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Extracellular polymers from granular sludge as sizing agents.

The present invention is in the field of papermaking and relates in particular to sizing paper.

Problems with state of the art methods are that the sizing chemicals used are typically expensive; may be
available only in limited supply; are produced using methods that are damaging to the environment; and
whose production is far from carbon-neutral.

It is an object of the present invention to provide an alternative to the methods of the prior art and to
overcome one or more of the above mentioned disadvantages.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Extracellular polymers from granular sludge as sizing agents

Field of the invention

The present invention is in the field of papermaking
and relates in particular to sizing paper.

Background of the invention

In the papermaking field, it is known that most paper
is made of cellulose and/or hemicellulose fibres. These fibres
contain hydroxyl groups. Hydrogen bonding between water mcle-
cules and the hydroxyl groups of the cellulose and/or hemicel-
lulose fibres is energetically favourable and thus water can
readily wet and penetrate paper. In other words, paper is not
water resistant.

A problem that this poses is that for paper to be use-
ful in e.g. printing, writing, packaging, wrapping, and con-
struction applications, it needs to have a degree of water re-
sistance.

' To overcome this problem, paper is usually treated
with sizing chemicals either during manufacture of the paper
(internal sizing) or by surface treatment of the paper (surface
sizing) . .

Sizing relates to a process for making paper at least
partially water resistant by the addition of polymers. Typical
examples of sizing chemicals include: carbohydrates, such as
starches, gums, and alginates; amphipathic compounds, such as
rosin, and alkyl ketene dimer; and, alkenyl succinic anhydride.

Methods for sizing paper are known from e.g.
CN101864700A which recites a surface treatment method capable
of improving surface smoothness of light paper and reducing
printingbink absorbability.

Problems associated with such methods are e.g. that
the sizing chemicals used are typically expensive; they may be
available only in limited supply; they are produced using meth-
ods that are damaging to the environment; and whose production
is far from carbon-neutral.

It is an object of the present invention to overcome
one or more of the disadvantages of the prior art, without

jeopardizing functionality and advantages.
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Summary of the invention

In a first aspect, the present invention relates to
use of extracellular polymeric substances obtainable from gran-
ular sludge for sizing paper or any paper-like product.

At present, the sludge produced from wastewater treat-

"ment processes, including granular sludge, is considered as a

waste product, having no further use. On top of that, costs of
waste disposal are 500-600 € per ton of sludge in the Nether-
lands. This represents roughly one third of the wastewater
treatment costs.

Surprisingly, it has been found that extracellular
polymeric substances obtainable from granular sludge are suita-
ble and effective for sizing paper. The present invention
therefore provides a commercially and environmentally very in-
teresting application of this ‘waste’ product.

Granules making up granular sludge ‘are aggregates of
microbial cells self-immobilized through extracellular polymer-
ic substances into a spherical form without any involvement of
carrier material. A characterising feature of granules of gran-
ular sludge is that they do not significantly coagulate during
settling (i.e. in a reactor under reduced hydrodynamic shear).

Extracellular polymeric substances make up a signifi-
cant proportion of the total mass of the granules.

Extracellular polymeric substances comprise high-
molecular weight compounds (typically >5 kDa) secreted by mi-
croorganisms into their environment. Extracellular polymeric
substances are mostly composed of polysaccharidesgs and proteins,
but include other macro-molecules such as DNA, lipids and humic
substances.

Extracellular polymeric substances obtainable from
granular sludge (preferably obtained from granular sludge) do
not require further purification or treatment to be used for

sizing paper. Wherein the extracellular polymeric substances

.are obtained from granular sludge the extracellular polymeric

substances are preferably isolated from bacteria (cells) and/or
other non-extracellular polymeric substances. An example of a
suitable technique for isolating extracellﬁlar polymeric sub-
stances from granular sludge is given in the detailed descrip-
tion of the invention and accompanying example.

Advantageously, granules of granular sludge can be
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readily removed from a reactor by e.g. physical separation,
settling, centrifugation, cyclonic separation, decantation,
filtration, or sieving to provide extracellular polymeric sub-
stances in a small volume. Compared to separating material
from a ligquid phase of the reactor this means that neither huge
volumes of organic nor other solvents (for extraction), nor
large amounts of energy (to evaporate the liquid) are required
for isolation of the extracellular polymeric substances.

Thereby the present invention provides a solution to
one or more of the above mentioned problems.

Advantages of the present description are detailed
throughout the description.

