WO 97/:41304

PCT/ Us97/ 06910 H GH ABSORBANCE/ LOW REFLE IS
W TH A PATTEMR 9£"A!@#e 10 %@
| NVENTI ON The present invention relates to papermaking felts,

and nore particularly to 15 papernmaking felts having a pattern | ayer for

I mprinting paper during r Lng. BACKGROUND
OF THE | NVENTI ON ﬁlﬁﬁ%ﬁﬁﬁ%ﬁ@?’%‘eﬁ%@%gﬁﬁ% the art.
Papermaking felts are used to WITH\A PATFERN LAYERhe paper naki ng
process. However, conventional papermaking 20 felts produce only single

regi on paper. Single region paper is that paper having only a single
density, assum ng constant basis weight. One i nprovenent to
conventional felts is the application of a pattern |ayer to the felt.

The pattern layer inprints its pattern into the paper, thereby producing a
25- corre‘é)pondi ng high density pattern in the paper. The correspondi ng

hi gh density pattern occurs in the X-Y direction, i.e. within the
pl ane of the paper. Generally, the tensile strength of the paper
I ncreases with its density. Furthernore, patterned paper can be

mol ded into the pattern | ayer of RIBEDI@F{THBINVENIdONo! ding is significant
because it increas :
‘fﬁO%P%eﬁﬁn&@ﬁfoxffel%@?t@ggémhﬁny}@lts, and mgréjtjx&ﬁ%l'aﬂ to

i . e. perpendicul ar aﬁ
pattern | alfer papeampkips #mangg &pattary laygngmlmpﬁnewﬁunng papermaking.

BACKGROUND OF THE INVENTION
Papermaking felts are well known in the art. Papermaking felts are used to
dry paper during the papermaking process. However, conventional papermaking
20  felts produce only single region paper. Single region paper is that paper having
only a single density, assuming constant basis weight.

One imprbvement to conventional felts is the application of a pattern layer to

the feit. The pattern layer imprints its pattern into the paper, thereby producing a

25 corresponding high density pauem in the papen;. " The corresponding high density

pattern occurs in the X-Y direction, i.e. within the plane of the paper. Generally, the
tensile strength of the paper increases with its density.

Furthermore, patterned paper can be molded into the pattern layer of the felt. -
30 Such molding is significant because it increases the caliper of the paper in the
Z-direction, i.e. perpendicular to the plane of the paper.

Applying a pattern layer to a papermaking felt is taught in commonly
assigned U.S. application 08/461,832 filed June 5, 1995 in the names of Trokhan et
35 al., which application is incorporated herein by reference. The pattern layer is
created by applying a liquid precursor, typically a curable resin to the felt. Prior to
curing, this liquid precursor permeates the felt. The desired portion of the resin is
cured, typically through a patterned mask, to form a solid pattern layer. Any excess
liquid resin is removed. Such permeation of the liquid precursor into the felt joins
40 the pattern layer to the felt upon curing.
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Controlling the curing and dnsposmo'_n of the liquid resin in different X-Y

positions is typically accomplished by a mask having regions opaque and

25  transparent to actinic radiation. The liquid registered with the transparent regions is

cured and forms the pattern layer. The liqixid registered with the opaque regions

remains liquid and is later washed away. The use of transparent and opaque masks

to selectively cure liquid into a pattern layer is taught in commonly assigned U.S.

patents 4,514,345 issued Apr. 30, 1985 to Johnson et al.; 4,528,239 issued July 9.

30 1985 to Trokhan; 4,529,480 issued July 16, 1985 to Trokhan; and 5,334,289 issued

Aug. 2, 1994 to Trokhan, the disclosures of which patents are all incorporated
herein by reference.

Actinic curing radiation applied to a papermaking felt scatters within the felt,

35 particularly near the surface. Such scattering cures the liquid resin not only in

regions where it is desirable to have the pattern layer, but also in regions where it is

desired to wash the liquid away and maintain permeability. Thus, an important

aspect of the curing process is preventing uncontrolled scattering of the actinic

curing radiation within the felt. Scattering of the radiation is particularly

40  undesirable in the regions where the liquid is to be washed away and the felt
remains permeable.
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SUMMARY OF THE INVENTION
Disclosed is an apparatus for removing water from paper during papermaking.
The apparatus has an X-Y plane and a Z-direction orthogonal to the X-Y plane. The
apparatus comprises a papermaking felt having mutually opposed surfaces, a
25  machine facing surface and a paper facing surface. At least a portion of the felt has
a reflectance greater than about 0.4 absorbance units. Preferably such reflectance is
a 365 nanometer (nm) reflectance, alternatively, such reflectance may be an average
reflectance measured from 301 to 400 nanometers. The apparatus further comprises
a pattern layer having mutually opposed surfaces, a felt facing surface and a paper
30 facing surface. The pattern layer is joined to the felt at an interface between the felt
facing surface of the pattern layer and the paper facing surface of the felt, and
extends outwardly from that interface.

BRIEF DESCRIPTION OF THE DRAWINGS
35 Fig. 1 is a fragmentary top plan view of an apparatus according to the present
invention. '

Fig. 2 is a vertical sectional view of the apparatus of Fig. 1.

40 Fig. 3 is a graphical representation of the relationship between L* color value
and diffuse reflectance at 365 nm.
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PCT/ US97/ 06910  The felt 14 and pattern layer 18 are joined together at the interféce 20 between
paper facing surface of the felt 14 and the felt facing surface of the pattern layer 18.
It will be understood from Fig. 2 that the pattern layer 18 may penetrate the paper
20 making surface of the felt 14 and thereby 'permeate into all of or part of the
thickness of the felt 14.

