a» United States Patent

Daigneaultl et al.

USO00334678131

US 6,334,678 Bl
Jan. 1, 2002

(1 Matent No.:
(15) Date of Patent:

(73)

(21)
(22)

1)
(52)
(58)

{(50)

METHOD FOR APPLYING CHEMICAL
WATERMARKS ON SUBSTRATE
Inventors: Robert L. Daigneanlt, Longmeadow,
MA(US): Michael F. Kocenig, Goshien,
NY (US); Otto Ondruska; Deaniel R,
Ruogers, hoth of Lrie, PA {US); Jivue
Yang, lTowaco, NJ (US)

Assipnee:  International Paper Company,
Purchase, NY {LS)

FENE08 A
ALM050 A
33RU.252 A

Notiee: Subject w any disclaimer, the wrm of this
patent I extended or adjusted under 35
IS0 154(0) by O days.

Appl. No.: 097388206

Filedl: Sep. 1, 1999

A7 L903
Fland
1und

AT, 3ATL00;

B41] 2/
347103

Field of Search . ... 34707, 100,
347103
Retferences Cited
LS, BATENT DOCUMLENTS
FO4E TN A 1962 Livingstone ... LA 2n

WalLrio
Waurio
Adums

35806270 A PO Lowelady cbal v Adndl
kR FOLNALYTG Norms etale 428211
A4 #on1981 Chang et al. 03200
LR = 31085 llolhein et al. o lndia
4_..' 4RSS Vernots cb aly v, A28:264
LR AN Taller (o Lo 141
A0 Lo Lol Simoeoke - AZERAR
A, fIL992  Allen ot al, L 42761
3207, / 1993 Murphy et al. Cle2ind
SARROOT A L1y Shamir o . R B
AAUL30T A F 0% Okodaet al . 32%
3821722 A ALUun Colvill etal o

A0 A ¥ K199 Iakahashi of al

A 3T oA T LI Sarada e all

239342 A BA99Y Tumd et all o, .

Faun 182 A 0 L2IU9T Rashiwaeakl o al. ‘*2? 1()1
RN A FEA19498 Mayashi et al. ... -1[](]_- L2405
G200 A 220000 TTorley et al .. .o A28300
A l13.231 A D200 Burr ot al. 34703

*oeiled by examiner

Prismary Fxaniner  Iohn Baclow

Assistant Fxeminer—Manish 8. Shab

(7 Altarney, Agent, or firm—Ostrager Chong & Flaherty
LI

(57)

A method and an apparatus for applying chemical water-
marks to a substrate, ¢.g.. paper, using a digital printer which
prints ink ina dot matrix pattern. The ink may contain either
a translucentizing agent or an opacifying agent, The printer
s dipitally controlled 1o print ok in accordance with a
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1
METHOD FOR APPLYING CHEMICAL
WATERMARKS ON SUBSTRATE

ITE

12 OF THE INVENTION

This invention generally relates 1o the manufaciure of
substrates having translucent or shadowed watermarks
prioted thereon, In paricolar, the invenion relates 1o the
manubacture of paper baving chemical watermarks printed
thurenmn.

BACKGROUND O THE INVENTION

Particularly in office operations of commercial
colerprises, it is oflen desirable to have writing slationary
and other Torms of business and professional papers waler-
marked. Walcrmarks are defined as translucent or opacificd
arcas In a sheet of paper that are formed into kleotifiable
desipns such as company oames, lopos and seals, and are
used In paper {or seeurity and prestig

ai.

