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web. The method eliminates the necessity for a separate step(s) for manufacturing the similar endless belt having void volume In
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base substrate In a predetermined pattern in droplets having a diameter of 10u(microns) or more. Polymeric resin material is
deposited on the base substrate to cover all areas except those on which the sacrificial material has been previously applied, and Is
set by means appropriate to its composition, and the sacrificial material removed. The polymeric resin material is abraded to provide
the belt with a uniform thickness, and a smooth, macroscopically monoplanar surface.
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ABSTRACT

A method for manufacturing resin-impregnated endless belt structures and belt for a
papermaking machine and for similar industnal applications are disclosed. The
structures have improved or alternative mechanisms for extracting water from a
fibrous web. The method eliminates the necessity for a separate step(s) for
manufacturing the similar endless belt having void volume in the form of groove,
blind-dnliled holes and the like on their outer surface. It requires the application of a
sacrificial material onto a base substrate in a predetermined pattern in droplets having
a diameter of 10pu(microns) or more. Polymeric resin material is deposited on the base
substrate to cover all arecas except those on which the sacrificial material has been
previously applied, and is set by means appropriate to its composition, and the
sacrificial material removed. The polymeric resin material 1s abraded to provide the

belt with a uniform thickness, and a smooth, macroscopically monoplanar surface.
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METHOD FOR MANUFACTURING RESIN-IMPREGNATED ENDLESS

BELT AND A BELT FOR PAPERMAKING MACHINES AND SIMILAR
INDUSTRIAL APPLICATIONS

-,

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates, in part, to

mechanisms for extracting water from a web of

material, and, more particularly, from a fibrous web

being processed into a paper product on a papérmaking

machine. Specifically, the present invention is a

method for manufacturing resin-impregnated endless
bel‘t structures designed for use on a long nip press

of the shoe type on a papermaking machine, and for

other papermaking and paper-processing applications.

2. Déescription of the Prior Art

During the _papemnaking prbcess, a fibrous web of
cellulosic Ffibers is formed on a forming fabric by
depositing a mfibrous slurry thereon 1in the forming
section of a paper machine. A large amount of water
is drained from the slurry in the forming section,
after which the newly formed web is conducted to a
preSS section. The press‘section‘includes a series of
press nips, in which the fibrous web is subjected to
compressive forces applied to remove water therefrom.
The web finally is conducted to a dryiné section

which | includes heated dryver drums around which the

‘web is directed. The heated dryer drums reduce the

water content of the web to a desirable level through

evapoiation to vield a paper product.
| Rising energy costs have made it increasingly

desirable to remove as much water as possible from
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the web prior to its entry into the dryer section. As
the dryer ‘drums are typically heated from within by
steam, costs associated with steam prédudtiOn may be
.'sub'é't’ant_ial, especially when a large amount of water

e

must be removed from the web.
- Traditionally, press sections have included a
series of  nips formed by ©pairs of adjacent

cylindrical press rolls. In recent years, the "us'e of

‘long press nips of the shoe type has been found to be

more "advantageous than the use of nips formed by
pairs of adjacent preﬁs‘,s rolls. This is because ‘the
loﬁger the time a web can be éubjected to pfessua;e in
the nip, the more water can ‘be removed 'thére,. and,

conSequently, the less water will remain behind in

,the‘ web for removal througli evaporation in the dryer

section.

The pre.c;‘;ent". invention relates, in part, to long
nip préSSes of the shoe type. In this variety of'long
nip press, the nip is formed between a cylindrical
pi‘éSs roll and an arcuate pressure shoe. The latter
has- a cylindrically concave surface haviﬁg a radius
of curvature close to that of the cylindrical press
roll. When the roll and shoe are brought into close
physical proximity to one another, a nip, which ~can
be five to ten times longer in the machiﬁ.e direction
than ore formed between two press rolls, is fpmeé:‘l.
Since the long nip ﬁay be five to ten times longer
than that in a conventional two-roll press, the

so-called dWel‘l time, during whiéh the fibrous web is

- under pressure in ~ the long nip,. may be

correspondingly longer than it would be 1n a two-roll

press. The result 1s a dramatic inc¢rease in the

.dewétering of the fibrous web in the 1long nip

2
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relative to that obtained using conventional nips on
paper machines.

A long nip press of the shoe type requires a
special belt, such as that shown 1in U.S. Patent No.
5,238,537 to Dutt (Albany International Corp.). The belt
18 designed Lo protect the press
fabric, which  supports, carries and dewaters the
fibrous web, from the accelerated wear that would
result from direct, sliding contact over the
stationary pressure shoe. Such a belt must be
provided with a smooth, impervious surface that
rides, or slides, over the stationary shoe on a
lubricating film of o0i1l. The belt moves through the
nip at roughly the same speed as the press fabric,
thereby subjecting the press fabric to minimal
amounts of rubbing against the surface of the belt.

Belts of the wvariety shown 1in U.S. Patent No.
5,238,537 are made by 1mpregnating a woven Dbase
fabric, which takes the form of an endless loop, with
a synthetic polymeric resin. Preferably, the resin

forms a coating of some predetermined thickness on at

least the 1nner surface of the belt, so that the
yarns from which the base fabric 1s woven may be
protected from direct contact with the arcuate
pressure shoe component of the long nip press. It 1is
specifically this c¢oating which must have a smooth,
impervious surface to slide readily over the

lubricated shoe and to prevent any of the lubricating

)

o1l from penetrating the structure of the belt to
contaminate the press fabric, or fabrics, and fibrous
web. The base fabric of the belt shown in U.S.

Patent No. 5,238,537 may be woven from monofilament
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yarns in a single or multilayer weave, and is woven
so as to be sufficiently open to allow the
impregnatihg material to totally impregnate the

weave. This eliminates the possibility of any voids

forming in the final belt. Such voids may allow the

lubrication used between the belt and shoe to pass
through the belt and contaminate the press fabric or
fabrics and fibrous web. The base fabric may be
flat-woven, and subsequently seamed into endless
form, or woven endless in tubular form.