With continuing reference to Figures 1 and 2, and examining the felt 14 in
more detail, the felt 14 must be able to dewater the paper, and is therefore
25  preferably water permeable. The felt 14 is capable of receiving water imparted by
the paper during the papermaking process. The felt 14 is preferably water
permeable so that such received water can later be expressed from or otherwise
removed from the felt 14. Preferably the water is expressed from or otherwise
removed from the machine facing surface of the felt 14.
30
The felt 14 comprises two components, a base 16 and a batt 15 joined to the
base 16. The batt 15 may be made of natural or synthetic fibers joined to the base
16 by any conventional and well known means, such as needle punching. The batt
15 may be formed from fibers having a denier of about 3 to about 30. The batt 15
35 may be of constant or variable density. If the batt 15 is of variable density,
preferably the density gradient increases from the paper facing surface of the felt 14
to the machine facing surface of the felt 14, so that water is drawn away from the
paper and can be expressed from the felt 14 as described above. The batt 15 has
fibers which may be made of nylon, wool, polyester, or any other suitable material.
40 The felt 14 may have an air permeability of less than about 400 standard cubic
feet per minute per square foot at a differential pressure of 0.5 inches of water. Air
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AT skill will further recognize that absorbance and reflectance are generally perceived

to be inversely related when measured on a common scale.

To reduce undesired scattering of the UV radiation within the felt 14 during
30 application of the pattern layer 18 thereto, the felt 14 has certain physical and
optical properties. Particularly, the reflectance of the felt 14 must be low enough

that reflection of actinic radiation incident thereto is minimized.

Herein reflectance is measured in percent reflectance or in absorbance units,

35 and plotted in absorbance units in the figures. As used herein, reflectance is found

as the -Log 10{(I reflected)/(I incident)}, wherein I incident is the intensity of the

source, and I reflected is the intensity of the reflected signal. It will be understood

that less reflectance occurs as the value of the absorbance units increases. It will be

understood that the reflectance of a particular material is dependent upon the

40 wavelength of the radiation incident thereto, without regard to whether or not the
radiation is in the visible light regime or is invisible to the eye.
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per neabi | i {yo §Fiadye neasured using a Val met permeabil ity neagpériigsd60ibCe.
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i nci dent t hergfigetarice/Trahsthiftifice accessory or equivalent. The Spectrophotometer is set
up in the following manner: diffuse reflectance, Ord (ordinate) to absorbance, Slit
to 2 nanometers, Speed to 120 nm per minute, Response to Integration to 1 second,

25 NCYCL (number of cycles) to I, Scan Range to 250-400 nm. At least the paper
facing surface of the felt 14 is sampled, although both surfaces of the felt 14 may be
sampled, if desired. The absorbance value was obtained at 365 nm and an average
absorbance value was obtained over the range of 301 to 400 nm.

30 One manner in which the desired 365 nm and average reflectance values can
be obtained is by providing a particular L* color value to the felt 14. As illustrated
in Figure 3, there is an inverse relationship between L* color value and 365 nm
reflectance (throughout most of the range) for at least one particular dye, as
discussed below.

35

Accordingly, at least a portion of the felt 14 may have an L* color value less
than 50, preferably less than L*40, and more preferably less than L*35 and meet the
specified reflectance. It is further preferred that the opacity of the felt 14 not be too
great. If the opacity is too great, the pattern layer 18 will not be adequately joined

40 to the felt 14 and may separate therefrom during use.
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one nanomet er applied itothecfieltrids radiatidh which pefrétzatdl thé paperifacing sufarscofithe felt of
the felt 14 is pagilopthd!Shiidr thahedckhdel Bf course, it would be acceptable for the
radiation to transmit directly through the felt 14, from the paper facing surface to
20 the machine facing surface. However, most felts are too high in density and basis
weights for such transmission to occur. Therefore, it is usually necessary to
decrease reflectance of the felt 14 by increasing its absorbance.

The papermaking felt 14 may be dyed generally in accordance with the

25  instructions provided with the dye for the felt 14. Suitable dyes for dying the felt 14

include water soluble dyes. Particularly suitable dyes are available from CPC
Specialty Products, Inc. of Indianapolis, Indiana, under the tradename RIT dye.

Although the following example is directed to a felt 14 dyed to have the
30 claimed reflectance, one of ordinary skill will recognize the felt 14 need not be so
dyed or treated. So long as the felt 14 has a strong absorbance, and low reflectance

to the actinic radiation which cures the pattern layer 18, the felt 14 will be suitable.

EXAMPLE
35 A pilot machine belt was made in the following manner. An Amflex 2 Model
Press Felt was obtained from Appleton Mills of Appleton, Wisconsin. Thirty
gallons of water heated to 210°F was added to a dye tub. The dye tub was large
enough to contain the felt 14 and allow it to be submerged in the water. Fifty-six
ounces of RIT black number 15 liquid dye, available from CPC Specialty Products,
40 Inc. of Indianapolis, Indiana, was added to the water and thoroughly mixed, to yield
a concentration of eight ounces of dye per 3.75 gallons of water. The water was
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Accordi ng east ‘a por felt 14 may have an L* col or val ue
| ess than 50, preferably less than L*40, and nore preferably |ess

than L*35 and ”E%ftér*lﬁe felt 14 u&@?&héﬁ&ﬂfr&ﬁﬁh@ﬁi@ﬁ%ye‘ §oldtﬁmf\bi£st &Rpticy ﬁ{a‘ir r ed
that the opac @5 14 not be too Q he, o aCJ i/

t oo great, e é&’?‘t o W&gé’?m Tat joom FR?PP%“%eE}EFaQ‘é‘f &‘lﬁ weag then apigkle
felt 14 and rinsed Gptheadye thbe Mherfeinlduwasgmosed from the. dye\m&ﬁﬂékaéh& water