In accordance with one conventional tvpe of shadow
marked paper, shadow watermarks are formed by deercasing
the densty of the paper fibers ina portion of a sheet of paper
relative 1 the density of remaining portiens of the paper.
Such shadow watermarks are conventionally formed in the
papermaking process by contacting o wel web of paper on a
Four-drinier paper machine with a dandy roll (Le., a metal
muesh roll) having an indlented or re ed surface conform-
Ing 1o the watermark desien image o be formed on the
paper During sueh contact the paper fibers accumulate o the
indented or recessed surface, resulting in decreased density
of the paper fibers nthal localized area, Such shadow
watermarks tend o be relatively more opague than the
rematncler of the paper, te they e to fransmit less light
relative o the remainder of the paper,

Similarly, translucent walermarks can be formed vsing the
reverse procedure in which a dandy roll with a raised design
contacts the wel paper 10 compress the paper fibers and
Increase thelr density o that localized area. The compressed
arca on the substrate becomes relatively more translucent
{due 1w reduced entrapped air and light refraction) and
makes the watermark design visible when light is passed
throueh the substrate.

In accordance with a more recent method for manuiac-
turing walermarked paper by impregnating the paper with a
solution containing a chemical agent that changes the light-
transmitting propertics of the impregnated arcas, In the case
of translucent watermarks, the arcas 1o be watermarked are
impregnatesd with a chemical composiion having the abiliy
tor rencler npague or semi-npague paper more eanslucent or
substantially transparent, Le., a sulution containing translu-
centizing agent. oo addition, the chemical composition
should not alier the surface of the paper adversely. Tor
exarmple, 1 must not render the surface olossy
impregnated arca and must oot alier the erasability charae-
teristic of the paper. Also, the chemical composition must
withstand aging without discoloration and must not become
indistinet through migration of the chemicals or otherwise.
Finally, asule from low enst, the chemically watermarke:l
arca must aceept 1yping, peneiling, printing and writing inks
without adverse ellcets sueh as feathering or skipping,

in the

In the case of chemical shadow watermarks, the paper s
impregnatesd with an opacdying apent instead of a translu-
centiving, agent. The chemical shadew watermarks must
satisty the conditions sct forth o the previous paragraph,

The comventional chemical watermarking process uses
the Hexo printing process 10 induce o translucentizing (or

il
n

i

2
opacilying) chemical polvmer into the substrate. The fexo
printing plate contains the watermarl design ancd imparts the
design 1o the printed area to form the watermark.

The enst 1o produce watermarked papers on oa paper
maching is high, particularly 1o small (e.g.. 300 1) quan-
lities. The current method of producing chemical water-
murks reduces the cost of manulacture, Lot still s not
profitable o small guantities. Thus there s a need for a
method of applyving chemcal watermarks which will further
reduce the cost of manutacturing in small quantitics,

SUMMARY O THIE INVENTION

The present invention is a method and an apparatus for
applying chemical watermarks 1o @ substrate, c.p., paper,
using a digital printer which applies ink 0 a dot matrix
patiero, o aceordance with the preterred embodiment of the
imvention, the digital printer is an ink jet printer. Aoy type of
ik qet printer can be used, including ok qet prioters of the
thermal (bursting vapor bubbles), presnelectroic and continu-
ous (ultrasound) varieties,

The invention allows watermarks o be printed digitally
and oo demand, The application of chemical watermarks
using a digital printer allows a great degree of customization
arcl the production of low volumes at an affordable cost o
the user. T addition, the digital aspect allows production of
walermarked papers [na shorter period of time as compare
o eonventional manutacturing practives involving the appli-
cation of chemicals.

BRILE DESCRIPITON OF TTIE DRAWINGS

EIG 1 s a schematic showing apphication of chemucal
walermarks or shadow marks on g substrate using an ok jet
printer.

