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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention generally relates to marking in-
struments, and, more specifically, to free ink marking in-
struments that provide greater hydrostatic stability in re-
sponse to changes in temperature and pressure, im-
proved ink flow performance, improved design freedom,
and ease of manufacture.

Brief Description of Related Technology

[0002] Itis well known to provide a pen having free ink
(i.e., liquid ink that can be stored in a cavity and that is
free to move or flow in response to external forces such
as motion, gravity, and pressure) that a user can selec-
tively apply to a substrate such as paper, metal, or plastic.
Such known pens typically include a reservoir for storing
the ink and a channel for directing the ink from the res-
ervoir to a marking tip. The ink of such known pens typ-
ically has a vapor pressure such that the ink, and any air
in the reservoir, expands and contracts in response to
changes in ambient temperature and pressure. Such ex-
pansion and contraction can cause the ink to leak from
the writing tip of the pen, under certain conditions.
[0003] Othersuchknown pensinclude a buffer for stor-
ing ink that would otherwise leak through the tip in re-
sponse to changes inambienttemperature and pressure.
The excess ink is typically stored in the front of the buffer,
near the tip of the pen, due to gravity, when the pen is in
the tip-down position. However, such known pens have
several disadvantages: the ink capacity of the buffer is
limited such that when the buffer is full the excess ink
leaks from the pen, and the ink is often permanently
stored in the buffer resulting in decreased buffer capacity
and wasted ink. Another of such known pens provides
for the clearing of ink from the buffer when the pressure
inside the pen increases by venting air into the pen
through an external vent. Such known pens, however,
clear only a small portion of the buffer. Still other pens
have achieved hydrostatic stability, but only with design
restrictions that require stringent manufacturing toleranc-
es and result in reduced ink flow rates.

[0004] Accordingly, it would be desirable to provide a
hydrostatically stable pen that responds to repeated tem-
perature and pressure changes without substantially
leaking or dripping, and that permits greater design free-
dom and ink flow rates.

SUMMARY OF THE INVENTION

[0005] It is an objective of the invention to overcome
one or more of the problems described above.

[0006] The invention is directed to a free ink marking
instrument for dispensing an ink including a housing, a
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reservoir for storing ink within the housing, a feed tube
to convey ink communicating with the reservoir, a tip dis-
posed within the feed tube for conveying ink to a substrate
at a marking end of the tip, a porous buffer disposed
within the housing adjacent the feed tube and configured
for storing ink during periods of a decreasing pressure
differential between the reservoir and the atmosphere,
and a passage between the outside surface of the tip and
the inside surface of the feed tube, wherein the passage
has a mean thickness of about 0.010 inches (in.) to about
0.025 in. (about 0.254 mm to about 0.635 mm).

[0007] Further aspects and advantages of the inven-
tion may become apparent to those skilled in the art from
a review of the following detailed description, taken in
conjunction with the appended claims. While the inven-
tion is susceptible of embodiments in various forms, de-
scribed hereinafter are specific embodiments of the in-
vention with the understanding that the disclosure is il-
lustrative, and is not intended to limit the invention to the
specific embodiments described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1 is a perspective view of a marking instru-
ment according to one embodiment of the invention.
Figure 2 is a stylized cross-sectional view of the
marking instrument of Figure 1 taken along line 2-2
of Figure 1, illustrating functional components of the
instrument.

Figure 3 is a cross-sectional view of the marking in-
strument of Figure 2 taken along line 3-3 of Figure 2.
Figure 4 is an enlarged fragmentary cross-sectional
view of an area of the marking instrument of Figure 2.
Figure 5 is a fragmentary stylized cross-sectional
view of another embodiment of a marking instrument
of the invention, illustrating functional components
of the instrument.

Figure 6 is a stylized cross-sectional view of another
embodiment of a marking instrument of the inven-
tion, illustrating functional components of the instru-
ment.

