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CONTINUOUS INK JET PRINTING

FIELD OF THE INVENTION
This invention relates to the field of continuous ink jet printing, especially

in relation to inks or other jettable compositions containing particulate components.

BACKGROUND OF THE INVENTION

With the growth in the consumer printer market, inkjet printing has become
a broadly applicable technology for supplying small quantities of liquid to a surface
in an image-wise way. Both drop-on-demand and continuous drop devices have
been conceived and built. Whilst the primary development of inkjet printing has
been for graphics using aqueous based systems with some applications of solvent
based systems, the underlying technology is being applied much more broadly.

There is a general trend of formulation of inkjet inks toward pigment based
ink. This generates several issues that require resolution. Further, for industrial
printing technologies, i.e. employing printing as a means of manufacture, the liquid
formulation may contain hard or soft particulate components that are inherently
difficult to handle with inkjet processes.

In a continuous inkjet process a stream of droplets is generated by a droplet
generator. Often this droplet generator is an orifice in a thin plate through which
liquid, an ink, is forced under pressure to form a liquid jet. It is well known that
such a free jet is unstable to perturbations and will disintegrate into a series of
droplets through the Rayleigh-Plateau instability. On average this disintegration
occurs at a particular wavelength (approximately nine times the radius of the jet).

It is also well understood that perturbing the jet via, for éxample, pressure

fluctuations will regularise the jet breakup so that a continuous stream of regularly

_ sized droplets is created. These droplets are conventionally charged via an

electrode placed in close proximity to the point of breakup of the jet and
subsequently deflected by an electrostatic field. The deflection causes drops to

either fall on the substrate to be printed or to be captured and recirculated for re-
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use. There are many designs of nozzles for such a device. US 4727379 describes a
resonant cavity energised with a piezo electric device for use as a CIJ droplet
generator, US 5063393 describes a similar double cavity device and US 5491499
describes a simple nozzle with piezo perturbation.

A new continuous inkjet device based on a MEMs formed set of nozzles
has been recently developed (see US 6554410). In this device a liquid ink jet is
formed from a pressurized nozzle. One or more heaters are associated with each
nozzle to provide a thermal perturbation to the jet. This perturbation is sufficient to
initiate break-up of the jet into regular droplets. By changing the timing of
electrical pulses applied to the heater large or small drops can be formed and
subsequently separated into printing and non-printing drops via a gaseous cross
flow. Although the droplets formed are regular, they nevertheless have a small
velocity variation. As the drops travel from the breakoff point their position
relative to each other therefore changes. At some distance from the breakoff point
this position variation is large enough that neighbouring drops touch and coalesce.
In a continuous inkjet device this would then lead to a sorting error or a placement
error. Therefore minimisation of velocity variation is imperative.

When a li(juid flows across a surface, the velocity of the liquid at or close to
the solid surface is zero. In a long pipe the maximum liquid velocity is found in
the centre of the pipe and the velocity profile across the pipe is parabolic. This is
referred to as Poiseiulle flow. However, on entry to a pipe there is a finite distance,
the entry region, where the flow field adopts that consistent with the pipe geometry.
In the terminology of fluid mechanics there is a boundary layer that forms and

grows until it is the size of the pipe at which point fully developed flow is

achieved. The boundary layer thickness may be calculated as

px

S= /__ (1
pU

where J'is the boundary layer thickness (m), u is the liquid viscosity (Pa.s), x is the

distance from the start of the pipe (m), p is the liquid density (kg/m®) and U the
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liquid velocity (m/s). The nozzle in an inkjet droplet generator is a very short pipe
i.e. too short for fully developed flow to be achieved. Therefore only a boundary
layer thickness of liquid next to the nozzle wall is sheared.

