wo 2014/173778 A2 I} A0 000 OO OO R A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

30 October 2014 (30.10.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/173778 A2

(51
eay)

(22)

(25)

(26)

(30)

1

(72

31

International Patent Classification: Not classified

International Application Number:
PCT/EP2014/057808

International Filing Date:
16 April 2014 (16.04.2014)

Filing Language: English
Publication Language: English
Priority Data:

13165163.0 24 April 2013 (24.04.2013) EP
13166468.2 3 May 2013 (03.05.2013) EP

Applicant: OCE-TECHNOLOGIES B.V. [NL/NL]; P.O.
Box 101, St. Urbanusweg 43, NL-5914 CA Venlo (NL).

Inventor: WILLEMS, Guido G.; Ruijsstraat 122, NL-
5921 VS Venlo (NL).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: METHOD AND APPARATUS FOR SURFACE PRE-TREATMENT OF INK-RECEIVING SUBSTRATES, PRINT -

(57) Abstract: A method of surface pre-treatment of a variety of ink-receiv-

ING METHOD AND PRINTER
Fig. 1A
Setecy Midis
_ 38
e Bl Qaprar 80
A0
Bl ransparency
42«/“L_r__l
PR B
g S 1
12 -
24 | =
18 \
v ) e
OIS

ing substrates (12, 14, 16) of different types, wherein treatment energy is ap-
plied to the surface of the substrates in a controlled atmosphere that contains
nitrogen and oxygen, and the amount of energy per surface area is adjusted
dependent upon the type of substrate, characterized by a step of adjusting the
ratio of oxygen to nitrogen in the controlled atmosphere dependent upon the
type of substrate.
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Method and Apparatus for Surface Pre-Treatment of Ink-Receiving Substrates,

Printing Method and Printer

The invention relates to a method of surface pre-treatment of a variety of ink-receiving
substrates of different types, wherein treatment energy is applied to the surface of the
substrates in a controlled atmosphere that contains nitrogen and oxygen, and the

amount of energy per surface area is adjusted dependent upon the type of substrate.

When liquid ink is to be applied to the surface of the substrate, e.g. in an ink jet printer, it
is frequently desired or necessary to pre-treat the substrate in order to increase the
surface energy of the substrate to such a level that the surface can be wetted with the
liquid ink. The pre-treatment may for example be a plasma treatment in which a plasma
jet is directed onto the surface of the substrate so that ions contained in the plasma will
react with the substrate surface. In another embodiment, the pre-treatment may include
a corona discharge. In any case, the pre-treatment includes a transfer of energy to the
surface of the substrate in order to induce a reaction that modifies the chemical and/or

physical properties of the substrate surface.

US 7 150 901 discloses a method of the type indicated above, wherein a plasma

treatment is performed in the presence of ambient air or in a pure nitrogen atmosphere.

JP 6 041 337 A discloses a method for controlling the surface energy of a plastic
substrate by means of a plasma or corona treatment with a mixed gas containing a
fluorine-containing compound, while adjusting the mixing ratio of the components of the

mixed gas.

When an ink droplet is applied to the surface of the substrate, the size of the resulting
ink dot will depend upon the speed with which the liquid ink spreads over the surface of
the substrate, in relation to the speed with which the ink dries-out by evaporation of the

solvent, and in relation to the speed with which the liquid is absorbed into the substrate.

The surface treatment may have an influence on the absorption speed, especially in

case of porous substrates, but will mainly have an effect on the speed with which the
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liquid spreads, because the contact angle which the liquid/air meniscus of the droplet
forms with the surface of the substrate will dependent upon an equilibrium between the
surface tensions of liquid-to-air surface, the liquid-to-substrate surface and the
substrate-to-air surface. In general, the spreading speed of the liquid and, consequently,
the dot size will increase when the intensity of the pre-treatment is increased. Thus, the
pre-treatment provides a possibility to control the dot size of the ink dots on the

substrate.

It is an object of the invention to provide a method that improves the control of the dot

size on a variety of substrates.

In order to achieve this object, the method according to the invention includes a step of
adjusting the ratio of oxygen to nitrogen in the controlled atmosphere dependent upon

the type of substrate.

Thus, according to the invention, the oxygen content of the controlled atmosphere is
used as another parameter, in addition to the treatment energy, for controlling the pre-
treatment conditions. This permits to adjust the pre-treatment more adequately to the

respective types of substrate.