FIG, 208 2 schematic showing a conventional ink jet
printer which can be used 0 the manufacturing process
aceording 1o a preferred embodiment of the invention

FIG. 3 s a0 schematic showing a conventional ink jet
prioter being used In conjunction with a transter printing
mechanism in aecordance with a further preferred embodi-
ment ol the invention,

DETAILLLD DESCRIFTION OF 1L
PREFERRLELD EMBODIMEN TS

The present invention 1s a method Tor applving chemical
translucentizing or opacifving agents on a subsirate using a
digital (e, dot matcix-producing) printer. The substrate
preferably comprises a web of emtangled fibers. The fibers
may be cellulose fibers, natural fibers or polymueric fibers.
Alternatively, the substrate may consist ol a continuous film
ol polymeric material,

In accordance with noe preferred embodiment, a translu-
centizing ink s applicd comprising any chemicals having an
ndex of refractinn 1o the range of 1.010 L6 For example,
the traoslucentizing ok formuolation may comprise paper
sizing agenl, organic oils, natural oils, weight aleobols,
racliatinn-curable acrylates and alkyds. The translucentizing,
apent can be water based, solvent based or 100%. solids. In
the case of solvent-based agents, organic solvents such as
aleohol, acclone or acetlate can e used.

A preferred embodiment of the ovention is penerally
depreted in FIG. 10 A substrate 2 s shown o FIG T being
translated from left o cipht during passage through a coo-
ventienal ink jet prinfer. The exemplary ink jet printer shrsn
in FIG. 1 comprises a printhead 12 and a sheet or web
teeding mechanism 16, both of which are controlled by a
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printer controller in the form of 4 microprocessor 14, The [nk
jel printer s oin tuen controlled by a host computer 28
operated by a user via an operalor intedace 30 {ep., a
kev-board). The host computer 28 is connected 1o 1he ink jet
prioter by an electrical cable and appropriate interfaces.

St referring o PTG 1, watermarks 4 are
formued i the substrate 2 by impregnating a surface of the
submstrate with ink comprising 4 translucentizing or an opaci-
fving agent. Although FIG. 1 shows the application of
chemieal watermarks 4 on oaly ooe sile of the substrate 2,
chemeal watermarks can be applicd 1o both sides of the
subsirate, c.a., by passing the substirate through the ink jot
prioter two lmes inoa well-known mannoer,

I aceordance with the preferred embodiment, the chemi-
cal watermarks 4 are applied oo the substrate 2 by a
printhead & which bombards the substrate surface with
droplets 8 of ok {rom reservoir 12 via o multiplicity of
nozles or jets 100 Ooly one nozzle is depicted in FIG, 1
Preferably, the ink reservorr 12 18 a conventional ink et
cartridpe. The persen skilled in the ant will readily appreciate
that the primbead may e stationary or of the scanning
varicly, Lo the case ol a stationary printhead, an array of
nozzles I extends across the full width of the paper and ink
s applized as the substrate is contmmuously translated by a
sheet ar web feeding mechanism, such as feed rollers 16,
Muotors Tor driving rotation of feed rollers 16, preferably
under the control of microprocessor 14, are oot shown o
FIG. 1. In the case ol a seanamyg printhead, the substeate s
moved in fnerements by the sheet or web {eeding mecha-
nismt, Afler cach ncremental translation, the substrate is
stationary while the printhead i1s translated across the width
of the substrate.

chemical

Whether the substrate or the printhead s moved during
printing, the noseles are electrically activated and individu-
ally controlled by the microprocessoe 14 The microproces-
SOF N e receives structons from the host computer 28,
The host computer 28 comprises a CPU and memory for
storing computer code corresponding o the desired waler-
marked pattern or image. A multiplicity of patieros andqior
Images may be pre-stored in the memaory of the host com-
puter 28, The system operator may select a desired patiern
or image by inputting appropriate commands via the opera-
tor interface 30, The microproeessor 14 then contrals the
printhead 6 in accordance with printing [ostructions trans-
mitted by the host computer 28.