Many modern inkjet ink formulations use pigments, a coloured particulate.
The advantages of these are well known in the art, in particular providing for better
colour gamut and greater lifetime of the printed image. The science of particulates
dispersed within liquids, colloid science, is well known. If the particle size is small
enough and the density low enough, then Brownian motion is sufficient to cause
the particles to remain suspended in the liquid rather than settle out. For inkjet
inks, the particulates used usually fulfil this requirement, though there are
inventions to allow for inks that do settle e.g. US 6817705 B1. More recently
metallic particulates have been used which, because of their density, can settle
more easily. Particulates may be spherical in shape, but most often are not.
Nevertheless, methods to measure the size of particles are often based on
measuring the diffusion constant and then from the Stokes-Einstein relation
recovering the particle diameter. This process thereby leads to an effective particle
diameter that is defined as the equivalent spherical particle that would behave in
the same hydrodynamic way and is therefore referred to as the hydrodynamic
diameter. Most often the manufacturing process for pigrnent particulates leads to a
distribution of effective particle diameters, referred to as polydispersity. A common
way of combining particle diameters to form an average which is relevant for the

present invention is to form the volume average thus,
173
3
2.d4j8,

L 2
’ ¢mlal ( )

dg =

¢loral = Z¢} | (3)

where d,zis the volume average effective particle diameter in nanometers

(nm), d; is the particle diameter (nm) of population j and ¢, is the volume fraction

PCT/GB2008/003062
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of population j. This can of course be generalised for a continuous distribution of

particle diameters,

1/3

].d3¢(d)dd

= — 4
7 ¢roral ( )
bow = [#d)dd 5)

where ¢(d) is the fraction of particles with diameter between d and d+dd.

When a particle is placed in a liquid under shear it will experience a force
directed up the shear gradient, i.e. from high shear regions to low shear regions.
This is the well known Magnus effect. It will for example cause particulates to be
directed toward the centre of a channel or pipe.

There are numerous known methods and devices relating to the formation
and use of droplets. For example US 6713389 describes placing multiple discrete

components on a surface for the purpose of creating electronic devices.

PROBLEM TO BE SOLVED BY THE INVENTION

There are several problems relating to the formulation of ink drops where
the ink contains hard or soft particulate material.

Inks containing dispersed material or particulates give rise to increased
noise, i.e. to increased drop velocity variation. This leads to reduced small drop
merger length. Small drop merger length is a key property of the MEMs continuous
ink jet (CLJ) system.

Increased drop velocity variation also leads to drop placement error in a
printing process.

Particulates in the ink formulation are also detrimental to the ink jet nozzle,

causing wear.

The present invention aims to address these problems.
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SUMMARY OF THE INVENTION

The present invention limits the magnitude of flow induced noise generated
by particulate components in the ink to maximise the efficiency of drop formation
and to minimise adverse interactions with the nozzle.

According to the present invention there is provided a continuous inkjet
method in which liquid passes through a nozzle, the liquid being jetted comprising
one or more dispersed or particulate components and where the particle Peclet
number, Pe, defined by
o 125 di s [pU?

e
kT X
is less than 500 and where the effective particle diameter, d,4, is calculated

173

mjd3¢(d)dd

dy =| =

J#la)ad

0

where @(d) is the volume fraction of the particles or components of
diameter d (m) and where ¢r is the total volume fraction of dispersed or particulate
components, s is the viscosity of the liquid without particles (Pa.s), o is the liquid
density (kg/m®), U is the jet velocity (m/s), x is the length of the nozzle in the
direction of flow (m), £ is Boltzmann’s constant (J/K) and T is temperature (K).
The invention further provides a method of continuous inkjet printing in

which liquid passes through a nozzle and wherein the liquid being jetted comprises
one or more dispersed or particulate components and wherein the product of
effective particle diameter, d,4, of said components and the cube root of the total
volume fraction, ¢r, of particulate or dispersed components is less than 95

nanometers, the effective particle diameter, d,z, being calculated as
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and ¢, being calculated as
¢T = I¢(d )dd
0

where ¢(d) is the volume fraction of the particles or components of diameter d.

ADVANTAGEOQUS EFFECT OF THE INVENTION

By ensuring the dispersed components or particles are directed away from
contact with the wall the proj)ensity for nozzle wear is significantly reduced.