DETAILED DESCRIPTION OF THE INVENTION

[0009] The invention is directed to a marking instru-
ment of the free ink type that achieves improved ink flow
and ease of manufacture, while maintaining hydrostatic
stability over arange of temperature and pressure chang-
es. The advantages of the invention are achieved, in part,
by designing the writing instrument to have a bubble sep-
aration area that is near the writing end of the tip. Con-
sistent with the teachings in U.S. Patent No. 4,753,546
(June 28, 1988), the closer the bubble separation area
is to the writing end of the tip, the greater the allowable
mean radius of curvature of the bubble separation area,
for a fluid of a given surface tension.
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[0010] Thus, for example, by designing a writing in-
strument to have a bubble separation area close to the
writing end of the tip, the writing instrument can be de-
signed to incorporate a bubble separation area in the
form of a passage directly to the free ink (i.e., to the free
ink reservoir or an extension thereof), wherein the pas-
sage has a suitable mean radius of curvature.

[0011] Oneaspectoftheinventionis afree ink marking
instrument for dispensing an ink according to claim 1.
[0012] Preferably, the marking instrument has a length
of about 3 inches to about 7 inches (about 7.6 cm to about
18 cm), more preferably about 4 inches to about 5.5 inch-
es (about 10 cm to about 14 cm). The housing preferably
is about 3/8 in. to about 1 in. (about 0.95 cm to about 2.5
cm) wide at its narrowest point, and about 3/8 in. to about
11/4in. (about 0.95 cm to about 3.2 cm) wide at its widest
point.

[0013] The bubble separation area preferably is locat-
ed at about 0.5 in. to about 1.5 in. (about 1.3 cm to about
3.8 cm) from the marking end of the tip, more preferably
about 0.8 in. to about 1.2 in. (about 2 cm to about 3 cm),
when the instrument is used with a fluid having a surface
tension in the range of about 15 dyne/cm to 55 dyne/cm.
[0014] The meanradius of curvature of the bubble sep-
aration area is in arange of about 0.002 in. to about 0.012
in. (@about0.051 mm to about 0.305 mm), preferably about
0.004 in. to about 0.008 in. (about 0.102 mm to about
0.203 mm) when the instrument is used with a solvent-
based ink and preferably about 0.006 in. to about 0.010
in. (about 0.152 mm to about 0.254 mm) when used with
a water-based ink.

[0015] When the bubble separation area is a passage
between the outside surface of the tip and the inside sur-
face of the feed tube, the passage has a mean thickness
of about 0.002 in. to about 0.020 in. (about 0.051 mm to
about 0.508 mm), more preferably about 0.012 in. to
about 0.016 in. (about 0.305 mm to about 0.406 mm)
when the instrument is used with a solvent-based ink and
about 0.014 in. to about 0.020 in. (about 0.356 mm to
about 0.508 mm) when the pen is used with a water-
based ink.

[0016] Figure 1 shows a writing or marking instrument
such as a pen or highlighter (shown as a marker 10)
according to one embodiment of the invention. In the var-
ious drawing figures, like numerals are used to indicate
like elements. The marker 10 includes a body 12 dis-
posed between a writing end 14 and a butt end 16. A
removable cap 20 having a clip 22 is shown attached to
the writing end 14 of the body 12. The cap 20 can be
sized to engage the butt end 16 for storage of the cap 20
during use of the marker 10. According to any preferred
or alternative embodiment, a flexible or rigid grip 24 sur-
rounds at least a portion of the body 12.

