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(67)  The invention relates to a method for producing
a fiber web, in which water resistance of the fiber web is
increased by decreasing water solubility of sizing agent
used for production of the fiber web by using as sizing
agent starch originating from grain or by using a chemical
additive in the sizing agent which chemical additive cre-
ates bonds with reactive groups of the sizing agent and
cross-links and/or decreases water solubility, in particu-
lar with an insolubilizer. The invention also relates to a
method for producing a fiber web, in which a multilayer
sizing process is used in which sizing agent is applied

on the fiber web in at least two stages so that a layered
sizing profile is achieve in the thickness direction and that
in the multilayer sizing process the layers of sizing agent
comprise in different layers sizing agents of at least two
different compositions. The invention further relates to a
process for producing a fiber web comprising sizing of
the fiber web by sizing agent. In the sizing the sizing
agent is provided in at least two stages of sizing to create
a multilayer profile of the sizing agent onto the fiber web
and that for at least one layer of the multilayer profile a
sizing agent with decreased water solubility is used.
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Description

[0001] The invention relates to producing fiber webs,
in particular paper and board webs. Especially the inven-
tion relates to a method for producing fiber webs accord-
ing to the preamble of claim 1 and to a production line
for producing fiber webs according to the preamble of
claim 11.

[0002] As known from the prior art fiber web producing
processes typically comprise an assembly formed by a
number of apparatuses arranged consecutively in the
process line and forming process steps. A typical pro-
duction and treatment line comprises a head box, a wire
section and a press section as well as a subsequent dry-
ing section and a reel-up. The production and treatment
line can further comprise other devices and/or sections
for finishing the fiber web, for example a sizer, a pre-
calender, a coating section a final-calender. The produc-
tion and treatment line also comprises at least one slitter-
winder for forming customer rolls as well as a roll pack-
aging apparatus. In this description and the following
claims by term fiber web are meant for example paper
and board webs.

[0003] In moisture gradient calendering water is ap-
plied onto the web surface in order to soften and to plas-
ticize surface layer fibers. The web needs to have certain
hydrophilic nature and receptivity of water. On the other
hand important factors are the process runnability and
the reliability of the process, which might not be at desired
level if the fiber web is not resistant enough to water. In
order to achieve good process runnability and a reliable
process and good calendered quality, the fiber web
should be resistant to water to a certain extent such that
the fiber web is not too hydrophobic and that a certain
level of water receptivity is accomplished i.e. the fiber
web is hydrophilic to a certain extent. One object of the
invention is to create a method and a process for fiber
web production in which the hydrophobic and hydrophilic
properties are in balance and the fiber web provides good
process runnability and a reliable process.

[0004] Infiber web production another important factor
is the quality of the fiber web produced, for example
smoothness, porosity and bulk are properties that have
great influence in the end use quality of the fiber web.
Simultaneously there exists need to achieve savings in
raw materials used, for example need to make savings
in used amounts of fibers, sizing agents and coating
agents. One object of the invention is to create a method
and a process for fiber web production in which good
quality of the fiber web produced is achieved with simul-
taneous raw material savings.

[0005] In fiber web production adhesion and adher-
ence of the fiber web to the surfaces of process devices
contacting the fiber web, in particular contacting moist
fiber web, may cause sticking and material picking prob-
lems. One further object of invention is to decrease the
adhesion and adherence of the fiber web so that sticking
problems in the process devices and in the devices used
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after the fiber web production are minimized, for example
when the fiber web contacts steel or cast iron surfaces
(calender rolls or metal belts, drying cylinders etc.), or
aluminum surfaces (guide rolls) or polymer surfaces
(guide rolls, calender rolls with soft covers) or rubber sur-
faces (guide rolls, rolls of reels or winders, surfaces of
printing machines in printing processes).

[0006] Inproduction of fiber webs, for example of paper
or board webs, sizing is used to alter the properties of a
fiber web by adding sizing agent, for example starch or
other glue chemicals. Sizing can be divided to internal
sizing and surface sizing. In internal sizing the sizing
agent is added to pulp in the wet end of the fiber web
machine before forming. In surface sizing the sizing
agent is added onto the surface of the fiber web at the
dry end of the fiber web machine. Surface sizing is used
in production of many fiber web grades, for example of
uncoated fine papers and of several board grades.
[0007] Itis known thatthere are differences in solubility
of different starch types due to their origin. Starch types
originating from roots of plants (root starches) example
potato starch and tapioca starch have higher solubility
but starch types originating from grain (grain starch or
cereal starch) for example maize starch and wheat starch
have lower solubility.

[0008] In US patent publications 3145116, 3425896,
3545568, 5114999 and 6300393 are disclosed some
known examples of insolubilizers for starches and for
coating binders and for surface sizes. In addition US pat-
ent publication 6274001 discloses using lubricants in siz-
ing process.

[0009] Paperand board are available in a wide variety
of grades and can be divided according to basis weight
in two categories: papers with a single ply and a basis
weight of 25 - 300 g/ m2 and boards manufactured in
multiply technology and having a basis weight of 150 -
600 g/ m2. It should be noted that the borderline between
paper and board is flexible since board grades with light-
est basis weights are lighter than the heaviest paper
grades. Generally speaking, paper is used for printing
and board for packaging.