When the impregnating material is cured to a
solid condition, it is primarily bound to the bas'e

fabric by a mechanical interlock, wherein the cured

imprégnating material surrounds the varns of the base
fabric. In addition, there may be some chemicél
bbnding or adhesion Between the c¢ured impregnating
materiai and the material of the ya‘rns of the Dbase
fabric.

Long nip press belts, such as that shown in U.
S. Patent No. 5,238,537, depending on the size
requirements of the long nip presses on which they
are installed, have lengths from roughly 10 to 35
feet ‘(approximately 3 to 11 meters), measured
longitudinally around their endless-loop forms, and
widths'_ from roughly 6 to 35 feet (approximately 2 to
11 meters), measured transvérsely across those forms.
The manufacture of such belts is ‘complicated by the
requirement that the base fabric be endless prior to
1ts impregnation with a synthetic polyméeric resin.

It 1s often desirable to provide the belt with a
resin coating of some predetermined thickness on its
outer surface as well as on its inner surface. By

coating both sides of the belt, i1ts woven base fabric

4
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will be- closer to, if not coincidéent 'with, the

neutral axis of bending of the belt. In such a

circumstance, internal stresses which arise when the

belt is flexed on passing around a roll or the 1like

- on the paper machine will be less likely to cause the

coating to delaminate from either side of the belt.
Moreover, when the outer surface of the belt has
a resin coating of some predetermined thickness, it

bemits grooves, Dblind-drilled Tholes or .other

cavities to be formed on that surface without

exposing any part of the woven base fabric. These
feature‘s provide for the temporary Storagé of water
pressed frpm the web 1in the press nip, and | aré
usually produced by grooving or drilling in a
separate manufacturing stép following the Cﬁring of
the resiﬁ Coating.

The present invention provides a solution to
this particular problem, that is, the necessity for a
separate manufacturing step or steps, which
characterizes prior-art methods for manufacturing
resin-impregnated endless belt structures hax}in‘g void
volume in the form of grooves, blind-drilled holes
and. the like on their outer surfaces. Moreover, the
prés‘ént invention provides an alternate method for

mahufacturing resin-impregnated endless belt

structures used in other papermaking and

paper-processing applications, such as calendar and

transfer belts.

SUMMARY OF THE INVENTION

Accordingly, the present invention is a method
for manufacturing resin-impregnated endless Dbelt

structures designed for use on a long nip press on a
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papermaking machine and for other papermaking and
paper-processing applications. The method comprises a

first step of providing a base substrate for the

belt. The ©base substrate may be one which has

previously been impregnated with a polymeric resin

material which forms a laver on its inner or outer

surface.

Alternatively, the Dbase substrate may Dbe

rendéred impermeable by depositing a polymeric ‘resin |

‘material onto the base substrate to coat its entire

sﬁrface during the practice of the present invention.

| Saqrificial material is then depositéd onto -the
base éubstrate in a precise predetemi‘ned pai:tern,'
which | predetermined 'pattern is to characterize the
surface of the belt | being . manufactured. The

sacrificial material forms a layer of desired

thickness over the base substrate to provide a mold

there. Thé sacrificial material is deposited in
droplets having an average diameter of 10p (10

microns) or more. At least one piezojet may be used

‘to deposit the sacrificial material onto the base.

substrate, although other means for depoéiting

droplets of that size may be known to those of
ordinary skill in the art or may be developed in the

- future and used instead of a piezojet. Subsequently,

{

‘a functional polymeric resin material is deposited

onto the base substrate to cover areas thereof not

previously covered by the sacrificial material with a

layer of desired thickness, that is, to fill the mold
defined by the sacrificial material. ‘I‘l}e polymeric
;_t:esin material 1is then set or fixed by appropriate

mearlls.
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Finally, the sacrificial material 1is removed
from the belt newly manufactured from the resin-
coated substrate. Typically, the sacrificial material
is removed through the application of an appropriate
solvent or heat. Either before or after the removal
of the sacrificial material,‘ the deposited polymeric
resin material may optiocnally be. abraded to provide
it with a unifom thickness and. a smooth,
mac_roscopically monoplanar surface, when desired, or
to .éprse any sacrificial material that may have beén
covered by  the pblyzneric resin material for
subsequent removal. |

In one embodiment of the invention, a secgnd
functiohal 'po'lymeric resin material 1s deposited onto
the belt newly manufactured from the base substrate

to £fill the regions formerly occupied by the

sacrificial material to render ‘the belt impermeable,
1f 1t is not already so, and to provide the belt with
surface regions having different p;\:operties.

The present invention will now be described in
more complete detail, with frequent reference being

made to the figures identified below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a schematic view of an apparatus
used to manufacture belts according to the method of
the present invention;

Figure 2 1s a cross-sectional view of a base

substrate having a layer of polymeric resin material
on its inner surface;

Figure 3 is a plan view of the base substrate as
it would appear upon exit from the imaging/repair

station in the. apparatus of Figure 1;
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P

Figqure 4 is a plan view of the base substrate as

it would appear upon exit from the polymer deposition
station in the apparatus of Figure. l;
Figure 5 1s a plan view of a completed belt as

it would appear upon exit from the mdld removal

~station and grinding station of the apparétus of

Figure 1;

Figure 6 1is a cross-sectional view taken as
indicated in Figure 5;

Figure 7 1is a plan view of a second éembodiment

- of the belt;

Figure 8 is a plan view of a third embodiment of
the belt; and
Figure 9 1is a perspective view of a wvariety of

represéntative shapes of the deposited material.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The method for fabricating a belt 1in accordance
with t:he. present invention begins with the provision
of a base substrate. Typically, the base structure or
substrate is a fabric woven from monofilament yarns.

More broadly, however, the base substrate may be a

. woven, mnonwoven or knitted fabric comprising varns of

any of the varieties used in the production of paper
machine clothing or of belts used to manufacture
nonwoven articles and fabrics, such as monofilament,
plied  monofilament, = multifilament  and plied
multifilament yarns. These varns may be obtained by
extrusion from any of the polymeric resin materials
used for this purpose by those of ordinary skill in
the art. Accordingly, resins from the families of

polyvamide, polyester, polyurethane, polyaramid,

polyolefin and other resins may be used.

