EP 1 882 468 A1

Europiisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 1 882 468 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
30.01.2008 Bulletin 2008/05

(21) Application number: 06732582.9

(22) Date of filing: 15.05.2006

(51) IntCl.:
A61J 3/102006.01)
B30B 11/00(2006.01)

B30B 11/02(2006.01)

(86) International application number:
PCT/JP2006/309651

(87) International publication number:
WO 2006/123607 (23.11.2006 Gazette 2006/47)

(84) Designated Contracting States:
AT BE BG CHCY CZDE DK EE ES FI FR GB GR
HU IE IS IT LILT LU LV MC NL PL PT RO SE Sl
SKTR

(30) Priority: 16.05.2005 JP 2005143311
(71) Applicants:

¢ LTT Bio-Pharma Co., Ltd.
Tokyo 105-6201 (JP)

¢ Sawaguchi, Kazuo
Higashinakatomi, Aizumi-cho
Itano-gun Tokushima, 7711222 (JP)

(72) Inventor: SAWAGUCHI, Kazuo
Itano-gun Tokushima, 7711222 (JP)

(74) Representative: Hubert, Philippe et al
Cabinet Beau de Loménie
158, rue de I’Université
75340 Paris Cédex 07 (FR)

(54) TABLET MAKING MORTAR OR PESTLE
(57)  An object of the invention is to provide a punch
or die for tabletting to be excellent durability and releas-
ability. When a coating layer is provided on a surface,
the coating layer is yet securely prevented from detach-
ment. In the punch or die for tabletting, the tablet-forming
surface layer 5 contains a base metal and a hardening
metal in a fused state which is different from the base
metal, and a hardening metal content is incremental from
the base metal toward the tablet-forming surface layer
5. The hardening metal contains at least any one of W,
C, B, Ti, N, and Cr. Furthermore, in the punch or die for
tabletting, the tablet-forming surface layer 5 ranges be-
tween 0.1 pm and 5 pm in terms of arithmetical mean
roughness Ra of the surface.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a punch or die
for compressing drug powder.

BACKGROUND ART

[0002] A punch or die for tabletting is required to have
durability and releasability. Several kinds of punches or
dies have been developed in order to meet such a re-
quirement. Refer to Patent Documents 1 to 4 as de-
scribed below.

[0003] Describedin Patent Document 1 is such atech-
nique that, in compressing a corrosive material to form
a tablet, corrosion resistance of a punch or die is im-
proved by forming the punch or die with metal such as
Ti, Tialloy, Ni-Cr-Mo based alloy, Ni-Mo based alloy, Co-
based alloy, or by coating the surface of the punch or die
with any one of diamond-like C, Ti, titanium nitride, chro-
mium nitride and a double coat of Ti-Titanium nitride.
[0004] Describedin Patent Document 2 is such atech-
nique that a tablet-forming plane of a punch is treated
with chromium-dopé-N coating in order to obtain excel-
lent corrosion resistance and releasability required of a
punch which is used with a tablet press for forming a
tablet containing an acidic substance or adherent sub-
stance.

[0005] Describedin Patent Document 3 is such atech-
nique that a punch or die is formed with a sintered alloy
which has a high mechanical property and excellent cor-
rosion resistance. The punch or die is made of a sintered
alloy having excellent corrosion resistance, with 0.2-5%
by weight of atleast any one of tantalum (Ta) and niobium
(Nb) being addedto an ingredient which contains 36-53%
by weight of cobalt (Co), 27-35% by weight of chromium
(Cr), 10-20% by weight of tungsten (W), and 2-3% by
weight of carbon (C), to be sintered in a conventional
manner.

[0006] Described in Patent Document 4 are a punch
and die in which high-silicon steel is employed as a base
metal and the base metal has its surface treated with
carburization in order to obtain corrosion resistance and
releasability.