In the case of a stationary printhead, the microprocessor
14 controls activation of the nozzles 10 as a function of the
position o the moving subsirale 2. In one preferred
embodiment, 4 substrate position seosor 18 can be arranged
oy deteet the leading edue of the moving substrate ancl
provide a feedback signal to the microprocessor i response
to that deteetion. The substrate position sensor 18 may, c.g.,
tuke the form of a microswitch or an optical sensoer com-
prising, a light-cmitting dinde and a photodeteetor "The
feedback signal from the substrate position sensor estab-
lishes a reference position which eoables the microprocessnr
14 10 determine subsequent positions of the moving sub-
strate. Lor example, angular rotation detectors can be
arranged todetect rotatinng of the fead rollers 16 and provide
further fecdback 1o the mwroprocessor concerning, the
changing, position of the moving substrate 20 It will be
readily appreciated by persons skilled o the art, however,
that various technigues can be used 1o deteet the changing
positoon of the substrate. The microprocessor 18 progcammul
o comntroel the novzles of a stationary pronthead as a functuon
ol the substrate position.

In the case of a seanning printhead, o addition 10 con-
trolling activation of the nozsles, the microprocessor 14

i

w
n

4

controls the scanming position of the printhead. For example,
the printhead 6 may be cotatably mounted on a guide bar {net
shown ) and connected 10 an endless belt {not shown) driven
1 rolate by a motor 15, Thus, via operation of the motor 15
and cireulation of the codless belt, the printhead 6 can Ik
moved [na reciprocating manner between the motor and an
wller puller {not shown). When the substrate posdion sensor
I8 detects the presence of the substrate 2, the microproces-
sor 14 contrals the operation of the motor 18 10 move the
primhead 6 across the surface of the subsirate 2w apply
chemnical watermarks thercon.

The application of chemical watermarks 1 aceordance
with the preferred embodiment of the invention is carned
ot by syochronizing the mk jet printhead with the substrate
teed mechanism, which can be carried out o any one of
many conventional ways, For example, the microprocessor
14 can be programmel 1o actuate the printhead 6 i syo-
cheonism with receipt of a feedback sivnal (cicating that
the substrate 2 1s ina predetermined position relative to the
primhbead. The microprocessor 14 then controls the print-
head to apply trapslucentizing or opacilving ink at the
desiredd locations nn the substrate.

In the cases of curable polymers, a curing station 32 (see
IFIC 1y weill be located downstream of the ik et printer. 1o
the case of heat-curable polvmers, curing station 32 will be
a heater; o the case of radiation-curable polymers, curing
statinon 32 will he a source of radiation.

Fundamuentally, all kids of wk jet printers may be used
1 apply chemical watermarks 10 substrates 10 aceordance
with the present invention, including thermal ink jet printers,
piezocleetric ink jet printers and continuous ink jel printers.
The structure and operation of such ink jet printers s
venerally komaen. Hlowever, by way of example, the struc-
fure and operation of a tvpical piezoclectric ink qet printer
will b deseribed,

One typical picsoclectric ink jet printer functions in
acenrdance with the percussion wave principle, which s
schematically Mustrated in FICGL 20 The mk 200 18 passed by
means ol capidlary forees foom the tank 12 through an ink
filter 22 and then to the jets or nozeles 100 A vacuum control
system 24 prevents the ink from Howing out of the nozsdes.
The noseles are cach surrounded by piesoclectric ceramic
clements 16 which can be excied o eontract by means of
clectrical sipnals. Contraction of a pwesnelectric ceramic
clement 16 produces the pressure required for ejecting
droplets of ink {rom a respective nozele 1L

I accordance with funther preferred embodiments of the
invention, the mk qet printer ik s applicd to the substrate
via a transier printing mechanism. The ik is jetted out from
ant 1ok jel printhead onlo a transfer surface, which s then
brought ioto contact with the substrale to impart the image
onto the substrate surfuce, An example of such an arrange-
ment 18 shown i FICGL 3 The nozzdes W of the printhead 6
are controlled by the microprocessor 1410 apply ink {rom
reservolr 12 onte the cireumnferential surface of a transfer
roll 32, The substrate 2 1s Ied through o nip formed by the
transler roll 32 and an opposing press roll 34, which rotate
i opposie dircctinns. When a portion of the surdace of
transler roll 32 carrving ink engapes the substrate 2, the ink
penetrates the substrate surface 1o form a chemical water-

mark 4,

EXAMELLE |
One ok comprising a translucentizing chemical agent
suitable for use in ok jet printers has the following formu-
lation:
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Tvolvlee glvee’