When the controlled atmosphere consists essentially of nitrogen, i.e. when the
atmosphere is practically free of oxygen, and when the intensity of the pre-treatment is
gradually increased while all other conditions are left unchanged, the resulting dot size
will increase and will then reach a certain level. When the intensity is increased further,
the dot size will not increase further but will essentially stay on the level that has been
reached. In other words, the dot size curve as a function of the treatment intensity

shows a plateau for large intensities.

However, when the pre-treatment is performed at ambient air, it has been found that, at
least for some substrates, the dot size curve reaches a maximum and then starts to
decrease again without ever reaching the plateau for pure nitrogen when the intensity is
increased further. It is presumed that the reason for this effect is that the oxygen
contained in the air reacts with the substrate to form acidic groups on the substrate
surface. This has the consequence that latex or pigment inks, that are generally

alkaline, tend to react with the acidic groups, and these chemical reactions compromise
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the spreading of the liquid, so that, when the substrate surface becomes more and more
acidic with increased treatment energy, the spreading speed is reduced to such an

extent that the dot size decreases.

It is generally desired that the pre-treatment energy is kept in a range in which the dot
size curve is essentially flat, i.e. at a value close to the maximum of the dot size curve in
case of an ambient air and to value within the plateau in case of pure nitrogen. This has
the advantage that the dot size will be independent of any possible fluctuations of the
treatment intensity which may be caused for example by a surface roughness or other

surface irregularities of the substrate.

The invention now offers the possibility to use the oxygen content as a parameter for
changing the height of the peak of the dot size curve. In this way, it becomes possible to
keep the treatment intensity in a range where the dot size curve is flat, and nevertheless
obtain essentially the same dot size for all substrates, irrespective of the different types
of substrates. The great advantage is that the pigment concentration of the ink can be
optimized for that dot size. This permits to optimize the colour gamut and to achieve a
more consistent colour management irrespective of differences between the various

types of substrates.

More specific optional features of the invention are indicated in the dependent claims.

The composition of the treatment atmosphere may be controlled in any suitable way,
e.g. by supplying pure nitrogen gas and pure oxygen gas the treatment zone with
suitably adjusted flow rates. In a preferred embodiment, however, the gas composition
is controlled by forcing ambient air to pass through a gas separation membrane that in
general has a higher permeability for nitrogen than for oxygen. Without wanting to
bound to any theory, it is believed to be caused by the fact that nitrogen has a smaller
molecular size than oxygen. Then, the nitrogen content of the gas that has passed
through the membrane (i.e. at the permeation side of the membrane) will depend upon
the thickness of the membrane, the flow-rate of the ambient air and/or the pressure with
which the gas has been forced through the membrane. Due to selective permeation of
nitrogen, the gas on the permeation side of the membrane will be nitrogen enriched.
The gas that has not passed through the membrane, i.e. at the retention side of the

membrane consequently is oxygen enriched. Consequently, the method can be carried
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out while using just ambient air and without any need for a supply of pure gases.

In an embodiment, the used membrane is a tubular gas separation membrane.

If a tubular gas separation membrane is used, depending on the pressure and flow-rate
of the ambient (pressurized) air through the tubular membrane, the permeation side of
the membrane provides nitrogen enriched air and the retention side of the membrane

provides oxygen enriched air.

Preferably, the pre-treatment may be carried out under a gas douche.

An apparatus for carrying out the invention has a user interface adapted to input
information on the type of substrate being used and a controller adapted to
automatically adjust the oxygen content of the controlled atmosphere to the type of
substrate. The controller may include or may have access of an electronic table that
links the various types of substrate to the corresponding values of the oxygen content

and the treatment energy.

The pre-treatment apparatus may be a stand-alone device or may be integrated in a

printer.

An embodiment example will now be described in conjunction with the drawings,

wherein:
Fig. 1A is a schematic view of an ink jet printer with an integrated pre-
treatment apparatus according to the invention;
Fig. 1B is a schematic view of a pre-treatment apparatus as used in an
embodiment of the present invention
Fig. 1C is a schematic view of a gas membrane module as used in an

embodiment of the present invention

Figs. 2 and 3 show the shapes of ink droplets on a treated and a non-treated

substrate surface, respectively, and
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Figs. 4 and 5 are diagrams showing dot size curves for different pre-treatment

atmosphere compositions.

The ink jet printer shown in Fig. 1A has three bins 10 for accommodating stacks of
sheets of print substrates 12, 14, 16. Each bin 10 may be assumed to contain
substrates of a different type, e.g. different qualities of paper, plastic film transparencies
and the like.

A substrate transport path 18 is constituted by a motor-driven endless conveyer belt. A
feed mechanism 20 is provided for withdrawing the substrate sheets one by one from

the top of the stack in one of the bins 10 and to feed the sheets into the transport path.

