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WEB FORMED ON A STR RED FABRI
BACKGROUND OF THE INVENTION

Cross Reference To Related Applications

[0001] This is a division of U.S. patent application serial no. 12/847,519, entitled
"STRUCTURED FABRIC", filed July 30, 2010, which is incorporated herein by reference.

1. Field of the Invention

[0002] The present invention relates generally to papermaking, and relates more specifically to
a fibrous web formed on a structured fabric employed in papermaking,

2. Description of the related art.
[6003] In a conventional papermaking process, a water slury, or suspension, of celiulosic
fibers (known as the paper “"stock™) is fed into a gap between two endless woven wires that
ravels between two or more rolls. At least one of the wires are often referred to as a "structured
fabric" that provides a papermaking surface on the uppér surface of its upper run which operates
as a filter to separate the cellulosic fibers of the paper stock from the aqueous medium, thereby
forming a wet papér web. The aqueous medium drains through mesh openings of the structured
fabric, known as drainage holes, by gravity or vacuum located on the lower surface of the upper
rnum (1.e., the "machine side") of the fabric.
[0604] After leaving the forming section, the paper web is transferred t¢ a press section of the
paper machiﬁe, where it is passed through the nips of one or more pairs of pressure rollers
covered with another fabric, typically referred to as a "press felt.” Pressure from the roflers
removes additional moisture from the web; the moisture removal is often enhanced by the
presence of a "batt" Iayer of the press felt. The paper is then transferred to a dryer section for
further moisture removal. After drying, the paper is ready for secondary processing and

packaging.
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[6005]  Typically, papermakers’ fabrics are manufactured as endless belts by one of two basic
weaving techniques. In the first of these techniques, fabrics are flat woven by a flat weaving
process, with their eads being joined to form an endless belt by any one of a number of well-
known joining methods, such as dismantling and reweaving the ends together (commonly known
as sp]icing),. or sewing on a pin-seamable flap or a special foldback on each end, then reweaving
these into pin~seamabfe foops. A nrumber of auto-joining machines are available, which for
certain fabrics may be used to automate at least pért of the joining process. In a flat woven
papermakers’ fabric, the warp yarns extend in the machine direction and the filling yarns extend
in the cross machine direction.

{0806} In the second basic weaving technique, fabrics are woven directly in the form of a
continuous belt with an endless weaving process. In the endless weaving process, the warp yarns
extend in the cross machine direction and the filling yarns extend in the machine direction. Both
weaving methods described hereinabove are well known in the art, and the term "endless belt” as
used herein refers to belts made by either method.

10007} Effective sheet and fiber support are important considerations in papermaking,
especially for thé forming section of the papermaking machine, where the wet web ig initially
formed. Additionally, the structured fabrics should exhibit good stability when they are run at
high speeds on the papermaking machines, and preferably are highly permeable to reduce the
amount of water retained in the web when it is ﬁ'ﬁﬂSf&fff:d to the press section of the paper
machine, In both tissue and fine paper applications (i.e., paper for use in guality printing,
carbonizing, cigarettes, electrical condensers, and the like) the papermaking surface comprises a

very finely woven or fine wire mesh structure.
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16008] In a conventional tissue forming machine, the sheet is formed {lat. At the press section,
100% of the sheet is pressed and compacted to reach the necessary dryness and the sheet is
further dried on a Yankee and hood section. The sheet is then creped and wound-up, thereby
producing a flat sheet.

[0009] Inan ATMOS™ system, a sheet is formed on a structured or molding fabric and the
sheet is further sandwiched between the structured or molding fabric and a dewatering fabric,
The sheet 1s dewatered through the dewatering fabric and opposite the molding fabric. The
dewatering takes place with airflow and mechanical pressure. The mechanical pressure 1s created
by a permeable belt and the direction of air flow is from fhe permeabie belt to the dewatering
fabric. This can cccur when the sandwich passes through an extended pressure nip formed by a
vacuum roll and the permeable belt. The sheet is then transferred to a Yankee by a press nip.
Only about 25% of the sheet is slightly pressed by the Yankee while approximately 75% of the
sheet remains unpressed for quality. The sheet is dried by a Yankee/Hood dryer arrangement and
then dry creped. In the ATMOS™ system, one and the same structured fabric is used to carry the
sheet from the headbox to the Yankee dryer. Using the ATMOS™ system, the sheet reaches
between about 35 to 38% dryness after the ATMOS™ roll, which is almost the same dryness as
a conventional press section. However, this advantageously occurs with almost 40 times lower
nip pressure and without compacting and destroying sheet quality. Furthermore, a big advantage
of the ATMOS™ system is that it utilizes a permeable belt which is highly tensioned, e.g., about
60 kN/m. This belt enhances the contact points and intimacy for maximum vacuum dewatering.
Additionally, the helt nip is 11'101‘6. than 20 times longer than a conventional press and utilizes

airflow through the nip, which is not the case on a conventional press system.
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[0010]  Actual results from trials using an ATMOS™ system have shown that the caliper and
bulk of the sheet is 30% higher than the conventional through-air drying (TAD} formed towel
fabrics, Absorbency capacity is also 30% higher than with conventional TAD formed towel
fabrics. The results are the same whether one uses 100% virgin pulp up to 100% recycled pulp.
Sheets can be produced with basis weight ratios of between 14 to 40 g/m”. The ATMOS™
system also provides excellent sheet transfer to the Yankee working at 33 to 37% dryness. A key
aspect of the ATMOS™ system is that it forms the sheet on the molding fabric and the same
molding fabric carries the sheet from the headbox to the Yankee dryer. This produces a sheet
with a uniform and defined pore size for maximum absorbency capacity.

[0011] U.S. patent application Ser, No. 11/753,435 filed on May 24, 2007, the disclosure of
which is hereby expressly incorporated by reference in its entirety, discloses a structured fabric
for an ATMOS ™ system. The fabric utilizes an at least three float warp and weft structure
which, like the prior art fabrics, is symmetrical in form.

[0012] U.S. Pat. No. 5,429,686 to CHIU et al., the disclosure of which is hereby expressly
incorporated by reference in its entirety, discloses structured forming fabrics which utilize a
load-bearing fayer and a sculptured layer. The fabrics utilize impression knuckles to imprint the
sheet and increase its surface contour. This document, however, does not create pillows in the
sheet for effective dewatering of TAD applications, nor does it teach using the disclosed fabrics
o.r.l an ATMOS ™ system and/or forming the pillows in the sheet while the sheet is relatively wet
and utilizing a hi-tension press nip.

[0013] U.S. Pat. No. 6,237,644 to HAY et al., the disclosure .of which is hereby expressly -
incorporated by reference in its entirety, discloses structured forming fabrics which utilize a

lattice weave pattern of at least three yarns oriented in both warp and weft directions. The fabric
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essentially produces shallow craters in distinct patterns. This document, however, does not teach

using the disclosed fabrics on an ATMOS™

system.
[0914] What is needed in the art is an efficient effective single layer fabric weave patiern to be

used in a papermaking machine.

SUMMARY OF THE INVENTION

In one aspect, the invention provides a fibrous web including a fibrous construct having
at least one formed surface feature. The surface feature including a topographical pattern
reflective of a weave pattern in a fabric used in a papermaking machine. The fabric including a
single layer of yarns arranged in a repeating weave pattern, each weave patiern including a
plurality of warp yarns substantially oriented in a machine direction (MD) defining MD yarns;
and a plurality of weft yarns substantially oriented in a ¢ross machine direction (CD) defining
CD yams. The MD yams each having at least one long float within the weave pattern. Each
long float being adjacent to at least one other long float of an MD yarmn. The weave pattern being

a plain weave apart from the fong floats.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above-mentioned and other features and advantages of this invention, and the

manner of attaining them, will become more apparent and the invention will be better understood
by reference to the following description of embodiments of the invention taken in conjunction
with the accompanying drawings, wherein:

[0016] Fig. 1 shows a repeating weave pattern having a square shape of a top side or paper
facing side of an embodiment of a structured fabric of the present invention, each "X indicating

a location where a warp MD yarn passes over a weft CD yam;
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[0017] Fig. 2 shows the weave pattern of the structured fabric of Fig. 1;

[0018] Fig. 3 shows a repeating weave pattern kaving a square shape of a top side or paper
facing side of another embodiment of a structured fabric of the present invention, each "X’
indicating a Jocation where a warp MD yarn passes over a weft CD yarn;

[00191 Fig. 4 shows the weave pattern of the structured fabric of Fig. 3;

[0020] Fig. 5 shows a repeating weave pattern having a square shape of a top side or paper
facing side of yet another émbodiment of a structured fabric of the present invention, each "X’
indicating a location where a warp MDD yam passes over a weft CD yarn;

