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ABSTRACT OF THE DISCLOSURE 

The inner surfaces of the ink reservoir have an energy 
level of no more than 20 dynes/centimeter and are pro 
vided along their entire length with closely spaced annu 
lar grooves or steps that cooperate with the ink to deter 
the tipping of the meniscus into an unstable condition. 
The inner surfaces of the walls may comprise a ?uoro 
polymer of the monomer 1H, lH-pentadeca?uorooctyl 
methacrylate or of the monomer Z-(N-propylper?uorooc 
tane sulfonamido) ethyl acrylate. 

The present invention relates in general to ink reser 
voirs for ball point writing instruments, and it relates 
more particularly to ink reservoirs which are connected 
at one end to the ball socket and open to the atmosphere 
at the other end. 

This type of reservoir may be of the so-called capil 
lary type wherein the meniscus at the rear end of the ink 
column is sufficiently strong to maintain its stability and 
prevent the ink from moving rearwardly in the reservoir, 
or it may employ means other than the meniscus for this 
same purpose. The latter types of reservoirs have in 
cluded such things as rigid or non-rigid followers disposed 
at the rear end of the ink column or very ?exible, de 
formable sacks which apply atmospheric pressure to the 
ink column while maintaining the continuity thereof. 

All of these prior art ink reservoir systems have cer 
tain advantages and disadvantages, and it would be de 
sirable to provide a reservoir which would obviate the 
need for any type of follower or sack in a reservoir hav 
ing an internal diameter substantially greater than that 
of the heretofore known capillary reservoirs. Such a reser 
voir would have the advantage of simplicity now associ 
ated with capillary reservoirs and it would also have the 
advantage of a large ink capacity now associated with 
the follower type reservoirs. 

In order to prevent the ink from ?owing out of the 
rear end of a non-capillary reservoir when the pen is 
disposed in an inverted position, it has been suggested 
in United States Patent 2,732,829 to provide one or more 
peripheral or annular continuous steps or grooves on the 
inner surfaces of the reservoir between the rear end of 
the ink column and the open end of the reservoir. This 
grooved surface is said to function ‘as a barrier to prevent 
the ?ow of ink from the reservoir, but since it does not 
provide for meniscus stability it does not prevent the trap 
ping of air within the ink column. As is well known in 
this art, when air bubbles which are trapped in the ex 
tremely viscous ink reach the narrow feed channel con 
nected between the larger diameter reservoir tube and the 
ball socket, the supply of ink to the ball is interrupted 
and the pen stops writing. 

It is, therefore, an object of this invention to provide 
a reservoir for ball pen ink which enables a stable 
meniscus in a tubular reservoir having an internal di 
ameter of the order of .2 inch. 

Another object of this invention is to provide a ball pen 
reservoir having a low energy ink engaging surface which 
cooperates with the ink to provide a stable meniscus 
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which will not tip into an unstable condition when the 
pen is inverted. 
A further object of this invention is to provide a reser 

voir con?guration which retards meniscus tip through 
out the length of the reservoir. 
A still further object of this invention is to con?gure 

a low energy ink engaging reservoir surface to provide 
su?icient stability for the meniscus to prevent the ink 
from leaking out of the rear end of the reservoir and to 
prevent the trapping of air in the ink column. 

Brie?y, the above ‘and further objects ar'e realized in 
accordance with one aspect of the present invention by 
providing a tubular reservoir open at one end and closed 
by a ball at the other end with an ink engaging surface 
having an energy level of no more than about 20 dynes/ 
centimeter. In accordance with another aspect of this 
invention the ink engaging surface of the reservoir is 
provided throughout its length with closely spaced an~ 
nular grooves or steps which cooperate with the ink to 
deter the tipping of the meniscus into an unstable condi 
tion. The combination of the grooves and the low energy 
surface provides a particularly satisfactory reservoir when 
the internal diameter is as high as about .2 inch. 
Further objects and advantages and a better under 

standing of the present invention may be had from a read 
ing of the following detailed description and claims with 
reference to the accompanying drawings wherein: 
FIGURE 1 is a generally schematic sectional view 

taken along the longitudinal center line of a ball point 
pen; 
FIGURE 2 is a sectional view of a ball point pen 

cartridge embodying the present invention; 
FIGURE 3 is an enlarged view of a portion of the 

reservoir of FIGURE 2; and 
FIGURES 4, 5, 6 ‘and 7 are enlarged sectional views 

of portions of other embodiments of the present inven 
tion. 

