1 SPECIFICATION TITLE OF THE INVENTION: TABLET MANUFACTURING METHOD TECHNICAL
FIELD [0001] This invention relates to a tablet manufacturing method in which a tablet is
press-formed using a tablet press or the like. BACKGROUND ARTS [0002] There is one known
tablet manufacturing method as disclosed in a Patent document 1, in which a tablet is press-formed
using a tablet press in such a manner that an upper rod and a lower rod are fittingly inserted into a
vertical hole formed in a die to press powder l]gégﬁpg%ggl?o ith a pushing surface at the lower end of
the upper rod and a pushing surface at the upper en the ower rod in order to press-form the tablet.
[0003] WMeanwhile, it iEcansidereddiNat SrESEENMAND FRIDEURINEroasTioDed tablet, and
intra-tablet stress developed at the tablet surface adjacent to the inner circumferential surface of the

die hole is cdffet¥féSitibiaFWathStress in particular.It
[0001]

This invention relates to a tablet manufacturing method in
which a tablet is press—-formed using a tablet press or the like.
BACKGROUND ARTS
[0002]

There is one known tablet manufacturing method as disclosed
in a Patent document 1, in which a tablet is press—-formed using
a tablet press in such a manner that an upper rod and a lower rod
are fittingly inserted into a vertical hole formed in a die to
press powder in the die hole with a pushing surface at the lower
end of the upper rod and a pushing surface at the upper end of
the lower rod in order to press—-form the tablet.

[0003]

Meanwhile, it is considered that stress remains in the thus
press—formed tablet, and intra-tablet stress developed at the
tablet surface adjacent to the inner circumferential surface of
the die hole is called residual wall stress in particular. It
is known that the stress such as the residual wall stress may cause
anobstacletotablet pressing, suchascappingwhichisexfoliation
of a tablet surface, in the case of application of arelease process
of drawing the upper rod or the lower rod out of the die hole and/or
an ejecting process of taking out the thus press-formed tablet
thereafter. In a Non-Patent document 1, there is disclosed one
technology which is such that machining is given to increase the
plastic deformation of powder and/or to decrease the frictional
coefficient in order to prevent such poor conditions.

LITERATURES ON PRIOR ARTS



is known that the stress such as the residual wall stress may cause an obstacle to tablet pre s s ing,
such as capping which i s exfoliation of a tablet surface, in the case of application of a release process
of drawing the upper rod or the lower rod out of the die hole and/or an ejecting process of taking out
the thus press-formed tablet thereafter. In a Non-Patent document 1, there is disclosed one technology
which is such that machining is given to increase the plastic deformation of powder and/or to decrease

the friction %Q%f[(]i(l:ie]%%%%[ r.to prevent such poor conditions. LITERATURES ON PRIOR ARTS 2
PATENT DOCUMENT [0004] Patent document 1: Japanese Patent Laid-open Publication No. Hei
7-8540 (FIG9.0@and 3) NON-PATENT DOCUMENT [0005]

Patent document 1: Japanese Patent Laid-open Publication No. Hei
7-8540 (FIGS. 2 and 3)

NON-PATENT DOCUMENT

[0005]

Non-Patent document 1: “Powder Press—-forming Technology” edited
by the Society of Powder Technology, Japan/Division of Particulate
Design and Preparations and issued by Business & Technology Daily
News, June 30, 1998, pp. 75 to 81

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006]

For the tablet manufacturing method described in the above
Patent document 1, the arrangement is such that the die hole is
formed in a vertical direction with respect to the horizontal
pushing surfaces, and it will thus result in that the press—-formed
tablet having an edge (irreqularities) surface be formed due to
the connection ends of the circumferential surface of the die hole
and the pushing surfaces. The thus formed tablet edge surface
is relatively easy to be so chipped as to cause the defects in
products in some cases, and besides, involves a problem which is
suchthat whenthetablet edge surfaceiscoveredwith sugar coating,
the sugar-coated tablet increases the size as compared with the
tablet previous to sugar coating.