[0021] Fig. 6 shows the weave pattern of the structured fabric of Fig. 5;

{0022} Tig. 7 shows a repeating weave pattern having a square shape of a top side or paper
facing side of yet another embodiment of a structured fabric of the present invention, each "X
indicating a location where a warp MD yarn passes over a welt CD yarn;

[0023] Fig. 8 shows the weave pattern of the structured fabric of Fig. 7;

[0024] Fig. 9 shows a repeating weave pattern having a square shape of a top side or paper
facing side of yet another embodiment of a structured fabric of the present invention, each "X’
indicating a focation where a warp MD yarn passes over a weft CD yarn;

[0025] Fig. 10 shows the weave pattern of the structured fabric of Fig. 9;

[€)026} Fig. 11 shows a repeating weave pattern having a square shape of a top side or paper
facing side of yet another embodiment of a structured fabric of the present invention, each "X°
indicating a Iocation where a warp MD yarn passes over a weft CD yarn;

[6027] Fig. 12 shows the weave pattern of the structured fabric of Fig. 11;

[0028] TFig. 13 shows a repeating weave pattern having a square shape of a top side or paper

facing side of yet another embodiment of a structured fabric of the present invention, each *X"
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indicating a location where a warp MD yarn passes over a weft CD yarn;

[0029] Fig. 14 shows the weave pattern of the structured fabric of Fig. 13;

[00301 Fig. 15 shows a repeating weave pattern having a square shape of a top side or paper
facing side of yet another embodiment of a structured fabric of the present invention, each "X’
indicating a location where a warp MD varn passes over a weft CD varn;

[0031] Fig. 16 shows the weave pattern of the structured fabric of Fig, 15;

[0032] Fig. 17 shows a repeating weave pattern having a square shape of a top side or paper
facing side of yet another embodiment of a structured fabric of the present invention, each "X
indicating a loc_ation where a warp MD yarn passes over a weft CD yarn;

[0033] Fig. 18 shows the weave pattern of the structured fabric of Fig. 17;

[0034] Fig. 19 shows a repeating weave pattern having a square shape of a 1op side or paper
facing side of yet another embodiment of a structured fabric of the present invention, each "X
indicating a location where a warp MD yarn passes over a weft CD yarn;

{60351 Fig. 20 shows the weave pattern of the structared fabric of Fig. [9;

[0036] Fig. 21 shows a repeating weave pattern having a square shape of a top side or paper
facing side of yet another embodiment of a structured fabric of the present invention, each "X’
indicating a location where a warp MD yarn passes over a weft CD yarn;

[0037] Fig. 22 shows the weave pattern of the structured fabric of Fig. 21;

[0038] Fig. 23 shows a repeating weave pattern having a séuare shape of a top side or paper
facing side of yet another embodiment of a structured fabric of the present invention, each "X
indicating a location where a warp MD yarn passes over a welt CD yarn;

{0039] Fig. 24 shows the weave pattern of the structured fabric of Fig. 23;
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[0040] Fig. 25 shows a repeating weave pattern having a square shape of a top side or paper
facing side of yet another embodiment of a structured fabric of the present invention, each "X
indicating a location where a warp MD yarn passes over a weft CD yarn;
[0041] Fig. 26 shows the weave pattern of the structured fabric of Fig. 25;
[0042] Fig. 27 shows a repeating weave pattern having a square shapelof a top side or paper
* facing side of yet another embodiment of a structured fabric of the present invention, each "X
“indicating a location where a warp MD yarn passes over a weft CD yarn;
[0643] Fig, 28 shows the weave pattern of the structured fabric of Fig. 27;
[G044]  Fig. 29 illustrates a schematic cross-sectional view of an embodiment of an ATMOS™
papermaking machine;
j0045] Thg. 30 1tlustrates a schematic cross-sectional view of another embodiment of an
ATMOS™ papermaking machine;
- [0046] Fig. 31 illustrates a schematic cross-sectional view of another embodiment of an
ATMOS™ papermaking machine;
[0047] Fig. 32 illustrates a schematic cross-sectional view of another embodiment of an
ATMOS™ papermaking machine;
100481 Fig. 33 illustrates a schematic cross-sectional view of another embodiment of an
ATMOS™ papermaking machine;
[0049] Fig. 34 illustrates a schematic cross-sectional view of another embodiment of an
ATMOS™ papermaking machine;
[6050] Fig. 35 illustrates a schematic cross-sectional view of another embodiment of an

ATMOS™ papermaking machine; and
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{6051] Fig. 36 illustrates a schematic cross-sectional view of another embodiment of an
ATMOS™ papermaking machine.

[0052] Corresponding reference characters indicate corresponding parts throughout the several
views. The exemplification set out herein illustrates one embodiment of the invention, in one
form, and such exemplification is not to be construed as limiting the scope of the invention in

dity manner.

DETAILED DESCRIPTION OF THE INVENTION

[0053] The particulars shown herein are by way of example and for purposes of illustrative

discussion of the embodiments of the present invention only and are presented in the cause of
providing what is believed to be the most useful and readily understood description of the
principles and conceptual aspects of the present invention. In this regard, no atterpt is made to
show structural details of the present invention in more .det;ail than is necessary for the
fundamental understanding of the present invention, and the description is taken with the
drawings making apparent to those skilled in the art how the forms of the present invention may
be embodied in practice.

[0054] The present invention relates to a structured fabric for a papermaking machine, a
former for manufacturing a paper web, and also to a former which utilizes the structured fabric,
and in some embodiments a belt press, in a papermaking machine.

[0053] The present invention also relates to a twin wire former ATMOS™ system which
utilizes the structured fabric which has good resistance to pressure and excessive tensile strain
forces, and which can withstand wear/hydrolysis effects that are experienced in an ATMOS™
system. The system may also include a permeable belt for use in’a high tensien extended nip

around a rotating roll or a stationary shoe and a dewatering fabric for the manufacture of
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premium tissue or towel grades. The fabric has key parameters which include permeability,
weight, caliper, and certain compressibility.

[0056] The structured fabric of the present invention is illustrated in Figs. 1-28. Fig. 1 depicts
a weave pattern 10 from a top pattern view of the web facing side of the fabric {i.e., a view of the
papermaking surface}. The numbers 1-20 shown on the bottom of the pattern identify the warp,
machine direction (MD) yarns while the right side numbers 1-20 show the weft, cross-direction
(CD) yarns. The symbol X illustrates a focation where a warp yarn passes over a weft yarn and
an empty box llustrates a location where a warp yarn passes under a weft yarn, As shown in Fig.
1, the areas that are shaded indicate long float warp yarns, which float over at least two weft
yarns. The shaded areas form a MD float pattern, while the non-shaded areas represent a plain
weave pattern. In a like manner the weave patterns of Figs. 3,5,7,9, 11, 13, 15, 17, 19, 21, 23,
25, and 27 illustrate other embodiments of the present invention.

[0057] Fig. 2 illustrates the weave pattern of the MD yarns relative to the CD yarns with the
CD vyarns being represented in each line as the numbers, with the line being the pazte.m of the
MD yarn. Each line representing the MD yarn identified along the left side of the Fig. In a like
manner Fig. 4 corresponds to Fig 3 and so on with the even numbered figures through Fig, 28,
corresponding to the odd numbered figure that is numerically one less than the even numbered
Fig.

[0058] The embodiments shown in Figs, 1-28 are illustrative of the invention and the invention
is not limited to the weave patterns shown therein.

[0059] The fabric of Figs. 1-28 illustrates a repeating weave pattern square of the fabric that
encompasses twenty MD warp yarns {yarns 1-20 numbered along the bottom of each pattern)

and twenty weft varns (varns 1-20 that are numbered along the right side of each pattern}. There
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are long floats of the MDD warp yarns over the weft yarns, with the Tong float being over at least
two weft yarns, and in most patterns over at least ’{hree weft yarns, Although in some patterns
the MD warp yarn float is over at least four or even over at least five weft yarns.

[(0060] Where the MD warp yarns have there long float they are always adjacent to at least one
other MD warp yarn that is also undergoing a long float. The float beginning and ending are
offset in the MD by one weft varn position. The contiguous adjacent MD warp yarns form an:
MDD yarn float pattern, with at least one being present in each weave pattern 10. The MD yarn
float patterns are replicated in weave pattern 10, and includes mirror-image or reflected MD yamn
float patterns. The MI» yarn float patterns can be symmetrical or asymmetrical, For example, in
Fig. 1 there is one MD varn float pattern having a float over five weft yarns that is only four M
yarns widé and there is another MD yarn float patiern having a float over five weft varns that is
five MD yamns wide. So, while the patterns aie similar and are a reflection of each other, they
are also asymmetrical.