[0010] The subsequent descriptions are examples of
some values presently applied for fibrous webs, and
there may be considerable variations from the disclosed
values. The descriptions are mainly based on the source
publication Papermaking Science and Technology, sec-
tion Papermaking Part 3, edited by Jokio, M., published
by Fapet Oy, Jyvaskyld 1999, 362 pages.

[0011] Mechanical-pulp based, i.e. wood-containing
printing papers include newsprint, uncoated magazine
and coated magazine paper.

[0012] Newsprint is composed either completely of
mechanical pulp or may contain some bleached softwood
pulp (0 - 15 %) and/or recycled fiber to replace some of
the mechanical pulp. General values for newsprint can
be regarded as follows: basis weight 40 - 48,8 g/m2, ash
content (SCAN-P 5:63) 0 - 20 %, PPS s10 roughness
(SCAN-P 76:95) 3,0 - 4,5 um, Bendtsen roughness
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(SCAN-P 21:67) 100 - 200 ml/min, density 200 - 750
kg/m3, brightness (ISO 2470:1999) 57 - 63 %, and opacity
(1ISO 2470:1998) 90 - 96 %.

[0013] Uncoated magazine paper (SC=supercalend-
ered) usually contains mechanical pulp to 50 - 70 %,
bleached softwood pulp to 10 - 25 %, and fillers to 15 -
30%. Typical values for calendered SC paper (containing
e.g. SC-C, SC-B. SC-A/A+) include basis weight 40 - 60
g/mZ2, ash content (SCAN-P 5:63) 0 - 35 %, Hunter gloss
(ISO/DIS 8254/1) < 20 - 50 %, PPS s10 roughness
(SCAN-P 76:95) 1,2 - 2,5 um, Bendtsen roughness
(SCAN-P 21:67) 100 - 200 ml/min, density 700 - 1250
kg/m3, brightness (ISO 2470:1999) 62 - 70 %, and opacity
(1ISO 2470:1998) 90 - 95 %.

[0014] Coated magazine paper (LWC = lightweight
coated) contains mechanical pulp to 40 - 60 %, bleached
softwood pulp to 25 - 40 %, and fillers and coaters to 20
- 35 %. General values for LWC paper can be regarded
as follows: basis weight 40 - 70 g/m2, Hunter gloss 50 -
65 %, PPS s10 roughness 0,8 - 1,5 um (offset), 0,6 - 1,0
wm (roto), density 1100 - 1250 kg/m3, brightness 70 - 75
%, and opacity 89 - 94 %.

[0015] Generalvaluesfor MFC (machine finished coat-
ed) can be regarded as follows: basis weight 50 - 70
g/m2, Hunter gloss 25 - 70 %, PPS s10 roughness 2,2 -
2,8 um, density 900 - 950 kg/m3, brightness 70 - 75 %,
and opacity 91 - 95 %.

[0016] General values for FCO (film coated offset) can
be regarded as follows: basis weight 40 - 70 g/m2, Hunter
gloss 45-55 %, PPS s10roughness 1,5-2,0 um, density
1000 - 1050 kg/m3, brightness 70 - 75 %, and opacity 91
- 95 %.

[0017] General values for MWC (medium weight coat-
ed) can be regarded as follows: basis weight 70 - 90
g/m2, Hunter gloss 65 - 75 %, PPS s10 roughness 0,6 -
1,0 wm, density 1150 - 1250 kg/m3, brightness 70 - 75
%, and opacity 89 - 94 %.

[0018] HWC (heavy weight coated) has a basis weight
of 100 - 135 g/m2 and can be coated even more than
twice.

[0019] Pulp-produced, wood free printing papers or
fine papers include uncoated - and coated - pulp-based
printing papers, in which the portion of mechanical pulp
is less than 10 %.

[0020] Uncoated printing papers (WFU) contain
bleached birch wood pulp to 55 - 80 %, bleached soft-
wood pulp 0 - 30 %, and fillers to 10 - 30 %. The values
with WFU have a large variation: basis weight 50 - 90
g/mZ2, Bendtsen roughness 250 - 400 ml/min, brightness
86 - 92 %, and opacity 83 - 98 %.

[0021] In coated printing papers (WFC), the amounts
of coating vary widely in accordance with requirements
and intended application, the following are typical values
for once- and twice-coated, pulp-based printing paper:
once-coated basis weight 90 g/m2, Hunter gloss 65 - 80
%, PPS s10 roughness 0,75 - 2,2 um, brightness 80 - 88
%, and opacity 91 - 94 %, and twice-coated basis weight
130 g/m2, Hunter gloss 70 - 80 %, PPS s10 roughness
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0,65 - 0,95 pum, brightness 83 - 90 %, and opacity 95 -
97 %.

[0022] Release papers have a basis weight within the
range of 25 - 150 g/m2,

[0023] Otherpapers include e.g. sackkraft papers and
wallpaper bases.