[0007]

Meanwhile, for the above Non-Patent document 1, the effect
of the residual wall stress or the intra-tablet stress developed
at the tablet surface adjacent tothe inner circumferential surface

of the die hole in process of press—-forming is supposed to vary



Non-Patent document 1: "Powder Press-forming Technology" edited by the Society of Powder
Technology, Japan/Division of Particulate Design and Preparations and issued by Business &
Technology Daily News, June 30, 1998, pp. 75 to 81 SUMMARY OF THE INVENTION PROBLEMS
TO BE SOLVED BY THE INVENTION [0006] For the tablet manufacturing method described in
the above Patent document 1, the arrangement is such that the die hole is formed in a vertical

direction wifftgspechio e harzonialpushing surfaces. gad it il s fsultin sl e presg-formed
tablet having an eéfge irregularities) surface be ormgd ue tgtlhe connection ends of the
circumferentiaksudace ofitherdieshole anddherpashing sufaces: J henthussforreeddables edgessurface

is relatively easy to be so chipped as to cause the defects in products in some cases, and besides,
involves a [toBléM Yhichfis SudthatSATe the Yablet edge sutfatk 1§ veréd with Sudardoafing, the

sugar-coategtablet ingreases 1pg size ag coppared withythe tablel previqus 1o sygap ¢gating.[0007]

Meanwhile, for the above Non-Patent document 1, the effect of the residual wall stress or the
intra-tablet stsessdeveélopedatithe tablettsurfadeadjacenttto tiecinaer<ircanderential sudace of the
die hole in F%r}?geastgg\];eprgasl?{-{%rgrp—ig%gsn?ggggsgg tt()h\/eal}/i]ge should be arranged remains

a root problem.

[0008]

An object of the present invention is to provide a tablet
manufacturing method, which may restrain formation of a tablet
edge surface and permits less effect of intra-tablet stress
developed in process of press—forming on a tablet quality in cases
where an upper rod and a lower rod are fittingly inserted into
a vertical hole formed in a die to press powder in the die hole
with a pushing surface at the lower end of the upper rod and a
pushing surface at the upper end of the lower rod in order to
press—form a tablet.

MEANS FOR SOLVING THE PROBLEMS
[0009]

To solve the above problems, the present invention firstly
provides a tablet manufacturing method in which an upper rod 3
and a lower rod 4 are fittingly inserted into a vertical hole 2
formed in a die 1 to press powder 5 in the die hole 2 with a pushing
surface 9a at the lower end of the upper ponder 3 and a pushing
surface 1la at the upper end of the lower rod 4 in order topress—form
a tablet 6, characterized in that concave forming grooves 2a
integrally linked to the upper and lower pushing surfaces 9a and
1la are formed annularly in the inner circumferential surface of
the die hole 2, and the die may be divided into an upper separable

piece 7 and a lower separable piece 8 at the bottom portions of



with release means of releasing the press-formed tablet from pressed and/or taking-out means of
taking the tablet out of the die hole. For that reason, even if the plastic deformation factor of the
powder and/or the frictional coefficient of the die hole is varied, it will result in that how the above
release means and/or the above taking-out means oy, the like should be arranged remains a root
problem. [0008] An object of the present invention is to provide a tablet manufacturing method,

which may (estrajn [qrmation,of & tablef edqs surface and ermits less effect ofinfrastablet shress
developed in process o gre s-forming on a tablet quality in cases where an upper rod and a lower rod

are fittingly oserted intpa vedical holesformeddn & diado press powder ivtherdie tiode withsaegushing

surface at the lower end of the upper rod and a pushing surface at the upper end of the lower rod in
order to pre35-fBriLEbidt OMEANS FOR SorVNG THE PROBLEMS Joobg] U £2¢8 stivéthe above

problems, the present inventian firsfly provides afablet manufacturing method i whigh,an upper rod 3

and a lower rod 4 are fittingly inserted into a vertical hole 2 formed in"a die 1 to préss powder 5 in the
die hole 2 withfa pashing ssface 9aai the lowes endrefthe agpér pander 3santbar pdshing shieface 1 1
a at the upper end of the lower rod 4 in order to press-form a tablet 6, characterized in that concave