[0061] Looking at Fig, 3, there are MD varn float patterns that are mirror-images and are
symmetrical. The MD yams float over three weft yarns and are three MD yarns wide. In each
case apart from the MD yarn float patterns the weave of the single layer fabric is a simple weave
pattern. In many cases the plain weave pattern surrounds the MD yarn float patterns. In some
weave patterns, such as those of Figs, 17 and 19, the simple weave patterns appear surrounded
by MD yarn float patterns.

[0062] The parameters of the structured fabric shown in Figs. 1-28 can have a mesh (number
of warp yarns per inch) and a count (number of weft yarns per inch) of any amount. The single-
layered fabric should have a high permeability value due to the nature of 4 single layer fabric and

the way it is woven. Regarding yarn dimensions, the particular size of the yarns is typically '

1%
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governed by the mesh of the papermaking surface and the yarn size can be selected based upon
the intended use. Fabrics employing these yarn sizes may be implemented with polyeste{‘ yarns
or with a combination of polyester and nylon yarns.

[00631 The structured fabric can also be treated and/or coated with an additional polymeric
material that is applied by, ¢.g., deposition. The material can be added cross-linked during
processing in order to enhance fabric stability, contamination resistance, drainage, wearability,
improve heat and/or hydrolysis resistance and in order to reduce fabric surface tension. This aids
in sheet release and/or reduced drive loads. The treatment/coating can be applied to
impart/improve one or several of these properties of the fabric. As indicated previously, the
topographical pattern in the paper web can be changed and manipulated by use of different single
-layer weaves. Further enhancement of the pattern can be attained by adjustments to the specific
fabric weave by changes to the yarn diameter, yarn counts, yarﬁ types, yarn shapes, permeability,
caliper and the addition of a treatment or coating etc. in addition, a printed design, such as a
screen-printed design, of polymeric material can be applied to the fabric to enhance its ability to
impart an aesthetic pattern into the web or to enhance the quality of the web. Finally, one or
more surfaces of the fabric or molding belt can be subjected to sanding and/or abrading in order
to enhance surface characteristics.

[0064] The characteristics of the individual yarns utilized in the fabric of the present invention
can vary depending upon the desired properties of the final papermakers’ fabric. For example, the
materials comprising yarns employed in the fabric of the present invention may be those
commonly used in papermakers' fabric. As such, the yarns may be formed of polypropylene,
polyester, nylon, or the like. The skilled artisan should select a yarn material according to the

particular application of the final fabric.
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[0065] By way of non-limiting example, the structured fabric is a single-layered woven fabric
which can withstand high pressures, heat, moisture concentrations, and which can achieve a high
level of water removal and also mold or emboss the paper web. These characteristics provide a

structured fabric appropriate for the Voith ATMOS™

papermaking process. The fabric
preferably has a width stability and a suitable high permeability and preferably utilizes
hydrolysis and/or temperature resistant materials, as discussed above. The fabric is preferably a
woven fabric that can be installed on an ATMOS™ machine as a pre-joined and/or seamed
continuous and/or endless belt. Alternatively, the structured fabric can be joined in the
ATMOS™ machine using, e.g., a pin-seam arrangement or can otherwise be seamed on the
machine,

{60667 The invention also provides for atilizing the structured fabric disclosed herein on a
machine for making a fibrous web, e.g., tissue or hygiene paper web, etc., which can be, e.g., a

twin wire + a permeable belt ATMOS™

system. Referring again to the drawings, and more
particularly to Figs. 29-35, there is a fibrous web machine including a headbox 22 that
discharges a fibrous slurry between a forming fabric 26 and a structured fabric 28 having a
weave pattern 10, It should be understood that structured fabric 28 is an embodiment of the
structured fabric discussed above in connection with Figs. 1-28. Rollers 30 and 32 direct fabric
26 in such a manner that tension is applied thereto, against slurry 24 and structured fabriq 28.
Structured fabric 28 is supported by forming roll 34 which rotates with a surface speed that
matches the Speed of structured fabric 28 and forming fabric 26. Structured fabric 28 has peaks
and valleys as defined by weave pattern 10, which give a corresponding structure to web 38

formed thereon. Structured fabric 28 travels in a web direction, and as moisture is driven from

the fibrous slurry, structured fibrous web 38 takes form. The moisture that leaves the slurry

13
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travels through forming fabric 26.

[0067] The fibrous slurry is formed into a web 38 with a structure that matches the shape of
structured fabric 28. Forming fabric 26 is porous and allows moisture to escape during forming.
Further, water is removed through dewatering fabric 82. The removal of meisture through fabric
82 does not cause compression of web 38 traveling on structured fabric 28.

{0068] Due to the formation of the web 38 with the structured fabric 28 the pockets of the
fabric 28 are fully filled with fibers. Therefore, at the Yankee surface 52 the web 38 has a much
higher contact area, up to approximately 100%, as compared to the prior art because the web 38
on the side contacting the Yankee surface 32 is almost flat.

[0069] Referring to Fig. 29, there is shown an embodiment of the process where a structured
fibrous web 38 is formed. Structured fabric 28 carries a three dimensional structured fibrous web
38 to an advanced dewatering system 50, past vacuum box 67 and then to a position where the
web is transferred to Yankee dryer 52 and hood section 54 for additional drying and creping
before winding up on a reel (not shown).

{60767 A shoe press 56 is placed adjacent to structured fabric 28, holding fabric 28 in a
position proximate Yankee dryer 52, Structured fibrous web 38 comes into contact with Yankee
dryer 52 and transfers to a surface thereof, for further drying and subsequent creping.

[0071] A vacuum box 38 is placed adjacent to structured fabric 28 to achieve improved solids
levels. Web 38, which is carried by structured fabric 28, contacts dewatering fabric 82 and
proceeds toward vacuum roll 60. Vacuum rol] 60 oljeraies at a vacuum level of -0.2 to -0.8 bar
with a preferred operating level of at least -0.4 bar. Hot air hood 62 is optionally fit over vacuum

roll 60 to improve dewatering.

14
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[3072] Optionally a steam box can be installed iustead of the hood 62 supplying steam to the
web 38, The steam box preferably has a sectionalized design to influence the m&sture re-dryness
cross profile of the web 38. The length of the vacuum zone inside the vacuum roll 60 can be
from 200 mm to 2,500 mm, with a preferable length of 300 mm to 1,200 mm and an even more
preferable length of between 400 mm to 800 mm. The solids level of web 38 leaving suction roll
60 is 25% to 55% depending on installed options. A vacuum box 67 and hot air supply 65 can be
used to increase web 38 solids after vacuum roll 60 and prior to Yankee dryer 52. Wire turning
roll 69 can also be a suction roll with a hot air supply hood. As discussed above, roll 56 includes
a shoe press with a shoe width of 80 mm or higher, preferably 120 mm or higher, with a
maximum peak pressure of less than 2.5 MPa. To create an even longer nip (o facilitate the
transfer of web 38 to Yankee dryer 52, web 38 carried on structured fabric 28 can be br{)ught
into contact with the surface of Yankee dryer 52 prior to the press nip associated with shoe press
56, Further, the contact can be maintained after structured fabric 28 travels beyond press 56
{60731 Now, additionally referfing to Fig. 30, there is shown vet another embodiment of the
present invenﬁon, which is substantially similar to the invention illustrated in Fig. 29, except that
instead of hot air hood 62, there is a belt press 64. Belt press 64 includes a permeable belt 66
capable of applying pressure to the machine side of structured fabric 28 that carries web 38
around vacuum roll 60. Fabric 66 of belt press 64 is also known as an extended nip press belt or
a link fabric, which can run at 60 KN/m fabric tension with a pressing length that is longer than
the suction zone of roll 60.

[0674] Preferred embodiments of the fabric 66 and the required operation conditions are also
described in PCT/EP2004/053688 and PCT/EP2005/050198 which are herewith incorporated by

reference.
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[0075] The above mentioned references are also fully applicable for dewatering fabrics 82 and
press fabrics 66 described in the further embodiments.

(0076} Belt 66 is a specially designed extended nip press belt 66, made of, for example
reinforced polyurethane and/or a spiral link fabric. Belt 66 also can have a woven construction.
Such a woven construction is disclosed, e.g., in EP 1837439. Belt 66 is permeable thereby
allowing air to flow there through to enhance the moisture removing capability of belt press 64.
Moisture is drawn from web 38 through dewatering fabric 82 and into vacuum roll 60,

[0077] Referring to Fig. 31, there is shown another embodiment of the present invention which
is substantially similar to the embodiment shown in Fig. 30 with the addition of hot air hood 68
placed inside of belt press 64 to enhance the dewatering capability of belt press 64 in conjunction
with vacuum roll 60.

