
PROCESS FOR PRODUCING SOLID ELECTROLYTIC CAPACITORS This invention relates
generally to a process for producing capacitors. More particularly, the
present invention relates to a process for producing solid electrolytic
capacitors of the 5  type which comprises a lead wire partially embedded in
and partially projecting from a compacted mass of powdered electrode
material such as tantalum powder. As is well known, capacitors have the
function of storing and discharging electrical energy, and are widely used
in 10 designing electrical and electronical circuits. Obviously, the
capacitor should preferably be small-sized but yet have a large capacity.
One typical example meeting such requirements is the solid electrolytic
capacitor. The solid electrolytic capacitor is a polar capacitor which 15
includes a metallic anode (positive electrode) and a solid electrolyte
cathode (negative electrode). The surface of the metallic anode is oxidized
to form an oxide layer acting as a dielectric substance separating
electrically between the anode and the cathode. Most commonly used for the
metallic anode is 20  a compacted mass of tantalum powder. To specifically
explain the problems to be solved by the present invention, reference is
now made to Fig. 5 schematically showing a typical prior art process for
producing a solid electrolytic capacitor which incorporates a tantalum
electrode. 25 As shown in Fig. 5, tantalum powder 11 is first loaded into a
molding recess 10a of a mold 10, and a short lead wire 12 is  



inserted into the load of tantalum powder. Then the load of tantalum powder
is compacted by a presser rod 13. The resulting compact 11' is removed from
the mold. Obviously, the compact 11' is highly porous and therefore has a
large surface area 5   (including the internal pore surface area) which
increases the capacity of the resulting capacitor. The compact 11' of
tantalum powder thus obtained is sintered in a vacuum sintering furnace
(not shown). Thereafter, the compact is dipped in a chemical solution bath
10   (not shown) and electrolytically oxidized to form an oxide coating or
layer ([err]) which is a dielectric substance. The electrolytic oxidation
occurs within the pores of the compact according to the following reaction.
[err] 15       After the chemical treatment described above, the compact is
impregnated with a solution of manganese nitrate [err] which is thermally
decomposed to form a layer of manganese dioxide (MnO2) which is a solid
electrolyte substance. The manganese dioxide layer acts as a first cathode
layer. 20       Then, the compact is subjected to a graphitizing treatment
and a silver coating treatment to form second and third cathode layers on
the manganese oxide layer. A capacitor element is thus obtained. Finally,
the capacitor element is formed into a final 25   product by undergoing
aftertreatments which include a soldering 



- 2 -    step, an encasing step, a marking step, and etc. The prior art
process described above is disadvantageous in the following respects.
First, according to the prior art process, only a single 5  compact is
obtained by a single compacting step, so that the production efficiency is
very low. It is conceivable to improve the production efficiency by using a
plurality of molds for simultaneously producing a corresponding number of
compacts at a time. In this case, however, it is still necessary to 10
separately prepare a corresponding number of short lead wires and introduce
them in the respective molds in addition to separately loading the molds
with tantalum powder, consequently failing to provide a reasonable increase
of the productivity. Second, tantalum powder is compacted by applying a
pressing 15   force axially of the lead wire 12.  Thus, during the
compacting step, the portion of the lead wire inserted in the load of
tantalum powder may be subjected to buckling which may deteriorate the
quality of the product. This problem is particularly serious when the lead
wire is very thin, but the 20   lead wire should  be as thin as possible
to realize miniaturization of the capacitor. Indeed, the prior art process
is applicable only to lead wires of no less than 180[err] in diameter. 



25    It is, therefore, an object of the present invention to provide a
process by which solid electrolytic capacitors are efficiently produced
without quality deterioration even if thin lead wires are used. According
to the present invention, there is provided a process for producing solid
electrolytic capacitors by using a combination of a mould and a presser
member, characterised in that the mould is formed with at least one series
of moulding recesses, the mould further being formed with a lead-receiving
groove extending along the surface of the mould to intersect the openings
of a plurality of the moulding recesses, the depth of the lead-receiving
groove being smaller than that of each moulding recess, the presser member
being formed with a series of pressing projections at positions
corresponding to the positions of the moulding recesses of the series
thereof in the mould, the process comprising the steps of: a) placing a
lead wire in said or each lead-receiving groove, the length of the lead
wire being substantially the length of the lead-receiving groove, or
greater; b) loading the respective moulding recesses with 