As it is the interaction of dispersed material or particulates with the
boundary layer within the nozzle that generates the observed drop velocity
fluctuations, by providing that the size of interaction of the dispersed material or
particulates within the nozzle boundary layer are small, the drop velocity

fluctuations are minimised and small drop merger length is maximised.

BRIEF DESCRIPTION OF THE DRAWINGS.
The invention will now be described with reference to the accompanying
drawings in which:
Figures la and 1b are schematic diagrams illustrating the jet break off
length and the small drop merger length;

Figure 2 is a plot of drop position variation allowing measurement of small

drop merger length;

Figure 3 is a plot of measured small drop merger length as a function of
initial perturbation;

Figure 4 is a plot of measured small drop merger length as a function of

effective particle size; and
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Figure 5 is a plot of droplet velocity noise as a function of particle Peclet

number.

DETAILED DESCRIPTION OF THE INVENTION

Tﬁis invention relates to éontinuous ink jet printing rather than to drop on
demand printing. Continuous ink jet printing uses a pressurized liquid source to
supply a nozzle, which thereby produces a liquid jet. Such a liquid jet is
intrinsically unstable and will naturally break to form a continuous stream of
droplets. A perturbation to the jet at or close to the Rayleigh frequency, i.e. the
natural frequency of break-up, will cause the jet to break regularly. The droplets of
liquid or ink may then be directed as appropriate. Figure la illustrates a nozzle 1
and jet 2, forming droplets a distance 3 from the nozzle 1.. The distance 3 is the
breakoff length. Figure 1b illustrates the small drop merger length (SDML) 4
where neighbouring droplets with slightly differing velocities coalesce. Note the
small drop merger length is the smallest distance at which neighbouring droplet
merger is observed. ‘

Figure 2 illustrates the measurement of drop velocity variation. Repeated
measurements are made at the average droplet formation frequency, i.e. the image
is strobed such that the drops appear to be stationary. The position of the droplets
are measured and a histogram of the positions drawn. Figure 2 shows such a plot
for three droplets. The standard deviation of position, o, of each droplet at its
distance, L, from the breakoff point can then be obtained. The droplet velocity
variation is then calculated as

oU o

vl ©

Where ois the standard deviation of the droplet position (m) and L is the
average distance of the droplet from the bréakoff position (m). The SDML is
defined as the distance at which the average separation between drops is six times
the standard deviation from the position variation. We therefore relate the velocity

fluctuation to SDML,
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with A the average droplet spacing or wavelength (m), 6U the droplet
velocity standard deviation (m/s) and U the average droplet velocity (m/s). Thus a
small droplet velocity variation leads to a large small drop merger length as is

desired.
Figure 3 shows measurements of SDML made in this way for various

liquids and conditions plotted as a function of initial perturbation. The initial
perturbation is derived from a measurement of the breakoff length using the
following relationship

& = R-expl- LU ,a) ®)
where R is the jet radius (m), L is the breakoff length measured from the nozzle
(m), Uy, is the velocity of the jet (m/s) and ais tlhe perturbation growth rate (s).
The growth rate & is defined by the jet parameters and can be found as the positive
root of the following quadratic

» Ry Yo
at+ et (1 - (kR JierY =0 ©

where 7 is the liquid low shear viscosity (Pa.s), p is the liquid density (kg/m), is
the liquid surface tension (N/m), and k is the perturbation wavevector (m™)
=2m/2A=2nf/Uj;, fthe perturbation frequency (Hz)).
The droplet velocity variation originates in a fluctuation in the breakoff
length which we can find by considering the breakoff time. Rearranging equation
(8) we obtain the break-off time, that is the time between the liquid exiting the

nozzle and it forming a drop,

. 1 R
ty =LU,, = ;h{z) (10)

If we allow for a fluctuation in break-off time, &g, due to a fluctuation in

initial perturbation, &¢;, then we find,
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a ¢
which of course gives rise to a break-off length fluctuation, &,

&, =-—h{ % ] ~ an

a=U,d, (12)

Jet

A break-off length fluctuation implies a fluctuation in the mass of each drop, &M,

