18].

Figure 2-1 schematically describes possible interactions between recovered paper, virgin pulp
and chemical additives.Pitch present in virgin pulp may createa synergic effect with miao-
stickies present in deinked pulp anl destabilize each othe[18]. Chemicals used in the process
may destabilize the detrimental substances present irthe process and causedrmation of
secondary stickies. As it was mentioned before, stickies are rather complex substances and
might incorporate both organic and inorganic matter.
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Figure 2-1 Interactions contributing to destion of stickies[9].

2.1.4DESTABILIZATION OFIBSOLVED AND COLLAAD MATERIAL

Due to environmental awareness and economic issuéise use of water ina paper manufacturing
process has been drastically decreased compared conventional processes. Thishas been
achieved by process closure and maximal reuse of process wateith several treatment steps.
Even though this trend has been evaluated as a great success, process closwadsl¢o several
problems which arerather hard to tackle. One of the most common problems accumulation of
the dissolved and colloidal substance¢DisCo)in the white water loops[19].

DisCoare introduced into the process withthe raw material (recycled or virgin fibers), process
chemicals and fresh wate[18]. Particular attention here is devoted to DisCaince it is the only
fraction of the contaminants that cannot be removed by conventional processes and therefore
are problematic[18].

DisCoare anioric substancesA1 O1 OAOI AA AO OAT ETITEA OOAOED®
are potential deposit formers which may form stickies when destabilized by physiochemical
shock such as electrostatic shock, temperature shock and @aative destabilization [20]. The
mechanisms of stickies deposition due to colloidal destabilization are schematically described in
Figure 2-2.

Virgin pulp Recovered paper Chemical additives

-
olloidal pitch olloidal stickies (olloidal suspensions
O)IIoidaJL v 4/ Qolloidal
destabilization Tacky stickies destabilization
L Interactive surfaces

Sickies deposition

Figure 2-2 Interactions contributing to formation ofsemndary stickieq9].

Electrostatic destabilization occurs from cationc polyelectrolytes suchas retention, dewatering
or wet-strength additives. These process chemicals tend to react with anionic colloids and
dissolved materialspresent in the process water and as a result the precipitates are formed.
Another cause for tte electrostatic destabilization may be a conductivity or hardness shogk1].
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Hardness shock occurs due to pH variations in the processes where calcium carbonate (GACO
is used as filler.Solubility of CaCQincreases with decreasing pH. At a pH below 8 the dissolution
of CaCQ@starts to be substantialand as a consequence, concentration of free calcium ions is
increased[22]. Calcuim ions react with anionic trash and reduce the cationic demand, which
leads to the lower efficiency of cdbnic papermaking additives for example wetstrength agent.
This, in turn, results in accumulation of detrimental substances in the papermaking system.
Dissolved calcium ions can also destabilize and agglomerate colloidal particldeading to
deposits onthe paper machineclothing and spots inthe finished paper furnish [23]. Another
aspect of CaCQis its decreasing solubility at increasing temperatures. As a result, deposition
and scaling may occur on heagxchanging surfaces in the process. The problems related to
dissolved calcium ions are more severe, thoudi24].

Evaporative destabilization may occur in the dring section where the water evaporates andhe
concentration of the detrimental substances increases leading to formation of precipitates.
During the first part of the drying, when the free water still is present between the fibers, water
flow towards the paper suface takes the concentrated DisCwith it. The temperature in the
drying section is above the softening temperature for a large part of the synthetigolymers
causingtheir aggregation and formation of sticky deposits. These deposits remain in paper or
stick to dryers or felts[20].

2.1.5STICKIES DETERMINA®ON METHODS

A large number of stickies measung methods can be found inthe literature. There are
numerous ways toclassify theexisting methods[9] for example:

1. By the size of stickies which are determined:
1 Macro
1 Micro

2. By the mechanisms used
1 Screening

Adsorption

Deposition

Precipitation

Extraction

= =4 =4 =4

2.2 UNIT OPERATIONBN PAPER RECYCLIN®RBPCESS

There are two major ways for handling the stickies ina paper manufacturing process, i.e.
removal and prevention of remaining stickies from deposition. The first priority is to remove as
much stickies as possiblg5]. This is performed in unit operation steps described in following
chapter.

2.2.1INTRODUCTION

As mentioned the process for handling of recycled fibers is more complex tan the one for

processing ofvirgin fibers. This is firstly, due to fact that waste paper consists of mixture of
different fiber types or paper grades. The other reason ithe presence of contaminants and
detrimental substanceswhich can contribute to stickies formation[25].
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In order to meet quality requirements, contaminants must be removed. If contaminants cannot

be removed their effects must be eliminated. This is achieved by choosing appropga

processing steps thatare suitable for the particular process and guality requirements [25]. The

OAOI OAT AATTETAOOGS6 EO TTOIAlT U OOGAA xEOE OAGCAOA
and processing aspects.g. sand content and stickie25].

Production of recycled paper most often consists of the folowing operation steps [6]:

PulpingA Cleaningd SaeeningA WashingA FlotationA Dispersion A Bleaching

The sequence of separation steps is constructed in a way that contaminants and detrimental
substances are eliminated step by step using different separation criteria, such as patrticle size,
shape and defomability, density and surface properties This sequence of unit operations
mainly depends on properties of the raw material and desired properties of the end produg$].

2.2.2 SUBSTAGES IN RECYCLIRGOCESS

PULPING

A paper recycling process starts with collection and handling of the recycled paper. Next step is
sorting and feedng. In order to utilize the recycled paper as much as possibike recycled paper

is sorted into several categories[6]. In this stagealso unwanted contaminants that may
demolish the equipmentand accumulate in the system areemoved. This is done manually or by
fully- or half-automatic sorting (introduced in Sweden and Germany).

After the sorting system the recycled paper is further fed into a conventional high or low

consistency pulperor alternatively into a pulping drum. This step serves for liberation of the
fibers by dissolving the raw material as well as removal of ink andoating from the paper
surface. Residene time is in average 20 minute$6]. The performance ofthe pulping operation

is an important unit operation since it affects efficiency of the suiprocesses, pulp properties at
different stages as well ashe final pulp [26].

SCREENING

Further separation of the contaminants (polymers used in catalogue backs, coatings, glues and
other adhesives, metal clips) is obtainedn a screening operation where the separation is
achieved based on the size, shape and deformability of the detrimental particlgz5]. In order to
achieve desired degree of purity several screeningeps can be introduced: cotse screening,
pre-screening and fine screening6].

The <reening efficiency is mainly influenced byoperating parameterssuchas stock consistency,
rotor speed, pulp throughput, reject ratio as well as pulp characteristicsuch as freeness, fiber
length distribution, ash content and size distribution of contaminants[25]. Removal of macre
stickies by screening is claimed to range from 40% to 90% (depending on the stickies
guantification method) [9].

A goup of researchers fromSpain found that amount of micrestickies coming out from the
screening at medium consistency is higher than the one coming into the screen. According to
them, this could be due to shock of calcium which results in sty calcium soap micrestickies
[20].
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Fine screens increase the amount of micraand secondary stickies, which can be explained in
two ways. Firstly, shear forcescan break down parts of the larger sticky particles that are
removed and thus increasing the amount of smaller stickies. The other reason could be dilution
of the pulp with white water from the paper machine which might cotain high amounts of
micro-stickies[10].

The <reening step, especially fine screening is the most effective way of removing macro
stickies. However, some part ofhe macro-stickies can still squeeze through the screens due to
their elasticity. A s2quence of course and fine screens is normally introduced in order to avoid
the plugging of the screens, to reduce the loss of fibers and to capture as large fraction of stickies
and other cantaminants as possiblg27].

One should note that thedata describing the removal of stickies to a large extenfdepend on the
method used for quantification ofthe sticky particles. Since completely reliable methods have
not been developed so far, this datanly gives a rough picture in order to be able to evaluate
efficiency of dfferent separation steps in the deinking ling25].

CLEANING

Cleaning is referredto as a process unit operation where contaminants are removed by means of
centrifugal forces[25]. The deaning step is performed by hydocyclones also called centrifugal
cleaners where contaminants and detrimental substances are separated from the pulp fibers by
differences in densities andhydrodynamic characteristics. Heavy weight cleaners remove
particles that have high density such asand, metal, glass and part of shives (also refed to as
coarse cleaning inFigure 2-3). Light-weight cleaners on the other hand remove contaminants
with lower density than the water such adow density plastic materials[6].

The benefit of the cleaning step compared to the screening is the ability to remove very small
and soft particles which might not be removed by screens due to their size and deformability.
These particles have considerably lower density than the water and wetted fibers andlill
therefore be removed in this step[25]. However, cleaning doesnot remove dssolved and
colloidal material [10].

Since sticky particles covera wide range of substances, they can have higher, same or lower
density than water. Removal of stickiesn this stage is claimed to be from 20 to 40% depending
on the type of cleaner (forward, reverse, through-flow or rotating) . However, removal of
adherent patrticles in this step is rather low due to the fact that cleaning is inefficient for removal
of particles with density around 1 g/cms3. Therefore, in order to achieve desired level of stickies
removal, several cleaning steps must be introducedhis is also done in orderto minimize the
loss of fibers [25].

DISPERSING AND KNEAMIG

Dispersing is achieved in dispergers which mke residual specks and stickies smaller or
floatable, detaches ink still adhering to the bers, mixes in bleaching agents&nd conditions
fibers technically [25]. It has been observed that an increase of 60% in micro-stickies is
obtained after this process stagd28].

FLOTATION

In the flotation step a large range of particles are separated based on surface chemisi6j.
Flotation provides a high fiber yield but poor physical strength of the stock due to a high
recovery of filler and fines[29].
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During flotation, air is introduced to low consistency pulp (0,81,5%) and hydrophobic particles
will rise to the surface when attaching to the air bubbles. The ink containing froth formed in the
process is removedmechanically at the top of the flotation cell, by overflow or by applying
vacuum extraction [30]. As mentioned flotation is based on surface chemistry and require
hydrophobic and larger particlescompared towashing which is favored by hydrophilic particles.

Several surface chemical subrocesses take place in a flotation deinking miand the main steps
are detachment of ink from fibess, ink agglomeration, flotation and froth formation.
Redeposition of ink onto the fiber is unwanted but will occur and is particularly a problem for
water-based inks. Agglomeration of ink particles isequired to achieve flotation, since small
particles will not attach to the bubbles due to hydrodynamic forces. The momentum of the small
particles is too low and they will follow the stream line around the bubble while larger particles
will collide with it and under favorable conditions interact and attach to it To achieve
agglomeration and further improve the chemical interactions between ink particles and air
bubbles, collectors, often fatty acid calcium soapsare used[6].

Theoretically, flotation should contribute to effective removal of microstickies due to their
hydrophobicity which facilitates attachment of the sticky particles to the air bubbles in a similar
way as ink particles. Moreover, detrimental particles enteringhe flotation step are in the size
range which is favorable for this operation (18100 t m) due to pre-screening where most of the
large stickies are removed[6]. Researchers from Paper Technology Centre (CTP) in Grenoble
found that 81% of micro-stickies are removed in preflotation stage. They also observed that
post-flotation stage is able to remove stickies in both macrand micro- range[28, 31].

Most of the micro-stickies, introduced in the processin the dilution step after the dispersion, are

removed in postflotation step [28]. However, particular conditions during flotation may result

in decrease of the hydrophobicity of the sticky particles leading to lower separatiogfficiency.

This can be due tothat surface tension of adherent particlesd time-dependent resulting in

decrease in surface tension of the stickies after addition of deinking chemicalhe other reason
can beadsorption of surfactants on the surface of stickie§25]. Poor removal of the stickies in
favorable size range can also occur due to diskhaped structure of adherent particles which are
not removed by air bubbleg[25].

WASHING

During washing, which in principle is a filtration process, particles smaller than 30 pm are
removed from the pulp suspension. At the same timalissolved and colloidal contaminants end
up in afiltrate and are removed. Materials that are removed irthe washing stage include fillers
and coating particles, fines, micrestickies and ink particles[25]. No information can be found
about efficiency of the washing stage in terms of stickies removal due to lack of reliable methods
for measuring stickies in this size range. Therefore, most often ash content is normally used as
an indicator for the efficiency of this stagd9].

DISSOLVED AIR FLOTAON (DAF)

A deinking line can contain up to four DAF units (1st loop, 2nd loop, paper machine loop,
effluent, sludge) which is determined by thequality demands of the pulp [5]. DAF is used for
removal of ink, stickies, pitch and other suspended solids such as fiber fines and clagm the
process water andeffluents. In DAF anionic trash and fines agglomeratey using polymeric
flocculants in order to be able to remwe them by flotation[32].

Contrary to flotation operation, DAF is not selective. This is a resuf a pressure drop which is
created when the dissolved air is discharged into the water creating very small bubbles. Micro
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bubbles tend to collect all dissolved matter and bring it up to the frit. DAF is however found to
be effective in removal of micrestickies and wood pitch[5].

2.2.3SCA EDET MILL

The raw materials used for praluction of tissue at SCA Edet mill aras mentioned bleached
office waste, newsprint and virgin fiber. Since these fibers are of different quality there are two
deinking lines z DIP1 and DIP2 (see Figure 23a and 23b). More detailed flow-sheets ofDIP1
and DIP2are given in Appendix A.

= Pulping system
= Coarse Cleaning
= Pre screener
H .
o Fr Flotation 1
8 -
ar Cyklones
= Fine screening — Pulping system
— Wasing 1 — Coarse Cleaning
— Screw Press 1 m Cyklone
—  Dispersion — [~ Fine screening
Q.
—  Flotation 2 O ==  Cyklones
o~ 2
Washing_ 2/ n Washing
o Dewatering
8 -
- — Screw Press
] Screw Press 2
- Bleaching =  Dispersion
Approachflow, | Approach flow,
~ paper machine paper machine
Figure 2-3a Outline deinkingline 1 (DIP1). Figure 23b Outline deinkingline 2 (RP2) for
The raw material is mixeabffice waste. Loop tissue paper grades at SCA Lilla Edet. The
1, water circuit from pulping system until the raw material is newsprint. Loop 1, water
first pressig to high consistency. Loop 2, circuit for RP2 from pulping system until
water circuit from disperser to press 2 and approach flowto paper machine.

approach to paper machine.
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2.3 CONTROIOF STICKIES

As mentioned, stickies can be tackled by removal and prevention from deposition. The
detrimental substances that are not removed in different unit operation steps must be treated to
avoid deposition. It can be dgieved by different actions. First of all, equipment materials must
be selected with great care since it may significantly influence the deposition. Another option is
to use chemicals for protection ofthe equipment. Then, the deposit tendency of stickiesan be
reduced by using wetend additives. Finally, it is important to maintaina stable process to avoid
pH, temperature, conductivity or charge shock§g5].

2.3.1 CHEMICAL TECHNORBY FOR CONTROL OH&HIES

There are five main technologies developed for the chemicabwtrol of stickies: dispersion and
fixation with cationic polymers, detackification,passivation and use of cleaning solven{s, 33].

DISPERSIOMND FIXATION

Dispersion of stickies is performed in order to improve the retention by brealkg down stickies
into small, discrete particles As a result of increased retention accumulation of stickies itne
white water is prevented since theyend up in the final paper product and are thus removed
from the process Dispersion chemistry also actin a way to prevent reagglomeration of stickies
by stabilizing them. Chemicals are normally added ithe pulper to improve the sheet quality,
avoid deposition of stickies in dryend of paper machine and solve converting problems33].

When thinking globally, the advantage of this method is lessened since stickies may-eater the
process with the recycled papef5].

Fixation, using low molecular weight andhigh charge density cationic polymersis used to
improve the attachment of the dispersed stickies to theanionic fibers. Patented ationic
polymers used for stickies control are POlDADMAC together with acrylic acid or acrylamide. It
is also stated that fixatives may have a positive influence on increasing the interactions between
mechanical pulp and DIR5].

DETACKIFICATION

$AOAAEEEAEAAQEIT EO OOEA Al Ei ET AcOdfdkies sirfaeesOEA AT 1T O
also performed to avoid agglomeration of sticlés and formation of large particles. This strategy

is based on adsorption of inorganic detackifying agent on the surface of sticky particle and thus

reducing its tackiness[33]. The most common chemicals used for this purpose are talc,

bentonite, ground calcium carbonate (GCC), precipitated calcium carbonate (PCC) ahdninum

chemicals[5].

The mechanisms of the detackification depend on the chemical usdebr example, one of the
most popular detackifiers, talc, is hydrated magnesium silicate with a layered structure. Due to
its hydrophobic nature (on the surface of the platelets) talc interacts with stickiesadsorbingon
their surface thus shielding the tacky surface of stickigl®, 33].
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WIRE TREATMENT (STIKIESPASSIVATION

Sticky deposition can be preventedy creating asoluble film that keeps the surface othe paper
machine fabrics or rolls free from stickies. Neutralization of the surfaseis obtained by
stabilization of contact surfaces. The chemicals used for this activity are usualtationic, low
molecular weight and high charge density polymers, e.g. water soluble polymers containing
acrylamide and vinyl acetatg5, 33].

Wire treatment is performed to prevent stickies-deposition but it does not remove the stickies
already present in the proces$33].

USE OF CLEANING SCENTS

Solvents are used for cleaning the wires and feltsom sticky deposits. In this activity stickies are
made solublein order to remove them from the fabrics. Cleaning should be performed as
efficient as possible and solvents should not be returned to the white water since it may cause
aggregation when solubilized stickies come in contact with stodd3].

2.4 WASTE PAPER CATEG@SH

The quality of the raw material entering a processwill determine the properties of the end
product to agreat extent The raw mateial s normally used in manufacturing of recycled paper is
mixed office waste (MOW), old newsprint (ONP, old magazine (OMG) and old corrugated
containers (OCC]6]. Onlythe two former categories will be described more in detail since they
are used at SCA.

ONP mainly consists of mechanical groundwood or thermomechanical pulp. Hwever,
admixture of chemical fibersin these furnishes may reach up to 30 weight percent. Besides the
fibers, ONP contains the papermaking additives used for production of the newsprint, such as
starch, inorganic fillers and dyeq34]. The amount of these substances in ONP is rather low, i.e.
ash content is around3-15% and therefore it exhibits highfiber yield [6]. Finally, ONP contains
1-2 weight percent of printing ink [34].

MOW is bleached cheneal pulp from printing and writing papers. MOW has rather high filler
content (15-35%) and it is relatively hard to deink.It is seen as a high quality raw mateal
compared to old news print[6].

2.5 ULTRAVIOLET VISIBLE SPECTROSCQORWAVIS

The UWVIS method, Ultravioletvisible spectroscopy is an absorption spectroscopy in the
ultraviolet -visible region (190nm-800nm) [35]. The U\VIS method is most commonly used to
determine the concentration of light absorbing species im solution by using BeerLambert law
[36].

The principle of the method is that radiation passes through the samplend the intensity of the
outcominglight (residual radiation) from the sample is detectedThe residual radiation will pass
a prism and yield an adsorption spectrum[35].
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During measurements electromagnetic radiation is absorbed and atoms or molecules will

undergo energy transitions. When a molecule absorbs energy electrons will be excited from
their (lower) ground state to a higher energy level. The electrons pass from an occupied
molecular orbital to a high potential energy unoccupied orbital. The energy difference between
the levels is equal to the energy absorlzkin the sample, see equation (1).

