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(54) ROTARY TYPE POWDER COMPRESSION MOLDING MACHINE

(57) In a rotary compression molding machine for
powder material, a rotary table 3 is rotatably arranged
in a frame 1 through an upright shaft 2, a die 4 having
a die hole 41 is arranged on the rotary table 3, an upper
punch 5 and a lower punch 6 are kept above and below
the die 4 in a condition of vertically slidable and powder
material filled in the die hole 41 is compressed and mold-
ed between a lower face 5a of the upper punch 5 and

the upper face 6a of the lower punch 6 by pushing the
upper punch 5 and the lower punch 6 so as to approach
each other with their tips inserted into the die hole 41,
and provided with a device LS for spraying small
amounts of liquid which sprays small amounts of liquid
lubricant L generally evenly on the lower face 5a of the
upper punch 5, the upper face 6a of the lower punch 6
and an inner face 41a of the die 4 prior to compression
for molding.
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Description

FIELD OF THE ART

[0001] This invention relates to a rotary compression
molding machine for powder material which compress-
es powder material so as to mold a compressed product
mainly including a medical tablet, food or toiletry.

BACKGROUND ART

[0002] A degradative agent, a shaping agent, a bind-
ing agent and a lubricant are compounded and mixed in
addition to a medicine formulation ingredient i.e. a prin-
cipal medicine so as to make raw powder material in
manufacturing medical tablets by the use of this kind of
a rotary compression molding machine. If the raw pow-
der material is made of the principal medicine alone, a
sticking phenomenon such that the raw powder material
or the tablet sticks to a punch or a die might occur. Then
the lubricant is mixed into the raw powder material in
order to prevent this kind of problem. Magnesium stea-
rate, calcium stearate, talc or the like is generally used
as the lubricant.
[0003] Senile medical field is recently considered to
be essential. This increases a demand for tablets which
are easy to melt or collapse in a mouth so that elder
persons can swallow it without difficulty or for tablets
which melt immediately after swallowed so as to pro-
duce the efficacy of the medicine. The above-mentioned
lubricant prevents adherence to the die or the punches
or reduces resistance when the tablet is taken out of the
die; however, the lubricant hinders water from infiltrating
into the tablet due to its hydrophobic nature, which
makes it difficult to meet the above-mentioned demand.
Due to this characteristic of the lubricant, it takes time
for the tablet to collapse, resulting in a problem such as
delaying elution. In addition, due to a mixture of the lu-
bricant, the inside of the tablet is hindered from being
integrated, which makes it difficult to higher hardness of
the tablet, resulting in fragile.
[0004] In view of the situation and with an object to
prevent sticking considered, there is no need of mixing
the lubricant with a principal medicine. Then it has been
examined that the lubricant is sprayed so as to adhere
to a part alone where sticking occurs such as a surface
of the punches and the tablet is manufactured with raw
powder material with which no lubricant is mixed. As this
arrangement in which the lubricant is applied to a nec-
essary portion alone conceived are that powder lubri-
cant is sprayed to the upper punch, the lower punch and
the die hole prior to compression by the upper and the
lower punches or that only lubricant is first compressed
by the upper and the lower punches so as to cover the
upper punch, the lower punch and the die hole with the
lubricant.
[0005] However, with the former one, the lubricant
might be lowered in utility efficiency because it is scat-

tered when sprayed or there might be a problem of con-
tamination such that lubricant is mixed with principal
medicine or principal medicine is mixed into lubricant
when the lubricant is sprayed, resulting in unevenness
of the lubricant adhering to the upper and lower punch-
es. With the later one, a compressor is required in order
to compress the lubricant, which makes a size of a ma-
chine as a whole bigger and reduces a speed of manu-
facturing tablets to generally a half of a usual speed. In
addition to these arrangements, although a variety of dif-
ferent arrangements are conceived, there are the same
problems for actual use.