Detailed description of the invention

The present invention relates to use of extracellular
polymeric substances obtainable from granular sludge for sizing
paper or any paper-like product.

In an example, the extracellular polymeric substances
comprise a major portion consisting of exopolysaccharides, and
a minor portion, such as less than 30 % w/w, typically less
than 10 %w/w, consisting o lipids and/or other components more
hydrophobic than the exopolysaccharides.

The weight percentages (w/w) throughout the descrip-
tion are based on a total weight of a (dry) composition.

Extracellular polymeric substances obtained from gran-
ular sludge having a major portion of exopolysaccharides and a
minor portion of lipids have been found to provide very effec-
tive water resistance to paper, in particular when the extra-
cellular polymeric substances are used for surface sizing, i.e.
where the extracellular polymeric substances are at an air-
interface of the paper.

In an example, the extracellular polymeric substances
comprise at least 50 % w/w exopolysaccharides, preferably at
least 60 % w/w exopolysaccharides, most preferably at least 75
% w/w exopolysaccharides, such as at least 90 % w/w exopol-
ysaccharides. Extracellular polymeric substances obtained from
granular sludge have been found to be particularly effective
sizing agents when they have a high exopolysaccharide content.
The exopolysaccharide content is preferably not 100 %, as a re-
mainder has been found to contribute to the present advantages

effects.
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In an example, the granular sludge is aerobic granular
sludge or anammox granular sludge. Extracellular polymeric sub-
stances obtained from aerobic granular sludge and anammox gran-
ular sludge have been shown to be particularly effective as
sizing agents. Research by the inventors has shown that exopol -
ysaccharides of the extracellular polymeric substances obtained
from aerobic granular sludge are alginate-like in character,
and in fact perform even better than alginate per se as a siz-
ing chemical. Sizing with alginate per se is known in the prior
art. '

Aerobic granular sludge and anammox granular sludge,
and the processes used for obtaining them are known to a person
skilled in the art. For the uninitiated, reference is made to
Water Research, 2007, doi:10.1016/j.watres.2007.03.044 {(anammox
granular sludge) and Water Science and Technology, 2007, 55(8-
9), 75-81 (aerobic granular sludge) .

In an example, the extracellular polymeric substances
have been obtained from aerobic or anammox granular sludge by
an isolation'(i.e.—separation) method comprising: alkaline ex-
traction of the granular sludge thereby forming extracellular
polymeric substances containing extractant; acid precipitation
of extracellular polymeric substances from the extractant; and
collecting the extracellular polymeric substance-containing
precipitate.

It has been found that this method is particularly ef-
fective for obtaining extracellular polymeric substances from
granular sludge, such as from aerobic and anammox granular
sludge, in good yield.

In an example, the granular sludge has been substan-
tially produced by bacteria belonging to the order Pseudomona-
daceae, such as pseudomonas and/or Azotobacter bacteria (aero-
bic granular sludge); or, by bacteria belongihg to the order
Plancto-mycetales (anammox granular sludge), such as Brocadia
anammoxidans, Kuenenia stuttgartiensis or Broéadia,fulgida; or,
combinations thereof. Extracellular polymeric substances from

granular sludge produced by these bacteria are effective sizing

o\°

agents, even when applied in an amount in the range of 0.1-5
w/wW extracellular'polymeric substances/final product.
In an example, the exopolysaccharides are block-

copolymers comprising uronic acid (e.g. mannuronic acid and
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In an example, the extracellular polymeric substances
are in aqueous solution at a concentration in the range of 0.1-
30 % w/w, preferably 1-10 % w/w, most preferably 4-10 % w/w,
such as 5-8 % w/w. Such provides a solution having suitable
characteristics for spraying. Thereby a uniform layer of the
extracellular polymeric substances can be provided on paper,
(largely) after the paper has been produced.

In an example, the extracellular polymeric substances
are added to the paper forming solution and/or to the paper,
i.e. forming part of a paper production process.

In an example, the extracellular polymeric substances
are bleached, such as by treatment with hydrogen peroxide. By
bleaching the extracellular polymeric substances, they can be
used for sizing white and coloured paper without changing the
colour of the paper. Surprisingly, bleaching with e.g. hydrogen
peroxide only slightly reduces the sizing performance of the
extracellular polymeric substances (the amount applied is pref-
erably increased by around 20-40 % compared (relative) to un-
bleached extracellular polymeric substances) .