M = prR*Sl (13)
which in turn implies, via conservation of momentum, a fluctuation in the drop
velocity,

M 67 U (14)

M i U
Hence combining equations (11), (12) and (14),
U. .
U _ il 1420 (15)
U Aa ¢

where U is the drop velocity (m/s), 4 the breakup wavelength (m), « the frequency
dependent perturbation growth rate (s), & the initial perturbation (m) and & the
noise on the initial perturbation (m). In equation (15) the In() function will, to
leading order and providing the noise is small compared to the perturbation, be
well approximated by 6£,/£, and therefore the velocity spread should be simply
proportional to the perturbation noise-to-signal ratio.

It therefore follows that to minimise the drop velocity fluctuation and
therefore maximise the small drop merger length, either the fluctuations in the
initial perturbation, 8¢, should be minimised, or the size of the initial perturbation,
¢, should be maximised.

Figure 4 shows fits to data plotted as a function of effective particle
diameter (as calculated using equations (4) and (5)) for several viscosities, and a
single effective perturbation amplitude and a single total volume fraction of 0.03.
It is a remarkable and surprising fact that for no particles or small particles, the
SDML increases as the viscosity of the liquid is increased whereas for large
particles the opposite is true; as the viscosity is increased, SDML decreases. It is

therefore appropriate to choose an effective particle diameter where the curves
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cross as a maximal particle size useful for the practice of continuous inkjet printing
particularly with the earlier described MEM’s device.
The fluctuations in the initial perturbation, &%, arise either as intrinsic noise

~ within the process, such as vibration or thermally excited capillary waves etc., or as

flow fluctuations induced by particulates moving through the nozzle boundary
layer. Sources of intrinsic noise are reduced by higher viscosities, whereas
particulates in the boundary layer exert a greater effect with a higher background
viscosity.

Whilst limiting particle size is a useful condition to maintain a low drop
velocity spread and therefore a large SDML, it is not the only method. The
particles are carried within the liquid flow through the nozzle where they interact
with the boundary layer which is formed at the nozzle wall. The thickness of the
boundary layer depends on the liquid viscosity, the liquid velocity as it exits the
nozzle and the nozzle length in the direction of flow. Furthermore the distance
over which a particle will move relative to the flow due to Brownian motion
depends strongly on it size as given by the Einstein relation. The ratio of these two
lengths is a Peclet number. It has been unexpectedly discovered that the drop
velocity noise 6U/U is proportional to a particle-nozzle Peclet number defined as,

pp _ 1250 diJus [pU? 16

kT x

where ¢r is the total volume fraction of dispersed or particulate components, s is

the background viscosity of the liquid i.e. the liquid without particles (Pa.s), pis
the liquid density (kg/m’), U is the liquid velocity as it exits the nozzle (m/s), x is
the length of the nozzle in the direction of flow (m), & is Boltzmann’s constant
(J/K) and T is temperature (K). The relationship between SU/U and Pe is shown in
figure 5 for a particular initial perturbation size and particular nozzle.

It has further been found that the drop velocity variation for a particular

particulate composition is dependent on the size of the jet, R,

PCT/GB2008/003062
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3/2
ro(—é‘—j Pe 17
U R

Where R is the nozzle radius (m), and 8 is the boundary layer thickness (m) as
defined in equation (1).

Whilst drop velocity noise, U/U, can be reduced by increasing the size of
the jet perturbation, there are limits imposed by any particular system. For
example in the case of a nozzle with a heater that thermally perturbs the jet, the
heater will fail at some power level (for example via thermal stress) which
therefore restricts the maximum perturbation size. Thus, ensuring a limit on the
source of the noise, i.e. the fluctuations in the initial perturbation, by providing for
a limit on the Peclet number becomes necessary.