DISCLOURE OF THE INVENTION

[0006] In order to solve all of the above problems the
present claimed invention intends to provide a rotary
compression molding machine for powder material in
which small amounts of liquid lubricant is sprayed so as
to adhere to at least an upper face of a lower punch and
a lower face of an upper punch by the minimum neces-
sary amount, which reduces an amount of the liquid lu-
bricant mixed with a tablet by far, which makes it free
from a problem of contamination and which does not
complicate the arrangement thereof.
[0007] More specifically, a rotary compression mold-
ing machine for powder material is so arranged that a
rotary table is rotatably arranged in a frame through an
upright shaft, a die having a die hole is arranged on the
rotary table, an upper punch and a lower punch are kept
above and below the die in a condition of vertically slid-
able and powder material filled in the die hole is com-
pressed and molded between a lower face of the upper
punch and the upper face of the lower punch by pushing
the upper punch and the lower punch so as to approach
each other with their tips inserted into the die hole, and
is characterized by comprising a device for spraying
small amounts of liquid which sprays small amounts of
liquid lubricant so as to adhere generally evenly to the
lower face of the upper punch, the upper face of the low-
er punch and an inner face of the die hole prior to com-
pression for molding.
[0008] In accordance with the arrangement, since the
rotary compression molding machine is provided with
the device for spraying small amounts of liquid which
sprays small amounts of liquid lubricant generally even-
ly to the lower face of the upper punch, the upper face
of the lower punch and the inner face of the die hole
prior to compression to mold tablets, the liquid lubricant
can adhere to the lower face of the upper punch, the
upper face of the lower punch and the inner face of the
die hole generally evenly by a small and the minimum
necessary amount prior to compression of the powder
material. In addition, since the liquid lubricant is sprayed
and adheres to the lower face of the upper punch, the
upper face of the lower punch and the inner face of the
die hole generally evenly by a small and the minimum
necessary amount, it is possible to prevent not only the
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powder material from adhering to the upper and lower
punches due to excessive liquid lubricant but also stick-
ing without mixing the lubricant with the raw powder ma-
terial beforehand.
[0009] Further, since no lubricant is mixed with the
raw powder material, the compressed tablet is, espe-
cially in a case the raw powder material is medicine, not
only sufficiently strong in hardness but also collapsible
in a short time, thereby to manufacture the tablet which
can be eluted easily. In addition, since the liquid lubri-
cant is sprayed to the lower face of the upper punch, the
upper face of the lower punch and the inner face of the
die hole, it is possible to prevent diffusion of the liquid
lubricant, thereby to avoid a problem of contamination.
Further, unlike the one in which the lubricant alone is
first compressed prior to compression of the powder ma-
terial, the arrangement is free from problems such that
a speed of compression to mold the tablet is lowered
and that the machine becomes bigger and complicated.
Thus arranged rotary compression molding machine is
used for manufacturing mainly pharmaceuticals.
[0010] The device for spraying small amounts of liquid
is preferable to comprise a storage tank which stores
the liquid lubricant, a measuring portion which meas-
ures the liquid lubricant sent out from the storage tank
by a given amount and a spraying portion which sprays
the measured amount of the liquid lubricant. With this
arrangement, the amount of the liquid lubricant to be
sprayed can be measured based on a rotational speed
of the rotary table. The device for spraying small
amounts of liquid may further comprise a controller
which sends the liquid lubricant measured by the meas-
uring portion to the spraying portion by a predetermined
amount. With this arrangement, the liquid lubricant can
be sprayed with accuracy every time it is sprayed.
[0011] The measuring portion is preferable to com-
prise a flow controller which measures an amount of
sprayed liquid lubricant by making use of temperature
difference between two points where the liquid lubricant
sent out from the storage tank passes. And the spraying
portion is preferable to comprise a spray pipe which va-
porizes the liquid lubricant sent out from the flow con-
troller by means of pressure applied and an air compres-
sor which supplies the spray pipe with pressurized air
to apply pressure. With this arrangement, it is possible
not only to measure small amounts of liquid lubricant
with accuracy but also to vaporize and spray the liquid
lubricant efficiently with a downsized device since no va-
porizer is required.
[0012] With the above arrangement, as a timing to
spray the liquid lubricant it is preferable that the liquid
lubricant is sprayed to the lower face of the upper punch
during a period of time from the die hole is in a condition
of empty until the powder material is filled in the die hole
and before the upper punch is inserted into the die hole
and that the liquid lubricant is sprayed to the upper face
of the lower punch and the inner face of the die hole
during a period of time from the die hole is in a condition

of empty until before the powder material is filled in the
die hole. With this timing, the liquid lubricant can be
sprayed in a condition that no powder material is in the
die hole, thereby to prevent the liquid lubricant from
mixed with the powder material.
[0013] The liquid lubricant is represented by that a
substance having lubricity is dissolved in liquid, the sub-
stance disperses in liquid, the substance is emulsified
and the substance having lubricity itself is liquid. More
concretely, the liquid lubricant is represented by silicone
emulsion. As mentioned above, if the liquid lubricant
contains silicone, it is possible for the liquid lubricant to
adhere in small amounts at least to the lower face of the
upper punch and the upper face of the lower punch gen-
erally evenly, thereby to produce lubricity sufficiently in
spite of small amounts. The silicone is represented by
silicone oil such as KF96 made of dimethyl polysiloxane
(trade name; manufactured by Shin-Etsu Chemical Co.,
Ltd.) and Dow Corning 360 Medical Fluid (trade name;
manufactured by Dow Corning Corporation). The emul-
sion of the silicone oil is represented by KM787, KM740
(trade name; manufactured by Shin-Etsu Chemical Co.,
Ltd.) and Dow Corning 365, 35% Dimethicone NF Emul-
sion (trade mark; manufactured by Dow Corning Corpo-
ration). Liquid or paste silicone resin which is a mixture
of dimethyl polysiloxane and silicone dioxide is repre-
sented by KS66, KS69, KM72 and KM72F (trade name;
manufactured by Shin-Etsu Chemical Co., Ltd.).
[0014] It is preferable that the spray pipe is arranged
at a position where a distal end of the spray pipe locates
at least 13 mm higher than a level of a top face of the
rotary table. More specifically, if the spray pipe is ar-
ranged so that the top thereof locates at the above-men-
tioned height, the liquid lubricant sprayed from the spray
pipe diffuses so as to adhere to the lower face of the
upper punch, the upper face of the lower punch and the
die hole evenly at a time when the liquid lubricant reach-
es to the lower face of the upper punch, the upper face
of the lower punch and the die hole. As a result, it is
possible to spray the liquid lubricant effectively and to
control scattering the surplus liquid lubricant to the min-
imum as well. The height of the spay pipe is adjusted
according to a diameter of the molded product. More
concretely, for example, the height of the spray pipe is
set to be approximately 13.3 mm for a molded product
whose diameter is 11 mm and that of the spray pipe is
set to be approximately 18.1 mm for a molded product
whose diameter is 15 mm.
[0015] In case the spray pipe is arranged at the above
height, it is preferable that the liquid lubricant is sprayed
at a spray angle of generally 45 degrees. If the liquid
lubricant is sprayed at 45 degrees, the liquid lubricant
diffuses to a range of a circle whose diameter generally
equals to an outer diameter of the lower face of the up-
per punch, an outer diameter of the upper face of the
lower punch and an inner diameter of the die hole when
the sprayed liquid lubricant reaches the lower face of
the upper punch, the upper face of the lower punch and
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the die hole. As a result, it is possible to spray liquid
lubricant effectively and to control scattering of the liquid
lubricant to the minimum.
[0016] In order to prevent the liquid lubricant from ad-
hering to unnecessary portion without fail, it is preferable
that the rotary compression molding machine further
comprises a retrieving device which retrieves surplus
liquid lubricant. The retrieving device is represented by
that comprising a spraying case which covers a part
from which the liquid lubricant is sprayed and an absorb-
ing device which absorbs the liquid lubricant overflowing
the spraying case. With this arrangement comprising
the retrieving device, it is possible to suppress the un-
necessary liquid lubricant from adhering to the upper
punch of the rotary table effectively, thereby to prevent
deterioration of durability due to adherence of surplus
liquid lubricant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Fig. 1 is a front cross-sectional view of a rotary com-
pression molding machine for powder material
showing one embodiment of the invention.
Fig. 2 is a schematic plane view showing a rotary
table in the embodiment.
Fig. 3 is a cross-sectional front view showing the
rotary table of the embodiment in a developed con-
dition.
Fig. 4 is a block diagram showing an arrangement
of a device for spraying small amounts of liquid in
the embodiment.
Fig. 5 is a block diagram showing a general ar-
rangement of a mass flow sensor in the embodi-
ment.
Fig. 6 is a cross-sectional view of a spray pipe in
the embodiment.
Fig. 7 is a cross-sectional view of a spray pipe in
another embodiment of this invention.
Fig. 8 is a magnified plane view showing a lubricant
spraying portion in the embodiment.
Fig. 9 is a cross-sectional end view taken along the
line VIII-VIII in Fig. 8.