[0024] Board making makes use of chemical pulp, me-
chanical pulp and/or recycled pulp. Boards can be divid-
ed e.g. in the following main groups cartonboards, con-
tainerboards and specialty boards. Cartonboards are
mainly used for consumer product packaging and they
comprise boxboards, used for making boxes, cases,
which boxboards include e.g. liquid packaging boards;
FBB = folding boxboard, WLC = white-lined chipboard,
SBS = solid bleached sulfate board, SUS = solid
unbleached sulfate board and LPB = liquid packaging
board. Containerboards comprise f. ex. linerboard and
fluting board and other corrugated boards and specialty
boards comprise wallpaper base, plaster board etc.
Graphic boards are used for making e.g. cards, files, fold-
ers, cases, covers, etc. and wallpaper bases. Each end
use sets its own demands on the mechanical and func-
tional properties of boards. Basically a certain mechan-
ical strength and stiffness, especially bending stiffness
is required, and in the optimum structure middle-ply is
very bulky, and top and back plies have high modulus of
elasticity. Often also purity and cleanliness requirements
are very high and also almost all boards have defined
printing properties and for example the printing require-
ments of folding box board are usually very high and also
high bulkiness is required of folding box board.

[0025] In order to achieve the above objects the meth-
od for producing fiber webs according to the invention is
mainly characterized by the features of claim 1 and the
production line for producing fiber webs according to the
invention is mainly characterized by the features of claim
11.

[0026] Accordingtooneaspectoftheinventiondesired
final web quality, good process runnability and process
reliability is achieved by increasing water moisturizing of
the fiber web during different process stages of the pro-
duction and by increasing water resistance of the fiber
web by decreasing water solubility of the sizing and/or
bonding agents used in the production by using less dis-
solving sizing agent, in particular grain starch or synthetic
starch or sizing agent with chemical additive which cre-
ates bonds with reactive or functional chemical groups
of the sizing agent and cross-links and/or decreases wa-
ter solubility, in particular with an insolubilizer. By this for
example the loosening of sizing agent from the fiber web
that disturbs the process and sticking of the loosened
sizing agent to surfaces of the process devices contact-
ing the fiber web is eliminated or at least minimized and
the calendered quality is increased by moistening the
web.

[0027] According to one aspect of the invention a new
type of sizing process is created by providing a multilayer
sizing process in which sizing agent is applied on the
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fiber web in at least two stages so that a layered sizing
profile is achieved in the thickness direction. Advanta-
geously in the multilayer sizing process the layers of siz-
ing agent comprise sizing agent layers of at least two
different types, or compositions, preferably top layer i.e.
the last applied layer is of less soluble sizing agent than
in the other at least one sizing agent layer.

[0028] According to another advantageous aspect of
the invention the sizing agent used for top layer is select-
ed from the origin that is giving less water dissolving siz-
ing agent. Particularly top layer sizing agent is grain
starch or synthetic sizing agent.

[0029] Accordingtoone advantageous feature the wa-
ter solubility of the sizing and/or bonding agents is de-
creased by using a chemical additive in the agent. In
connection with this advantageous feature further advan-
tageous features can be combined:

the chemical additive creates bonds with the reactive
chemical groups of the sizing agent, for example with
hydroxyl groups of starch or with other reactive
groups of different types of sizing agents; for exam-
ple:

- hydroxyl group -OH with starch, protein, casein,
PVOH - Glyoxal, AZC, PZC,

- carboxyl group -COOH with protein, casein, la-
tex - AZC, PZC,

- amine group -NH with casein - Glyoxal,

the chemical additive is cross-linking and/or water
solubility decreasing chemical such as an insolubi-
lizer,

preferably the chemical additive is di-aldehyde, for
example glyoxal or its derivative,

preferably the chemical additive is inorganic, cross-
linking zirconium based chemical such as ammonia-
zirconium-carbonate or potassium-zirconium-car-
bonate or other zirconium salt,

preferably the chemical additive is metallic salt,
preferably the chemical is a lubricant, for example
mineral oil, calcium-stearate, wax or polyethene-

based emulsion,

preferably at least some part of sizing agent an un-
modified starch is used,

preferably at least some part sizing agent a modified
starch is used that is modified by

- cross-linking by organic cross-linker such as a
di-aldehyde (for example glyoxal) or by inorgan-
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ic cross-linker such as zirconium based cross-
linker (for example AZC or PZC),

- cross-linking by a formaldehyde based chemical
- oxidation

- replacing hydroxyl-groups by a suitable group,
for example by esterification or by etherifying

preferably modification is done before applying the
sizing agent or in conjunction with applying the sizing
agent,

preferably at least some part of the sizing agent is a
mixture of starch and CMC, PVA, PVOH, latex, other
synthetic glue chemical, pigment, filling agent, lubri-
cant,

preferably at least some part of the sizing agent is
synthetic or mixture of synthetic polymer and water
soluble biopolymer

- especially in multilayer sizing in the top layer a
part of the sizing agent is synthetic glue, for ex-
ample poly-vinyl-acetate based glue or acrylate
based glue or styrene- butadiene based glue,

- especially PVA or PVOH with insolubilizer de-
crease solubility,

preferably at least some part of the sizing agent is
at least partly half-synthetic glue such as CMC (car-
boxyl-methyl-cellulose), for example with AZC or
PZC for effective cross-linking,

preferably at least some part of the sizing agent is
at least partly protein such as soy or casein or other
non-synthetic glue,

preferably the above mentioned water soluble poly-
mers or at least half-synthetic glues are treated by
adding a solubility decreasing, to functional groups
bonds creating, cross-linking chemical (such as gly-
oxal, AZC, PZC) in connection with application of the
sizing agent.