forming groBVES 2a fintelrdly liRksd fo'thie upPer-aiithloWer pushiy Surfaced 9& ard h&'até formed
annularly i”é*ﬂ?i?gc%ffugﬁe@{?gi" sprfage of the dighole 2, and the dig mayhe, divideddntpan upper

separable piece d a lower separable piece 8 at the bottom portions of 4 the forming grooves 2a,
wherein afterra finalfixedaod crrohetdfehe upper and sowdronodsB ard44s nfovied1td and thea fixed at

a press-forming position at which the pushing surface 9a or Ha is inte%rally linked to the corresponding

forming grob%é 2Ad firtal pressing rod b Hid otier fdd 3%t 41§ gvadis the preb<-fstiing Position

so that the tablet16,qta cireplar glliRtical or ovaliformyasg viewedin erosssectiopaksideis et 6
press-formed, and then, the press-formed tablet 6 held in the forming grooves 2a is taken out of the

die by sepasdtingrthecupper aaddowersepdrablefpieeds 7 ianelB, dnmatictbdase; the talsiet 6 lafter being
ke out o 18D sepao pcp o e ssperalegiecs o e ol 1 fhed o
piece 7 or &adjagentto the finaf pLessingdad; taken out of a final pressing separable
piece or the separable piece 7 or 8 adjacent to the final pressing
rod.
[0010]
Secondly, there is provided the tablet manufacturing method
wherein the final fixed rod or the final fixed separable piece
is displaced so that the final fixed rod will be out of position
nearer to the final pressing rod with respect to the final fixed
separable piece in order to take the tablet 6 out of the final
fixed separable piece, and the final fixed ponder or the final
pressing rod is displaced so that the final fixed rod and the final
pressing rod will get away from each other in order to take the
tablet 6 out of the final fixed rod.
[0011]
Thirdly, there is provided the tablet manufacturing method
wherein a separating action of the final pressing rod and the

final pressing separablepiece fromthe final fixed separablepiece

at the same velocity is started at the same time as a moving action



[0010] Secondly, there is provided the tablet manufacturing method wherein the final fixed rod or
the final fixed separable piece is displaced so that the final fixed rod will be out of position nearer to the
final pressing rod with respect to the final fixed separable piece in order to take the tablet 6 out of the
final fixed separable piece, and the final fixed pondet or the final pressing rod is displaced so that the
final fixed rod and the final pressing rod will get away from each other in order to take the tablet 6 out

of the final fi od. [0011] -._ Thirdly, there is provided the tahlet manufacturing methqd wherein a
separating g)c%?i?)cnkgf tﬁ%nfﬁn]]al fp%éis%?ngg (r%ﬂd gﬁg ?ﬁéﬁ) fi%\glgpgeégi%% %Derp?;x?a%]re1 %iggeé;ror%gthvé%fln% fixed
separable piece-at thessame arelacitysis staried,at the: sameitilae &S a movibg-actionpa of thintinal fixed
rod toward the final pressing rod, in which case, a separating velocity at the time of the above
separating actforef tHe Final préssing ¥6& and IheFhalptessing separabie precedisSsatatt aiatue

e e s ne st e o i AL et e o
there is provifledhthex tabiet manufactaring snethod i ereinethef foweet roddd is regarsed astthe dinal
Pressing rod AN e e SRl lege O S Ao as e el PSS 1% he £inal
fixed rod.
[0012]

Fourthly, there is provided the tablet manufacturing method
wherein the lower rod 4 is regarded as the final pressing rod,
and the lower separable piece 8 is regarded as the final pressing
rod.

[0013]

Fifthly, there is provided the tablet manufacturing method
wherein a separating action of the final fixed separable piece
from the final pressing separable piece is started at the same
time as a moving action of the final fixed rod in the direction
away from the final pressing rod, in which case, a moving velocity
at the time of the above moving action of the final fixed rod is
set at a value lower than a separating velocity at the time of
the above separating action of the final fixed separable piece
in order to take the tablet 6 out of the final fixed separable
piece and the final fixed rod.

[0014]

Sixthly, there is provided the tablet manufacturing method
wherein the upper rod 3 is regarded as the final pressing rod,
and the upper separable piece 7 is regarded as the final pressing
separable piece.