In order to provide a stable meniscus in a tubular reser 
voir having an internal diameter of about .175 inch or 
less when using present-day ball pen inks having a glycol 
base such as propylene glycol, it is necessary that the 
reservoir wall have an effective surface energy level no 
greater than 20 dynes/cm. Where a larger internal di 
ameter is desired, the surface energy of the wall must be 
lower. For example, a surface energy level of about 11 
dynes/cm. or less is necessary for the satisfactory opera 
tion of a smooth-walled reservoir having an internal di 
ameter of .213 inch. Only recently have any materials 
been available which meet these energy level requirements 
and which are physically suited for use as the walls of ball 
pen reservoirs. 

It has been found, however, that the ability of the 
reservoir wall to deter migration of the ink with a conse 
quent lessening of the tendency for the meniscus to distort 
when the pen is inverted can be improved ‘by the proper 
design of the wall surface whereby the wall surface has 
a predetermined con?guration. Accordingly, by the proper 
selection ‘of the shape or con?guration of the wall surface 
and the material from which it is formed, relatively large 
diameter reservoirs which do not require the use of follow 
ers or sacks of any type may be provided. 

Before consideringthe particular materials and shapes 
which may be used to provide a satisfactory reservoir, a 
brief discussion of the hydraulics involved in the function 
ing of an open end ball pen reservoir may be helpful. 
Referring to FIG. 1, there is shown, in schematic form, 
a ball point pen disposed in a horizontal plane with the 
open end of the reservoir on the left. The meniscus at the 
open end of the ink column, when viewed in cross-section 
along the central longitudinal axis thereof, is in the shape 
of a reversed S. As long as the net moment of the forces 
acting about the center line C-—C is zero or in a counter 
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clockwise direction, the meniscus is stable and maintains 
the ink column in place. If, on the other hand, the net 
moment is in a clockwise direction, the meniscus is un 
stable and the ink column will move toward the open end 
of the reservoir at the left until a stable condition is 
reached or the ink leaks out of the reservoir. It can be 
mathematically determined that the greater the difference 
between the advancing contact angle 0A and the receding 
contact angle 0B, the larger the diameter of the reservoir 
which can ‘be used without causing an unstable meniscus. 
In the art, the difference between the advancing and re 
ceding contact angles (6A—0R) is sometimes referred to 
as the hysteresis of contact angle. Inasmuch as the char 
acteristics of a given ink are not generally controllable, 
the hysteresis of contact angle can only be controlled by 
the proper selection of the shape of the wall of the reser 
voir and the material from which it is made. Since the 
hysteresis of contact angle between a liquid and a solid 
surface is roughly inversely proportional to the energy of 
the solid surface, the allowable reservoir diameter in 
creases with a decrease in the surface energy of the reser 
voir wall. The energy of the solid surface is generally ex 
pressed in the art in terms of dynes/centimeter and is 
sometimes called the critical surface tension. 
Most present-day ball pen inks have a propylene glycol 