The bins 10 are mounted on a lift mechanism 22 arranged to lift a selected one of the
bins 10 into a position in which it is level with a transport path 18, so that the substrate
sheets may be drawn-in from that bin. The feed mechanism 20 can be tilted away into a

position in which it does not interfere with the vertical movements of the bins 10.

An ink jet printhead 24 is arranged above the substrate transport path 18 for printing an
image onto each of the substrates passing through. A pre-treatment station 26 is

arranged at the transport path 18 in a position upstream of the printhead 24.

The pre-treatment station 26 includes a pre-treatment device which, in this example,

comprises a plasma treatment unit 140.

Fig. 1B shows the side view of a plasma treatment unit 140 being present in the pre-
treatment station 26(Fig. 1A) that can be used in a method according to an embodiment
of the present invention. Please note that the media transport direction through the pre-
treatment device is represented opposite to the media transport direction as shown in
Fig. 1A. In practice said transport directions are the same. A sheet of recording
substrate P is transported by sheet transporting means through a transport path 148 in
the direction indicated by arrow X along a plasma unit 140. The transport path 148 has
a height H, which is sufficient to accommodate the thickness of the transported cut
sheet material. Note that the transport path height H in Fig. 1B is shown schematically
and is typically in the range of 1 to 3 mm. The sheet transport means comprises a

driving roller 158 and a free rotatable roller 157, which together form a transport pinch.
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The plasma unit 140 comprises a body 146, a plasma generating means comprising a
high voltage electrode 142, and a sheet guidance means 144. The sheet guidance
means 144 is positioned between the high voltage electrode 142 and the transport path
148. The sheet guidance means 144 provide a predetermined distance PDgy,;q between
the transport path 148 and the high voltage electrode 142. The predetermined distance
PDguia in Fig. 1B is shown schematically and is typically in the range between 1 and 3
mm, preferably about 1.5 mm. The sheet guidance means 144 may be constituted of a
ceramic material, such as aluminium oxide (Al,O3), silicon nitride (SizN,4) or silicon
carbide (SiC). The plasma generating means further comprises a counter electrode 150.
The counter electrode 150 is electrically grounded. Further the sheet transporting
means comprises a sheet supporting surface 152 for supporting the sheet P during
transport in the direction of the sheet transport path 148 along the high voltage
electrode 142.

An air flow indicated by arrows A is provided inside of the plasma unit 140. The air flow
removes air contaminations, which is generated between the high voltage electrode 142
and the counter electrode 150, and directs the contaminations towards an air pump
device (not shown). The air pump device further contains a filter in order to remove the
air contaminations, such as ozone, from the air flow (gas douche).

In this embodiment, a sheet of a recording substrate may be transported between the
high voltage electrode and het counter electrode. In this configuration, the gas present
in the pores (e.g. air-pockets) of the substrate is also ionized and hence the whole
thickness of the substrate is plasma treated, unlike the treatment with a plasma gun
wherein the counter electrode is comprised in the gun.

In another embodiment the sheet supporting surface 152 comprises an electrical
insulating layer, for example a ceramic layer, such as a glass layer, or a polymeric layer.
The electrical insulating layer arranged in between the counter electrode 150 and the
transport path 148 provides that the surface treatment of the sheet of recording
substrate P during the plasma treatment process of the high voltage electrode 142
towards the surface of the cut sheet material attains a certain treatment widening. This
improves the uniformity and quality of the surface treatment of the sheet of recording
substrate P.

The gas douche is provided for creating, in the operating range of the pre-treatment
device 28, an atmosphere that is mainly formed by a mixture of nitrogen and oxygen

with a controlled oxygen content.
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The oxygen content in the air may be controlled with a gas separation membrane as
shown in Fig. 1C.

In the example shown, the oxygen content is controlled by means of the blower 200
which sucks-in ambient air (arrow B) and forces the air through a tubular gas separation
membrane 203 of which the exit permeation side 204 is connected to the body 146 of
the plasma unit 140, such that the composition of the gas that is ionized in the plasma
region can be controlled.

The pressure and/or the mass flow rate in the feed line of the gas separation membrane
203 is measured with sensor 202 and with this signal the feed flow-rate of the gas
separation membrane 203 is controlled.

The air-flow that is pressed through the gas separation membrane 203 (indicated with
arrow D), is nitrogen enriched. The air flow that passes through the retention side of the
membrane (indicated with arrow C) comprises oxygen enriched air. The design
characteristics, among which the thickness of the gas separation membrane 203 are
selected such that a desired range of nitrogen contents can be covered by varying the

pressure and flow-rate at the entrance of the gas separation membrane.