EFFECTS OF THE INVENTION

[0015]



[0013] Fifthly, there is provided the tablet manufacturing method wherein a separating action of
the final fixed separable piece from the final pressing separable piece is started at the same time as a
moving action of the final fixed rod in the direction away from the final pressing rod, in which case, a
moving velocity at the time of the above moving acti%n of the final fixed rod is set at a value lower than
a separating velocity at the time of the above separating action of the final fixed separable piece in

order to take the tablet t of the final fixed separable pie he final fixed rod. [0014

Sixthly, there is pro%%g% %#el ge% egt %ngaenﬁfagc% n%%lrﬁg%%%lv%ﬁegrg%%ﬁea&%& arrr)dé %r?g %Qéélrd%a as the
final pressing rad, Enddbeatppes sepatable piecec his regacded asdhefinal pressingsseparakle piece.
EFFECTS OF THE INVENTION [0015] 6  According to the pre sent invention of the above
arrangement’s ChEwil B8 apprecidtéd it the eotitale $6rming rooves fdrmeasnitheSAREr- LY

circumferenfial, suriage, of fhe Q?p%‘%]eaq{ﬁ intsarally linked to Wig unpet and lower pushing syrfaces

into a circular, elliptical or oval form as viewed in cross secfional side at the time when the tablet is
press-formed, sothatformationveflthedtabletedge-surdace may be efficienthy: pieveniedan proeess of
press-forming. It will be appreciated also that the die may be divided into the upper and lower

separable piedss &1RB Hdtfont pBhtins'or the F6ining'gr66ves Sothat there Tiay 68 pPvitiBE a larger
diameter than anQpensgad digreter of the die hele; which arrangement thys gllowsfhe fre ses-formed

tablet held in the forming grooves to be taken out of the die.
press—forming. It will be appreciated also that the die may be
divided into the upper and lower separable pieces at the bottom
portions of the forming grooves, so that there may be provided
a larger diameter than an open—-end diameter of the die hole, which
arrangement thusallows thepress—-formedtablet heldinthe forming
grooves to be taken out of the die.
[0016]

Itwill be appreciatedalsothat thankstothe forminggrooves
and the upper and lower separable pieces, release of the tablet
from pressed with the upper and lower rods and/or ejection of the
tablet from the die hole or like action takes a process different
from that in the prior art, and therefore, it may be expected that
there will be the peculiar effect of the intra-tablet stress
developed in process of press—-forming. However, the press—-formed
tablet held in the forming grooves may be taken out by separating
the upper and lower separable pieces, in which case, the tablet
after being taken out of the final fixed separable piece and
subsequently out of the final fixed rod may be taken out of the
final pressing separable piece, so that efficient release from
the intra-tablet stress developed in process of press—-forming may
be attained, which arrangement thus allows the effect of the
intra-tablet stress developed in process of press—-forming to be

minimized.



[0016] It will be appreciated al s o that thanks to the forming groove s and the upper and lower
separable pieces, release of the tablet from pressed with the upper and lower rods and/or ejection of
the tablet from the die hole or like action takes a process different from that in the prior art, and
therefore, it may be expected that there will be the peculiar effect of the intra-tablet stress developed in
proce s s of press-forming. However, the press-formed tablet held in the forming grooves may be
taken out b)f igea;r]ating the upper and lower separable pieces, in which case, the tablet after being
taken out of the final fixed separable piece and subsequently out of the final fixed rod may be taken
out of the final pressingwseparablespipee cSathad efficient teleaser frone the-ipdraatables siressaleveloped
in process of press-formingmay be attained, which arrangement thus allows the effect of the

intra-tablet Stre58 GevelbpedPin5ideBss of Préssiiifing'toe Hififfizdd T@O17P1 PR wifbe
appreciated:alsg that if the. separating aetien of thefinal pressing.rod.and e fingl pressing separable

piece from the final fixed separable piece at the same velocity is started at the same time as the
moving actien afthestinal fixed:-rad tonarddhe fimal pressingfrad éanfiwhieh dases theseparating! velocity
at the time of the above separating action of the final pressing rod and the final, presslﬁr:g separable