[0030] According to advantageous features of the in-
vention the application of the sizing agent and/or the
chemical additive of it is provided by:

preferably application in connection with sizing or
with pigmenting sizing,

preferably before coating when coated fiber webs
are produced,

preferably before hot contact treatment, for example
before pre- or end calendering, in particular when
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the temperature of the hot contact treatment surfac-
es is high, 140 - 350 °C and water moisturizing or
steaming is used in connection with the treatment or
prior to the treatment device, in particular the hot
contact treatment is belt drying, belt calendering, hot
machine calendering, hot soft calendering, multinip
calendering,

for example in drying section, for example using
spray application,

for example in connection with the fiber web produc-
tion machine, after which a separate off-line calen-
dering with water moisturizing is used, in this alter-
native the delay time from sizing to calendering is
long and thus slower reacting (insolubilizer) chemi-
cals such as glyoxal are advantageous,

preferably applying at on-line -production line, where
delay time from sizing agent application to calend-
ering is shorter, in this alternative advantageously
faster reacting cross-linker or insolubilizers such as
AZC or PZC are used.

[0031] The chemical additive dosing is preferably done
by adding a chemical additive dosing stage after cooking
and diluting stage to be last stage before applying the
sizing agent with the chemical additive onto the fiber web.
The dosing can be provided to an input container ma-
chine run tank or to an input feed line.

[0032] The chemical additive suchas glyoxal orits deri-
vate forms under dry and hot conditions covalent bonds
with hydroxyl groups and with amino groups of the sizing
agent, thus these are advantageous chemical additives
when the sizing agent is starch or PVOH.

[0033] The chemical additives such as AZC and PZC
react by forming bonds with hydroxyl groups but also with
carboxyl groups, thus these are advantageous chemical
additives when the sizing agent is synthetic glue (latex,
styrene-acrylate, PVA) for strengthening and for de-
creasing water solubility.

[0034] According to advantageous features of the in-
vention the application device used is:

pond sizer,
film transfer sizer,
non-contacting sizer, such as curtain or spray sizer.

[0035] According to an advantageous feature the sol-
ids content of the sizing agentis 5 - 35 %, preferably 5 -
15 %.

[0036] According to an advantageous feature the
amount of sizing agent for one side of the web to be sized
in 0,1 - 5 g/m2 (as dry agent), preferably for paper web
0,1 - 2 g/m2 for one side and for board 0,5 - 3 g/m2 for
one side.
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[0037] According to an advantageous feature the cur-
ing speed and curing level of the chemical additive is
controlled by controlling the temperature and the tem-
perature influence time in sizing and sizing agent drying
processes.

[0038] According to an advantageous feature the ap-
plication is provided as one or two sided sizing, in which
chemical addition is used for at least one side.

[0039] According to an advantageous aspect of the in-
vention the sizing agent is provided to create a multilayer
profile of the sizing agent onto the fiber web. According
to advantageous features of the invention the multilayer
sizing is provided such that:

the top layer is sized by sizing agent which has de-
creased properties of water solubility and of sticking
when compared to the layer / layers of sizing agent
in the layers below,

the top layer is sized by starch with chemical additive
such that the water solubility of it is less than of the
sizing agent layer / layers below; the chemical addi-
tive is dosed only to a part of the total amount of
sizing agent to be applied and most preferably to the
part that will form the top layer of the sizing agent
layers,

the sizing agent to be used for the layer/layers not
creating the top sizing layer on the fiber web has no
or less chemical additives than the sizing agent to
be used for the top layer,

the top layer is sized by a starch with lower water
solubility preferably grain starches such as wheat or
maize or barley starch and the layer /layers below is
| are sized by a starch with higher water solubility
preferably root starches such as potato or tapioca
starch,

the sizing layers are provided on the fiber web by
layering the sizing agent, for example in as least two
stage process such that in the first stage/stages the
more soluble sizing agent with higher penetration
depth is applied onto the fiber web and in the second
stage the less soluble sizing agent with lower pene-
tration depth is applied onto the fiber web,

the lower layer / layers of the sizing agent is / are
applied by film sizer, size press or similar process or
by spray sizer with a pressing nip that provides for
high penetration and the top layer of the sizing agent
is applied by spray only or by curtain or other light
or contactless application method that provides less
penetration, but even and thin surface layer,

the lower layer / layers are of sizing agent with low
viscosity and thus high penetration and the top layer
is of sizing agent with high viscosity and thus with
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lower penetration; the penetration profile in thick-
ness direction can be controlled by viscosity agents
like thickeners or by temperature or by dilution or by
pH control,

the lower layer / layers of sizing agent are applied
with lower solids content (5 - 15 % solids content)
and the top layer of sizing agent is applied with higher
solids content (10 - 35 % solids content).