8
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Alternatively, the base substrate may be
composed of mesh fabrics, such as those gshown in
commonly assigned, U.S. Patent No. 4 427,734 to
Johnson. The base substrate may further

be a spiral-link belt o¢f the wvariety shown 1in many
U.S. patents, such as U.S. Patent No. 4,567,077 ¢to
Gauthilier.

Moreover, the base substrate may be produced by
spirally winding a strip of woven, nonwoven, knitted
or mesh fabric 1in accordance with the methods shown
in commonly assigned U.S. Patent No. 5,360,656 ¢to
Rexfelt et al. The base substrate
may accordingly —comprise a spirally wound strip,
wherein each spiral turn 1s 7joined to the next by a
continuous seam making the base substrate endliess 1n
a longitudinal direction.

The above should not be considered to be the
only possible forms for the base substrate. Any ot

-

the varieties of Dbase substrate wused by those of

ordinary skill 1in the paper machine <c¢lothing and
related arts may alternatively be used.

Once the base substrate has been provided, one
or more layvers of staple fiber batt may optionally be
attached to one or both of 1its two sides by methods
well known to those of ordinary skill 1in the art.
Perhaps the best known and most commonly used method
is that o©of needling, wherein the 1ndividual staple
fibers in the batt are driven 1into the base structure
by a plurality  of reclprocating barbed needles.

Alternatively, the individual staple fibers may Dbe
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attached to the base substrate by hydroentangling,
farhe_rein fine high-pressure jets of water perform the
same func‘tion as the above mentioned -reciprocating
barbeéed .n.eedles. It will be recognized that, once
staple fiber batt has been attached to the base
substrate by either of these or other methods known

by those of ordinary skill in the art, one would have

a structure identical to that of a press fabric of
the variety generally used to dewater a wet paper web
in the press section of a paper machine. |
.Alternatively still, the base substrate may be a
structure which has been rendered impermeable to
fluids, such as air and water, with a coating of a'
polymeric resin material, which at least partially
imprégnates the structure and which may form a 1aye'r

of a desired thickness on one of its two sides. This

is particularly the case where the belt is intended
for use on a long nip press, and requires a layer of

polyméric, resin material of some predetermined

thickness on 1its i1inner surface, so that the base

substrate may be protected from direct contact with

|

the arcuate pressure shoe component of the long nip
press.

The belts manufactured in accordance with the
preSeﬁt invention may be used as long nip .press belts
for long hip presses of the shoe type, and for other
papermaking and paper-processing applications, such

as calendering and sheet transfer.

Once the base substrate, with or without the

addition of staple fiber batt material, and with or

without a layer of polymeric resin material of

desired thickness on one of its two sides, has been

provided, it is mounted on the apparatus 10 shown

10
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schematically in Figure 1. It should be understood

that the base substrate may be either endless or

seamable into endless form during installation -on a
.‘ | paéer machine. As such, the base substrate 12° shown
5 1in Fig‘ure' 1 shouid be understood to be a relatively
short portion of the entire 1length of the base
substrate 12.

Where the base substrate 12 is 'endless, it would
" most practically be mounted about a pair of rolls,
10 not illustrated in the figure but most familiar to
those of ordinary skill in the paper machine clothing
arts. In such a situation, apparatus 10 would be
dispose‘d on one of the two runs, most conveniéntly
the top run, of the base substrate 12 between the two
15 rolls. Whether endless or not, however, the base
substrate 12 1S preferably placed under an
appropriate degree of tension during the process.
Moreover, to prevent sagging, the base substrate 12
may be supported from below by a horizontal support

20 member as it moves through apparatus 10.

" Referring now more specifically to Figure 1,
where the base substrate 12 is indicated as moving in
an upward direction through the apparatus 10 as the
method of the present. invention is being carried out,

25 éﬁparatus 10 comprises a sequencé of several stations
through which the base substrate 12 may péss
incrementally as a belt 1s being manufactured
therefrom. |

The stations are identified as follows:

30 1. mold element deposition station
14;
2. imaging/repalir station 24;
3. polymer deposition station 36;

¢

11
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4. mold element removal gtation 48;

and

5. optional grinding station- 50.

In accordance with the present invention, it may
first be hecessary, where the base substrate has not
already been rendered impermeable to fluids, such as
air and water, with a coating of & polymeric resin
material which at least partially impregnates the

base substrate, to coat the entire surface of the

. base substrate to render  the base substrate

impermeable. This may be accomplished by wusing
polymer deposition station 36 of apparatus 10 ‘or by

other means suitable for the purpose.

In the polymer deposition station 36, transverse
’ {

rails 38,40 support a metering device, such as ‘a

bulk-jet array 42, which is translatable thereon in a
direction transverse to that of the motion of the
base substrate 12 through the. apparatus 10, as well
as therebetween in a direction parallel to that of
the motion of the base substrate 12, while the latter
is at rest. The bulk-jet array 42 may be used to
deposit a functional polymeric resin material onto or’
within the base substrate 12 to render it impermeable
and, optionally, to forfn a layer of desired thickness

thereover.. One or more passes over the base substrate

- 12 may be made. by the bulk-jet array 42 to deposit

the desired ainount of polymeric resin material.
Having performed this preliminary = step, it

necessary, we now turn to the first station. In the

\

first station, the mold element deposition station
14, a piezojet array 16 mounted on transverse ralils

18,20 and translatable thereon 1in a direction

i

12
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transverse to that of the motion of the base
substrate 12 through the apparatus 10, as well as
therebetween 1n a direction parallel to that of the

motion of thée base substrate 12, is used to deposit

" in repeated steps to build up the desired amount of

sacrificial material onto the base substrate 12 in a
predétermined pattern. Alternatively, other means for
depOsiting’u the small droplets required for the
practit:e of the present invention, as will be
discussed below, may be known to those of ordinary
skill in the art or may be developed in the futﬁ:re,
and -may be used in the ‘practice of the present
invention. In addition the deposi% of the sacrificial
material need not only be traversing the moveément of
the base substrate but can be parallel to such
movement, spiral to such movement or ‘il"l any other
manner suitable for the purpose.