[0078] Referring to Fig. 32, there is shown yet another embodiment of the present invention,
which is substantially similar to the embodiment shown in Fig. 30, but including a boost dryer 70
which encounters structured fabric 28. Web 38 is subjected to a hot surface of boost drver 70,
and structured web 38 rides around bhoost dryer 70 with another woven fabric 72 riding on top of
structured fabzic 28. On top of woven fabric 72 is a thermally conductive fabric 74, which is in
contact with both woven fabric 72 and a cooling jacket 76 that applies cooling and pressure to all
fabrics and web 38. The pressing process does not negatively impact web guality. The drying
rate of boost dryer 70 is above 400 kg/hr m? and preferably above 500 kg/hr m*, The concept of
boost dryer 70 is to provide sufficient pressure to hold web 38 against the hot surface of the dryer
thus preventing blistering. Steam that is formed at the knuckle points of fabric 28 passes through
fabric 28 and is condensed on fabric 72. Fabric 72 is cooled by fabric 74 that is in contact with

cooling jacket 76, which reduces its temperature to well below that of the steam. Thus the steam
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is condensed to avoid a pressure build up to thereby avoid blistering of webIBS. The condensed
water is captured in woven fabric 72, which is dewatered by dewatering device 75. If has been
shown that depending on the size of boost dryer 70, the need for vacuum roll 60 can be
eliminated. Further, depending on the size of boost dryer 70, web 38 may be creped on the
surface of boost dryer 70; thereby eliminating the need for Yankee dryer 52.

[0079] Referring to Fig. 33, there is shown yet another embodiment of the present invention
substantially simtlar to the invention disclosed in Fig, 30 but with an addition of an air press 78,
which is a four roll cluster press that is used with high temperature air and is referred to as a
High Pressure Through Air Dryer (HPTAD) for additional web drying prior to the t_ransfezr of
web 38 to Yankee dryer 52, Four-rolt cluster press 78 includes a main roll, a vented roll, and two
cap rolls. The purpose of this c};,;ster press is to provide a sealed chamber that is capable of being
pressurized. The pressure chamber contains high temperature air, for example, 150° C or higher
and is at a significantly higher pressure than conventional TAD technology, for example, greater
than 1.5 psiresulting in a much higher drying rate than a conventional TAD. The high-pressure
hot air passes through an optional air dispersion fabric, through web 38 and fabric structured 28
into a vent roll. The air dispersion fabric may prevent web 38 from following one of the cap
rolls. The air digpersion fabric is very open, having a permeability that equals or exceeds that of
fabric structured 28. The drying rate of the HPTAD depends on the solids content of web 38 as it
enters the HPTAD. The preferred drying rate is at least SO0 kg/hr m?, which is a rate of at least
twice that of conventional TAD machines.

[0080] Advantages of the HPTAD process are in the areas of improved sheet dewatering
without a significant loss in sheet quality and corﬁpactness in size and energy efficiency.

Additionally, it enables higher pre- Yankee solids, which increase the speed potential of the
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invention. Further, the compact size of the HPTAD allows for easy ret;*ofitti;}.g to an existing
machine.. The compact size of the HPTAD and the fact that it is a closed system means that it can
be easily insulated and optimized as a unit to increase energy efficiency,

[0081] Referring to Fig. 34, there is shown another embodiment of the present invention. This
is significantly similar to the embodirnents shown in Figs. 30 and 33 except for the addition of a
two-pass HPTAD 80. In this case, two vented rolls are used to double the dwell time of
structured web 38 relative to the design shown in Fig. 33. An optional coarse mesh fabric may be
used as in the previous embodiment. Hot pressurized air passes through web 38 carried on
structured fabric 28 and onto the two vent rolls. It has been shown that depending on the
configuration and size of the HPTAD, more than one HPTAD can be placed in series, which can
eliminate the need for roll 60.

[6082] Referring to Fig. 35, a conventional tw.in wire former 90 may be used to replace the
crescent former shown in prev?ous examples, The forming roll can be either a solid or open roll.
If an open roll is used, care must be taken to prevent significant dewatering through the
structured fabric to avoi.d losing basis weight in the pillow areas. The outer forming fabric 93 can
be either a standard forming fabric or one such as that disclosed in U.S. Pat. No. 6,237,644. The
inner fabric 91 should be a structured fabric that is much coarser than the outer forming fabric
90. For example, inner fabric 91 may be similar to structured fabric 28. A vacuum roli 92 may be
needed to ensure that the web stays with structured fabric 91 and does not go with outer wire 90.
Web 38 is transferred to structured fabric 28 using a vacuum device. The transfer can be a
stationary vacuum shoe or a vacuum assisted rotating pick-up roll 94. The second structured
fabric 28 is at least the same coarseness and preferably coarser than first structared fabric 91.

The process from this point is the same as the process previously discussed in conjunction with
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Fig. 30. The registration of the web from the first structured fabric to the second structured
fabric is not perfect, and as such some pillows will lose some basis weight during the expansion
process, thereby losing some of the benefit of the present invention. However, this process
option allows for running a differential speed transfer, which has been shown to improve some
sheet properties. Any of the arrangements for removing water discussed above as may be used
with the twin wire former arrangement and a conventional TAD.

[0083] Referring to Fig. 36 there is illustrated another ATMOS™ system having many
elements as discussed above. The ATMOS™ system of Fig 36, is further described in WO
2010/069695 having a priority date of December 19, 2008. Belt press 64 constitutes a first
pressing zone wheré web 38 is pressed. Web 38 proceeds to a second pressing zone 65 where
web 38 is pressed again.

[0084] While this invention has been described with respect to at least one embodiment, the
present invention can be further modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations, uses, or adaptations of the invention
using its general principles. Further, this application is intended to cover such departures from
the present disclosure as come within known or customary practice in the art to which this

invention pertains and which fall within the limits of the appended claims,
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WHAT IS CLAIMED 1S:

I. A fibrous web, comprising:

a fibrous construct having at least one formed surface feature, said surface feature
including a topographical pattern reflective of a weave pattern in a fabric used in a papermaking
machine, the fabric including:

a single laver of yarns arranged in a 1‘épeating weave pattern, each said weave
pattern including:
a plurality of warp yarns substantially oriented in a machine direction
(MD) defining MP varns; and
a plurality of weft yarns substantially oriented in a cross machine direction
(CD) defining CI) varns, said MD yarns each having at least one long float within said weave
pattern, each said long float being adjacent at least one other long float of an MD yarn, said

weave pattern being a plain weave apart from said long floats.

2. The fibrous web of ¢laim 1, wherein within said weave pattern said long floats that are

adjacent to each other form at least one MD float pattern within said weave pattern,

3. The fibrous web of claim 2, wherein within said weave pattern said at least one MD

float pattern is a plurality of MD float patterns.

4. The fibrous web of claim 3, wherein within said weave pattern said plurality of MD

float patterns are each one of identical and mirror imaged.
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5. The fibrous web of claim 4, wherein within said weave pattern each of said plurality

of MD float patterns are surrounded with said plain weave,

6. The fibrous web of claim 4, wherein within said weave pattern each of said plurality
of MD float patterns touch each other forming a continuous MDD float pattern with said plain

weave defining the balance of said weave pattern.

7. The fibrous web of claim 1, wherein within said weave pattern each said long float

floats across at least 3 CD yarns.

2, The fibrous web of claim 7, whereln within said weave pattern each said long float

floats across at least 4 CD yarns,

9. The fibrous web of claim 8, wherein within said weave pattern each said long float

floats across at least 5 CD yarns.

10. The fibrous web of claim 1, wherein the papermaking machine is an ATMOS™
papermaking machine that includes:

a dewatering fébric, a fibréus web is dewatered through the dewatering fabric, the
dewatering fabrié and the fabric being on opposite sides of the fibrous web; and

a permeable belt in contact with a portion of the fabric, there being an airflow in a
direction such that the airflow first passes through said permeable belt, then the fabric, then the

fibrous web, tiren said dewatering fabric.
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11. A fibrous web obtainable by a process in a papermaking machine, the process
comprising the steps of:
discharging a fibrous slurry between a forming fabric and a structured fabric; and
removing moisture from said fibrous slurry through at least one of sald forming fabric
and said structured fabric to thereby form the fibrous web, said structured fabric being a single
layer structufed fabric of varns arranged in a repeating weave pattern, a fibrous web being
formed between said forming fabric and said structured fabric, each said weave pattern
including;
a piufality of warp yarns substantially orlented in a machine direction (MD)
defining M1 yarns; and
a plurality of weft yarns substantially oriented in a cross machine direction (CD)
defining CD yarns, each of said MDD yarns having at [east one long float within said weave
pattern, each said long float being adjacent at least one other long float of an MD yarn, said

weave patiern being a plain weave apart from said long floats.