PCT/ US97L Q69
The Lr cdPor Aigried tg drain sherefrom, The felt 14 was then aie dried for at ledst 24 hours gt |

many sui t abl goew| tempaxatures Eack Oﬁ/élhﬁt formgeing isteps M@rcarqpeatad mes:@mi time. The
col ori met er 'di/ed felt 14Wak hféh'r@acf&t/@rﬂa'dé% atBRSRyEAIERIded Brab0r Y of Reston,

Virginia as a“Col or QUES Syste con5| sting of a DP-9000 Processor
and a standard 45/0 optlcal sensor. The 2[err] standard observer and C

I LI ugp nant are seltéf‘e tring. to Figurk 4, 60365 nadmiters 2hid @xempRasuidydd felt 114 Hadea
D g i
color value of about L* 30 shows a 365 nm reflectance greater than approximately
0.9 absorbance units, while the felt 14 dyed in Example I shows a 365 nm
reflectance greater than 1.6 absorbance units. It will be recognized that as the L*
color value (and hence the absorbance) increases, the energy reflected at 365
25 nanometers decreases.

Alternatively, rather than dying the felt 14 as an assembly, the fibers which
form the batt 15 of the felt 14 may be dyed prior to needling and being made into
the felt 14. Similarly, the base 16 of the felt 14 may be dyed prior to being

30 incorporated into the felt 14.

In an alternative embodiment, the entire felt 14 need not have the specified

365 nm reflectance, average reflectance and L* color value. Only a portion of the

felt 14 need have the aforementioned 365 nm reflectance, average reflectance and

35 L* color value. If dnly a portion of the felt 14 has the aforementioned 365 nm

reflectance, average reflectance and L* color value, preferably it is that portion of

the felt 14 which is juxtaposed with, and more preferably, includes, the paper facing
surface of the felt 14.

40 In yet another embodiment, the surface of the felt 14 which faces the pattern
layer 18 may have a 365 nm reflectance less than about 0.4 absorbance units. The



redness when positive or greenness when negative. The b* val ue indicates
yel | owness when positive or blueness when negative. 15 T

af or enent i on¥® 23#43%m r ef | ect ance, average [efl ectance, and L* Pc?%?‘&’”o”m
val ues may be achieved by dying the felt 14 so that when actinic curing
radiation is applied to the felt 14, radiation which penetrates the
paper facing surface of the felt 14 i s absorbed, rather than .
scattered. 5O feBidgpay havepisgipnielaw the surfacs regipn t"ﬁ%"h provuﬁaaheﬁge&{lepo? 65
transmit di recihyehdiimiaofidltedsehbout4.4 bbsvtbirte unitse Belowithay levelf theefelt d420
t he machi ne facing surface. wever, mnost felts ar o, hi | 8 . ' and
basi s weﬁ“ﬁ}‘ugga‘f‘che éiﬁ‘fh% H?F?r#?g’inoﬁ ‘F&“SE‘&@’P& ‘%ﬁe’f ge!l%ggi,‘:ﬂi 1? %lll%} Iy
usual |y necessiss white or white coiored,andong b tut aforsmentionérk 362 hm refleggance values

I ncreasing 1ts r@lﬁ%?ég%&%; Jtis to be gcogn?éﬁ‘?.hﬁ%ﬁﬁ@ljﬁh@%éiﬁé §urfa4;ﬁ SR heeItdved

generally in a%cord. nce [ ruct1ons pr%w ded w t he dxle for
the felt 14 Swayaeithergbescleas opyhayg the: aferementioned 365; RRy ﬁs‘ie%lcsr" ue.

sol ubl e dyes. Pﬂtpha%mrthﬁ eibtiddahbm Wondd ium@waé davabitity ofthe®Rf.
S

Speci alty Products, InC. of Indianapolis, [ndiana, under the tradenane RI T
dye. Al t hough the follow ng exanple is directed to a felt 14
dyed to have the 38 typivabfelelH isinade ofiadmtt thef fibersjoiined ty adiase [16\biyl needie

recogni ze the felt.14 nee S e
felt 14 has a BW‘%‘HE’ L of%gﬁ%red,%ﬂgr?g' eﬁomg%g@ttg#cgé%ﬁ?%; g?t he . g‘??’“f"rc]
radi ati on Mhi chS whi ypithedelt 1fa\Alternatively, or pesferably i additign X‘%ﬂ@
EXAVMPLE 1 35 thé baké 96 WHIGH FdttsBk ifelVad mmdalsh Beldyed to theospedifiededtser .
An Anflex 2 l\/bgaetf 13, Press Felt was obtainedfrom | et @n I f

Appl et on, W scBmteflectange, ayerage ’eﬂteﬁtél“f’% ﬁ%‘s g’? C\Rgl’é’laﬁﬁegﬁgedprtege%[tlgf Fl]%l'—ba\}\t/as
addeddt OI Fl dyeis '&tbbeb Ehﬂled:pecb iﬁug 3663m.ih reflpetance, ave?gemgﬂtctamceand Li*rcolarevalusl t
14 and allow it to be su r I nothe oo £t VoS OHIMeE | T
bl ack nunber 1¥ l?qcﬁ'ﬂﬁedﬁﬁyg;&rajyﬁrgtﬁ ] W%%WWS‘SE%@?P@" att ek s, j,%m tIdr?c
of I ndi anal i the Hasell@na, was added to the water and thoroughly mxed, to

yield . a concentration of eight ounces of dye per 3.75 gallons of

vater '_ The vat er " desired, the batt 15 of the felt 14 may be comprised of both fibers having

the specified 365 nm reflectance and fibers which do not meet the specified 365 nm
reflectance. This arrangement meets the dual objectives of providing both high

25 resolution of the pattern framework 18 which penetrates the interface of the felt 14
to reside below the pattern layer facing surface of the felt 14, while minimizing the
loss of permeability of the felt 14.

