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(57) In the particular embodiment of a device for removing dissolved gas from 1nk described 1n the specification, an
elongated ink path (27) leading to an ink jet head (11) 1s formed between two permeable fluorine-containing
membranes (30, 31). The membranes are backed by air plenums (32, 33) which contain support members (34) to hold
the membranes 1n position. Reduced pressure 1s applied to the plenums to extract dissolved gas from the ink 1n the ik
path without accumulating scum on the membrane surfaces. Increased pressure can also be applied to the plenums to
eject ink from the nk jet head for purging. Within the ik jet head, ink 1s circulated convectively from the orifice (35)
to the deaerating path (27) even when the jet 1s not jetting ink.
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Removal of Dissolved Gas from Ink in an Ink Jet System

Abstract

In the particular embodiment of a device for
removing dissolved gas from ink described in the
specification, an elongated ink path (27) leading to
an ink jet head (11) is formed between two permeable

Fluorine-containing membranes (30,31). The membranes

are backed by air plenums (32,33) which contain sup-
port members (34) to hold the membranes in position.
Reduced pressure is applied to the plenums to extract
dissolved gas from the ink in the ink path without
accumulating scum on the membrane surfaces. Increased
pressure can also be applied to the plenums to eject
ink from the ink jet head for purging. Within the ink
jet head, ink is circulated convectively from the
orifice (35) to the deaerating path (27) even when the

jet is not jetting ink. (Fig. 2)
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Description

Removal of Dissolved Gas from Ink in an Ink Jet Svstem

Technical Field

This invention relates to the removal of gas from
ink in an ink jet system and, more particularly, to a
new and improved method and apparatus for removing
dissolved gas from ink in an ink jet system.

Background Art

In the Canadian patent of Hoisington et al., No.
2,304,009, a method and apparatus for removing
dissolved air from ink are disclosed. As described in
that application, in many ink jet systems ink is
supplied to a chamber or passage connected to an
orifice from which the ink is ejected drop by drop as
a result of successive cycles of decreased and
increased pressure applied to the ink in the passage.
If the ink introduced into the passage contains
dissolved air or other gas, decompression of the ink
during reduced-pressure portions of the pressure cycle
may cause the dissolved gas to form small bubbles in
the ink within the passage. Repeated decompression of
the ink in the chamber causes these bubbles to grow
and such bubbles can produce malfunction of the ink
jet apparatus.

In order to overcome this difficulty in accord-
ance with the above-identified copending application,
the ink in the ink jet system is subjected to a re-
duced pressure applied through a membrane which is
permeable to gas but not to ink. To apply the reduced
pressure, the ink is conveyed to an ink jet head
through a passage which communicates through a per-
meable membrane with a plenum maintained at a reduced
air pressure. As described in that application, the
membrane may be a flexible sheet material such as, for
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example, a 0.0l-inch (0.25 mm) thick layer of medi-
cal-grade silicone sheeting, such as Dow=-Corning
SSFMEXD-174, now available from Dow-Corning under the

designation "2174". It has been found, however, that

certaln types of gas-permeable, ink-impermeable sheet
material, such as silicone sheeting, tend to have a
small but finite permeability to certain low-
molecular-weight components of the ink, permitting

small amounts of such components to pass through the

‘membrane and accumulate as a scum on the low-pressure

side of the membrane. If the scum-like accumulation
1s not removed periodically, it will reduce the effj-

ciency of the membrane in the gas removal process.

Disclosure of Invention

Accordingly, it is an object of the present in-
vention to provide a new and improved deaeration
method and apparatus for an ink jet system which over-
comes the above-mentioned disadvantages of the prior
art.

Another object of the invention is to provide a
membrane for removing dissolved gas from ink in an ink
jet system which avoids collection of scum.