powdered electrode material; c) holding the lead wire slightly above the
base of the lead-receiving groove; d) then causing the respective pressing
projections to press and compact the powdered material downwardly toward
the base of the respective moulding recesses; and e) then removing the
resulting compacts of powdered material from the mould together with the
lead wire. A preferred embodiment of the present invention will now be
described, by way    of example only, with reference to the accompanying
drawings, in which: Figs. 1a through 1e are sectional front views
illustrating the successive steps of a process according to the present 5
invention; Fig. 2 is a perspective view showing a mold suitably used for
performing the process of the present invention; Fig. 3 is a front view
showing a wire-cutting step of the process; 10       Fig. 4 is a
fragmentary sectional view showing a material- loading step of the process;
and Fig. 5 is a view showing a typical prior art process. Referring now to
Figs. 1a through 1e and 2, there is shown a combination of a mold 1 and a
presser member 2 for use in 



15   performing the process according to the present invention.  The mold 1
is fixedly supported on a stationary part of a press machine (not shown)
for example, whereas the presser member 2 is mounted on a movable part of
the press machine to move vertically relative to the mold 1. 20       As
clearly shown in Fig. 2, the mold 1 is elongate according to the
illustrated embodiment. The upper side of the mold 1 is formed with a
straight series of molding recesses 3 arranged at constant spacing
longitudinally of the mold. Further, the mold upper side is also formed
with a straight lead 25   receiving groove 4 extending longitudinally of
the mold to pass or traverse through the respective recesses 3. The depth
of the lead receiving groove 4 is smaller than, but preferably - 5 -
slightly larger than half, that of each molding recess 3 (see Fig. 2).
According to the illustrated embodiment, each molding recess 3 has the
shape of a rectangular parallelepiped. 5   However, the molding recess may
have any optional shape depending on the capacitor requirements. The
presser member 2 may be elongate similarly to the mold 1, and is arranged
above the mold. The underside of the presser member is formed with a
longitudinal series of pressing 10   projections 5 in corresponding
relation to the respective 



molding recesses 3 of the mold. Using the mold 1 and the presser member 2,
the process according to the present invention is performed in the
following manner to manufacture solid electrolytic capacitors. 15
First, with the presser member 2 raised, a lead wire R is introduced into
the longitudinal groove 4 of the mold 1, as shown in Fig. 1a. Preferably,
the lead wire R is supplied continually from a reel (not shown) without
cutting even after setting relative to the mold. The lead wire may be made
of 20   tantalum for example. It should be appreciated that, for the
convenience of illustration, the lead wire R is shown in Fig. 1a as placed
in direct contact with the bottom of the longitudinal groove 4. In reality,
however, the lead wire is initially held slightly 25   above the groove
bottom, as clearly shown in Fig. 4.  Due to such an initial setting, the
lead wire comes into contact with the groove bottom only upon subsequent
application of a pressing - 6 -    force. In this way, the lead wire is
prevented from being subjected to a shearing force at the time of
compacting. After setting of the lead wire R, powdered electrode material A
(positive electrode material) is loaded into the respective molding
recesses 3 of the mold 1, as shown in Fig. 1b. As a result, the lead wire
penetrates through each load of 



electrode material. A typical example of powdered electrode material is
tantalum powder. After loading of the electrode material A, the presser 10
member 2 is lowered, so that the electrode material is compacted by the
pressing projections 5 within the respective recesses 3, as shown in Fig.
1c. At this time, the lead wire R is slightly depressed to come
substantially into contact with the recess bottom, but no shearing of the
lead wire occurs, as described 15   above. Then, the presser member 2 is
raised to open the mold 1, as shown in Fig. 1d. Thereafer, the lead wire R
is lifted up together with the formed compacts A' by a feed device (not
shown) having a lift-up function, and advanced for a 20   predetermined
distance.  To assist removal of the compacts A' from the molding recesses
3, use may be made of pusher pins 6 (see Fig. 2) which are arranged in
corresponding relation to the molding recesses to push up the compacts in
timed relation to lifting up of the lead wire R. 25       The lead wire R
thus lifted up and advanced is lowered again to introduce a new portion of
the lead wire into the lead receiving groove 4 of the mold 1, as shown in
Fig. 1e.  The - 7 -    process steps shown in Figs. 1a through 1e may be
repeated continually to efficiently provide a number of compacts A'. 



