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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.

he 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 industrial 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-dnilled 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 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 1s 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

“,

5 - BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates, 1in part, to

mech"aniéms for extracting water from a web of
material, and, more particularly, from a fibrous web
10 being processed into a paper producﬁ on a papérmaking
machine. Specifically, the present invention 1s a
‘ method for manufacturing resin-impregnated endléss
belt structures designed for use on a long nip press
of the shoe type on a papermaking machine, and for

15 other papermaking and paper-processing applications.

2. Déscription of the Prior Art

During the .papermaking prbcess, a fibrous web ot
cellulosic fibers is formed on a forming fabric by
depositing a Wfibrous slurry thereon in the forming

20 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

25 compressive forces applied to remove water therefrom.
The web finally 1is conducted to a drying section
which | includes héated dryver drums around which the
‘web is directed. The heated dryer drums reduce the
water content of the web to a desirable level through

30 evapofation to yvield 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 drver °c?l:ru"ms are typically heated from within by
st°e'am, costs agsociated with steam production may be
fsub’s‘.'t,ant"ial, especially when a large amount of water
5: must be  removed from the web. )
| . Traditionally, press sections - have inciuded a
series of nips formed by pairs of adjacent
cylindricél press rolls. In recent vears, the use of
flbﬁg press nips of the shoe type has been found to be
10 more ‘advantageous than the use of nibs formed by
| palrs of adjacent pre"sS rolls. This is because the
loﬁger the time a web can be subjected to pfessufe in
the nip, the more water can ‘be removed ’thére, and,
conSéquent.ly, the less water will rémain behind in
- 15 ,the web ;for removal througli evaporation in the dryer
‘section.

The pre.é';enf invention relates, in part, to long
nip gﬁr“e"Sses of the shoe type. In this variety of | long
nip press, the nip is formed between a cylindrical

20 pféSs roll and an arcuate pressure shoe. The latter
has- a cylindrically concave surface having 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

25  be five to ten times longer in the machilq'l’“e direction
than orie formed between two press rolls, 1is fpmeé.
Since the long nip rﬁay be five to ten times longer
than that in a conventional two-roll press, the
so-called dwell time, during whiéh the fibrous web is

30 undér pressure ~ in ~ the long nip,o may be
correspondingly longer than it would be in a two-roll

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

.dewé‘tering of the fibrous web in the ‘long nip

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

A long nip press of the shoe type regquires a
special Dbelt, such as that shown 1in U.S. Patent No.
5,238,537 to Dutt (Albany International Corp.). The belt
18 designed to 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 o©0i1l. 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 base
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 coating which must have a smooth,
1mpervious surface Lo 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 Dbase fabric of the belt shown 1in 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
;impregnat:iﬁ_hng ‘material to totally impregnate the
weave. Thais eliminates the possibility of any voids
5. ..for:fhing. in the final belt. Such voids may allow the
g'lﬁbrication 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
10 form, or woven endless in tubular form.
| When the impregnating material is cured to a
solid condition, it 1is .primarily bound to the basde
fabric by a mechanical interlock, wherein the cured
imprégnating material surrounds the yvarns of the base
15 fabric. In addition, there may _be - sone che"’micai
bbnding or adhesion Between the C:u;‘ed’ impregnatir{g
materiai and the material of the yaarns of the Dbase
fabric.
Long nip pfess belts, such as that ‘shown in U.
20 S. Patent No. 5,238,537, depending on the éize
| 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
25 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 imbregnation with a synthetic polyméeric resin.
30 It is often desirable to provide the belt with a
resin coating of some predetermined thickness on 1its
outer surface as well as on its inner surface. By

coating both sides of the belt, its woven base fabric

4
00088880



CA 02510601 2005-06-16
WO 2004/0612035 PCT/US2003/036473

will be closer to, if not coincident with, the

neutral éxis 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 like

5 on the paper machine will be less likely to cause the
coating to delaminate from either side of the belt.

Mofeo‘ver, when the outer surface of the belt has

a fééi‘ri coating of some predetermined thickness, it

p*er’mits grooves, Dblind-drilled holes or .Oother

10. cavities to be formed on that surface without

éxposing any part of the woven base fabric. These

features provide for the temporary storagé of water

“,pressed frpm the web in the press nip, and | ar:é

usually "pfoduced by grooving or drilling 1in a

15 separate manufacturing stép following the cﬁring of

the resih Coating.