YO O 0 (1)

Depending on the sample composition the electrons will undergo different transmissions
yielding different absorption spectra. The extent of light absorption is dependent on number of
present molecules that are capable to absorb at the certain wavelength and the efficiencytoé
absorption. The absorbance can be calcuied by using BeerLambert Law see Equation (2[35]:

6 11€ - oa (2)

Where A is the absorbanceyls intensity of the incoming light to the sample, Is the intensity of
light leaving the sample, c is the concentration of solute arrds the molar absorptivity.

From a stickies point of view organic compounds are interesting and these absorb light in the
UV or visible region of the electromagnetic spewum. Many systems only absorb light in the UV

region and are therefore colorless to the human eyeBy using the UWIS method a

quantification of the light absorption in the ultraviolet to visible region can be done forming a
base for theentire field of photochemistry [36].

The measurements provié an absorbance value which is proportional to the number of
absorbing molecules (at a certain wavelength) in samplér'he light intensity out from the sample
is reduced by both absorpton (when light passing dissolved and colloidal particles) and

reflection on surface of larger particles.

When using UVWVISfor monitoring stickies the absorbanceis measured at 200 and 400nmThis

is in order to distinguish unsaturated groups which are present in pitch, stickies and eting
binders around 200 nm. At this wae length loss of light intensity occurs due to reflection and
absorption. At 400 nm no resonance with chemical groups takes place and therefore loss of light
is only due to reflection. The value obtained from the UWIS spectrophotometer isthe
difference between theabsorbancevalues at 200 nm and 400 nm This is perfamed in order to
avoid inclusion of undesired substances in the resu[B6].

The UV-VIS method supplied by Ashland is quite easy to handle and provides a quick resullt
though has to be taken in to consideration that the method requires experiencené does not
work in all systems[36].
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2.6 CATIONIC DEMAND, CQDIDAL CHARGE MEASEBRIENTS

Process waters in papermaking industry tend to exhibit high amount of dissolved and colloidal

material due to high process closurd13]. These materials are mainly anionically charged and

may react with cationic additives ina papermaking process. Since this mainlis an undesired
effeccOEAOA OOAOOAT AAAO AOA 1 BOAT OAOI AA AO OATEITE,

In order to determine the amount of anionic material titration with cationic polymer as a titrant

EO OOAA8 4EA 1 AOCAET AA OAOGOI O EO Olgsioimush AO O#.
cationic polymer is needed toneutralize the anionic material. The ationic Demand value is

considered asempirical since it is dependent on the titrant used. It is normally expressed in

peg/Landis calculated from(3) [37].

O —— PpTUNT (3

Where Xis the cationicdemand, in micro equivalents petliter; cis the chargeconcentration of

the poly-DADMACSsolution, in milliequivalents per liter; Viyane IS the caasumed wlume of the

poly-DADMACSsolution, in milliliters; VsampeiS the volume of the test portion, in milliliters. The

result is expressedin micro equivalents per liter. Most often the charge concentration of the
poly-DADMAC solution is 1 meqg/l and therdore the cationic demand can be calculated as:

O ® pTT 4

2.6.1DIFFUSE DOUBLE LAYHRIEORY

Colloidal and dissolved substances form an ion cloud corresponding to the double layer model
[38]. The diffuse double layer theory assumes that particle, when dissolved in water, acquires a
charge on its surface. This charged surface attracts oppositetharged ions and forms a Stern
Plane which is bound to the surface of the particle. Similarly, counter iorse attracted to Sterns
Plane and forma so-called diffuse layer which spreads oufin bulk solution. A diffuse layer is
not bound to the surface of the particlgsee Figure 24) [39]a
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Figure 24 Two ways of displaying the double layer: on the
left-hand side the change in charge density around the
colloid is shown. On the rightand side distribution of
positive and negative ions around theharge colloid is
displayed40].

2.6.2.STREAMING CURRENTGBEMETHOD

Typical SC device is presented in Figura-5. The sample is inserted into the cylindrical vessel
which is made of nonconducting plastic material, nost often from PTFE. The cylinder is narrow
in the bottom and wider on the top.The PTFE piston which fits closely into the narrow section
of the cylinder, is moving up and downin a sinusoidal manner within a deadended cylinder. As
a result, liquid is squeezed out from the bottom part and then drawn back in providing high
flow rate between the piston and the wall of the vessel.

Sample Liquid
-—— Pizton
Electrodes
v 2] Y‘\‘ Cylinder
[=] i Caionic i /
- o Anicnic A E E
|
|
. Il
Piston  agcorbed Particle | Charge Separation
Ligquid Flow
]
Cylinder t/

Figure 2-5 Streaming current devicé41].

A dreaming current is created as the flowseparatesthe material attached to the wall or the
piston from its counter-ions. This current is received by two electrodes which are located in the
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sight of the cylindrical vessel. Therthe current is converted to the corresponding potential and
displayedon the instrument[41].

This device is used for determination of the endpoint of a titration. A solution of cationic or

anionic polymersis gradually added to the sample andhenthe3 # ET OOO0OI AT &6 AEODPI A
is assumed thatsufficient amount of polymer solution has beenadded to the mixture to

neutralize any excess of electrical charg@42].

2.6.3APPLICATION IN PAPERDUSTRY

Cationic demand indicates the existence of detrimental substaes in process watef{18]. Even
though stickies are mainly anionid43], cationic demand measurements must be complemented
with other methods, for example deposition tests in order to monitor their content in the
system Thisis due to a fact thatnot all stickies are anioniccharged and not all anioniaccharged
particles are sticky[20].

The monitoring of cationic demand in the system is impad@ant for achieving the optimal
performance of polyelectrolytes such as retention aidsdrainage aids, sizing agents, strength
additives etc [44].
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3. METHODS

In Chapter 3 the methods used in the pragct and the aim of using them is presented.

3.2 DETERMINATION OEONCENTRATION IN PPLSUSPENSION

The aim is to determine the concentration in pulp suspension which is furéer needed for
analysis of macro-stickies and ash content measurementsThe determination is performed
according to TAPPI standard T240.

3.3 DETERMINATION ORSH CONTENTN PULP SUSPENSIONS

The aim is to determine ash content inpulp or paper. The ashin pulp consists of several
different components. Thesecan be mineral substanes from the wood raw material, metallic
residues from pipes and machinery parts of the process or residues from chemicals used in the
pulping process. Often the ash content is related to the filler content in pulpe.g. calcium
carbonate,clay). Ash content neasurementson pulps coming out from the deinking linecan to
some extentindicate the efficiency of theline. Determination is performed according to TAPPI
standard T413.

3.4 ANALYSIS OF MACRGSTICKIES IN PULPHAND-SHEET METHOD)

The aimis to determine the amount of macraeStickies in pulp. This isdone inorder to get an idea
about the stickiescontent in the pulp fed to the paper machines Analysis is performed
according to SCA standard ST0082 which is described below.

Equipment needed Vacuum suction pmp, filter flask, Buchner funnel, filter paper Munk tell 5
(11 cm), test paper Munk tell (22cm), heating plates and scaleSpmmerville screen,500 ml
beaker, Buchnerfunnel (size larger), filter paper (15cm) bucket and a microscope

Initially determine the pulp concentration accoding to TAPPI standard T240 The scond step

is to weigh up 10.0 grams of fully driedpulp (1000/c oncentration wet pulp in percent) in a 500

ml beaker. Next step is to prepare the Sommerville Screen equipment; put the sieve tme
packing in the Sommerville screen and secure the side cover. Fasten the water hose to the spray
nozzle and start the water flow.

Fill water until the nozzle is covered, pour in the sample and turn on the apparatus when the
water level has reached the werflow. Sieve the pulp for 10 minutes. Turn off the apparatus and
close the water inlet, pour out the water and rinse the wall surfaces so that all stickies are
located on the sieve. Rinse the sieve and collect the rising water in a buckite next stepis to
filter the rinsing water by using a filter paper with 15 cm diameter. Stamp the filter paper with
sticky side facing a test paper. Dry the papsheet in the oven for 5 min atL05°C.
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Finally count the amount of stickies and grde them by using a mimscope. The Microscope
should be set to 0.8 giving an enlargement of-¥0 times. Grade the stickies according to their
size as follows:0.1-0.3 mm = 1 point, 0.40,8mm = 4 points and >0.8= 9 points

3.4.1CALCULATION

Amount of macro-stickies is expressedn number of stickies per 100g of pulp (No/100g) and in
points per 100g. The differentiation is made in order to obtain information about both number
and size of stickies.
SOEAEHAONCT O AIAMOE A BHEAO (5)
I

IO0EAEIERIOQ@CT O AIABITE ® n (6)

3.5 Determination of Cationic Demand (Charge measurements)

The aim is to determine the cationic demand in pulp and process water. This performed in
order to get an indication regarding the existence of detrimetal substances in the procss.The
determination is performed according to SCANV 12:04.

3.6 UV-VIS MEASUREMENTS

The aim of the measurements is to determin¢ghe UMVIS absorbance in the samplat 200 and
400nm wavelengths This is done in order to distinguish unsaturated groups which are present
in pitch, stickies and coating bindersSee theory chager 2.3.

Reagents and chemicalused are deionized water or ditilled water and ethanol.

Equipment needed:Filtration equipment consisting of Buchner funnel,Munktell glass micro
fiber disc (47mm), UMVVIS spectrophotometer, cuvette, 50 ml HDPE bottle and pipette

First of all sample preparation is performed by filtration of the pulp or process water through
OEA -O1TEOAIT <Cci AOO EEAAO ££EI OAO | IPE hotge. Then Q8
instrument preparation is performed including cleaning the cuvette (both inside and outside)
with ethanol (95%) by using cotton stick. Further cleaning is performed by rinsing the cuvette
with distilled water.

5 ml of filtrate is pipetted into a graduated glass cylinderand diluted 3 times (the dilution is
adjusted if needed). Then, avette is placed in the UWVIS spectrophotometer
(Spectroquant® Pharo 3000 M).When asorbance valueappearson the display of the apparatus
measurement is conpleted. After measuring the cuvetteis rinsed with distilled water before
using it again.

22

&EI



3.7 ADSORPTION ANDYEINGOF STICKIES

Theaim is to get an indication about the stickies content in the pulp and water system along the
process by adsorption followed by subsequent dyeingThe method primarily detects micro-
stickies.

Red dye is used for dyeing and equipment needed isedting plate, stirring equipment consisting
of Lab ball and impeller;600 mL glass beakerand glass beaker for dyeing125 mLHDPE bditle.

First of all, install the equipment including heating plates and stirring system. Atich a lid of a
125mL bottle to the stirrer. The lid is marked with a black selection to facilitate the stirring
adjustment. Assemble the stirrer into the Lab ball md mount the Lab ball to the stand. Then
carefully cut off the bottom part of the 125 mLHDPEDbottle and mount the bottle to thelid on
the stirring equipment. Do not touch the surface of the HDPE bottle to avoid contaminations.

Next step 5 sample prepargion. Add 400 mLof sample, process water or pulp into thés00 mL
glass beaker. In case of high consistency pulps tbe sample pass through a Blicher funnel and
then adjust the consistency. After sample preparatigrmplace the glass beaker onto the heatm
plate and lower the stirring equipment until half of the plastic bottle is immersed ito the
sample and start the stirring. Adjust the stirring speed to obtain appropriate mixing and an even
level in the glass beaker. Heat the sample and then let itrstor 5 minutes at this temperature
level. After 5 minutes lift up the stirring equipment and remove the HDPE bottle. Carefully rinse
both the inside and outside of the HDPE bottle in cold water for approximately 1 minute to
remove non sticky contaminantsand fibers from surface of the bottle. After rinsing, the bottle is
dried in oven for 56 minutes at50&C to enable dyeing.During drying prepare the dye Use a
glass beaker suitable for the 125 mIHDPE bottle and fill it up to appropriate level to covethe
bottle surface. When the bottle is dried immerse it into the dye during 15 seconds.atefully
rinse off excess dye withcold water. Finally, the bottle is dried a second time for 56 minutes at
50&C. Toenable visual evaluation, place the bottle on a lvite surface and ensure appropriate
lighting.

3.8.METHODS PERFORMED BEXTERNAL COMPANIES

Dichloromethane (DCM extractions are performed by Clariant and the method is claimed to
determine the total stickies content. The DCM extractiomethod is based o TAPPI standard T
204. Colbidal collection tests are performed by BIM Kemi AB in order to determinamount of
colloidal particles i.e. microstickies in the systemDescription of this method is given below.

3.8.1 COLLOIDAL COELCTION TEST (CCT)

The aimis to estimate microstickies in filtrates from pulp and process waters by measuring
number of colloidal particles.

Equipment needed:filter (DFS): 40/0,22, two 1000 mL glass beakes which are used with the
filter, three 150 mL glass beakers for heatinghe pulp suspension, heating plate wittstirrer,
counting chamber (hema&ytometer) and cover glass, pipette tansert the filtrate into counting
chamber.
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The performance can be divided into two parts; sample preparation and image analysis. First of
all determine the pulp concentration. Thendilute the pulp to 0,5 % and 2 Land place itin the
disintegrator. When the pulp is disintegratedheat 100 ml to 40°C. While heating prepare the
hemocytometer; clean the chamber andcover glassand wipe it off with lens paper. Wet the
cover glass with water and place it on the hemocytometer and slide the cover glasgeo the
counting chamber. After heating to 40°C filter the samplehrough the DFSfilter. Then 10
seconds after the filtrate has passed the filter, tilt the bder 45° and pipette 20puL from the
middle of the beaker. Add the filtrate at the edge of the cover glaasd let it be sucked itio the
counting chamber. Pipette another 20uL to the second counting chamber. Then place the
counting chamberin a microscope and analyze itby using Image Pro Plus. The particles are
divided into four different classes and number of particles are counted and presented in a data
collector. Class 13 includes colloidal particles and in class 4 fibers and larger (180 pm)
particles can be found.
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4 ANALYSIS OF HISTORAC DATA

4.1 INTRODUCTION

Due to lack of time very few followups of historical data regarding the stickiesrelated
measurements performed at the laboratoryare made by process engineersTherefore and n
order to get an introduction to SCAthe process and methods usedbr stickies measurements;
analysis of historical datawas performed. It was aimed for finding critical parameters affecting
depositions. By doing this it wa expected to obtain relevant informationbasis for drawing
conclusions regarding the origin of the deposits andorrelation to cleaning occasions.

4.2 METHOD

Analysis of the historical data has been performed based on the data available fraghe SCA
database QISPlain Rapport (detailed stops washing of wires and felts due to sticky deposits)
and history of online measurements available frm the process control software ABB.

There is a wide range of tissue products manufactured at SCA Edet Miksponsible engineers
on the paper machinessuspected that the cleaning sessions occurred moreoften while

producing toilet paper compared to wetstrength grades. With the intention of finding
correlations to cleaning sessions followig data were observed in relevant periods of time:

1 Stickiesrelated measurements performed at the SCA Edet laboratory; macsiickies
counting (hand-sheet method) and UWISmeasurements(colloidal stickies).

1 Detailed stop reports which provide information about cleaning occasions caused by
sticky deposits on wires and fés.

1 Addition of wet-strength chemical.

It has been reported in literature that primary stickies originate from the raw material[9],
therefore analysis of washing occasions in correlation with the particular pulp dosage was
performed for the period from January to December 201for PM7 and PM8 During this period
the mill was experiencingproblems with sticky deposits and also performed test runs with
passivation chemicals suppkd by two competitor companies.To see if the pulp dosage (recipe)
had any influence on number ofcleaning occasions pulp dosagewet-strength dosage and
cleaning occasions were plotted and observed month by month.
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4.3 RESULTS

4.3.1MEAN VALUES DAY MEASUREMENTS

Available data of daily macrestickies and UWIS measurements performed at SCA Edet
laboratory has been acquired and mean values as Wels maximum and minimum values have
beencalculated and summeeup in Table 41.

Table4-1 Mean valuesrom macro-stickies measurementduring 2011.
Mean values for UWIS measurements foiC7 and C12 Jan 2012and
JanFeb2012 for T1, T2and T3

Sampling Macro-stickies Macro-stickies UV-VIS
point (No/100g) (Points/100g)

(Abs)
Pulp Tower 1 139,7 (10-670) 153,5 (10-670) 6,4 (3-8)
Pulp Tower 2 190 (10-870) 224 (10-980) 6,4 (3-8)
Pulp Tower 3 96 (30-250) 111,2 (10-470) 6,3 (3-8)
Pulp Chest 2 4,5 (3,45,3)
Pulp Chest 7 4,9 (3,86,8)

It can be seen fronthe table that amount of macrestickies can vary rather much and that Dwer
2 tends to exhibit highest amount ofmacro-stickies whilst Tower 3 have the lowest value. The
UV-VIS values ae in the same level for all towers whit they are slightly lower for thest 7 and
12.

4.3.2MACRGSTICKIES VS CLEANINDECASIONS

It was not possible to observeany dear relationships between macrostickies measurements
and production stops on the machine due to cleaningof wires and felts (see kgure 1-8 in
Appendix B). However,the macro-stickies measurements can indicate if there are stickies in the
system or not.

4.3.3MICRGO STICKIES VS CLEANINDEECASIONS

No clear relationships between micrestickies (UV-VIS) measurements and cleaning oasions
(production stops) could be observed(see Appendix B Figure 9) Due to technical problems
during the initial month of measuring, the reliability of the results during this period is
guestionable (the cuvette wasdamaged etc.).

4.3.ARELATIONSHIP MACRMICRO

No clear relationships neither between macrostickies measurements and UWIS measurements
on pulp towers nor macro-stickies measurements on the pulp towers and UVIS measurements
on dilution water (white water to towers) could be observed
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4.3.50CCURRENCE OF CLENSIOCCASIONSOILET VS WE-STRONG PAPER

As mentioned the influence of weitstrength additives wasobserved. OnPM7 mostly toilet paper
is producedand therefore results for this paper machine wilnot be presented

In Figure 4-1 and 42 historical data from PM8 is presentedAfter treating historical data for
PMB8 it could be seen that most of the cleaning oasions occurred during production of toilet
paper; 74% during 2010 and 81% during 2011 It could also be seen irthe figuresthat the total
number of cleanings increased from 48 uring 2010 to 95 during 2011.

u Total No of Cleaning Ocassions

M No of cleanings during toilet paper production

B No of cleaning occasions during wet-strength dosage
No of Felt Cleanings

H No of Wire Cleanings

%Lli.u.l.l lli N.l

Jan-Mar Apr-Jun Jul-Sep Oct-Dec Jan-Mar Apr-Jun Jul-Sep Oct-Dec
2010 2010 2010 2010 2011 2011 2011 2011

Summary Cleaning Data PM8

No of cleaning occassons

«

Total No of cleaning occasions = 43 Total No of cleaning occasions = 95

Figure 4-1 Summary of cleaning data from PM8. The diagram shows total
number of cleaning occasions, number@éaning occasions duri toilet paper
production, number of cleaning oesions during production of westrength
grades, number of felt cleanings and number of wire cleanings.

Summary Cleaning Occasions 2010 (%)

W Wet-strong
M Toilet Paper

otal No of cleaning occasions= 43

Summary Cleaning Occasions 2011 (%)

B Wet-strong
M Toilet Paper

otal No of cleaning occasions= 95

Figure 4-2 Summary of cleaning occasions in % on PM8 2010 and 2011. During
2010 74% and during 2011 8% of the cleaning occasions occurred durimgpt-

strong paperproduction.
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4.3.6INFLUENCE OF PULP BAGE

When observing the influence of pulp dosage (%) opaper machine 8 PM8 (see Appendix Q the
cleaning occasions and westrength dosage were plottedover the pulp dosage month by month.
In order to examine howthe individual pulp affected the washing occasions a summary of the
pulp dosageis presented.Analysis of the influence of pulp dosage on the frequency of cleaning
occasions forPM8 is given inTables 4-2, 4-3 and Figures 43, 4-4. Similarly the results for paper
machine 7 (PM7) are presentedn Tables 4-4, 4-5 and Figures 45, 4-6.