base, a viscosity at 25 degrees C. between 6500 and 14,000 
centipoises, a surface tension ‘between 32 and 44.5 dynes/ 
cm., and a speci?c gravity at 25 degrees C. between 1.00 
and 1.17. When using such inks in a tubular, cylindrical 
reservoir having a smooth inner wall, the wall surface 
must have an energy level or critical surface tension no 
greater than 20 dynes/cm. to provide a reservoir of suffi 
cient capacity to be marketed in competition with the 
follower type reservoirs. Tetra?uoroethylene, known and 
marketed by DuPont under the name “Te?on” has a 
critical surface tension of about 18 dynes/cm. and may be 
satisfactorily used as the smooth wall surface of a reser 
voir having an internal diameter of .186 inch or less. A 
?uoro-polymer of the monomer 1H, lH-pentadecafluoro 
octyl methacrylate, having the chemical formula 

available as a 2% solution by weight in hexa?uoroxylene 
and sold by Minnesota Mining and Manufacturing Com 
pany of St. Paul, Minn. under the designation FX~706, 
or of the monomer 2-(N-propylper?uorooctane sulfon 
amido) ethyl acrylate, having the chemical formula 

may be satisfactorily used as the smooth wall surface of 
a reservoir having an internal diameter of .213 inch or 
less. 

Another factor which affects the ability of the meniscus 
to maintain itself in a stable condition is the presence of 
impurities or high energy surfaces on the wall of the reser 
voir in the vicinity of the meniscus. The principal source 
of such impurities is the ink itself which in some cases 
leaves a residue on the reservoir wall as the level ‘of ink 
diminishes during use of the pen. It has been found, how 
ever, that there is essentially no ink residue deposited on 
the reservoir wall when the surface energy level is less 
than 20 dynes/cm. Accordingly, the ability of a low 
energy surface reservoir to resist meniscus tip does not 
change as the ink supply is depleted as is the case with 
high energy surfaces. 

In order to further increase the ability of the reservoir 
and the ink to maintain a stable meniscus and/or to in 
crease the internal diameter of the reservoir, there is 
provided in accordance with this invention several differ 
ent reservoir wall surface con?gurations which restrict 
the tendency of the meniscus to tip or move into an un 
stable condition. While these wall surface con?gurations 
may be used successfully with surface energy levels ex~ 
ceeding 20 dynes/cm. it is preferred to employ these 
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4 
con?gurations with surface energy levels of less than 20 
dynes/cm. 

Referring now to FIG. 2, there is shown a cross-sec 
tional view of a ball point pen employing an ink reser 
voir constructed in accordance with one aspect of this 
invention. As there shown, a ball pen 20 includes a tip 
section 22 including a feed tube 21 and a ball and socket 
assembly 23 consisting of a writing ball 24 rotatably 
mounted in a socket. The feed tube 21 includes a narrow 
feed channel or bore which connects the socket to the 
principal portion of the reservoir. The entire tip section 
22 is preferably metal and a plastic reservoir tube 26 is 
sealably ?tted thereover such that the space within the 
tube directly communicates with the bore in the tip 
section. Thus, ink may feed from the tubular section 26, 
through the bore of the feed tube to the socket and the 
ball. 

Throughout the effective length of the tube 26, the 
internal wall is provided with annular steps 28 which ap 
pear in cross~section as saw tooths or serrations. The most 
forward portion of the inner wall of the tube 26 may be 
smooth to facilitate the sealing of the tube 26 to the tip 
section 22. Similarly, the most rearward portions of the 
inner wall may be smooth to receive a closure member 
or protective cap. If expedient for purposes of manufac 
ture, however, the tube 26 may be provided throughout 
its entire length with the steps 28. 