The present invention provides a solution fo

this particular problem, that is, the necessity for a

separate manufacturing step oxr steps, which

20 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

présént invention provides an alternate method for

25 manufacturing resin-impregnated endless belt

o structures used in other papermaking and

épaper—proces’sing applications, such as calendar and

transfer belts.

SUMMARY OF THE INVENTION

30 Accordingly, the present invention i1s a method
for manufacturing resin-impregnated endless belt
structures designed for use on a long nip press on a

™,
~
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TPt

pap’exﬁaking 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
5 previously been impregnated with a ﬁolym‘eric resin
material which forms a layer on its inner or outer
surface.
Alternatively, the Dbase substrate may be
rendéred impermeable by depositing a polymeric resin
10 On}aterial onto the base substrate to coat it;s‘ entire
sﬁrﬁacé during the practice of the present invention.
| Sagrif'icial material is thgn depositéd onto -tﬂe
base éubstrate in a precise predetermiﬂned pattern,'
which predetermined tpattern is to characterize the
15 surface of the belt | being . manufactured. The
sacrificial  material forms a layer 6f desired
thickness over the base substrate to provide a mold
there. Thée sacrificial material 1is deposited 1in
droplets having an averag\e diameter of 10u (10
20 Iﬁicrons) or more. At least oné piezojet may be used
t6 deposit the sacrificial material onto the base.
substrate, although other means for depositing
droplets of that size may be known to- those of
 ordinary skiil in the art or may be developed in the
25 futuref and used instead of a piezbjet. Subsequently,
a functional polymeric resin mat-ierial is deposited
onto the base substrate to cover oareés thereof not
previously covered by the sacrificial material with a
layer of desired thickness, that is, to fill the mold
30 defined by the sacrificial material. T{}e polymeric

resin material is then set or fixed by appropriate

means.

00088880
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Finally, the sacrificial material is removed .

10
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~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 matierial,' the deposited polymeric
resin material may optionally be. abraded to provide
it with a unifom thickness and. a smooth,
macaroscopically monoplanar surface, when desired, or
to éprse any sacrificial material that may have been
covered Dby the pblymeric resin material for
subsegquent removal. |

In one embodiment of the invention, a second
functional gpoolymeric resih material is 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,

if it is not already so, and tb provide the belt with
surface regions having different p;goperties.

‘fhe 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 pres’eht inirention .

Figure 2 1is a cross-sectional view of a base
substrate ha{ring 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;

7
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Figure 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 1;

Figure 5 1s a plan view of a completed belt as

it would appear upon exit from the mold removal

station and grinding station of the apparatus of

‘Figure 1;

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

Figure 7 is a plan view of a second embodiment

_bf°the belt;-

Figuré 8 is a plan view of a third embodiment of

the belt; and

Figure 9 is a perspective view of a variety of

repr*eséntative shapes of the deposited material.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method for fabricating a belt in accordan;:e
with the 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, nonwoven or knitted fabric comprising yarns of

any of the varieties used in the production of paper
méchin‘e clbthing or of belts used to manufacture

nonwoven articles and fabrics, such as monofilament,

plied monofilament, - multifilament  and plied

multifilament varns. These vyarns 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
polyamide, polyester, polyurethane, polyaramid,

polvolefin and other resins may be used.

8
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Alternatively, the base substrate may be
composed of mesh fabrics, such as those shown 1in
commonly assigned, U.S. Patent No. 4,427,734 to
Johnson. The base substrate may further

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

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 Joilned to the next by a
continuous seam making the base substrate endless 1in
a longitudinal direction.

The above should not be considered to be the
only possible forms for the base substrate. Any of
the +varieties of Dbase substrate used by those of
ordinary skill 1in the paper machine clothing and
related arts may alternatively be used.

Once the base substrate has been provided, one
or more layers of staple fiber batt may optiocnally be
attached to one or both of 1its two sides by methods
well Kknown to those of ordinary skill in the art.
Perhaps the Dbest known and most commonly used method
1s that o©f needling, wherein the 1individual staple
fibers in the batt are driven 1into the base structure
by a plurality of reciprocating barbed needles.