In a second aspect, the present invention relates to a
method for sizing paper comprising: (i) feeding a reactor with
(a) waste water, such as obtained from manufacturing of paper
thereby providing a carbon source, and (b) granular sludge
forming bacteria; (ii) operating the reactor under suitable
conditions for generating and growing granular sludge; (iii)
separating at least a proportion of granules of the granular
sludge, such as by physical separation, settling, centrifuga-
tion, cyclonic separation, decantation, filtration, or sieving;
(iv) separating extracellular polymeric substances from the
collected aerobic granular sludge; and (v) sizing paper with
the extracellular polymeric substances.

In an example, the granular sludge forming bacteria
belong to the order Psedomonas and Azotobacter, and step (ii)
above comprises: (ii)(a) in a first stage maintaining the reac-
tor under low oxygen concentration conditions (anaerobic) dur-
ing a predetermined period of time at a predetermined tempera-
ture for accumulating carbon in cells of the bacteria; and
(ii) (b) in a second stage maintaining the reactor under high

oxygen concentration conditions (aerobic) during a predeter-
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mined period of time at a predetermined temperature for growing
the bacteria in granular form so as to form granules. The tem-
perature is preferably in a range of 5-30°C, such as

10-25 °C. .

The oxygen concentration in the first stage is prefer-
ably as low as possible, e.g. with respect to a reactor set-up.
The period of time in the first stage is in the order of 0.1-8
hours, preferably 0.25-4 hours, more preferably 0.5-2 hours,
such as 1 hour.

' The oxygen concentration in the second stage may be
similar or equal to environmental conditions. Tt is noted that
an oxygen concentration of 10% of a saturation value is consid-
ered high enough in this respect. In an example the second
stage time is 3-48 hours, preferably 6-24 hours, more pref-
erably 10-18 hours, such as 12 hours.

In an example, the granular sludge forming bacteria
belong to the order Planctomycetales; wherein in step (i) the
waste water further comprises an ammonium source; and wherein
step (ii) comprises maintaining the reactor under high oxygen
concentration conditions (aerobic).

In an example, the bacteria belonging to the order
Pseudomonadaceae, such as pseudomonas and/or Azotobacter, pref-
erably cultivated bacteria.

In a third aspect, the present invention relates to
sized paper obtainable by a method according to the second as-
pect of the invention.

In a fourth aspect, the present invention relates to
sized paper comprising extracellular polymeric substances from
aerobic granular sludge and/or anammox granular sludge. In an
amount of 0.1-5 % w/w extracellular polymeric substances/final
product.

The invention will hereafter be further elucidated
with reference to the Example and Drawings which are exemplary
and explanatory of nature and are not limiting the scope of
the invention. To the person skilled in the art it may be
clear that many variants, being obvious or not, may be con-
ceivable falling within the scope of protection, defined by

the present claims.
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Example - Using extracellular polymeric substances ob-
tainable (EPS) from aercbic granular sludge to increase water
resistance of paper fibre

Brief description of the Figures

Fig. 1 - Contact angle measurement. W = water drop,
P = paper. After the water drop fell on the paper (b), the con-
tact angle (the angle at which the liquid-vapor interface meets
the solid-liquid interface) of the water drop was monitored for
120 seconds (c - d).

Fig. 2 - Morphology of extracellular polymeric sub-

stances from aercbic granular sludge by atomic force microsco-

py. The fibre-like structure covers the surface and forms f£ilm;

the globules distribute on the film and point to the air.

 Fig. 3 - Diagram of extracellular polymeric substances
at the surface between water and air. The hydrophilic parts A
cover the surface and hydrophobic parts B point to the air.

Fig. 4 - Pyrolysis-gas chromatograms of extracellular
polymeric substances from aerobic granular sludge. Cn and Cn:1
indicates chain length of saturated and unsaturated compounds.

Fig. 5 - Size distribution profiles of extracellular
polymeric substances from aerobic granular sludge by size ex-
clusion chromatography.

' | Fig. 6 - Water drops on paper (a): raw paper; (b): pa-
per coated with 5% extracellular polymeric substances; (c): pa-
per coated with 8% bleached extracellular polymeric substances.

Fig. 7 - The contact angle of miliQ water on the raw
paper, paper coated with the commercial gizing chemical WRP 50C
and with bleached and unbleached extracellular polymeric sub-
stances as a function of time.