[0040] According to advantageous features the proc-
ess of multilayer sizing comprising at least two stages is
for example:

first sizing stage, and second sizing stage and drying
stage according to the wet-on-wet principle,

first sizing stage, drying stage, second sizing stage
and drying stage according to the wet-on-dry princi-
ple.

[0041] Accordingto an advantageous aspect of the in-
vention the sizing agent and the sizing agent with the
chemical additive decreasing the water solubility and/or
decreasing sticking of the sizing agent are applied by
multilayer technique such that the sizing agent with the
chemical additive is applied last at the last sizing stage
such that the sizing agent with the chemical additive
forms for the top layer of the multilayered sizing agent.
Thus less chemical additive is needed and cost savings
are achieved.

[0042] According to an advantageous feature the
chemical additive is applied mixed with the sizing agent
or separately on top of the sizing agent, preferably using
wet-on-wet technique such that the chemical additive
concentration is greater on the surface than deeper in
the web and the applied layers are dried simultaneously.
[0043] According to an advantageous example of the
invention in the method the chemical additive is dosed
with the sizing agent layer as a thin layer in wet-on-wet
technique. The chemical additive will mix with the top
layer of the sizing agent layer and thus smaller amount
of chemical additive is needed.

[0044] According to an advantageous feature the
chemical additive is cured as the fiber web is dried and
water removed in the drying section after the sizing agent
application. The drying at elevated temperature is speed-
ing up the curing process.

[0045] The invention is applicable in production of var-
ious grades of paper or boards:

the invention is advantageous when producing coat-
ed printing or writing paper grades such as MWC,
LWC, WFC or FCO,

the invention is advantageous when producing un-
coated printing or writing paper grades such as WFU,
book, news or SC,
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the invention is advantageous when producing car-
ton board grades such as FBB, SBS, LBP or WLC,

the invention is advantageous when producing con-
tainer board grades such as liner or testliner or cor-
rugating medium boards or special boards.

[0046] The invention is applicable in new product lines
as well as in modernizing projects of fiber web production
lines, in particular in modernizing of drying sections, siz-
ers or calenders. The line is modernized according to the
simplest example of the invention by providing a dosing
pump or corresponding means for the chemical additive
in to the sizing.

[0047] The different advantageous aspects and fea-
tures described above can be combined in various ways
to achieve further advantages.

[0048] By the invention many advantages are
achieved for example sticking problems are eliminated,
dust problems are minimized, increased cleanliness and
better runnability and better reliability are reached. Also
the quality of the fiber web produced is improved as the
strength and stiffness of the fiber web increases due to
for example cross-linking and due to improved smooth-
ness and porosity of the fiber web which further makes
it possible toincrease smoothness and decrease porosity
provided by pre-calendering which further reduces the
amount of coating agent needed. By the advantageous
multilayer sizing savings are achieved in the amount
needed for the desired result as the chemical additive or
more expensive sizing agent can be used only in the top
sizing layer and for the lower layer / layers more and
cheaper sizing agent can be used. In the top layer sizing
agent a higher concentration of chemical additive can be
used.

[0049] Itis advantageous to use lower ingoing temper-
ature when leading the fiber web to a calender thus pro-
viding for stronger gradient calendering and savings in
bulk. An advantageous process of sizing with chemical
additive dosing, drying, cooling, moisturizing and calen-
dering can be used. Particularly this improved gradient
calendering process further enhances the benefits of this
invention.

[0050] The utilization of the invention is very advanta-
geous in connection of production of fiber webs in pro-
duction lines where water moisturizing is used in connec-
tion with hot calendering. Particularly, benefits are real-
ized as more water can be applied at moisturizing stage
and therefore enhanced moisture gradient calendering
effectis achieved together with temperature gradient cal-
endering.

[0051] The benefits of the improved process achieved
by the invention can be exploited at least in two ways as
follows:

1. Thinner, lighter product, improved quality, like
smoothness and strength, enable the reduction of
fiber material, basis weight and thickness of fiber
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web keeping functional end use properties un-
changed, directly leading to material savings due to
reduced material cost.

2. Improved quality potential, like smoothness and
strength, enable to replace expensive fiber material
with cheaper components, like recycled fiber offillers
etc., keeping thickness, bulk, basis weight and all
other fiber grade specific properties substantially at
same level, but same weight with cheaper materials
with reduced production and material cost.

[0052] In the following the invention is described in
more detail with reference to the accompanying drawing
in which in figure 1 is schematically shown an example
of one aspect of the invention in which the chemical ad-
ditive or sizing agent is dosed onto a film transfer roll,
in which in figure 2 is schematically shown an example
of one aspect of the invention in which the chemical ad-
ditive or sizing agent is dosed onto a first sizing agent
layer applied on the fiber web,

in which in figure 3 is schematically shown an example
of a fiber web production line with on-line calendering,
in which in figure 4 is schematically shown an example
of a fiber web production line and off-line calendering,
in which in figure 5 is schematically shown an example
of one aspect of the invention with wet-on-wet sizing and
in which in figure 6 is schematically shown an example
of one aspect of the invention wet-on-dry sizing.