Alternatively, the 1individual staple fibers may Dbe
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attached to the base substrate by hydroentangling,

- wherein fine high-pressure jets of water perform the

same function as the above mentioneéd - reciprocating
barbed needles. 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 ident.‘ical 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.
QAlte‘rnatively 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'
polymeri¢ resin material, which at least partially
impregnates the structure and which may form a laye‘r
of a desired thickness on one of its two sides. This
ig 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 inner surface, so that the base

substrate may be protected from direct contact with
the arc‘uate pressure shoe component of the long nip
press.

The belts manufactured in accordance with the
preéeﬁt invention may be used as long nip press belts
for long ﬁip 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
, | 00088880
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schematically in Figure 1. It should be understood
oth’.ath the base substrate may be eiﬁher endless or
seamable into endless form during installation on a
f | paper machine. As such, the base substrate 12° shown

5 1in FiQ‘urea 1 should be understood to be a relatively

short portion of the entire length of the base

substrate 12.
Where the base substrate 12 is;endless, 1t would
- most practically be mounted about a pair of rolls,
10 not 1llustrated 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
disposéd on one of the two runs, most conveniéntly
the °1:0];) ran, of the base substrate 12 between the two
15 rolls. Whether endless or not, however, the base
substrate 12 1S preferably placed éunder 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 comprise's a sequencé of several astatiﬁons
through which the base substrate 12 may péss

incrementally as a belt 1is being manufactured

therefrom.

The stations are identified as follows:

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

{

11 | |
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4. mold element removal station 48;
and
5. optional grinding station- 50.
5 .~ In accordahce with the present invention, it may

first be necessary, 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

| 10 + 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 Statibn 36 of apparatus 10 ‘or by
other means suitable for the purpose.

15 - In the polymer deposition station 36, transverse
:rails 38,40 support a metering device,, such a{s a
bulak-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

20 as therebetween in a direction parallel to that of
the motion of the base substrate 12, while the latter
is at rest. The Dbulk-jet array 42 may be used to
deposit a functional polymeric resin material onto or
within the base substrate 12 to render it impermeable

25 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 debosit
the desired amount of polymeric resin material.
Having performed this preliminary = step, if

30 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 ralls

18,20 and translatable thereon in 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 in a direction parallel to that of the

motion of thé base substrate 12, is used to deposit

- 1in rep"e‘"atecda steps to build up the desired amount of

sacrificial material onto the base substrate 12 in a
predéiiermined pattern. Alternatively, other means for
depOsiting"" the small droplets required for the
practiéé of the present invention, as will Dbe
discussed below\, may be known to those of ordionary
skill in the art or may be developed in the future,
and may be wused in the practlce of the present
invention. In addition the deposi% of the sacrificial
material need not only be traversing the movément of
the Dbase 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 layver 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

) 7

prov1d1ng void volume on the surface of the belt In
such a vcase, the sacrificial material, ,whlch is
removed later in the belat manufacturing process, and
.which is not present 1in a completed belt, .1is
deposited in the discrete locations, where it becomes
attached, and ﬁay rise to a predetermined height
and/or shape above the surface of the base substrate

12. Collectively, the discrete locations having the

13
00088880
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sacrificial material comprise a mold which is
’S’ubsémlently 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.
5 - .- 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 fdashion, such that the sacrificial material
iO 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 equaliy spaced from one

another. Such lines may be either curved, straight or

15 =zigzag. More generalvly, a semicontinuous network

!
comprises straight or curved lines, or lines having

both straight and curved segments, which are spaéed
aparat from one another and do not cross one another.
Ultimataely, the semicontinuous network provides the

70 surface of the completed belt with a plurality of
grooves, which may provide void volume for the
temporary storage "of water pressed from a wet paper
sheet. '

Q«Alt:ernatively still, the sacrificial material

25 may be deposited in a  continuous network extending

:substantially throughout both dimensions ‘of the
surface of the base subétrate 12 and defining a
.plurality of disCreate | opén areas 1in a predetermined
q‘array. These discrete open afeas are udltimately to be
30 filled by a polymeric resin material and become the
‘ultimate locations of discrete 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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siirface of the completed belt with a plurality of
crigsscrossing grooves. Note that heretofore grooves
were typically cut into the belt. Accordingly they
were generally straight or substantially straight due
to the cutting actions. Also blind drilled holes
were generally circular, again due to the drilling or
cutting -ac’tion. Advantageously, the present
invention avoids such limitations in that the voids
can: be c¢reated in any shape desired due to the
f.re‘edorn» to deposit .the sacrificial material 1in any
pattern to ultimately create the voids.