Fig. 8 - Diagram of the water resistance effect of ex-
tracellular polymeric substances on cellulosic fibre. W = water
drop, C = cellulosic fibre, A and B = hydrophobic and hydro-
philic parts of the extracellular polymeric substances respec-
tively. a: cellulosic fibres C are porous (there are empty.
voids between the fibres), water W is easily wet and penetrate
the fibre network. b: The extracellular polymeric substanceé
are fibre-like maﬁerial, but these fibres are 20 nm in width,
which is at least 1000 times thinner than cellulosic fibre. Ex-
tracellular polymeric substance forms a film on cellulose fi-

bre. Due to the existence of the hydrophobic part B of extra-
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cellular polymeric -substance, the water drop does not easily
wet and run through the fibre.
Methods

Aerobic granular sludge for investigation

The aerobic granular sludge from which the extracellu-
lar polymeric substances of the present example were obtained
was collected from the Nereda® pilot plant, operated by DHV at
the wastewater treatment plant Epe, The Netherlands. The reac-
tor was fed with municipal sewage. The influent consisted of
approximately 25% of slaughterhouse wastewater; which was dis-
charged in the sewage system. Average parameters of the influ-
ent were: CODtotal 585 mg/L, suspended solids 195 mg/L, NH,;-N
55 mg/L and PO,-P 6.3 mg/L. The reactor was operated in Se-
quencing Batch (SBR) mode for biological phosphate and nitrogen
removal. Operational details were described in Lin et al.
(2010) . After start-up, biomass concentration in the reactor
was maintained around 8 to 10 g TSS/L. Oxygen in the reactor
was controlled between 2 to 3 mg/L during aeration. Temperature
and pH were not controlled in this system and depended on the
incoming sewage. During steady operation, aerobic granular
sludge was collected and sieved to give granules with a diame-
ter > 2 mm.

The granules were then dried.

Isolation of extracellular polymeric substances

Dried granules (0.5 g) were homogenized for 5 min
(Labgen tissueihomogenizer, Cole-Parmer, USA) and extracted
in 80 ml 0.2 M Na,CO; at 80 °C for 1 h. After centrifuging at
15,000 rpm for 20 min, the pellet was discarded. The superna-
tant
pPH was adjusted to 2 by adding 0.1 M HCl. The
precipitate was collected by centrifugation (15,000 rpm,
30 min), washed by di-deionized water until effluent pH
reached 7, and dissolved in 0.1 M NaOH. Extracellular polymeric
substances in the supernatant were precipitated by the addition
of cold absoclute ethanol to a final concentration of 80%
(vol/vol). The precipitate was collected by centrifugation
(15,000 rpm, 30 min), washed three times in absolute ethanol
and lyophilized. The resulting mixture of extracellular polymer
substances are an example of extracellular polymeric substances

(EPS) obtainable from granular sludge according to the inven-
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Ash content of the EPS was measured according to the
standard method (APHA).

Characterisation of EPS

Before characterisation, EPS (0.5 g) was dissolved in
15 mL of NaOH solution (0.05M). The pH was then adjusted to 7.0
by 0.05 M HCl. Finally the solution was placed inside a dialy-
sis tubing (3500 MWCO) and dialyzed against demineralized water
for 48 hours to remove loosely bound ions and lyophilized.

Morphology of EPS by atomic force microscopy

Imaging of EPS was carried out in air at ambient tem-
perature and humidity using freshly-cleaved mica pre-treated by
3 mM NiCl;. Aliquots (2ul) of extracellular polymeric substanc-
es (5 mg/L) were deposited onto mica surfaces for 10 s, and
then quickly removed by the pipette. Those surfaces were air
dried (1h) in a dust-free enclosure. Samples were scanned with
a Digital Instruments Multimode atomic force microscope (Veeco
nanoscopy iva dimension 3100, Veeco Inc., Santa Barbara, USA).

EPS composition analysis by pyrolysis-gas chromatog-

raphy-mass spectrometry

Pyrolysis was carried out on a Horizon Instruments Cu-
rie-Point pyrolyser. The lyophilized extracellular polymeric
substances were heated for 5 s at 600°C. The pyrolysis unit was
connected to a Carlo Erba GC8060 gas chromatograph and the
products were separated by a fused silica column (Varian, 25 m,
0.25 mm i.d.) coated with CP-Sil5 (film thickness 0.40 um). He-
lium was used as carrier gas. The oven was initially kebt at
40°C for 1 min, next it was heated at a rate of 7°C/min to
320°C and maintained at that temperature for 15 min. The column
was coupled to a Fisons MD800 mass spectrometer (mass range m/z
45-650, ionization energy 70 eV, cycle time 0.7 s). Identifica-
tion of the compounds was carried out by their mass spectra us-
ing a NIST library or by interpretation of the spectra, by _
their retention times and/or by comparison with literature da-
ta.