[0017] Figure 2 shows a stylized cross-sectional view
of the marker 10 of Figure 1, illustrating functional com-
ponents of the instrument. The marker 10 includes a
housing 26 (e.g., provided by an exterior wall 30). A res-
ervoir 32 for storing a free ink 36 is within the housing
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26. The term "free ink" is defined a liquid ink that can be
stored in a cavity (e.g., a reservoir) and that is free to
move or flow in responses to external forces (e.g., motion,
gravity, and pressure). A user may view such free ink in
a column of a writing instrument (e.g., a portion of the
reservoir) to determine how much ink is available for use.
[0018] A non-porous feed tube 36 provides an open
channel 38 in fluid communication with the reservoir 32
as an extension of the reservoir 32 for transferring ink 34
from the reservoir 32, through the tip 40 to its marking or
writing end 42. A lower section 44 of the feed tube 36 is
adapted to receive a butt end 46 of the tip 40. The feed
tube 36 has an adapter 50 at a section 52 of the feed
tube 36 nearest the reservoir. A plenum (shown as a
head 54) of the adapter 44 separates the reservoir 32
from a lower section 56 of the marker 10 and secures
the feed tube 36. A buffer 60 surrounds the feed tube 36
and at least a portion of the tip 40 (see Figures 2 and 3)
to provide capillary coupling between the tip 40 and the
buffer 60.

[0019] The reservoir 32 provides an area for storing
ink 34 as shown in Figure 2. A headspace 62 of air and
vapor is located above the ink 34 when the instrument is
in the tip-down position, as shown. The headspace 62
expands and contracts in response to changes in tem-
perature and pressure. The ink 34 in the reservoir 32
typically has a relatively high vapor pressure, so that it
can dry quickly when used, and it responds significantly
tochanges intemperature and pressure. A variety of inks,
such as solvent-based (e.g., alcohol) or water-based
inks, may be used with the writing instrument, and the
physical properties of different inks may dictate slight dif-
ferences in the writing instrument (e.g., shapes, sizes,
geometries, tip compositions, bubble separation area lo-
cation).

[0020] According to alternative embodiments, the ink
34 can be water-based and can contain pigments, such
as those inks used in MAJOR ACCENT brand highlight-
ers and liquid paint felt-tip marking and coloring applica-
tors commercially available from Sanford Corporation
(Bellwood, lllinois). According to other embodiments, the
ink 34 can be alcohol and dye-based, such as those inks
used in SHARPIE brand marking and writing pens com-
mercially available from Sanford Corporation. According
to still other alternative embodiments, the ink 34 can be
alcohol and pigment-based, such as those inks used in
EXPO brand and EXPO2 brand white board marker pens
and dry erase marking pens commercially available from
Sanford Corporation of Bellwood, lllinois. According to a
preferred embodiment, the ink 34 is compatible with a
plastic material such as polypropylene.

[0021] The head 54 of the adapter 50 can be held by
interference fit within the housing 26 as shown in Figure
2. The feed tube 36 of the adapter 50 limits the engage-
ment between the open channel 38 of ink and the buffer
60. The buffer 60 and the tip 40 are in sufficient contact
at a middle section 64 of the tip 40 to provide capillary
coupling between the tip 40 and the buffer 60 for transfer
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of ink to and from the buffer 60 during changes in tem-
perature and/or pressure. The length of the feed tube 36
of the adapter 50 also limits the location where the ink
has access to the buffer 60. According to a particularly
preferred embodiment as shown in the drawing figures,
the head 54 of the adapter 50 is integral with the feed
tube 36 to form a unitary piece (e.g., a molded piece).
The feed tube 36 preferably is made of a plastic, such
as polypropylene, which is generally compatible with the
ink. In the embodiment shown in Figure 2, the butt end
46 of the tip 40 does not engage the feed tube 36, but
instead there is sufficient clearance to form a passage
66 to provide a bubble separation area 68 (see also Fig-
ure 4) approximately in the shape of a toroid or an annulus
with a height measured as the distance between a shoul-
der 94 and the lowermost (as shown) end of the feed
tube 36.