SUMMARY PM8

First of all total number of rolls on respective machine was calculatedeelast row in Table 42
and 4-3 for PM8. Then it was calculated in how many of these rolls respective pulp was included.
For example Chest 5 was included in 5197 rolls on PM8 3dun 2011, see Table-2.

Table 42 Summay of results from PM8 Januargyune 2011.

January-June 2011 PM8 Chest 5 Chest 6 Tower 1 Tower 2 Tower 3 Chest 7Chest 12
No of rolls/pulp 5197 2804 5869 3867 2526 2238 4508
No of cleanings/pulp 13 9 18 25 20 17 13
No of cleanings per pulp/No of rolls per pulp 0,25% 0,32% 0,31% 0,65% 0,79% 0,76% 0,29%
No of rolls per pulp/Total No of rolls 61% 33% 69%  46% 30% 26% 53%

No of cleanings per pulp/Total No of cleanings 35% 24%  49%  68% 54%  46% 35%
Total No of cleanings= 37
Total No of rolls= 8468

To get an overvew of how many percent of the total rolls each pulp was included jmumber of
rolls per pulp was divided bytotal number of rolls, see top left pie diagram in Figure-8. It can
be seen from the diagramin the top left, JanuaryJune 2011 PMS8is that pulp from Tower 1 is
included in 69% of the total No rolls,Chest 5 61%, chest 12 53%[ower 2 46%, Chest 6 33%,
Tower 3 30%,and Chest 7 26%.

In the top right pie diagram number of cleaningper pulp is divided by total numberof cleanings
to get an overviewin how many percent of the total cleanings each individual pulp is involved in.
It can be seen that pulp from dwer 2 wasincluded in 68% of the cleaning occasions, Tower 3
54%, Tower 1 49%, Chest 46%, Chest 12 35%, Chest 5 35% ar{thest 6 24%.

In the bottom pie diagram number of ¢eanings per pulp was divided bynumber of rolls per pulp
to see how many percent of the rolls of each pulp that contributes to a cleanimgcasion.It can
be seenthat for all rolls from Tower 3 0,79% of them contributed to a cleaning occasios. For
pulp Chest 7 0,76%, dwer 2 0, 65%, Tower 1 0,31%, Chest 6 0,32%, Chest 12 0,29% aniue6t
5 0,25%.
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No of rolls per pulp/ Total No of rolls Jan-Jun No of cleanings per pulp/Total No of cleanings
Jan-Jun

m Chest 5 Virgin HT CTMP

m Chest 6 Virgin Long Fibre

m Tower 1 78+Brightness

m Tower 2 75+ Brightness

m Tower 3 52 Brightness

H Chest 7 Internal Broke
Chest 12 Wet Strong Broke

® Chest 5 Virgin HT CTMP

H Chest 6 Virgin Long Fibre

m Tower 1 78+Brightness

m Tower 2 75+ Brightness

® Tower 3 52 Brightness

m Chest 7 Internal Broke
Chest 12 Wet Strong Broke

No of cleanings per pulp/No of rolls per pulp
Jan-Jun

0,29%

m Chest 5 Virgin HT CTMP

W Chest 6 Virgin Long Fibre

m Tower 1 78+Brightness

m Tower 2 75+ Brightness

m Tower 3 52 Brightness

m Chest 7 Internal Broke
Chest 12 Wet Strong Broke

Figure 4-3 Pie Diggram showing a summary of the results from PM8 January
June 2011.

The same procedurewas used for PM8 Juhbecember. What can be seen in Table-3 is that
total number of rolls was almost the same whilst total number of clgangs increased from 37 to
58. Even though total number of rolls increasedby 5% for Pulp Chest 5 and 12 numbeof
cleaning occasions decresed by 3 and 5 respectively. Number of rolls including Pulp Gest 6
decreased by one percent and also number of cleanings decreasday 2. Number or rolls
including Pulp Chest 7 deceased substantially by 22%and also number of cleaning occasions
decreased by 10. Total number of rolls for pulp Tower 1 and 3 increasedby 5% and 3%
respectively whilst Tower 2 decreasedby 1 %. Remarkably, number of cleanings increased by
15, 23, and 20 respectively.

Further it canbe seen inFigure 4-3 top right that the pulp from Tower 1,2 and 3 (from DIP1 and
DIP2) have a large influence on number focleaning occasions. Tower 1 wafcluded in 33

cleaning occasions but it wasilso included in a remarkably high numberolls. When considering
number of cleanings for each pulp \ith respect to number of rolls per pulp, Tower 2, Tower 3
and Pulp Gest 7 havethe largest influence(seebottom diagram in Fgure 4-4)

Table4-3 Summaryof results from PM8 JulyDecember 2011.

July-December 2011 PM8 Chest 5 Chest 6 Tower 1 Tower 2 Tower 3 Chest 7Chest 12
No of rolls/pulp 5673 2476 6286 3834 2824 369 4999
No of cleanings/pulp 10 7 33 45 43 7 8
No of cleanings per pulp/No of rolls per pulp  0,18% 0,28% 0,52% 1,17% 1,52% 1,90% 0,16%
No of rolls per pulp/Total No of rolls 67% 29% 74%  45% 33% 4% 59%

No of cleanings per pulp/Total No of cleanings 17% 12% 57%  78% 74% 12% 14%
Total No of cleanings= 58
Total No of rolls= 8469
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No of rolls per pulp/ Total No of rolls Jul-Dec No of cleanings per pulp/Total No of cleanings
Jul-Dec

12% 4% 129

M Chest 5 Virgin HT CTMP

W Chest 6 Virgin Long Fibre

mTower 1 78+Brightness

W Tower 2 75+ Brightness

mTower 3 52 Brightness

m Chest 7 Internal Broke
Chest 12 Wet Strong Broke

m Chest 5 Virgin HT CTMP

W Chest 6 Virgin Long Fibre

H Tower 1 78+Brightness

m Tower 2 75+ Brightness

® Tower 3 52 Brightness

H Chest 7 Internal Broke
Chest 12 Wet Strong Broke

No of cleanings per pulp/No of rolls per pulp
Jul-Dec
0,16%0.18%

0,28%

m Chest 5 Virgin HT CTMP

m Chest 6 Virgin Long Fibre

m Tower 1 78+Brightness

W Tower 2 75+ Brightness

mTower 3 52 Brightness

m Chest 7 Internal Broke
Chest 12 Wet Strong Broke

Figure 44 Pie diagram showing the summmg of the resilts from PM8 July
December 2011.

SUMMARYPM7

As mentioned the same procedure was performte for PM7, JarJun and JuDec.
What can beseen for PM 7 is that even though number of rolls decreased from 7884iring Jar

Jun to 7530during JukDec number ofcleanings increased from 33 to 49lt can be observedfor

both periods in top right pie diagram in kg 4-5 and 46 that pulp Tower 1,2,3 and Pulp Best 7
are againincluded in a large part of the cleaning occasions. When observing the pie diagram
the bottom (no of cleanings per pulp/no of rolls per pulp) it can be seen that the distributions
between the different sections are larger than foPM8, especially regarding period JutDec.

Table 4-4 Summaryof results fromPM7 Januaryune 2011.

January-June 2011 PM7 Chest 4 Chest ¢Tower 1 Tower 2 Tower 3 Chest 7
No of rolls/pulp 2121 2045 2449 4876 3483 2450
No of cleanings/pulp 7 6 21 27 15 13
No of cleanings per pulp/No of rolls per pulp  0,33% 0,29% 0,86% 0,55% 0,43% 0,53%
No of rolls per pulp/Total No of rolls 27% 26% 31% 62% 44%  31%

No of cleanings per pulp/Total No of cleanings 21% 18% 64% 82% 45%  39%
Total No of cleanings= 33
Total No of rolls= 7834
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No of rolls per pulp/Total No of rolls
Jan-Jun

Chest 4 Virgin Short Fibre
B Chest 6 Virgin Long Fibre
m Tower 1 78+Brightness
® Tower 2 75+ Brightness
W Tower 3 52 Brightness

No of cleanings per pulp/Total No of cleanings
Jan-lun

18%

21%
Chest 4 Virgin Short Fibre

M Chest 6 Virgin Long Fibre
mTower 1 78+Brightness
m Tower 2 75+ Brightness
m Tower 3 52 Brightness
M Chest 7 Internal Broke

B Chest 7 Internal Broke

No cleanings per pulp/No rolls per Pulp
Jan-Jun

Chest 4 Virgin Short Fibre
m Chest 6 Virgin Long Fibre
mTower 1 78+Brightness
mTower 2 75+ Brightness
m Tower 3 52 Brightness
m Chest 7 Internal Broke

Figure 4-5 Pie diagram showing the summmg of the resultsfrom PM7 January

June 2011.

Table 4-5 2011 Summay of results fromPM7 July December 2011.

July-December 2011 PM7

Chest 4Chest 6 Tower 1 Tower 2 Tower 3 Chest 7

No of rolls/pulp 1815
No of cleanings/pulp 7
No of cleanings per pulp/No of rolls per pulp 0,39%

No of rolls per pulp/Total No of rolls 24%
No of cleanings per pulp/Total No of cleanings 14%
Total No of cleanings= 49

Total No of rolls= 7530

1711 2836 4872 4016 2148
8 23 31 28 12
0,47% 0,81% 0,64% 0,70% 0,56%
23%  38% 65% 53% 29%
16%  47% 63% 57% 24%

No of rolls per pulp/Total No of rolls Jul-Dec

Chest 4 Virgin Short Fibre
m Chest 6 Virgin Long Fibre
m Tower 1 78+Brightness
W Tower 2 75+ Brightness
m Tower 3 52 Brightness
m Chest 7 Internal Broke

Jul-Dec

No of cleanings per pulp/Total No of cleanings
Jul-Dec

Chest 4 Virgin Short Fibre
m Chest 6 Virgin Long Fibre
mTower 1 78+Brightness
mTower 2 75+ Brightness
mTower 3 52 Brightness
m Chest 7 Internal Broke

No of cleanings per pulp/No of rolls per pulp

Chest 4 Virgin Short Fibre
® Chest 6 Virgin Long Fibre
= Tower 1 78+Brightness
®m Tower 2 75+ Brightness
M Tower 3 52 Brightness
H Chest 7 Internal Broke

Figure 46 Pie diagram showing the summery of the resuitem PM7 July December 2011.
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More cleaningswere performed on PM7when running virgin fiber in relation to number of rolls
including virgin fiber compared to PM8. It is however hard to conclude which pulp has the
largest influence on PM7 with regard to cleaning occasions.

DISCUSSION/CONCLUNGULPDOSAGE

Overall it can be seerthat pulp Tower 1,2,3 and pulp @est 7 influence he number of cleaning
occasions on both machinesThis is not surprising since they are all internal pulps which
originate from recycled fibers. Chest 4, 5, and 6 are all virg pulps and should be clean and
further not contribute to cleaning occasims. Results obtained from PM8 indicated thaf ower 2,
Tower 3 and pulp Qiest 7 have the largest effect oroccurrence of cleaning occasionsAs
mentioned in previous chaptersTower 2 is coming from sane deinking line as the pulp in dwer
1 (DIP1) buthas in general lower quality, Dwer 3 comes from DIP2 and has much loweguality
and brightness compared to pulps from DIP1 Tower 3 originates from old newsprint which
should include less stickies than mixed office waste due tlmwer amount of contaminations such
as glues However,since DIP2 consists of fewer separatiorsteps thanDIP1the pulp has a lower
quality.

The results obtained from PM7 indicated that more cleaning occasions ocurred while using
virgin fiber in comparison to PM8.These can perhaps be explained ke factthat there are high
guality demands oncertain qualities including for example Chest 4(virgin short fiber) and hest
6 (virgin long fiber) and due to this m&hine operators clean preventively.This gives a lboader
distribution in the bottom pie diagramthan on PM8 whichmakes it hard to concludeanything
about the pulp influence but still the top right pie diagram indicats that the internal pulps are
causingthe main problems.
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4.5 CONCLUSION HISTORICAATA

Main conclusions from theanalysis of historical data are that most of the cleaning occasions
occur during production of toilet paper and lessduring production of wet-strong paper grades
This can bedue to improved retention which is achieved as a result of addition of wedtrong

agent. The other reason could be that the quality of the pulp mixture when running westrong

product is higher (primary pulp from Pulp Chests 5, 6 and bleached office wasfeom Pulp

Towers 1,2) compared to when running the toilet paper which often includg internal broke

from Pulp Chest 7 and unbleached newsprint from Pulp Tower 3.

The @nnection between pulp dosage and cleaning occasions could be seen enatearly for
paper machine 8 than for paper machine 7

It was hard to observe clear trends between cleaning occasions and stickies measurements
performed at the laboratory at SCA. The assumption that can be made so far is thatacding
occasionsmost probably depend bothon the pulp mixture fed to the paper machinesand if wet-
strength additives are used.
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5 PROCESSURVEY 1
VARIATION IN PROCESFRARAMETERS

5.1 INTRODUCTION

The aim of Process Survey 1 wato perform mapping ofthe tissue manufacturing process at SCA
Edet mill, obtain information of the variance in process parameters and correlatianbetween
different parameters as well as their impact on cleaning occasions due to formatiaf sticky
deposits on wires and felts

5.2 DESCRIPTION (METHOD)

During the first set of experiments measurements of pH, tengpature, cationic demand and UV
VIS absorbancewere performed for 3 weeks. Samples were taken at different process locations
5-8 times a day with one hour interval.

Table 51 Sampling points during process stey 1

Sampling Points

Pulp Tower 1

Pulp Tower 2

Pulp Tower 3

Wire Pit PM7

Wire Pit PM8

White Water (Blekt BV)

These particular sampling points were chosen basednoinformation mentioned in literature,
where the white water, used for dilution in different process stagesis one of the potential
sources of micro and secondary stickies[31]. Samples from pulp towers in turn, provide
information about the pulp quality which is fed into the pagr machine.

In order to obtain a robust picture of the process, it would bdavorable to add more sampling
points before and after diferent steps in deinking plants. ldwever, due to time restrictions
number of sampling points has been limited to the mosimportant ones (process water and pulp
from the three pulp towers).
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5.3 RESULTS

By plotting the obtained dai in Microsoft Excel and thestatistical software Minitab it has been
observedthat there is rather significant variation in process parametersespecially tempemture
of the white water, UVVIS absorption and cationic demandvalues. Figures from Minitab
(variables charts for individuals) canbe found in Appendix D

Pulp dosage, addition of westrength additive and CMCplotted in the same diagramas
measured parameters for Wire Pit PM 7 an®M8 arepresented in Figure 51 and 52.

Pulp Dosage and measured parameters Wire Pit PM 8 31/1-17/2

100 gy T T T T T T o - 10
M[ m] ” :I]II]]: mEmTower 3 52 Brightness

9 I TR -

N nding 7-'-"'_’_* 7 77777777 T U ﬂ;’ 3 mmTower 2 75+ Brightness

80

70 7 Tower 1 78+ Brightness

’,«>}|

60 Chest 12 Wet-Strong

[
5o i 1 L NTUL J \A 5 broke

J V\ B Chest 6 Virgin Long fiber
40 - | i L] b al A AL LU Rt 4

li -w il  |[f W Chest 5 Virgin HT CTMP
Il

30

==

2 —Temperature (°C)

10

[y

—UV-VIS Absorbance

——Cationic Demand (ml Poly-
DADMAC)

-2012-02-17 11:00:00 —=———%

-2012-01-31 07:00:00
2012-01-31 12:55:00
-2012-02-01 08:00:00
-2012-02-01 13:00:00
-2012-02-02 09:00:00
-2012-02-03 10:45:00 =
-2012-02-06 07:00:00
-2012-02-06 12:00:00
-2012-02-07 07:55:00
-2012-02-08 07:55:00
-2012-02-08 11:45:00
1 -2012-02-09 07:45:00
-2012-02-09 13:00:00
-2012-02-10 09:50:00
-2012-02-13 07:50:00
-2012-02-13 13:20:00
-2012-02-14 09:55:00
-2012-02-15 12:50:00
-2012-02-16 10:00:00
-2012-02-16 15:00:00

o
i)
=
[
[
3
-3
=]
3
o

Figure 51 Summary of the pulp dosage, dosage of ws&ength additive, CMC
and measurecparameters.On the lefthand axis pulp dosage of individual pulps
expressedn percentage of tothpulp dosage and temperature arplotted. On
the right-hand axis pH, UWIS absorbance, cationic demand, dosage of-wet
strength additive and drystrength additive (CMCare plotted. Note that the
cationic demand is expressed L of poly-DADMAC instead of peg/L.

In figure 5-1 it can be seen that cationic demand follows the CMC dosage which is due to anionic
charge of CMC. In general cationic dend is lower in Wire Pit on PM compared to PM8 which
can be explained by the fact that CMi€ added only on PM8. In Fig-2 it can be seen that the UV
VIS values are lower while running virgin pulps (Chest 4 and 6) on PM7.

An overall trend is also that cationic demand follows UW/IS absorbance values to some extent.
Most probably this trend canbe seen since both methods measure small particles in the same
size range (they are both measured on filtrate from glass fiber filters). It has also been observed
that the wet-strength additive contributes to lower cationic demand since it is positively
charged.

Thus, it can be seen that cationic demand is influenced by addition of ionic polymers and
therefore cannot be treated as alirect indicator for overall cleanliness of the process.
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Pulp Dosage and measured parameters Wire Pit PM 7 31/1-17/2
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Figure 52 Summary of the pulp dosage, dosage of waength additive, CMC
and measured parameter©n the lefthand axis pulp dosage of individual pulps
expressed in percentage of total pulp dosage and temperature is plotted. On the
right-hand axis pH, UWIS absorbance, cationic demand and dosage of-wet
strength adlitive are plotted. Note that the cationic demand is expressedniL

of poly-DADMAC instead qfeq/L.

5.3.1WHITE WATER (DILUTON WATER FOR PULFOWER$

Observed temperature interval for the white water duringthe measurement period has been
rather wide z from 8,7°C up to 39,3(see kg 1 in Appendix D). UMVISvalues varied from 1,4 to

5,9 and cationic demandvalues were in rangefrom -25 peqg/L to -200 peg/L. pH values were
rather stable within one day, i.e. they varied by 0;D,3 units. However, more sigificant pH

variations were noticed between days, i.e. from 7,3 to 8,1.

5.3.2PULP TOWER 1

Temperature variance in Pulp Tower 1 waslso rather substantial, i.efrom 24,8°Cto 44°C.UV-
VIS values varied from 3,3 to 8,9 and cationic demandalues z from -25 peg/L to -300 peg/L.
Within one day pH varied by 0-0,4 units, but difference between days waslightly higher, i.e. pH
interval was from 6,9to 7,5 (seeFigure4 in Appendix D).

5.3.3PULP TOWER 2

Observed emperature interval was from 17,7°Cto 43°C, UWVIS absorbancevalues varied from
4 to 9 and cationic demandz from -10 peg/L to -250 peg/L. pH variations during the
measurement period were substantial, i.einterval was from 6,9 to 8,3 The pH deviations were
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significant even within one day, i.e. difrence was from0,1 up to 1,3 units(see Figure 5 in
Appendix D).