Referring now to the figures, theﬂpiezojet array
16 comprises at least one but preferably a plurality
of individual computer-controlled piezojets, each
functioning as a pump whose active component 1is a
piezoelectric element. As a practical matter an
array of up to 256 piezojets or more may be utilized
if, the te‘c’hnology permits. The active component 1is
a crystal or ceramic which is physically deformed by
an applied electric signal. 'I‘his deformatien enables
the crystal orxr ceramic to function as a pump, which
physically” ejects a drop of a liquid material each
time an appropriate electric signal is received. As
sﬁch, this method of using pPlezo]] ets 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. eThe 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 jJet

selected.
Referring again to Figure 1, the piézoj et array

16, starting from an edge of the base substrate 12,

or, preferably, from a reference thread extending

léhgﬁhwise ~ 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 10p (10
microns) or more such as 50p (50 microns) or 100u
(100 microms), in- one of the above-described
patterns. The trané;lation of the piezojet ar:.;ay 16
lengthwise and widthwise relative to the = base
substrate 12, and the deposition of droplets of the
sacrificial material from each piezoj et 1in the, K array
16, are controlled by computer in a controlled manner
to produce the predetermined pattern of the

sac¢rificial material in a controlled geometry in

three planes, length, width and dej;)th or height (x%,

v, z dimensions or directions) on the base structure

12. One oOr more passes -.ovér the base substrate 12
may be made by the piezojet array 16 to deposit the
desired amount of  sacrificial material. That 1is to

say, by depositing the droplets, in a repeating.

pattern, that being by layering one droplet on top ot

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 materiql and to create the desired
shape. In this regard, the deposits can ‘take any
number of shapes as illustrated generally in Figure
2. The shapes can be square, round conical,

5 rectangular, oval, trapezoidal etc.. with a thicker

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

10 When the pattern has been completed in a band
between the transverse rails 18,20 across the base
substrate 12, the base sﬂubstra.te 12 is advanced
lengthwise an amount equal to the width of the band,
and the procedure described above is repeated to

15 produce the predetermined pattern 1in a new band
.adjacent to that préviously completed. In this
r’epetit'ivé manner, the entire base substrate 12 can
be provided with the predetermined pattern.

Alternatively, the piezojet array 16, again

20 starting from an edge of the base substrate 12, or,
preferably, from a reference thread extending
lengthwise therein, 1s kept in a fixed position
relative to the transverse rails 18,20, while the
base substrate 12 moves beneath it, to deposit the

25 s’,écrif’ic‘ial material in the desiréd 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 egqual to the width of the leﬁgthwise strip,

30 and the procédure described above 1is repeated to
produce the predetermined pattern in a new lengthwise

strip adjacent to that previously completed. In this
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repetitive manner, the entire 'base' substrate 12 can

be provided with the predetermined pattern.

At one end of the transverse rails 18,20, a jet
check station 22 is provided for testiﬁ‘g the flow of
5 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 is a solid material

which melts gquickly upon heating, and sets to bond

10 firmly with the base substrate 12 upon cooling. The

| sacrificial material may be supplied from a heated

L reséi%vdif, where it is maintained in a liquid state,

and | 'pumped; through a feed line to the piezojet or

piezojets. The viscosity ot the sacrificial material

15 at tﬂhe point of delivery is important in defining the

size and shape of the droplets formed on the base

substrate (or the preapplied polymeric resin

material) and in time the resolution of the pattern
ultimately achieved.

20 Note the pattern can be random, a repeai:ing

random pattern on a base substrate or such pattermns

that are repeatable from belt to belt for quality

control.

" The sacrificial material may be a non-agueous,
| 25 solvent-removable wa;s;:, or -a water-soluble wax, ‘such
o as water-soluble polyethylene glycol ox polﬁinyl
alcohol. More generally, the sacrificial material may
be any material which is deliverable though a
piezojet in extremely small droplets 1in the size
30 range given above, and which may ultimately Dbe
removed from the base s'ubstrate 12 by means not
destructive to the base 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

distribution on or in the base substrate 12.