[0022] In the embodiment of the invention depicted in
Figure 2, the butt end 46 of the tip 40 has a first diameter
70 and the middle section 64 (and, optionally, lower sec-
tion 72) of the tip 40 has a second, larger, diameter 74,
butthis need not be the case. Thus, as inthe embodiment
depicted in Figure 5, a tip 140 can have a substantially
uniform diameter 76, which provides a passage 66 (not
labeled) between a butt end 146 of the tip 140 and the
feed tube 36. For example, the butt end 146 of the tip
140 is not engaged in interference fit with the feed tube
36, but instead a degree of clearance is present. In such
a case, the tip 140 preferably is prevented from ascend-
ing further up into the feed tube 36, or from coming out
of the feed tube 36 by being physically secured, such as
by the combination of a circumferential notch 78 in the
tip 140 and a corresponding ridge 90 in the housing 26,
or by other means. In addition, in the case of this embod-
iment employing a tip 140, a buffer 160 is adapted to be
in capillary communication with the tip 140 in the vicinity
of a tip end 192 of the buffer 160 to ensure that the ink
can move from the tip 140 to the buffer 160 and from the
buffer 160 to the tip 140. Preferably, a molded material
can provide the desired contact between the buffer 160
and tip 140.

[0023] Referringto Figure 2, when the tip 40 has a butt
end 46 with a first diameter 70 and a middle section 64
(and, optionally, lower section 72) of the tip 40 with a
second, larger, diameter 74, the middle section 64 has
aridge (shown as a shoulder 94) that is located proximate
the lower section 44 of the feed tube 36. The butt end 46
of the tip 40 extends from the shoulder 94 to a predeter-
mined distance up into the feed tube 36. The middle sec-
tion 64 of the tip 40 extends from the shoulder 94 to the
lowermost end of the buffer 60, and the lower section 72
of the tip 40 extends from the lowermost end of the buffer
60 to the marking end 42, which is used to contact a
substrate for delivery of ink.

[0024] The tip 40 preferably is comprised of synthetic
resin fibers 102 oriented in a generally vertical direction
as shown in Figure 2. According to a preferred embodi-
ment, the fibers 102 are irregularly shaped and are some-
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what randomly distributed in the tip 40. According to a
preferred embodiment, the tip 40 has a circular cross
section. According to alternative embodiments, the tip
40, especially the upper portion 46, can have a variety
of shaped cross sections (e.g., toothed, jagged, smooth,
etc.) to provide increased surface area. Suitable tip 40
material, such as acrylic linear fiber material, is commer-
cially available from Teibow Co. Ltd. of Hamamatsu-shi,
Shizuoka-ken, Japan. Another suitable tip 40 material is
a polyester linear fiber, which is commercially available
from Aubex Co. of Tokyo, Japan. According to an alter-
native embodiment, the tip 40 can be made of felt or
synthetic resin foam.

