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(57) Abrege(suite)/Abstract(continued):
Independently selected from a hydrogen atom, an alkyl, aryl, alkenyl, aralkyl, alkaryl, alkoxy, alkanoyloxy, hydroxyl, ester or ether
group, and each Z Is Independently selected from an alkyl group substituted with an amine, amide, carboxyl, ester, or epoxy group,

or preferably at least one or more groups -R*- (OCszp)q (OCerr)S-R3; wherein n Is an Integer greater than 1; a and b are
independently 0, 1, 2 or 3: R? is an alkylene group or a direct bond: R is a group as defined for R! or Z above; p and r are
Independently an integer from 1 to 6; g and s are independently O or an integer such that 1 < g + s < 400; and whereln each
molecule of the organo-modified siloxane contains at least one group Z. The organo-modified siloxane Is preferably a hydroxyl- or
alkyl- endcapped linear polydimethylsiloxane, in which 5 to 18 mole percent of silicon atoms are substituted by Z groups of the
formula -R?- (OCp-|2p) q (OCrH2r)S-R3, in which pis 2, ris 3 and g and s are independently 10 to 20, R is an alkylene group having

from 1 to 6 carbon atoms or a direct bond, and R is a hydrogen atom or a hydroxyl, alkoxy, ester or ether group.
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Abstract

A method for controlling the deposition of stickies in pulping and
papermaking processes comprises adding to fibre pulp or stock an additive
comprising an organo-modified siloxane comprising units of the formula:
[R'aZbSiOwu-ab) 2]n in Which each R' is independently selected from a hydrogen
atom, an alkyl, aryl, alkenyl, aralkyl, alkaryl, alkoxy, alkanoyloxy, hydroxyl, ester
or ether group, and each Z is independently selected from an alkyl group
substituted with an amine, amide, carboxyl, ester, or epoxy group, or preferably
at least one or more groups -R?- (OCyHzp)q (OCiH2)s-R?; wherein n is an integer
greater than 1; a and b are independently 0, 1, 2 or 3; R* is an alkylene group or
a direct bond; R® is a group as defined for R' or Z above; p and r are
independently an integer from 1 to 6; g and s are independently O or an integer
such that 1 € g + s < 400; and wherein each molecule of the organo-modified
siloxane contains at least one group Z. The organo-modified siloxane is
preferably a hydroxyl- or alkyl- endcapped linear polydimethylsiloxane, in which 5
to 18 mole percent of silicon atoms are substituted by Z groups of the formula -
R2- (OCpH2p) q (OCH2r)s-R3, in which p is 2, ris 3 and q and s are independently
10 to 20, R? is an alkylene group having from 1 to 6 carbon atoms or a direct

bond, and R? is a hydrogen atom or a hydroxyl, alkoxy, ester or ether group.



CA 02964665 2017-04-13

WO 2016/059153 PCT/EP2015/073874

- ] =~

A METHOD FOR CONTROLLING THE DEPOSITION OF STICKIES IN
PULPING AND PAPERMAKING PROCESSES

001] The present 1nvention relates to a method for

5> controlling the deposition of stickies 1n pulping and

papermaking processes.

(002 ] Problems associated with the formation of sticky
deposits, comprising both 1norganic and organic components,

10 1n pulping and papermaking processes are well known. “Pitch”,

“stickies”, and “white-plitch” are commonly used terms for
sticky hydrophobic materials produced during these processes,

which adhere to surfaces and build up as aggregates 1in

machinery.

15
(003] In pulplng processes using virgin fibres, “pitch”

normally refers to natural resin hydrophobic materials,

1ncluding fatty acids, esters and sterols, derived from the

natural raw materials, most often wood. Pitch 1s especially

20 prevalent 1n mechanical grades of pulp often used in recycled
vaper, where 1t 1s hydrolytically degraded and saponified to

a lesser extent compared to the alkaline kraft process for

making chemical pulp.

25 [004] Paper can also be made from recycled fibres recovered
from waste paper. In paper recycling both natural pitch and
synthetic materials, such as polymers and binders used in

paper, paper coating and printing inks, may form such tacky
materials. In recycling industries these synthetic polymers

30 are cotiften referred to as “stickies” or “white pitch”.

L 005] For brevity, nenceforth all of these sticky
hydrophobic materials will be referred to collectively as
“stickies”. Also for brevity, henceforth “papermaking” will

35 be used to refer to both papermaking from virgin fibres and
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recycled fibres.

" 006] Stickies tend to form aggregates and adhere to
surfaces 1n machinery, <creating processing problems and
5 degradation of the quality o©of the end product. Sticky

deposits on surtfaces, clogging of screens and filters
hindering water passage and drainage, and deposits on
cylinders and rolls are all frequently experienced and well
known problems 1n this 1ndustry. Adhesion of stickies to

10 surfaces reduces the effectiveness and efficiency of the
manufacturing process, and results in interruptions and down-
time for cleaning machinery, all of which have a negative
economic 1mpact. Adhesion of stickilies to surfaces can also
result 1n a reduction 1n product guality.

15
L007] Various techniques have been published as possible
methods for reducing the 1mpact from sticky deposits.
However, only few of these technigues have established
themselves 1n common use in full scale manufacturing.

20
008 ] Mechanical devices, such as c¢yclones, are used 1in
pulp and papermaklng processes to separate materials of
different gravity. US 2000124256 (Al) describes the use of
cyclones for the removal of high density stickies, followed

25 by a flotation step. However, this method may require
specific system modifications, for removing the currents of
specific gravity. In many cases, long chain, hvydrophobic

organic materlals have lower densities relative to the

surrounding chemical environment. EP 0869218 describes adding

30 a magnetic material having an affinity for the stickies with
the subsequent removal of the aggregates in a magnetic field.