Referring to FIG. 3, it may be seen that each of the 
steps 28 consists of a gently tapered portion which meets 
with a generally radial wall portion 32 along a circular 
line 34. Accordingly, the line 34 forms a sharp edge or 
discontinuity which inhibits the flow of ink from the 
tapered portion 30 to the radial portion 32. It may thus 
be seen that the tube 26 is preferably oriented with the 
step portions 30 tapering out toward the point of the 
pen so as to provide the maximum resistance to meniscus 
tip. Also, it is preferable that the annular area 35 which 
interconnects adjacent ones of the steps 28 be beveled to 
minimize the collection of ink residue which would ad 
versely affect the ability of the steps to retard meniscus 
tip. The portion 30 of each step should be made very 
smooth and in some cases may require buf?ng for this 
purpose. 
The tube 26 may be molded of high density polyethyl 

ene or of some other shape-retaining plastic which is suf 
?ciently resilient to permit facile withdrawal of a mandrel 
or core pin having the step portions thereon. Following 
the molding operation, it is preferred that the inner wall 
of the tube 26 be coated with the ?uoropolymer FX-706 
described hereinbefore or with some other low energy 
material. Although the entire tube may be molded of a 
low surface energy material, the high cost of such mate 
rial would, at the present time, be prohibitive. Thereafter 
the tube 26 may be sealed over the end of the tip section 
22 and the resulting cartridge may then be ?lled with ink 
in the conventional manner. 

While the surface con?guration shown in FIGS. 2. and 
3 is believed to be satisfactory from both an operational 
and a manufacturing point of view, other shapes or con 
?gurations may be better for certain applications. In FIG. 
4, for example, there is shown a wall surface con?gura 
tion which provides a substantially greater discontinuity 
across each of the steps 38. In this case each of the steps 
38 consists of two annular sections 40 and 42 which are 
both tapered outwardly in the direction of the ball point 
and meet along an annular line 43 to provide a sharp 
edge. This con?guration ?nds application where the 
meniscus has a greater tendency to tip in the reservoir 
as, for example, where the reservoir wall has a higher 
energy level or a larger internal diameter is desired. 
The con?guration of FIG. 4, however, is more difficult to 
manufacture than is that of FIGS. 2 and 3. 

In FIG. 5 there is shown another surface con?guration 
for providing edge or discontinuity between each step 44 
in the wall of the reservoir. While this con?guration is 
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also more resistant to meniscus tip than is that of FIGS. 
2 and 3, it is more dit?cult and costly to manufacture. 
The embodiment of FIG. 6 provides a lesser resistance 

to meniscus tip than does any of the other illustrated 
con?gurations but it has the advantage of being less ex 
pensive to make. Accordingly, where the reservoir diam 
eter is su?iciently small and/or where the surface energy 
level is sufficiently low, the surface con?guration of FIG. 
6 may be used. As there shown, the reservoir wall is 
formed by convergent and divergent wall portions 58 
and 60 which meet along annular lines 62 and 64. The 
line 62 provides the necessary L-shape, continuous edge 
to deter any undue tipping of the meniscus. 
As explained hereinbefore, the tube 26 may be formed 

of a low energy surface material or it may be formed of 
a high energy surface material and later coated with a 
low energy material such as FX-706. The following meth 
od of applying the coating of FX-706 to the inner wall of 
the cartridge has proven to be satisfactory. 

After a tube 26 formed of polyethylene has been re 
moved from the mold, it is press-?tted and cemented onto 
the end of the feed tube portion of the writing tip 22. At 
this stage of the operation the ball and socket assembly 
23 has not yet been ai?xed to the feed tube 21. The as 
sembly of the tube 26 and feed tube 21 is then ?lled with 
FX-706, which, at room temperature, is a very thin liquid, 
and the FX_706 is immediately allowed to drain out 
through the feed tube 21. The assembly is then placed 
in a standing up position in an oven at about 140 degrees 
F. for about one hour to drive off the solvent (hexa 
fluoroxylene). Thereafter, the assembly is removed from 
the oven, allowed to cool, and the ball tip 22 is secured 
to the feed tube 21. As a result of this process, an ex 
tremely thin, transparent layer of a low surface energy 
material is provided on the internal walls of the reservoir 
tube 26 and the feed tube 21. The cartridge may then be 
?lled with ball pen ink in the known manner. 
The susceptibility of ball pen inks to air and moisture 

varies from one type and color to another but it is gener 
ally desirable to minimize the ?ow of air across the surface 
or meniscus of the ink contained in the reservoir. To this 
end, it is desirable to locate a plug in the rear end of the 
reservoir and to provide an extremely narrow passage 
way therethrough. The passageway thus equalizes the pres 
sure behind the ink column with that of the ambient 
atmosphere but it retards the transfer of air into and out 
of the reservoir. 