[0025] Atip holder 104 attaches the tip 40 to the hous-
ing 26, as shown in Figure 2.The marking end 42 of the
tip 40 is shown in Figure 2 having a parabolic shape, but
this need not be the case. According to alternative em-
bodiments, the marking end 42 can have one of a variety
of shapes such as a chisel shape, a chisel with an angle,
pointed or rounded shapes, etc. Without intending to be
limited to any particular theory, itis believed that the larg-
er the surface area of the marking end 42 , the lower the
capillary pressure of the marking end 42 when it is sat-
urated with ink. Such reduced capillary pressure of the
marking end is described by LaPlace, who theorized that
the pressure across an interface is proportional to the
surface tension of the liquid and inversely proportional
to the mean radius of curvature of such liquid. The La-
Place equation and its application to fluid ink delivery
systems is described in U.S. Patent No. 4,753,546.
[0026] For proper function of the marker 10, the cap-
illarity of the tip 40 should be greater than the capillarity
of the buffer 60 and the channel 38. Thus, the tip 40 (and,
importantly, the marking end 42) remains wet with ink
regardless of the ink distribution inside the marker 10,
such that the marker 10 is always ready to make marks
on the substrate during the act of writing. The term "cap-
illarity" can be defined as the height to which a liquid (e.g.,
ink) ascends within a pore of a capillary having a given
height and diameter, and includes the attractive capillary
force (i.e., capillary pressure) of the liquid to the capillary.
Without intending to be limited by any particular theory,
it is believed that capillary force is inversely proportional
to both the pore size of a capillary, the storage capacity
of a capillary, and the fractional filling of the capillary.
[0027] The buffer 60 can be porous and includes a
volume sufficient to retain ink and air in response to
changes in temperature and/or pressure within the res-
ervoir 32. If the ink-retaining capacity of the buffer 60 is
not exceeded, then the capillary pressure of the buffer
60 will retain excess ink. An air intake (shown as an air
entry hole 106) in the housing 26 can provide an air vent
in communication with the atmosphere. (Air can also en-
ter the marker 10 through capillary spaces surrounding
the tip 40 at the tip holder 104.) A space for holding air
(shown as a gap 108) surrounds an exterior surface 110
of the buffer 60. Air from hole 106 can enter the buffer
60 through the external surface 110. The size of the buffer
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60 can be selected in accordance with the air volume of
the marker 10 needed to hold the quantity of excess ink.
According to a preferred embodiment, the buffer 60 has
a capacity of about40% relative to the size of the reservoir
32. According to a particularly preferred embodiment, the
buffer 60 can retain or store about 2 mlto about 4 ml of ink.
[0028] The buffer 60 can be made of a material select-
ed from a variety of fibrous or porous materials, and its
porosity and capillary nature can be selected for compat-
ibility with the particular ink used in the instrument. Ac-
cording to a preferred embodiment of the invention, the
buffer 60 is made from a hydrophilic (product no. D-2605)
or a hydrophobic (product no. D-2611) linear polyolefin
resin fiber commercially available from Filtrona Rich-
mond, Inc. of Richmond, Virginia. A hydrophilic material
is preferred for use with water-based inks. A hydrophobic
material can be used for solvent-based inks, and can be
modified for use with water-based inks. According to al-
ternative embodiments, the buffer 60 can be made of a
material selected from ceramics, porous plastics such as
open cell foams, acrylics, sponges, etc., and combina-
tions thereof. According to other alternative embodi-
ments, the buffer 60 can be made of hydrophillic or hy-
drophobic foam, such as polyurethane.

[0029] The air and vapor in the reservoir 32 responds
to changes in pressure and temperature. At equilibrium,
the pressure of the air and vapor in the reservoir 32 is at
a pressure slightly less than ambient pressure, due to
the height of the ink in the reservoir 32 above the marking
end 42. The term "ambient pressure" is defined as the
pressure of the atmosphere outside of the marker. At
such slightly lower pressure of air and vapor in the res-
ervoir 32, the ink is retained in the marker 10. To begin
the act of writing with the marker 10, ink travels from the
channel 38 through the tip 40 to its marking end 42. If
any ink is stored in the buffer 60 during writing, such
stored ink is preferentially taken by the tip 40 because of
the greater capillarity of the tip 40 relative to the buffer 60.
[0030] When the cap 20 is removed from the body 12,
the marker 10 responds to changes in ambient pressure
and ambienttemperature (i.e., pressure and temperature
differentials) to reach equilibrium (i.e., the pressure
slightly less than ambient pressure). The term "pressure
differential" is defined as the difference in pressure be-
tween the air and vapor inside the reservoir 32 (e.g., the
headspace 62) and ambient pressure. The term "increas-
ing pressure differential" is defined as the increase in
pressure of the air and vapor inside the reservoir 32 in
response to an increasing ambient pressure. The term
"decreasing pressure differential” is defined as the de-
crease in pressure of the air and vapor inside the reser-
voir 32 in response to a decreasing ambient pressure.
Without intending to be limited to any particular theory,
it is believed that the air and vapor inside the marker 10
responds directly to changes in ambient pressure and
temperature to reach equilibrium.