The sacrificial material may penetrate into the
base substrate, if the latter does not already have a
layer of functional polymeric resin material covering
and rendering it impermeable, and, when desired,
forms a layer of desired thickness thereover in the
predetermined pattern. That pattern may be an array

of discrete locations which are to be the ultimate

locations of a corresponding array of discrete holes

providing void wvolume on the surface of the belt. In
such a <case, the sacrificial material, which 1is

removed later in the belt manufacturing process, and

which 1s not present 1in a completed belt, .1is

depositéd in the discrete locations, where it becomes
attached, and may rise to a predetermined height
and/or shape above the surface of the base substrate

12. Collectively, the discrete locations having the

13
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\

sacrificial material comprise a mold which is

subsequently to be filled by a functional polymeric

resin material, so called because it is a functional

part of the belt when manufacture has been completed.

Alternatively, the sacrificial material may . be

‘deposited in a semicontinuous network, for example, a

‘semicontinuous pattern extending substantially
throughout the base substrate 12 in an essentially
linear f‘ashion, such that the sacrificial material
becomes attached to the base substrate 12 or to the
polymeric resin material pfeviously applied to render

the base substrate impermeable, along lines which are

generally parallel and equally spaced from one

another. Such lines may be either curved, straight or

zigzag. More generally, a semicontinuous network

i
comprises straight or curved lines, or lines having

both straight and curved segments, which are spaéed
apart from one another and do not cross one another.
Ultimat'ely, the semicontinuous network provides the
surface of the completed belt with a plurality of
grooves, which may provide wvoid volume for the
temporary storage ‘of water pressed from a wet paper
sheet.

‘.-Alt"er:patively still, the sacrificial material

may be deposited in a continuous network extending

:Substantially throughout Dboth dimensions ‘of the

surface of the base substrate 12 and defining a

plurality of discrete open areas in a predetermined

array. These discrete open areas are ultimately to be

filled by a polymeric resin material and become the

'ultimate locations of disdrete' areas, filled by the

polymeric resin material, on the surface of the belt.

The continuous network may, for example, provide the

14
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P

stirface of the completed belt with a plurality of

Crisscrossing grooves. Note that heretofore grooves
were typically cut into the belt. Accordingly they
were generally straight or substantially straight due
to the cutting actiomns. Also blind dfilled holes
were generally circular, again due to the drilling or
cutting 'action. Advantageously, the present
invention avoids such limitations in that the voids
can- be c¢reated in any shape desired due to the
f'reedom' to deposit ’the sacrificial material 1in any
pattern to ultimately create the voids.

Referring now to the figures, the piezojet array

16 comprises at least one but preferably a plurality

of individual computer-controlled piezojets, each
functioning as a pump whose active component is a
piezoelectric element. As a practical matter an
array of up to 256 piezojets or more may be utilized
if, the technology permits. The active component 1is
a crystal or ceramic which is physically deformed by
an applied electric signal. This deformation enables
the crystal or ceramic to fuflction as a pump, which
physically- ejects a .drop of a liquid material each
time an .appropriate electric signal is received. AS
such, this method of using piezoje:cs to supply drops

of a desired material repeatedly so as to build up

‘the desired amount of material in the desired shape

in response to computer-controlled electric signals
is commonly referred to .as a "drop-on-demand "
method. .

The degree of precision of the jet in depositing
the material will depend upon the dimensions and
shape of the structure being formed. 'The type of jet

used and the wviscosity of the material being applied

15
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will also impact of the precision of the Jet

selected.

Referring again to Figure 1, the piézojet_ array
16, starting from an edge of the base substrate 12,
(S]:,: preferably, from a reference thread extending
léhg&hwise f_therein, translates lengthwise and
widthwise across the base substrate 12, while the
base substrate 12 is at rest, deposits the
sacrificial material in the form of extremely small
droplets having a nominal diameter of 10n (10
microns) or more such as 50p (50 microns) or 100p
(100 microns), in- one of the above-described
patterns. The tranélation of the piezojet arri‘ay 16
lengthwise and widthwise relative to the ' base
substrate 12, and the deposition of droplets of the
sacrificial material from each piezojet in the., array
16, are controlled by computer in a controlled manner
to produce the predetermined pattern  of the
sacrificial material in a controlled geometxry in
three planes, length, width and depth or height (x,
v, Z dimensions c;r directions) on the base structure
12. One or more passes over the base substrate 12
may be made by the piezojet array 16 to deposit the
desired amount of’saqrificiél material. That is to

say, by depositing the droplets, in a repeating

‘pattern, that being by layering one droplet on top of

the next, the height or z-direction of the
sacrificial material on the base substrate 12 (or
preapplied polymeric resin material) is controlled
and may be uniform, varied or otherwise adjusted as
desired.

One or more passes over the base substrate 12

may be made by piezojet array 16 to deposit the
16
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desired amount of material and to create ﬁhe desired

shape. .In this regard, the deposits can take any
number of shapes as illustrated generally in Figure

9. The shapes can be square, round conical,

‘rectangular, oval, trapezoidal etc.. with a' thicker

base tapering upward. Depending upon the design
chosen, the ambunt of material deposited can be
layered i1n decreasing fashion as the jet repeatedly
passes over the deposit area.

When the patternm has been completed in a band
between the transverse rails 18,20 across the base
substrate 12, the base s.ubstra_te 12 1s advanced
lengthwise an amount equal to the width of the band,

and the procedure described above is repeated to

produce the predetermined pattern in a new band

adjacent to that préviously completed. In this
r'epetitive manner, the entire base substrate 12 can
be provided with the predetermined pattern.
Alternatively, the piezojet array 16, again
starting from an edge of the base substrate 12, or,
preferably, from a reference thread extending

lengthwise therein, 1is kept 1in a fixed position

relative to the transverse rails 18,20, while the

base substrate 12 moves beneath it, to deposit the
s,,acrific-ial material in the desired pattern in a
lengthwise strip around the base substrate 12. . Upon
completion . of the lengthwise strip, the piezojet
array 16 is moved widthwise ‘on transverse rails 18,20
an amount equal to the width of the 1eﬁgthwise strip,
and the procédure described above 1is repeated to

produce the predetermined pattern in a new lengthwise

strip adijacent to that previously completed. In this
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repetit.ivé manner, thée entire 'base substrate 12 can
be provided with the predetermined patterm.