Prophetically, the felt 14 may also have an 365 nm reflectance, average
30 reflectance and L* color value which varies according to a pattem disposed in the
X-Y plane. If the 365 nm reflectance, average reflectance and L* color value of the
felt 14 varies according to an X-Y pattern, preferably the opaque portions of the felt
14 are disposed in an X-Y pattern registered with the portions of the pattern layer
18, discussed below, which does not imprint the paper during the papermaking
35  process.

The pattern layer 18 may be applied to the felt 14 in liquid form, and

preferably comprises a resin. The resin is preferably photosensitive, and cures when

_ exposed to actinic radiation. The actinic radiation may have a wavelength of
40  approximately 365 nanometers. Curing is then effected by crosslinking. Suitable
resins are disclosed in the previously incorporated U.S. Patent 4,514,345 issued to
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al | owed tovw@ot4izes 185[err]F and the felt 14 was i nmmersed i npchg;sbvibsste’
five mnutes, further cooling the wgter/dye m xture to approxi mately
175[err]F. The felt 14 was then slowy renoved fromthe dye tub
and liquid fromthe dye tub poured over the portion of the felt 14

whi ch i ' 1 I
dylegl. wassr enpadn! B &fe’ ilakle T McDémid,Ank. ﬁpw%ﬁn&?ﬁﬁ Pﬁﬁw{rﬁ ea& were

After the felt,k 14 S renoye r e
sol uti on was % Msgigsph series °qu§§’3t a-ﬁ% ey CWWW%{%&%R*‘“F%WC’ {8,
t enper at ur e. shéwld hree hshdreld durométtchardness of yiot more thanhrabedt 60 ashigeadurdt ub.

The felt 14 re e X ater, . oyed to
drain ther ef\rﬁgﬁvﬁfég’\ﬁf%ui’&gg}‘ &g‘g—“?‘%@ﬁi‘g{) ?%E&\egé‘cfgf l?ﬁ@l&?é%é? a&ﬁg’#&ur Cat
room t enper atreading satakemw ten secondsr aftpriinitiab engagementeof theeduronieter probenwithi ne.
The 109Y§Kk feSint 14 was then ready to have the pattern layer 18 added

t hereto. Referring to Figure 4, at 365 nanoneters this

exenpl ary undyed felt 14 had a 20 365 nmreflectance of approximately 0.2

alﬁsor bang&uni t s Thehiqdie | whidkH lﬁ?’ﬁfbt{mﬁ the pattern _ragwan?m&ymaﬁé Saaligiswsity*oﬁO
shows a nm r.e a reat er r oxi nat e ahsor.hance
units, whil e 3PRE i’éﬁ(ﬂc’lﬂg’ﬁ(}gﬁe‘} lpﬁﬁﬁgﬁﬁﬁ%ﬁg%@é’ Iy, pprmeate thFB?ﬁé?t ance
gr eat er t han ptiof talesringarihe liguid,spreferably lal liduid resingisi applied hattha felt A4 as*
col or vahude ' . r at
365 25 Wan Sl CTRELOLEY 385 BeA0AA i Yié ROREDE o cDFu S Bhte TreFER T4 O
the felt 14 ascenveyed pagilaynozzlggositivned agdins the paper facingrsurfaceinfithe et 1. t he
felt 14 may lyhedisieRiirades £file o mémlﬁﬂ%zéﬁﬁ Wy ﬂgﬂﬂ ﬂeﬁh?unifonnl%bbér el t

elt 14 ma

14. Simlarly, t Jbase 16 of, the f y be dyed prior to being 30
i ncor por at ed){’iaﬂ?rggflﬂgs?‘éﬁe 0?.&1.“" i 14 ~1In an alternative enbodi nent,
the entire felt 14 need not have the specified 365 nmrefl ectance,

flect * . . ' . felt 14
noed bavaDt he. ar Qi inéss SR LY Usniokliniy BeRRlchafilally cbifolled weing § |, ;2
L* col or val wip. |Forotheyerabqsiments rreseribedeherein; aispitable epatings baseadhickpessd 365
nm r ef Iyfcas @A dront RS fapier fabingSGEHAGRCSS tAE fell-T4 fothe outdrdtnost eRlending! v it

is that portion,of the felt 14 l.Ch.i.S | uxt gposed .with, and nore
preferably, iH‘?EtF‘U’dgg ,thet Wémp%ﬁ)g? 10 g%pﬂ&.s m1lilme{er X mask having opaque and
transparent portions disposed in any desired pattern is placed over the liquid coating

25 on the felt 14. Suitable well known patterns inctude discrete opaque regions and a
transparent region comprising an essentially continuous network, although any
desired pattern can be utilized, so long as it occurs in the X-Y plane.

The liquid which later forms the pattern layer 18 is exposed to actinic
30 radiation of an activating wavelength. The actinic radiation is applied through the
mask, so that the mask is interposed between the source of the actinic radiation and
the liquid coating on the felt 14. The actinic radiation may be supplied from a lamp.
This partially cures, or pre-cures, that resin registered with the transparent portions
of the mask. The resin registered with the opaque portions of the mask will remain
35  uncured.

