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L

SPHERES OBTAINED BY VAPOR DEPOSITION
FOR USE IN BALL POINT PENS |

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter prmted in italics mdrcates the additions made
by rerssue. | |

BACKGROUND OF THE INVENTION

For the more expenswe ball point pens now in use the
highest quality balls or spheres consist of tungsten car-
bide. Such tungsten carbide balls are presently fabri-
cated by means of powder metallurgy. In this technique
a suitable powder consisting, for example, of tungsten
_carbide and cobalt is cold pressed and then heated until
the powder sinters or fuses together. In this manner a

5

~ FIG. 3 is a schematic sectional view of a tumbling
reactor which may be used instead for providing the
coating ona suitable core: |
DESCRIPTION OF THE PREFERRED |

. EMBODIMENTS

Refemng now to FIG. 1 there is shown on enlarged -

- scale a substantially spherical ball 10 which is suitable

10

15

small ball may be manufactured with a cobalt binder. .

‘The resulting ball is still somewhat porous. Hence due
to the porosity of the ball and the presence of cobalt in
~ the interstices of the tungsten carbide grains making up

‘the ball the ball can be chemically attacked by the vari-

ous inks used in ball point pens. |
In addition, balls produced by powder metallurgy,
- explamed hereinabove, are not sufficiently spherical. As
‘a result they require a considerable amount of rough
- grinding so that they become sufﬁelently spherleal for
~the finish grinding steps.

It is accordingly an ob_]ect of the present 1nvent10n to

‘provide a ball suitable for ball point pens which is not
porous and has no binder material, hence is substantially
immune to chemical attack by the inks used in ball point

pens.

a ball of the type discussed consisting of a core with a
coating obtained by chemical vapor deposition and
which can be manufactured relatively mexpenswely

SUMMARY OF THE INVENTION

T In accordance with the present invention there is
provided a ball which is particularly suitable for a ball
- point pen. The ball comprises a core which consists of a
refractory material capable of withstanding a tempera-

Another object of the present mventlon is to prowde'

20

for ball point pens and the like. The ball consists of a
core 11 and -a coating 12 which has been deposed
thereon by chemical vapor deposition. |

In order to explain the principles of the present Inven-
tion a preferred embodiment of the present invention
will first be explained, as well as the method of manu-
facture thereof. Thus by way of example, the core 11
may consist of tungsten obtained, for example, in the
form of a powder of approximately 325 mesh. The start-
ing size of such a core of tungsten seed 11 may be be-
tween approximately 10.and approximately 100 microns |
(1 micron=10—% meter).

Such a ball may, for example, be manufactured in the
graphite tube 14 shown in FIG. 2. The graphite tube 14

~ may be heated lnductwely by an induction coil 1§ as

25

shown. A fluidizing gas is introduced into the bottom

portion of the graphite tube 14 through an input tube 16
as shown by the arrow 17. This gas may consist of a
mixture of hydrogen and an inert gas such as argon,

~ helium or nitrogen. The interior of the graphite tube 14

30

is partially filled with the tungsten cores or seeds shown

at 20. The tube is now heated to a temperature between
approximately 500" C. and 950° C. | |
- Now tungsten hexafluoride (WFg) is mixed with a

 suitable carborizing gas such as methane (CHjy), butane

35

ture in excess of. 800° C. (centigrade). The material of 45

the core should also be compatible with the coating.

The coating on the core is'‘deposited by chemical vapor
deposition so that core and coating have a combined
diameter between approximately 0.5 and approximately
1 mm in diameter. The finished product 1S substant:ally
spherical. N - :

‘Ina preferred embodlment the core eonsmts of tung-

sten and the vapor deposned coatmg of tungsten car-

bide.
The novel features that are consrdered charaeterrstlc

(C4H10), acetylene (CaHj) or the like. This mixture of
tungsten hexafluoride and a carbonizing gas is injected
through the input tube 16 into the graphite tube 14,
where the gas passes through the suspended seeds 20.

- As a result tungsten carbide is chemically vapor de-

posed on each seed or core of tungsten. A simplified
form of the chemical reaction is as follows:
 Hz+WFg+CHs—»WC+6HF K¢S

It Will be evident that the thickness of the coating
depends both on the time the reaction takes place, as

- well as on the reaction temperature. Thus the particles

or cores are allowed to grow until they have reached a
predetermined diameter. For example, if the tungsten

;_hexaﬂuorlde and carbonizing gas are reacted at 950° C.
50

for six hours the diameter of a sphere may increase from

o 100 microns to 1 millimeter.

55

- of this invention are set forth with particularity in the

- appended claims. The invention itself, however, both as

to its organization and method of operation, as well as

Experiments have shown the balls produced as ex- - ”

plained herein have a much higher initial sphericity
than balls obtained by a powder metallurgy technique.

They, of course do not contain any cobalt and have
v1rtua11y no porosity. Hence they are basmally not sub-

- ject to chemlcal attack by the inks used in ball pomt |

- additional objects and advantages thereof, will best be

understood from the following desenptmn when read in
~ connection with the accompanymg drawing. *

- BRIEF. DESCRIPTION OF THE DRAWING

- FIG. 1is a cross-section on enlarged scale of a ball or -

sphere in accordance with the present invention.

FIG. 2 is a schematic sectional view of an induction
heated fluid bed reactor for the chemical vapor deposi-
tion of a coating on the core; and

60

pens.

The induction heating furnace of FIG 2 is provided
with an exit tube 22 which may be connected to a vac-
uum pump as shown by the arrow 23.