12. The process of claim 11, wherein within said weave pattern said long floats that are

adjacent to each other form at least one MD float pattern within said weave pattern,

13. The process of claim 12, wherein within said weave pattern said at least one MD

float pattern is a plurality of MD flcat patterns.
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14. The process of claim 13, wherein within said weave pattern said plurality of MD

float patterns are cach one of identical and mirror imaged.

15. The process of claim 14, wherein within said weave pattern each of said plurality of

MD float patterns are surrounded with said plain weave.

16. The process of claim 14, wherein within said weave pattern each of said plurality of
MD fleat patterns touch each other forming a continuous MD float pattern with said plain weave

defining the balance of said weave pattern.

17. The process of claim 11, wherein within said weave pattern each said long float

floats across at least 3 CD yarns.

18. The process of ciaim 11, wherein the papermaking machine is an ATMOS™
papermaking machine including a permeable belt in contact with a portion of said single layer
structured fabrie, the fibrous web being between said single layer structured fabric and said
forming fabric, there being an airflow in a direction such that the airflow first passes through said
permeable belt, then said single layer structured fabric, then the fibrous web, then said forming

fabric.
19. A fibrous web obtainable by a process in a papermaking machine, the process

comprising the steps of:

discharging a fibrous slarry between a forming fabric and a structured fabric; and
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removing nﬁ.oisture from said fibrous slurry through at least one of said forming fabric

and said structured fabric to thereby form the fibrous web, the fibrous web having at least one
surface feature, said surface feature including a topographical pattern reflective of a weave
pattern in said structured fabric used in a papermaking machine, said structured fabric including
a single layer of yarns arranged in a repeating weave pattern, each said weave pattern including:

a plurality of warp yarns substantially oriented in a machine direction
(MD) defining MDD yarns; and

a plurality of weft yarns substantially oriented in a cross machine direction
(CD) defining CD varns, said MD yarns each having at least one long float within said weave
pattern, each said long float being adjacent at least one other long float of an MD yarn, said

weave pattern being a plain weave apart from said long floats.

20. The process of claim 19, wherein within said weave pattern said iong floats that are

adjacent to each other form at least one MD float pattern within said weave pattern.
21. The process of claim 19, wherein the papermaking machine is an ATMOS™

papermaking machine including a plurality of pressing zones through which the fibrous web

travels.

24



WO 2012/013778 PCT/EP2011/063093

125
10\A
X| ] X X] | X X |20
X AIES x| X 19
X[ [ X X X118
X X X X x| |7
X X X X6
X x| X X x| |15
X X |X X X |14
X[ [X X X 13
X |X X X[ X 12
X X X X 11
X [ X X X| | X 10
X X X X | X 9
X X X[ X 8
X X| | X X [ X 7
X [X x| [X] 6
X x| IX AR 5
X AIER x| 1X| 4
X X[ X X 3
X [ X X [X X1 2
X X X X 1
1 2 34 506 7 8 91011121314 1516 17 18 19 20
o FIG. 1
X1 1X] | X X1 1X]| 1X X]_ ]20
x| [ X A E x| x| [x]19
X x| x| X[ X x| x| |18
X1 X X[ [ X x| | x| 1 xX}|17
X X[ [X] [X HAIBEINEIN B
X T AES x| XTI IXT N[ X5
x| [X] X[ [X X X X |14
X| X X N
X| | X
A
X
X
X
X
X| | X
X X N
x| X[ (A
T 2 34 5



WO 2012/013778

2/28

17 2 3 4 5Lef7 & 9 10 11lfialual 516 7l1efTel20

2 112 3 4 5 s7)]8loj10q11)12]13]14415016 17 18 19 2

31112)3 4 5 6.7 8] 9L10§11112]113]14)15 16 17 18 19120

s Af2lal 5 6 7 slefolufialsdia s 16 17 18lofed
K1 B Wl g Y e B G B ERRERERERE, RF: £: E0)
GMG 7 6 o 1q1i72 13 14 15 1qufd1d?
717 2 3 4 516f7 8 o 10 11T 8 16[T7l1gf7e]20
077 2 alafELel 7 ef % 10 11 12 1947171470 20
11 112f 3 Laf5Le 71l 17 12 13 14 15016]77 18 19 20
1ZMG78910M121314151W
1w[TL2l31als 6 7 8 ol 73 12 15 16 14187920
(K] 1 R Il e T £ R g2 I £ RF: 7 BE1 g 2]
171123 la S Le 7 e o o7 12 13 14 15|16[77 18 19 20
1871 2L aJ4lsl Lz ELef70 11 12 13 14l1gf16]1 778 19 20

19 1 2 314)5161718]19 101112 130141514141819 20

20 1!2‘3!4'5!6‘7!8 g 10 11 15‘1§|1q1g1a17l18|1g2ﬂ

FIG. 2

PCT/EP2011/063093



WO 2012/013778

3/28

1 1§21 314 5 6p7}8let 1 1441581 1 21
2011203405 6 718 9k10811 13 15816]17 18 19120
3 1 3 516 7 8}9j10111)12113)1 16 17 181192
43 1 3 51617 e] 111241 1516 1 19

5 142 415161718 9 10411812013} 14 16| 18119)2
7 1 20 3}41L5})6 8L S10 11 1211341 16| 1811920
8 11 2)3L4)5 71 8] 9L10§11) 120138 1441 i 19 20
g 1J2)314 5861 7)81910411j12 13 14k1516]17418[1K2
100 1§21 3L4]5 6 7181901011 13 14 15116]1 1

11 1) 23314 5 6378341 12813414 15 16§171 18 2!
13 2 4 [3] 8 1 1 1441516 17 18§19 2
14f 1 3 51671889 10 11j12]138 1441 17 18 19420
15 2 4 6 8 91 1 1 1 1819 2
16l 1L 3 5067 8 OR10§11128138 1431 1 19420

17 1 2'3'4'5'6'7'8'2'16‘[ l1§‘1§|1ﬂ]d15‘]2’18‘1ﬂ20

1811 2 31415106} 7.8 oL1d4 1119 13 14 13 14 1] 19 14 20

19 1'2 3 4|5I6I Zl gl 2’ laﬁh.? 13 12'1516-3]1]13 1922'

201 1 3L4f 565 7Ll oL10f11 12 133144154 16§174 18}1

FIG. 4

PCT/EP2011/063093



WO 2012/013778 PCT/EP2011/063093
4/25

10

b
>
b
b
o
<

x
=
>
>
©

>
>
>
>
®

>
>
>
>
=

>
>
>
>
>

>
x
>
x
o

x
<
o
x
N

x
x
x
x
@

<
>
>
>
N

>
>
7
x
>
77
%

\\\;‘\3\;\\»{
KRN \ NN BN
&%x‘%

& \ &@\%‘*S\\ k\\i\:

T 2 3456 78 91011121314 151617 18 19 20

10 - FIG. 5

X X X X

b
>
5
b
b
"
—
= NWPOION®OO

R
56 7 8 9101 121314151617181920

FIG. 7



WO 2012/013778 PCT/EP2011/063093
5/28

1 1§12 3F4l5)6 7 8 9 10p14J12413]14415)16 17 18 19 2
2|1|2l3l4|5 6 7 8 9|1d11|1gl13|1$|15 16 17 18 19l20
3 2 45678 1 1 141516 17 1 2

411 345 67 9 11 13 14 15 16 17 19120

5 1!2 3 456 6I7|8|9l10|11'12 13 14 15 15]17'18‘19'2&
6!1 2 3 4 5|6l7|8l9‘19’11 1213 14 1a1g‘1;!1§19‘20

7 1 2 3 4 6Ll 8 1011 12 131 1 18| 20
8 1 2 3 5 7 9 10 11 121 1 1 19 20
9 1 2}3}4151617)8 9 1011 1214141516§17118 18 20
10 1 3 5 7 8 9 1011 1 1 17 18 19 20
1M 112 3 4 5 6171889)J10111]12 13 14 15 16}1 1819r2-5|
12010213 4 5 6 718 9L10§11112413 14 15 16 171811920