At one end of the transverse rails 18,20, a jet
check station 22 1s provided for testiﬁ‘g the flow of
sacrificial material from each piezojet. There, the
"jets can be purged and cleaned to restore operation
automatically to any malfunctioning jet unit.

The sacrificial material 1s a solid material
which melts guickly upon heating, and sets to bond
firmly with the base substrate 12 wypon cooling. The
sacrificial material may be supplied from a heated
resei“véif, where 1t 1s maintained in a liquid state,
and' pumped; through a feed line to the piezojet or
piezojets. The 'vis¢osity of the sacrificial material
at the point of delivery is important in defining the
size and shape of the droplets formed on the base
substrate (oxr the preapplied polymeric resin
material) and in time the resolution of the pattern
ultimately achieved.

Note the pattern can be random, a repeaFing
random pattern on a base substrate or such patterns
that are repeatable from belt to belt for quality

control.

" The sacrificial material may be a non-agueous,

solvent-removable wax, or -a water-soluble wéx, ‘such
'as water-soluble polyethylene glycol oxr polyvinyl

alcohol. More generally, the sacrificial material may

be any material which 1is deliverable though a
piezojet 1in extremely small droplets in the size
range giliven apbove, and which may ultimately be
removed from the base s.ubs trate 12 by means not

destructive to the Dbase substrate 12 and any

functional polymeric resin material thereon. In

18
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addition to these requirements, the sacrificial

material has to be capable of being fixed or set on

the base substrate 12 as quickly as possible

following deposition thereon, in order to control its
j5' distribution on or in the base substrate 12.

-In the second station, | the 1maging/repair
station 24, transverse rails 26,28 support a digital
imaging camera 30, which is tranélatable across the
width ?:)f base substrate 12, and a repair-jet array

10 - 32, which is translatable both across the width of

the base substrate 12 and lengthwise relative‘thereto

| between tfa.nsverse ralls 26,28, while the Dbase
substrate 12 is at rest.

The digital imaging <camera 30 +views the

15 deposited sacrificial material to locate any faulty
or nmnissing discrete mold elements, or similar
irregularities in a semicontinuous or continuous
pattern produced thereby‘ on the base substrate 12.
Comparisons between the actual and desired patterns

20 are made by a fast pattern recognizer (FPR) processor
operating in conjuﬁction with the digital imaging
camera 30. The FPR processor signals the repair-jet
array 32 to deposit additional sacrificial material
onto the fnold elements detected to be faulty or

25 missing. As before, at one end of the transverse
rails 26,28, a repair-jet check station 34 1S
provided for testing the flow of material f-rom each
repaixr j'et. There, each repair jet can be purged and
cleaned to restore operat:ion automatically to any

30 malfunctioning repair-jet unit. '

n ‘the third station, the polymer deposition
station 36 previously discussed, transverse rails

38,40 support a metering device, such as a bulk-jet

19



10

15

20

25

30

CA 02931724 2016-05-31

array 42, which is ‘translatable thereon in a

direction transverse to that of the motion of the

base substrate 12 through the apparatus 10, as well

as therebetween in a direction parallel to that of

the motion of the base ‘substrate 1_2, while the latter
is at rest. The bulk-jet array 42 is used to deposit
the functional ﬁolymeric‘ resin material onto the base
substrate 12', except in regions‘ having the
sacrificial material, to fill the mold formed by the
sacrificial material on the base substrate 12 to form
a layer of desired thickness thereover. The latter.
may be a polyurethane or photosensitive resin, as
well as others from the classes to be identified
below as beihg capable- of depositiorn by piezojet
érréy. The bulk-jet array 42 leaves a uniformly thick
layer of the functional polymeric resin material,
preferably no thicker than the regions of removable
material, on the base substrate 12. One or more
passes -over the base substraﬁé 12 may be made by the
bulk jet array 42 to deposit the desired amount of
polyvmeric resin material.

A setting device 44, i1f required to set or fix

the polyméric resin material being used, may also be

mounted on the transverse rails 38,40, and follows

the'bulk—jet array 42 across the base substrate 12 to
set or fix the material deposited thereby. The

setting device 44 may be a heéat source, for example,

~an infraréed, hot air, microwave or laser source; cold

alr; oOr .an ultraviolet or visible light socurce, the
choice being governed by the requirements of the
polymeric resin material being used.

It should be understood that the functional

polymeric resin material also needs to be fixed on

20



5

10

15

20

35

30

CA 02931724 2016-05-31

the base .substrate 12 following its deposition
thereon. The means by which the functional polymeric

resin material is set or fixed depends on 1its own

physical and/or chemical requirements. Photopolymers

are cured with light, whereas hot-melt materials are

set by‘ cooling. Aqueous-based latexes and diSpersioné

are dried and then cured with heat, and reactive

systems are cured by |heat. Accordingly, the

)

func¢tional polymeric resin materials may be set by

curing, cooling, drying, or any combination thereof.

Again, at one end of the transverse rails 38,40,
a bulk-jet check station '46 is provided for testing
the flow of material from each bulk jet. There, each
bulk Jjet can be purged and c¢leaned to restore
operation automatically to any malfunctioning
bulk-jet unit. |

Alternatively, the polymeric resin material may
be deposited onto or within the base substrate 12 (or
préapplied polymeric material as aforenoted) by
spraying, blade coating, single-pass-spiral (SPS)
coating, multiple-thin-pass (MTP) coating, or any

other methods known in the art to apply a liqguid

material to a textile substrate.