However, this method also requires technical installations

and a special design set up.

35 [009] Chemical approaches for controlling stickies are also
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known, for example through the use of various types of

organic polymeric materials having an affinity for stickies.

' 0010] One of the most common approaches 1s to dose the
system with a cationically charged material, due to the
overall electronegative character of the stickies. Commonly

used materilals of thils type are condensates of dicyandiamide

with formaldehyde and poly-DADMAC. For example, EP1623067

describes the use of a crosslinked poly-DADMAC, while 1in

EP1763609Y an amphoteric polymer comblined with anionically

charged siliceocus solid particles 1s used.

[C011] However, charged compounds have the potential to
1nterfere with the chemistry of a papermaking system, and may

have a negative 1mpact on the finely tuned charge balance

required for paper formation.

'0012] EP0O569085 describes the use o0of a modified melamine

formaldehyde polymer for this purpose, while EPl1lo5677

describes using a polyphenolic compound modified with an

amphoteric constituent. However, the use of bisphenols has

toxicological 1SsSuUes. P2044263 describes use of

hydrophobically modified polyethyleneglycol.

10013] In many cases, single polymers have been found to

have limited performance, and combinations of polymers have

been used 1nstead. For example, EP00693147 and EP0693149

describe the use of native potato starch i1n combination with

carboxyethylcellulose and/or methylhydroxypropylcellulose.

FEP1o27107 describes the use of a cationic polymer combined

with a hydrophobic modified hydroxyvethyl cellulose, and

EPO0Y98B80670 describes using at least two materials selected

from an oi1l-soluble or water-dispersible polymer, an oil-

soluble or water-dispersible surfactant, a tackifier, and an

oll-soluble or water-dispersible sclvent. EP1425471 describes
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the use of a copolymer based on 7/5-95% acrylamide and 5-25%
vinyvlacetate dosed to the pulp furnish. US5510439 describes
a method for controlling pitch 1n papermaking systems through
coagulation using a preferred reaction product of a major
amount of diallyldimethylammonium chloride (95.0-99.9 parts)

with a minor amount of vinyltrimethoxysilane (0.01-5.0

parts). In EPU0ZZ25293 a combined dosage of a polyvinyl
chloride, a cationlic polymeric coagulant and a polymeric
flocculent 1s used. CAZ2219139 describes the use of
alkoxylation products (esters) of Cl0-C22 fatty acids and
Cl0-C22 fatty acids containing an -0OH group.

10014] Pigments or adsorbents, such as bentonite, talc and
clay having an affinity to stickies thus rendering them less
tacky, are also commonly used materials for reducing their
adsorption onto surfaces. For example, CN102733259 describes

the use of talc, EP0989229 the use of a hydrophobic modified

synthetic or natural mineral, US5540814 the use of cationic

clay, and US5080759 the use of wvarious organotitanium(IV)

compounds. EP0740014 describes the use of siliceous
particulate 1norganic materials comprising at least one
silicon-containing compound coated with a nitrogen-containing
material c¢ontailning o©one or more triazine rings. The
particulate material 1s an aluminosilicate, such as kandite
clay, coated with a homo- or co-polymer comprising melamine
formaldehyde-type structures. However, such minerals normally
need high addition rates, and may lead to dusting of the
final paper and/or increased sludge formation in waste water
treatment plants because they can be very difficult to retain

1n the paper.

0015] Stickies are hydrophobic, inscluble in water, and may
develop 1ncreased tacky/adhesive properties under process
condltions 1n pulp and papermaking. Other types of

hydrophoblic materials have thus been suggested for such
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treatment.

1001le] For example, WO90053061 describes the use of

combinations of hydrocarbon-containing compounds, EP0517360
5> the use of a hydrocarbon solvent with a blend of surfactants,

PE10324369 a fibre suspension cleaned for hydrophobic

stickies by adding a triglyceride o0il from wvarious natural

sources, EP0920551 the use of fatty alcohols for

agglomerating stickles to such a size that they can be

10 removed by screening, and EP1950342 a stickies controcl agent
based on a PIT emulsion comprising a) dialkylamides as the
maln constituent and b) non-ionic surfactants for obtaining
the emulsion. PIT refers to "“Phase Inversion Temperature”,
and requires the use of specifically combined surfactants for

15 obtaining a phasée 1nversion at a specific temperature,
whereby small particles/droplets are formed. Fatty alcohol
ethoxvlates/partial glycerides Or partial
glycerides/alk(en)yl oligoglycosides or fatty acid amide
alkoxylates/alk(en)yl oligoglycosides combinations are the

20 preferred surfactants. However, a limitation of using
non-ionic surfactants 1s that they do not prevent the
formation of agglomerates of stickies, and their ability to

disperse fine particles over a longer time is limited.

25 [0017] Organic surfactants have also been described for the

reduction of stickies, often 1in combination with organic
polymers. For example, CNI101725064 describes a method of
removing sticklies through the use of combinations of
non-i1onic surfactants and anionic dispersing agents, such as

30 (salts of) polyacrylamide, polyacrylic and polymetacrylic

polymers. DE19929919 describes the use of non-ionic
surfactants for dispersion in the high concentration phase,

followed by flotation.