5.3.4PULP TOWER 3

Observed emperature interval was 25,7°Cz 39,5°C, UWVISvalues varied from 2,7 to 9,1It was
observed that the cationic demand/alues during the threeweek measuremer period have been
rather stable z they varied from -20 peg/L to -80 peg/L, while most of the values were @und -
30 peg/L. pHvalues within one day were mostly stable, however during some days they could
vary by 0,40,8. pHinterval during the whole measirement period was from 7,3 to 8,1 (see
Figure 6 in Appendix D.

5.3.5WIRE PIT PM7

Temperature interval was from 29,2°Cto 39°C, UWVISvaluesvaried from 1 to 6,2 and cationic
demand values z from -15 peg/L to -210 peq/L. It was observed that pH varied g 0,1to 0,5
units within one day andinterval during the three-week measurement period wasrom 7,6 to
8,3 (seeFigure 2 in Appendix D.

5.3.6 WIRE PIT PM8

The observed temperature interval wasrom 29,8 to 42,8C, UWVISvalues variedfrom 1 to 9,6
and cationic demand values z from -30 peg/Lto -320 peg/L. pH interval during the
measurement period was from 7,7 to 8,6, whereas within one day differed by QL5 units.

5.4 DISCUSSION

Based on the variables charts for individuals obtained using statisticabftware Minitab it can be
seen that there are large variations in the measured parameters. It is visualized in the charts as a
rather high amount of values below and above the lower and upper control limit respectively.
Unfortunately these variations camot be linked to the cleaning occasions since during the three
week period of measuringthere was only one cleaning performed for each paper machine. This
in turn, does not provide necessary information to draw any objective conclusions.

The temperature variance in the white water can fe explained byaddition of fresh water which
also influences the values of UVIS absorbanceand cationic demand Similarly, temperature in
the pulp towers varies according to addition of the fresh water in the white watetank since this
water is used for dilution of the pulp in these towers.

It has been observed that Tower 1, 2 and 3 exhibited similar average pH valugg2-7,3),
however Tower 2 showed significantly higher pH variatioss both within one day as well as
during thewhole measurement period. Anothertrend is that pH washigher in Wire Pit PM7 and
PM8 compared to pulp towers and white waterln general, it can be seen that the process pH
varies rather substantially both within one day as well as between the day#t is however hard
to conclude whether these variations are significant in terms of deposit formation. This is due to
lack of information regarding the critical pH range which, in turn, als@ mill -specific[23].
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It can benoted that different information sources state opinions that often are not in agreement
with each other, also the chemical compamis involved in the project have shared different
opinions. However itis agreed that pH is a important parameter that should be controlled.This

is for example due to pH effect on dissolution of calcium carbonate discussed in Chapter 2.1.4.
Therefore, it can be of great interest for SCA Edet Mill foroperly examine this phenomenon, for
example initiate a new Master thesis withthe main focus on this area.

As mentioned above, on one hand high variation of UWIS values during the measurements
performed the same day can be explained by the variations in the amount of fresh water added
to the system.At the moment of performing the survey UWIS absorbancemethod was one of
the daily measurements performed at SCAdet laboratory for the monitoring of the colbidal
stickies. Snce the variation in UMVIS absorbanceraluesobtained within one dayis rather high
the single value is perhaps not representative for the whole day

Highest UMVIS absorbance and cationic demand values have beeiptained from the Wire Rt
PM8.Cationic demand and UWIS values lay rather high at Wire Pit PM7, Pulp Tower 1 and 2 as
well. It should be noted that the cationic demand for the Pulp Tower 3 lays rather lova§=0,34)
and stable while the UWIS absorbance is rather highdf7,21).

As mentioned earlier Tower 1 and 2 originate from DIP1 and include bleached office waste
whilst Tower 3 originates from DIP2 and includes unbleached newsprint. The difference
between the deinking lines can be seen in Appendix Aigr1-2. Whether the origin of pulp and the
design of thedeinking systemaffect the cationic demandand how is not known at the moment
and further investigations are needed

These differences between pyl Tower 1, 2 and Tower 3 may cause the disturbansén colloidal
equilibrium when these pulps are mixed together which in turn may result in formation of
secondary stickies and consequentially deposition.

Since both UWIS and cationic demand determinehte colloidal and dissolved substancem the
samples, it was suspectethat results obtained by these two methods should correlate with each
other.

Cationic demand of the system depends on the dosage of CMC and-stetngth additive due to
their anionic and cationic charge respectively. However, data obtained during this survey does
not provide any information about synergy of papermaking additives on contamination of the
system.

5.5 CONCLUSIONS

Methods used for the determination of stickies in the procgs did not provide valuable
information regarding stickies in the process.Since no cleanings were performed on the
machines during the periodno correlations could beobserved between process variations and
cleaning occasions.

Main conclusion obtained bythis process survey was that there are substantial variations in
process parameters during the measurements performed at the same dayhis in turn, may

promote the destabilization of the colloidal balance leading to fonation of secondary stickies.
The reliability of the UV-VIS absorbance measurementas a daily methodhas been questioned
due to high variability of the values obtained during the same day.
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Process parameters are dependent on the pulp quality fed into the paper machine which is in
correlation with results obtained from the analysis of historical dataln contrary to pulp Tower

1 and 2, plp Tower 3 exhibited rather low and stable cationic demand which may result in
formation of secondary stickies when pulp from Tower 1 or 2 is mixed with th@ne from Tower

3.

In order to obtain more information about stickies in the process other methods tharthe ones
used in Process Survey 1 must be employed.
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6 PROCESS SURVRY
STICKIES ADSORPTNOWITH SUBSEQUENT EYNG

6.1 INTRODUCTION

During the analysis of historical data no correlations between available stickies measurements
and cleaning occasions could be seen, therefore new possible methods were examir@de of
the stickies determination methods mentioned in literature is adsorptiom of the sticky particles
on HDPE bottle and subsequent dyeing for the visual evaluatiof®]. The conditions of the
method are howevernot clearly described in literature.

During 29th of February and 1$ of March, representatives fromFinnish company Banmark Oy
visited SCA and performed stickies analysis using tredsorption and dyeing method which has
been elaborated at this company. Simultaneously with the stickies triatationic demand
measurements were performed. The aimof the process survey was to tesh new method and to
get an idea about the stickies content in the process.

6.2 METHOD

The principle of the method is agitation of the pulp sample at elevated temperaturét this
temperature tack of the stickies increases thus promoting their adhesion to the surface of the
plastic bottle. Sticky particles are brought into comact with the plastic bottle by turbulence. It is
assumed that the method determines sticky particles in micro range (however larger than
colloidal particles). Plastic bottle is then immersed into the ink which selectively dyes sticky
particles and the cobr of the bottle is not changed. The amount of stickies is then evaluated
visually. Thus, his method does not provide any quantitative value of the stickies content in the
samples it only indicates if stickies are presentor not (more detailed description of the method

is given in Chapter 36). In order to get an overviewof stickies content in the process sixteen
sample points were chosen in the deinkindine (DIP1) and papemaking process as follovs (see
flow-sheetsAppendix A).

Table6-1 Sampling poins process survey 2

Sampling Points

In flotation Headbox PM8 Middle
Out Washing Headbox PM8 Yankee
Out Screw press 2 Headbox PM8 Hood
Water loop 2 Wire Pit PM8

Pulp Tower 1 Clear Filtrate PM8
Pulp Tower 2 Pulp Chest 7

Headbox PM7 Pulp Chest 12

Wire Pit PM7 Clear Filtrate RP1

Clear Filtrate PM7
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6.3 RESULTSRAND DISCUSSION

Results from the first experimental round are summarized in Tablé-2. Observations in the last
column of the table indicate the level of stickies in samples at different process locat&

Table6-2 Results obtaineday 1.

Temp Cationic Adsorption and
No Sampling points Day 1 °C) pH demand Dyeing
(neq/l) (Observations)
1 |In flotation 1 50,4 7,5 -549 No stickies
2 [Out from cleaning stage 39,3 7,4 -487 High
3 |Out from screw press 2 35 8,1 -529 High
4 |Water from loop 2 64,1 7,9 -679 Low
5 |Tower 1 42,1 6,6 -230 Low
13 |Pulp Chest 7 * * * *
14 [Pulp Chest 12 38,9 6,9 -252 High
7 |Head box PM7 39,1 7.4 -146 No stickies
8 |Wire pit PM7 34,3 7,6 -143 Very low
9 |Clear filtrate PM 7 37,8 7.4 -133 No stickies
10 |Head box PM8 Middle layer 39,6 74 -169 High
11 |Wire pit PM8 41,1 7,6 -162 High
12 |Clear filtrate PM 8 39,3 7,8 -293 Very low
15 |Head box PM8 Hood layer 40,3 7,3 -156 Low
16 |Head box PM8 Yankee layer 40,3 7,2 -161 Medium

|:|Deinking line |:|Pulps |:|PM7 |:|PM8

In Table 62 and Figure 61 it can beobserved that temperature at different process locations
varied from 34,3°C to 64,1°C. pH along the process varied between-8,8 (pH in the screw
press sample is probablyslightly higher than actual value due to dilution with tapwater).
Variation of the cationic demand was rather substantiai.e. from-161 peq/L in Headbox PM8
Yankee layer down to-679 peg/Lin the water from loop 2.

Further, in Table 6-2 it can be seenhat samples2-3, 10-11 and 14 exhibited high amount of
stickies, whereas in samples %, 12 and 15 it h& been evaluated as low. Sampk 12 and 16
showed very low content of stickies. No stickies have been observed in samples 1, 7 and 9 which
correspond to sampling points In flotation 1, Head box PM7 and Head box PM8 Middle layer
respectively. Even thoughthe pulp out from screw press 2 exhibited high amount of stickies,
surprisingly almost no stickies could be determined inTower 1.

It was unexpected that sample 1In flotation 1, which should be themost contaminated pulpin
the mill, did not indicate any sticky content whilst the pulp from sample 3 out from screw press
2 did. Since screw press 2 is the last stage DIP1it should be the pulpwith the lowest level of
contaminants. Though,it exhibited rather high stickies content and the dilution water was
suspected to be a source of stickies and an additional sample was taken during day 2 from the
clear filtrate on DIPL

Results obtained duringDay 2(see Figure 63) indicated that sample 3 out from screw press 2,
10 Head box Middle layer PM8, 11 W& pit PM8 still exhibited quite high amount of stickies.
Sample 2 out from the claning stage and sample 14 fronghest 12 still contained stickies but a
lower level compared tofirst round of trials. The additional sample from the dilution water on
DIP1 (Clear filtrate DIP1) only indicated traces of stickiesand therefore it is probably not the
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reason for the high amount of stickies in the pulp aning out from washing during Day 1 and out
of screw press 2 duringDay 1 and 2.

Table6-3. Results obtained Day 2.

. _ Temp Cationic UV-VIS M_ac_ro- iﬂniﬁrgs Adsorptipn and
No| Sampling points Day 2 C) pH | demand (Abs) stickies (points/ Dyeing
(neg/) (No/100g) (Observations)
100g)
1 |In flotation 1 51,3 | 73| -478 12,8 * * Very low
2 |Out from cleaning stage 48,5 | 7,3 | -404 * * * Very low
3 |Out from screw press 2| 56 8 -466 4,1 & & High
4 |Water from loop 2 64,2 | 76| -626 * * * No stickies
5 |Tower 1 48,2 | 6,7 | -136 10,9 290 390 Low/Medium
13|Pulp Chest 7 419 | 6,5 -99 * 150 350 Low
14|Pulp Chest 12 42 | 6,7 | -115 6,5 * * Medium
7 |Headbox PM7 358 | 7,6 -182 s L td No stickies
8 |Wire pit PM7 326 |76| -183 * * * No stickies
9 [Clear filtrate PM 7 34,7 | 7,6 -176 * * * No stickies
10|Headbox PM8 Middle | 42,5 | 7,6 | -146 * * * Low
11|Wire pit PM8 43,4 | 7,7| -136 9,9 * * High
12|Clear filtrate PM 8 41,2 | 7,8 -321 8,5 i td No stickies
15|Headbox PM8 Hood 40,3 | 7,3 | -156 * * * Low
16|Headbox PM8 Yankee | 40,3 | 7,2 | -161 9,5 * * Medium
17|Clear filtrate RP1 * 72| -394 * * * Very low

|:|Deinking line |:|Pulps |:|PM7 |:|PM8 |:|White Water

One explanation to the lower sticky content in the pulp in to flotation 1 could be higher filler
content in the beginning of the deinking line. Thdillers may passivate the sticky particles and
therefore the adsorption and dyeingmethod shows a low sticky content for sample 1. Later on in
the process the fillers are removed and perhaps do not contribute to sticky passivation any
longer. In order to check this theory ash content has been determined faample 1 and 2(see
Table 64).

Table 6-4 Additional ash content results from two different sample points in
deinking line 1. Two different samples from the pulp in to flotation 1 and out
from the frst washing step.

Sampling point Ash content 1 (%) Ash content 2 (%)
In flotation 20,2 19,1
Out wash 5,3 5,7

It can be seen that ash content before the first flotation step was considerably higher compared
to the pulp from the cleaning stage which might serve as a confirmatiofor the theory
mentioned above.In the report Functional Promoters for Sickies (Tissue world magazine 2010)
they discussthe influence of ash content on stickies. Procesharge and abk content canplay a
role in the degree of stickies deposition throughout the machine. The ash can act as nuclei onto
which the hydrophobic micro-stickies particles tend to adsorb, increasing in size and emtually
forming a sticky masg45]. Which in this case contradicts the theory mentioned above.
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A secondpossible explanation could be that the stickies fed into the system with raw material
are mainly in a macro rangeWhile screening in a fine screen, largest part of the macstickies
are left in rejects, however part ofthe macro-stickies might split into smaller particles thus
contributing to the high amount of micro-stickies. Since particles removed in washing steare
smaller than 30 um and micrestickies are defined as particles smaller than 150 or 100 pum,
micro-stickies larger than 30um are retained and thus could contribute to the high amount of
stickies out washing step determined by adsorption and dyeing method

Finally contaminants before the first flotation step might be potential stickies which are not
tacky before they experience some kind of shock in process parameters. Therefore, they do not
tack to the plastic bottle and thus are not determined by adsotjmn and dyeing method.

Further temperature, pH and cationic demand during bdt days are presentedn Figure 6-1. It
can be seen that water from loop 2 exhibited highest temperature, pH and cationic demand.
Cationic demand was lowest in Tower 1, Chest 7 dnChest 12. Measured parameters were
rather stable in PM7 and PM8 system.
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Figure 61 Diagram showing variation in process parameters during day 1 and
2. Temperature is presented on the left hand axis whilst pH, cationic demand and
UW-VIS absorbance vaks are presented on the right hand axis

By comparing results obtained during two days of trials it could be seen thaemperature, pH
and cationic demand dd not vary substantially from Day 1 to Day 2. Slightly higher temperature
was observed during Day 2 Cationic demand inDIP1 was higher during Day 1 whereas PM7
system exhibited higher values during Day 2No significant differences inpH could be observed
during Day 2compared toDay 1.

After performing second round oftrial s seven samples were chosefor UV-VIS measurements
The aim was to se whether correlations between adsorption and dyeingnethod and UWVIS
measurements could be observed. Thereforehé samples that showed highest, lowest and
medium level were chosen(see Table6-2). It has been dserved that UVVIS values decrease
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along the deinking linel. However, value in Tower 1 and PM8 system was relatively high.
However, no correlations could be seen between the two methods.

Daily measurements of macrestickies using handsheet method which ae performed by the
laboratory staff at SCA Edet have been compared to the results obtained from the experiments
using adsorption and dyeingmethod and UWVIS absorbance.

All three methods were used ornTower 1 and the resultsshowed a high UWISvalue ard high
points of macro-stickies whilst the adsorption and dyeing method showed almost no sticky
content.

During the second round of experiments overall lower stickies content has been obvged in the
process (see 62 and 6-3). It could be interpreted as arindication for the cleaner system.

6.5 CONCLUSIONS

No correlations between adsorption and dyeing method and UVIS could be observed. On one
hand, this could be due to different size range of particles that are determined by these two
methods. On the ther hand, this could alsomdicate unreliability of these methods.

Even thoughthe adsorption and dyeing method does not provide quantitative evaluation of
stickies, it determines particles which are tacky. This is not necessarily the case for-W\5 and
cationic demand measurements.
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7 PROCESS SURVEY 3:
STICKIES SURVEY MARQ@O012

7.1 INTRODUCTION ANMETHOD

During the Process 8rvey 1 (week 810) it was found that there are substantial variations in
process parameters (such as temperature, pH and tg@anic demand) along the process, which
might have an impact on colloidal and chemical balances in the system. This may, in turn, favor
formation of secondary stickies and agglmeration of micro-stickies. Results obtained in Process
Survey 1, however,did not provide appropriate information basis for drawing conclusions about
stickies deposition mechanisms and accumulation locations.

In order to be able to understand the stickies formation and accumulation mechanisms in the
system, information about the size distribution (micro -, macro, dissolved and colloidal stickies)
and origin of stickies (primary or secondary) is crucial. Since most of the existing stickies
determination methods are applicable within a certain particle size range,a combination of
available methods has been used to obtaim more robust picture. In addition to available
methods at the mill the adsorption and dyeing method which was introduced and tested in
Process 8rvey 2, as well as a DCMxtraction method was used. A summary of stickies
determination methods used in this survey is presented in Table-I. In addition, temperature
and pH has been measured in order to observihe variations along the process.

Table #1 Stickies determination methods used in Stickies Survey 3

Method Type of stickies measured  Performed by

DCM extraction Total amount of stickies Clariant

Handsheet method Macro stickies SCA Edet Laboratory

Adsorption of Micro stickies Banmark Oy AB

stickies

UV-VIS absorbance Dissolved and colloidal Chalmers Masters
particles students

Based on the study of historical data, it has been suspected that cleaning occasions due to sticky
deposits on wires and felts occur more frequently when running toilet aper in comparison with

the wet-strong quality. Therefore, the aim of this survey wasto observe the differences in
process parameters and amount of sticky deposits in the system while runninthese two
qualities. The surveywas performed during two days and it wasplanned so thaton the first day
paper machine 8 wagunning wet-strong tissue product and the second day toilet paper.

Sampling points along the process for Day 1 and Day 2 are presented in Tabl2.
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Table7-2 Sampling points Day-2 during stickies survey march 2012.

Day 1 (Wet strong) Day 2 (Toilet Paper)
In Flotation In flotation
Out Washing Out Washing
Out Screw press 2 Our Screw press 2
Water Loop 2 Water Loop 1
Pulp Tower 1 Pulp Tower2
Pulp Chest 12 Pulp Tower 3
Pulp Chest 5 Pulp Chest 7
Machine Chest PM8 Middle Machine Chest PM8 Middle
Machine Chest PM8 Yankee Machine Chest PM8 Yankee
Headbox M8 Middle Headbox PM8 Middle
Headbox PM8 Yankee Headbox PM8 Yankee
Wire Pit PM8 Wire Pit PM8
Clear Filtratep PM8 ClearFiltrate Krofta PM8
Sludge Krofta PM8 Sludge Krofta PM8
White Water (Blekt BV) White Water (Blekt BV)

As mentioned in the previous chapter, dsorption and dyeing method performed by Banmark is
based on visual evaluation of the dyed stickies which have been attached to the plastic bottle.
Therefore, quantification of the obtained results is complicated and no grading system is
provided by Banmark Oy. However, in order to be able to compare obtained results, a rough
evaluation system has been developed where amount of stickies has been graded @aale from

0 to 5 (see Table 73).