. In the second station, | the 1imaging/repalr
station 24, transverse raills 26,28 support a digital
imaging camera 30, which 1is tranélatable across the
width 6f base substrate 12, and a repair-jet array
32, which is translatable both across the width of
the base substrate 12 and lengthwise relativeathereto
between tl;ansverse rails 26,28, while the base
substrate 12 is at rest.

The digital imaging camera 30 views the
deposited sacrificial material to locate any faulty
or mnmissing 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
are made by a fast pattern recognizer (FPR) processor
op'eraﬁing in conjunaction with the digital imaging
camera 30. The FPR processor signals the repair-jet
array 32 to deposit additional sacrificial material
onto the fnoid elements detected to be faulty or
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
repair j.et. There, each repair jet can be purged and
¢cleaned to restore operat:ion automatically to any
malfunctioning repair-jet unit. '

In ‘the third station, the polymer deposition
station 36 previously discussed, transverse raills
38,40 support a metering device, such as a bulk-jet

19
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t

array 42, which 1is translatable thereon in a
direction transverse to that of the motion of the
base substrate 12 through the apparatus 10, as ,wellé
| as th‘érebetween in a direction ’pa’ralle'l to that ot
5  the motion of the base substrate 12, wh;i.le the latter
. is at rest. The bulk-jet array 42 is used to deposit
the functional ﬁolyme‘ric’ resin material onto the base
‘substrate 12, except in regions° having the
sacrificial material, to fill the mold formed by the
10 sacrificial material on the base substrate 12 to form
a layer of desired thickneés thereover. The latter.
may be a polyurethane or photosensitive resin, as
weli as others from the classes to be identified
below as being capable of deposition by piezojet
15 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 substraiié 12 may be made by the
- 20 bulk jet array 42 to deposit the desired amount of
polymeric resin material.
A setting device 44, if required to set or fix
the polyméric resin material being used, may also be
| mounted on the transverse rails 38,40, and follows
25 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 ahéat source, for example,
~an infrared, hot air, microwave or laser source; cold
aair; or an ultraviolet or wvisible light source, the
30 choice being governed by the requirements of the
polymeric resin material being used.
Tt should Dbe wunderstood that the functional

polymeric resin material also needs to be fixed on
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the Dbase .substrate 12 following its deposition
thereon. The means by which tﬁe functional polymeric
resin material is set or fixed depends on 1its own
»physical and/or chemical requirements. Photopolymers
5 are cured with light, whereas hot-melt materials are
‘set by cooling. Aqueous-based latexes and dispersions
are a’drai*ed and then cured with heat, and reactive
systems are cured Dby |Theat. Accordingly, the
functional polymeric resin materials may‘) be set by
le ‘curihg,‘ 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 jet can Dbe purged and c¢leaned to restore
15 operation automatically to any malfunctioning
bulk-jet unit. |
Alternai;ively, the polymeric resin material may
be deposited onto or within the base substrate 12 (or
préapplied polymeric material as aforenoted) by
20 spraying, blade coating, single-pass-spiral (SPS)
| coating, multiple-thin-pass (MTP) coating, or any
other methods known in the art to apply a liquid
material to a textile substrate.
The fourth station is the mold element removal
~ 25 station 48. Here, the sacrificial material,
originally deposited in the mold element deposition
station 14, 1s removed bj appropriate means. For
é}‘cample, if the sacrificial material 1s a wax, the’
mold removal station 48 may include a heat source of
30 appropriate temperature to melt the wax and enable 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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directed in a serpentine path in and out of a solvent
bath to allow it to be showered for more efficient

removal of the sacrificial material. Alternatively,

' the 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 fﬁnctional resin in the pattérn desired.

At this point, it may be desirable ip some
applications to fill the regions formerly having the
sacrificial material with a functional polymeric
resin materiél which is different from that applied
above to fill the mold previously formed by the
sacrificial material on the base substrate 12. Note
by doing so, this may eliminate the need to preapbly
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
) x

polymeric resin material 1in the regibns formerly

occupied by the sacrificial material.

Finally, the optional fifth and.last. station 1s
grinding station 50, where an apprOpriate abrasive 1is
used to provide the polymeric resin material with a
uniform thickness and é 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 covered 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
th;t the grinding will result in a uniform thickness
and a smooth, macroscopically monoplanar surface.