35 [0018] Proteins, including enzymes, have also been described
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for the reduction of stickies. For example, EP1268932
describes the use o0of whey proteins 1n combination with

caticonic compounds, and USZ2001020150 also describes the use

of whey proteins. EP1802800 describes the use of wvarious
enzymes hydrolyzing or modifying the stickies 1n combination
wlith anionic, non-ionic or cationic synthetic or natural
adsorbents, such as silicates, carbonates or combinations

thereof. DE102005034413 describes the use of an esterase

enzyme (lipase) combined with a non-ionic, non-polymeric

surfactant, and CN103074795 similarly describes the use of

alkaline lipase for controlling stickies. EP1402109 describes

the treatment of pulp from recycled paper with lipolytic
enzymes to control stickies, the enzymes able to hydrolyze
a polymer comprising vinylacetate monomer at neutral pH.

CN1017600976 applies an enzyme 1n combination with a soap

deinking agent and a polvether surfactant. FP2092114
describes the use of enzymes 1n combilination with non-ionic
detackifiers in the form of hydrophobic modified
hydroxyethylcellulose or a polyvinylacetate with a degree of
hydrolysis from 50-100%. Proteins may have a paclfying effect

on stickies, and enzymes can have a hydrolytic effect on

specific chemical bonds. Enzymes are more or less specific
1n their action on types of chemical sites, and where
esterases/lipases/lipolytic enzymes normally have a cleavage
effect on ester bonds. However, the performance of enzymes
1s 1nfluenced by the physical/chemical environment, such as
cH, temperatures and oxidilizing materials. Aldehydes can for

example bind to proteins and block the action of enzymes.

0018] In addition to the methods previously cited, other
techniques have Dbeen published using various types of
chemical additives, either neat or 1n combination. For

example, US5009746 describes the use of supercritical CO, for

controlling stickies, EP069814] water glass 1n combination

with fatty acid socaps and cationic flocculation/retention
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aids, and EP49235066 dissolved urea. EP1473405 describes how

the surface of metallic drying cylinders and/or canvas coated

cylinders may be treated by spraying with an amino- or epoxy-

functional silicone o011, and related document EP2557226

describes coating drying cylinders 1n the paper machine

(metallic or canvas coated) wlth an amino-modlified

polysiloxane.

(0020} Measuring the efficacy of the various techniques to
control the deposition of stickies can to some extent be done
under an artificilal envircnment in the laboratory. However,
the results obtained 1n the laboratory are often not
reflected 1in full-scale 1industrial processing, where the
stickies are i1influenced by the varyving chemical and physical
conditions throughout the process chain, where the process

runs around the clock, more or less the whole year through.

[0021] There will thus always be physical and chemical

1ntéeractions between the stickies present and the types of
surfaces 1n the machinery where adhesion takes place. Thus,
the type o©f furnish, the system design and processing
parameters can each have an 1mpact on the degree of
deposition problems experienced. These variations may also
limit the types o0of technology which c¢can be used for

combatting problems caused by the deposition of stickies.

0022] Only a few of the technologies described have become

established as valuable methods for reducing stickies under

full scale 1ndustrial operations. The industry thus still
seeks a simple method for controlling the unwanted deposition
of stickies 1n pulp and paper manufacturing systems,
especlally 1n relation to the paper recycling industry where
propblems from both natural and synthetic stickies occur. The

materials used should be compatible with the existing process

35> conditicons, and should be able to remove and/or pacify
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stickies to such an extent that the process can run
undisturbed for extended periods. The chosen method should

not have a negative impact on the process, and should also

e economical to use.

(5

10023] The present i1nvention seeks to address these 1ssues

wlith the prior art approaches.

10024] According to the present 1nvention there 1s thus
10 provided a method for controlling the deposition of stickies
1n pulping and papéermaklng processes which comprises adding
to fibre pulp or stock an additive comprising an organo-

modified siloxane comprising units of the formula:
15 [Rl‘Z'SlO I=z-b; .-"'?.]

in which each R- 1s independently selected from a
hydrogen atom, an alkyl, aryl, alkenyl, aralkyl, alkaryl,
alkoxy, alkanoyloxy, hydroxyl, ester or ether group;

20 cach Z2 1s 1ndependently selected from an alkyl group
substituted with an amine, amide, carboxyl, ester, or epoxy
group, or a group -R°-(0OC.H,)). (OC.H,, ).-R;

n 1S an 1nteger greater than 1;

and b are independently 0, 1, 2 or 3;

25 1s an alkylene group or a direct bond;

1s a group as defined for R' or Z above;

and r are 1ndependently an integer from 1 to 6;

Q T W W

and s are 1ndependently 0 or an integer such that

1 < g + s < 400;

30 and wherein each molecule of the organo-modified

siloxane contains at least one group 7.

[0025] The addition of an additive COmMpPrising an
organo-modified siloxane to fibre pulp or stock, preferably

35 occurs early 1in the process chain, for example in the stock
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preparation unit, the pulper outlet, or 1n paper recvcling
systems at the pre-flotation 1inlet. The additive may be
added to the pulp or stock éeither before, during or after
fibre disintegration of eilther virgin or recycled cellulosic
material. It has been surprisingly found to effectilively
control deposits of stickies 1n a papermaking system, for
example on wires, felts, rolls, blades and calenders. It 1is
pelieved that this 1s achileved by an 1ncreased separation of
sticky materials from the fibre pulp or stock, and/or a
pacityving effect on sticky materials still present 1n the

fibre current entering the papermaking system.

[0026] The additive comprising the organo-modified siloxane
may be added to the fibre pulp or stock neat or diluted. It
can beée easily stcored and handled, and has not been found to
disturb the charge balance of the wet end of the paper

machine. Also, 1t does not create extra sludge or dusting.

[0027] Whilst not wishing to be bocund by theory, the effect
of the organo-—-modified siloxane 1n controlling stickilies
might be explalined through a selective 1interaction with the
hydrophoblc stickiles, whereby an increased separation may be
achieved trom the fibre pulp or stock, for example in the

flotation unit of a paper recycling plant.