piece is set@tthé VARE RgRECtHRR theMmovilg ettty ifie M of fHePaIdvetAoVmGCATtioh of the
final fixed rod in. gder;tgdake thedabjetout of the final fixed separable piece-and, the finaldixed rod, or

alternatively, the separating action of the final fixed separable piece from the final pressing separable
piece is started at tite shmettime hsthe sndving ectien @b the fialdixedsoddn the direetior away from

the final pre s s.ing rod, in which case, the moving velocity at the time of the abqve moving action of

the final fixet-FO s St At the Gallie ibier YRar the Yefarating veldin 4t tHeSime Bf the Aboved
separating actionof the final fixed-separable pisgeiin Qrdgrto takethedaplet quiiof the fipal fixed

separable piece and the final fixed rod, it would be possible to start at the same time two actions in
such a manklee a$ ig providiexa diffeearcesin Melaeity e ortled to-alfowf theatablet kaving deen taken out
of the final flﬁeéjeserp rable piece to be thereafter sgggdl(l}/nt%l%egk?eutf%f I}Q? fﬂ%! éléegerod, S ihat more

efficient relSase from the intva-tabletstress developsd I Process of prass-formingmay be attained,

which arrangement thus allawshigher guality tabletstohesmanufactvted. BRIERPESGRIRTION OF
THE DRAWINGS [0018] [FIG. 1] FIGS. 1(A) and 1(B) are a side view and a plan view
same time as themovingactionof thefinal fixedrodinthedirection

away fromthe final pressingrod, inwhich case, themovingvelocity
at the time of the above moving action of the final fixed rod is
set at the value lower than the separating velocity at the time
of the above separating action of the final fixed separable piece
in order to take the tablet out of the final fixed separable piece
and the final fixed rod, it would be possible to start at the same
time two actions in such a manner as to provide a difference in
velocity in order to allow the tablet having been taken out of
the final fixed separable piece to be thereafter speedily taken
out of the final fixed rod, so that more efficient release from
the intra-tablet stress developed in process of press—-forming may
be attained, which arrangement thus allows higher quality tablets
to be manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

[FIG. 1] FIGS. 1(A) and 1(B) are a side view and a plan view



8 respectively showing essential parts of a tablet manufacturing apparatus. [FIG. 2] FIG. 2(A) is a side
view showing essential parts of the tablet manufacturing apparatus at the time when a tablet is
press-formed, and FIG. 2(B) is a side view showing essential parts of the tablet manufacturing
apparatus at the time when an upper die and a Iowerédie are separated. [FIG. 3] FIGS. 3(A) and 3(B)
are a side view and a plan view respectively showing a press-formed tablet. [FIG. 4] FIG. 4 shows a
flow of processes applied to cases.where the tablet s manuf acture ing the tablet manufacturing
apparatus ogéf%g %?gs%%? n?(/;én%tllgvr%.lrflglé .SSSJSFHI%]SSES(R?%O%(S?JE ds%i%%i\/(le((;acwg1 ?é?glp%ac%\t/g@ls% wing in
time series appareangement of a feeding process. [FIG. 6] FIGS. 6(A) to 6(E) are side views
respectively showing in time series one arraégement of a forming process. [FIG. 7] FIGS. 7(A) to 7(D)
e

are side vieWsespettively sholingin tiné Sefiedisite arardement oFan efectifprocessth

tablet manufacturing apparatus at the time when a tablet is
press—formed, and FIG. 2(B) is a side view showing essential parts
of the tablet manufacturing apparatus at the time when an upper
die and a lower die are separated.

[FIG. 3] FIGS. 3(A) and 3(B) are a side view and a plan view
respectively showing a press-formed tablet.

[FIG. 4] FIG. 4 shows a flow of processes applied to cases where
thetablet ismanufacturedusingthetablet manufacturingapparatus

of the present invention.

[FIG. 5] FIGS. 5(A) to 5(D) are side views respectively showing
in time series one arrangement of a feeding process.

[FIG. 6] FIGS. 6(A) to 6(E) are side views respectively showing
in time series one arrangement of a forming process.