The fourth station is the mold element removal
station 48. Here, the sacrificial material,
originally deposited in the mold element deposition
station 14, 1is removed bj appropriate means. For
éXample, if the sacrificial material i1is a wax, the’

mold removal station 48 may include a heat source otf

appropriate temperature to melt the wax and én_able it
to flow from the base substrate 12. If, on the other
harid, the sacrificial material is a solvent-removable

material, the mold element removal station 48 would
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provide 'a treatment, such as by spraying or -
-immersion, with an appropriate solvent, such as
water. In practice, the base substrate 12 may be

directed i1n a serpentine path in and out of a solvent
bath to allow it to be showered foz“: more efficient

removal of the sacrificial material. Alternatively,

thée serpentine path may be entirely within an

agitated solvent bath. By increasing the temperature
of the bath, the removal of the sacrificial material

may proceed even more efficiently.

In any event, the removal of the sacrificial

material is carried out by a means not destructive to

the base substrate 12 and the functional polymeric
résin material thereon, and leaves the bése substrate
12 with the functional resin in the pattérn desired.

At this point, it may be desirable in_ some
applications to fill the regions formerly having the
sacrificial material with a functional polymeric
resin materiail which is different from that applied
above to £f£i111 the mold previously formed by the
sacrificial material on the base substrate 12. Note
by doing so, this may eliminate the need to preapply
a polymer resin material to render the base substrate
impermeable since by filling the openings formed by
the sacrificial material should in and of itself,
render the belt impermeable.

If the functional polymeric resin material used
first is a hydrophilic material, it may be desirable

to apply a hydrophobic functional polymeric resin

material to f£ill the regions formerly occupied by the

sacrificial material to provide a belt with a uniform

thickness having both hydrophilic and hydrophobic

regions on its surface. Such a belt may subsequently
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be used as a sheet-transfer belt. Polymer deposition

station 36 may be used to apply the second functional
, . 1

polymeric resin material in the regions formerly

occupied by the sacrificial material.

Finally, the optional fifth and.last. station is
grinding station 50, where an apprOpriate abrasive is
used to provide the polymeric resin material with a
uniform thickness and a smooth, -macroscopically
monoplanar surface. It should be understood that the
grinding station 50 may alternatively be disposed
before the mold element removal station 48 to expose
any sacrificial material that may be co{'rered by the
polymeric resin material. In any case, the optional
grinding station 50 may comprise a roll having an
abrasive surface, and another roll or ‘b'acking surface

on the other side of the base substraté 12 to ensure

thc';t the grinding will result in a uniform thickness
and a smooth, macroscopically monoplanar surface.

As an example, reference 1s now made to Figﬁre
2, which " is a cross-sectional view of a Dbase
substrate 12 having a layer of polymeric resin
material on its inner surface. Such a base substrate
12 is used where a long nip press belt is to Dbe

zhanufactured. The base substrate 12 1is woven from

lengthwise varns 52 and crosswise varns 54 1in a

multilayer weave. - Knuckles ' 56 appearing on the
surface of the base substrate 12 where lengthwise

varns 52 weave over crosswise yarns 54 may be visible

on the outer surface 58 of the base substrate~12. The

inner surface 60 of the base substrate 12 1s formed
by a polymeric resin coating 62.

The polymeric resin coating 62 protects the base

substrate 12 from sliding contact and the wear by’
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ab‘rasion that would result when the 1inner surface 60

slides across a lubricated arcuate pressure shoe of a

long nip press. The polymeric resin also impregnates

- the base substrate 12 rendering it impérmeable to o1l

and water. The polymeric resin coating 62 may be of
polyurethane, and 1s preferably a 100% solids
cdmpcsition thereof to avoid the formation of bubbles
during the cufing process through which the polymeric

resin proceeds folléwing 1ts application onto the

- base substrate 12. After curing, the polymeric resin

coating 62 can be ground and buffed to provide it
with a smooth surface and a uniform thickness.

Figure 3 is a plan view of the base substrate 12‘
as 1t would appear upon exit from imaging/repéir
station 24. As such, the outer surface ‘58 of the
base substrate 12 includes a plurality of mold

elements 64 of sacrificial material set forth in a

predetermined patterm taking the form of an array of

‘discrete locations which are to be the ultimate

locations of a corresponding array of discrete holes
providing void volume on the surface of the belt
being manufactured.

Figure 4 1s a plan view of base substrate 1\2 as
it would appear upon exit from polymer deposition:

station 36. At this point, the base substrate 12 may

properly be referred to as an intermediate belt

prdduct 66, implying that the belt is depicted at an
intermediate stage in 1its manufacture. P,olymeric-
resin material 68 covers the base substrate 12 éxcept
for the locations occupied by the mold elements 64 of

sacrificial material.

Figure 5 is a plan view of a completed belt 70

as it would appear upon exit from mold elements
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removal station 48 and grinding station 50. The belt

70 -includes functional polymeric resin material 68

except at those locations formerly occupied by mold
elements 64 of sacrificial material, whose removal
leaves the polymeric resin material 68l with a
plurality of discrete holes 72 in & pi:edetermined
pattern.

Figure 6 is a cross-sectional view of a
completed belt 70 taken as indicated in Figure 5. In
this example, polymeric resinh material 68 forms a
layer of desired thickness over the base substrate.

12, except for the areas represented by the discrete

holes 72.

.

o

Alternétive embodiments of the belt are shown in
Figures 7 and 8. Figure 7 is a plan view of a belt 74

whose base substrate 12 has a plurality of discrete

areas 76 of polymeric resin material in a

predetermined array on its outer surface providing
the surface of the belt 74 with a plurality of
crisscrossing grooves 78.