[0028] In addition, the organo-modified siloxane might also
have a pacltfying effect on stickies, whereby the tackiness
of the stickies 1s reduced, so sticklies which are not
removed from the fibre stream, for example 1in a flotation
unit, have a reduced tendency to adhere to surfaces. Some
nen—-harmful colloidal adhesion to the fibres may alsoc occur,

such that the stickles tollowing the flow of fibres to the

paper machine become stabilised in a finely dispersed manner.

[0029] In the organc-modified siloxane used in the present
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invention, Z 1is preferably a group -R°-(OC.H.,) (OC,H,, ).-R",

."‘
4

more preferably wherein p and/or r are independently 2, 3 or

4. Prererably, g and s are each 1i1ndependently from 5 to 30,

mere preferably from 10 to 25. In a particularly preferred

group 4 p 1s 2, r 1s 3, and g and s are each independently

15 to 20. R 1s preferably a direct bond, methylene,

ethylene, propylene, butylene, pentylene or hexylene group.

R’ 1s preferably a hydrogen atom, or a hydroxyl, alkoxy,

cster or ether group.

[0030] Additionally or alternatively, Z may be an alkyl
group substltuted with an amine, amide, carboxyl, ester, or
epoxy group, for example an alkyl group having from 1 to 6

carbon atoms, 1.e. a substituted methyl, ethvyl, propvl,
butyl, pentyl or hexyl group.

10031] The organo-modified siloxane may be linear or may
comprise units 1n which a + b = 0 or 1, i.e. the siloxane
may contain  branching. When Z 1s a group  -R°-
(chﬁw)qMXLHkJS—Rﬂ.ij.is preferably a hydroxyl, alkoxy or
alkanoyloxy group.

10032] Preferably, 2 to 20 mole percent of siliceon atoms in
the siloxane molecule are substituted by a group Z, more

preferably 5 to 18 mole percent.

|0033] The molecular weight of the siloxane is preferably
1,000 - 500,000, more preferably 8,000 - 100,000.

0034] Particularly preferred organo-modified siloxanes for
use 1n the method of the present invention are hydroxyl- or
alkyl- endcapped linear polydimethylsiloxanes, in which 5 to
18 mole percent of silicon atoms are substituted by Z groups
of the formula -R'-(OCH,.), (OCH, ).-R’, in which p is 2, r is
3 and g and s are independently 15 to 20, R® is an alkylene
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group having from 1 to ©6 carbon atoms or a direct bond, and
R’ is a hydrogen atom or a hydroxyl, alkoxy, ester or ether
group. More preterably, 11 mole percent of silicon atoms are
substituted with said Z groups, g and s are both 18, and the

5 organo-modified siloxane has a molecular weilight  of

approximately o60,000.

[0035] The additive for use 1in the method of the present
invention may consist of organo-modified siloxane alone to
10 control the deposition o¢f stickies, or may comprise the
organco-modified siloxane together with one or more components
selected from a polydimethylsiloxane, an organic polyether
or a fatty acid ester thereof, a fatty acid ester with C._,
mono or polyvalent alcohol or an unsaturated or saturated
15 fatty acid of natural origin or a soap thereof. For example,
sultable fatty aclds 1nclude saturated and unsaturated
monopasic aliphatic carboxylic acids, for example having from
8 to 22 carbon atoms, such as lauric, myristic, palmitic,
stearic, arachidic, behenic, lignoceric, palmitolic, oleic,

20 linoleic, 1linolenic, and arachidonic acids.

10036] Suitable organic polyethers for use with the organo-
modified siloxane 1In the method of the present invention
include those of the formula R'-(0OCH.,.) . (OC,H,.),~R’* in which
25 R' and R’ are independently selected from a hydrogen atom,
hydroxyl, alkyl, alkoxy or ester groups, p and r are
independently an integer from 1 to 6, and g and s are
independently 0 or an 1integer such that 1 < g + s < 400.
30 [0037] The additive may be 1n the form of a soclution,

micro-emulsion, emulsion, dispersion oOr any combination

thereof. The additive may comprise a water sgoluble and/or

emulsifying siloxane.

35> [0038] The amount of additive to be used can be very low,
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and hence can be very eccnomical, whereby the cost of the
additive 1s outwelghed by the benefits achieved. Thus, the
additive 1is preferably added in an amount of less than 0.01
welght 3% of fibre 1n the pulp as dry material, more
preferably 1n an amount of less than 0.005 weight %, for
example 0.003-0.004 weight %. For example, a preferred amount

of organo-modified siloxane to be added is 30-40g/tonne of

paper.

[0039] In paper recycling processes, the additive used 1n
the present 1invention may be used 1n addition to standard
delinking chemicals, for example for use 1in flotation deinking
processes. Such standard deinking chemicals may 1nclude, for
example, alkalis (such as alkali metal hydroxides, e.qg.
sodium hydroxide), waterglass (e.g. sodium silicate), and
H,O, (peroxide). A fatty acid, or an alkalili or alkaline earth
metal socap of a fatty acids (suitable fatty acids 1nclude
those referred to hereinabove) may be used 1n pre- and post-
flotation stages, for example sodium soap o©f fatty acids

(which can convert to calcium scap 1n hard water).

10040] The detection and measurement of stickies particles
1n a pulping or papermaking system may be performed through
flow c¢ytometry, or another optical method, and sticky
deposits may be controlled by wvisual inspections and/or

gravimetric measurements.