C Motkoxy aropars
T X

Triton X- 100 is & nonionie surfactant. This formulation was
inserted into a ink cartridge of an ok jet prioter and then
printed o a sheet of paper. Next, the sheet of paper was
heated 1 607 Coto melt the polyethyvleae plyeol The melied
polvethylene glyeol then soaked into, e, impregnated, the
paper. therehy creating the watermark, It will be readily
appreciatwd by persens skilled m the formulation of ok jet
printer inks that How maodifiers, antioxidants and bacteri-
cides can be added 1o the above Tormulation as oecessary 1o
round out the ink performance.
EXAMPLL 2
Another translucentizing ink, which does not reguire

heating to melt the components, bas the Tollowing Tormu-
lation:

The watermark s formed as the wk s appled, without
heating. Carbohyelrates different than disaccharide can also
e used as the translucentizing agent,

In accordance with turther varlations, watcrmarks can be
printed oo paper usiog ink formulations o which the frans-
lucentizing agent is polvethylene oxide, cellulose or modi-
fed cellulose, Allernative polymers suitable for use in the
invention include acrylate-based polymers, cross-linkabile
polvmers (e.g., epoxy and melamine-formaldehvde),
radiation-curable polymers, and heat-curable polymuers.

LXAMPIL 3

Asizing agent suitable for use o the invention has the
Tollerwing Tormulation:

A

it

Alkyds ditterent than alkyl suceinic anbydrate can also be
used,
LXAMPIL 4
An ok jel printer ink comprising a translucentizing oil has
the following formulation:

LXAMPIL 5
A suitable ink jet printer ink comprising a radiation-
curable polymer has the follswing formulatiom

i
o

w
n

EXAMPLLE 6

Assuitahle [O0% solids ok has the Tollowing formu lation:

cryhile
wvaLrsie

EXAMPILE T

Another suttable ink et printer ink has the following
formulation:

I aceordance with other preferred embodiments of 1he
invention, an opacitying agent, ¢.9., Htanivm oxide, can be
acleleel 1o cach of the foreening ink formulations for use in
printing shadorw marks.

Optionally, a fluorescent agent can be added 1o 1he ik
tormulation to enable the watermarked paper 1o be authen-
ticated by placement of the paper vnderneath an wliraviolet
lamp. Suttable Nuorescent agents inchide, but are not Limited
too,  the  following:  beozophenone, 2.4-
dihvdroxybenzophenone, 2-hvdroxy-4-
methoxybenszophenone, and 2-hydroxy-3"-methyl-
phenyDbemeotrissole,

(g% ]

In aceordance with another preferred embodiment, the ik
formulation may comprise a phase change ink, ce., a
thermal wax ink, which underpgoes a phase change following
application. Fur example, io the case of a thermal wax ink,
molten ink s jetted out from a beated printing, head onte a
subsirate. Some of the molten ink permeates below the
surface of the substrate. Upon cooling, the molien ok
solidifies on and below the surface of the substrate.

I accordance with a further allernative, @ colorant may be
added to the above ok formulations o produce a color
walermirk.

While the invention has been described with reference o
a preferred embodiment, it will be undderstood by those
skilled In the art that various chaoges may be made and
cquivalents may e substituted for elements thereot without
departing from the scope of the invention. To addition, many
maddications may be made to adapt a particular situatun to
the teachings of the imvention without depacting from the
essential seope thereol, Therefore, It is intended that the
invention oot be limited 10 the particular embodiment dis-
closed as the best mode contemplated Tor carcving out 1his
mvention, but that the invention will clude all embodi-
ments Falling within the scope of the appended claims.