BEST MODES OF EMBODYING THE INVENTION

[0018] The invention will be described in detail with
reference to an embodiment thereof shown in the ac-
companying drawings.
[0019] Fig. 1 shows a general arrangement of the ro-
tary compression molding machine for powder material
of the invention. The rotary compression molding ma-
chine for powder material has a device for spraying
small amounts of liquid LS which sprays liquid lubricant
L and a rotary table 3 is horizontally rotatably arranged
in a frame 1 through an upright shaft 2, a plurality of dies
4 are arranged on the rotary table 3 at a predetermined

pitch and upper punches 5 and lower punches 6 are ver-
tically slidably kept above and below of each dies 4.
[0020] More specifically, the upright shaft 2 supported
by a bearing 21 is arranged at a general center of the
frame 1 and a worm wheel 22 is fixed near a bottom end
of the upright shaft 2 so that rotational driving force of a
motor 25 is transmitted to the worm wheel 22 through a
worm 23 and a belt 24. The rotary table 3 which is di-
vided into two functional parts is fixed near a head of the
upright shaft 2. The rotary table 3 comprises an upper
punch retaining portion 32 which is provided at the upper
side thereof and retains the upper punches 5 in a verti-
cally slidable condition and a die portion 33 which is pro-
vided at the lower side thereof and retains the lower
punches 6 in a vertically slidable condition and provided
with a plurality of die mounting holes for mounting the
dies 4 detachably at positions facing to the upper punch
retaining portion 32 on the same circle as that of the
upper punch retaining portion 32. A plurality of punch
retaining holes which hold the upper punches 5 and the
lower punches 6 slidably are provided on the upper
punch retaining portion 32 and the die portion 33. Each
of the punch retaining holes and the die mounting holes
are arranged so that centers of the lower punch 6, the
upper punch 5 and the die 4 coincide with each other
longitudinally on the rotary table 3. A big diameter por-
tion is provided, as shown in Fig. 3, at an upper end of
the upper punch 5 and a lower end of the lower punch
6 respectively and each of the upper punch 5 and the
lower punch 6 is so arranged to make an up-and-down
movement with its big diameter portion engaged and
guided by a cam which will be described later. Longitu-
dinally penetrating holes 41 are provided on the dies 4
in order to insert a tip of the upper punch 5 or the lower
punch 6.
[0021] The rotary compression molding machine for
powder material is, as shown in Fig. 2 and Fig. 3, pro-
vided with a filling portion 7, a leveling portion 8, a com-
pressive molding portion 9, an unloading portion 10 and
a lubricant spraying portion K sequentially along the di-
rection of rotation.
[0022] The filling portion 7 introduces powder material
which has been supplied on the rotary table 3 into the
die 4 through a feed shoe 72 by lowering the lower
punch 6 with a lowering device 71. The powder material
is supplied on the rotary table 3 by means of a powder
material supplying mechanism 73.
[0023] The leveling portion 8 raises the lower punch
6 to a predetermined level by means of an amount set-
ting rail 82 and removes the powder material which has
overflowed from the die 4 due to a rise of the lower punch
6 by means of a leveling plate 83.
[0024] The compressive molding portion 9 comprises
an upper punch lowering cam 91 which lowers the upper
punch 5 so as to insert a lower tip of the upper punch 5
into the die 4, upper and lower preliminary compression
rollers 92, 93 which are to preliminarily compress the
powder material filled in the die 4 with the upper and
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lower punches 5, 6 each of whose lower and upper tips
is inserted into the die 4 pushed from upside and down-
side to approach each other and upper and lower com-
pression rollers 94, 95 which are to compress the pow-
der material in the die 4 with the upper and lower punch-
es 5, 6 pushed from upside and downside to approach
each other in a full-scale manner.
[0025] The unloading portion 10 comprises, as shown
in Fig. 2 and 3, an upper punch raising cam 100 which
is to raise the upper punch 5 along a rising slant face so
as to draw the tip of the upper punch 5 out of the die 4,
a pushing up rail 106 which urges the lower punch 6
upward so that a tablet Q in the die 4 can be completely
pushed out of the die 4 and a guide plate 105 which
guides the tablet Q aside so as to introduce the tablet
Q into a shoot 104.
[0026] The lubricant spraying portion K is so formed
that a spray pipe SP which constitutes a spraying portion
S of the device LS for spraying small amounts of liquid
extends upward of the rotary table 3.
[0027] The device LS for spraying small amounts of
liquid comprises a storage tank P which stores liquid lu-
bricant L, for example, in a pressurized condition, a
measuring portion C which measures the liquid lubricant
L sent out from the storage tank P by a predetermined
amount and a spraying portion S which sprays the
measured liquid lubricant L. The storage tank P, the
measuring portion C and the spraying portion S are con-
nected by a liquid line F. In this embodiment the device
LS for spraying small amounts of liquid is to spray the
liquid lubricant L at a constant flow and the constant flow
is set in accordance with a rotational speed (a number
of revolution) or an amount to be used of the processed
powder. The device LS for spraying small amounts of
liquid is so arranged that an amount to be sprayed is
digitalized so as to be output to a computer CC which
controls the amount to be sprayed. The liquid lubricant
L may be sprayed intermittently corresponding to a ro-
tation of the rotary table 3, namely to be sprayed to each
of the upper punches 5, lower punches 6 and dies 4 re-
spectively. As the liquid lubricant L, for example, silicone
emulsion is used. The liquid lubricant L is not limited to
this, but it may be a stock solution of silicone, or a diluted
solution of silicone or a diluted solution of silicone emul-
sion.
[0028] The storage tank P is so arranged that the liq-
uid lubricant L stored in the storage tank P is sent out
from a bottom thereof. In other words, the storage tank
P can send the relatively high viscous liquid lubricant L
from a discharge orifice provided at the bottom thereof
by pressurizing a surface of the liquid lubricant L at a
predetermined air pressure since above the surface is
kept in an airtight condition when the liquid lubricant L
is stored. The air pressure applied to the storage tank
P is determined based on the viscosity and the amount
of the liquid lubricant L to be sprayed.
[0029] The measuring portion C measures the liquid
lubricant L sent out from the storage tank P based on