[0007] Patent Document 1: Japanese Patent Laid-
Open Publication No. 2003-210553

Patent Document 2: Japanese Patent Laid-Open Publi-
cation No. 2001-71189

Patent Document 3: Japanese Patent Laid-Open Publi-
cation No. 1999-158571

Patent Document 4: Japanese Patent Laid-Open Publi-
cation No. 2002-1593
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DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0008] The punches or dies as described in these pat-
ent documents cannot form a full range of drug powder,
with sufficient durability as well as with sufficient adhe-
sion-preventive releasability. For example, sufficient du-
rability and releasability cannot be obtained in the case
of the punch and die which is described in Patent Docu-
ment 1 to have Ti as a base metal. Also in the case of
the punch or die having a coating layer provided on a
surface of the base metal, even if its durability and re-
leasability may be improved with the aid of the coating
layer, there occurs a disadvantage that the coating layer
is prone to be detached when the punch or die is in use,
causing a tablet to be contaminated by the metal of the
coating layer. In the case of the sintered metal as de-
scribed in Patent Document 3, it is disadvantageous that
its insufficient impact resistance is likely to cause a tablet
to be contaminated by broken metal fragments. The car-
burized punch or die as described in Patent Document
4 is unable to obtain sufficient durability, although atablet
is notlikely to have a disadvantage of being contaminated
by metal.

[0009] The present invention has been made in order
to solve the above-mentioned disadvantages which are
inherent in conventional types of punches or dies. It is
an important object of the present invention to provide a
punch or die for tabletting which has excellent durability
and releasability so that, even when a coating layer is
provided on asurface, such coating layercan be securely
prevented from being detached.

Means To Solve the Problem

[0010] The inventive punch or die for tabletting in-
cludes the following construction in order to achieve the
afore-mentioned object(s). In the punch or die for tablet-
ting, the tablet-forming surface layer (5) includes a base
metal as well as a hardening metal which is different from
the base metal, with a hardening metal content being
incremental from the base metal toward the tablet-form-
ing surface layer (5). The hardening metal contains at
leastany one of W, C, B, Ti, N, and Cr. Also, in the punch
or die for tabletting, an arithmetical mean roughness Ra
of a surface in the tablet-forming surface layer (5) ranges
between 0.1 pm and 5 pm.

[0011] In the inventive punch or die for tabletting, a
hardening metal content of the tablet-forming surface lay-
er (5) can have a hardening metal content of 20% ormore
by weight of the base metal. Further, the inventive punch
or die for tabletting can range between 1 wm and 5 pm
in thickness of the tablet-forming surface layer (5).
[0012] In the inventive punch or die for tabletting, the
base metal can be any one of iron, iron alloy, Ti, Ti alloy,
stainless steel, and sintered metal. Further, in the inven-
tive punch or die for tabletting, the base metal can be
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made of titanium or titanium alloy, while the hardening
metal can be made of W and C.

[0013] In the inventive punch or die for tabletting, the
tablet-forming surface layer (5) can have a coating layer
provided on its surface. The coating layer can be any one
of chromium nitride, diamond-like C, titanium nitride,
chromium-dopé-N, titanium carbide, hard chromiumplat-
ing, and electroless nickel plating.

[0014] In the inventive punch or die for tabletting, the
surface of the base metal can be electrically discharged
with an electrode containing a hardening metal, so that
the tablet-forming surface layer (5) may contain the hard-
ening metal.

[0015] In the inventive punch or die for tabletting, the
surface of the tablet-forming surface layer (5) can be
blasted with a particulate (and/or powdery) object, allow-
ing an arithmetical mean roughness Ra of the surface to
be controlled.

Effect of the Invention

[0016] The inventive punch or die for tabletting carries
an advantage that excellent durability and releasability
can be obtained. This is possible because the inventive
punch or die for tabletting has a tablet-forming surface
layer which contains a base metal as well as a hardening
metal being different from the base metal; a hardening
metal content of the tablet-forming surface layer is ar-
ranged to be incremental from the base metal toward the
tablet-forming surface layer; and the tablet-forming sur-
face layer is arranged to range between 0.1 um and 5
pmin terms of arithmetical mean roughness Ra of a sur-
face. The tablet-forming surface layer arranged to con-
tain a hardening metal within a base metal can thus be-
come hardened to an extremely high hardness, so that
its durability can be improved to a remarkable extent.
Especially, by arranging the hardening metal content to
be incremental from the base metal toward the tablet-
forming surface layer, the surface side of the tablet-form-
ing surface layer can be hardened to an ideal extent.
Furthermore, since the tablet-forming surface layer is ar-
ranged to range between 0.1 um and 5 pm in terms of
arithmetical mean roughness Ra of the surface, excellent
releasability can be obtained to allow drug powder to be
ideally released.