Lipid content of EPS

For lipids analysis in the extracellular polymeric
substances, the methods proposed by Smolders et al. (1994) were
used with modification. Pure fatty acids (Sigma-Aldrich) were

used as external standard. Freeze-dried extracellular polymeric
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substance samples and fatty acid standards were weighed using
an analytical balance and transferred into tubes with sScrew
caps. One milligramme of C15 fatty acid in 1-propanol was used
as internal standard. 1.5 mL of a mixture of concentrated HC1
and l-propanol (1:4), and 1.5 mL of dichloroethane were added
into the tubes and heated for 2 h at 100 °C. After cooling,
free acids were extracted from the organic phase with 3 mL wa-
ter. One millilitre of the organic phase was filtered over wa-
ter-free sodium sulphate into GC vials. The lipids in the or-
ganic phase were analyzed by gas chromatography (model 6890N,
Agilent, USA) equipped with a FID, on an HP Innowax column.

EPS molecular weight analysis

Size exclusion chromatography was performed with a Su-
perdex 75 10/300 GL column (AKTA Purifier System, GE
Healthcare). Elution was carried out at room temperature using
PBS at constant 0.4 mL/min flow rate and detection was moni-
tored by following the absorbance of the eluted molecules at
210 nm. )

Superdex 75 10/300 GL (GE Healthcare) column separates mole-
cules of 1 000 to 150 000 Daltons (Da) with a total exclusion
volume of 7.9 mL. Measurement of the elution volume of dextran
standards (1000 Da, 5000 Da, 12000 Da, 25 000 Da and 50 000 Da)
led to the calibration equation:

Log (MW) = 6.212 - 0.1861 Ve

MW: Molecular Weight of the molecule in Dalton (Da)

Ve: elution volume in mL (assayed at the top of the
peak)

Chromatogram profiles were recorded with UNICORN 5.1
software (GE Healthcare). Peak retention times and peak areas
were directly calculated and delivered by the program.

Bleaching of EPS

EPS (1 g) was put into H,0, (30%) for 24 hours, col-
lected by centrifuge at 4000 rpm and lyophilized.

Sizing with EPS and water resistance property of paper

after sizing with EPS
1 mL of both the unbleached (5% w/w) and bleached EPS

(8% w/w) were sprayed evenly on pieces of raw paper (10 cmx10
cm, 96 g/m2, without the addition of any sizing chemicals, sup-
plied by Kenniscentrum Papier en Karton, the Netherlands), and

air-dried. 1 ml of one commercial sizing chemical (Impermax WRP
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50C, supplied by Kenniscentrum Papier en Karton), was sprayed
on the same kind of paper with the same size and air-dried. The
change of contact angle (the contact angle is the angle at
which the liquid-vapor interface meets the solid-liquid inter-
face) with time of a drop of miliQ water on these air-dried
pieces of paper was recorded and measured by KSV CAM200 (Figure
1).

The change of contact angle with time of a drop of mi-
1iQ water on the raw paper itself was also recorded and meas-
ured as a control.

On each piece of paper, the contact angle was measured
at 5 different places randomly; the average value and standard
deviation were calculated.

Results

Extracellular polymeric substances were obtained from
aerobic granular sludge as described above. The extracellular
polymeric substances were Ehen characterised and used in sizing
paper. The sized layer was finally tested for its effective-
ness.

Morphology of Extracellular polymeric substances by

the atomic force microscope

See Figure 2

Thevyield of extracellular polymeric substances was
160 + 4 mg/g (VSS ratio) .