10041] The present 1nvention will now be described in detail
by way of example, with reference to the accompanying

drawings, 1n which:

Figure 1 shows thée measured levels of hydrophoblic micro-
stickies 1n samples taken from the deinked pulp (DIP) plant

of an 1ntegrated paper mill, “"Mill A”;
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Figure 2 shows a graph of the cumulative build-up per month
of hydrcphobic micro-stickies on the doctor blade on drying
cylinder number 3 of the paper machine Mill A over a period

of months, both before and after the addition of an organo-

modified siloxane;

Figure 3 shows the measured levels of hydrophobic micro-
stickies 1n samples taken from the DIP plant of an

integrated paper mill “Mill B”; and

Figure 4 shows the average change 1n the level of
hydrophobic micro-stickies at different positions relative

to the level at pre-flotion inlet of the DIP plant in Mill
B.

Example 1 - “"Mill A”

[0042] Mill A 1s an 1integrated paper mill using recycled

paper Jgrades as furnish for producing printing grades of

paper.

[0043] An ordinary two loop RCEF (recycled fibres) unit 1is

used to produce deinked pulp (DIP) for newsprint.

[10044] The raw material contained standard household quality
ONP and  OMG (old news print and magazine  grades
respectively). The process temperature was between 40 and

50°C, water hardness between 10 and 30°dH and pH between 7

and 9.

10045] A standard chemical mix containing NaOH (caustic
soda), waterglass (silicate) and H,0. (peroxide) was used in
the DIP plant for 1nk detachment, and prevention of ink
redepositioning and yellowing. In addition, a sodium socap was

added for 1ink removal 1n the pre- and post- flotation loop.
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The scap was at least partly converted 1into calcium socap due
tc the water hardness. The socap was dosed 1n an amount of

2-3 kg/tonne (calculated as fatty acid per tonne of dry

outlet from the pulper/drum;.

10046] The amount of hydrophobic “micro-stickies” (< 50 um)
was measured 1n the RCF plant by flow cytometry. The flow
cytometry equipment counts the number of hydrophobic “micro-
stickies”, 1.e. particles having the potential to aggregate
into larger stickies thus building up tacky deposits on
surfaces 1n the process system. In flow cytometry the degree
of deflection of laser beams comblined with dyes having an

affinity to the particles of concern are used for the

detection of particles, with computer processing of the

signals. The sample volume for measurements was 0.2 ml.

10047] The degree of builild-up of deposits of stickies was

also observed from the doctor blade of the dryving cylinder

number 3 of the paper machine.

1 0048] An organo-modified siloxane was added to the outlet
of the pulper in an amount of 40 g/tonne of incoming paper
(0.004 wt%). This particularly preferred organo-modified
siloxane was a polydimethylsiloxane 1n which 11 mole percent
of si1licon atoms are substituted by Z groups of the formula
-R"-(OC.H,,),(OC H,,).-R", in which p is 2, r is 3 and g and s
are each 18, R is a direct bond, and R’ is a hydroxyl group,
or another end-capping group, having a molecular weight of

approximately 60, 000.

10049] During the dosage period of the organo-modified
siloxane, depositions of sticklies in the paper machine svstem
were signitficantly reduced. When the organo-modified siloxane
stopped being added to the pulper outlet the deposits of

stickies 1n system once again  1ncreased. When  the
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organo-modified siloxane was once again added to the pulper

outlet, the level of deposits of stickies 1n the system once

agalin reduced.

[0050] Figure 1 shows the measured levels of hydrophobic

micro-stickies through the DIP plant. The level of micro-

stickies at the 1inlet to pre-flotation is defined as 100%,

and the levels 1n the other positions are calculated

relative to this level.

(0051] Figure 1 shows that without the addition o©of the
organo-modified siloxane, (1.e. Just the standard deinking
chemicals and sodium soap) no reduction in micro-stickies was
seen between the pre-flotation inlet and the outlet of the
DIP storage tower. However, when the organo-modified siloxane
was added 1in an amount of 40 g/tonne of incoming paper
accept (0.004 wt%), a significant reduction i1in the level of
micro-stickies was found 1in samples taken from the same
positions. Thus, the measured level of micro-stickies reduced

from 100% at the pre-flotation 1nlet to ©68% 1in the DIP

storage tower outlet.

10052] Figure 2 shows a graph of the cumulative average
build-up (g/h) per month of hydrophobic micro-stickies on the

doctor Dplade on drying c¢ylinder number 3 of the paper

machine Mi1ll A over a period of months, both before and
after the addition o©of an organo-modified siloxane (March
through December). Thus, the average build-up of micro-
sticklies (g/h) was measured each day, from which a

cumulative average amount for each month was calculated.

[0053] The graph shows that the stickiles deposits peaked in
July (approximately 16500g/h per month cumulative) prior to
1ntroduction of the organo-modified siloxane additive in the

second half of this month. After this, the build-up of
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stickies lowered significantly, to approximately 3000g/h in
August, 1500g/h 1in September, 425g/h 1in October, and

negligible amounts 1n November and December.

Example 2 - “Mill B”

10054] Mill B 1s a two loop RCFEF unit used to produce DIP for

newsprint production. The raw material compositions comprise

standard household quality ONP and OMG.

L0055] The same chemical mix containing caustic, silicate
and peroxlide was agaln used for 1nk detachment, and

prevention of 1ink redepositioning and yellowilng.

[0056] Again, 1in addition to this chemical mix, sodium soap,
transformed 1nto calcium socap due to the water hardness, was

added for ink remcval in the pre- and post- flotation loops.

[|0057] The process temperature was between 45 and 50°C, the
water hardness level between 10 and 30°dH and the pH between

7 and 9.