[0017] Furthermore, the punch or die for tabletting in
accordance with a sixth invention carries an advantage
that even more excellent durability and releasability can
be obtained because a coating layer is provided on the
surface of the tablet-forming surface layer. Especially,
the inventive punch or die for tabletting carries an advan-
tage that a duration of time to be involved in detachment
of the coating layer which is provided on the surface of
the tablet-forming surface layer can be elongated signif-
icantly, by four to five times, as compared with a duration
oftime to be involved in detachment of conventional coat-
ing layer. This is possible because the coating layer is
joined with the base metal via the tablet-forming surface
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layer which contains the hardening metal. Thus, in the
case of the inventive punch or die for tabletting in which
the coating layer can be joined with the base metal in a
less-likely-to-be-detached state, an advantage can be
realized in that both the durability and the drug powder
releasability can be improved; that a duration of time to
be involved in detachment of the coating layer can be
elongated substantially; that the tablets can be effectively
prevented from being contaminated by a detached coat-
ing layer; and that a great number of tablets can be effi-
ciently formed.

BEST MODE FOR CARRYING OUT THE INVENTION

[0018] Embodiments in accordance with the present
invention shall be described hereinafter in conjunction
with the accompanying drawings. It should be noted,
however, that the ensuing description of embodiments
is merely illustrative of the punch or die for tabletting only
to embody technical ideas conceived in the present in-
vention and that the invention shall in no way be limited
to the punch or die described below.

[0019] Toadd, inthe presentdisclosure, reference nu-
merals corresponding to members shown in the embod-
iments are affixed to members shown in the "CLAIMS"
and "MEANS TO SOLVE THE PROBLEM" in order to
facilitate a better understanding of the claims. However,
those members shown in the claims shall in no way be
specified to those members shown in the embodiments.
[0020] In atablet press shown in Figure 1, a punch 1
and die 2 are designed to press drug powder for tablet
formation. The tablet press is provided with a die bore 3
extending vertically along a center (an axis) of the die 2.
Inserted through the die bore 3 are a lower punch 1 B
from the bottom and an upper punch 1A from the top. A
volumetric capacity for tablet formation is determined by
adjusting a vertical position of the lower punch 1 B. When
the lowerpunch 1B is placedin position, the drug powder
is filled into the die bore 3. In this state, the upper punch
1Aisinserted into the die bore 3, so that the drug powder
is compressed to form a tablet. Then, when the lower
punch 1 B is elevated, a formed tablet is taken out of the
die bore 3.

[0021] A tabletting pressure, employed when the up-
per punch 1A presses the drug powder, ranges from 1
to 30 kN for example, preferably from 5 to 30 kN, and
more preferably from approximately 8 to 25 kN. An inner
diameter of the die bore 3 ranges from 3 mm to 20 mm
for example, preferably from approximately 3 mm to 13
mm, and more preferably from 4 mm to 10 mm. Further,
the die bore 3 can be in a cylindrical shape or with an
irregular cross section which may be oval or oblong, and
the like. In the lower punch 1 B and the upper punch 1A
respectively, its tip to be inserted into the die bore 3 is
so designed as to be cylindrical and to have a diameter
which is generally equal to but, more precisely, slightly
smaller than the inner diameter of the die bore 3. The
punches can thus be smoothly inserted into the die bore
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3 for tablet formation, without the drug powder leaking
from between the punches and the die bore 3.