13 1'2[3'4 5867 8I9l1a11l1a1§’14 15 18 17 15‘1325‘

14 12) 3145 6 7 8 910411]12113114]15 16 17 18 1920

15 1|2|3|4|5I6 7 89 16'11!12'1(_3’1:111916 17 18 192&

16 112§314)516]7 8 9 10 1M{12413114§1516§17 18 18 20

17 1 2'3'4'5'6'7'8 g 10 11 1313”‘1515‘12'18 19 20

18 1 2 3 5 7 g 10 11121 1 1 19 20

19 1 2 3 4f5)6p 7] 819510 11 12 13 14115 16}17) 18119420

20’ 1 2 .3 4 5[ 6[ 7l 8' 9‘19’11 12 13 14 1519’1?"@’1q20

FIG. 6



WO 2012/013778

6/25

1 112133415} 687])8 9 1081141201311 15j 1819 2
211 30415 7 8 9 11 13 1 17 18 19420
3 2 4 6 7 8 1 1 1 16 17 184192
5 2 4.5 @ 8 10 12 14 16 16417418 2
6111213 4 516]1718)9110411 13 14 158164171181 19120
7 132 3 4]151617)818)1 12 13 1441916} 17§ 18] 19] 2
811 2 3p4)1516)71819 1112 1314153160171 18319 20
g 1t 2 4 8 8 10 11 1201341 1 1 20
10 1L2) 3L4) 50687 9 10 193124134144 15416]174 18§19 20
11 11213)4 5 6]17] 83811011111 14 15 16§17 1611942
12010231485 6 718]9L10111k1241 15 16 1741819420
141120 314851687 8 SpLioj11R12813414]1 17 18 19020
16 1]213] 415161718 9 10011120134 1441516 18 19 2
16 1123314351086} 7 9 10 112113145 15816117418119 20
17 1 2 4 6 8 10 11 120131 1 1§ 20
181 2 3p4)516)7L8]9 11 12 13314] 158161171 18] 19420
19 132 3 4551617181911 12 13 14§15} 164171 16} 1942

200 1L2)3 4 5467081910811 13 14 150 16§ 17181 19420

FIG. 8

PCT/EP2011/063093



WO 2012/013778

10

7/28

PCT/EP2011/063093

20
19
18

17

X 16

15

14

Y
W

P

X &

X

T

X

X

10

ol I

3 4 56 7 8 910U

FIG.

1213 14 151

X X

—
N

%5

-y
ke

>

X

x| X >

&

. =
S NNWhAOTONDDOO

61718 19 20

20

19

x| x| [x]

18

17

16

15

14

13

12
11

X

X

x

X X

b

X

X

X

X X

X

AT B SN 4 e SN R o o]

FIG. 11

56 7 8 91011121314 15161718 1920



WO 2012/013778

8/25

1 21334506 7 8 9141414131414 161718192

2|1|2I3|4I5 6 7 8 9|1(_)‘11l12l13l1ﬁ|15 16 17 1819'20
3 1'2'3'4 56 7 8| 9'16‘11’12‘13'14 1516 17 18|1g|2a
411 3 4567 g 11 1314 15 16 1 19120

5 17 3 4 5 olzfelefolfT2 13 14 75 o1 TALgl]
s[1 2 3 4 51el7 8 9 10 1 Tudfrolaef 17 g 79|20

7 1 2 3 415)6l7]8 9 1011 1201314415116]17] 18119] 20

8 1t 2 3L4)5Le8)7L8) 9 1011 12 13141516]17018119 20

g 1 2|§}I4I§I6IZI8|9I101112131 15§16§17418 19 20

10 1 sbayslal 7is) olagl11 12 13 14 1516f17 18 19 20

1 1'2 345 6l7l8|9l10l11|12 13 14 15 1a1z’1a]d25|
12|1I2|3 4'5 6 7|8I9I19’11I12’13 14 15 1615‘18I1q20

13 2 456 7 8 1 1 141516 17 1 2

14] 1 3 56 7 89 11 1 1516 17 18 1

15 2 4 6 7 8 91 12 1 16 17 18 19 2

161 2 3 4 5'_6'7 8 9 10 11|1gl1a1&l1q16l1511§l1q20

17 1 2 3 4} 5]6)7)8 9 1011 12} 15 16]17] 18§19 20

18 1 2 31 4f51617§8]9 101112 13§14 15016§17118f19 20

19 1 2] 3)415)6L7 910 11 12 13 141516117418 19 20

20 1l2l 3l 4' 5' 6| 7| 8' 9[19‘11 12 13 14 15!1_6’17 18 19 20

FIG. 10

PCT/EP2011/063093



WO 2012/013778

9/25

1 1|2|3|4I5|6|7|8 9 16‘11'15‘13’15‘1?’18‘17'18 192a

211 3 5 7 8 9 11 13 15i 17 18 19|20
3 2 4 6 7 8 1 1 1 16 17 1811912
411 3 56 7 9 11 13 15 16 17418§19]20
5 2 4 5 6 8 1 1 14 151 1811942
6F1L2)3 4 5}6)71819 101112 14 16§17§18§19120
7 2 3 4 6 81 910 11 12413144151 1 2
81 2 314)518) 71819110111 1213414115 16}17]18119120
9 1 2§3]4i5)617)88)10{11§12 13 1441 1711811420

10 1l gl 3lal 5] sl 7| soludrili i 14 15Udﬁ4§l19 20

1 1§2{314 5 6l7)8L 9810111412813 14 15 16¢1 1

1201102830485 6 7L8) SL0I111128130 14815 16 1718819420
13 1§21 3)415)6 7 sLayiol112413414415916 17 161

14111 2) 3L 41508)7 & OQ10p11L12)1314)1516117 18 19920
15_1]213)415)6L7)8 S 1011124131415 16{17418 19 2

16'1'2'3 4 5|6I7I8|910111 1 1617118119420

17 1312 3 4151671891011 1241 1 17) 181152

1801 2 3p4f5)e6y78]opiopt 12131 1 18119420

191 2§ 3] 415 7§ 818 11§12 13 1441 17118119420

2077123l SLe 7 Le STl 73 17 el 17l 7S 20

FIG. 12

PCT/EP2011/063093



WO 2012/013778
10/25
10\A
X X X X 320
X q X X X DR 19
X|] E X] K X ' X 18
X X X X 17
X X X X| 16
X X X X 15
3 X X X X[ E 14
‘ X X X X[ EX 13
y [Xx X X X : 412
X X K i X X 11
A X X X X 10
) X 3 d X g X} o
X X X X 8
s 3 X § X Xl 7
~ g [ X X SHRES X 6
3 \ X 3 X X] 5
X X X X 4
X X X} 3
X X X X : 2
X X , I x X : 1
1 2 3 456 7 8 91011121314151617 1819 20
FIG. 13
10 -
X X X] X 20
X X X X 19
X X X X x| 118
X X X X|17
X X X X X e
X X X %15
X X X RN 14
3 X X X EXEXER{13
X X X X X X X 12
X X X X XREa x| o
X X X X Xl o
X X X X X X 8
X X X X X} 7
X X X X X X X 6
X X X 3 X X} 5
X X X X X X 4
X X S X X| | X] 3
X X X X X X 2
X X X X X X 1
123456 7 8 91011121314151617 181920

FIG. 15

PCT/EP2011/063093



WO 2012/013778

11/28

1 1021416 7 8 o 1ouifiz 13 14 15 1o Telid
2[T2l31aT 6 7 & sldiilugd7s 14 15 16 1787920

3 _112§3)4 5 6 7 819y 10111J12813]14 15 16 17 18119)2

4|v1|2|3 4.5 6 7|8I9|1Q’11l12l13l15’15 16 17 18 19'20

5 2 3456 8 1 1 14115016 17 18 19 2

6[7 2 3 4 spef7 8 9 10 1 dagfrelaef7lgf 1920
771 2 3 4lsfelzf® 9 1011 1 1sfTelazfielugfz0

8 1 2 3 5 71L.8)9 1011121 1 17 19 20

9 1 2 4 61 7] 8941011 1213 1 16 18 19 20

10 T2l 34l 6|7|8|9|1g|11 12 13 14 1501617 18 19 20
11_1J713f7sf6 7 8 9 10l14f12 13 14 15 16]17] 18] 12

12011213415 6 7 8 SQ1Q11412J13 14 15 16 1711811920

18 171l 5 6 7 8| ofiduifdsgf74 5 16 17 610l
14[TL2l5 4 5 6 7Lef ol Tl 7a1475 16 17 18 1920
S s B B [ 10 P 1 e
1f1 2 3 4 516[7 & 9 10t 9 16[T7L1gf 7920
877 2 slefslel7Lele 1011 12 1l ielieflief19 2
1971 zLaf4lslslz s 0 1 121314@?&]1_2]{819 20
20 T2l 3Lal BTl 7 12 13 14 15016f77 16 19 20

FIG. 14

PCT/EP2011/063093



WO 2012/013778

12/25

1 1'2‘3'4'5'6'“8 9 1011312813414 15 1611751811942

211 3 5 7 89 11 13414415 16 17118] 19120
3 1} 24 3})4 6 7 8Lag10p11J1201314815)16 17 1811912
5 1 2‘ 4 5 6| 7]8F9]100 1112113 141 15816F1 7818 19 2
61 3 4 5316171819 10 1111213314]15016]17018] 19120