These and other objects of the invention are
attained by subjecting ink in an ink Jjet system to a
reduced pressure applied through a membrane made of a
fluorine-containing material which is permeable to gas
but not to ink. Surprisingly, the use of a fluorine-
containing material prevents or inhibits the permea-
tion of low-molecular-weight ink components and
thereby inhibits the formation of scum which tends to
accumulate on membranes made of other materials when
used to remove dissolved gas from ink in an ink jet
system. Preferred membrane materials are fluorosili-
cone and Teflon. To eliminate the tendency of such
fluorine-containing materials to resist bonding which

may be required in the assembly of the apparatus, the
surface of a fluorine-containing membrane may be
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etched without affecting the scum-inhipiting property

of the fluorine-containing membrane.

Brief Description of Drawings
Further objects and advantages of the invention

5 will be apparent from a reading of the following de-
scription in conjunction with the accompanying draw-
ings, in which:

Fig. 1 is a block diagram, partly 1n section,
schematically 1llustrating a representative embodiment
10 of an ink jet 1ink supply system including an arrange-
ment for removing dissolved gas 1in accordance with the
present lnvention; and
Fig. 2 1s an enlarged cross-sectional view of the

arrangement for removing dissolved gas used 1n the 1nk
15 supply system of Fig. 1.

Best Mode for Carrving OQut the Invention
In the typical embodiment of the invention illus-

trated in the drawings, an ink jet appardatus includes

an ink supply reservolr 10 holding liquid ink for use
20 1n an ink jet head 11 from which ink 1s ejected to

produce a desired pattern on a sheet or web 12 of

paper or other 1image support material in the usual

manner. The 1nk jJet head 1l 1s supported by con-

ventional means for reciprocal motion transverse to
25 the web 12, 1.e., perpendicular to the plane of

Fig. 1, and the web 1s transported by two sets of

drive rolls 13 and 14 in the direction indicated by

the arrow past the 1nk jet head.

The 1ink supply system includes an ink pump 15 for

30 transferring 1ink from the ink supply 10 through a

flexible supply line 16 to a reservoir 17 which is
supported for motion with the ink jet head 11. 1If hot

melt ink 1s used 1in the ink jet apparatus, the ink

supply system may pe of the type described in the Hine

35 et al. Canadian Patent 1,299,914 for "Hot Melt Ink Sup-
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ply System", assigned to the same assignee as the
present application. In that ink supply system, ink
is transferred from the 1nk supply 10 to the reservoir
17 only when the level of the i1ink 18 in the reservoir
1s low. '

To maintailn the ink in the reservoir 17 at atmo-
spheric pressure, a vent 19 is provided. Accordingly,
the ink 18 standing in the reservoir 17 contains air
even 1f the 1nk was protected from air in the ink
gupply 10. Moreover, when hot melt inks are used, as
much as 20% by volume of air may be dissolved in the
ink. If ink containing such dissolved air is sub-
jected to the periodic decompression which takes place
in the ink jet head 11, air bubbles can form in the
ink, causing failures 1n the operation of the ink jet
head.

To overcome this problem in accordance with the
present invention, a device 20 for removing dissolved
gas 1s provided in the 1ink supply path between the
reservolr 17 and the ink jet head 11. An air pump 21
1s connected through a flexible air line 22 to provide
increased or reduced air pressure to the device 20.
The dissolved—-gas removal device 20 is mounted for
reciprocal motion with the ink jet head 11 and the
reservolr 17 and, in the illustrated embodiment, the
air pump 21 1s operated by engagement of a projectable
pump lever 23 with a projecting lug 24 on the device
20 during the reciprocal motion of the ink jet head.
The pump lever 23 1s projected from the pump 21 only
when negative or positive pressure is required.

The pump lever 23 1s connected to a piston 25
within the pump which is arranged so that, if negative
pressure 1s to be provided to the dissolved-gas re-
moval device 20, the pump lever will be projected from
the pump 21 so as to be engaged by the lug 24 during
motion of the device in one direction, causing the
piston to move i1n a direction to apply reduced pres-

sure through the line 22, after which the piston may
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be locked in position. If increased pressure 1s to be
applied to the device 20, the lever 23 is projected
from the device 21 so as to be moved with the piston
25 in the opposite direction by the lug 24.