Preferably, at least about 300 millijoules per square centimeter of precuring
energy is applied to the felt 14 using the actinic radiation. More preferably, at least
about 1,200 millijoules per square centimeter of precuring energy is applied to the

40  felt 14 through the transparent portions of the mask. Pre-curing energy may be



surface of the felt 14. 40 In yet anot her enbodi ment, the surface
of the felt 14 which faces the pattern | ayer 18 nmay have a 365 nm
refl ectance W&X/44¥¥n about 0.4 absorbance units. The WBCTSHTAEM0
PCT/ US97/ 06910 1 9 5 felt
14 may have a region below the surface regi on which provides the specified
365 nmrefl ectance of at |east about 0.4 absorbance units. BeI ow t hat
| evel, theS5felmeasyred with agyuliigvigletencegy intensity measyring dsvice, imodel IL 390-B

under st ood t hatight Beg, lavailakle flofh h&astionay Light, InbcofiliéwburgpomjMSe col or ed,
so long as the af orement i oned 365 nmtefl ectance val ues are not

provided. It is to be recognized that the machine facing surface of the
felt 14 10 rmay eNektethebwncobegialiquid fesineist temavedr fromnthicofedti 1365 Thenresin is

flect t

Gurabi |1y ot efved py washiaBRHERAE P4 it Bich ae'“?&ﬁ#é%%%% 8’3@“3&3&5
of - fi ber s }0oi rkrand demsmgfwr%bmmw Procterp&rﬁamwg “empanyrpE Ginginnati,| y
dyed arrangeneghiolaHd %t&chnﬁ'e/ﬁﬂféaﬁn@thvéta—emaﬁ% edlénwmsremkqsomp

the felt 14. Alt tivel ddi t

AR A AR A P
SﬁeCi fi ?d 365 nozzles haﬂingei‘nl atﬂardianeﬁw ef abmtr(m&kmcheu; a@ndncident angleof 3af,ue.
The preference I

refl gct ance, %&és@&igf tegyngres nd @*sg%f‘ %ﬂ%@psg df()hg(lt gqangg}am of
pattern | afer ai®ut 516%umngfqmeano;zlq=snhmng amonlﬁse diametes of ab@m&oﬁihawhs% 20
the base 16. Ilnncfld%t angle! bf 465 drfla Wpﬁa&éhv% ry Phessit®, fafll bthdf parimditrs

conpri sed of bot ers havi ng he” speci 365 nm refl ectance and
fibers whi ch oSmMARINgERAStAMte specified 365 nm refl ectance. This
arrangenment neets the dual objectives of providing both high 25 resolution

o L0 B L TR e BB B 960 b 18
m ni m zi N2 hetravel over arsase othepwisergusapdsed w;th a macyum shoeq Vacuum is applled to
the machine facing side of the felt 14 to remove any uncured liquid remaining in the
felt 14. The washing and vacuuming sequence can be repeated as desired. Once the
uncured liquid has been removed from the felt 14, the felt 14 is again rinsed to
remove any surfactant from the felt 14,
25
The partially cured resin is then submerged in a water bath and curing actinic
radiation is again applied. The water in the bath permits transmission of the actinic
radiation from the source to the pattern layer 18, while precluding free oxygen from
reaching the pattern layer 18. Free oxygen can quench the polymerization reaction
30 desired to achieve full curing of the pattern layer 18. Preferably the bath does not
include surfactant, so that actinic radiation is not attenuated prior to reaching the
pattern layer 18. Preferably the bath contains a strong reducing agent, such as
“sodium sulfite, to scavenge trace amounts of oxygen from the bath.

35 The cured pattern layer 18 may have an essentially continuous network with
discrete openings disposed within the essentially continuous network, as disclosed
in commonly assigned '345 patent issued to Johnson et al. Alternatively, the
discrete patterns disclosed in Johnson et al. '345 may be utilized.

40 The pattern layer 18 extends outwardly from a proximal end joined to the felt
14 at the interface 20 to a distal end. The distal end of the pattern layer 18 imprints



Pr o‘johet'i cally, the felt 14 may al so have an 365 nmrefl ectance, average 30
refl ectance and L* col or val ue which varies according to a pattern di sposed

in the wo¥isehane. If the 365 nmrefl ectance, average rei¢posemsercand

L* col or value of the felt 14 variem according to an X-Y pattern,
preferably the opaque portions of the felt 14 are disposed in an X-Y
pattern registered with the portions of the pattern | ayer 18,

di scussedsbeliRpapdy EilingOfdpeRfkindPealing AensiAERionol thediniptinted RAIAEREADY 35
process. .The ftern | ayer ngrray be agglled to _the f.elth14 in
i quid form thefgby forming, whlli-meion qeker.i oLaus, . GxiEatinge oparly; from the

pr gf erably plintesfacn20 tnd the fahd4ctlreemtt#melayer 18 cmlefqnnsﬁiffe}rmtiltdémiity paper
radiation. T Ll jation ma ave a wavel ength of 40

appr oxi mat el %@%’hﬁ%‘%‘%ﬁ‘g s. Curi né is then effect gd by crosslinking.

Sui t abl e resins are disclosed in the previously incorporated U.S.