temperature difference. More specifically, the measur-
ing portion C comprises a flow controller FC which
measures an amount of the liquid lubricant L to be
sprayed by making use of temperature difference be-
tween two points where the liquid lubricant L sent out
from the storage tank P passes.
[0030] The flow controller FC basically comprises, as
shown in Fig. 5, a mass flow sensor MF, a control valve
CV, a microcomputer CPU provided with EEPROM, an
A/D converter AD, a D/A converter DA and a valve driver
VD. And a preset input device PI and a zero adjusting
input device ZI to set an amount to be spread are con-
nected to the microcomputer CPU. The flow amount of
the liquid lubricant L is measured based on the temper-
ature of the liquid lubricant L. More specifically, the con-
trol valve CV is driven on-off so as to be open and closed
at a very short cycle, then temperature difference of the
liquid lubricant L between two points each spaced apart
by a unit distance is calculated when the liquid lubricant
L flows and the flow amount is measured based on the
result of calculation.
[0031] In other words, for example, when the liquid lu-
bricant L heated by a heater which is not shown in draw-
ings flows into the mass flow sensor MF, temperature
of the liquid lubricant L is measured at two points each
spaced apart by a unit distance. The temperatures
measured at two points are transformed into digital data
by the A/D converter AD, and then temperature differ-
ence is calculated by the microcomputer CPU and a flow
rate of the liquid lubricant L is measured by means of
the temperature difference. The microcomputer CPU
controls the flow rate of the liquid lubricant L with an
open-close movement of the control valve CV through
the D/A converter DA so as to be the flow rate set by,
for example, a computer CC. As a result, the microcom-
puter CPU, the D/A converter DA and the control valve
CV constitute a control unit in this embodiment. In addi-
tion, the flow rate of the liquid lubricant L is, for example,
approximately 0.5cc/minute. Since the flow rate varies
according to a concentration of the liquid lubricant L, it
is not limited to the above value. The flow rate is set
based on a rotational speed of the rotary table 3 or a
number of the dies 4. The liquid lubricant L may be
cooled down instead of heated so as to measure the
flow rate.
[0032] The measured liquid lubricant L is sent from
the control valve CV to the spraying portion S through
the liquid line F. The spraying portion S comprises a
spray pipe SP which evaporates the liquid lubricant L
sent out from the flow controller FC by pressure applied
and an air compressor AP which supplies pressurized
air with the spray pipe SP. The air compressor AP com-
presses the air so as to be at a predetermined pressure
and sends out the pressurized air kept at the predeter-
mined pressure. The liquid lubricant L can be sprayed
evenly because the liquid lubricant L is pressurized by
the air compressor AP.
[0033] The spray pipe SP comprises, as shown in Fig.
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6, a liquid storage SP1, a spraying inner pipe SP2 which
projects out from the liquid storage SP1 and inside of
which the liquid lubricant L flows, the spraying outer pipe
SP3 which is provided to cover outer circumference of
the spraying inner pipe SP2 wherein pressurized air
flows in a gap between the spraying inner pipe SP2 and
the spraying outer pipe SP3 and a spraying nozzle SP4
which is connected through the spraying inner pipe SP2
and the spraying outer pipe SP3 and which draws the
liquid lubricant L in the spraying inner pipe SP2 from the
spraying outer pipe SP3 in a decompressed condition
by means of the pressurized air. The spraying nozzle
SP4 has a hole SP41 for discharging the liquid lubricant
L on a center thereof and a plurality of holes SP42 for
discharging pressurized air from the spraying outer pipe
SP3 are provided to surround the hole SP41. The air
discharged from the holes SP42 forms a spiral air cur-
rent near the hole SP41 and forms a space of a low at-
mospheric pressure near the hole SP41. As a result, the
liquid lubricant L is decompressed instantly by being dis-
charged into the space of the low atmospheric pressure,
thereby to be vaporized and sprayed.
[0034] The spray pipe SP is arranged between the un-
loading portion 10 and the filling portion 7, namely at the
lubricant spraying portion K. The spray pipe SP for
spraying liquid lubricant L over the upper punch 5 is ar-
ranged with its hole SP41 facing upward and the spray
pipe SP for spraying liquid lubricant L over the lower
punch 6 and the die hole 41 is arranged with its hole
SP41 facing downward. In this embodiment, the liquid
lubricant L is sprayed after the lower punch 6 push the
tablet Q so as to be out of the die 4 and at the time when
the die hole 41 is in a condition of being able to be filled
with powder, in other word, just before the lower punch
6 is lowered by the lowering device 71. As a result, the
spray pipe SP for the lower punch 6 is arranged at a
position closer to the filling portion 7 than the spray pipe
SP for the upper punch 5, namely an advanced position
along a direction of rotation. The position where the
spray pipes SP are arranged is to secure enough time
for drying the liquid lubricant L which is sprayed and
which adheres to the lower face 5a of the upper punch
5, the upper face of the lower punch 6 and the inner face
41a of the die hole 41 prior to filling the power material.
Each of the holes SP41 is arranged so that the center
thereof coincides with a track of a center of the upper
and the lower punches 5, 6.
[0035] Next operation of the rotary compression
molding machine for powder material will be explained
with reference to Fig. 3. Each of T0 , T5 in Fig. 3 means
a phase. The upper and the lower punches 5, 6 are kept
at the highest position in a step when passing the un-
loading portion 10 (T0). Next, the upper and the lower
punches 5, 6 move to the lubricant spraying portion K
by rotation of the rotary table 3 with the position of the
upper and the lower punches 5, 6 kept the highest (T1).
At this position, the device LS for spraying small
amounts of liquid sprays the liquid lubricant L to the up-