[0053] In figures 1 - 6 same reference signs are used
for indicating corresponding parts and part components
of the example unless otherwise indicated.

[0054] In the examples of figures 1 and 2 the sizer is
indicated by reference numeral 10. The sizer 10 com-
prises two sizing rolls 11, 12 in between of which a sizing
nip is formed. From the sizing agent container 14 the
sizing agent S1 is dosed by a film transfer roll/rod 13 onto
the surface of one sizing roll 12 in this example of one
side sizing. Naturally the examples are also suitable for
two side sizing with corresponding means for the other
side of the fiber web. From the surface of the sizing roll
12 the sizing agent S1 is applied onto the fiber web W
passing through the sizing nip.

[0055] In figure 1 is schematically shown an example
in which the second agent S2: for example a) lower sol-
ubility sizing agent as such or b) the sizing agentin which
insolubilizer additives have been already mixed or c) sol-
ubility decreasing chemical additive, is applied with the
sizing agent as a layer. The second agent S2 is dosed
by dosing means 15 onto the surface of the sizing roll 12
before dosing the (first) sizing agent S1 by the film trans-
fer roll/rod 13 such that the (first) sizing agent S1 remains
on the top layer on the sizing roll 12 and then on the web
the (first) sizing agent S1is on the bottom and the second
agent S2 is remaining in the top layer.

[0056] Alternatively, the agent S2 in the figure 1 can
be understood to represent another (second) sizing
agent (instead of chemical additive), having lower water
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solubility than the first sizing agent S1.

[0057] Second sizing agent S2 will be placed on the
top layer, preventing the dissolving of bottom layer sizing
agent S1, having greater water solubility.

[0058] In figure 2 is schematically shown an example
where the second agent S2 is applied on the top of the
first agent, which is being applied first on the web. The
second agent S2 is applied by wet-on-wet technique.
[0059] By the second agent S2 is meant a chemical
additive, which is mixed with the first sizing agent S1,
when applied at the top by wet-on-wet technique.
[0060] Alternatively, the second agent S2 can be un-
derstood as an lower solubility sizing agent, being applied
on top by wet-on-wet technique and forming a multilayer
sizing layer.

[0061] Dosing means 15 can be rod, spray dosing/me-
tering or corresponding means. Instead of the film trans-
fer roll/rod 13 also for example spray dosing/metering
application means can be used.

[0062] In figure 3 is schematically shown a fiber web
production line comprising the beginning sections, a
head box, a wire section, a press section and a drying
section of the fiber web machine, generally indicated by
reference numeral 50, followed by a sizer 10 for applica-
tion of a sizing agent onto the fiber web W and a dryer
20 for drying the sizing agent. There after an on-line cal-
ender 30 with a pre-moisturizing unit 35 is located. In this
example the delay time from sizing agent application at
the sizer 10 to calendering at the calender 30 is short,
for example several seconds, in this alternative advan-
tageously fast curing cross-linker or insolubilizers such
as AZC or PZC are used as the chemical additives of the
sizing agent.

[0063] In figure 4 is schematically shown a fiber web
production line comprising the beginning sections, a
head box, a wire section, a press section and a drying
section of the fiber web machine, generally indicated by
reference numeral 50, followed by a sizer 10 for applica-
tion of a sizing agent onto the fiber web W and a dryer
20 fordrying the sizing agent. Atthe end of the production
line the fiber web is reeled-up to a parent roll 40. There
after the parentroll 40 is transferred to an off-line calender
30 with a pre-moisturizing unit 35. In this example the
delay time from sizing agent application at the sizer 10
to calendering at the calender 30 is long, for example
from tens of minutes to several hours, and thus slower
curing (insolubilizer) chemical additives of the sizing
agent such as glyoxal are advantageous.

[0064] In figure 5 is schematically shown an example
in which the fiber web W is multilayer sized by wet-on-
wet technique by two sizers 10A, 10B, each of which
applies a layer of sizing agent onto the fiber web W such
that the second layer is applied onto the first layer and
only there after the sizing agent layers are dried in a com-
mon dryer 20. The sizing agents for each layer have dif-
ferent compositions.

[0065] In figure 6 is schematically shown an example
in which the fiber web W is sized by wet-on-dry technique
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by two sizers 10A, 10B, each applying layer of sizing
agent onto the fiber web W such that the second layer is
applied by the second sizer 10B only after the first sizing
agentlayerhas by dried by the first dryer 20A. The second
layer of the sizing agent is dried by the second dryer 20B
located after the second sizer 20B. In this example each
sizer 10A, 10B is followed by its own dryer 20A, 20B. The
sizing agents for each layer have different compositions.
[0066] Above the invention has been described with
reference to only some examples to which the invention
is not to be narrowly limited and features of different ex-
amples can be combined in various ways.

Claims

1. Method for producing a fiber web, in which water
resistance of the fiber web is increased by decreas-
ing water solubility of sizing agent used for produc-
tion of the fiber web by using less water dissolving
sizing agent, in particular grain starch or synthetic
sizing agent or by using a chemical additive in the
sizing agent which chemical additive creates bonds
with reactive groups of the sizing agent and cross-
links and/or decreases water solubility, in particular
with an insolubilizer.