Pat ent 43§14, 345 praeply e pattern 1 430 felt 14 t0.a d e o1t
PCT/ U897}g691 pattern layer 1bétd e o a depth of abou o

irs | ) 0.
Johnson, and agpgt Qv amillimeters, a5 mepsyredfrom the paper {acing ﬁgfa&ﬁ,ojfﬁésaﬁﬁgr 4 a5
part | of tbtivgrdb'&hé ﬂraalri]ihe S‘?iixg&uxﬁcd@%éfelt The If dwi penewhﬁond of thedpatieto t he
attern ayer, , SNO ayve or nor e
Phan abour eV d8 past dERebet FEHE sArBCLRE g N PATHE fes MRA{ES Bt he
inches x 0. 2%paitemhiayer 1§ piay ot #8 [adequately Joined to the &itilhgnd scparation dusing
seconds gkt efygh hdy aécuﬁnga&%@ﬁgbgfi{ h@%&}%ﬂg&:j&ﬁspﬁ&&%&sm #d 14 e 6esi N

The liquid which "ater forng, ter 18 nmay have a viscosity of
about 5, 000 tgscats3 dspth, permeability gayhe saonficed-F i n order to properly perneate

t hel f eljt 14 ot A éﬁmﬁl@ry@iﬂnﬂ?lﬂlitlinﬁﬁahﬂﬂhelbgml\ apeiaus b0 ynaalb eIai:c'.tbi"diilgrteslhem,h i s
applied to the fe|lt 14.as.15 ws,. The 14 | | e
formof a corﬂrFWULﬁgleﬁté?’{ 15 cﬂqga?tgﬁi %a prior aﬁsép@%'gflg% E)ﬁé’g‘% Qéﬁ %gtgg%sglé
posi ti oned agdilized atpattepmlayer 18 comprising megsgﬂt_xalhecﬁtginuogﬂpetwork Mgzl e
extrudes g fi mteQ%PMt%' ik BF A ¥nd pfiet TachfShiltface HEHIRY Y12V Ehe t he
paper facing surtace of the felt 14. )

pattern layer 18 extended outwardly from the paper facing surface of the felt 14

about 0.25 millimeters. The 365 nm reflectance values of the felt 14, the curing

energies applied to the felt 14 and water permeability are shown in Table I below.

A gelatinous coating of a gel of a sodium salt of a fatty acid was uniformly applied

25  throughout the felt 14. The resin facing surface of the felt 14 was lightly showered
to provide a suitable interface for the pattern layer 18. The rest of this coating was

washed away after the pattern layer 18 was precured.

TABLE®
Reflectance | Reflectance Pre-curing Energy Water Durability
{Absorbance Units) (percent) {mnJ per square centimeter) Permeability (qualitative)
{cctsec)

Prior Ant § 02 63 300 9 Unacceptable
Present Invention 1 14 4 300 13 Unacceptable
Prior Ant2 0.2 63 1200 13 Acceptable
Present Invention 2 14 4 1200 129 Acceptable

30

As can be seen from Table I, the apparatus 10 according to the present
invention exhibited significantly improved permeability over the prior art. It is to
be recognized that a felt 14 having a minimum permeability of at least 6 cubic



20 ' The thickness of the liquid coating may be nechanically

controlled using a ni p. For the enbodi nents described herein, a
sui t abl e coOAY41I4E a t hi ckness measured fromthe paper BCHY$AI/06910
surface of the felt 14 to the outward nostl3extendi ng portion of the

resin of up to about 2.5 mllineters. A mask havi ng opaque and
transparent portions disposed in any desired pattern is placed over the
| i qui d coa$i ngedimetersisecomd and preferabiguattieast @ cubid centimaters/secondris desiced ine

di screte opaq§gpérﬂgm? and a transparent region conprising an
essentially continuous network, although any desired pattern can be
utilized, so long as it occurs in the X-Y pl ane. The liquid

whj ch later forns FuneRRdreSthe apparatus 19 dctodingodale presanttinvention @eceividp did on
of an activati aﬁ vel ength.. The actinic radiatj Olﬂ b S aggl I‘ﬁeni throuaﬁk].the
mesk, o that 1OHO TR S centisastiromemnng opstey Pofonly hd dcepubie permcalilin,
radi at i on1and but also deinenbtrated dceeptablenbelt dutability.c [f bt durahility és umdcceptable,
radi ati on may i . . leSui@g tially cures, or
pre-cures, t hgg%?‘gésélgwernglg?ggf gﬁéﬂ‘ é\ﬁﬁgetoﬁtes Y’r%%ﬁgr ent portions of the
mask. The resin registered with the opaque portions of the mask will remain
35  uncured. The scope of fhePréveAtinventidn 1s3idt linfifed b thiS exdthple] bet ik Fouriter

square centingter of ecyr.i ng energy is applied to the felt 14 using
the actinic rdﬁﬁ?ﬂ# ‘%ﬂ#@“& eferably, at |east about 1, 200
mllijoules per square centinmeter of precuring energy is applied to the 40
felt 14 through the transparent portions of the mask. Pre-curing energy my
be WD 97/ 41304

PCT/ US97/ 06910 5 measured with an ultra-violet energy intensity

measuring device, nodel 1L 390-B Li ght Bug, available from
I nternational Light, Inc. of Newburyport, NS5 Next the uncured
liquid resin is renoved fromthe felt 14. The resin is renoved by

washing the felt 14 layer with a m xture of surfactant, such as Top Job 10 -
brand detergent manufactured by The Procter & Ganbl e Conpany of C ncinnati,
Chio, and water. The surfactant and water nmay be sprayed onto the felt 14
from showers. The washing may be-done at a tenperature of about
90[err] using fan jet - o



I —
nozzles having an orifice dianeter of about 0.062 inches, an incident angle
of 30, and a 500 ﬁ ““ﬁmuﬂlﬁssure A second vvash may be done at a
tenperaturq,v@fpwlﬁm ame“ m g fan jet nozzl es havi pgAEs99ES10CE
di amet er of about 0.062 ifcHes" an ijgci dent angle of 30, and a 140 psi
delivery pressure, aI | other parameters remai ni ng constant.