[0058] The potential for the formation of deposits of
stickles on surfaces 1in the process system was assessed by
investigating the amount of hydrophobic micro-stickies
present in the RCF plant, and in positions in the wet end of

the paper machine, performed by flow cytometry.

[0059] In a reference period, 1.5 kg of sodium soap/tonne
(as fatty acids) was dosed to the RCF plant, in addition to

the other chemicals used for the DIP manufacturing.

[0000] In a test period a combined dosage of 1 kg of sodium
scap/ tonne and 36 g organo-modified siloxane/tonne of

incoming dry accept were dosed (0.0036¢ wt%), in addition to
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the standard deinking chemicals.

[0061l] Figure 3 shows the levels o©f hvydrophobic micro-
stickies 1n samples taken from the DIP plant in Mill B
relative to the level 4t the pre—-flotation inlet, as
measured by flow cytometry. Again, the level of hydrophobic

micro—-stickies at the pre-flotation inlet is defined as 100%.

10062] When dosing with standard chemicals only, including
1.5 kg scdium socap/tonne, there 1s no significant reduction
0f the levels of hydrophobic micro-stickies observed through

the deinking system.

10063] When dosing the organo-modified siloxane to the

accept after the drum pulper 1n an amount of 36 g/tonne
(0.0036 wt%), 1n combination with a reduced amount of
sodium-scap (1 kg/tonne), a significant reduction 1in the

level of hydrophobic micro-stickies was measured.

|0004] Figure 4 shows the average change 1in level of

hydrophobic micro-stickies at different positions relative
to the level at pre-flotion inlet of the DIP plant in Mill
B, durling the reference period (4 runs over 3 months) and
during the test period with a dosage of organo-modified
siloxane to the RCF plant (8 runs over 11 months), measured

by flow cytometry.

10065] Figure 4 shows that the amount of hydrophobic micro-
stickles 1s 1n most positions reduced during the test period

using the organo-modified siloxane compared to the reference

period.
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CLAIMS

1. A method for controlling the deposition of stickies

2 1n pulping and papermaking procesgses which comprises adding
te fibre pulp or stock an additive comprising an corgano-
modified siloxane comprising units of the formula-

[R* 258104 amny 2] 4
L0

in which each R! is independently selected from a
hydrogen atom, an ailkyl, aryl, alkenyl, aralkvyl, alkaryl,
alkoxy, alkanoyloxy, hydroxyl, ester or ether group;

28Ch 2 15 independently szlected from an alkyl group

L2 substituted with an amine, amide, carboxyl, ester, or BPOXY
group, Cr a group —RE—(OCszp)q(Ocngr)t—Rﬂ;

N 1s an integer greater than 1:

& and b are independently 0, 1, 2 or 3;

3 1 . 4—
R* 1s a direct bond, methylene, ethvlene, propylene,
=0 butvlene, pentylens or hexylene group;

3 .
R* 18 & hydrcgen atom, alkyl, hydroxyl, alkoxy, ester
or ether group;

P and r are independently 2, 3 or 4;

g and s are independently 0 or an lnteger such that
20 1 < g + 8 < 400;
and wherein each molecule of the organo-modifiad

s1loxane contains At least one or more 7 groups -—-R=-
(DCPHZPJ g {OCH, ) .—R* 2

wherein the addibive is added in Che astock
30 preparation unit, the pulper outlet, and/or to the pulp or
stock either before, during or after Fibre disintegration of

eithér virgin or recycled cellulosic material, and/or wherein
the additive is added to the fibra pulp or st
diluted.

35

ock neat or
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2 . A method according to claim 1 wherein g and s are

each independently from 5 to 30, preferably from L0 to 25,
more preferably whereiln p is 2, r 1s 3, and g and s are each

independently 15 to 20.

3. A method according to any preceding claim whereln at
least one or more Z groups are an alkyl group substituted
with an amine, amide, carboxyl, estel, O epoXy Jgroub, and/or

wherein at least one or more 72 groups are an alkyl group

10 having from 1 to 6 carbon atoms, preferably a substituted

methyl, ethyl, propyl, butyl, peéntyl or hexyl group.

1, A method according to any preceding claim whexelin 2

o 20 mole percent of silicon atoms in the siloxang molecule
15 are substituted by a group 42, preferably 5 to 1t mole

percent.

5. A method acceording to any preceding claim wherein the
the sgsiloxane isg 1,000 - 500,000,

molecular weight of
20 preferably 8,000 = 100,000.

5. A method according to any preceding claim wherein the

organco-modified siloxane is a hydroxyl- or alkyl- endcapped

linear polvdimethylsiloxane, in which 5 to 1% mole percent
25 of silicon atcms are substituted by 2 groups of the formula

-RZ- (OC Hyp) o (OC.Hzp) o~R®, in which p is 2, r is 3 and g and S

are independently 10 to 20.

7. a2 method according to c¢laim & wherein 11 moele percent
30 of silicon atoms are substituted with said Z groups, g and

s are both 18, and the orxganc-modified silloxane has a

molecular weight of approximately 60,000.

g . A method according to any preceding c¢laim wherein the

35 additive consists of organo-modified siloxane alone.
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g. A method according to any one of claims L to 7

wherein the additive comprises the organc-modified siloxane

together with one or more components selected Ifrom a

e

5 polydimethylsiloxane, an organic polyether oOr a fatty acid
eater thereof, a fatty acid ester with C,; mono or polyvalent
21 cohol or an uhsaturated or saturated fatty acid of natural

origin or a socap thereof, wherein the fatty aclds are

preferably selected from saturated and unsaturated monobasic

10 aliphatic carboxylic acids, such as fatty aclids hawving from

0 to 22 carbon atoms, more preferably selected from laullc,
myristic, palmitic, steari¢c, arachidic, behenic, lignocerilc,

palmiteolic, oleic, linolelgq, linolenic, and arachidonlc

acids.