[0022] As shown in the enlarged cross-sectional view
in Figure 1,the punch 1 has atablet-forming surface layer
5 provided over a tablet-forming plane 4 which serves to
compress the drug powder. The tablet-forming surface
layer 5 is designed to prevent the drug powder from ad-
hering to the tablet-forming plane 4 as well as to improve
durability. The tablet-forming surface layer 5 contains a
base metal as well as a hardening metal and is surface-
hardened by the hardening metal. As shown in Figures
2to 4, a hardening metal content is incremental from the
base metal toward the tablet-forming surface layer. The
hardening metal contains at least any one of W, C, B, Ti,
N, and Cr. Any of such hardening metal is contained in
the base metal in a fused state so as to harden the tablet-
forming surface layer. The hardening metal is made of
Wand C, Tiand N, Tiand C, W and B, Crand N, or the
like. The hardening metal is selected from such a metal
as may be the most compatible with the base metal and
serves to harden the tablet-forming surface layer. For
example, when the base metal is Ti or Ti alloy, the hard-
ening metal will be made of W and C or of W and B to
enable the tablet-forming surface layer to be hardened.
[0023] A hardening metal is placed oppositely to the
tablet-forming plane so as to serve as an electrode, and
an electric discharge is carried out between the electrode
and the tablet-forming plane, so that the tablet-forming
surface layer can contain the hardening metal in a fused
state. In this method, an electric discharge processing is
carried out by immersing both the tablet-forming plane
of the tablet-forming surface layer and the electrode in
the same working oil as employed conventionally in an
electric discharge processing process. A discharge en-
ergy serves to transfer the hardening metal in the elec-
trode onto the surface of the base metal in a fused state.
As shown in Figures 2 to 4, the tablet-forming surface
layerthus treated in this method reveals that a hard metal
concentration is incremental toward the surface side,
while a base metal concentration is incremental toward
the inner side. Figures 2 to 4 depict a concentration of
the metal being contained from the surface toward the
inner side after having been subjected to an electric dis-
charge processing. As can be seen fromthese drawings,
a concentration of C over the surface becomes higher
after having been subjected to the electric discharge
processing. The surface portion is polished and removed
to a certain thickness after having been subjected to the
electric discharge processing. In Figures 2 to 4, such
polishing operation is continued to reach the vicinity of
the chain line "A" after having been subjected to the elec-
tric discharge processing. Thus, the position indicated
by the chain line "A" will serve as the tablet-forming plane
of the tablet-forming surface layer. The tablet-forming
plane indicated by the chain line "A" can be designed to
cover the range as indicated by the arrow "a" extending
horizontally in the drawings. When the chain line "A" is
shifted closer to the electrically discharged surface (to
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the right side in the drawings), a ratio of C increases, with
a ratio of the base metal being decreased. The position
of the chain line "A", namely, the tablet-forming plane,
should preferably be setto include both of the base metal
and the hardening metal.

[0024] After the tablet-forming plane has undergone a
mirror completion, the base metal is provided with the
tablet-forming surface layer by allowing the hardening
metal to be contained by electrically discharging the tab-
let-forming plane. The electrically discharged work sur-
face is transformed from the mirror-finished surface to a
rugged surface having afine irregularity. The irregularity
onthe worksurface, namely the arithmeticalmean rough-
ness Ra of the surface is varied in accordance with dis-
charging conditions. For example, alarger amount of dis-
charge energy or discharge current will produce a larger
arithmetical mean roughness Ra of the work surface, that
is, alargerruggedness. The work surface has the surface
polished in order to obtain a tablet-forming plane through
tuningthe arithmetical mean roughness Ra of the surface
to an optimal value. A surface polishing operation is per-
formed in a shot peening method, in which the work sur-
face is blasted with a fine blasting medium by means of
pressurized air. This polishing method is capable of con-
trolling the arithmetical mean roughness Ra of the sur-
face by selecting a particle size of the blasting medium.
A smaller, average patrticle size of the blasting medium
will allow the arithmetical mean roughness Ra of the sur-
face to be smaller after the polishing operation. Con-
versely, a larger, average particle size of the blasting
medium will allow the arithmetical mean roughness Ra
of the surface to be larger after the polishing operation.
Further, since the arithmetical mean roughness Ra of the
surface becomes smaller through the polishing opera-
tion, alarger extent of polishing operation, in other words,
a deeper polishing operation on the work surface will al-
low the arithmetical mean roughness Ra of the surface
to be smaller.