The felt 14 and renmaining resjin, which now has forned a pattern |ayer 18,
20 travel OWéHAﬂTISatEEAd)MBBﬁS‘se j uxt aposed with a vacuum shoe. Vacuumi s
applied to the machine facing side of the felt 14 to renove.any
uncured liquid remaining in_the . felt 14. The washing and vacuumn ng
sequence canlbe Adspapparatussfofersmasing ovater fram paper dwsiangr Bapermaking, tsaisl been

renoved fromtheg %ﬁ‘drhtu%“havﬁﬂteaﬁekl\’ Jp‘fadesa:ﬁﬂﬁ'zldirbé\kﬁﬁoﬁﬁogonal ther8IoD \$8idany
surfactant fromthe felt 14 The partially cured resinis

t hen subnerged i ﬁpmgP“'BQFWgand curing actinic radiation is again
applied. The wat ar paperinakingafelt hwlﬂgtmutuaﬂysdpmd)&uﬂﬁcdsha acichine cfacing

oxygen from v o SHHAGR AT APl Bebid Rt o 1ekiie “@**8§fzsﬁﬁé§€h§“gﬁéﬁet he
pol ynmeri zation react i366 na@refledtagce grdateo thaoifl.eatsorhankce ynits;agdof the pattern
| ayer 18. Preferghjaye ﬁpﬁﬁﬂﬁ&ﬂgﬁﬁx&ﬁﬁb 9 opposed SuifadésCa ?élf]f‘a%ﬁfgaiiﬁ-facé Qnd kat

actinic radiation to reachi.) ng,t

'S not gﬁten ttern
| ayer 18. Pref erabl y PeRer faging i W&agmda&rr@&&aﬂge%&éﬁ@d fgﬁ
sodiumsulfite, to sqmﬁaggabéme@sﬁatfantmmﬂg sﬁp{a@&ff s‘afd)pmdm IdHer land sai35

The cured pattern |aye ent.J.al vmth
di screte openi ngs di }éﬁB?eéchtsm ACG ﬂgsaéig‘éhts?'gl?v\égb%y %}gg‘gﬁtﬁg%b\w yas

di scl osed i n cdromsaig feltsi gned ' 345 patent issued to Johnson et aI.
Alternatively, the di screte patterns disclosed in Johnson et al. '345
may be utilized. 40 The pattern |l ayer 18, extends rdly froma
proxi mal end 2 oi AstaprAratys agqording to Claimy 1.4 afﬂ‘i@ﬂzﬁ@éi‘%éaéd’qlﬂo’& ofjisaid;|

end. The distal g¢ge mvidg 6aida36F hih reéf@tante gréder Hidn 0.4 absorbané® dhitsdis304
PCT/ US97/ 06910 juxtaposed with said paper facing surface of said felt, and preferably said felt
having said 365 nm reflectance greater than 0.4 absorbance units extends from

said paper facing surface of said felt to said machine facing surface of said
felt. '

3.  An apparatus according to Claims 1 and 2 characterized in that said pattern
layer comprises an X-Y patterh of two regions, first regions which imprint
said paper and second regions which do not imprint said paper, and preferably
‘said portions of said felt having said 365 nm reflectance greater than 0.4
absorbance units are disposed in an X-Y pattern, said X-Y pattern of said
portions having said reflectance greater than 0.4 absorbance units being
registered with said portions of said pattern layer which do not imprint said

paper.

4.  An apparatus accordihg to Claims 1, 2 and 3 characterized in that said felt has
a 365 nm reflectance greater than 0.5 absorbance units.

5.  An apparatus according to Claims 1, 2,.3 and 4 characterized in that said felt
comprises a base and a batt joined to said base, and wherein said batt
comprises said portion of said felt having said L* color value less than L* 50,
and preferably said base has an L* color value less than L* 40.



12 ‘5 the paper during. papernmaki ng, causing densification of the
I nprinted areas, and thereby formng nulti-regi on paper.
ext endi ng oWRAGEIN4 interfagce 20 and the felt 1‘5&}55%%7’&&0

pattern |layer 18 can form did.f [ dengty paper during

paper maki ng. 10 ﬁ“m\gwmm“we pattern |layer 18 perneates the
felt 14 to a depth of . LmntoOs * about 0.5 mllineters, as neasured
fromthe paper facing surface of the felt 14 t owards t he nmachi ne

faci ng surfacesof Ah@ppaiatuslatcording heChametl, @, 3p4 anid 5 bbarpetetizedhin that said

| ayer 18 past the paper faci surface of the felt. 14 S ) @S&t hi
amount, the %é&f'érlﬁy?raag?s 9t n%ﬁ}mﬁrgfe Sgldagg%ﬂ?a eollf ySAJI‘gi %gdh?@n%hga?el t
14 and separ ati on mflectancelgreaterithan Ped/alisochance phitsr natively, if the pattern
| ayer 18 perneates the felt 14 to too great a depth, perneability may
be sacrificed. An exenplary non-limting exanple of an,apparagtus
10 made accor di-ng Ao apparatus for remouing walesnfoBh PRECIC GHTIRG RAPETFKIRE. 58| of
art apparatus 10. BaabatadBaviak e X-¥Oplane andUd iZ-izstion oakdgonal tityeo, did
conprising an essenti al Ig/ conti.nuous network having a 20 surface area
about 35 percent OPRAAINS GAMPRINGaner facing surface of the felt 14. The
pattern | ayer 18 extpapeanaking \feit chaviiig enutbhally mppesedf swifangsss arhachine ffacing

felt 14, the curing - Suttdbeand dteBbctochdSurtice, MR d FOHiGH of ol 1iEfavihg e
perneabi | ity are shown36% niateflectancepreater than 0.4/abgetbanceuaits, saidtnagion alsg

gel of a sodiumsalt o i - Db osbas  caghout
the felt 14. The resi nﬂ?\ggéﬁﬁﬁgeﬁgéﬁﬂé@énwg&g{emnw e unitd]

urface of the felt 14vvall' ht | howered -
to provide a sui ta%ﬂ’é"?’ﬁtléﬁ'g@é’“?gom“! yp‘?ﬁ*’?é‘?‘ﬁs‘l"%%?’ a it %f et °%fm‘i Ri s
coating was was hpgber\fading fsuffacd, saido pattern rlayeu;hleingljbinﬁstqosaédlfelmt an
TABLE | . ef |. N j:ng
Energy Vet er Dur a}ﬂtﬁf?z betwedi-Ldif FL18 Phcng surbaek o?}%s tern 1dyef and’ Said

ance "Units)