7 2 3 4 6 8§ 810 11 12 1 1 1 2

1211 3 5 7 8 9 11 13141516 1 1

13 2 4 6 7 8 1 12131 16 17 1 2
141 3 5 6 7 9 11131 1 17 18 1

15 2 4 5 6 8 14111 1 1 18 19 2
d1lals 4 slef7lels 1o rldTdud T d ud 90
17, 2 3 4 6 8§ 8}J10 111 1 1 1 2|
7 2 sl SLel 7 elslud 7z T d g 20
191 2Lalalel e slalaud e 75 rdad daddudzo
20 1Ll 3Ll 5] ol 7l ald g s 12 ud TAud 7o 20

FIG. 16

PCT/EP2011/063093



WO 2012/013778
13/25-
'IO\A

X X X X 20
X X [X]19
X X 8 18
X 3 X 5 17
X 16
X 3 & X 15
} X & 1 X 414
X X X g 13
X X X X 12
X X X XJi1
X 8 X X X 10
X 3 X X 9
X 3 8 X 8
: X 3 X 7
X 8 6
X 3 X 5
X & X 4
. X X X1 3
X S X X ] X 2
X N X 3 R X X]| 1

123 45 6 7 8 910111213 14151617 181920

o FIG. 17

X X 3 X X X X 20
X X X X X119
X X X X 18
X X R X7
X 16
X X X 15
X X X X 14
X X X X X 13
X X X X X X 12
8 X X X X X X111
X 3 X X} X X X 10
X X X X X 9
X X X X 8
X 3 X X 7
X} 6
X \ X X} 5
X X X X 4
X X X X ] X X1 3
X X J X X X X 2
X X X X X X1 1

1283 45 6 7 8 91011121314151617 1819 20

FIG. 19

PCT/EP2011/063093



WO 2012/013778 PCT/EP2011/063093
14/25 ~ ’

1 102134 5 6 7 s8Lo]i011]1281414 15 16 17 181K 2

3.1J2 3 4 5 6lzfs|afio 11 12kafalisfie 17 18 19 201
4M|9 10 11 12 13014l 75L16]17 18 19 20
571 2 3 4lsfelzfe o 101112 13 1415[7817]78 19 20
6 1 2 3&[?[_6]7 8 910 11 12 13 14 1516] 1711879 20
771 2 a3f4lsfe 7 & 9 iz 13 14 15 1ezfielgf20
sl lafelefs e 7 & olufrilugfta7a s 6 17efroleo

>9 1§213J]4 5 6 7 8F9J10p11j12013414 15 16 17 1841%2
10011213 4 5 6 708 9101111128 13414515 16 17 18 19420
11 _1]203)4 5 6 7 81a11011)12413114 15 1617 18192

128102030415 © 7 8 91011112113 14 15 16 1711811420

1371 2laf 416 7 & o 10z 15 14 15 1601z 6120
1471 2 s|lafsLe]7 8 9 1011 12 13 14 1516171879 20
151 2 3 4lsf6lzf® ¢ 1011 12 13 141581778 16 20
161 2 3 4 5 6] 7189 1011 12 181475 16f17 18 19 20
17 1J2 3 4 5 slzfslofio 11 12afralidd 16 17 18 19 20]

111283 4 5 6 718 9L10J1112)13414115 16 17 18 19420
19 2 4 567 8 10, 1 14 1516 17 1 2

200 11 2)314)5 6 7 8 91111413 14 15 16 17141920

FIG. 18



WO 2012/013778 PCT/EP2011/063093
15/25

2[TLelBladT 6 7Lef ol @45 16 17018920
3 1[2 a7 5 elzfBlefio i1 2lafhsfie 17 1oligf?
a[TLal= 4 slef71elo 10 11 12 13|14 T6l16f77 18 19|20
5 _1J2 3 alslelzf® 9 1oLz 13 1a5fel1 8 19 20
61 2 alaf5lel7 8 ngw 14 15)16f7718[19 20

7 1 2] 3)4i516 7 893100111 12113§14 15 16}17}18§19]20
8f1 3 5 6 748} ¢ 1 1 1516 17| 19

9 1§J213)4 5 617819 J10111]12013]14115416 17 1841H2
10‘1 2]3 4 5617 89100111213 14815016417 18 19420
11 1)23)4 5 6)7)s8laliopny)12413314415816 17 1811942
120112130415 6 718 op1011112013814§15 16 17418119420

13 1 21 3)4l5]16 7 sloj10p11)12413414 15 16]17]18}19 20

14T 2 3l4f5Lef7 & olofiilefia 14 15]18fT7L18fio 20
15 12 2 alsf6lzf e o o7z 15 1A Taliq18 19 20]
16f112[3 4 sLef718lo 1011 12 1914 1816f77 18 1920
17 1[218]% 5 slzfelefo 17 12lisffahsfe 17 1eidzd]

18 112§ 3 5 6 718] 9L10]11i2113414415 16 17)18] 19420

19 1§21 3)45]6 7 s8lojioliij1201414 15 16{17}1841942

121304350617 8 9LI0p11{1213 14 150161174 18819020

FIG. 20



WO 2012/013778

16/25
10\A
q 11X X }
3 X[ X \IEIE
(X[ E X X x| K
X ¥ X X X
X : X| [X X
Xy (X : X 4
X| XX I E 4 [X
X = X X X
X X ‘ X X
X| [X X[ | X
X X 3
" Ix] [x] & X [X
3 X E X X X
X X X X X
X J k x| IX X
‘ X X 3
X X [X X
X| RXE X X X
x| K X x| K X E
3 X| [X X| | X
1 2 3 45067 8 91011 121314 1516 17 18 19 20
-1G. 27
10\ "
X] 1 X] JX] K X] [X] X
X X[ X X [X
X[ x| E x| [X
X| [X X1 [X
X X X
X x| IX X
X X [X
\ X X IX] [X
XTI IxXT X X X
X1 (X X X[ [X
- X1 X1 1X] 1XI 1XI I1X| 1X
3 X X Ix| X[ Ix
x| X X X [X
x| [ X[ IX] [X
x| [XI [X
X x| [X X
X X X
X[ [X] K X[ [X
X[ X x| X
X 1X[ [X X[ X
T 2 34567 8 910111213 14151617 18 19 20

FIG. 23

._L_—L_&—L.—J_L_J—_L_LN
S NN WP OENDOO

—r
= NN WhAOTONDD OO

20
19
18
17
16
15
14
13
12
11

N WhOTO N®

PCT/EP2011/063093



WO 2012/013778 PCT/EP2011/063093
17/28

111 20 3J4L5)ob 708 910011 121381414164 17§18 19]20
21 31415 7L 8] 9 10 1113131441 1 19 20
3 1124314 5 617] s{ 9J10811§1413}14 15 164175 181K 2

4111203 41516 78] 9 L1o11112113 14]15)16 17]18] 19120

5 _1]2 alaf5lel7 slofolil 2 114 el 677 Te]19fZ

6 1L213 41536 71819110§11121138 14]15516 17018119120
7 1120334 5 61 7] 8] 9101111314 15 16}17]18)1F 2
8 1 3445 74849 10 11012013414]15 17418119 20

g9fi 2 4 8 8 9 111 1 1 18 19420

(L1 PR Y i 1 ) 3 1 V1 EPEE G B BT SRR BT:

M1 2§3 516788 9110f11 1201314119 1§ 1718 19420
13 1§ 21 3 7§8} 9 114 13414 15 1681 1942
1411283 48586 71 8b9oOb1112013 14415416 1741841H 20
15 1§52 314]516]7 819 1112 13 1415 16§17 1811

16 1] 2]3 4056 7]8 10511312018 14§15416 17§ 181420
17 1) 21 3 7§ 8] 9 111941314 15 16§41 192

18 1§28 304156l 708]9 10 11120134 14]15016] 171 18§19 20

C EBF] K i3 13 W e A i B i B 6 BV RERE B
20 ]2 3Lal5Lel7 sloJrold ? 131 e1ef77 18z

FIG. 22




WO 2012/013778 , PCT/EP2011/063093
18/25

1l 1I2I3|4l 5| 6' 7 8 9101112 13!14!15'16'17'18’15‘20
2.1 |2|3I 4I 5]6 7 8 910111213 14'15'16'17'18'19'2a

a[TL2l31af5 6 7 6 sl 12 15 14 15ef7lLef 920
a 102 el 5 6 7 slafiolufrz 13 14 15 teluzf1aligfzd

5!1[2'3 4 5 6 7l8l9l19_|11!1_2_!13 14 15 161;I1§1q20
6 ]'2 3 45 6'2'8'9'10‘]]'12‘1314 15 1617 18hd2a

711 2 3 4 bp6]7]18]9L19 141314415 16 17 18 19120

8 1 2 3 4|§'6|7IBIQI1OI11I12|;}I14I15I16 17 1819 20

g 1 2 314561718 10§ 118 12§13114]15]16]17 18 19 20

10 1 2 3F415)6Lz) s oh1aqiiji2ji3)i4pibf16pi7§18 19 20
111 2 3L4)5lef7L8 10 11412]13314)15]16)17 18 19 20