15
10. A method according to claim @ wherein the oneg or more

components comprises an organic polyether having the formulia
Ré= (QC.Hj,) o (OC.Hzp ) s~R” 1n which rY and R? are independently
selected from a hydrogen atom, hydroxyl, alkyl, alkoxy or
20 ester groups, p and r are independently an integex from 1 O

&, and « and s are independently 0 OX an integer such that

1 = g + 3 < 400,

11, A method according to any preceding claim wherein the

78 additive iz in the form of a solution, micro—emulsion,
emulsion, dispersion or any combination thereof, and/or

comprises a water soluble and/or emulsifying siloxane.

12 . A method according to any preceding claim wherein the
30 additive is added in an amount of less than 0.01 weight % of
fibre in the pulp as dry material, preferably an amount Ok
legs than 0.005 weight %, more preferably 0.003-0.004 weight

& or less.

35 13, A method according to any preceding claim wherxein the

detection and measurement of stickiegs is performed through

Llow cytometry.
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Recelved at the EPO on Dec 09, 2016 12:27:54. Page 5 of 10



WO 2016/05915

o 2 e e WAk | —— et g — |y 8

120,00 %

- — —r—

p—

100,00 %

Intet
preflotation

2000% | o
60,00 % -

40,00 % 1 o
20,00 %

IR PN PR e viee oe e e

000% | - .

R e P S S

dv. 8. s = un

wrrmrw.,

Qutlet
posttiotation

L LI T LR LT Yo,

Ve e gy rp Ay w e

CA 02964665 2017-04-13

R — A g P AP B

L alad

4

‘ . cew
. s
- R ..
b e LY
“ha . W
" - " S
o~ L LY
e P LA S
. : R AT DAE
< %8 T R N S
LA Cwer FEc e e pa avw Sgyad 1IN e ey
=~ F ¥ )
.. (PR TR
o, ~ -
e :
RS
SN
VS e
Y
ey
oA
reoan
H
-
-
3 A
a5y
su A
oy, ==
SV LTI
EELAEL EEL DR R T e Nrreeres  me e cgL.vasamirw :"{:.;""

.
M
RO

~

cete &

,..
AL S P I

NN
T
“n b

E Rl

. g

”
FualMNSWIT Sy

-

At gt

.

N e -

inlet DiP
storage tower

Yyebrdsrar . remirwh Aty

Qutlet DIP
storage rower

rrgrice - . .
-

s v e A e A S A .

PCT/EP2015/073874

Y.

.

Reference conditions

After 1 month w/ silicone
derivative dosed

A A 5t e Al N e

»

Figure 1

:
i
1

AR

RN P i s i sl e

(s e v syt v




CA 02964665 2017-04-13

WO 2016/059153 PCT/EP2015/073874
2/4

5 5
&
| Q
2
'32
&=
D
3
; | 8
;
-
L
Q
o
-
_ =
| Ll
.
g
S 2 2 2 s g g 8 s o
= = S S = = = = =
(yiuow iad y/b aalRINWND) SAP{IIIS JO JUNOWY



-

CA 02964665 2017-04-13

0O 2016/059153

Wt v B dr Aydeyhy Sy < .-y . . . .-

120,00 %

100,00 %

80,00 %

60,00 %

40,00 %

20,00 %

PCT/EP2015/073874

p———y ] - PR A p— pr—— P aad A
.. - P T S [R—————) - b, - ~ -, ’ - b bt auid "~ — -
. - e on an @ . T T R T LR e Sgn Aallans . ® Lt bdatont 8ot 0atde 190,y by dps srrme shuddd o wdtid sod aaboty e mgmrsrmsmmbhe fad o AP RN PWEY P TWE e Bt YT, e se s e - L
. J

'
’
'
-
.
:
’

rop—— -~ NS . r— - — .

aus e . e . . ain Ton it o A 0 0 el M i o a0 g B T - —— e ciam sw BrA e aa s — - . . 4

TERTORNY

s a=.

PRI

Aram.mmwr a0

v
*
- -
' v
: =
-4
1 ” —
- b . e tes wmr- - - aee e [ ——— T
i . TR 5
. <
- 4
N b A
) = e e NI
. RN 7
. AT
3 AL
* T
e
' PO
- ?% .
. e
: -
. P09
Lo »
o gl i
. H)
g
-
>
v
Sy oy S "
JIAAEN N
LA SRR AF LR AN
X s Y rWmENIPCcmrAveas g
e ’ o aeH Y Mov
* OVERA A A
. D RS
- W e
ot I o
i oA, .
'
. 7
. Croeg
. CEY
- - =4z,
L -l e npn
) 31 R D
nat e Ny
T . S AY NI D
' <., pisete PPy
-~ g g TN LLAY
' Lok RS h A
. e o
: e FHEF LI
H sl WA T
H L TEMR
'
H
-
.
.
:
'
. s e AL
> . - 4 oq o 5 sess - —— = VY vy 44y e r—-—