per punch 5. When the rotary table 3 rotates, the lower
punch 6 is lowered by an amount corresponding to thick-
ness of the tablet Q at a front end portion of the lowering
device 71. At this position, the device LS for spraying
small amounts of liquid sprays the liquid lubricant L to
the lower punch 6 and the die 4 (T2). As a result, the
liquid lubricant L can adhere to the upper face 6a of the
lower punch 6 and the inner face of the die hole 41 by
the depth corresponding to the thickness of the tablet Q.
[0036] As mentioned above, since the liquid lubricant
L is sprayed when the upper punch 5 is kept highest,
the liquid lubricant L sprayed from the spray pipe SP
adheres to the lower face 5a of the upper punch 5. Then
since the lower punch 6 paired with the upper punch 5
passes below the spray pipe SP with the above-men-
tioned position kept, the liquid lubricant L sprayed from
the spray pipe SP adheres to the lower punch 6 and the
inner face 41a of the die hole 41. Since the amount of
the sprayed liquid lubricant L is measured by the meas-
uring portion C, the liquid lubricant L adheres evenly to
general whole area of the lower face 5a of the upper
punch 5, the upper face 6a of the lower punch 6 and the
inner face of the die hole 41 by a predetermined depth.
The liquid lubricant L adheres to the upper and the lower
punches 5, 6 and the die 4 and then volatilizes a part of
a solution of the liquid lubricant L by the time the powder
material is filled so that the lower face 5a of the upper
punch 5, the upper face 6a of the lower punch 6 and the
inner face 41a of the die hole 41 are dried. As a result,
each of the faces 5a, 6a, and 41a is not wet with the
liquid lubricant L even though the liquid lubricant L is
sprayed thereto, resulting in no powder material adher-
ing to the faces 5a, 6a, and 41a.
[0037] Next, when the lower punch 6 moves to the fill-
ing portion 7 due to rotation of the rotary table 3, the
lower punch 6 is first lowered to a middle position under
the guidance of a front half of the lowering device 71
and then to a further lower position under the guidance
of a rear half thereof (T3). On its way the powder mate-
rial supplied on the rotary table 3 by the powder material
supplying mechanism 73 is evenly introduced by mak-
ing use of guide by the feed shoe 72. Then the lower
punch 6 runs up onto an amount-setting rail 82, which
raises the lower punch 6 until it reaches a predetermined
height and a predetermined amount of powder material
is filled into the die 4. The powder material which has
overflowed from the die 4 is leveled when it passes
through the leveling plate 8 and gathered toward the
center of the rotary table 3. During this process, the up-
per punch 5 is kept at the highest position by a guide
rail 102.
[0038] Next, the upper punch 5 is lowered (T4) under
the guidance of the upper punch lowering cam 91 so as
to insert the tip thereof into the die 4. Then the powder
material in the die 4 is compressed and molded into the
tablet Q by the upper and lower punches 5, 6 which pass
between the upper and lower preliminary compression
rollers 92, 93 and the upper and lower compression roll-
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ers 94, 95 (T5).
[0039] After the tablet Q is molded, the upper punch
5 is raised under the guidance of the upper punch raising
cam 100 so as to be withdrawn out of the die 4, and then
the tablet Q in the die 4 is pushed upward so as to come
out on the rotary table 3 by the lower punch 6 pushed
by the pushing up rail 106. The tablet Q is guided onto
a shoot 104 by the guide plate 105 and introduced out
of the rotary compression molding machine for powder
material. Next, the upper punch 5 is further raised under
the guidance of the upper punch raising cam 100. As
mentioned above, the rotary compression molding ma-
chine for powder material can produce a predetermined
tablet Q repeatedly and successively with the powder
material compressed and molded.
[0040] In accordance with thus arranged rotary com-
pression molding machine for powder material of this
embodiment, since the liquid lubricant L adheres evenly
to portions which contact with the powder material,
namely the lower face 5a of the upper punch 5, the upper
face 6a of the lower punch 6 and the inner face 41a of
the die 4 prior to compression every time the powder
material is compressed, it is possible to prevent the pow-
der material from sticking thereto without mixing powder
lubricant with the powder material. In addition, since the
sprayed amount of the liquid lubricant L is small and the
minimum necessary to prevent sticking, the liquid lubri-
cant L is atomized and a part of the solvent of the liquid
lubricant L is volatilized and the liquid lubricant L is dried,
it is possible to prevent the powder material from adher-
ing to the upper punch 5, the lower punch 6 or the die
hole 41 even though the liquid lubricant L is attached to
the upper punch 5, the lower punch 6 or the die hole 41.
As a result, it is possible to manufacture the tablet Q
having sufficient hardness made of powder material
mixed with no lubricant. Further, since the liquid lubri-
cant L is sprayed to near the lower face 5a of the upper
punch 5 and the upper face 6a the lower punch 6 by
small amounts, it is possible to prevent contamination
and to adhere the liquid lubricant L evenly with ease.
[0041] The rotary compression molding machine for
powder material of the invention can be arranged just
by providing an existing rotary compression molding
machine with a very simple change that the lowering de-
vice 71 of the lubricant spraying portion K is modified,
the spray pipe SP is arranged at a predetermined posi-
tion and the storage tank P, the flow controller FC, the
air compressor AP and the liquid line F are added. As a
result, unlike the one in which the lubricant alone is first
compressed prior to compression of the powder mate-
rial, the arrangement is free from problems such that a
performance of compression to mold the tablet is low-
ered and that the machine becomes bigger and compli-
cated due to necessity of complicated compression
mechanism.
[0042] With the above arrangement, experimental re-
sults of a case in which tablets Q are actually molded
will be , explained, however, this invention is not limited