As an example, reference 1is 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 1is to be

Ihanufactured. The base substrate 12 is woven from

ﬁlengthwise varns 52 and crosswise Yyarns 54 in a

multilayer weadve. . Knuckles = 56 appearing on the
surface of the base substrate 12 where lengthwise

varns 52 weave over crosswise yarns 54 may be visible

onn the outer surface 58 of the base substratehlz. The

inner surface 60 of the base substra;ce 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

23
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sbrasion that would result when the inner 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

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

resin proceeds following its 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 it 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 pattern 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 surf_ace, of the belt
being manufactured.

Figure 4 is 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 1s depilcted at an
intermediate stage i1in its manufacture. Polymeric‘
resin material 68 covers the base substrate 12 except
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

24
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removal station 48 and grinding station 50. 'Tl"le 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 68] with a
plurality of discrete holes 72 1in & pi:edetermined
pattern.

Figure 6 1is a cross-sectional view of a

completed belt 70 taken as indicated in Figure 5. In

this example, polymeric. resin material 68 forms a
layer of desired thickness over the base substrate
12, except for the areas represented by the discrete

holes 72. h
Alternétive embodiments of the belt are shown in
Figures 7 and 8. Figure 7 1s a plan view of a belt 74

whose base substrate 12 has a plurality of discrete

areas 76 of polymeric resin material 1in a

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

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

i1ts surface. The semicontinuous network extends

- substantially throughout the belt 80 1in an

essentially linear fashion. Each portion 82 of the
semicontinuous network extends in -a substantially
straight line parallel to others making - up thé
network. Each portion 82 1is of polymeriq 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 iméging/répair ~ station 24, and the leym'er

deposition station 36 may be adapted to prodﬁce a
belt from the base substrate 12 1in a spiral
te_chnitiue,' - rather than by° indexing in the cross-
machine direction as described above. In a spiral
technique, the mold element deposition station 14,
the irﬁ'aging’/ repailr station 24, and the polymer

:dep‘osition station 36 start at one edge of the base
‘substrate 12, for example, the left-hand edbe in

"Figure 1, and are gradually moved across the base

substrate 12, as the base substrate 12 moves in the

;di:;:"ecf:i”on indicated in Figure 1. The rates at which

the stations 14,24,36 and the base substrate 12 are
moved are set so that the pattern desired in the
finished belt is' spiraled onto the base substrate 12
in a ’continuous manner. In this alternative, the
p“olymerid resin material depositeﬂd. by the polymer
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
deposits the sacrificial fnateriai in the desired |
pattern 1n a lengthwise strip around the base
s’ubs'_tra"te' 12, the imaging/repair station 24 and the

polyner deposition station 36 may also be kept in a

fixed position aligned with the piezojet array 16,

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 lengthwise
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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 equal 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 Ppase substrate 12 can be completely processed
into a belt.

Furthermore, the entire apparatus can remaln 1n
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 1nto 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 used 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 1its 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 wviscosity of
the resin material during delivery to the belt may
also be i1mportant as aforesaid. Specifically, 1n
another embodiment of the  present invention, the
polymer deposition station 36 comprises a  second
pliezojet array, 1instead of a bulk-jet array 42. Where

a plezojet array 1s used to deposit polymeric resin
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onto or within the base substrate 12, except in
reglions filléd with sacrificial material, the choice
of polymeric resin material i1is limited .by the
regquirement that its viscosity be 100 cps (100
centipoise) or less at the time of deliveary, that is,

when the polymeric resin rjnaterial is in the nozzle of

a piezojet ready for deposition, so that the

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

Polymeric resin materié_ls which may be applied
eitheur by piezojet arraif 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
reaci:ive acrylated-monomers and acrylated oligoniers
derived from urethanes, polyvesters, polyethers, and
silicones: and

| 4. Agueous-based alatexes and dispersions and

particle-filled formulations including acrylics and

polyurethanes.