The extracellular polymeric substances have a fibre-
like structure. The width of the fibre is around 20 nm
(Figure 2). The fibres extend along the surface and entangle
with each other, forming a web-like structure that covers the
whole surface of the mica. This demonstrates that the extracel-
lular polymeric substances have a perfect film-forming property
and can form a continuous film on a surface. The thickness of
extracellular polymeric substance film is around 4 nm. In addi-
tion to the fibres, there are a few globules distributing on
the fibres and pointing to the air. The height of the globules
can reach 15 nm, which is 2 times higher than the thickness of
extracellular polymeric substance film. Due to the gignificant
difference in height, the globules looked much brighter than
the fibres under the atomic force microscope. As the sample was
prepared by depositing extracellular polymeric substance water

solution on a surface and air dried, those globules extending



10

15

20

25

30

35

40

12
out of the surface and pointing to the air must have hydropho-
bic property.
Therefore, the extracellular polymeric substances have both a
hydrophilic part and hydrophobic part. When the extracellular
polymeric substances stay at the surface between water and air,
the hydrophilic parts spread along the surface, forming a film
and the hydrophobic parts distribute on the film and pointing
to the air (Figure 3). '

Extracellular polymeric substance composition analysis

The composition of the extracellular polymeric sub-
stances was analysed by pyrolysis-GC-MS. In the spectrum (Fig-
ure 4), polysaccharide-derived products such as 5-methylfural-
dehyde and levoglucosenone were identified, implying a contri-
bution from carbohydrate units to the extracellular polymeric
substance sample. Lipids and wax esters composed of Cl6 and C18
fatty acids and alcohol moieties of the same carbon lengths
were found as well. By contrast, all pyrolysis products of pro-
teins and other combinations of amino acids were much less
prominent, indicating that they were relatively minor compo-
nents of the extracellular polymeric substances. In addition,
there is a so-called unresolved complex mixture consisting of
many similar compounds that co-elute and which cannot be iden-
tified by their mass spectra at present. In brief, the pyroly-
sis-GC-MS énalysis displays that, comparing to carbohydrates
and lipids, proteins are a minor part of the extracellular pol-
ymeric substances.

The lipid content in the extracellular polymeric sub-
stances was measured as 8.2 + 0.9 mg/g extracellular polymeric
substances.

Since normally polysaccharides are hydrophilic and 1i-
pids are hydrophobic, comparing to the morphology in Figure 2,
it can be assumed that the fibre-like structure which forms
film on the surface are mostly polysaccharides and those glob-
ules pointing towards the air are mostly lipids.

Molecular weight of extracellular polymeric substances

The size distribution profile of the extracellular
polymeric substances by size exclusion chromatography is shown
in Figure 5. There are S fractions with different elution vol-
ume. The fraction with the>éhortest elution volume, which has

the highest molecular weight, separate well with other frac-
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tions. The three fractions with an elution volume between 13 ml
to 17 ml co-eluted. The molecular weight of these 5 fractions
and their percentages are listed in Table 1. It can be clearly
seen that most of isolated extracellular polymeric substances
(94%) has a molecular weight of more than 5.8 KDa, and about
1/3 of the extracellular polymeric substances has a molecular
weight higher than 150 KDa. As carbohydrates with higher molec-
ular weight tend to extend on the surface, it could be an ex-
planation for the perfect film-forming property of the isolated
extracellular polymeric substances.

Table 1 Molecular weight of different fractions in extracellu-
lar polymeric substances isolated from granular sludge and

their percentage.

Elution volume Molecular weight Percentage of the
of the peak (ml) : (Da) fraction

(¥ peak area)

7.83 7x10* : 29.74
13.48 1.44x10* 18.82 -
15.57 5.79x10° 45.15
17.58 2.15x10° 4.42
20.13 6.56x102 1.87

Use of extracellular polymeric substances as a sizing

chemical in papermaking

The effect of bleached and unbleached extracellular
polymeric substances on increasing the water resistance of pa-
per is shown in Figure 6. For unsized paper, once a drop of wa-
ter falls on the surface, it is absorbed immediately by the pa-
per and rapidly spreads. In contrast, the water retains the
shape of the drop on extracellular polymeric substances and
bleached extracellular polymeric substances coated paper
sheets.

To evaluate the water resistance property, the contact
angle between the water droplet and the surface of the paper
was monitored within 120 seconds (Figure 7). Water in contact
with the unsized paper is absorbed in less than 1ls. But for pa-
per sheets sized with a 5% extracellular polymeric substances
solution and 8% bleached extracellular polymeric substances so-

lution, their water resistance property is comparable to paper
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sheet sized with a commercial sizing product (10% of alkenyl
succinic anhydride). Both of their initial contact angles are
higher than 100, which fulfil the requirement of an adequately
sized paper. The extracellular polymeric substances as obtained
from granular sludge have a brown colour, bleaching with H,0;
results in a colourless substance. A

It is thought that the good sizing performance of ex-
tracellular polymeric substances obtainable from granular
sludge is at least in part due to it comprising both hydro-
philic and hydrophobic components. Such also distinguishes it
from sizing agents presently used.