Alternatively the reaction tumbler of FIG. 3 may be

- used for the same process. The tumbler consists again of

- a graphite cylinder 28 surrounded by induction coils 26
65

for heating the tumbler. The gases are introduced

‘through the inlet tube 27 as shown by arrow 28, while

- the exit tube 30 connects to a vacuum pump as shown

by the arrow 31. The chemical process is otherwise the
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same except that the cylinder 25 is rotated as indicated
by the arrow 33.

This makes it possible to increase the size of the balls
after they have reached an initial diameter of say ap-

Re. _30,626
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corrosion or other chemical attack by the various inks
used in ball point pens.

What is claimed is:

1. A ball particularly suitable for a ball point pen and

proximately 0.5 millimeter. The tumbling reactor of 5 comprising:

FIG. 3 has the advantage that it allows plating of a
larger number of balls for each batch.

In accordance with the present invention it is not
necessary that the core 11 consist of tungsten. Instead it

may consist of nickel, copper or molybdenum. Alterna-
tively, the core may consist of a ceramic such as alumi-
num oxide (AL203) or graphite. The main requirement
for the core is that it is capable of withstanding the
chemical vapor deposition temperatures which can
exceed 900° C. In addition, the core should be compati-
ble with the coating to be deposited.

The coating may consist of a suitable carblde besides
tungsten carbide. Among these carbides are niobium
carbide, titanium carbide or tantalum carbide. Alterna-

diboride. -
In order to manufacture titanium carbide a tempera-

ture of between approximately 800° and approximately
1300° C. may be used. The chemical reaction may pro-
ceed as follows:

TiCly+ CH4—TiC+4HCI (2)
It will be noted that the starting material is titanium
tetrachloride. |
For tantalum carbide the reaction temperature is
between approximately 900° C. and 1400° C. and the
reaction is as follows: ,. o

TaC]5+5/ 2H2+C—TaC+ 5HC(] (3)

In this case again the starting matenal is tantalum penta-
chlonide.

Similarly for nioblum carbide the reaction tempera-

ture 1s between 900° and approximately 1400 C. The

chemical reactlon 1s as follows:

NbCls-+5/2H3 -+ C—NbC-+ SHC! 4)
The starting material i1s niobium pentachloride The
carbon (C) in formulas (2) to (5) may again be obtained
from a carbonizing gas as mentioned before.

By way of example, it is also possible to start with a
core consisting of a nickel sphere of 0.7 mm diameter.
The coating may again consist of tungsten carbide and
may have a thickness so that the diameter of the finished
sphere is somewhat greater than 1 mm corresponding to
a pen ball having a diameter of one millimeter.

The thickness of the coating should be in any case no
less than 50 microns. It may be necessary to lap or grind
the finished ball to insure that it is perfectly spherical. In
this case the coating may have to be somewhat thicker
to make up for the loss of thlckness due to the lapping or
grinding.

There has thus been dlsclosed a method of manufac-
turing spheres suitable for ball point pens and the result-
ing product. The spheres of the present invention are
characterized by a core covered with a coating ob-
tained by chemical vapor deposition. They are substan-

tially without pores and do not contain cobalt and

10
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(a) a core consisting of a refractory material capable
of withstanding a temperature in excess of [800°]}
- 500° C.; and
(b) a coating on said core, said coating being depos-
ited from the vapor phase by hydrogen reduction
of a refractory metal halide, said core and coating
having a combined diameter of from approximately
0.5 mm to approximately 1 mm and being substan-
tially spherical.
2. A ball as defined in claim 1 wherein said coating
consists of a metal carbide.
3. A ball as defined in claim 2 wherein said coating
consists of tungsten carbide.
4. A ball as defined in claim 2 wherein said coating.

: . 20 consists of tantalum carbide.
tively, a metal boride may be used such as titanium .

S. A ball as defined in claim 2 wherein said coating

-consists of titanium carbide.

6. A ball as defined in claim 2 wherein said coating
consists of niobium carbide.

7. A ball as defined in claim 1 wherein said coatmg
consists of a metal boride.

8. A ball as defined in claim 7 wherein said coating
consists of titanium diboride.

9. A ball as defined 1n claim 1 wherein said core con-

30 sists of a ceramic.

35

10. A ball as defined in claim 9 wherein said core
consists of aluminum oxide.

11. A ball as defined 1n claim 1 wherein said core
consists of a metal.

12. A ball as defined in claim 11 wherem said core
consists of tungsten.

13. A ball as defined in claim 11 wherein said core
consists of molybdenum.

14. A ball as defined in claim 11 wherem said core

40 consists of copper.

45
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15. A ball as defined 1n claim 11 wherein sald core
consists of nickel.
-16. A ball as defined in claim 1 wherem sald coating
has a thickness no less than 50 microns.
17. A [sphere] ball particularly suitable for a ball
point pen comprising:
(a) a core consisting of tungsten; and .
(b) an outer coating consisting of tungsten carbide,
said coating being deposited from the vapor phase
by the hydrogen reduction of tungsten halide in the
presence of a carborizing gas, said ball being sub-
~ stantially spherical and having a diameter between
about 0.5 and about 1 mm.
. 18. A ball as defined in claim 17 wherein sald coating

55 has a thickness no less than 50 microns.

60
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hence the finished product substantially is not subject to -

19. A ball particularly suitable for a ball point pen and
comprising: -

(a) a core consisting of a refractory material capable
of withstanding a temperature in excess of [800°}
500° C.; and

(b) a coating on said core, said coating consisting of a
substantially pure refractory metal deposited from
the vapor phase by hydrogen reduction of a refrac-
tory metal halide, said ball having a diameter be-
tween approximately 0.5 and approximately 1 mm
and being substantially spherical.

* * * x %
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