}

As noted above, a pi'ezojet array is capable of
Sup‘piying the polymeric resin material in the form of
extremely small droplets having an average diameter
of 10u (10 microns) or more, so long as its viscosity
1s less than 100 cps (100 centipoise) at the time of
deli{rery. Moreover, the piezojet array can deposit
the polymeric resin material with great precision one
layer 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 monoplanar without

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

embodiment, some of the 1individual piezojets 1in the
piezojet array may be used to depogit 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 material, 1in preselected locations on
the  base substrate, other means for depositing
droplets thereof 1in the size range desired may be
known to those of ordinary skill in the art, and such
other means may be
used 1in the practice of the present 1invention. For
example, 1n processes requliring a relatively larger
scale pattern such that the final elements such as
round hemispheres, a relatively large, even a single
resin deposition nozzle can comprise the entire Jet

array.
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WHAT :S. CLAIMED IS5:

1. A method for manufacturing

resin-1mpregnated endless Dbelt structures, designed

for use on a long nip press on a papermaking machine

5 and for other ©papermaking and paper processing

p—

applications, said method comprising the steps of:

a) providing a base substrate for the belt;

D) depositing a polymeric resin material onto

P

sald base substrate to coat the entire surface thereof

10 and to render sald base substrate i1mpermeable;
C) depositing sacrilificial material onto said

base substrate 1n a controlled manner 8o as to

W)

the material

control the x, vy, 2z dimensions oO:

p—
v

deposlted so as to create a predetermlined pattern of

15 deposits, wherein each deposit comprises one oOr more

droplets of sacrificial material, the droplets having a

diameter of 10un (10 microns) to 100up (100 microns) and

—
p—

whereiln sald predetermined pattern creates a surface of

salid belt structures;

20 d) depositing a functional polymeric resin

material onto said base substrate to cover areas

F

thereof not having said sacrificial material;

e) at least partially setting said functional

polymeric resin material; and

25 f) removing the sacrificial material from said

base substrate.

2. A method as c¢laimed 1in c¢laim 1 wherein

steps b) through e) are performed sequentially on

30 successive bands extending widthwlse across sald base

substrate.
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3. A method as claimed 1n claim 1 wherein
steps Db) through e) are performed sequentially on
successive strips extending lengthwise around said

pase substrate.
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4 . A method as claimed 1n <c¢laim 1 wherein
steps b) through e) are performed spirally around

sald base substrate.

5. A method as claimed 1in claim 1 wherein, in
step Db), said predetermined pattern comprises a
plurality of discrete locations set forth 1in a

predetermined array.

6. A method as claimed in claim 1 wherein, in
step b)), said predetermined pattern comprises a
continuous network defining a plurality of discrete

open areas 1n a predetermined array.

7. A method as claimed in c¢laim 1 wherein, in
step b), Said predetermined pattern comprises a
semicontinuous network extending substantially

throughout said base substrate.

8. A method as claimed in claim 1 wherein, 1in
step b), said sacrificial material forms a uniform or
random pattern' layer of desired thickness over said

base substrate in said predetermined pattern.

9. A method as claimed in claim 1 wherein, in
step b), said sacrificial material is deposited by a
piezojet array comprising at least one individual

computer-controlled piezojet.

10. A method as claimed in claim 1 wherein said

sacrificial material 1s a wax removable by heating.
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11. A method as c¢laimed in claim. 1 wherein said

sacrificial material i1is a solvent-removable material.

12. A method as claimed 1n claim 1 further
comprising, between steps b) and c¢), the steps of:

1) checking the actual pattern of said
sacrificial material to measure conformity to said
predetermined pattern; and

11) repalring said actual pattern of said
sacrificial material to eliminate departures from

sald predetermined pattern.

13. A method as claimed in claim 12 wherein said
checking step 1s performed by a fast pattern
recognizer (FPR) processor operating 1in conjunction

with a digital imaging camera.

14. A method as claimed in claim 13 wherein said
repalring step 1is performed by a repair-jet array

coupled to said FPR processor.

15. A method as claimed in claim 1 wherein, in
step c¢), said functional polymeric resin material
forms a layer of desired thickness over said base

substrate.

16. A method as claimed in claim 1, wherein
said functional polymeric resin material 18

polyurethane.

17. A method as claimed in claim 1 wherein said
functional polymeric resin material 18 a

photosensitive resin.
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18. A method as claimed in claim 17 wherein
said setting step 1s performed by exposing said

photosensitive resin to actinic radiation.

5 19. A method as claimed in claim 1 wherein said
setting step 1s performed by exposing said functional

polymeric resin material to a heat source.

20. A method as claimed in claim 1 wherein sgaid
10 setting step 1s performed by exposing said functional

polymeric resin material to cold air.