Table 73 Grading used to evaluate the results obtained by adsorption and
dyeing method

Grade Amount of stickies
Very high

High

Medium

Low

Very Low

None

OFRP NWMOU

Thus, it must be kept in mind that values provided for adsorption and dyeing method are only
useful for comparison of obtained results in the particular survey and should not be perceived as
a generally representative value.

7.2 RESULTS AND DISGSION

Results obtained from the 8ckies Survey3 for Day 1 and Dy 2 are presented in Table #4 and
Table 7-5 respectively and further in diagrams which can befound in Appendix E Note that
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amount of macro-stickies, concentraton, ash contentand amount of DCM extractivehave not
been determined for the process waters.

Table7-4 Results Day 1 (Westrong quality)

Day 1 Wet-Strong Paper
No Sampling points Temp | UV-VIS| Conc Macro St|§k|es Ash Adsorption o
(C) | (Abs) | (&) | No/ |points/ [cOMent) pH |, g pyging DCM (6
100g | 100g | (%)
1 |In Flotation 45 8,9 |1,48| 540 870 218 | 7,6 5 0,567
2 |Out Washing 438 | 9,9 [(490| 60 170 7,1 7,5 4 0,281
3 |Out Screwpress 50,1 1,3 * 40 70 12 | 86 3 0,100
4 |Water Loop 2 60 11,2 * * * * 8,2 1 *
5 |Tower1 38,1| 6,8 [342| 130 220 1,2 6,9 0 0,034
6 |Chest12 423 | 4,2 [3,05| 60 70 0,49 | 7,3 1 0,067
7 |Chest5 376 | 61 |323| 30 90 0,74 | 7,2 3 0,135
8 |Chest 6 386 | 52 |323] 10 20 028 | 7,3 1 0,023
9 |Machine Chest PM8 Middlg 38,6 | 8,4 |3,07| 20 40 0,85 7 3 0,149
10 [Machine Chest PM8 Yankege 41 6 3,70| 70 130 0,62 7 3 0,072
11 [Headbox PM8 Middle 38,6 6 * * * * 7,4 2 *
12 |Headbox PM8 Yankee 39,3 6 * * * * 7,5 3 *
13 |Wire Pit PM8 39 6,3 * * * * 7,6 3 *
14 |Clear Filtrate Krofta PM8 | 38,9 5,8 W s & & 7,6 1 k
15 [Sludge Krofta PM8 38 49 |3,25| 110 290 144 | 7,4 2 0,037
16 |White Water (Blekt BV) 275| 31 * * * * 6,8 0 *
|:| Deinking Line 1 |:|Pulp \:| PM8 System DWhite Water
Table 75 Results Day 2 (Toilet paper)
Day 2 Toilet Paper
No Sampling points Temp| UV-vis| Conc Macro Stickies| Ash Adsorption
ping pol (oc)p (Ab\g) (o) | Nof |points/ content| pH | D)p/eling DCM (%)
100g | 100g | (%)
1 |In Flotation 486 | 9,3 |[1,28| 220 | 1030 | 22,6 | 7,3 5 0,377
2 |Out Washing 47,6 | 12,2 | 3,61 | 190 460 8,1 7,3 3 0,227
3 [Out Screw press 2 52 15 d 50 110 1,2 8,4 2 0,224
4 |(Water Loop 2 61 13,7 b i i td 8,1 2
8 |MC Pumpto Towerland2 59,1 | 16,4 | 9,48 | 110 280 15 | 68 2 0,057
5 |Tower 2 46,2 | 79 |344| 80 140 1,2 6,6 1 0,051
6 |Tower3 46,2 | 10,6 | 2,00 | 140 200 6,9 6,9 4 0,163
7 |Chest7 459 | 57 |347| 130 220 13 | 6,6 3 0,137
9 |Machine Chest PM8 Middlg 47,2 | 9,3 | 3,14 | 160 280 2,6 6,6 3 0,210
10 |Machine Chest PM8 Yankeg 47,7 81 |342| 70 160 2,1 6,6 2 0,070
11 |Headbox PM8 Middle 45,2 7 * * * * 7,6 S *
12 |Headbox PM8 Yankee 45,7 6,5 * * * * 7,7 3 *
13 |Wire Pit PM8 46 6,9 & 2 2 & 7,8 4 &
14 |Clear Filtrate Krofta PM8 43,7 7,2 & < & & 7,7 2 €
15 |Sludge Krofta PM8 42,1 | 6,8 |220| 310 440 413 | 7,4 4 1,063
16 [White Water (Blekt BV) 42,1 6,2 * * * * 7,1 1 *
17 |White Water (Virgin) 41| 7,2 * * * * 7,5 0 *
|:|Deinking Line 1 |:|Pulp E PM8 System DWhite Water

Temperature profile along the process during both days is presented in Figure Z. It can be seen
that the temperature in different process locationswas lower during Day 1 while running wet
strong papercompared to Day 2. It can be explained by addition of the fresh water to the system
during Day 1 since temperature of white water was significantly lower during Day 1 compared
to Day?2.
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Variations in temperature Day 1 and Day 2
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Figure 7-1 Comparison of variations in temperature during Day(Wet-strong
paper) and Day 2 (toilet paper)

It can be also seen that temperature varies rather much along the deinking line but it is
relatively stable in PM8 system.

pH variations along the system during Day 1 and Day 2 are presented in Figure27

Variations in pH Day 1 and Day 2
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Figure 7-2 Comparison of variations in pH during Day 1(wstrong paper) and
Day 2 (toilet paper)

It was observed that pH was slightly lower in deinking line during Dag, but the opposie trend
was noticed in Headbox PM8. It is notable that pH varies rather mucalong the process
difference in pH between Machine Chest and Headbox was more than 1 unit during 2ayvhich
might contribute to stickies-related problems in the paper machineHowever, pH difference in
Machine Chest and PM8 systemuring Day 1was not as significant as during Dag. As it was
discussed in Process Survey 1, the critical pH range is not known, but it is clear that the
variations in this parameter can be crucial taleposit formation.
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7.2.1DEINKING LINE 1

The samples taken before the first flotation step serve as a reference forthe quality of raw
material entering the process.The results obtained from simples in to flotation indicate that
during Day 1 the raw maerial entering the process contained more detrimental substances in
terms of amount of macrostickies and content of DCM extractivecompared to Day 2.

Reduction in amount ofmacro-stickies as well as DCM extractives along the deinking line has
been obsewed during both days. Neverthelessthe efficiency of the deinkng line 1 was higher
during Day 1, i.e. removal of macrstickies was 92,6% and reduction of the DCM extractives
along the deinking line was 82,36 % compared to 77,3% and 408éspectively during Day 2.

Results obtainedby using UMVIS spectrophotometer deviaté from the general trend, i.e. slight
increase in absorbance valugbetween sample into the first flotation step and aftethe washing
stage has been observed during both days. Most prdig the source for the detrimental
substances is water from the Screwpress 1 which is fed back into the system before the
cyclones. Due to their size colloidal and dissolved substances are rather hard to eliminate from
the process and preflotation does not provide efficient removal of these substances. According
to the literature, the most effective stage for the removal of the micrstickies is postflotation
[46].

The UVVIS value for thepulp coming out from the screwpress 2 was significantly lower

compared toOEA OAI DI A O/ 6O xAOEEIT C68 4EAanddRdvad AOET 1
particles are removed together with the water in dewatering stage, resulting ina rather high UV-

VIS value in waer loop 2 during Day 2 (see Table-B). However, it must be noted that the pulp

from the Screw press 2 was diluted with tap water which might influence the obtained result.

Extra sample taken Day 2 (MC pump) exhibited unexpected values (Table 5). Substantial
increase in UMVIS values can be seen for samplaken from the mixing pump compared to the
one out from screw-press 2 This is also far higher than for the other following pulps. This
indicates rise in amount of collodal and dissolved substances which could be caused by the
white water used for dilution. However, theUV-VIS value for the white water was low during
both days and therefore there is no objective explanation for this phenommon and the
credibility of this value has been questionedMoreover, after performing the Process Survey 1 it
was concluded that UWIS values vary substantially within one day which means that single
value is perhaps not representative for the whole day.

However, similar trend has been observed using hansheet method, i.e. amount of macro
stickies was higher in the pulp coming out from the mixing pump comparetb the one coming
out from the Srew-press 2. It has been observed that temperatures in the Sorepress 2 and
mixing pump are rather high compared to other sampling points (~60°C)The white water
which is used for dilution of pulp coming out from the Screwpress 2 is also heatedip to 60°C
before entering the mixing pump At this temperature tackiness of the sticky particlesincrease
which may lead to agglomerationof micro-stickies and formation of macrestickies. However,
available information and methods do not provide any clear evidence for this theory.

The adsorption and dyeing method did not ghibit substantial differences in stickies content in
the pulp coming out from Screw press 2 and the one coming out from the mixing pumghe
DCM extraction value was much lower in the mixing pump compared tihhe sample out from
Screw press 2. The pulp infower 2 also had a low DCM value whicis reasonablesince the pulp
from the mixing pump is fed to Dwer 1 and 2.
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7.2.2PULP AND WHITE WATER

When comparing the pulp sources it must be kept in mind that different qualities have been run
during Day 1 and Day2 which means that different pulp sources have been involved.

It has been observed that duringDay 1 the pulps contained less detrimental substances
determined by handsheet method, adsorption and dyeing method as weds DCM extraction
method. The ashcontent values werealsolower on Day 1.

It can be seen that during Day J1Pulp Chest 5 stoodout in comparison with the other pulp
sources in terms of results obtained by DCM extraction as well as adsorption and dyeing method.
Taking into account that Pub Chest 5 contains virgin pulpgg HTCTMP it is rather surprising.The
occurrence of stickies in virgin pulp carperhapsbe justified bythe presence of wood pitch.

The resultsobtained from Pulp Chest 12 showd low values for all methods. Bice Pulp Chestl2
contains pulp from the intemal wet-strong broke line its quality can differ rather much. Traces
of stickies were also observed in Chest 6 (Bleached Kraft) by adsorption and dyeing method
even though this pulp was not supposed to contain any stickiesh& possible reason could be
that virgin Pulp chests have a common dilution water source in which colloidal and dissolved
particles can accumulate, contributing to micrestickies in the pulp. Another explanation could
be that Kraft pulp might also contairs wood pitch.

When comparing Tower 1 and Tower 2both of them showed similar UV-VIS and ash content
values, amount of macrestickies was, however,lower in Tower 2 whilst the adsorption and
dyeing as well asDCM extraction method showed a somewhat higher ltge for Tower 2.

The sample from Pulp Tower 3 showed highst valuesdetermined by all methods even though
the values from thehand-sheet method were only slightly higher than in Tower 1 and almost
equal to the ones in Chest 7 (internal broke)This might indicate high amount of micrastickies

in Tower 3 which may be justified by the fact that pulp in Tower 3 originates from DIP line 2
which consists of less purification stages compared to DIP1. However, the most significant is
absence of posfflotation in DIP2, sincethis unit operation is claimed to be the most efficient in
terms of removal of microstickies. Moreover, DIP2 contains only one water loop which
facilitates the accumulation of dissolved and colloidal substances.

Nevertheless,the measuremens performed on the pulp from Pulp Chest 7 also showed high
values determined by all methods and this can be explained by the fact that it is fufrom the
internal broke line in which, as mentioned earlier, the quality differs rather much.

The samples taka from the two White water tanks showed UWIS values in the same levels as
Tower 2 and Chest 7. Traces of stickies could be observed in the White water used as dilution
water in the pulp towers, which can contibute to stickies. However, low values for the dilution
water indicate that the high values observed in Tower 3 are more dependent on the lower
cleaning efficiency of the DIP line 2and the fact the raw material has a lower qualityOn the

otherhandh EO EAO AAAT 11 OEAAA quality obtieAdiiufioh @dder QO OE AT 06

differ quite much.

The sample from the second White water tank (Virgin), used as dilution water in the virgin pulp
lines, was collected Day 2 in order to see if it could be a probable source of the stickies in Chest 5
(Day 1). But, since the adsorption and dyeing method did not indicate any stickies in this water
during Day 2 wood pitch is still the mostprobable sourceof the stickies in Chest 5.
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7.2.3PAPER MACHINE 8

Differences in amount of detrimental substances iMiddle and Yanke layer of the Machine
Chest hae been observed during both days. This is mainly due to different pulps which are fed
into the respective layers (see Table-B for Day 1 and Table 77 for Day 2.

Table 7-6 Pulp distribution in Machine ChésMiddle, Yankee and Hood layer
during Day 1 when running westrong paper. The total pulp dosage fed to the
paper machine is presented to the right.

Day 1(Wet-strong)
Pulp Source Middle  Yankee Hood Tot. Pulp Dosage

Tower 1 0% 70% 70% 42%
Chest 5 74,3% 0% 0% 29,7%
Chest 6 0% 30% 30% 18%
Chest 12 25, 7% 0% 0% 10,3%

Table %7 Pulp distribution in Machine Chest Middle, Yankee and Hood layer
during Day 2 when running toilet paper. The total pulp dagafed to the paper
machine is presented to the right.

Day 2 (Toilet)
Pulp Source Middle  Yankee Hood Tot. Pulp Dosage

Tower 2 50% 96% 96% 74,1%
Tower 3 50% 0% 0% 23,3%
Chest 7 0% 4.0% 4.0% 2,.3%

During Day 1, Middle layer exhibited higher content of DCM extractives, ash content and QWS
absorbance values compared tathe Yankee layer while adsorption and dyeing method indicated
equal level of stickies in both layers. Macro-stickies measuremens indicated higher values for
the Yankee layercompared to the Middle layerwhich is due toa 70% admixture of Tower 1 in
Yankee layer.

However, during Day 2the Middle layer exhibited higher stickies content in terms of macre
stickies, DCM extractives, UYIS absrbance as well as adsorption and dyeing methoth case of
the Middle layer the high values were expected since it contained %0 pulp from Tower 2 and

50% pulp from Tower 3 which showed high values for all methods. Tdé Yankee layer also
showed anticipatedvalues, i.e. thg were slightly higher than the onesobtained from Tower 2

(96% of this pulp was contained in Yankee layerand this ismost probably due to the admixture
of Chest 7.

During Day 1 traces of stickies were indicated in Clear filtratby using adsorption and dyeing
method. Stickies content inthe Wire Pit was evaluated as medium using the same method.
During Day 2 adsorption and dyeing method indicated rather high amount of stickies in Wire Pit
and surprisingly high value for the Clear filtrate from the Krofta. Since the system was more
contaminated during Day 2, probablythe efficiency of Krofta is also affected. One more
indication of the contamination level in the system ighe Krofta sludge which exhibited high
values obtained by all method. Possible interpretation of this phenomenon could be that the
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pulps run on PM8 during Day 2 contributeo amore contaminatedsystem andthus heavier load
on the Krofta.

High amount ofmacro-stickies was observedn the Krofta sludgeduring both days ofthe survey.
As mentioned in theory partanionic trash and fines agglomerate using flocculants in order to be
able to remove them by flotationin the Krofta [32]. Thus, the amount of macrestickies in the
DAF sludge might indirectly indicate the amount of micrestickies and/or secondary/potential
stickies in the white water.

After performing Stickies survey3 and taking into account the results obtained from the first
process survey, the usefulness of the UVIS method in terms of stickies determination has been
guestioned. This ismainly due to high variation of the UV-VIS absorbancesalueswithin one day

as it was observed during the process survey 1. This raises a doubt whether a single value is
representative for the whole day.Moreover, there are no clear correlations between UVWVIS
values and results obtained by other methods.

Results indicated an overall dirtier system during Day 2. It should be mentioned that the fresh
water was added to the system during Day 1 (which can be seen from the lower temperature in
system). Therefore, it is hardto conclude whether the cleaner system is due to addition of wet
strength agent,pulp dosage or addition of the fresh water.

7.3 CONCLUSIONS STICKIBSRVEY MARCH 2012

The system was less contaminated while running westrong quality (Day 1) comgared to the
toilet paper (Day 2). Most probably the main reason is the inferior quality of the pulp when
running the toilet paper which contains higher amount of recycled pulp with relatively low
quality and addition of fresh water.

It is rather hard to judge wheher wet-strength additive has an impact on stickies content in the
system but it isquite clear that the pulp fed into the paper machine has a direct influence on the
content of detrimental substances in the system.

One possible source of stickiestill might be dilution water which carries around the colloidal
particles. These substances might contribute to the formation ofecondary stickies under
certain conditions (pH, temperature, colloidal charge shock).

Tower 3 is suspectedo contribute to the stickies-related problems since it exhibited the largest
amount of stickies determined by all methods.

Amount of macro-stickies in the Krofta sludge might indirectly indicate the amount of micre
stickies in the white water. Obtained resultsshowed higher amount of detrimental substances in
sludge during the Day 2 which correlates with general observations, i.e. more contarated PM8
system during Day 2.

The UMVVIS method has been questioned as a method used for daily measurements.
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8 MIXING XPERIMENTS

8.1 INTRODUCTION

Based on results obtained from analysis of historical data anérocess 8rvey 3, the pulp mix of
Tower 2 and Tower 3 was suspected to contribute to stickieeelated problems in the paper
machine. Therefore, mixing experiments were performedat the laboratory. The aim of the
mixing experiments was to observe differences in mackstickies measurements between the
single pulps and the mixed sample. Pulp was also stored during the night (in a 40°C water bath)
to see if there wee any differencesin the results from macro-stickies measurements. This was
performed in order to simulate the pulp storage in towers since the pulp residence time in the
towers sometimes can be rather long, e.g. when having stops due to process problems etc.

8.2 METHOD

Pulp samples from Tower 2 and Tower 3 were collected in 2 liter plastic bottles, two samples for
each pulp. One sample from Tower 2 and one from Tower 3 have been stored iIAGC water
bath during 24 hours.

The pulp mix was prepared by mixing 30% of pulgrom Tower 3 and 70% from Tower 2. After
preparation it was diluted with distiled water to 1,5% concentration (appropriate
concentration to achieve good mixing in the mixing equipmentDetermination of concentration

in pulp suspensionhas been performedaccording to TAPPI standard T240750g of the mixed
sample (concentration ~1,5%) was placed in 1Lglass beakerheated to 40C and stirred during
10 minutes. At the same time, identical procedure was performed for single samples from Tower
2 and Tower 3 inorder to be able to compare amount of macratickies in individual pulps and
mixture.

After stirring, concentration of pulp samples fas been repeatedly determined for macrestickies
measurements. Finally, amount of macrastickies was determined for allsamples according to
SCA standard5T0082se method chapter 3.4

8.3 RESULTS AND DISGSION

The results of the mixing expeiments are summarized in Table 8L. Macro-stickies values both
in No/100g and points/100g are presented. In column 8 and 9 thelifference between Day 1 and
Day 2 is presentedio see how the samples are affected by storind he lastcolumn presentsthe
difference between the m of stickies per 100g in the mixand expected number of stickies per
100g when mixing Tower 2 and Tower 3 with values seen in column 4see Table 81).

Difference in amount of stickies is calculated by using Equation (5) and (6)
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[NOXOXO! 0 (6)
Where

N.= Calculated Value

Nm= Values obtained from mixing experiment

nx= number of stickies in respective tower

Xx= percent dosage of each pulp in the mix

Table 81 Resultsobtained fromthe mixing experinents. Eacltexperiment(see sample

No) includes 3 samples Tower 2, Tower 3 and a mix of these two pslifference
between value obtained from mixing experiments and the calculated value is presented
in the last column to the right.