This is explained with reference to Figure 8.

The width of the cellulosic fibre in paper is around
20 um; when a cellulose fibre network is formed, significant
amount of empty voids present between the fibres. However, the
width of the fibre of the extracellular polymeric substance is
on average, only 20 nm. Thus, it is thought that these nano-
fibres can entangle with each other and form a web-like film
which covers both the surface of the cellulosic fibres and the
empty voids. At the same time, the hydrophobic globules extend
to the air. When a water drop comes into contact with the sur-
face of the paper sheet sized with extracellular polymeric sub-
stances, the repulsion force from the hydrophobic globules will
keep the water as a drop. Even with water in contact with the
hydrophilic fibres of the extracellular polyméric substance, it
will be absorbed only slowly by extracellular polymeric sub-
stances due to swelling without wetting the cellulosic fibre
and spreading.

Extracellular polymeric substances from granular
siudge provide an effective and green alternative to current
commercial sizing agents.

The invention although described in detailed ex-
planatory context may be best understood in conjunction with
the accompahying examples and figures.

It should be appreciated that for commercial application it may
be preferable to use one or more variations of the present sys-
tem, which would similar be to the ones disclosed in the pre-

sent application and are within the spirit of the invention.

2011609
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CONCLUSIES

1. Gebruik van extracellulaire polymere stoffen ver-
krijgbaar uit korrelslib. voor de bewerking van papier of pa-
pierachtige product.

2. Gebruik volgens conclusie 1, waarbij de extracel-
lulaire polymere stoffen omvatten een grootste deel bestaande
uit exopolysacchariden, en een kleinste deel bestaande lipiden
en/of andere componenten die meer hydrofoob zijn dan de exopo-
lysacchariden.

3. Gebruik volgens één of meer der voorgaande conclu-
sies, waarbij de extracellulaire polymere stoffen ten minste
50 % w/w exopolysacchariden omvatten, bij voorkeur ten minste
60 % w/w exopolysacchariden, liefst ten minste 75 % w/w exopo-
lysacchariden, zoals ten minste 90 % w/w exopolysacchariden,
meer bij voorkeur waarbij een exopolysaccharidegehalte minder
is dan 100 % en de geisoleerde extracellulaire polymere stof-
fen verder lipiden kunnen omvatten.

4. Gebruik volgens één of meer der voorgaande conclu-
sies, waarbij het korrelslib één of meer is van aérob korrel-
slib en anammox korrelslib.

5. Gebruik volgens één of meer der voorgaande conclu-
sies, waarbij de extracellulaire polymere stoffen uit aérobe
of anammox korrelslib zijn verkregen door een werkwijze omvét—
tende:

(1) een alkalische extractie van het korrelslib onder
vorming van extracellulaire polymere stoffen die het extrac-
tiemiddel omvatten;

(i1) het door middel van zuur neerslaan van extracel-
lulaire polymere stoffen uit het extractiemiddel; en

(iii) het verzamelen van.de extracellulaire polymere
stoffen-bevattende neerslag.

6. Gebruik volgens é&én of meer der voorgaande conclu-
sies, waarbij het korrelslib in hoofdzaak is geproduceerd door
bacterién die tot de orde Pseudomonadaceaé behoren, zoals
pseudomonas en/of Acetobacter bacterién (aérobkorrelslib), of,

door bacterién die tot de orde Planctomycetales (anammox kor-
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relslib) behoren, zoals Brocadia anammoxidans, Kuenenia
stuttgartiensis of Brocadia fulgida, of, combinaties daarvan.
7. Gebruik van één of meer van de voorgaande conclu-
sies, waarbij de exopolysacchariden blokcopolymeren zijn die
uronzuur residuen omvatten. |
8. Gebruik volgens é&én of meer van de voorgaande con-
clusies, waarbij de extracellulaire polymere stoffen in wate-

rige oplossing zijn bij een concentratie in het gebied van

-0,1-30 % w/w, bij voorkeur 1-10 % w/w, liefst 4-10 % w/w, bij-

voorbeeld 5-8 % w/w. -

9. Gebruik volgens één of meer der voorgaande conclu-
sies, waarbij de extracellulaire polymere stoffen worden toe-
gevoegd aan de papier vormende oplossing en/of aan het papier.