[FIG. 7] FIGS. 7(A) to 7(D) are side views respectively showing
in time series one arrangement of an ejecting process.

[FIG. 8] FIGS. 8(A) to 8(E) are side views respectively showing

in time series one arrangement of a modification of the ejecting
process shown in FIG. 7.

[FIG. 9] FIGS. 9(A) to 9(E) are side views respectively showing
intime series one arrangement of another embodiment of the forming
process.

[FIG. 10] FIGS. 10(A) to 10(F) are side views respectively showing
intime seriesone arrangement of another embodiment of theejecting
process.

[FIG. 11] FIGS. 11(A) to 11 (F) are side views respectively showing
in time series one arrangement of a modification of the ejecting

process shown in FIG. 10.



[FIG. 8] FIGS. 8(A) to 8(E) are side views respectively showing in time series one arrangement of a
modification of the ejecting process shown in FIG. 7. [FIG. 9] FIGS. 9(A) to 9(E) are side views
respectively showing in time series one arrangement of another embodiment of the forming process.
[FIG. 10] FIGS. 10(A) to 10(F) are side views respecyvely showing in time series one arrangement of
another embodiment of the ejecting process. [FIG. 11] FIGS. 11(A) to 11(F) are side views

respectively ing, in time.seri r nt of a madification of the, ejecting process shown in
0 10, (O 121 GO T ATt L2lE) ate e s Buuactely S pe e Loies sne
arrangementrof anfartkeriemhotinentzof dbedorondrigepf oeesse Bl B8] dG S 0 E3(A t0ok3(D)hgre plan
views respectively showing different forms of the tablet, and FIGS. 13(D) and 13(E) are sectional side
views of es§énitidf parts of tablet presses in which there are shown different forms of the forming

grooves and ose pf he ypperarhipwer pysking suraces [FIG. 141 G- 140Ns afiming,ghar

showing the positional relation among the upper rod, the lower rod and the lower die for eachaction in
the case of applieationtof fallet mahufdacturingshown sl GSLdSto 7, F(G) 14¢B) i a timing chart
showing the position of a feeder for each action in the case of application of tablet manufacturing

shown in FIES 47 lafid F967 14(6) 9 £y crartsHoing tHe pasition st 4 éjectof fordach
action in the gase, of application of iakletpanpfaciuring shown NV KIGS. 4148 JvdEI1Gn 51 FiGe15(A) is

a table listing the position and the velocity of each of the upper rod, the lower rod and the lower die for
each actiondn thé ease o applicationw talplesmangfasturirgesisown in FIGS. 4 to 7, FIG. 15(B) is a
table listing the results of tablet thickness, hardness, friabili%/ and state observed, where a se[iarating

velocity and'4 hoving Vefo'Sity Hat&Undetgbnd vAr&forid i the TASY bF dppiicatidh b taHBe
manufacturingishovwhin a1 56A) . @ndde G LB (A s artahle listing theiresidts gftablgtithigkness,

hardness, friability and state observed after friability testing in the case of experiments for comparison.
[FIG. 16] FI&a dh6isatiming dhrart showirkrthefpesitidrial a&lation @mordpiletupperadedc therloner rod

and the lowey die for each actiop in thg case of appjigation of tadlet manufacturing shown in,FIGS.

position of a feeder for each action in the case of application
of tablet manufacturing shown in FIGS. 4 to 7, and FIG. 14(C) is
a timing chart showing the position of an ejector for each action
in the case of application of tablet manufacturing shown in FIGS.
4 to 7.

[FIG. 15] FIG. 15(A) isatablelistingthepositionandthevelocity
of each of the upper rod, the lower rod and the lower die for each
action in the case of application of tablet manufacturing shown
in FIGS. 4 to 7, FIG. 15(B) is a table 1listing the results of tablet
thickness, hardness, friability and state observed, where a
separatingvelocityandamovingvelocityhaveundergonevariations
in the case of application of tablet manufacturing shown in FIG.
15(A), and FIG. 15(C) is a table listing the results of tablet
thickness, hardness, friability and state observed after
friability testing in the case of experiments for comparison.
[FIG. 16] FIG. 16 is a timing chart showing the positional relation
among the upper rod, the lower rod and the lower die for each action

in the case of application of tablet manufacturing shown in FIGS.