In an embodiment, the gas separation membrane can be operated in a steady state, i.e.
the out-coming gas flows (indicated with arrows C and D in Fig. 1C) have a constant
nitrogen content (C : Oxygen enriched; D Nitrogen enriched). The desired concentration
of nitrogen and oxygen can be obtained by mixing the permeated gas flow (D) with the

outcoming gas flow (C) and/or with ambient air.

An electronic controller 36 is provided for controlling the various components of the ink
jet printer, including the printhead 24, the sheet conveying mechanism, the lift
mechanism 22 and also the pre-treatment station 26 having the blower 200, the mass

flow controller 201 and the pre-treatment device 28.

A user interface 38 is connected to the controller 36 and includes a display screen 40
and an input section 42 permitting a user to specify (among others) the types of the
substrates 12, 14, 16 that are presently contained in the bins 10. The bins and the
loaded types of substrate are shown on the display screen 40, permitting the user to

select one of the bins and the corresponding type of substrate for printing.

The controller 36 includes an electronic table 44 that stores, for each of the substrates
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12, 14, 16, an associated value for the treatment energy to be delivered by the pre-
treatment device 28 and an associated value for the oxygen content of the atmosphere
to be created in the gas douche 30. In this example, the oxygen content may be
indicated implicitly by corresponding values for the displacement or output pressure of
the blower 32. The table 44 may also include additional data sets for other types of

substrate that might be loaded into the bins 10 in place of the substrates 12, 14, 16.

When the user has selected a specific bin and, therewith, a specific type of substrate,
the controller 36 will automatically control the pre-treatment device 28 and the blower 32

so as to provide the required pre-treatment conditions.

The effect of the pre-treatment of the substrates is illustrated in Figs. 2 and 3.

In Fig, 2, an ink droplet 46 has been jetted onto the surface of a substrate sheet 14a
that has not been pre-treated. In this case, the surface energy of the substrate is small
in comparison to the surface tension of the liquid ink in the droplet 46. This means that
the substrate surface is hydrophobic (in case of water-based inks) and the adhesion
force between the substrate and the liquid ink is smaller than the cohesion force of the
liquid, with the result that the ink does not wet the substrate, and the contact angle a

between the ink droplet and the substrate surface is smaller than 90°.

For comparison, Fig. 3 shows an ink droplet 48 on a substrate sheet 14b that has been
pre-treated and therefore has a higher surface energy. In this case, the difference in
surface tension between the substrate-to-air surface of the substrate sheet and the
substrate-to-liquid surface of the substrate sheet is larger than the surface tension of the
ink droplet 48 (liquid-to-air), so that the substrate surface is wetted with ink and the ink
droplet 48 is spread until an equilibrium condition is reached at a contact angle a that is

significantly larger than 90°.

In the course of time, the solvent in the liquid will evaporate, and part of the ink may also
be absorbed into the depth of the substrate sheet, so that what is finally left on the
surface of the substrate is an ink dot of a predetermined size. This dot size will depend
critically upon the speed with which the ink droplet 48 spreads due to the mechanism
described above. Consequently, the surface tension of the substrate sheet 14b, as it

results from the pre-treatment, has an important influence on the dot size.
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On the other hand, the spreading of the ink droplet 48 and the resulting dot size is also
influenced by the chemistry at the surface of the substrate sheet. When the substrate
surface is acidic while the ink is alkaline (as is the case for most latex and pigment inks),
chemical reactions between the substrate and the ink will tend to slow down the
spreading of the ink droplet 48 and to reduce the resulting dot size. The chemistry of the
treated substrate surface will depend on the intensity (energy per unit area) of the
treatment but also on the composition, especially the oxygen content, of the atmosphere

in the treatment zone.

Fig. 4 shows examples of dot size curves indicating the dot size as a function of the
treatment intensity for a specific type of substrate (e.g. the substrate 14 in Fig. 1A) and
for oxygen contents of 0% (pure nitrogen), 5%, 10% and 21% (ambient air),

respectively.

It can be seen that, in presence of oxygen, the dot size has a peak at a certain
treatment intensity and then tends to decrease again when the intensity is increased

further. The height of the peak is generally lower when the oxygen content is higher.

Fig. 5 shows corresponding dot size curves for a different type of substrate (e.g. the
substrate 16 in Fig. 1A). Although the general shape of the dot size curves is similar, the
heights of the peaks and the intensity values where the maximum is reached are

different, due to different surface properties of the substrate.