(percent) (ni per squpaperciecingrmrface of spis feluiand; extending Quiivardlyt from said
0.2 63

(cc/ sec) Prior A : 300

9 Unaccept abl e Hteﬁacepr esent Invention 1 1.4 4

300 13 Unaccept abl e Prior Art 2 0.2
63 8120@n apparatus according b Claim 7Acieadteriited in- that shidefelhhas an

!A\g\éggt ;gln e2301' 4 average reﬂect%nce greater than 0.428%rbance units, and pﬂs?ergbly said felt
has a 365 nm reflectance greater than 0.5 absorbance units.

9.  An apparatus for removing water from paper during papermaking, said
apparatus having an X-Y plane and a Z-direction orthogonal thereto, said
apparatus comprising: o
a papermaking felt having mutually opposed surfaces, a machine facing
surface and a paper facing surface, said papermaking felt comprising a
batt of fibers joined to a base, a first portion of said fibers of said batt
having a 365 nm reflectance greater than 0.4 absorbance units, and a
second portion of said fibers of said batt having a 365 nm reflectance
less than 0.4 absorbance units, said first and said second portions of said
fibers being intermixed; and

a pattern layer having mutually opposed surfaces, a felt facing surface and a
paper facing surface, said pattern layer being joined to said felt at an
interface between said felt facing surface of said pattern layer and said
paper facing surface of said felt, and extending outwardly from said
interface.



As can be seen from Table |, the apparatus 10 according to the present
i nvention exhibited significantly inproved perneability over the prior art.

It is to woondisosa €cogni zed that a felt 14 having a m ni MUNpERARTASHI0 t Y
of at least 6 cubiT WD 97/ 41304 16

PCT/ US97/ 06910 | | 13 5
centineters/second 4*““&““““‘%‘““*“ | east 9 cubic centinmeters/second is
desired in paper<raking. n s * Furthernore, the apparatus 10
according to_the, present invenjion receiving the, . 1200, .mJ per_. sq.

cent i met er plrficu r@pé%vwcr-m{in%mﬁm % chupstsrred fothat S8id parer faging put
al so denonst r at esirface @f sailIfelt barhprishsrfiters hiving bf365ain reflectince ldsy thah 0.4
unaccept abl e, i ve nunber of belt change-outs will be
required. abmmn@%’ﬁ@?szcope of the present inventionis not limted to
this exanple, but is found in the appended cl ai ns. WO 97/ 41304
14 PCT/ US97/ 06910 VWHAT |S CLAIMED | S: An
apparatus for renmoving water from paper during papernmaking, said

%



appar at us having an X-Y plane and a Z-direction orthogonal thereto, said

apparatus co r|S|n a paperneking felt having nutuall osed
sur f aces, %Wﬂé‘fam ng surface and a paper fa‘%l‘f?‘fg 97/06910
surface, at | east a portion of said felt having a 365 nm
refl ectance greater than 0.4 'absorbance units; and a pattern | ayer

havi ng nmutual | y opposed surfaces, a felt faC|ng surface and a

paper facing surface, said pattern qulfﬁxﬂng joined to said felt at an
interface between said felt facing surface of said pattern | ayer and said
paper facing surface of said felt, sard pattern | ayer extending outwardly

framsaid felt. 2. An apparatus according to Claim| characterized in
that said portion f said felt having said 365 nmrefl ectance
greater than 0.4 “bkg$nce unlts IS juxtaposed wi th said paper
facing surface of said - : . - havi ng said

365 nmreflectance great ef, SN0 N W . ‘”"ff/extends from

sai d paper facing ac-ﬁﬁ‘ PRI ' , e facing surface of
sai d felt. 3. @ R : SRS @QC ains | and 2
characterized in thatygsai N : g an X-Y pattern
of two regions, first?'reg B GEa) 1 entyl| qai d paper and second

regi ons which do not inprigs 2 )N . ATETET 248 sai d
portions of said felt havHig~cCHwik ‘ WGl nclBWyr eat er than 0.4
absorbance units are di sposed i an } said X-Y pattern of said
portions having said reflect e grea’ I3 absorbance units bei ng
regi stered with said portions of sard.patgﬁrn | ayer which do not inprint

sai d paper. 4. An appafa cording to Clainms 1, 2 and 3
characterized in that said felt has a 365 nmrefl ectance greater
than.0.5 absorbance units. 5. An apparatus according to Cains 1, 2, 3
and 4 characterized in that said felt . conprises a base and a batt
joined to said base, and wherein said batt - conprises said portion
of said felt having said L* color value |ess than L* 50, and

preferably said base has an L* color value less than L* 40.
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apparatus ad¥@em#g4to Clainms 1, 2, 3, 4 and 5 characterized PCIVURF/062Pd
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An apparatus for making paper. The apparatus comprises a felt and a pattern layer joined to the felt, The felt has a relatively high UV
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absorbance. Such a high UV absorbance prevents the actinic radiation applied to cure the pattern layer from scattering when the radiation
penetrates the surface of the pattem layer. By limiting the scattering of radiation beneath the surface of the pattem layer, extraneous cured
paitern layer material is minimized in the regions of the felt where it is desired not to have pattem layer material,