[0031] Anincreasing pressure differential situation oc-
curs, for example, during a descent in a pressurized air-
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plane. If the ink is stored in the buffer 60 during an in-
creasing pressure differential situation, then the tip 40
seeks ink from the buffer 60 and the channel 38 seeks
ink from the tip 40 and the buffer 60. If the buffer 60 is
substantially free of ink during an increasing pressure
differential situation, then the reservoir 32 could draw in
air through the buffer 60 at the bubble separation area
68. Ink and air flow behaves similarly when a user writes
with and discharges ink onto a substrate (e.g., paper,
cloth, marker board, metal, plastic, etc.). Thus, the tip 40
draws ink preferentially from the buffer 60, if saturated,
and then from the reservoir 32.

[0032] During an increasing pressure differential situ-
ation (or decreasing temperature differential situation)
when the buffer 60 is near empty (i.e., substantially free
of ink), the difference in pressure between the air and
vapor in the reservoir 32 and ambient pressure may be-
come so great that a bubble pressure of the marker 10
is reached. The term "bubble pressure" is defined as the
pressure differential necessary to draw or vent external
air through the hole 106, the buffer 60, the passage 66,
the channel 38, and ultimately into the reservoir 32. Such
venting of air adds to the volume of air in the reservoir
32 to maintain the pressure differential between the air
in the reservoir 32 and ambient conditions outside of the
marker 10 at a relatively constant level. The vented air
is preferentially drawn through the bubble separation ar-
ea 68, the passage 66, and the channel 38 into reservoir
32 (rather than through the tip 40) because the bubble
separation area 68 has a larger capillary space and, thus,
lower resistance, available for the air than does the tip
40. The increasing pressure differential transports ink
and/or air, while the tip 40 remains wet with ink for quick
writing and reduced leakage.

[0033] As the ambient pressure and temperature
changes, the air inside the reservoir 32 will expand and
contract and accordingly force the ink through the tip 40
and into (or out of) the buffer 60. If insufficient ink exists
in the buffer during an increasing pressure differential
situation, then air (shown in the ink phase as bubbles
114) enters the reservoir 32 through the passage 66 cre-
ates the desired equilibrium. During such increasing
pressure differential situation, air will first urge ink out of
the buffer 60, and then will follow the path of least resist-
ance and will accordingly migrate toward the bubble sep-
aration area 68 (since the air would not substantially enter
the tip 40 through the adapter 50 or feed tube 36).
[0034] The marker 10 can also experience a decreas-
ing pressure differential situation. A decreasing pressure
differential situation occurs, for example, during an as-
cent in a pressurized airplane, during which ambient
pressure can decrease to about two-thirds that of normal
atmospheric pressure (i.e., two-thirds of one atmosphere
(one atmosphere is equal to 760 mm mercury)). As a
result of a decreasing pressure differential, air in the res-
ervoir 32 expands, forcing the ink toward the marking
end 42 of the tip 40. If the buffer 60 is not fully saturated
with ink during a decreasing pressure differential situa-
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tion, then the buffer 60 (due to its capillary force) will
absorb excess ink 34 from the reservoir 32. Because the
marker 10 can compensate for both increasing and de-
creasing pressure and temperature differentials, the hy-
drostatic balancing of air in the marker 10 can be
achieved to provide a constant flow of ink when in use,
and to inhibit the ink from dripping or leaking from the
marking end 42 when the marker 10 is oriented in any
direction (e.g., horizontal, vertical, etc.).