The molded compacts A' thus obtained may be separated from each other by
cutting the lead wire R at suitable positions 5   thereof, as shown in Fig.
3.  In the conventional way,.-the separated compacts A' are then subjected
to subsequent process steps which include sintering, chemical treatment
(formation of tantalum oxide layer), negative electrode formation, and etc.
These subsequent process steps, which do not constitute the 10   features
of the present invention, are already described in connection with the
prior art process, and therefore no explained here. Alternatively, the
compacts A' may be subjected to the subsequent process steps without
cutting the lead wire R. For 15   example, the compacts A' carried by the
non-cut lead wire R may be introduced into a sintering furnace (not shown)
and thereafter into a chemical solution bath (not shown). In this case, the
efficiency of the overall process is further improved because the compacts
can be supplied successively by utilizing 20   the lead wire. According to
the process described above, a plurality of compacts A' are formed
simultaneously by a single compacting step, and there is no need to
separately place short lead wires into the respective molding recesses 3.
Thus, the process 25   efficiency is greatly improved in comparison with
the prior art process. Further, if the lead wire R is continuous and
supplied - 8 -  



continually, a great number of compacts A' can be successively produced,
and the lead wire may be utilized for transferring the compacts. As a
result, the process efficiency is additionally improved. Moreover,
according the process of the invention, the lead wire R penetrates through
the respective loads of electrode material A, and the pressing or
compacting force is applied transversely to the lead wire. In other words,
the compacting force is applied transversely to but equally all around the
10   lead wire R within the respective molding recesses 3.  Thus, no
buckling of the lead wire occurs during the compacting process step. The
inventors have experimentally confirmed that the process of the present
invention is applicable even to a thin lead wire having a diameter of about
50[err], whereas the prior 15   art process is limited in applicability to
lead wires having not less than 180[err]. The present invention being thus
described, it is obvious that the same may be varied in many ways. For
instance, the lead wire R need not be continuous, provided that it has at
20   least a length substantially corresponding to the length of the lead
receiving groove 4. Further, the mold 1 may be formed with plural rows of
molding recesses and a corresponding number of lead receiving grooves,
while the presser member 2 may be formed with corresponding rows of
pressing projections. 25   Moreover, the present invention may be applied
to produce 



various types of solid electrolytic capacitors. Such variations are not to
be regarded as a departure from the spirit and scope    of the present
invention, and all such modifications as would be obvious to those skilled
in the art are intended to be included within the scope of the following
claims. 5 10 15 20 25 - 10 -    CLAIMS *    C   L  M  S   * 1. A process
for producing solid electrolytic capacitors by using a combination of a
mould and a presser member, characterised in that the mould is formed with
at least one series of moulding recesses, the mould further being formed
with a lead-receiving groove extending along the surface of the mould to
intersect the openings of a plurality of the moulding recesses, the depth
of the lead-receiving groove being 



smaller than that of each moulding recess, the presser member being formed
with a series of pressing projections at positions corresponding to the
positions of the moulding recesses of the series thereof in the mould, the
process comprising the steps of: a) placing a lead wire in said or each
lead-receiving groove, the length of the lead wire being substantially the
length of the lead-receiving groove, or greater; b) loading the respective
moulding recesses with powdered electrode material; c) holding the lead
wire slightly above the base of the lead-receiving groove; d) then causing
the respective pressing projections to press and compact the powdered
material downwardly toward the base of the respective moulding recesses;
and e) then removing the resulting compacts of powdered    material from
the mould together with the lead wire. 2. A process according to Claim 1,
wherein the series of moulding recesses and the series of pressing
projections are straight, the lead-receiving groove also being straight. 3.
A process according to Claim 2, wherein the lead wire is continuous and is
supplied continually, the 



process steps (a) to (e) being performed repetitively with respect to
different portions of the lead wire. 4. A process according to any one of
Claims 1 to 4, wherein the pressing projections are integral with the
presser member. 5. A process according to any one of Claims 1 to 5, wherein
removal of the compacts from the respective moulding recesses is performed
by lifting up the lead wire from the mould. 6. A process according to Claim
5, wherein removal of the compacts from the respective moulding recesses is
assisted by pusher pins provided in corresponding relation to the moulding
recesses for pushing out the compacts. 7. A process according to any one of
Claims 1 to 6,    wherein the powdered electrode material is tantalum
powder. 8. A process for producing solid electrolytic capacitors,
substantially as described hereinbefore with reference to and as
illustrated in Figures la to 4 of the accompanying drawings.    