To minimise the drop velocity variation and therefore maximise the SDML
it is therefore preferable to minimise the value of the Peclet number defined in
equation (16) and thereby minimise 6U/U in equation (17). It is preferable that
Pe<500, and more preferable that Pe<250. To achieve this the material and jetting
parameters can also be optimised for the process. For nozzle length x, it is
preferable that it is as short as possible to minimise the pressure required to form
the jet, whereas to minimise Pe it is preferable to maximise x. In fact the boundary
layer thickness J also depends on x and thus x should preferably be less than about
10micrometers. For liquid viscosity, it is advantageous to have higher viscosity for
freedom of formulation, but lower viscosity for ease of jetting and recirculation.
However to minimise 6U/U it is preferable to minimise viscosity, and therefore
most preferable for the liquid viscosity to be less than 10mPa.s. For nozzle radius
it is desirable that it is as small as possible to allow the highest possible printing
resolution to be achieved. However as the radius is reduced sU/U increases.
Nozzle radius is most preferably less than about 25micrometers. To allow the
highest possible printing resolution to be achieved at the necessarily large distances
between the nozzle and the substrate the jet velocity, U, should be as high as
possible preferably greater than 20m/s. For particle size, to minimise Pe, degr

should be as small as possible consistent with the desired function of the particles.
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It is most preferable that deﬁ.be less than about 125nanometers. Alternatively, the
product of the effective diameter and the cube root of the total volume fraction

R (18)
should be minimised consistent with other constraints such as maintaining colour
density, preferably D should be less than 95 nanometres, more preferably less than
60 nanometres, more preferably still less than 40 nanometres. '

The liquid composition or ink may contain one or more dispersed or
dissolved components including pigments, dyes, monomers, polymers, metallic
particles, inorganic particles, organic particles, dispersants, latex and surfactants
well known in the art of ink formulation. This list is not to be taken as exhaustive.

It is well understood in the art that high volume fractions of dispersed
material lead to increases in liquid viscosity, thus to maintain a viscosity as low as
reasonable so as to allow effective jetting it is preferable to keep the total dispersed
or particulate volume fraction less than about 0.25.

The invention has been described in detail with reference to preferred
embodiments thereof. It will be understood by those skilled in the art that

variations and modifications can be effected within the scope of the invention.

PCT/GB2008/003062



WO 2009/044096

10

15

20

25

-13-

CLAIMS:
1. A continuous inkjet method in which liquid passes through a nozzle,

the liquid being jetted comprising one or more dispersed or particulate components
and where the particle Peclet number, Pe, defined by
_ 1.25¢, 'd;}\/#s pU?

kT x
is less than 500 and where the effective particle diameter, d,g, is calculated

Pe

/3

?d%(d)dd

| ot

dyy

where ¢(d) is the {lolume fraction of the particles or components of
diameter d (m) and where ¢r is the total volume fraction of dispersed or particulate
components, s is the viscosity of the liquid without particles (Pa.s), pis the liquid
density (kg/m>), U is the jet velocity (m/s), x is the length of the nozzle in the |
direction of flow (m), & is Boltzmann’s constant (J/K) and T is temperature (K).

2. The method of claim 1 wherein said Peclet number is less than 250.

3. The method of claim 1 or claim 2 wherein the jet velocity, U, is
greater than about 20m/s. '

4, The method of any previous claim wherein the length of the nozzle,

x, 1S less than about 10 micrometers.

5. The method of any previous claim wherein the liquid viscosity, us,

is less than about 10 mPa.s.

PCT/GB2008/003062
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6. The method of any previous claim wherein the effective particle

size, d,g, is less than about 125 nanometers.

7. A method as claimed in any preceding claim wherein the total

volume fraction of dispersed or particulate components, ¢, is less than 0.25.

8. A method as claimed in any preceding claim wherein the continuous

inkjet nozzle is formed via a MEMs technology.

9. A method as claimed in any preceding claim wherein a perturbation

to the liquid jet is generated by a heating element.

10. A method as claimed in any preceding claim wherein droplets are

sorted for printing and non-printing by means of a flow of gas.

11. A method as claimed in any preceding claim wherein said dispersed
or particulate component contains one of or a comf)osite of a latex, a pigment, a
metal particle, an organic particle, an inorganic particle, a dye, a monomer, a

polymer, a dispersant, a surfactant.