10. Gebruik volgens één of meer van de voorgaande
conclusies, waarbij het extracellulaire polymere stoffen ge-
bleekt, bijvoorbeeld door behandeling met waterstofperoxide.

11. Werkwijze voor het behandelen van papier omvat-
tende:

(1) het voeden van een reactor met (a) afvalwater,
zoals van de productie van papier waarmee een koolstofbron
wordt verschaft, en (b) korrelslib vormende bacterién;

(ii) het bewerken van de reactor onder geschikte om-
standigheden voor het genereren en groeien van korrelslib;

(iii) het scheiden van ten minste een deel van de
korrels van het korrelslib, bijvoorbeeld door fysische schei-
ding, bezinking, centrifugatie, cycloonscheiding, decanteren,
filtreren, of zeven;

(iv) het verkrijgen van extraceliulaire-polymere
stoffen uit het verzamelde aérobe korrelslib; en

(v) het behandelen van papier met de verkregen extra-
cellulaire polymere stoffen.

12. Werkwijze volgens conclusie 10, waarbij de kor-
relslib vormende bacterién behoren tot de orde
Planctomycetales, en stap (ii) omvat:

(ii) (a) in een eerste stadium handhaven van de reactor onder
lage. zuurstofconcentratie omstandigheden (anaéroob) gedurende
een vooraf bepaalde tijd bij een vooraf bepaalde temperatuur
voor het accumuleren van koolstof in cellen van deé bacterién;

en -
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(i1) (b) in een tweede stadium handhaven van de reactor onder
hoge zuurstofconcentratie condities: (ad&roob) gedurende een
vooraf bepaalde tijd bij een vooraf bepaalde temperatuur voor
het kweken van de bacterién in korrelvorm om korrels te vor-
men. .

13. Werkwijze volgens conclusie 10, waarbij de kor-
relslib vormende bacterién behoren tot de orde
Planctomycetales; waarbij in stap (i) het afvalwater verder
een ammoniumbron omvat; en waarbij stap (ii) omvat het handha-
ven van de reactor onder hoge zuurstofconcentratie omstandig-
heden (aéroob).

14. Werkwijze volgens één der conclusies 10-12, waar-
bij de bacterién tot de orde Pseudomonadaceae behoren, zoals
pseudomonas en/of Acetobacter, bij voorkeur gekweekte
bacterién.

15. Behandeld papier omvattende extracellulaire poly-
mere stoffen verkrijgbaar uit aérob korrelslib en/of anammox
korrelslib, bij voorkeur in een hoeveelheid van 0,1-5 % w/w

extracellulaire polymere stoffen/eindproduct.
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Box No.| Basis of this opinion

. This opinion has been established on the basis of the latest set of claims filed before the start of the search.

- With regard to any nucleotide and/or amino acid sequence disclosed in the application and necessary to the
claimed invention, this opinion has been established on the basis of:

a. type of material:
0O asequence listing
O table(s) related to the sequence listing
b. format of material:
O on paper
O in electronic form
c. time of filingfurnishing:
O contained in the application as filed.
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. O in addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.
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Box No.V  Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

. Statement

Novelty Yes: Claims 1-15
No: Claims

Inventive step Yes: Claims 1-15
No: Claims

Industrial applicability Yes: Claims 1-15
No: Claims

. Citations and explanations
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(SEPARATE SHEET) NL2011609
REITEM V.
D1 CN 101 864 700 A (CHINA MATIONAL PULP AND PAPER RES INST)

20 oktober 2010 (2010-10-20)

D2 WO 02/12623 A1 (AKZO NOBEL NV [NL]; EKA CHEMICALS AB [SE];
LINDGREN ERIK [SE]; FROELIC) 14 februari 2002 (2002-02-14)

None of the prior art documents cited discloses a treatment of paper (sizing) with
extracellular polymeric substances from granular sludge as comprised by independent
claims 1,11 and 15. Therefore novelty is provided. The closest prior art is seen in D1.
The problem solved over D1 is seen in the provision of an alternative method for
treatment of paper (sizing) by using extracellular polymeric substances from granular
sludge, the chemicals of which are cheap and extensively available and which
furthermore are produced using environment-friendly carbon neutral methods. There
is no hint seen in the prior art documents cited towards treatment of paper (sizing) in a
way as comprised by independent claims 1,11 and 15, evenless for the solution of the
above identified problem. Therefore an inventive step is also provided.
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