to this.
[0043] Experimental result-1. 500 ml of die lubricant
of Silicone Emulsion Type KM-787 (trade name: manu-
factured by Shin-Etsu Chemical Co., Ltd.) as the liquid
lubricant L was put in the storage tank P and the flow
rate was controlled by the flow controller FC including
the mass flow sensor MF comprising two liquid mass
flow meters (LM2100: manufactured by LINTEC CO.,
LTD.) for the upper and lower punches 5, 6 and the die
4 and the control valve CV comprising control valves
(CV-1100: manufactured by LINTEC CO., LTD.) in a
condition pressurized by the pressurized air (0.04 MPa).
Then the powder material containing Neusilin (compo-
sition: Neusilin 20%, Avicel 40%, milk sugar 40%) was
compressed and molded together with the liquid lubri-
cant L sprayed to the upper and lower punches 5, 6 and
the die hole 41 by the use of the upper punch 5 whose
lower face 5a was concave of a diameter of 8 mm (with
6 lines carved radially) and the lower punch 6 whose
upper face was concave like the shape of the lower face
5a of the upper punch 5 (with 12 lines carved radially),
at a revolutionary number of 30 rpm and a compressive
pressure of 5.9 kN/cm2 by the rotational compression
molding machine for powder material on which the de-
vice LS for spraying small amounts of liquid was mount-
ed. Scattered powder material due to spray of the liquid
lubricant L was collected with a dust collector (not shown
in drawings).
[0044] The powder material was compressed and
molded after the liquid lubricant L was continuously
sprayed at a rate of 0.15 g/min. to the lower face 5a of
the upper punch 5 and at a rate of 0.30 g/min. to the
upper face 6a of the lower punch 6 and the die hole 41,
and then neither capping to tablets nor adherence of
powder containing Neusilin to the lower face 5a of the
upper punch 5 and the upper face 6a of the lower punch
6 was detected.
[0045] Experimental Result-2. 500 ml of silicone
emulsion 365, 35% Dimethicone NF Emulsion (trade
name: manufactured by Dow Corning Corporation) as
the liquid lubricant L was put in the storage tank P and
the powder material containing Neusilin was com-
pressed and molded as the same way as that of the ex-
perimental result-1. The powder material was com-
pressed and molded after the liquid lubricant L (Silicone
Emulsion 365, 35% Dimethicone NF Emulsion) was
sprayed at a rate of 0.1 g/min. to the lower face 5a of
the upper punch 5 and at a rate of 0.20 g/min. to the
upper face 6a of the lower punch 6 and the die hole 41.
As a result neither capping to tablets nor adherence of
the powder material containing Neusilin to the lower
face 5a of the upper punch 5 and the upper face 6a of
the lower punch 6 was detected, thereby to be a good
result.
[0046] Experimental Result-3. 500 ml of silicone oil
KF-96ADF (trade name: manufactured by Shin-Etsu
Chemical Co., Ltd.) as the liquid lubricant L was put in
the storage tank P and the powder material containing
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Neusilin was compressed and molded as the same way
as that of the experimental result-1. The powder mate-
rial was compressed and molded after the liquid lubri-
cant L (silicone oil KF-96ADF) was sprayed at a rate of
0.3 g/min. to the lower face 5a of the upper punch 5, the
upper face 6a of the lower punch 6 and the die hole 41.
As a result neither capping to tablets nor adherence of
the powder material containing Neusilin to the lower
face 5a of the upper punch 5 and the upper face 6a of
the lower punch 6 was detected, thereby to be a good
result.