Outlet DIP Pulp

Outiet Inlet

preflotation preflotation postflotationpostfiotation

inlet

il T Y

| Reference conditions

T
- vy
st

: Dosage of silicone derivative

Sondinl A ABRE o Py

S an AT AN o - A A A A A v

W Y

" = AT Ay A

DA A A 2r A Sl P sl

O T —

Figure 3



Ny

WO 2016/059153

CA 02964665 2017-04-13

1/4

PCT/EP2015/073874

[ da e Skl ol Vo s gLl el ey

rwn-m-——u-u Al P

12000% - -

00 00 % . ety eeren e g e o S o e
100, 0 -
. .
pe-v
. netoe
. w - NEDY
. ooy
LA - - e
teoe K ¢ ¢
L ) :.;"
o .3
- 8 . s
e PRI
= ." . ' I:‘
o/ s
G i merarer L N C S edmatagyeet CLe e
’ . - ' .
: 3
‘< . Y
: . - PRy &
L) T
. er e
.
. . - - . b
i R
. ., . . R
- . TR
. PR .- H e
: A e bR et
v - - ~ L&
: = ) T
r .y 5 . ~ e
F ‘. . ‘e “3
- . . - . .-
cad) snnes T R ML LIE N L YT pne——
) 0 . e . Tl
J 4 . i o4t o iR
: . " * [
. T ceail
) . - -
i R 4 e == 1s
-, e
E : . /i
- o
. 4 v
: - o A
H PR - o omed
3 4 i . .
{ -4 ¥,
: v 4 %, . R
; . D T
.
: R ’ T
O . 2, . e n
: R
a - o sm Nmemgdee e T Ny Aw. lmehesad
. .
e
. )
o .,
i -
’ St
< -
. & -
. N -~
B
L
s
’ 0
¢
0 . . d@.ta.bat ‘v BEang o o . = =
’ :
; con
: o
: “ ;
i -
- .
— . R R S —

Tt A WAy e,

[ —

rr v - p— W et ter sma s w meme tpema .

g —cm e s oA P «'de *Bat

- AR LA Al DT s Y PN —— p—

Y Arwl AN M MY Mruam s Pl rwrs = ST S rwNrT apy gy

RS

oot

..

Bacwrmli it e by Ca b B g P TAPIMESNAT N LB L cnsmr s e crmmed c 0y 4. n.am Mmram b mem el e e b

4

.
.
4

EAL IR

gttt
Vel
SR
= - -‘-
< en
- « s ®
, * 5
PRI
., :
R
P
teaee
e X
VN Hb-
_..ﬁ-‘a_a—ua- sans RIPY L 2D ——— e
“4'ng
Alaan
LS
-
adanl
. -
A
e ot
i
=0
PR XY
"-.
A
PR
e
= - s
S eemr
ETRR -3
“H#. .
e s
EE A I TR — . ... P — — = s
R |
o Y
-
rs--\:ﬁ
s SN
> b i
L0 %2 o ATE
(L ]
. S .
- s y Sane
- - - o e o
. 2 ¥R Aras
Nt -
R L AN PSS
.’ D YT
.t . it
* o 'ki .
rone w el b
) >on LR,
. - WAt e e
T4 P mAAry e \'%"' wiaLe D ewrwwe
x o'

: [ I
TR = -

5
» }\4’

.
ol b =
- ‘-'

; &
. Ryt
“e N 2

. 'j CPaeN
. v “ey -
) R b
. TR
LN HEHH
. - et
. e
VIS ":"E'

S e
- ‘.
: . o g
2’ .
r padau . —_— d o —
r ' > h .
. '

Sy VYTV Ty ek P TPyt

m Ref. % of inlet preflotation

& Siloxane % of inlet prefiotation

Figure 4

- M

A

Wrigm ey §. it




PQIWMMW -~hha

120,00 %

100,00 %

20,00 %

60,00 %

40,00 %

- 20,00%

0,00 %

p—

VY

P VA Pk d B PPy S,

. e

B

e ettt

...1’......-.....

Adamdd oA - i S 4B Laadds Bl b m NSRS, e o i A Al A A A A A ma b Ry S A AmL AR Ar AASRAARAA AAAASAAS 4 33 4 NS Al A A A A LI A A AT A A A AL Al L AAA
P R v e . . 2 = m » . e sesssssel®l s '® Wmesmsssssms, . . mrsmmssrsmea bl s MBI AP gy prmrrme AR A PRI PR m s s s msmme e, e e L LR LR R Y I P L R LR L R R IR IR L R -
r
y
r
p
P N S T TPT ORI I S Y T 1 4 o ol gy —— e A AL L L Ly mn ek Bk A 4 s and s bbb P el A A A A FA XL T ek b
.
]
4
b
-
r
y
oyt Sy g h— - A
L a
ar N, . L T 1d L e e L NErYEY Yo yyy ' gi f - ! ( n ( ( Coa iti 0;} i
4
4
A

pref

JL, AR AN L A A ) A A S A AAA I AL gl 8 8 I T 8 E b g Pwr s P

et e ol e

secsnsn.nnindsdd i nping,

L

Pt

\\;-b';'-“r-"i-\“é.wm'.-.uu. ------r.----------n

Outiet
postfiotation

niet inlet DIP

lotation

AL A, A i

storage tower

N vasvasvmsnvivhe bALPAL P

AP AN ARy e Vo

W WY

IOt

Yearssssd, gaond
.

»
-4 .

Outlet DIP
storage tower

After 1 month w/ sil

derivative dosed

Icone

WOV Ty’

W g e

vy

Y
Sk b AL A
A Y Travh rYYirey vy v habadd e

igure 1

AN s
L

Aa i AL AALMASE 200 SAARl Ak s o Lo ohLd 4
YA YA VAL A S N

A a A A A AU AA Ada Ao R AL UL A S AL AN
FYNITVINEA . d Ca Lol 4 Ak d bt of

A 2 A,

A AAL A LALLM
WY RVVAAAAA AL

Lo o0 2y



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - abstract drawing