Sample 2 . .
Macro I\/I_ac_ro Sample 2 Macro |Diff Day 2- Diff Day 2- | Value mix-
Sample . Stickies Macro S Day 1 Calculated
No . Stickies - o Stickies Day 1 . .
Point (No/100g) (points / Stickies (points/ |(No/ 100g) (points/ Value mix
100g) |(No/ 100 g) 100g) 1009) (No/100g)
Tower 2 220 400 80 80 -140 -320
1 |Tower3 150 240 180 180 30 -60
Mix 110 290 160 160 50 -130 -89
Tower 2 80 80
2* |Tower3 180 180 * * * *
Mix 160 160 50
Tower 2 90 120 80 80 -10 -40
3 |Tower3 80 110 10 10 -70 -100
Mix 120 360 90 90 -30 -270 33
Tower 2 50 50 130 180 80 130
4 Tower3 120 120 110 220 -10 100
Mix 70 100 90 120 20 20 -1
Mix 2 30 30
Tower 2 80 80
5* |Tower3 10 10 * * * *
Mix 90 90 31
Tower 2 130 180
6* |Tower3 110 220 * * * *
Mix 90 120 -34

Mix = Tower 2 and Tower 3

2* Sample 1 stored during the night
5* Sample 3 stored during the night
6* Sample 4 stored during the night

It can be seerin Table 82 that samples collected during Day 1 (sample 1) showed lower amount
of macro-stickies in pulp mix compared to single pulps from Tower 2 and Tower.3

Sample 2which is the pulp collected same day as sample 1 and seéakduring the night, showed
lower macro-stickies values for Tower 2 compared to sample 1 while Tower 3 showed higher
values in terms of number of macrestickies/100g. The pulp mix exhibited similar amount of
macro-stickies as sample 1, however it must beated that it was higher than the calculated
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value which takes into account the amount of mackstickies in each individual pulp and their
percentage in mixture.This is opposite to the results obtained during Day 1.

It can be seen thafor samples 1,4 and 6 the valuesobtained from the mixed sampleare lower
than the calculated value from the two componerst separatelywhilst for sample 2,3 and 5 it is
higher.

No clear trend couldbe seen from the storing experimentsither. Some samles show higher
values during Day 2 while some showlower. Due to the inconsistent results and since the
reliability results of macro-stickies measurements are sometimeguestioned a repeatdility test
was performed. A5 liters sample was collectedrom Tower 3 and macro-stickies measurenents
were performed. All samples were analyzed by two persons. Results obtained from these
measurements are presented in Table-8. It must be noted that these samples served only for
obtaining information about repeatability of the method, ie. to what extent values can vary for
the same sample.

Table 82 Results obtained from repeatability te$br macro-stickies
measurements performed on samples from Tower 3

Sample No Macro-stickies Maestickies
(No/1009) (points/100g)

1 90 90

2 80 80

3 100 130

4 160 160

5 100 130
Standard Deviation 31,3 32,7

It can be seen that obtained values varied fron80 to 160 both in terms of no/100g and
points/100g resulting in standard deviation of 30 which is acceptable value.

8.4 CONCLUSIONS

Based on obtained results no clear effect of the mixing of pulps from Tower 2 and Tower 3 on
amount of mecro-stickies could be obseved nor for the storing experiments. The standard
deviation of macro-stickies measurements isat anacceptable level.
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9 METHOD INVESTIGATION

9.1 INTRODUCTION

One of the main factorshindering the solving of the problem with adherent deposits is lack of
reliable methods for their determination. Therefore, further investigation of adsorption and
dyeing method used in Stickies Survey2 and 3was performed.

9.2 ADSORPTION ANDYEING EXPERIMENT

The adsorption and dyeingmethod elaborated by Banmark isas mentioned based on adhesion

of stickies on the surface of plastic bottleand further dyeing. The main drawback of this method

is lack of opportunity to quantify the stickies content which makes it rather hard to determine

the critical concentration of micro-stickies leading to deposition. One of the methods mentioned

ET 1 EOAOAOOOA EO OAOEA e Dl differendeds titai the pldsiicibdttd 86 O | A O
not dyed but weighted before and afteimmersing it into the sample,simultaneous mixing and

heating [9]. In this way the weight of the stickies couldbe obtained. Blanks have been

performed in order to determine the bottle weight loss during experiment and trials have been

performed by using pulp before the first flotation step in DIP1 Experiments have been

performed using 250mL and 125mL bottles.

9.2.1RESULTS

The results from the weighing experiments are presented idppendix E.In Table 1results from
the blank samples and in &ble 2 from the pulp samples are presented.

Blank experimentsperformed using 250 mL and 125 mL bottles both exhibited high variations

in weight loss. Taking into account tat the weight of stickiesadsorbing on the plastic bottle is
very low, obtained variation is unacceptable sincét in some caseswas even larger than the
weight of stickies.This makes the methodunreliable and no further trials were made.

9.2.3 CONCLUSIONS

Weighing of adsorbed stickies cannot be used for the further work due to high weighdss of the
plastic bottles and variance in obtained results.

9.3 FILM METHOD EXPERIM¥TS

9.3.1 INTRODUCTION

Since adsrption and weighing of stickies was not eligible due to high weighloss of the plastic
bottles, evaluation ofanother method provided by Clariant has been performed.lt is based on
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adsorption of stickies ona plastic film and dyeing followed by image andysis which provides
opportunity to quantify amount of stickies.

9.3.2 METHOD

In order to test the film method provided by Clariant,three pulp samples ae collected: in
flotation, pulp Tower 2 and pulp Tower 3.

740 g of the sample(mass of the samples rguired for 10 g (0.d) pulp used in experiments)
before the first flotation step in DIP1is weight up and pulpedin laboratory pulp disintegrator
for 2 minutes. Thendilute it with hot tap water (~60°C) until 21000 mL (in 1 | glass measuring
cylinder).

The solution is mixed and separated into 200mL samples.Then the sample & poured into the
400 mL beaker where the plastic filmis placed. The pulp isagitated at 200 rpm for 15 minutes.
During the mixing 0,4mL of the dye isadded. After stirring, the film is removed,carefully rinsed
with cold tap water to remove the fibers and contaminantsand dried in oven at 105C for 10
minutes. After drying visual evaluation of the film 5 performed.

9.3.3RESULTS

After experiment no stickies werevisible on the film. The film was observed in microscope and
only 1 sticky particle could be detected. Numerous small black dots could also be observed in
microscopewhich could be potential stickies.

The same procedure has been repeatedt higher temperature (up to 80°C), however large
stickies still could not be observed. The amount of dye has been increased untinl but it did
not give any positive result.

9.3.4ELIGIBILITY TEST

BETAA AIT100 1T1T OOEAEEAO AAOI OAAA 11 OEA EEIIT x
mentioned previously. As a result rather large tickies could be detected by theDT AEAA AUAGS 8
Though the methods so far only has been used for laboratory use,gmve the effect of stickies

passivation chemicals added to a mixture opulp with admixture of stickies from envelope and

post-it notes.

9.3.5IMPROVEMENT OF THELMM METHOD

Since results from the previous experiment performed following the instructionsorovided by
Clariant were not successfulattempts to adopt the mehod to industrial use were made.

Micro-stickies are mainly present in the water phase, therefore one of the possible reasons why
stickies were not detected in previous experiments is thathe pulp concentration was probably
too high and fibers are preventing the stickies from reaching the surface dfi¢ film. In order to
check if thishas an influence on theesult; one samplewas taken from the Wire Pit on paper
machine 8. In previous expamental rounds it has been observed that stickies content at this
point is rather high.
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During the experiment small dyed particles have been observed on the film, mostly on the side
which is in contact with the glass beaker. Wherthe film was removed, dyed stickies were
observed only where the film was overlapping which might mean that the stickies have been
removed while taking out the film from the beaker.

In order to check whetherthe dye is coloringthe stickies or not; two experiments were run with
plastic bottles (similarly as in case of adsorption and dyeing method performed by Banmark)
one with sample from wire pit andone with sampleOn flotation a@ Small amounts of dyed
particles were observed. Sincéhe wire pit sometimesmight contain small anounts of stickies,
one more experiment was run with the sample in flotation, which normally containsather high
amount of stickies.However, only negligible amount ofdyed stickies wasobserved.

In order to test the adherence of the stickies to the wireone experiment has been ruy using

the material taken froman old wire (from the paper machine) The material was cut into 27,5 cm

x 5 cm stripes and cleaned with acetone in order to remove the stickies which have been formed

on the wire during its expoitation in the process. The stripe of the wire materialvas placedinto

abeaker and 400mLT £ O1 AE1 OOAA POI b AOT | wdsAddedAHepdpA DI ET C
was then heated until 60°C and then 0,mL of the dye was added. The pulp suspension wa

stirred for 30 min at 200 rpm. Then, the wire stripe was carefully removed from the beaker,

washed with cold tap water and dried in the oven at 105°C for 10 minutes. The wire stripe was

observed in microscope but no dyed stickies could be seen.

9.3.4C0ONCLUSION

After 2 days of experimental work it has been concluded that the plastic filmethod provided
by Clariant cannot be appliecasthe methodfor stickies determination in industrial pulp and
process water.
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10 PROCESS SURVEY 4
STICKIES SURVEY MA2012

10.1 INTRODUCTION

A final survey was performed based on results from Historical data and previous surveys.
Process Survey 4 was performed in order tevaluatethe impact of Tower 3 as well as addition

of wet strength agent. The effect of Tower 2 wsmalso studied but was not the main purpose of
the investigation.

To achiewe this, pulps and process water were analyzed frorsampling points according toTable
10-1. Effect of Tower 1and Tower 2 is studied when comparing Day XTrial 1) with Day 2 AM
(Trial 2), effect of Tower 3 when comparing Day 2 PiTrial 3) and Day 2 AM and effect of wet
strength agent when comparing Day JTrial 4) and Day 2 PM.

Table 101 Quality, pulp and sample points for Triat4 (Day 13).

Trial 1: Day 1 Toilet (T2,T3) Trial 2Day 2 AM Toilet (T1,T3)
In Flotation DIP1 In flotation DIP1
Pulp Tower 2 In RP2
Pulp Tower 3 Pulp Tower 1
Machine Chest PM8 Middle Pulp Tower 3
Machine Chest PM8 Yankee Machine Chest PM8 Middle
Wire Pit PM8 Machine Chest PM8 Yankee
Clear Filtrate Krofta PM8 Wire Pit PM8
Sludge Krofta PM8 Clear Filtrate Krofta PM8
White Water (Blekt BV) Sludge Krofta PM8

White Water (Blekt BV)

Trial 3: Day 2 PM Toilet (T1) Trial 2: Day 2 AM Toilet T1,T3)
Pulp Tower 1 In RP2
Machine Chest PM8 Middle Pulp Tower 1
Machine Chest PM8 Yankee Pulp Chest 5
Wire Pit PM8 Pulp Chest 12
Clear Filtrate Krofta PM8 Machine Chest PM8 Middle
Sludge Krofta PM8 Machine Chest PM8 Yankee
White Water (Blekt BV) Wire Pit PM8

Clear Filtrate Krofta PM8
Sludge Krofta PM8
White Water (Blekt BV)

This Stickies survey has beeperformed in collaboration with the companiesClariant and BIM
Kemi AB. Methods used in the survey are summarized in Taldl@-2. In addition to the methods
used in process survey 3, CCT (Colloidal collection test) has been used for determination of
micro-stickies. Temperature, pH and cationic demand have alsdeen measured in order to
observe the variations along the process.
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Table 10-2 Stickies determination methodduring survey May 2012.

Method Measured type of stickies Performed by

DCM extraction Total amount of stickies Clariant

Handsheet method Macro stickies Chalmers Masters Students
Adsorption of stickies Micro stickies Chalmers Masters Students
UV-VIS absorbance  Dissolved and colloidal particles Chalmers Masters students
Cationic Demand Dissolved and colloidal particles Chalmers Master students

CCT Micro-stickies BIM Kemi AB

10.2 RESULTS AND DCXSSION

10.2.1 TEMPERATUREH AND ASH CONTENT

In Figure 10-1 and 10-2 the process parameter neasurements fromTrial 1-4 are presented and
variations in the system can be stlied in the same way as during Processufrey 3.

Process Parameter Measurements Trial 1-4 May 2012
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Figure 10-1 Results frompH measuements during stickies survey &y 2012

Trial 1-4.
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Similarly as in Process &vey 3, it can be seen fromFigure 10-1 that the pH varies along the

process, in this caséetween 6,37,9.

Process Parameter Measurements Trial 1-4 May 2012
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Figure 10-2 Results from temperatureand ash content measements

during stickies survey gy 2012 Trial 1-4.

In Figure 10-2 it can be seen that the system temperature is lower durintsial 4. Further it can
be seen that the ash content is higher in theverall systemespecially in the Kofta during Trial 1

and Trial 2. This isprobably due to the higher ash content in the pulp from Tower 3.

All results obtained from the dickies survey for Trials 1-4 are presented in Table 163. During

Process 8rvey 1 it has been observed that CMC dosage influences the cationic demand in the
system. However, during process survey 4 CMC dosage was constant and therefore should not

contribute to variations in cationic demand.
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Table 103 Results from trial 1 4 arepresentedalso quality and pulps run on the machine

are included.
Trial 1: Day 1 Toilet (T2, T3)
No Sampling points Temp [UV-vis| Conc Macro Sthkles Ash Adsorption |DCM Cationic CCT,
©C) | (Abs) | (%) No/ | points/ |content| pH and Dyeing| (%) Demand (No)
100g| 100g (%) (>ekv/l)
1 |InFlotation DIP 1 49,1 | 9,8 | 1,22 | 140 | 230 28,9 |7,54 5 0,52 -352 *
2 |Tower 2 443 | 6,92 | 3,74 | 320 | 560 1,1 |6,41 2 0,08| -135 *
3 |Tower 3 45,9 | 11,38 3,11 | 140 140 5 6,82 4 0,45 -69 *
6 |Machine Chest PM8 Middle 46,7 | 9,13 | 3,19 | 250 | 370 2,6 |[6,52 3 0,23 -126 *
5 |Machine Chest PM8 Yankeg 46,8 | 7,37 | 3,44 | 300 | 360 0,98 |6,31 2 0,07| -166 *
8 |Wire Pit PM8 452 | 7,64 * * * * 7,4 3,5 * -254 12048
9 [Clear Filtrate Krofta PM8 43,1 | 7,35 * * * * 7,66 2 * -350 | 46
7 |Sludge Krofta PM8 42,1 | 6,79 | 3,06 [1750| 2440 442 | 7,6 2 0,82| -243 *
4 |White Water (Blekt BV) 37,6 | 4,48 * * * * 6,93 3 * -113 | 245
Trial 2: Day 2 AM Toilet (T1, T3)
No Sampling points Temp [UV-vis| Conc Macro St_|ck|es Ash Adsorption |DCM Cationic CCT|
©C) | (Abs) | (@) No/ | points/ |content| pH and Dyeing| (%) Demand (No)
100g| 100g (%) (>ekv/l)
2.1. |In Flotation DIP1 48 |11,03| 1,18 | 80 290 25,8 |7,53 5 0,47 -417 *
2.10|In DIP 2 38,5 | 18,51 3,03 | 20 20 16,4 | 6,93 * 1,36| -115 *
2.2. [Tower 1 458 | 6,9 | 3,35| 110 170 15 |6,63 4 0,08| -143 *
2.3. [Tower 3 46,3 | 9,73 | 3,36 | 90 120 45 |7,04 4 0,8 -71 t
2.6. [Machine Chest PM8 Middle 46,7 | 8,94 | 3,26 | 70 70 3,04 [6,85 2 0,32| -127 *
2.5. |Machine Chest PM8 Yankeg 46,7 | 7,02 | 3,50 | 110 140 15 |6,62 3 0,1 | -150 *
2.8. |Wire Pit PM8 445 | 7,13 * * * * 7,15 3,5 * -281 |2319
2.9. Clear Filtrate Krofta PM8 42,4 | 7,51 * * * * 7,33 3 * -287 64
2.7. |Sludge Krofta PM8 41,6 | 6,67 | 3,18 | 410 | 590 45,7 | 7,15 8 2,32| -232 *
2.4. |White Water (Blekt BV) 40,2 | 4,46 * * * * 6,95 2 * -149 [ 191
Trial 3: Day 2 PM Toilet (T1)
No Sampling points Temp [UV-vis| Conc Macro St‘|ck|es Ash Adsorption |DCM Cationic CCT,
©C) | (Abs)| (@) No/ | points/ |content| pH and Dyeing| (%) Demand (No)
100g| 100g (%) (>ekv/l)
3.2. [Tower1 48,4 | 8,28 | 3,85 | 70 100 15 6,4 2,5 0,08| -146 *
3.6. |Machine Chest PM8 Middlg 48,7 | 7,7 | 3,53 | 130 160 1,3 |6,54 2 0,06| -224 *
3.5. [Machine Chest PM8 Yankeg 48,6 | 6,72 | 3,40 | 320 530 1,4 |6,47 3 0,07 | -232 *
3.8. [Wire Pit PM8 46,3 | 7,8 * * * * 7,4 3,5 * -383 | 731
3.9. [Clear Filtrate Krofta PM8 43,5 | 9,46 * * * * 7,94 2 * -395 40
3.7. |[Sludge Krofta PM8 42,3 | 9,01 | 3,86 | 930 | 1340 36,6 |7,74 2 1,34| -314 *
3.4. |White Water (Blekt BV) 42,3 5 * * * * 7,06 2 * -191 | 116
Trial 4: Day 2 PM Wet-strong (T1, C5, C12)
No Sampling points Temp [UV-vis| Conc Macro St.ICkles Ash Adsorption |DCM Cationic CCT,
©C) | (Abs) | (%) No/ | points/ |content| pH and Dyeing| (%) Demand (No)
100g| 100g (%) (>ekv/l)
4.10.{In DIP 2 428 | 7,25 | 29 | 10 90 22,6 |6,95 5 1,09| -108 *
4.1. [Tower 1 38 6,76 | 3,93 | 480 | 630 15 |6,63 2 0,11| -100 *
4.6. |Chest 5 37 3,44 | 355 | 20 50 1,2 |6,34 1 0,09 -261 *
4.7. |Chest 12 39,4 | 4,32 | 2,93 | 120 120 0,8 |[6,76 1 0,1 | -145 *
4.2. [Machine Chest PM8 Middlegl 38 8,06 | 32 | 70 70 1 6,47 2 0,13| -228 *
4.4. IMachine Chest PM8 Yankeg 40,8 | 6,73 | 3,37 | 320 | 410 15 |6,69 2 0,11| -124 *
4.5. |Wire Pit PM8 40 6,21 * * * * 7,42 3,5 * -149 43
4.9. |Clear Filtrate Krofta PM8 40 5,75 * * * * 7,42 2 * -136 14
4.3. |Sludge Krofta PM8 39,6 | 5,69 | 3,07 | 730 | 1150 22,6 | 7,55 1 0,56| -155 *
4.8. |White Water (Blekt BV) 28,5 | 3,35 * * * * 6,71 1 * -85 24
I:| Deinking Line|:| Pulp Sources I:l PM8 SystenDWhite Water
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10.2.2 TOILET PAPER QUAILES (TRIAL 13)

Effect of Tower 2 and Tower 3 has been examined while running toilet paper with diffent pulp
dosage.Notable is that there were cleaningoccasons both before and aftersamples during Dy
1 were analyzedwhich indicates that thesepulp compositions/process parameters were not
optimal.