12. A method of continuous inkjet printing in which liquid passes
through a nozzle and wherein the liquid being jetted comprises one or more
dispersed or particulate components and wherein the product of effective particle
diameter, d, of said components and the cube root of the total volume fraction,
#r, of particulate or dispersed components is less than 95nanometers, the effective

particle diameter, d,z, being calculated as
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1/3

m[d3¢(d)dd

| Jotaa

d g

and ¢y, being calculated as
¢, = [pld)dd
0

where ¢(d) is the volume fraction of the particles or components of diameter d.

13. A method as claimed in claim 12 wherein the product of effective
particle diameter, d.4 of said components and the cube root of the total volume

fraction, @, of particulate or dispersed components is less than about 60nm.

14. A method as claimed in claim 12 wherein the product of effective
particle diameter, d.5, of said components and the cube root of the total volume

fraction, ¢, of particulate or dispersed components is less than about 40nm.

15. A method as claimed in claim 12 or 13 or 14 wherein said dispersed
or particulate component contains one of or a composite of a latex, a pigment, a
metal particle, an organic particle, an inorganic particle, a dye, a monomer, a

polymer, a dispersant, a surfactant.

16. A method as claimed in any of claims 12 to 15 wherein the

continuous inkjet nozzle is formed via MEMs technology.

17. A method as claimed in any of claims 12 to 16 wherein a

perturbation to the liquid jet is generated by a heating element.

18. A method as claimed in any of claims 12 to17 wherein droplets are

sorted for printing and non-printing by means of a flow of gas.
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19. A method as claimed in any of claims 12 to18 wherein the total

volume fraction of dispersed or particulate components is less than 0.25.
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INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2008/003062

CLASSIFICATION OF SUBJECT MATTER

N SB4102/02  BA132/025

B41J2/03 B41J2/035

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

B. FIELDS SEARCHED

B41J

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

cited in the application
the whole document

cited in the application
the whole document

A US 6 817 705 B1 (CROCKETT DENNIS [GB] ET 1-19
AL) 16 November 2004 (2004-11-16)

A US 2002/122102 Al (JEANMAIRE DAVID L [US] 1~19
ET AL) 5 September 2002 (2002-09-05)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

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

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

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

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

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

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

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

*&" document member of the same patent family

Date of the actual completion of the international search

26 January 2009

Date of mailing of the intemational search report

12/02/2009

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Christen, Jérodme

Form PCT/ISA/210 (second sheet) (April 2005)
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Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.: .
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As ali required additional search fees were timely paid by the applicant, this international search report covers allsearchable
claims.

2. l___l As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search reportcovers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest DThe additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[E No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-11

A continuous inkjet method where the particle Peclet number
is less than 500 in order to solve the objective problem of
how to minimise the drop velocity variation.

2. claims: 12-19

A continuous inkjet method wherein the product of effective
particle diameter of components comprised in the ink and the
cube root of the total volume fraction of particulate or
dispersed components is 1ess than 95 nanometers in order to
solve the objective problem of how to minimise the product
of the effective particle diameter and the cube root of the
total volume fraction.
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International application No
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Patent document Publication Patent family Publication
cited in search report date member(s} date
Us 2002122102 Al 05-09-2002 DE. 60109125 D1 07-04-2005
DE 60109125 T2 06-04-2006
EP 1219430 Al 03-07-2002
JP 2002225280 A 14-08-2002
UsS 6817705 Bl 16-11-2004 AT 237473 T 15-05-2003
‘ AU 769907 B2 12-02-2004
AU 6814900 A 10-04-2001
CA 2384414 Al 15-03-2001
WO 0117783 Al 15-03-2001
CN 1373711 A 09-10-2002
DE 60002219 D1 22-05-2003
DE 60002219 T2 11-12-2003
EP 1083053 Al 14-03-2001
JP 2003508279 T 04-03-2003
RU 2229983 C2 10-06-2004
UA 67862 C2 15-07-2002
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