‘One di?iculty with the use of a narrow passageway 
is the possibility of its becoming clogged by foreign mat 
ter. This can be readily avoided, however, in several ways. 
For example, the plug can be provided with several pas 
sageways or it may be made of a porous material. Where 
the associated pen is of the propel-repel type, a single 
longitudinal hole through the plug may be aligned with 
a cleaning pin on the propel-repel mechanism so that 
the pin is inserted into the hole and withdrawn there 
from each time the mechanism is operated. 
Another way in which the transfer of moisture to the 

ink has been minimized while maintaining atmospheric 
pressure on the ink column is shown in FIG. 7. As there 
shown, a longitudinal passageway or bore 50 extends 
through an otherwise imperforate plug 52 secured in the 
rear end of the tube 26. A counterbore 54 is provided at 
the forward end of the plug 52 and a porous, spongelike 
annular member 56 is disposed therein. The member 56 
is impregnated with a liquid having a high a?inity for 
water whereby the air in the rear portion of the reser 
voir is maintained in a relatively dry state. It has been 
found that propylene glycol, a standard ink component, 
works well for this purpose. 

While the present invention has been described in con 
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6 
nection with particular embodiments thereof, it will be 
understood that many changes and modi?cations may be 
made by those skilled in the art without departing from 
the invention. Therefore, by the appended cleams, it is 
intended to cover all such changes and modi?cations as 
come within the true spirit and scope of the invention. 

I claim: 
1. A ball point pen, comprising 
a tubular shape retaining member holding therein a sup 

ply of ball pen ink and having a front end and a 
rear end, and 

a ball point writing assembly connected to said front 
end of said member in direct communication with 
said ink for writing out the ink contained in said 
member, 

said rear end of said member being connected to the 
ambient atmosphere so that the space therein rear 
ward of said ink is the ambient pressure, 

the entire ink engaging surface of said tubular member 
having an energy level of no more than twenty dynes 
per centimeter, and 

wherein said ink engaging surface is formed of a poly 
mer of a monomer of the group consisting of 1H,-H 
pentadeca?uorooctyl methacrylate and Z-(N-propyl 
per?uorooctane sulfonamido) ethyl acrylate. 

whereby said ink forms a column de?ned in part by the 
inner surface of said tubular member and remains in 
communication with said ball point writing assembly 
irrespective of the orientation of said pen. 

2. A ball point pen according to claim 1 wherein said 
surface is serrated. > 

3. A ball point pen according to claim 2 wherein said 
serrations are de?ned by tapered wall portions and trans 
verse wall portions. 

4. A ball point pen according to claim 3 wherein said 
tapered wall portions diverge toward the forward end of 
the member. 

5. A ball point pen according to claim 2 wherein said 
serrations are each de?ned by ?rst and second wall por 
tions which respectively diverge toward the forward end 
of the tubular member. 

6. A ball point pen according to claim 1 further com 
prising a porous perforated member positioned in the rear 
end of said tubular retaining member, said porous mem 
ber being impregnated with a liquid having a high a?inity 
for vwater, whereby the air in the rear portion of said 
reservoir is maintained in a relatively dry state. 

7. A ball point pen reservoir comprising 
a tubular member having an inner surface whose energy 

level is no greater than 20 dynes/centimeter. 
said inner surface being provided with spaced apart 

annular grooves to inhibit the tilting of the meniscus 
at the surface of a column of ink contained in said 
member, and 

wherein said surface is a thin low surface energy ?lm 
of a polymer of a monomer of 1H,1H-pentadeca 
?uorooctyl methacrylate. 
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