2. Method for producing a fiber web, characterized in,
that in the method a multilayer sizing process is used
in which sizing agent is applied on the fiber web in
at least two stages so that a layered sizing profile is
achieved in the thickness direction and that in the
multilayer sizing process the layers of sizing agent
in different layers advantageously comprise sizing
agent of atleast two different composition, preferably
of at least two different solubility.

3. Method according to claim 1 or 2, characterized in,
that in the method the sizing agent is applied in at
least two stages of sizing to create a multilayer profile
of the sizing agent onto the fiber web.

4. Method according to any of claim 1 - 3, character-
ized in, that the multilayer profile is created by mul-
tilayer sizing and that in the top layer of the multilayer
profile is used a less water soluble sizing agent than
in the at least one other sizing agent layer and that
the sizing agent of the top layer is a sizing agent with
lower solubility, for example with chemical additive,
or that the sizing agent of the top layer is lower sol-
ubility grain starch.

5. Method according to claim 1, characterized in, that
the chemical additive creates bonds with reactive
groups of the sizing agent, in particular with hydroxyl
groups or amino groups of the sizing agent.

6. Method according to any of claims 1or 3, character-
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ized in, that as the insolubilizer chemical additive is
used di-aldehyde or inorganic, cross-linking chemi-
cal zirconium based chemical or other insolubilizer
or a lubricant.

7. Method according to claim 4, characterized in, that
as the cross-linking chemical an organic cross-linker
or aninorganic cross-linker or a formaldehyde based
chemical is used.

8. Method according to any of the previous claims 1 -
7, characterized in that the solids content of the
sizing agent is 5 - 35 %, preferably 5 - 15 %.

9. Method according to claim 2, characterized in that

in the multilayer profiling of the sizing agent the top
layer is sized by sizing agent which has decreased
properties of water solubility and of sticking and pick-
ing to a roll when compared to the corresponding
properties of sizing agent in the layers below and/or
the top layer is sized by starch with chemical additive
such that the water solubility of it is less than of the
sizing agent layer / layers below and that the chem-
ical additive is dosed only to a part of the total amount
of sizing agent to be applied and most preferably to
the part that will form the top layer of the sizing agent
layers and/or the sizing agent to be used for the lay-
er/layers not creating the top sizing layer on the fiber
web has no or less chemical additives than the sizing
agent to be used for the top layer and/or the top layer
is sized by a starch with lower water solubility such
as wheat or maize or barley starch and the layer /
layers below is / are sized by a starch with higher
water solubility such as potato or tapioca starch.

10. Method according to claim 2, characterized in that
the sizing layers are provided on the fiber web by
layering the sizing agent in at least two sizing stages
such that in the first sizing stage/stages the more
soluble sizing agent with higher penetration depth is
applied onto the fiber web and in the last sizing stage
the less soluble sizing agent with lower penetration
depth is applied onto the fiber web.

11. Process for producing a fiber web comprising sizing
of the fiber web by sizing agent, characterized in
that in the sizing the sizing agent is provided in at
least two stages of sizing to create a multilayer profile
of the sizing agent onto the fiber web and that for at
least one layer of the multilayer profile a sizing agent
with decreased water solubility is used.

12. Process according to claim 11, characterized in
that the sizing agent is applied by a pond sizer or by
a film transfer sizer or by a non-contacting sizer such
as curtain or spray sizer.

13. Process according to claim 11, characterized in
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15.
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that lower layer / layers of the sizing agent is / are
applied by size press that provides for higher pene-
tration and top layer of the sizing agent is applied by
spray only or by curtain or other contactless or light
application method that provides for less penetrating
layer and more even surface layer.

Process according to claim 11, characterized in
that the application of the sizing agent and the chem-
ical additive of it is provided by application in con-
nection with sizing or with pigmenting sizing or before
coating when coated fiber webs are produced and/or
before hot contact treatment, advantageously belt
drying, belt calendering, hot machine calendering,
hot soft calendering or multinip calendering, in par-
ticular when the temperature of the treatment device
surfaces is high, 140 - 350 °C and water moisturizing
or steaming is used prior or in connection with the
hot contact treatment and/or in drying section.

Process according to claim 2, characterized in that
in the sizing agent with chemical additive is dosed
on a sizing agent layer by wet-on-wet technique.
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The first group of inventions pertains to a method for
producing a fiber web, in which water resistance of the
fiber web is increased by decreasing water solubility of
sizing agent used for production of the fiber web by using
less water dissolving sizing agent, in particular grain
starch or synthetic sizing agent or by using a chemical
additive in the sizing agent which chemical additive creates
bonds with reactive groups of the sizing agent and
cross-links and/or decreases water solubility, in particular
with an insolubilizer.

The second group of inventions refers to a method for
producing a fiber web, characterized in, that in the method
a multilayer sizing process is used in which sizing agent is
applied on the fiber web in at least two stages so that a
layered sizing profile is achieved in the thickness
direction and that in the multilayer sizing process the
layers of sizing agent in different layers advantageously
comprise sizing agent of at least two different composition,
preferably of at Teast two different solubility.