DIP1ANDDIP2

It can be seen that the raw material mtering DIP1 (In flotation) was more contaminated in terms
of macro-stickies, DCM extracties and ash content during Trial 1 compared to Trial 2UMVIS
absorbance was however slightly highefor Trial 2.

Raw material entering deinking line 2 {rial 2) exhibited very low amount of macrostickies
whereas DCM extraction and UWIS valueswere considerably higher compared to the nes for
DIP1 (Trial 1 and 2). DIP2 exhibited significantly lower cationic demand compared to thé®IP1

PULP AND WHITE WATER

It has been observed that Tower 2 exhibited considerably higher amount of macsiickies
compared to Tower 3 (Trial 1 and 2 and Tower 1 (Trial 3). Tower 1 contained slightly lower
content of macrostickies compared to Tower 3.The fact hat Tower 2 showed the highest
amount of macrostickies is in correlation with mean values obtained from macrestickies
measurements from the three towers (Tower 2 =19Gt/100g, Tower 1=139st 100g and Tower
3=90st/100g). Again, eszen thoughthe pulp from Tower 1 and Tower 2both originate from DIP1
(bleached office waste) Tower 2 has genenrgl lower quality and therefore higher amount of
macro-stickies in Tower 2 compared to Tower 1 is not surprising. Though it must be kept in
mind that the quality from DIP1 can vary a lot but f the system works evenlyfor a longer time
the pulps in Tower 1 and Dwer 2 respectively can have almost the same quality)

Results obtained by using DCMxtraction exhibited a different trend. Tower 1 and Tower 2
showed considerably lower values comparetio Tower 3. Same is the case for values obtained by
UV-VIS absorption but for this methodthe difference was not as significant. Adsorption and
dyeing method indicated a higher amount of stickies in Tower 3 compared to Tower 2 during
Trial 1 but during Trial 2 it was evaluated as equal to the one in Tower 1.

This could mean that Tower 3 contains large amount of micestickies and ratherlow amount of
macro-stickies. However, it must be kept in mind that the quality of the pulp from different
towers varies with time.

Correlations between content of detrimental substances in raw material entering deinking line 2
(DIP2) and in Tower 3 have been noticed. Relatively low amount of maestickies and high
amount of DCM extractives describes both raw material eating DIP2 and Tower 3. Raw
material entering DIP2 exhibited low cationic demand compared to the raw material entering
DIP1. Similarly Tower 3 showed lower cationic demand compared to the pulp from DIP1 (Tower
1 and Tower 2).

Notably is also that theashcontent in Tower 3 is higher than in Tower 1 and Zsee Figure 101)
even though the ash content is higher ithe pulp coming into DIP1 than into DIR. The high ash
content and DCM values coultie explained by the fact that less cleaning stages are usedilP2,
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particularly absence of postflotation which is claimed to be the most efficient unit operation for
removal of micro-stickies.

During Trial 1, 2 and 3 thetemperature of white water was almost equal which means that no
fresh water has been addedAmount of detrimental substancesin the white water determined
by adsorption and dyeing method as well as CGiiethod was lowest duringTrial 3 compared to
Trial 1 and 2 The ationic demand of the white water exhibited a different trend. The highest
cationic demand has been observed duringrial 3 which can be explained by absence of Tower
3 that normally exhibits relatively low values.

PAPER MACHINE 8

Differences in amount ofstickies in Middle and Yankee layer of the Machine Chest have been
observed during both days. This is mainly due to different pulps which are fed into the
respective layers (see Tabld0-4,10-5 and 10-6).

Amount of macrostickies in Middle and Yankee layer of the Machine Chest was lower during
Trial 2 compared to Trial 1 but the anpount of DCM extractives was higher during@rial 2 which
can be correlatedto the high DCM valudor Tower 3 during Trial 2. This correlates with the pulp
dosage (see Tablel0-4), i.e. during Day 1 high amount of mcro-stickies in Yankee layer was
determined by 100% of Tower 2. Slightly lower macrestickies content in Middle layer wasdue

to 54,6 % admixture of Tower 3 which exhibited lower values compared to Tower 2.

Table 10-4 Pulp distribution in Machine Chest Middle, iteee and Hood layer
during Trial 1 when running Toilet paper including Tower 2 and 3. The total
pulp dosage fed to the paper machine is presented to the right.

Trial 1: Day 1 Toilet (T2,T3)
Pulp Source Middle  Yankee Hood Tot. Pulp Dosage
Tower 2 45,5% 100% 100% 81,6%
Tower 3 54,6% 0% 0% 18,4%

Similarly during Trial 2 lower macro-stickies content in the Middle layer can be justified by 60%
admixture of the Tower 3 which exhibited lower values than Tower 1. Yankee layer exhibited
same macrostickies value as Tower 1 sincét was the only pulp which was run in this layer.

Table10-5 Pulp distribution in Machine Chest Middle, Meee and Hood layer
during Trial 2 when running Toilet paper including Tower 1 and Bhe total
pulp dosage fed to the machine is presented to tigét.

Trial 2: Day 2 AM Toilet (T1,T3)
Pulp Source Middle  Yankee Hood Tot. Pulp Dosage
Tower 1 40,0% 100% 100% 79,8%
Tower 3 60,0% 0% 0% 20,2%

Thus, in this casat can be seen that no effect on macsstickies content can be observedvhen
mixing different pulps in Yankee and Middle layer, since these values correspond to the ones for
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the individual pulps taking into account their percentage in respective layer. Same is the case for
UV-VIS and DCM extraction.

However, during Trial 3 the amount of macrostickies inthe Yankee layer was surprisingly high
compared to thevalues obtained from Tower 1 which was the onlypulp run on the paper
machine (see Table 165). Why this increase is obtained cannot really be explained. Reastha
the Middle and Yankee layer shouldexhibit the same amount of macrestickies. The DCM results
correlated in Machine chest and Tower 1, though. Same is the case for results obtained by
adsorption and dyeing method as well as ash content and BXS.

Table 10-6 Pulp distribution in Machine Chest Middle, Yankee and Hood layer
during Trial 3 when running Toilet paper including Tower 1. The total pulp
dosage fed to the paper machine is presented to the right.

Trial 3 Day 2 PM Toilet (T1)
Pulp Source Middle  Yankee Hood Tot. Pulp Dosage
Tower 1 100% 100% 100% 79,8%

Only slight differences betweenTrial 1 and Trial 2 could be observed for the Wire pit PM8The

CCT method showed slightly higher values duringlrial 2 compared to Trial 1 whereas
adsorption and dyeing method indicated equal values during both days. UVIS value was
somewhat lower during Trial 2. Considerably lower CCT values have been observed durifigal

3 compared to Trial 1 and 2out adsorption and dyeing method as well as UVIS absorbance il

not indicate significant dissimilarities. Cationic demand was however higher duringrrial 3

compared to Trial 1 and 2 which can be explained by absence of th€ower 3 that normally

exhibits low values.

Based on results obtained from CCieasurements the amount of detrimental substances in
Clear filtrate from Krofta was lowest during Trial 3 and highest during Trial 2which possibly
could be explained by the high DCM extraction value from Tower 3. Unfortunately there are no
samples that are analyzedby both the CCT and DCM method bgtrevious surveys performed by
BIM Kemi have showed that Tower 3 exhibits far highe€CT values than Tower 2.

Adsorption and dyeing method indicated gual amount of stickies during Triall and Trial 3 and
slightly higher level during Trial 2. UMVIS values duringTrial 1 and Trial 2 were similar but
slightly higher during Trial 3.

The Krofta sludge contained significantly lower amount of macrestickies during Trial 2
compared to Trial 1. Qpposite trend was observed by DCM exaiction method, i.e. amount of
DCM extractives in Krofta sludge durindrial 2 was considerably higher. Same is the case for the
results obtained using adsorption and dyeing method; however the difference is not as sharp as
in the case of DCM extractiorProbably the highDCM values in the Kofta during Trial 3 even in
this case can be explained by the high values in Towerdn previously during the day.

The macrostickies content inthe sludge was higher duringTrial 3 compared to Trial 2but still
lower than Trial 1. Adsorption and dyeing method indicated equal level duringrial 1 and Trial
3 which was evaluated as slightly lower than duringdrrial 2.

During Stickies survey 3 it was mentioned that amount of mackstickies in Krofta sludge could
be a potatial indicator of micro-stickies in the system and it can be seen that the CCT vedufor
the wire pit Trial 1-3 arevery high and so ae the macrostickies values for the Kofta sludge
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Notable is the high cationic demand obtainedrom sampling points after the paper machine,

especiallythe clear filtrate out from the Krofta. This is probably due to addition of CMC after the
Machine chest. The even higher value in the clear filtramould be a result of using bentonite for
xAOAO OOAAOI Al t&dontadEdriakily sinAckté caly mireral, characterized by its

colloidal size, lamellar cystal shape and high negativeharge densityo[47].

10.2.3 WEFSTRONG QUALITY (DAY

In Table 10-3 the effect of running wetstrength agent (or the effect of running ®werl
combined with Chest 5 and 12 instead of onlydwer 1) can be observed.

DIP 1 ANDDIP2

During Trial 4 DIP 1was not in operation and therefore it can be assumed that properties of raw
material coming into DIP1 were similar to the ones observed durin®ay 2.

Even though no pulp fromDIP2 was run on the paper machine duringTrial 4 raw material
samples entering this deinking line were taken in order to examine its properties. It was done
since surprisingly low values of macrestickies were obtained during Trial 2. However, similar
trend was observed also duringTrial 4, i.e. very low amount of macrestickies but high amount
of stickies indicated by DCM extraction as well as adsorption and dyeing method.

PULP AND WHITE WATER

What can be seen is that duringrial 4 the macro-stickies measurements on dwer 1 showed far
higher values than during Trial 3. Chest 12 showedsomewhat higher values whilst Gest 5
showed somewhat lower values than ©wer 1 during Trial 3.

The amount of stickies in Tower 1 determined by adsorption and dyeing method was slightly
lower compared to Trial 3 and considerably lower conpared to Trial 2. DCM extraction method
exhibited slightly higher values.

Chest 5 contained low amount of macratickies and ash content. UWIS values were also low
and only traces of stickies were observed bgdsorption and dyeing method. The mount of DCM
extractives was slightly lower than in Tower 1.Since Chest 5 is a virgin pulp and since Tower 1
has showed quite low DCMextraction values in previous measurements ltese were expected
results. Chest 12 contained higher amount of mackatickies than Chest 5 but lower than Tower
1. (Notable is that Chest 12 exhibited higher value than during ProcessirS8ey 3 which shows
that the quality in the broke-lines can differ quite much. DCM extraction values were similar to
the ones for Tower 1 and adsorption ad dyeing method indicated only traces of stickies. UVIS
values were slightly higher than in Chest 5 but lower than in Tower 1.

During Trial 4 the white water exhibited considerably lower stickies content determined by all
methods compared tothe first trials. This can be explained by the addition of fresh water since
the temperature of white water was much lower duringTrial 4 compared to previous trials The
lower value could also be due to better retention caused by the wstrength agent.

PAPER MACHNE 8

When observing the macrestickies results from the PM8 system it can be seen that the Machine
chest Middle layer and Krofta sludge showed lower values durindrial 4 whilst Machine chest
Yankee layer exhibitedalmost equal level as duringTrial 3. While running toilet quality with
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Tower 1 and wetstrong quality with Tower 1, Chest 5 and Chest 12 in both cases Yankee layer
contained only Tower 1 (see Tablel0-8 and Table10-10). Taking into account that Tower 1
showed significantly higher values during Trial 4 compared to Trial 3 Yankee layer should
perhaps contain more macrestickies during Trial 4. However, it depends on the time delay, i.e.
when the pulp actually reaches the paper machine.

The amount of detrimental substances in Wire pit and Cladfiltrate determined by CCT and UV
VIS was considerably lower duringTrial 4 compared to previous trials Also the cationic demand
values were lower.This can perhaps be due to that better retention is obtained in the system
due to the wetstrength agentor again addition of fresh water to the white water system

The adsorption and dyeing measurements showed similar values in the PM8 system. Slight
decreases could be observed in the systeaompared toTrial 3.

Table 10-7 Pulp distribution in Machine Crst Middle, Yankee and Hood layer
during Day 3 when running westrong paper including Tower 1, Chest 5 and 7.
The total pulp dosage fed to the paper machine is presented to the right.

Trial 4: Day 3 Wetstrong paper (T1, Chest 5, Chest 12)
Pulp Source Middle  Yankee Hood Tot. Pulp Dosage

Tower 1 0% 100% 100% 64,8%
Chest 5 76,4% 0% 0% 26,9%
Chest 12 23,6% 0% 0% 8,3%

During the survey in may ro clear correlations between cationic demand and amount of
detrimental substances couldbe observed.From one point of view a high cationic demand
indicates high amount d disturbing substances in formof anionic trash.The system has a lower
cationic demand while running wetstrength agent which most often contributes to a cleaner
system. Though in both case of Process Grvey 3 and 4 the white water temperature has been
lower when running wet-strength agent which indicates addition of fresh water. Further it is
again rather problematic to state if it depends on the addition of wetstrength agent or the
addition of fresh water. Though there are indicationsthat the system is a bit cleaner due to
better retention when running wet-strength agent but it cannot be proved at the moment and
needs to be futher investigated.

From another point of view the system could be cleaner when cationic demand is higher, since
the system seems more contaminated while running tower 3 which give a lower cationic
demand in the systemNotable is that he cationic demand is also lower in the beginning of DIP2
compaed to DIP1 which means that the phenomenon is most probably caused by the raw
material or the procedures performed at the initial processing stages in deinking line whichlso
needfurther investigation.

10.3 CONCLUSIONS

The pulp coming into DIP2 has \ery high amount of DCMextractives whilst the amount of
macro-stickies is very low compared to DIP 1 The same trend can be seen in pulp coming out
from the deinking lines; Tower 1 and Tower 2 in general exhibit higmount of macrostickies
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but low amount of DCMextractives whilst Tower 3 has a lower macrestickies content but high
DCM values

Amount of macro-stickies is higher in Tower 2 compared to Tower 1 though a clear effect of
Tower 2 on the overall cleannessin the system obtained by the other metlods has been
observedwhen comparing with Tower 1.

Tower 3 seems to contribute to higher amount of detrimental substances in the system mainly in
terms of micro-stickies. It can be seen that Tower Jas lower cationic demand than dwer 1
and 2 which contibutes to an overall lower cationic demand in the systemvhen Tower 3 is run
on paper machine

The cationic demand value from the Kofta sludge was lowest during Trial 4 which is probably
due to addition of cationic wetstrength agent. Whether the lower ationic demand in the system
in this case contributes to stickies formation is not known.

There are still questions regardingif the lower values obtained from the samples when running
wet-strength agent is due tobetter retention achieved by using wetstrength agent, pulp of
higher quality used for production of wetstrong tissue or addition of the fresh waterto the
white water system. Thus further studies are required.
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11 FINAL DISCUSSION

The main challenge while studying the stickieselated issuewas a lack of appropriate metlods
for monitoring of stickies. Large part of the methods used does not take into account the tack of
stickies and therefore cannot be defined as direct stickies measurement methods. The only
method that is well-elaborated ard is known to detect tacky particles is haneheet inspection
method in which the stickies are observed in microscopddowever, the major drawback of this
method is inability to determine amount of stickies in process water.

The UMVIS absorbance method teome extent correlates with other methods, however no clear
trends have been observed. In fact, the UVIS absorbance method requires experience to be
able to interpret the results correctly and judge the eligibility of this method for determination
of stickies. However, this method is simple and relatively fast to perform which is of great
importance for industrial use.

Adsorption and dyeing method provides an indication of whether sticky particles are present in
the system.The main drawback of this mettod is lack of opportunity to obtain a quantitative
value and use it further as statistical data. Moreover, the size range of stickies adsorbing on a
surface of the plastic bottle is not certain. Even though it is assumed that this method indicates
stickies in micro-range, in some cases larger particles can be determined as well.

The DCM extraction method is claimed to determine the total amount of stickies. It is a
standardized and verified method which makes it more reliable in terms of repeatability.
Corsistent values obtained by this method have also been observed during elaboration of this
project. However, it would be interesting to measure micrestickies by this method in order to
observe whether this value would correlate with other micrastickies deermination methods
used in this project. This can be done by screening the pulp and usierejects for determination

of macro-stickies whereas the concentration of micrestickies can be obtained by subtracting the
concentration of macrostickies from the total stickies concentration.It must however benoted
OEAO Os$#- AQOOAAOQEIT 1T AOGET A ATAO 116 AEOAAODI
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The CCT method is said to determine the amount of mictickies in the system or as
mentioned, the number of colloidal particles, which is a more suitable designation. Many of the

small particles are probably not stickies but for surea large part of them can be potential
stickies.

To sum up, various methods have been testeahd the main problem with stickies ispresencein
the process in different size ranges which makes measurementf themcomplicated.

Moreover, the morphology of he stickies is prone to undergo changes, i.e. they may disintegrate
into smaller particles or agglomerate forming macrestickies. Therefore, reliable methods for
determination of stickies in all size ranges are crucial in order to understand the underlying
processes contributing to deposition phenomenon. Consequently, it is of great importance to
adopt a credible method for determination of microestickies at SCA Edet mill.

Very few duplicates have been performed duéo restrictions in time and resources,this should
be performed in order to evaluatethe method.
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12 FINAL CONCLUSIONS

HISTORICAL DATA

Results obtained fromanalysis of historical data showed that cleaning of wires and felts has
been performed more often while running toilet paper compared tovet-strong paper on PM8
The mixture containing pulps from Tower 2, Tower 3 and Chest 7 is the toilet paper qualithiat
is the most prone to contributeto the cleaning occasions.

PROCESS SURVEYS

There are significant variations in critical process pararaters, such as temperature, pttationic
demand and U\AVIS absorbancepH is an important parameter that needs to be controlled and
the impact of pH on the sticies-related problem at SCAeedsto be further investigated.

The general trend is that pulps fom DIP1 (Tower 1 and Tower 2) contain higher amount fo
macro-stickies compared toTower 3 (DIP2). It has been concluded that Tower 8ontains large
amount of detrimental substancesmainly micro- or potential-stickies which is based orhigh
amount of DCM atractives, CCT objectsin this pulp as well as results from adsorption and
dyeing method.

Tower 3 showed a lower cationic demand compared to pulps from DIP1 and it contributes to
decrease in cationic demand in the system whemnning this pulp on the pape machine.

The Krofta is affected by the different qualities and a remarkalyl high cationic demand is
observed in the clear filtrate. Thassues regarding the Kofta needto be further investigated.

Lower amount of detrimental substances have been indicatl in the system while running wet
strong paper compared to the toilet paper. It is, however, not clear whether this phenomenon
occurs due to higher quality pulp used for production of westrong qualities, increased
retention due to wet-strong additive or due to addition of fresh water.

Chemicals used in papermaking hee a large influence on cationic demand in the systerRrocess
additives should be chosen with a great care anmgbssible interactions must be examined before
introducing them into the process.

The reliability of methods used for monitoring stickies is still a problematic issue and further
examination is needed.