Comparative Result

[0047] Without spraying the liquid lubricant L by the
device LS for spraying small amounts of liquid, the pow-
der material containing Neusilin (composition: Neusilin
20%. Avicel 40%, milk sugar 40%) was compressed and
molded by the rotational compression molding machine
for powder material on which the same upper punch 5
the lower punch 6 as those of the experimental result-1
are mounted, at a revolutionary number of 30 rpm and
a compressive pressure of 5.9 kN/cm2. As a result cap-
ping to tablets occurred immediately and adherence of
the powder material containing Neusilin to the upper
punch 5 and the lower punch 6 was detected.
[0048] This invention is not limited to the above-ex-
plained embodiments.
[0049] The spay pipe may be provided with nozzles
at an upper and a lower sides of the front tip thereof.
More specifically, as shown in Fig. 7, the spray pipe SPB
comprises, like the above embodiment, a liquid storage
SPB1, a spraying inner pipe SPB2 which projects out
from the liquid storage SPB1 and inside of which the
liquid lubricant L flows and the spraying outer pipe SPB3
which is provided to cover outer circumference of the
spraying inner pipe SPB2 wherein pressurized air flows
in a gap between the spraying inner pipe SP2 and the
spraying outer pipe SPB3 and has a spraying upper noz-
zle SPB41a and a spraying lower nozzle SPB41b each
of which sprays the liquid lubricant L at the front tip of
the spraying outer pipe SPB3. The spray pipe SPB is
arranged at a position where a distal end of the spray
pipe SPB locates at least 13mm higher than a top face
level of the rotary table 3. More specifically, for a tablet
as a compressed product whose diameter is 11 mm, the
position where the distal end of the spray pipe SPB is
set to locate at approximate 13.3 mm higher than the
top face level of the rotary table 3. The distal end of the
spraying outer pipe SPB3 is closed by a cap member
SPB3a. The spraying upper nozzle SPB41a is provided
to face upward, namely, to the upper punch 5 and the
spraying lower nozzle SPB41b is provided to face down-
ward, namely, to the lower punch 6 when the spray pipe
SPB is mounted. Bore diameter of the spraying upper
and lower nozzles SPB41a, SPB41b is set, for example,
0.7mm. The liquid lubricant L sprayed from the spraying
upper and lower nozzles SPB41a, SPB41b is sprayed

from the center of the spraying upper and lower nozzles
SPB41a, SPB41b radially at a spray angle of generally
45 degrees. As mentioned above, since the spray pipe
SPB has the spraying upper and lower nozzles SPB41a,
SPB41b at two positions vertically, only one flow con-
troller FC is required to be connected to the spray pipe
SPB, namely, there is no need of comprising two flow
controllers FC for the measuring portion C of the device
LS for spraying small amounts of liquid. As a result, one
air compressor AP will do.
[0050] In this embodiment, as shown in Figs. 8 and 9,
the lubricant spraying portion K is covered by a spray
case JC which is formed to surround the spray pipe SPB
in order to prevent the surplus liquid lubricant L from
scattering over a wide area inside the rotary compres-
sion molding machine for powder material. The spray
case JC is connected to the dust collector VD which re-
trieves the surplus liquid lubricant L scattering inside the
spray case JC. A bottom face of the spray case JC is
secured to be airtight to the rotary table 3 by a seal mem-
ber SL. A retrieving device is formed by the spray case
JC and the dust collector VD.
[0051] The spray case JC is mounted on the guide
plate 105 and has a storing space portion JVa which
stores the spray pipe SPB and a retrieving space portion
JVb which is connected through the storing space por-
tion JVa and which is to be filled with the surplus liquid
lubricant L. A through hole TH which is arranged on a
line connecting the spraying upper nozzle SPB41a of
the spray pipe SPB and the upper punch 5 is provided
on a top face of the storing space portion JVa and an air
spouting outlet Aca for an air curtain AC to prevent the
sprayed liquid lubricant L from going upward is arranged
at a position facing the retrieving space portion JVb. The
air curtain AC is formed at a position higher than the
lower face 5a of the upper punch 5 and does not prevent
the liquid lubricant L from adhering to the lower face 5a
of the upper punch 5. An inlet JVc for taking the air cur-
tain AC is formed at a bottom end of the upright face of
the retrieving space portion JVb facing the through hole
TH. A retrieving duct RD connecting through the retriev-
ing device which absorbs and retrieves the surplus liquid
lubricant L filled in the spray case JC is connected with
an upper face of an end facing the inlet JVc of the re-
trieving space portion JVb. As mentioned above, since
the air curtain AC is formed above the lower face 5a of
the upper punch 5, it is possible to prevent the liquid
lubricant L from going upward above the lower face 5a
of the upper punch 5, thereby to prevent the liquid lubri-
cant L from adhering to the upper punch 5 or its sur-
roundings. In this embodiment, a bellow BL whose trunk
portion is made of a flexible material covers a trunk por-
tion of the upper punch 5 so that the liquid lubricant L
does not adhere to a bottom of the trunk portion.
[0052] In this arrangement, the spray pipe SPB is
mounted so that the liquid lubricant L is sprayed to the
lower face 5a of the upper punch 5, the upper face 6a
of the lower punch 6 and the die hole 41 after the lower
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punch 6 pushes the tablet Q out of the die 4 and at a
time when the die hole 41 is ready to be filled with the
powder material, in other word, just before the lower
punch 6 is lowered by the lowering device 71.
[0053] In accordance with this arrangement, since the
liquid lubricant L is sprayed to the lower face 5a of the
upper punch 5, the upper face 6a of the lower punch 6
and the die hole 41 at the same time, it is possible to
reduce a number of the flow controller FC to one in com-
parison with the above embodiment, thereby to simplify
the arrangement of the device LS. In addition, since the
liquid lubricant L is prevented from scattering and is re-
trieved by the use of the spray case JC, it is possible to
prevent effectively the surplus liquid lubricant L from ad-
hering to the upper punch 5 and the rotary table 3, there-
by to make maintenance easy.
[0054] The spray case JC can be applied to the
above-mentioned embodiment having two spray pipes
SP. Likewise, the bellow BL which covers the trunk por-
tion of the upper punch 5 may be applied to the above-
mentioned embodiment.
[0055] The other arrangement of the component is not
limited to the embodiment described in drawings and
there may be various modifications without departing
from the spirit of the invention.