[0025] The arithmetical mean roughness Ra of the sur-
face on the tablet-forming plane has an influence on re-
leasability of drug powder. In order to facilitate the re-
leasability of the drug powder, the tablet-forming surface
layer is set to range between 0.1 pm and 5 pm in terms
of arithmetical mean roughness Ra of the surface. A
roughness smallerthan 0.1 wm or largerthan 5 pmwould
worsen the releasability of the drug powder. The surface
polishing operation with the shot peening method carries
an advantage that while the tablet-forming plane is con-
trolled in terms of arithmetical mean roughness Ra of the
surface, the amount of polishing operation can be tuned.
The polishing operation on the work surface does not
necessarily have to be by the shot peening method. For
example, a buffing operation is also able to control the
arithmetical mean roughness Ra of the surface to obtain
an optimal value. The buffing operation is capable of con-
trolling the work surface in terms of arithmetical mean
roughness Ra of the surface by changing a buffing ma-
terial quality or a duration of polishing time.
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[0026] A thickness of the tablet-forming surface layer
can also be controlled by the polishing amount on the
work surface. When a polishing amount is made larger,
that is, when the position of the tablet-forming plane as
indicated by the chain line "A" is shifted toward the left
side of the arrow "a", the tablet-forming surface layer can
be made thinner. Also, in the electrically discharging
method for allowing the hardening metal to be contained
in the base metal, a larger discharge current can make
the tablet-forming surface layer thicker. A metallic com-
ponent in the tablet-forming surface layer is depicted in
Figure 2 with a discharge current of 10 A, in Figure 3 with
a discharge current of 5.5 A, and in Figure 4 with a dis-
charge current of 3 A, respectively. As shown in these
drawings, a stronger discharge current can increase the
thickness of the hardening metal containing layer. Thus,
alarger discharge current is capable of making the tablet-
forming surface layer thicker. The thickness of the tablet-
forming surface layer is arranged to range between 1 pm
and 5 pm by controlling the amount of discharge current
andthe polishing amount. This is because when the tab-
let-forming surface layer is thinner than 1 um, the layer
is unableto have sufficient durability; and when the tablet-
formingsurface layeristhickerthan 5 um, asurface crack
or fracture is prone to occur.

[0027] Inthe electrically discharging method for trans-
ferring the hardening metal onto the surface of the base
metal, the tablet-forming surface layer can be hardened
to an extremely high hardness of 700-2500 in terms of
Vickers hardness (Hv), thus improving durability to a sig-
nificant extent. It should be noted, however, that the
present invention is not limited to an electric discharge
processing as a method for allowing the hardening metal
other than the base metal to be contained in the tablet-
forming surface layer. This is because the punch or die
can be manufactured by any method of transferring the
hardening metal onto the surface of the base metal in a
fused state.

[0028] The punch or die can also have a coating layer
provided on the surface of the tablet-forming surface lay-
er. The coating layer is provided in a state where the
surface is polished by controlling for a predetermined ar-
ithmetical mean roughness Ra of the surface. The coat-
ing layer serves to harden the tablet-forming plane to a
further extent, using such as chromium nittide, diamond-
like C, titanium nitride, chromium-dopé-N, titanium car-
bide, hard chromium plating, and electroless nickel plat-
ing. The punch or die, in which the coating layer is further
provided on the surface of the tablet-forming surface lay-
er containing the hardening metal in the base metal, can
be provided with the coating layer in a less-likely-to-be-
detached manner. This is possible because the coating
layer can be securely joined with the base metal so as
not to be detached.

[0029] Figures 5 and 6 are photographs illustrating the
state how the coating layer will be detached in a test of
scratching the tablet-forming plane with a pin. In these
photographs, the base metal is Ti alloy, and the coating
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layer is diamond-like C. In Figure 5 the coating layer of
diamond-like C is deposited directly on the base metal,
while in Figure 6 the coating layer of diamond-like C is
deposited on the base metal via the tablet-forming sur-
face layer which contains the hardening metal (made) of
W and C. The tablet-forming plane in Figure 5 has traces
of detachment intermediately along both sides of the
scratch. The tablet-forming plane in Figure 6, onthe other
hand, does not have any trace of detachment throughout
the scratch, indicating that the coating layer is firmly
joined with the tablet-forming surface layer without de-
tachment.