[0035] The arrangement of the tip 40 and the feed tube
38 provides a bubble separation area 68, as shown in
Figure 4. The bubble separation area 68 is located in the
vicinity of the shoulder 94 of the tip 40 between the buffer
60 and the first diameter 70 to allow bubbles 114 to form
and rise in the passage 66 to the surface of the ink 34 in
the reservoir 32. The location of the bubble separation
area 68 near the marking end 42 functions to purge the
tip end 92 of the buffer 60 of ink during an increasing
pressure differential situation. The location of the bubble
separation area 68 is advantageous for at least four rea-
sons: it assists in more completely emptying or purging
the buffer 60 of ink in the worst-case, tip-down orientation;
it reduces the accumulation of the ink in the tip end 92
of the buffer 60, which could otherwise contribute to leak-
age of ink from the marker 10; it decreases the static
height above the tip 40 to make the instrument more sta-
ble from a hydrostatic point of view; and it allows better
ink flow.

[0036] Another embodiment of a marker according to
the invention, marker 110, is shown in Figure 6. In the
marker 110, a feed tube 436 has been lengthened and
adapted to join with a section 130 of the tip holder 104
(e.g., as shown in Figure 9 by interference fit at region
132). The feed tube 436 has been provided with a vent
hole 316 to serve as a fixed bubble separation point. The
butt end 546 of the tip 540 has a diameter 134 that is less
than the diameter 142 of the remainder of the tip 540, to
provide a shoulder that abuts a shoulder of the feed tube
436 at the lower (as drawn) end 344 of the feed tube 436.
The butt end 546 of the tip 540 preferably is engaged in
interference fit with the feed tube 436. In this embodi-
ment, there is no contact between the tip 540 and the
buffer 60. In response to changes in temperature and
pressure, ink will be conveyed directly to or from the buff-
er 60. Similarly, in an increasing pressure differential sit-
uation, when the buffer 60 is depleted of ink, the reservoir
32 will draw in air via the channel 38 through the vent
hole 316 from the buffer 60. In an alternative embodiment
(not shown), the tip can have a constant diameter and
be engaged in interference fit with a feed tube that has
a vent hole. In such an embodiment, the tip preferably is
secured to prevent movement of the tip in the axial di-
rection.

[0037] Previousfreeink markinginstruments have em-
ployed an additional member, such as an additional fi-
brous member sometimes referred to as an ink feeder or
capillary conveying line, to convey ink from the reservoir
to the tip of the marker. Manufacturing procedures typical
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for such instruments contained inefficiencies and sec-
ondary problems that are eliminated in a manufacturing
procedure for a marking instrument according to the in-
vention.

[0038] Thus, for example, in a previous manufacturing
procedure a butt end of a housing including a reservoir
space was positioned with its open end up and filled with
ink. Next, an adapter and, optionally, a tube were seated
in the housing. When an adapter with tube was used, the
insertion of the adapter and tube into the ink-filled housing
caused ink to rise within the tube. Next, a feeder was
placed at least partially in the tube, and the process was
halted for sufficient time for the feeder to absorb ink from
the tube, typically about 10 seconds. After the tip was
substantially filled with ink, an additional force was ap-
plied to the feeder to complete insertion into the tube.
[0039] If the instrument was used with a dye-based
ink, a buffer was inserted from the top, over the feeder,
and pushed to about 2 the distance to its seated position
in the completed instrument, then a second portion of the
housing in the form of a ferrule that included a tip holder
was inserted over the buffer and pressed down to seat
the buffer and engage the ferrule with the butt end of the
housing. Finally, a tip was inserted through the ferrule
and brought into contact with the feeder.

[0040] If the instrument was used with a pigment-
based ink, a cylindrical buffer, inserted from the top, was
pushed down a distance such that the top of the feeder
was about 1/4 of an inch (about 6.4 mm) above the top
of the feeder, and a small amount of ink (about 1 ml to
about 2 ml) was placed on top of the feeder and buffer.
The ink assisted in assuring that the tip was wetted with
pigmented ink on its first use. Next, a second portion of
the housing in the form of a ferrule that included a tip
holder was inserted over the buffer and pressed down to
seat the buffer and engage the ferrule with the butt end
of the housing. In so doing, ink from the top of the buffer
could come into contact with the lower end of the ferrule,
and eventually spread to the outer surface of the marking
instrument, which also caused ink to come into contact
with the manufacturing equipment and, in some cases,
pens that otherwise would have had a clean outer sur-
face.