POSSIBLE APPLICATIONS IN INDUSTRY

[0056] As mentioned above, the rotary compression
molding machine for powder material is preferably used
for molding a compressed product including a medical
tablet, food or toiletry.
[0057] In a rotary compression molding machine for
powder material, a rotary table 3 is rotatably arranged
in a frame 1 through an upright shaft 2, a die 4 having
a die hole 41 is arranged on the rotary table 3, an upper
punch 5 and a lower punch 6 are kept above and below
the die 4 in a condition of vertically slidable and powder
material filled in the die hole 41 is compressed and mold-
ed between a lower face 5a of the upper punch 5 and
the upper face 6a of the lower punch 6 by pushing the
upper punch 5 and the lower punch 6 so as to approach
each other with their tips inserted into the die hole 41,
and provided with a device LS for spraying small
amounts of liquid which sprays small amounts of liquid
lubricant L generally evenly on the lower face 5a of the
upper punch 5, the upper face 6a of the lower punch 6
and an inner face 41a of the die 4 prior to compression
for molding.

Claims

1. A rotary compression molding machine for powder
material wherein a rotary table is rotatably arranged
in a frame through an upright shaft, a die having a
die hole is arranged on the rotary table, an upper
punch and a lower punch are kept above and below

the die in a condition of vertically slidable and pow-
der material filled in the die hole is compressed and
molded between a lower face of the upper punch
and an upper face of the lower punch by pushing
the upper punch and the lower punch so as to ap-
proach each other with their tip inserted into the die
hole, characterized by comprising a device for
spraying small amounts of liquid which sprays small
amounts of liquid lubricant so as to adhere generally
evenly to the lower face of the upper punch, the up-
per face of the lower punch and an inner face of the
die hole prior to compression for molding.

2. The rotary compression molding machine for pow-
der material described in claim 1 and character-
ized by that the rotary compression molding ma-
chine for powder material is used for manufacturing
mainly pharmaceuticals.

3. The rotary compression molding machine for pow-
der material described in claim 1 or 2 and charac-
terized by that the device for spraying small
amounts of liquid comprises a storage tank which
stores the liquid lubricant, a measuring portion
which measures the liquid lubricant sent out from
the storage tank by a given amount and a spraying
portion which sprays the measured amount of the
liquid lubricant.

4. The rotary compression molding machine for pow-
der material described in claim 3 and character-
ized by that the device for spraying small amounts
of liquid further comprises a controller which sends
the liquid lubricant measured by the measuring por-
tion to the spraying portion by a given predeter-
mined amount.

5. The rotary compression molding machine for pow-
der material described in claim 3 or 4, and charac-
terized by that the measuring portion comprises a
flow controller which measures an amount of
sprayed liquid lubricant by making use of tempera-
ture difference between two points where the liquid
lubricant sent out from the storage tank passes and
that the spraying portion comprises a spray pipe
which vaporizes the liquid lubricant sent out from
the flow controller by means of pressure applied
and an air compressor which supplies the spray
pipe with pressurized air for application of pressure.

6. The rotary compression molding machine for pow-
der material described in claim 1, 2, 3, 4 or 5, and
characterized by that the liquid lubricant is sprayed
to the lower face of the upper punch during a period
of time from the die hole is in a condition of empty
until the powder material is filled up in the die hole
and before the upper punch is inserted into the die
hole and that the liquid lubricant is sprayed to the
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upper face of the lower punch and the inner face of
the die hole during a period of time from the die hole
is in a condition of empty until before the powder
material is filled in the die hole.

7. The rotary compression molding machine for pow-
der material described in claim 1, 2, 3, 4, 5 or 6, and
characterized by that the liquid lubricant contains
silicone.

8. The rotary compression molding machine for pow-
der material described in claim 5, and character-
ized by that the spray pipe is arranged at a position
where a distal end of the spray pipe locates at least
13 mm higher than a level of a top face of the rotary
table.

9. The rotary compression molding machine for pow-
der material described in claim 1, 2, 3, 4, 5, 6, 7 or
8, and characterized by that the liquid lubricant is
sprayed at a spray angle of generally 45 degrees.

10. The rotary compression molding machine for pow-
der material described in claim 1, 2, 3, 4, 5, 6, 7, 8
or 9, and characterized by that further comprising
a retrieving device that retrieves surplus liquid lubri-
cant after the liquid lubricant is sprayed.
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