As used 1o the claims, the term translueentizing apent”™
means a chemical agent baving the property of inereasing
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the translucence of arcas of o substrate Impregnated with
that agent. Simudarly, the term “npaciying agem™ means a
chemical agent having the propeny of increasing the opacily
(Lo, decreasiog the translucence) of a substrate impregnated
with that agent,

What Is claimed Is:

L. A methed for applyving a chemical watermark on oa
substrate, comprisity, the steps nf:

supplying @ digital printer with an ink comprising a

ranslucentizing agcnt;

inserting @ substrate in the digital printer; and

operating the digital printer o apply said ok to said

subsirale.

2. The method as recited in claim 1, wherein the digital
printer s an ok jet printer.

3. The method as recited 1o elaim 1, wherein the dipital
prioter has o stativnary printhead,

4. The method as recited in claim 1, wherein the digital
printer has a scanowng printheacd

5 The
prioter 1%

6. The
printer is

. The
printer s of the continuous variely.

8. The method as recited 1o claim 1, wherein said trans-
lueentizing agent has an index of refraction in the range {rom
L0 1o 1.4,

Y. The muthod as recited in claim 1, wheeein said 1rans-
lueentizing agent 15 a carbohydrate.
10, The method as recited in

translucentizing agent is a sizing agent.

1. The methnd as recited in claim ]

metheod as recited in elaim 2, wherein the
of the thermal variety,
method as recited in claim 2,
of the pieroclectric varety.
method as recited in claim 2,

ink jut

wherein the ink jet

whuerein the ink jet

claim 1, wherein sald

whereln sacl

El

translucentizing agent 18 taken from the group consisting of

natural vils and organic oils.
12, The method as recited noclaim 1, whercin said
translucentizing agent 18 a radiatinn-curable polymer.
13, The method as recited i claim 1, wherein
translucentizing agent 15 an alcehol

saul

2

14, The method as recited inoclaim 1, whercin said
translucentizing agent is an alkyd,
15, The method as cecited in claim 1, wherein saud

)
translucentizing agent 15 a cross-linkable polymer.

16, The method as recited in claim 1, wherein sald ink
further comprises o Hoorescent agent.

17, The method as recited in claim 1, whereln sald ink
further comprises an organic solvent.

I8, The method as recited in elaim 1, wherein said ink 15
a phase change ink ina mollen state.

19. The methedd as recited 1o clam 1, wherem sail
subsirate comprises cellulose fihers.
200 The method as ecited o claim 1, wherein said

substrale comprises svuthetic fibers,

21, The method as ecited o claim 1, wherein said
subsirate comprises natural fibers.

22 A methad for applying a chemical watermark on a
subsirale, comprising the steps of:

supplying a <gital printer with an ik comprising, an

opacitying agent;

inserling a sulbsirale in the digital printer; and

operating the digital printer to apply sald ink 1w said

subslrate.

23, 'The method as recited in elaim 22, whereln the digital
printer s an ink jet printer.

24, The methed as recited (0 claim 22, wherein sail
npacilyiag agent 8 tlanwm oxude.

25. A method for applyving a chemical watermark on a
subsirale, comprising the step of digitally applying an ink
comprising a chemical agent on a substrale at locatwns
corresponcding 10 a desired watermark, sakl chemical agent
having the propeny of changing the translucence ol said
subsirate at said locations.

26, "Ihe method as recited nclaim 25, whereln said step
ol digitally applving an ink is carricd oul using an ink jel
printee.

27, The methodd as recited (0 claim 25, wherein sakl
chemical agent Is a translucentizing agen!.

28, ‘The method as recited o oelaim 27, whereln said
transluecentizing agent has an index of refraction in the range
from 1.0 10 1.0,

29, The methedd as recited  claim 25, wherem saxl
chemical agent s an opaciiving apent.

30, A method for applying a chemical watermark on a
subsirale, comprising the sleps ol

supplving a digital printer with an ok comprising a

rranslucentizing or opacilying agent;

aperating the digdal prioter to apply sawd ok tooa transfer

surface; and

bringing a substrate ioto eontact with sald lranster sur-

lace.