Example 1

[0030] The tablet-forming surface layer was provided
on the tablet-forming plane of the punch in the following
method.

Ti alloy was used as the base metal. The tip of the base
metal was mirror-finished; an electrode of W was dis-
posed at the tip oppositely to the base metal; and an
electric discharge processing was performed between
the electrode of W and the base metal for six minutes.
The electric discharge processing was performed at a
voltage of 350 V between the punch and the electrode,
with a current of 10 A, with a distance of 2 um between
the electrode and the base metal, and with an outer di-
ameter of 7 mm at the tip of the base metal which serves
as the tablet-forming plane.

[0031] Through the above-described electric dis-
charge processing, the surface of the base metal came
to contain the hardening metal of W and C in a fused
state as shown in Figure 2. Then, the shot peening op-
eration was performed for polishing the surface to the
position indicated by the chain line "A". The shot peening
operation employed a blasting medium with an average
particle size of 1 pm.

[0032] Inthe punch manufactured as above, a surface
hardness in the tablet-forming plane reached 2000 in
terms of Vickers hardness (Hv), and the arithmetical
mean roughness Ra of the surface was 2 pm. Using this
punch, when drug powder, which contained 97 parts by
weight of ascorbic acid, 3 parts by weight of cornstarch,
and0.2 parts by weight of magnesium stearate, was com-
pressed with 100 N to form tablets, the punch employed
in this Example revealed that almost none of the drug
powder was adhered to the punch after producing 2400
pieces of tablets.

[0033] By way of comparison, when the same drug
powder was compressed with a punch which was made
of the base metal alone without having a tablet-forming
surface layer provided, this punch had drug powder ad-
hered on the surface after producing 200 pieces of tab-
lets, making it impossible to produce additional pieces of
tablets.
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Example 2

[0034] The punchwasmanufacturedinthe same man-
neras in Example 1, except that a polishing medium and
a duration of blasting time were controlled in the shot
peening operation to prepare the tablet-forming plane in
a small roughness of 0.8 um in terms of the arithmetical
mean roughness Ra of the surface. Using this punch,
when drug powder, which contained 50 parts by weight
of ibuprofen (20 pwm), 32.9 parts by weight of lactose,
14.1 parts by weight of cornstarch, and 0.2 parts by
weight of magnesium stearate, was compressed with 100
N to form tablets, the punch employed in Example 2 re-
vealed that almost none of the drug powder was adhered
to the punch after producing 2400 pieces of tablets.
[0035] By way of comparison, when the same drug
powder was compressed with a punch which was made
of the base metal alone without having a tablet-forming
surface layer provided, this punch had drug powder ad-
hered on the surface, from the beginning, making it im-
possible to produce any pieces of tablets.

[0036] As can be seen from the above, the punch in
these Examples is capable of forming more than 2400
pieces of tablets from the drug powder which contains
an extremely small amount of 0.2 parts by weight of mag-
nesium stearate and which is extremely difficult to com-
press into tablets, and yet adhesion of the drug powder
to the punch is reduced to minimum. In order to form
tablets, the drug powderin these Examples, if necessary,
may require use of the punch which has a coating layer
of, for example, CrN provided on the surface. While a
punch provided with a coating layer has a risk that metal
in the coating layer is likely to be detached, the punch in
these Examples carries an advantage that difficult-to-be-
formed-into-tablets drug powder can be formed into
beautiful tablets, without having to have a coating layer
provided. Thus, eliminating a disadvantage that a tablet
is contaminated by metal of the coating layer, the difficult-
to-be-formed-into-tablets drug powder can be formed in-
to beautiful tablets.

Example 3

[0037] Apunchwas manufacturedinthe samemanner
as in Example 1, except that diamond-like C was lami-
nated/deposited/layered on the tablet-forming plane of
the punch which was processed under the same condi-
tions as in Example 1. When this punch was employed,
even better releasability of drug powder and higher du-
rability were obtained than when using the punch in Ex-
ample 1. Since the coating layer was joined with the base
metal via the tablet-forming surface layer which con-
tained W and C, the coating layer can be joined with the
base metal so as not to be detached, as mentioned
above. Thus, itis advantageous thatthe metalin the coat-
ing layer will be securely prevented from being detached
to contaminate tablets.