121 2 3 415161 7]) 881081114 13414)15016 17 18 19 20

s 1l2fa 4 5 6 7LafoligfTiligft13 14 15 16 171g 1

16 1J2 af7 5 6 7 eLoJol11fiz 15 14 15 1617 18|10
[T 3Laf5 6 7 8 olaofiT 12 13 14 15paefi7hgf 920
18_1JZ) 3[4 5[ 7 & 9 101112 15 iqagfielifigud?
1o T2 T SLef7 & o 10 17 12 134fT5]efT7h 18] 79 20

FIG. 24




WO 2012/013778 _ PCT/EP2011/063093

19/25
: ‘lO\A

X X X X X X120
X & X X X 19
X X}|i8
¥ X X 3 17
% X X X X 16
S X X X & X X X 15
X X 5 X X 14
X X 13
3 X 3 3 3 Xi12
X X X X 11
X X X X X X]10
X X X X 9
5 X 3 X| 8
8 X 3 X 7
R X X X X 5 6
X X X X X X 5
X X X X ) 4
] X R X B 3
X X Xi 2
X 5 X X X 1

12 3 45 6 7 8 910111213 141516171819 20

10 - FIG. 25

17
16.

X X
X X X X
X 3 X X
4 5 6 7 8 910111213 14151617 1819 20

FIG. 27

b3
>

b
>
>
>
SN WhOIO N

rof >

3



WO 2012/013778

20/25

1)11283 4 5 6 7 8Jolioj11]12§13 14 15 16 17018] 19420

2_ 1775 71sf® 7 slefrolufiz e Talugf e 17 epigfZe]

311 2 33415 6 78] opioli112]113 14 15016]17 18 18§2¢
4 1 213141 58)617)8 9 10 11 12[13]14]15]16417418 18 20
5 112)3L4)5]18] 78] 9 10 1112113 14] 1511611701819 20
6 1 2]1314]5)6§7§8 © 10 11 12013114} 15]16}17}18 19 20

71 2 31435 6 71 8)9LL0i1112113 14 151186)17 18 19]20

8_1)2 3 4]ls)6 7 Bleholﬂhe 13 14115146 1718[19'20]

op1L2l3 4 5 6 78lopoli1i12413 14 1516 17018l 19820
10 112 4 5 6Q7)8L9]10 1 14 15 16}17}18119120)

M1E2)3 4 5 6 78] 911041111213 14 1516 1741819120

12.1]2 ¢ 4|56 7 8|‘9|10l11|12 13 14]15)16 77 1811970
14 1 2l3f4lsfelz)8 9 10 11 12]18]14f15]16li7 18 19 20
16 1 2|3f4ls[ 6Lz 8 9 10 11 12]18f1a}15]16] 1718 19 20

1711 2 33435 6 71 BJ9L10p11112113 14 1516)17 18 19120

18 12 3 4lsf6 7 8]9]10]11[121314[15}16 17 18{19’20[

199112)3 4 5 6 78] op10j11112113 14 15 16 17118}19420

20 1) 2 4 5 617)819]10 12 14 18 16} 17§18} 19120

FIG. 26

PCT/EP2011/063093



WO 2012/013778

21/25

1 1]2]3)4]5]6 7 8 9 1011]12413]14}16816 17 18 19 2
2§ 112]3)4)5 6 7 8 910j11112§13}14]115 16 17 18 19120
3 _1§21384 5 6 7 8| of10l11p12013114 15 16 17 18]19] 20,
411L2)3 4 5 6 7L8)9L10M 1314 15 16 1 19§20

5 112 3 4 5 671812110 12 13 14 15 16 18]19}20)

6‘1 2 3 4 5I6|7‘8l9|1g|11 121314 15‘16'1;‘18'19'20
7123 4‘5’6'7'8[2'10 111213 12]}5}16‘12’18'19'20

8 1 2 3l4a]s5le)7L8)9 101112 1314)15416]17§18]19 20

g 1 2[3’4!5’6‘7!8 9 1011 1a13'14‘1§lia1z’18 18 20

10 1 3 5 7 8 8 10 11 v131415 17 18 19 20
111 2131415161718 9 10 11 12043114115116) 17§18 19 20
121 2 3balste]l 7Ll 9 10 11 12 13L14]15]16]17418] 19 20
131 2 3 415161 7)8L8)10 11 12 13 14}15116)17f18112]20
15 1)2 3 4 5 6 7}8E90 12 13 14 15 16 181 19)20]
110213 4 6 6 718)9L10f1112)13 14 15 16 17018§19§20
181 112]314]5 6 7 8 g{to]i1]i2p13]14§15 16 17 18 19§2C

19 142134156 7 8 9 10011]12013]14} 15116 17 18 19 20

20 112§314)5 7 8 9 101t 13114] 1511617 18 19 20

FIG. 28

PCT/EP2011/063093



PCT/EP2011/063093

WO 2012/013778

22/25

FIG. 30

FIG. 31



WO 2012/013778 PCT/EP2011/063093
23/25

76// 50/ gﬁ




WO 2012/013778 PCT/EP2011/063093
24/25




WO 2012/013778 PCT/EP2011/063093
25/25

82

FIG. 36



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/063093

A. CLASSIFICATION OF SUBJECT MATTER

INV.
ADD.

D21F1/00

D21F11/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

D21F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 4 191 609 A (TROKHAN PAUL D [US])

4 March 1980 (1980-03-04)

column 1, lines 8-15

column 4, line 46 - column 8, line 18
column 12, line 25 - column 14, line 60
figures 1,6-20

US 2007/175534 Al (BARRETT REX [US] ET AL)
2 August 2007 (2007-08-02)

paragraphs [0001], [0036] - [0043],

1-21

1-21

[0045], [0047] - [0050]
figures 1-3,5,6

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

23 September 2011

Date of mailing of the international search report

04/10/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Maisonnier, Claire

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/063093

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 6 237 644 B1 (HAY STEWART LISTER [GB]
ET AL) 29 May 2001 (2001-05-29)

cited in the application

column 1, lines 11-16

column 10, lines 5-23

column 11, lines 33-46,59-62

figure 10

US 3 974 025 A (AYERS PETER G)

10 August 1976 (1976-08-10)

column 1, lines 17-33

column 8, line 56 - column 9, line 68
column 15, line 62 - column 18, line 17
figures 1-4,14-20

US 2006/085998 Al (HERMAN JEFFREY [US] ET
AL) 27 April 2006 (2006-04-27)

paragraphs [0065] - [0067], [0119],
[0120]

figures 1-8

WO 2010/069695 Al (VOITH PATENT GMBH [DE];
BOECHAT JOAO VICTOR [BR]; SCHERB THOMAS
[BR];) 24 June 2010 (2010-06-24)

cited in the application

page 3, line 8 - page 7, line 4

page 18, line 4 - page 20, line 26

figure 1

1,10,11,
18,19,21

1,10,11,
18,19,21

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

DE 102008054990

PCT/EP2011/063093
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 4191609 A 04-03-1980 AU 528024 B2 31-03-1983
AU 5626480 A 11-09-1980
CA 1124121 Al 25-05-1982
DE 3069891 D1 14-02-1985
EP 0015609 Al 17-09-1980
ES 8103793 Al 16-06-1981
GR 67705 Al 14-09-1981
IE 49544 Bl 30-10-1985
JP 1002720 B 18-01-1989
JP 1524842 C 12-10-1989
JP 56031100 A 28-03-1981
PH 15266 A 02-11-1982

US 2007175534 Al 02-08-2007 CN 101405444 A 08-04-2009
EP 2004891 Al 24-12-2008
WO 2008016389 Al 07-02-2008

US 6237644 Bl 29-05-2001 AT 266119 T 15-05-2004
AU 5524099 A 21-03-2000
BR 9913269 A 15-05-2001
CA 2342793 Al 09-03-2000
DE 69917045 D1 09-06-2004
DE 69917045 T2 21-04-2005
EP 1109970 Al 27-06-2001
WO 0012817 Al 09-03-2000
JP 2002523654 A 30-07-2002

US 3974025 A 10-08-1976  NONE

US 2006085998 Al 27-04-2006 US 2006085999 Al 27-04-2006
US 2009165979 Al 02-07-2009
US 2009165980 Al 02-07-2009
US 2008073051 Al 27-03-2008
US 2011146932 Al 23-06-2011

WO 2010069695 Al 24-06-2010 CA 2746488 Al 24-06-2010

24-06-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	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 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - wo-search-report
	Page 52 - wo-search-report
	Page 53 - wo-search-report