5 The internal structure of the dissolved-gas re-
moval device 20 and the ink jet head 11 is shown in
the sectional view of Fig. 2. At the lower end of the
reservolr 17, a check wvalve 26 1s arranged to permit
ink to pass from the reservoilir to a narrow elongated

10 gas removal passage 27 which leads to two passages 28
and 29 1in the 1nk jet head 1l through which 1ink 1is
supplied to the head. 1In a particular embodiment, the
passage 27 1s about 0.04 inch (1 mm) thick, 0.6 1inch
(15 mm) wilide and 3.5 1inches (8.9 cm) long and is

15 bounded by parallel walls 30 and 31 which are made
from a f£lexible fluorine-containing sheet material
which 1s permeable to air but not to i1nk. The mate-
rial may, for example, be a layer of fluorosilicone or

¥ Teflon material about 0.0005 to 0.050 inch (0.013 to

20 1.3 mm) thick. When a Teflon membrane is used, the
thickness 1s preferably i1in the range from 0.0005 to
0.003 inch (0.013 to 0.076 mm). When a fluorosilicone
membrane 1s used, 1t 1s preferably about 0.003 to
0.012 inch (0.076 to 0.30 mm) thick.

25 In order to permit bonding of the fluorine-con-
taining membranes 30 and 31 which are normally resist-
ant to bonding, the surface of the membrane to be
bonded 1s subjected to plasma etching using, for exam-
ple, a plasma formed from a mixture of hydrogen and

30 argon or hydrogen and nitrogen. Although commercial
etchants, such as the*fetraetch etchant marketed by
W.L. Gore, may be used, they tend to contaminate the
surface with debris which may clog the ink jet ori-
fices. Consequently, plasma etching is preferred.

35 Although only the surface portions which are to be

bonded need to be etched, 1t has been found that etch-
ing of the entire membrane surface does not interfere

with the scum-inhiblting property of the membrane.

X
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On the other side of the membranes 30 and 31 from
the passage 27, air plenums 32 and 33 connected to the
arr line 22 are provided. Each plenum contains a
membrane Support 34 consisting, in the illustrated
> example, of a corrugated or waffled member or screen
to support the membrane when the pressure within the
plenum 1s reduced. The air pump 21 is arranged to
normally maintain pressure within each plenum at less
than about 0.4 atmosphere, and preferably less than
10 about 0.2 atmosphere. In addition, the length and
width of the passage 27 are selected so that, during
operation of the ink jet head, the ink being supplied
thereto 1s subjected to a reduced pressure within the
passage for at least about one-half minute, aid pref-
15 erably for at least one minute. With this arrange-
ment, enough dissolved gas is extracted through the
membranes 30 and 31 from the ink within the passage to
reduce the dissolved gas content of the ink below the

level at which bubbles are formed during normal opera-
20 tion of the ink jet head.

25 shutdown. For this purpose, the air pump 21 1s ar-

vice 20. This causes the flexible membranes 30 and 31
to move toward each other. Since the check valve 26

nead 11, expelling any ink therein which may contain
gas bubbles through the ink jet orifice 35.

In order to deaerate ink in the ink jet head 11
which may have dissolved gas received through the ink
surface exposed to air at the orifice 35, a heater 36
1s mounted on the rear wall 37 of an ink Jet passage

38 which leads from the ink in the passages 28 and 29

35
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to the orifice 35. The heater 36 is energized to keep
the 1nk in the passage 38 at a higher temperature than
the 1nk in the passage 27. As a result, the ink in

the passage 28, which may contain dissolved gas re-
ceived through the orifice 35 during inactive periods

in the operation of the jet, is circulated continu-
ously by convection upwardly through the passage 38
and then through the passage 29 to the dissolved-gas
removal passage 27. In the gas removal passage 27,

the gas 1s extracted from the ink as the ink moves

downwardly to the passage 28, and it then returns
through the passage 28 to the passage 38.