To sum up, the mformation obtained within the framework of the project indicated several
problematic issues regarding stickies in tle process.It must be taken into account that stickies
related issues cover many areas, i.e. design of the process, methods for determination of stickies
etc. and it is obvious that many questions still remain unanswereddowever, obtained results
can sewre asa goodbasis for further work for tackling this problem.
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13 Future Perspectives

Large process variations are observednd it would be of interest to see how reduced variations
would influence the problem with stickies. Improved control of the vhite water system and
separate systems for the different paper machine could also be interesting future work at the
mill. One importantissueis that very few online meters are used at SCA Edet mill which makes it
hard to monitor the process and implementecessary changes before the problem escalates. It
would be interesting totry to correlate online measurements with the stickies problem.

A stable pH is important and further investigations are of interest. What is a stable pH? How
large variations are acepted and how do they influence the system? One important aspect is the
CaCQissuementioned.

It would also be of interest to study the effect of Tower &ven more This can be done by not
running the pulp from Tower 3 on PM8 for some time. One future dlook could also be to study
the cleaningefficiency onDIP2 and how it can be impoved to get a cleanepulp.

The water in the wire pit contains a high level ofdetrimental substances which may contribute
to processrelated problems, such as deposit fornation. It could be of interest to study if it can
be reducedby adding retention/fixation chemicals.

Processrelated problems can sometimes be hard to track. In ordeto facilitate tracking process
delay calculations could be of interestThis means that nformation regarding time when the
pulp enters the deinking line andreachesdifferent process locations as wellks problems that
have occurred in deinking plant should beavailable in order to find a source of the issue as
quickly as possible.

So far main focus has beenset on tracking stickies in the process and finding a way of
monitoring them. In future studies more focus could be seto observing the wires were the
actual problem occus. One interesting future work for the mill is to involve operators which
work closely to the paper machine. What happens when the stickies start to forri®hy do they
clean, is it urgent or preventative? Are there small or large stickies? What quality is run and
what pulps are included? When did they change quality? Mals®me kind of template which is
easy to fill in and then it is easier to follow up the cleaning occasions.

The problem with stickies originatesfrom the low quality of the raw material entering the mill in
the pulping plant. One interesting aspect could béo study the raw material. How much does the
quality vary? Perhaps some kind of sorting system could be introduced.

As mentioned very few duplicates have been performedo farwhich is preferable from several
points of view. Further examination of themethodsis needed.It would also be interesting to see
how the measured values vanduring the day. Examination of methods could include study of
both the variations within the triplicate and also the process variationswithin the day.

Further examination of micro-stickies methods would be interestingCompare DCM and the CCT
method. A daily method for microstickies measurements are needed at SCA. Relevance of
method and practical issues has to be taken into consideration.

So far a very broad picture of theproblem at the mill is obtained, in future work it could be
interesting to focus on smaller parts of the process. As an example the Krofta can be studied.
How is it affected by the different qualities? Examine the high cationic demand in the clear
filtrat e. What trends can be seen? Another possible project could be to study samples before and
after the wire (machine chest and wire pit).
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More chemical analysis of the stickies should be performed in order to get a broader picture
about what the stickies redly consist of. How much does the composition vary For example
analysisof the DCM extracts could be perfoned by using for example FTIR in orderd see what
components the DCM method actually measuse
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APPENDIX A: PROCE$EOW SHEETS AND COREBPONDING
SAMPLING POINTS
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APPENDIX B: RESULTFHISTORICAL DATA 1

600

m  Cleaning Occasions
Tower 1 (points/100g)
—=—Tower 2 (points/100g)

Macro-Stickies (Tower 1, 2, 3) and Cleaning Mar-Jun2011 PM 8 —*—Tower 3 (points/100g)

Mean Value Tower 1
------- Mean Value Tower 2
~~~~~~~ Mean Value Tower 3

%
=}
=3

= = = n = -

w I
Q Qo
3 s
~

—

N
o
=}

=
o
=]

a

———

Stickies (points/100 g) and Washing occasions

0

2011-03-01 00:00 2011-03-13 00:00 2011-03-25 00:00 2011-04-06 00:00 2011-04-18 00:00 2011-04-20 00:00 2011-05-12 00:00 2011-05-24 00:00 2011-06-05 00:00 2011-06-17 00:00 2011-06-29 00:00

Date and time

Figure 2 Macro- Stickies measurements (points/100g) for Tower 1,2,3 and
Cleaning occasions are plotted for Marclune 2011 PM8. The mean values for
macro stickies measurements are also present as dotted lines.
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measurements are also present as dotted lines.



B Cleaning Occasions
Tower 1 (points/100g)
—=—Tower 2 (points/100g)
Macro-Stickies (Tower 1, 2, 3) and Cleaning Mar-Jun2011 PM 7  —s—Tower 3 (points/100g)
Mean Value Tower 1
------- Mean Value Tower 2

------- Mean Value Tower 3
800

700

o
=]
=]

%
=}
S

w

3

g
]

N
o
S

L ‘; e 0-'.‘ ................ i‘ ‘\ NTub = My

Stickies (points)/Washing occasions
.
.
'
"
"
.
|
-
.
"
n
.
.
.

0
2011-03-01 00:0@011-03-13 00:02011-03-25 00:0@011-04-06 00:02011-04-18 00:0@011-04-30 00:02011-05-12 00:0@011-05-24 00:02011-06-05 00:0@011-06-17 00:0R011-06-29 00:00

Date and time

Figure 4 Macre Stickies measurements (points/100g) for Tower 1,2,3 and Cleaning
occasions are plotted for Marcliune 201 PM7. The mean values for macro stickies
measurements are also present as dotted lines.

B Cleaning Occasions
Tower 1 stickies (points/100g)
—m—Tower 2 stickies (points/100g)
Macro-Stickies (Tower 1, 2, 3) and Cleaning Jul-Oct 2011 PM 7 ——Tower 3 (points/100g)
Mean Value Tower 1
------- Mean Value Tower 2

------- Mean Value Tower 3
600

500 X —————
[ ]

Stickies (ponts/100g)/Washing occasions

2011-07-01 00:00 2011-07-13 00:00 2011-07-25 00:00 2011-08-06 00:00 2011-08-18 00:00 2011-08-30 00:00 2011-09-11 00:00 2011-09-23 00:00
Date and time
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APPENDIX C: RESULTFHSTORICAL DATA 2
WET-STRENGTH AND PULP B@GGE

In APPENDIX C westrength and Pulp dosage plots for PM8 and PM7 month by month during
2011 are presented in order to observe the influence of pulp dosage (%) on cléag occasions.

PM8

Pulps used on PM8: Tower 1, Tower 2, Tower 3, Chest 5, Chest 6, Chest 7 and Chest 12.
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Figure 1 Diagram January 2011 PM8. On the vertical axis the pulp dosage of the individual
pulps is given in percent of the total pulp dosage aett find wire cleanings are presented as
black squares at 40 and 60 respectively. Each black mark represents one cleaning occasion.
The wet strength dosage is also plotted and when the black line is at 100 it means that wet
strength agent is added to therpcess, amount of agent added is not taken into account.



Wet-strength Dosage and Pulp Dosage (%) on PM8 February 2011

mm Chest 12 Wet Strong
Broke

[ Chest 7 Internal
Broke

[ Tower 3 52
Brightness

. Tower 2 75+
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I Tower 1 78+
Brightness

W Chest 6 Virgin Long
Fibre

W Chest 5 Virgin HT
CTMP

—\Vet- strength
dosage

W Cleaning Wire 60

Cleaning Felt 40

Pulp Dosage (%)

Figure 3 Diagram February 2011 PM8

Wet-strength Dosage and Pulp Dosage (%) on PM8 March 2011

[ Chest 12 Wet-strong Broke
i Chest 7 Internal Broke
mmmm Tower 3 52 Brightness
mmm Tower 2 75+ Brightness

mm Tower 1 78+ Brightness

Pulp Dosage (%)

mmm Chest 6 Virgin Long Fiber
s Chest 5 Virgin HT CTMP
= \Wet-strength dosage

B Cleaning Wire 60

W Cleaning Felt 40
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Figure 3 Diagram March 2011 PM8



Pulp Dosage (%)

Wet-strength Dosage and Pulp Dosage (%) on PM8 April 2011

[ Chest 12 Wet Strong Broke
[ Chest 7 Internal Broke
[ Tower 3 52 Brightness
mmmm Tower 2 75+ Brightness
mm Tower 1 78+ Brightness
mmm Chest 6 Virgin Long Fibre
mm Chest 5 Virgin HT CTMP
— Wet-strenght dosage

W Cleaning Wire 60

W Cleaning Felt 40

Figure 4 Diagram April 2011 PM8

Pulp Dosage (%)

Wet-strength Dosage and Pulp Dosage (%) on PM8 May 2011

[ Chest 12 Wet-strong Broke
mm Chest 7 Internal Broke
mmmm Tower 3 52 Brightness
mmm Tower 2 75+ Brightness
[ Tower 1 78+ Brightness
mmmm Chest 6 Virgin Long Fibre
s Chest 5 Virgin HT CTMP
— Wet-strenght dosage

B Cleaning Wire 60

W Cleaning Felt 40

Figure 5 Diagram May 2011 PM8
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Dulp Dosage (%)

Wet-strength Dosage and Pulp Dosage (%) on PM8 June 2011

[ Chest 12 Wet-strong Broke
I Chest 7 Internal Broke
mmmm Tower 3 52 Brightness
mmm Tower 2 75+ Brightness
[ Tower 1 78+ Brightness
mmm Chest 6 Virgin Long Fiber
s Chest 5 Virgin HT CTMP
— Wet-strenght dosage

B Cleaning Wire 60

W Cleaning Felt 40

Figure 6 Diagram June 2011 PM8

Pulp Dosage (%)

Wet-strength Dosage and Pulp Dosage (%) on PM8 July 2011

[ Chest 12 Wet-strong Broke
mm Chest 7 Internal Broke
mmmm Tower 3 52 Brightness
mmm Tower 2 75+ Brightness
[ Tower 1 78+ Brightness
mm Chest 6 Virgin Long Fiber
s Chest 5 Virgin HT CTMP
— Wet-strenght dosage

B Cleaning wire 60

W Cleaning Felt 40

Figure 7 Diagram July 2011 PM8
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Wet-strength Dosage and Pulp Dosage (%) on PM8 August 2011

[ Chest 12 Wet-strong Broke
i Chest 7 Internal Broke
mmmm Tower 3 52 Brightness
mmm Tower 2 75+ Brightness

[ Tower 1 78+ Brightness

Pulp Dosage (%)

mmm Chest 6 Virgin Long Fiber
s Chest 5 Virgin HT CTMP
— Wet-strenght dosage

B Cleaning Wire 60

W Cleaning Felt 40

Figure 8 Diagram August 2011 PM8

Wet-strength Dosage and Pulp Dosage (%) on PM8 September 2011
\

[ Chest 12 Wet-strong Broke
i Chest 7 Internal Broke
mmmm Tower 3 52 Brightness
mmm Tower 2 75+ Brightness

[ Tower 1 78+ Brightness

Pulp Dosage (%)

mm Chest 6 Virgin Long Fiber
s Chest 5 Virgin HT CTMP
— Wet-strenght dosage

B Cleaning Wire 60

W Cleaning Felt 40

Figure 9 Diagram September 2011 PM8
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Wet-strength Dosage and Pulp Dosage (%) on PM8 October 2011

mmm Chest 12 Wet-strong Broke
[ Chest 7 Internal Broke
mmm Tower 3 52 Brightness
mmmm Tower 2 75+ Brightness

[ Tower 1 78+ Brightness
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= Chest 6 Virgin Long Fiber
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= \Wet-strenght dosage
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Figure 10 Diagram October 2011 PM8

Wet-strength Dosage and Pulp Dosage (%) on PM8 November 2011

[ Chest 12 Wet-strong Broke
[ Chest 7 Internal Broke
I Tower 3 52 Brightness
mmm Tower 2 75+ Brightness

[ Tower 1 78+ Brightness

Pulp Dosage (%)

I Chest 6 Virgin Long Fiber
mmm Chest 5 Virgin HT CTMP
= \Wet-strenght dosage

B Cleaning Wire 60

W Cleaning Felt 40

Figure 11 Diagram November 2011 PM8
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Wet-strength Dosage and Pulp Dosage (%) on PM8 December 2011

[ Chest 12 Wet-strong Broke
[ Chest 7 Internal Broke
I Tower 3 52 Brightness
mmmm Tower 2 75+ Brightness
[ Tower 1 78+ Brightness

I Chest 6 Virgin Long Fiber

Pulp Dosage (%)

mmm Chest 5 Virgin HT CTMP
= \Wet-strenght dosage
W Cleaning Wire 60

W Cleaning Felt 40

Figure 12 Diagram December 2011 PM8
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PM7
Pulps used on PM7: Towet, Tower 2, Tower 3, Chest 4, Chest 5, Chest 6, Chest 7 and Chest 2.

Wet-strenght Dosage and Pulp Dosage (%) on PM7 January 2011

Chest 12 Wet-Strong
Broke
i Chest 7 Internal Broke
[ Tower 3 52 Brightness
mm Tower 2 75+ Brightness

s Tower 1 78+ Brightness

Pulp Dosage (%)

mmm Chest 6 Virgin Long fiber

[ Chest 5 Virgin HT CTMP
Chest 4 Virgin Short
fiber

= \W/et-strenght dosage

W Cleaning Wire 60

Figure 13 Diagram January 2011 PM7

Wet-strenght Dosage and Pulp Dosage (%) on PM7 February 2011
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Figure 14 Diagram February 2011 PM7
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Wet-strenght Dosage and Pulp Dosage (%) on PM7 March 2011
Chest 12 Wet-Strong Broke
Q i Chest 7 Internal Broke
=
o mmmm Tower 3 52 Brightness
(1]
2 mmmm Tower 2 75+ Brightness
[=]
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Chest 4 Virgin Short fiber
—— Wet-strenght dosage
W Cleaning Wire 60
+ Cleaning Felt 40
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Figure 15 Diagram March 2011 PM7

Pulp Dosage (%)

Wet-strenght Dosage and Pulp Dosage (%) on PM7 April 2011

Chest 12 Wet-Strong Broke
i Chest 7 Internal Broke
s Tower 3 52 Brightness
mmmm Tower 2 75+ Brightness
i Tower 1 78+ Brightness
mm Chest 6 Virgin Long fiber
mm Chest 5 Virgin HT CTMP
Chest 4 Virgin Short fiber
—— Wet-strenght dosage
W Cleaning Wire 60

4 Cleaning Felt 40

Figure4 Diagram April 2011 PM7
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Pulp Dosage (%)

Wet-strenght Dosage and Pulp Dosage (%) on PM7 May 2011

Chest 12 Wet-Strong Broke
[ Chest 7 Internal Broke
s Tower 3 52 Brightness
mmmm Tower 2 75+ Brightness
[ Tower 1 78+ Brightness
mmm Chest 6 Virgin Long fiber
W Chest 5 Virgin HT CTMP
Chest 4 Virgin Short fiber
—— Wet-strenght dosage
W Cleaning Wire 60
W Cleaning Felt 40

Figure 175 Diagram May 2011 PM7

Pulp Dosage (%)

Wet-strenght Dosage and Pulp Dosage (%) on PM7 June 2011

Chest 12 Wet-Strong Broke
i Chest 7 Internal Broke
s Tower 3 52 Brightness
mmmm Tower 2 75+ Brightness
i Tower 1 78+ Brightness
mmm Chest 6 Virgin Long fiber
W Chest 5 Virgin HT CTMP
Chest 4 Virgin Short fiber
—— Wet-strenght dosage
W Cleaning Wire 60
+ Cleaning Felt 40

Figure 18 Diagram June 2011 PM7
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Wet-strenght Dosage and Pulp Dosage (%) on PM7 July 2011

Chest 12 Wet-Strong Broke
[ Chest 7 Internal Broke
s Tower 3 52 Brightness
mmm Tower 2 75+ Brightness

[ Tower 1 78+ Brightness

Pulp Dosage (%)

mmm Chest 6 Virgin Long fiber
mm Chest 5 Virgin HT CTMP
Chest 4 Virgin Short fiber
—— Wet-strenght dosage
W Cleaning Wire 60

Figure 19 Diagram July 2011 PM7

Wet-strenght Dosage and Pulp Dosage (%) on PM7 August 2011

Chest 12 Wet-Strong Broke
[ Chest 7 Internal Broke
s Tower 3 52 Brightness
mmmm Tower 2 75+ Brightness

i Tower 1 78+ Brightness

Pulp Dosage (%)

mmm Chest 6 Virgin Long fiber
W Chest 5 Virgin HT CTMP
Chest 4 Virgin Short fiber
—— Wet-strenght dosage
W Cleaning Wire 60
¢ Cleaning Felt 40
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Figure 20 Diagram August 2011 PM7
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Wet-strenght Dosage and Pulp Dosage (%) on PM7 September 2011

Chest 12 Wet-Strong Broke
[ Chest 7 Internal Broke
[ Tower 3 52 Brightness
I Tower 2 75+ Brightness

[ Tower 1 78+ Brightness

Pulp Dosage (%)

s Chest 6 Virgin Long fiber
[ Chest 5 Virgin HT CTMP
Chest 4 Virgin Short fiber

= N et-strenght dosage

W Cleaning Wire 60

Figure 21 Diagram September 2011 PM7

Wet-strenght Dosage and Pulp Dosage (%) on PM7 October 2011

Chest 12 Wet-Strong Broke
[ Chest 7 Internal Broke
m Tower 3 52 Brightness
I Tower 2 75+ Brightness

[ Tower 1 78+ Brightness

Pulp Dosage (%)

B Chest 6 Virgin Long fiber
[ Chest 5 Virgin HT CTMP
Chest 4 Virgin Short fiber
N et-strenght dosage
W Cleaning Wire 60

Figure 22 Diagram October 2011 PM7
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Wet-strenght Dosage and Pulp Dosage (%) on PM7 November 2011

Chest 12 Wet-Strong Broke
[ Chest 7 Internal Broke
i Tower 3 52 Brightness
mmmm Tower 2 75+ Brightness
i Tower 1 78+ Brightness
mmmm Chest 6 Virgin Long fiber

Pulp Dosage (%)

W Chest 5 Virgin HT CTMP
Chest 4 Virgin short fiber
— Wet-strenght dosage
W Cleaning Wire 60
+ Cleaning Felt 40

Figure 23 Diagram Novemlbre2011 PM7

Wet-strenght Dosage and Pulp Dosage (%) on PM7 December 2011

Chest 12 Wet-Strong Broke
[ Chest 7 Internal Broke
s Tower 3 52 Brightness
mmmm Tower 2 75+ Brightness

i Tower 1 78+ Brightness

Pulp Dosage (%)

mmm Chest 6 Virgin Long fiber
W Chest 5 Virgin HT CTMP
Chest 4 Virgin Short fiber
—— Wet-strenght dosage
W Cleaning Wire 60
+ Cleaning Felt 40

Figure 24 Diagram December 2011 PM7
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APPENDIX D: RESULTRRROCESS SURVEY 1

Figure 1. Variation in measured process parameters for the white water (Blekt BV).
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Figure 2. Variation in measured process parameters for Wire Pit PM7.
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Figure 3. Variation in measured process parameters for Wire Pit PM8
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Figure 4 Variation in measured process parameters for Pulp Tower 1.
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Figure 5 Variation in measured process parameters for Pulp Tower 2.
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Figure 6 Variation in measured process paraters for Pulp Tower 3.
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APPENDIX E: RESULTSTIICKIES SURVEY MARQO012

Total Stickies Measurments Day 1 and Day 2 March 12
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Figure 1 Results totastickies measurements Day 1 and Day 2 Stickies Survey March 2012.

Figure 2 Results MacrStickies measurements Day 1 and Day 2 Stickies Survey March 2012.
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