Figure 8 1is a plan view 6f a belt 80 having a
semicontinuous network of polymeric resin material on

1its surface. The semicontinuous network extends

- substantially throughout the belt 80 1n an

essentially linear fashion. Each portion 82 of the
sémicontinuous network extends in -a substantially
straight line parallel to others making up the

network. Each portion 82 is of jpolymeric resin

material, and is a land area which with portions 82

adjacent thereto define grooves 84 therebetween. The

land areas may also have nonparallel walls and

avarying cross-section therethrough such as

trapezoidal.
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In an alternate embodiment of the present
inven'tion, the mold element deposition‘ station 14,
the imaging)répair ~ station 24, and the pglym'er
deposition station 36 may be adapted to prod{lce a

5 Dbelt from the base substrate 12 in a spiral
techni’cibe,' - rather than by_ 1ndexing in the cross-
machine direction as described above. In a spiral
technique, the mold element deposition station 14,
the irﬁaging/ repalr s{tation 24, énd the polymer

10 _dep‘osition station 36 start at one edge of the base
substrate ‘12, for example, Ehe left-hand edge in
-Figure 1, and are gradually moved across the base
substrate 12, as the base substrate 12 moves in the
_airecti'on indicated in Figﬁre 1. The rates at which
15 the stations 14,24,36 and the base substrate 12 are
moved are set so that the pattern desired in the
finished bélt is' spiraled onto the base substrate 12
in a continuous manner. In this alternative, the
p‘olymeric‘ resin material deposite.d. by the polymer

20 deposition station 36 may be partially set or fixed
as each spiral passes beneath the setting device 44,
and completely set when the entire base substrate 12
has been processed through apparatus 10.

Alternatively, where the piezojet array 16

25 deposits the sacrificial inateriai in the desired
pattern 111 a lengthwise strip around the Dbase
s’ubs'tra.tie 12, the imaging/repair station 24 and the
polymerj deposition station 36 may also be kept in a
fi:i:éd position  aligned with the piezojet array 16,

30 while the base substrate 12 moves beneath them, so
that the pattern desired in the finished belt is
applied to a lengthwise strip around the base’

substrate 12. Upon completion of the Ilengthwise
26
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strip, the piezojet array 16, the imaging/repair
station 24 and the polymer deposition station 36 are
moved widthwise 1n an amount egual to the width of
the lengthwise strip, and the procedure 1is repeated
for a new lengthwise strip adjacent to that
previously completed. In this repetitive manner, the
entire base substrate 12 can be completely processed
1nto a belt.

Furthermore, the entire apparatus can remain 1in
a fixed position with the material processed. It
should be noted that the material need not be a full
width belt but can be a strip of material such as
that disclosed in U.S. ~“Patent No. 5,360,656 to

Rexfelt, and subsequently formed into a

full width belt. The strip can be unwound and wound
up on a set of rolls after fully processing. These
rolls of belting materials can be stored and can then
be wused to form an endless full width structure
using, for example, the teachings of the 1mmediately
aforementioned patent.

Properties of the functional polymeric resin
material, such as its resistance to wear and ¢to
oxidation, are important for the durability of the
belt. In addition to the importance of the curing,
setting or reaction times of the functional polymeric
resin material, as discussed above, the viscosity of
the vresin material during delivery to the Dbelt may
also be 1mportant as aforesaid. Specifically, in
another embodiment of the present invention, the
polymer deposition station 36 comprises a second
piezojet array, instead of a bulk-jet array 42. Where

a piliezojet array 1s used to deposit polymeric resin
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onto or within the base substrate 12, except in

regilions filled with sacrificial material, the choice
of polymeric resin material 1s limited ‘by the
requirement that 1its viscosity be 100 cps (100
centipoise) or less at the time of delive'ry, that 1is,

when the polymeric resin Ipaterial is in the nozzle of

a pilezojet ready for deposition, so that the

individual piezojets can provide the polymeric resin
matérial at a constant drop delivery rate.

Polymeric resin materiéls which may be applied
eithe_r by piezojet array or by bulk-jet array include
those in the following four classés:

1 Hot melts and moisture-cured hot melts;

2. Two-part reactive systems based on
urethanes and epoxies;

3. Photopolymer compositions consisting of
reactive acrylated-monomers and acrylated oligoniers
derived from urethanes, polyesters, polyethers, and
silicones: and

4. Aqueous-based ‘latexes and dispersions and

particle-filled formulations including acrylics and

polyurethanes.

}

As noted above, a piezojet array 1is capable of
Suppiying the polymeric resin material in the form of
extremely small droplets having an average diameter

of 10p (10 microns) or more, so long as its wviscosity

1s less than 100 cps (100 centipoise) at the time of
deliifery. Moreover, the piezojet array can deposit
the polymeric resin material with great precision one
laver at a time, making it unnecessary to grind the
surface of the coating formed thereby to achieve a

uniform thickness, and enables one of ordinary skill

in the art to control the z-direction geometry of the
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coating. That 1s to say, the piezojet array can
deposit the polymeric resin material with such

precision that the surface will be moncplanar without

having to be ground or, alternatively, that the
surface will have sSome predetermined
three-dimensional structure. Further, in this

embodiment, some of the 1individual piezojets 1in the
piezojet array may be used to deposit one polymeric

resin material, such as a hydrophilic polymeric resin

material, while others may be used to deposit a
different polymeric resin material, such as a
hydrophobic polymeric resin material, to produce a

surface having microregions of more than one type of
polymeric resin material.

While pilezojets
are disclosed above as being used to deposit the
sacrificial material, and possibly the  functional
polymeric resin materxial, 1in preselected locations on
the  Dbase substrate, other means for depositing
droplets thereof 1in the size range desired may be
known to those of ordinary skill 1in the art, and such
other means may be
used in the practice of the present 1invention. For
example, 1in processes requiring a relatively larger
scale pattern such that the final elements such as
round hemigpheres, a relatively large, even a single

resin deposition nozzle <c¢an comprise the entire Jet

array.
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Attorney Docket No. 17648-311

WHAT IS CLAIM:

L™

D 1S:

1. A resin-impregnated endless belt structure,

designed for use on a long nlp press on a papermaklng

machine and for other papermaking and paper
processing applications, said belt comprising:
a base substrate;

a polymeric resin coating deposited on said base

substrate; and

g—
P

a pattern of x, y and z dimensionally controlled

voids, formed 1n the polymeric resin coating by the

removal of sacrificial material, wherelin the belt 1is

*

made in a manner comprising the steps of:

a) providing said base substrate for the belt;
b) providing salid polymeric resin coating Dby

depositing a polymeric resin material onto sald base

gr—

substrate to coat the entire surface thereof and to

render said base substrate 1mpermeable;