[0041] For marking instruments with either type of ink,
the pens were subsequently inverted (i.e., placed in a
tip-down orientation) for about four hours to ensure that
the ink traveled to the marking end of the tip and the
marking instrument "started" on its first use.

[0042] For a marking instrument according to the in-
vention, several efficiencies of production are realized.
In a manufacturing procedure for a marking instrument
according to the invention, a butt end of a housing is
positioned with an open end up, and an adapter with a
feed tube is seated in the housing. The ink can be added
to the reservoir either before insertion of the adapter and
feed tube, or after insertion of the adapter and feed tube;
in the latter case, the ink is filled through the feed tube.
Next, a buffer is placed within the housing. A tip is then
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inserted into the adapter tube, and the tip and adapter
tube guide the ferrule as it is inserted down over the tip
to engage the butt end of the housing and, simultane-
ously, the ferrule guides the tip into the tip holding portion
ofthe ferrule. In another expedient, the tip can be inserted
before the buffer is placed in the housing, and can be
used to guide the buffer into the housing. In still another
expedient, the ferrule can be seated prior to insertion of
the tip; in this case, the ferrule tube can guide the adapter
tube towards the tip holder, and the tip is inserted from
the top, through the ferrule. Finally, for any type of ink,
the marking instruments need to be inverted for only a
few minutes to ensure that the instrument starts upon its
first use. Thus, a manufacturing process for an instru-
ment according to the invention has the advantages of
eliminating any process step for waiting for a feeder to
absorb ink, eliminating the possibility that a pigment-
based ink will reach the outer surface of the instrument,
and allowing for fast-starting marking instruments.
[0043] The foregoing description is given for clearness
of understanding only, and no unnecessary limitations
should be understood therefrom, as modifications within
the scope of the invention may be apparent to those hav-
ing ordinary skill in the art.

Claims

1. Afree ink marking instrument for dispensing an ink,
comprising:

a housing;

areservoir for storing fluid ink within the housing;
a feed tube to convey fluid ink, communicating
with the reservoir;

a porous tip disposed within the feed tube for
conveying ink to a substrate at a marking end
of the tip;

a porous buffer disposed within the housing ad-
jacent the feed tube and configured for storing
ink during periods of a decreasing pressure dif-
ferential between the reservoir and the atmos-
phere;

a passage formed between the outside surface
of the tip and the inside surface of the feed tube,
wherein the passage has a mean thickness of
about 0.254 mm (0.010 in.) to about 0.635 mm
(0,025 in.), and wherein the passage extends to
the end of the feed tube in proximity to the tip.

2. The instrument of claim 1, wherein the end of the
feed tube closest to the tip is disposed at about 1.27
cm (0.5in.) to about 6.35 cm (2.5 in.) from the mark-
ing end of the tip.

3. The instrument of claim 1, wherein a portion of the
buffer is disposed in capillary coupling contact to a
portion of the tip.
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4.

The instrument of claim 1, wherein the tip comprises
a shoulder near the end of the tip disposed within
the feed tube and further comprising a second pas-
sage formed between the end surface of the feed
tube and the surface of the shoulder, the second
passage in fluid communication with the passage
formed between the outside surface of the tip and
the inside surface of the feed tube.

The instrument of claim 4, wherein the second pas-
sage has a mean thickness of about 0.051 mm
(0.002 in.) to about 0.762 mm (0.030 in.).

The instrument of claim 4, wherein the end of the
feed tube closest to the tip is disposed at about 1.27
cm (0.5in.) to about 3.81 cm (1.5 in.) from the mark-
ing end of the tip.

The instrument of claim 1, wherein the capillarity of
the tip is greater than the capillarity of the buffer and
greater than the capillarity of the passage.

The instrument of claim 1, wherein the tip is secured
against substantial movement in the axial direction.
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