[0038] While the above-mentioned Examples are fo-
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cused on providing a tablet-forming surface layer on the
surface of a punch and additionally providing a coating
layer, the same arrangement can also apply in the case
of a die surface, in which the die is provided with a tablet-
forming surface layer on the surface of the die and addi-
tionally with a coating layer, so that releasability of drug
powder can be improved along with mechanical durabil-

ity.
INDUSTRIAL APPLICABILITY

[0039] Since the inventive punch or die for tabletting
is capable of obtaining excellent durability and releasa-
bility, it is possible to efficiently produce a great number
of tablets, while ideally compressing drug powder to form
tablets in a safe and secure manner by preventing a ad-
hesion of the drug powder to the punch or die and con-
tamination of tablets by metal.

BRIEF DESCRIPTION OF DRAWINGS
[0040]

Figure 1 is a partially enlarged cross-sectional view
showing the punch and die for tabletting in accord-
ance with an embodiment of the present invention;
Figure 2 is a graph showing an example of metal
concentration in the hardening metal contained as
distributed from the surface of the base metal toward
the inner side;

Figure 3 is a graph showing another example of met-
al concentration in the hardening metal contained as
distributed from the surface of the base metal toward
the inner side;

Figure 4 is a graph showing a further example of
metal concentration in the hardening metal con-
tained as distributed from the surface of the base
metal toward the inner side;

Figure 5 is a photograph showing the result of de-
tachment test of the coating layer which is deposited
directly on the base metal; and

Figure 6 is a photograph showing the result of de-
tachment test of the coating layer which is deposited
on the base metal via the tablet-forming surface lay-
er.

DENOTATION OF REFERENCE NUMERALS
[0041]

Punch
A Upper Punch
B Lower Punch
Die
Die Bore
Tablet-Forming Plane
Tablet-Forming Surface Layer

O b WN 2 = =
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Claims

1. A punch or die for tabletting,

characterized in that a tablet-forming surface layer

(5) comprises a base metal as well as a hardening 5
metal being different from the base metal, with a con-
tent of the hardening metal being incremental from

the base metaltoward the tablet-forming surface lay-

er (5) and with the hardening metal including at least

any one of W, C, B, Ti, N, and Cr; and 10
that an arithmetical mean roughness Ra of a surface

in the tablet-forming surface layer (5) ranges be-
tween 0.1 wmand 5 pm.

2. The punch or die for tabletting according to claim 1, 15
characterized in that the hardening metal content
of the tablet-forming surface layer (5) is 20% ormore
by weight of the base metal.

3. The punch or die for tabletting according to claim 1, 20
characterized in that the tablet-forming surface lay-
er (5) ranges between 1 um and 5 um in thickness.

4. The punch or die for tabletting according to claim 1,
characterized in that the base metal is any one of 25
iron, iron alloy, Ti, Ti alloy, stainless steel, and sin-
tered metal.

5. The punch or die for tabletting according to claim 1
or4, characterized inthatthe base metalistitanium 30
or titanium alloy, and the hardening metal is made
of Wand C.

6. The punch or die for tabletting according to claim 1,
characterized in that the tablet-forming surface lay- 35
er(5) hasacoating layer provided on asurface there-
of.

7. The punch or die for tabletting according to claim 6,
characterized in that the coating layer is any one 40
of chromium nitride, diamond-like C, titanium nitride,
chromium-dopé-N, titanium carbide, hard chromium
plating, and electroless nickel plating.

8. The punch or die for tabletting according to claim 1, 45
characterized in that the tablet-forming surface lay-
er (5) contains the hardening metal by electric dis-
charge processing of the surface of the base metal
with an electrode containing the hardening metal.

50
9. The punch or die for tabletting according to claim 1,
characterized in that the surface of the tablet-form-
ing surface layer (5) is blasted with a particulate or
powdery object, allowing the arithmetical mean
roughness Ra of the surface to be controlled. 55
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FIG. 3
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