The controller 36 will control the pre-treatment conditions such that a uniform dot size
(of e. g. 90 um in this example) will be achieved for all types of substrate (if the volume
of the ink droplets and all other conditions are the same). In principle, as can be seen in
Figs. 4 and 5, this could be achieved with a pure nitrogen atmosphere (dot size curves
for 0%), simply by appropriately adjusting the treatment intensity (to about 20 W min/m?
in Fig. 4 and approximately 30 W min/m? in Fig. 5). However, in this intensity range, the
dot size curves for 0% are very steep, which means that the dot size would depend
critically upon the exact value of the treatment intensity, and even minor fluctuations in
the intensity would lead to visible fluctuations of the dot size and, consequently, to a

poor image quality.
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This is why, according to the invention, the dot size is controlled by adjusting both the
treatment intensity and the oxygen content of the atmosphere. In Fig. 4, an atmosphere
with an oxygen content of 10% is used, and the intensity is adjusted such that the dot
size reaches its maximum of 90 um. In this range, the dot size curve for 10% is flat, so

that the dot size is largely insensitive to fluctuations of the treatment intensity.

In Fig. 5, the same dot size of 90 um is achieved by using an atmosphere with an
oxygen content of only 5% and adjusting the intensity to the maximum of the dot size
curve for 5%. Again, this curve is flat in the vicinity of the selected intensity value, so

that the dot size will also be insensitive to intensity fluctuations.

It will be understood that, by varying the oxygen content of the atmosphere and
appropriately adjusting the treatment intensity, the resulting dot size may be varied in a
relatively wide range, and still the dot size will be the same for all types of substrates
being used. In general, in order for the dot size to be insensitive to intensity fluctuations,
it is sufficient that the dot size curve is flat in the vicinity of the selected intensity value, i.
e., the curve must have a point of zero derivative which may also be a local minimum or

a saddle point rather than a local maximum or peak.
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CLAIMS

1. A method of surface pre-treatment of a variety of ink-receiving substrates (12,
14, 16) of different types, wherein treatment energy is applied to the surface of the
substrates in a controlled atmosphere that contains nitrogen and oxygen, and the
amount of energy per surface area is adjusted dependent upon the type of substrate,
characterized by a step of adjusting the ratio of oxygen to nitrogen in the controlled

atmosphere dependent upon the type of substrate.

2. The method according to claim 1, wherein, for each of a plurality of different
types of substrate (12, 14, 16), the ratio of oxygen to nitrogen is selected such that a dot
size curve indicating the size of an ink dot resulting from an ink droplet (48) with a given
volume as a function of the treatment energy has a point of zero derivative at the same
level for all the substrates, and the treatment energy for each substrate is adjusted to

said point of zero derivative of the dot size curve of that substrate.

3. The method according to claim 1 or 2 wherein the controlled atmosphere is

supplied via a gas douche (30).

4. The method according to any of the preceding claims, wherein the ratio of
oxygen to nitrogen in the controlled atmosphere is controlled by passing ambient air
through a membrane (34) that has different permeabilities for oxygen and nitrogen, and

by adjusting the differential pressure across the membrane.

5. The method according to any of the preceding claims, comprising the steps of: -
storing a value for the ratio of oxygen to nitrogen and a value for the treatment

energy for each of the different types of substrate in an electronic table (44),

- specifying a type of substrate in a controller (36) that has access to the

electronic table (44), and

- having the ratio of oxygen to nitrogen and the treatment energy adjusted by

means of the controller (36).

6. An apparatus for surface pre-treatment of a variety of ink-receiving substrates
(12, 14, 16), comprising a pre-treatment device (28), a gas supply system (30, 32, 34)

adapted to create an atmosphere with a controllable oxygen to nitrogen ratio in a
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treatment zone of the pre-treatment device (28), and a controller (36) adapted to control
both the oxygen to nitrogen ratio and the treatment energy applied by the pre-treatment

device (28) as dependent upon the type of substrate.

7. The apparatus according to claim 6, wherein the gas supply system comprises a
gas douche (30).

8. The apparatus according to claim 6 or 7, wherein the gas supply system
comprises a membrane (34) with different permeabilities for oxygen and nitrogen, and a

blower (32) arranged to press ambient air through the membrane (34).

9. A printing method wherein liquid ink is applied to a variety of substrates (12, 14,
16), characterized by using the method according to any of the claims 1 to 5 for pre-

treating the substrates.

10. A printer comprising a pre-treatment apparatus according to any of the claims 6
to 8.
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