21. A method as claimed in claim 1 wherein said
setting step 1s performed by exposing said functional

15 polymeric material to actinic radiation.

22. A method as claimed in claim 1 wherein said
functional polymeric resin material is:
1) hot melts and moisture-cured hot melts;
20 11) two-part reactive systems based on
urethanes and epoxies;
111) photopolymer compositions consisting of

reactive acrylated monomers and acrylated

oligomers
25 derived from urethanes, polyesters,
polyethers, and

silicones; or

1v) aqueous-based latexes and dispersions
and
30 particle-filled formulations including
acrylics and
polyurethanes.
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?3. A method as claimed 1in claim 1 whereilin said

removing step is performed by heating.

5 24. A method as claimed in claim 1 wherein said

removing step 1s performed by the action of an

appropriate solvent.

?5. A method as <claimed 1n <c¢laim 1 whereln

10 said polymeric resin material 1s deposited onto said

base substrate by a bulk-jet array.

26. A method as <claimed 1in c¢laim 1 which

includes the step of providing a base substrate,

15 wherein sald base substrate 18 woven,
nonwoven, spiral formed, spiral-link, knitted, mesh

or strips of material which are ultimately wound to

form a belt having a width greater than a width of

the strips.
20 .
27. A method as claimed 1in claim 26 wherein
sald polymeric resin material 1s deposited by a
piezojet array comprising at least one 1ndividual
computer-controlled piezojet.
25
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28. A method as claimed in c¢laim 1 wherein

sald polymeric resin material 1S deposited Dby

spraying.

29. A method as c¢laimed 1n c¢laim 1 wherein

sald polymeric resin materlal 1s deposited onto said

base substrate by blade coating.

30. A method as claimed 1n claim 1 wherein said
polymeric resin material 1s deposited onto said base

substrate by single-pass-spiral (SPS) coating.

31. A method as claimed 1n claim 1 wherein said

polymeric resin material 1s deposited onto said base

substrate by multiple-thin-pass (MTP) coating.

32. A method as claimed 1n claim 1 wherein, in
step c¢), said functional polymeric resin material is
deposited onto said base substrate by a bulk-jet

array.

33. A method as claimed 1n claim 1 wherein said

L

functional polymeric resin material 1is deposited by a
plezojet array comprising at least one individual

computer-controlled piezojet.

34. A method as claimed in claim 1 wherein, in

step ¢), said functional polymeric resin material 1is

deposited by spraying.

35. A method as claimed 1in claim 1 wherein, in
step c¢), said functional polymeric resin material is

deposited onto said base substrate by blade coating.
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36. A method as claimed in c¢laim 1 wherein, 1n

step c¢), said functional polymeric resin material 1s

deposited onto said base substrate by

single-pass~-spiral (SPS) coating.

37. A method as claimed 1in claim 1 wherein, in

step c¢), said functional polymeric resin material 1is

deposited onto salid base substrate by

multiple-thin-pass (MTP) coating.

38. A method as claimed 1n claim 1 wherein a

first functional polymeric resin material 1s

cecond functional polymeric resin

N

deposited and a s

material 1s deposited which 1s different from the

first functional polymeric resin material.

39, A method as claimed in claim 38 wherein one

polymeric resin material 1s hydrophilic and the other

polymeric resin material 1s hydrophobic.

A0. A method as claimed 1n claim 38 wherein said

base substrate 1s 1mpregnated with a polymeric resin
material rendering it impermeable prior to depositing

sald sacrificial material and said functional

polymeric resin material.

41. A method as claimed 1in claim 1 wherein said

polymeric resin material 1s deposited onto said base

substrate 1in a uniform layer having a monoplanar

surface or a nonuniform thick layer having a surface

wlith a three—-dimensional structure.
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42. A method as claimed 1n claim 38 further

comprising, after step e), the step of depositing the

second functional polymeric resin material onto said

pase substrate to cover and fill areas formerly

5 covered by said sacrificial material.

43. A method as claimed 1n claim 42 wherein one

salid functional polymeric resin material 1S

hydrophilic and the other is hydrophobic.

10

44, A method as claimed 1n claim 1 further

comprising the step of abrading said

functional polymeric resin material on said Dbase

substrate to provide said functional polymeric resin

15 material with a uniform thickness and a smooth,

macroscoplcally monoplanar surface.
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