C) depositing said sacrificial material onto

sald base substrate 1n a computer-controlled manner so

as to control the x, vy, z dimensions of the material to

create a predetermined pattern of deposits, whereiln

each deposit comprises one or more micro-sized droplets

of sacrificial material, the droplets having a dilameter

of 10p (10 microns) to 100p (100 microns) and wherein

P —

said predetermined pattern creates a surface of said

belt structures providing a functional aspect thereto;

d) depositing a functional polymeric resin

material onto said base substrate To cover areas

thereof not having said sacrificlal material;

e ) at least partially setting said functional
polymeric resin material; and

iy

f) removing the sacrificial material from said

base substrate.
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2. A belt structure as claimed 1in claim 1

r-v

further comprilsing the step of abrading sald

functional polymeric resin material on said base

substrate to provide said functional polymeric resin

material with a uniform thickness and a smooth,

macroscopically monoplanar surface.

3. A belt structure as claimed 1n claim 1

wherein steps o) through e) are preformed

sequentially on successive Dbands extending widthwise

ACross sald base substrate.

4 A Dbelt structure as <claimed. 1in claim 1
wherein steps D) through e) are performed
sequentially on successive Strips extending

lengthwlise around saild base substrate.

5. A Dbelt structure as claimed 1n c¢claim 1

wherein steps b) through e) are performed spirally

around sald base structure.
o . A belt structure as <c¢laimed 1n c¢claim 1

wherein, in step Db), said predetermined pattern

comprlses a plurality of discrete locations set forth

1n a predetermined array.

i

7. A Dbelt structure as claimed 1n claim

wherein, in step b), sald predetermined pattern

comprises a continuous network defining a plurality

ﬁ

of discrete open areas 1n a predetermined array.

o A Dbelt structure as claimed 1n claim 1
wherein, 1n step b), said predetermined pattern
COMPrises a semicontinuous network extending

substantially throughout said base substrate.

9. A belt structure as c¢laimed 1n claim 1

wherein, 1n step b), sald sacrificial material forms
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a uniform or random  pattern lavyer of desired
thickness oOvVer said base substrate in said

predetermined pattern.

10. A belt structure as c¢laimed 1n c¢laim 1

wherein 1n step Db), said sacrificial material 1s
deposited by piezojet array comprising at least one

individual computer-controlled pilezojet.

11. A Dbelt structure as claimed 1in claim 1

wherein said sacrificial material 1s a wax removaple

py heating.

12. A Dbelt structure as c¢laimed in c¢laim 1

whereiln sald sacrificial material 1s a solvent -

removable material.

13. A Dbelt structure as claimed 1in claim 1

wherein said functional polymeric resin material 1s:
1) hot melts and moisture-cured hot melts;
11) two-part reactive systems based on
urethanes and epoxies;

—
ad

111) photopolymer compositions consisting of

reactive acrylated monomers and acrylated

oligomers derived from urethanes, polyesters,
polyethers, and

silicones; Or

1V) agqueous-based latexes and dispersions

and particle-filled formulations 1ncludlng

acrylics and polyurethanes.

14. A belt structure as claimed 1in c¢laim 1

further comprising, between steps a) and b), the step

of depositing a polymeric resin material onto said

32



10

15

20

25

30

35

CA 02931724 2016-05-31

Attorney Docket No. 17648-311

f-

base substrate to coat the entire surface thereof and

to render said base substrate i1mpermeable.

15. A belt structure as claimed 1n claim 14
wherein said polymeric resln material 1s deposited

onto sald base substrate by a bulk-jet array.

16. A Dpbelt structure as claimed in claim 14
wherein saild polymeric resln material 1s deposited by

spraying.

17. A belt structure as claimed 1in claim 14
wherein said polymeric resin material 1s deposited

onto said base substrate by blade coating.

18. A belt structure as claimed 1n c¢laim 14

wherein said polymeric resin material 1s deposited
onto sald base substrate by single-pass-spiral (SPS)

coating.

19. A belt structure as <claimed 1n c¢laim 14

wherein said polymeric resin material 1is deposited

onto said base substrate by multiple-thin-pass (MTP)

coating.

20. A Dbelt structure as claimed 1n c¢laim 14

wherein said functional polymeric resin materilal 1s
deposited by a pilezojet array comprising at least one

individual computer-controlled piezojet.

21. A belt structure as claimed 1n claim 1

wherein a first functional polymerilic resin material

is deposited and a second functional polymeric resin
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"

material 1s deposited which 1s di:

ferent from the

first.

22. A Dbelt structure as claimed 1n claim 20

5 wherein said functional polymeric resin material is

deposited onto said base fabric in a uniform thick

layer having a monoplanar surface, or a nonuniformly

thick layer having a surface with a three-dimensional

structure.

10

23. A belt structure as claimed 1in claim 1

further comprising, between steps a) and b), the step

ﬁ

of depositing a polymeric resin material onto said

base substrate to coat the entire surface thereof and

15 to render sald base substrate i1mpermeable.

24. A Dbelt structure as claimed in c¢claim 21

further comprising, after step e), the step of

depositing the second functional ©polymeric resin

20 material onto sald base substrate to cover and fill

areas formerly covered by sailid sacrificial material.

25. A Dbelt structure as claimed 1in c¢laim 1

further comprising the step of providing a base

25 substrate, wherelin sald Dbase substrate 1s woven,

nonwoven, spiral formed, spiral-link, knitted, mesh or

strips of materilal which are ultimately spiral wound to

form a belt having a width greater than a width of the

L

strips.

30

20. A Dbelt structure as <c¢laimed 1n claim 1

whereln the predetermined pattern creates a continuous

network of parallel grooves.
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27. A Dbelt structure as claimed in claim 1

wherein the predetermined pattern creates a continuous

network of Cri1sscross grooves.
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