In operation, ink from the reservoir 17 which
contains dissolved air is transferred to the ink jet
head 11 through the passage 27 as the ink jet head
operates. The reduced pressure in the plenums 32 and
33 causes dissolved gas in the ink to be extracted
from the ink through the membranes 30 and 31. As the
dissolved-gas removal device 20 moves in its recipro-
cal motion, the air pump 21 is operated as necessary
by projection of the lever 23 to engage the lug 24 to
maintain reduced pressure in the plenums. When it is
necessary to expel ink from the ink jet head on
start-up of the system, the air pump 21 is arranged to
supply increased pressure to the plenums 32 and 33.
During nonjetting periods of the ink jet head, the ink
circulates convectively through the passages 38, 29,
27 and 28, transporting ink which may contain dis-
solved gas from the orifice 35 to the gas removal
device.

Although the invention has been described herein
with reference to a specific embodiment, many mcdifi-
cations and variations therein will readilily occur to
those skilled in the art. For example, the permeable
membrane and air plenum may form one wall of an ink
reservoir. Accordingly, all such variations and modi-
fications are included within the intended scope of

the 1nvention.
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Claims

A device for removing dissolved gas from ink in
an ink jet system comprising a gas—permeable,
ink-impermeable fluorine-containing membrane,
means for applying ink containing dissolved gas
to one side of the fluorine-containing membrane,
and means for applying a reduced gas pressure to
the other side of the membrane to cause gas dis-
solved 1n ink to be extracted from the ink

through the fluorine-containing membrane.

A device according to Claim 1 wherein the mem-
brane thickness is within the range from about
0.013 mm to 1.3 mm.

A device according to Claim 1 wherein the
fluorine-containing membrane comprises a fluoro-
silicone material.

A device according to Claim 3 wherein the mem-
brane thickness is within the range from about
0.076 mm to 0.3 mm.

A device according to Claim 1 wherein the
fluorine-containing membrane comprises a

polytetrafluoroethylene material.

A device according to Claim 5 wherein the mem-

brane thickness is in the range from about 0.013
mm to 0.076 mm.

A device according to Claim 1 wherein the means

for applying reduced gas pressure to the other
side of the membrane comprises a vacuum plenum.

A method for removing dissolved gas from ink in
an 1nk jet system comprising providing a
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fluorine-containing gas-permeable, ink-imperme-
able membrane, applying 1ink cohtaining dissolved
gas to one side of the fluorine-containing mem-
brane, and applying reduced gas pressure to the
5 other side of the fluorine-containing membrane.

9. A method according to Claim 8 wherein the

fluorine-containing membrane comprises a fluoro-
silicone material.

10. A method according to Claim 8 wherein the

10 fluorine-containing membrane comprises a

polytetrafluoroethylene material.

11. A method for preparing a dissolved-gas removing
device for an ink jet system comprising etching a
surface of a fluorine-containing membrane, and

15 bonding the etched surface to a support member to
provide a wall of an ink-containing element 1in an
ink “et system.

12. A method according to Claim 1l including forming
a plenum to apply reduced gas pressure to the
20 opposite side of the wall of the ink-containing
element.

13. A method according to Claim 11 wherein the etch-
ing process employs a plasma.

14. A method according to Claim 11 wherein the
25 fluorine-containing membrane comprises a fluoro-
silicone material.

15. A method according to Claim 14 wherein the etch-
ing process employs a plasma.
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A method according to Claim 11 wherein the

fluorine-containing membrane comprises a

polytetrafluoroethylene material.

A method according to Claim 16 wherein the etch-

ing process employs a plasma.
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