16



EP 2 725 137 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 12 18 9885

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

EPO FORM P0459

30-10-2013
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6300393 Bl 09-10-2001 CA 2254228 Al 17-05-1999
UsS 6300393 Bl 09-10-2001
US 2011240242 Al 06-10-2011 CA 2794948 Al 06-10-2011
CN 102906332 A 30-01-2013
EP 2553168 Al 06-02-2013
JP 2013524031 A 17-06-2013
KR 20130029072 A 21-03-2013
US 2011240242 Al 06-10-2011
W0 2011123214 Al 06-10-2011
WO 9941453 Al 19-08-1999 AU 2241199 A 30-08-1999
AU 2470099 A 30-08-1999
BR 9907959 A 24-10-2000
CA 2319104 Al 19-08-1999
CN 1291249 A 11-04-2001
EP 1055030 Al 29-11-2000
ID 26077 A 23-11-2000
JP 2002503772 A 05-02-2002
NO 20004073 A 09-10-2000
PL 342320 Al 04-06-2001
WO 9941452 Al 19-08-1999
WO 9941453 Al 19-08-1999
ZA 9901270 A 17-08-1999
WO 0058412 Al 05-10-2000 AU 4044500 A 16-10-2000
Co 5190728 Al 29-08-2002
us 6290814 Bl 18-09-2001
WO 0058412 Al 05-10-2000
US 2008163993 Al 10-07-2008 US 2008163993 Al 10-07-2008
WO 2008086029 A2 17-07-2008
WO 0049226 Al 24-08-2000 AU 2952100 A 04-09-2000
EP 1185735 Al 13-03-2002
PL 349844 Al 23-09-2002
SE 513602 C2 09-10-2000
SE 9900520 A 18-08-2000
SK 11202001 A3 03-12-2001
UsS 6585859 Bl 01-07-2003
WO 0049226 Al 24-08-2000
EP 1338699 Al 27-08-2003  NONE
EP 0603727 Al 29-06-1994 AT 150502 T 15-04-1997
BR 9305197 A 28-06-1994

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

17




EP 2 725 137 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 12 18 9885

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

EPO FORM P0459

30-10-2013
Patent document Publication Patent family Publication
cited in search report date member(s) date
CA 2112197 Al 24-06-1994
DE 69309018 D1 24-04-1997
DE 69309018 T2 19-06-1997
DK 0603727 T3 01-09-1997
EP 0603727 Al 29-06-1994
ES 2100438 T3 16-06-1997
F1 935804 A 24-06-1994
JP 2975517 B2 10-11-1999
JP H06212595 A 02-08-1994
PH 29961 A 16-09-1996
us 5368690 A 29-11-1994
us 5523339 A 04-06-1996
ZA 9309561 A 03-10-1994
WO 03056102 Al 10-07-2003 AT 462836 T 15-04-2010
AU 2002346769 Al 15-07-2003
CA 2469065 Al 10-07-2003
CN 1617965 A 18-05-2005
EP 1454016 Al 08-09-2004
JP 4413010 B2 10-02-2010
JP 2005513302 A 12-05-2005
US 2005089641 Al 28-04-2005
WO 03056102 Al 10-07-2003
EP 0754800 A2 22-01-1997 CA 2181332 Al 18-01-1997
DE 69606929 D1 13-04-2000
DE 69606929 T2 02-11-2000
EP 0754800 A2 22-01-1997
F1 962883 A 18-01-1997
JP 3202921 B2 27-08-2001
JP H09104083 A 22-04-1997
N 5747141 A 05-05-1998
us 5916637 A 29-06-1999
US 3413190 A 26-11-1968  NONE
WO 2010114467 Al 07-10-2010  CN 102378725 A 14-03-2012
EP 2414253 Al 08-02-2012
JP 2012522907 A 27-09-2012
SE 0900437 Al 03-16-2010
US 2012114959 Al 10-05-2012
WO 2010114467 Al 07-10-2010
US 2012121872 Al 17-05-2012 US 2012121872 Al 17-05-2012
WO 2012067976 Al 24-05-2012

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

18




EPO FORM P0459

EP 2 725 137 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 12 18 9885

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

30-10-2013
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 3425896 A 04-02-1969  GB 1024881 A 06-04-1966
us 3425896 A 04-02-1969
US 3145116 A 18-08-1964  GB 927448 A 29-05-1963
us 3145116 A 18-08-1964
EP 2402168 Al 04-01-2012 CN 102310675 A 11-01-2012
EP 2402168 Al 04-01-2012
JP 2012030573 A 16-02-2012
US 2011318508 Al 29-12-2011

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

19



EP 2725 137 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
e US 3145116 A [0008] e US 5114999 A [0008]
e US 3425896 A [0008] « US 6300393 B [0008]
e US 3545568 A [0008]

Non-patent literature cited in the description

* Papermaking Science and Technology. Fapet Oy,
1999, 362 [0010]

20



	bibliography
	description
	claims
	drawings
	search report