10 9 and 10. [FIG. 17] FIG. 17(A) is a table listing the position and the velocity of each of the upper
rod, the lower rod and the lower die for each action in the case of application of tablet manufacturing
shown in FIGS. 9 and 10, FIG. 17(B) is a table listing the results of tablet thickness, hardness, friability
and state observed after friability testing, where the sgparating velocity and the moving velocity have
undergone variations in the case of application of tablet manufacturing shown in FIG. 17(A) , and FIG.
17(0) isatahle listing the results of tablet thickness, hardness, friability and state observed after friability
testing in the case of experiments for comparison. [FIG. 18] FIG. 18(A) is a timing chart showing the
positional relation amomgrthe Uppey ros sthe tower 1ed and the:lpwet diesioeachractien srtheycase of
application of tablet manufacturing shown in FIG. 12, and FIG. 18(@)5 a table listing the position and
the velocity f &tfroPthd BppePrsd, thedower Gttt the fowardien tHecasé bf applicaficit of tablet

manufacturing.shawn jn FIG. 18- o[E'Q?plﬂx?LEEﬁ-i]o%% #s aable sting, the-te sting and, measurement

results of tablet thickness, hardness, friability and state observed after friability testing, where the
separating veloEitysand 3hemmoving vielocitylhaie) undergonebiasiatioss imthe base o application of the

ejecting process shown in FIG. 7 as well as of tablet manufacturing shown in FIG. 18, FIG. 19(B) is a
table listing tA& t&dting andf RfesSurBAent festits s tabret Hﬁéfkﬁék‘%,sr%?aﬁeg?isrﬁﬁﬁﬁ%fif ahd State

observed a%%fifgiewi%?%@stWﬁ&revsh%§gp@5%ti@%s&0&@x @gd,thenoving,yelociy '??é&‘?i'xltl)ﬁlgdergone

variations in the case of application of the ejecting process shown in FIG. 10 as well as of tablet
manufacturinglshory IkireFGde8,cameFGr19(0) isa table listiog the od¢saltsofitabiet thickhess,
hardness, friabilit% and state observed after friabilitrygtestingf]in the case of exgerime_nts for comparison.

[FIG. 20] FIEY2055 5't4B1é TSty tHer &St ot Tablet thickheds, ABFah&Ss, friabiityand 5ite Sbserved

after friability testing, where dhe sepasatingelacity, ang thesmoving yelocity have.undergone-yariations
in the case of experiment 1 for comparison. MODE FOR EMBODYING THE INVENTION [0019]
state observed after friability testing in the case of experiments

for comparison.

[FIG. 18] FIG. 18(A) is a timing chart showing the positional
relation among the upper rod, the lower rod and the lower die for
each action in the case of application of tablet manufacturing
shown in FIG. 12, and FIG. 18(B) is a table listing the position
and the velocity of each of the upper rod, the lower rod and the
lower die in the case of application of tablet manufacturing shown
in FIG. 18(A).

[FIG. 19] FIG.19(A) isatablelistingthetestingandmeasurement
results of tablet thickness, hardness, friability and state
observed after friability testing, where the separating velocity
and the moving velocity have undergone variations in the case of
application of the ejecting process shown in FIG. 7 as well as
of tablet manufacturing shown in FIG. 18, FIG. 19(B) is a table
listing the testing and measurement results of tablet thickness,
hardness, friability and state observed after friability testing,
where the separating velocity and the moving velocity have
undergone variations in the case of application of the ejecting

process shown in FIG. 10 as well as of tablet manufacturing shown



FIGS. 1(A) and 1 (B) are a s ide view and a plan view respectively showing essential part s of a tablet
manufacturing apparatus . FIG. 2(A) is a side view showing essential parts of the tablet manufacturing
apparatus at the time when a tablet is press-formed, and FIG. 2(B) is a side view showing essential
parts of the tablet manufacturing apparatus at the ti e when an upper rod and a lower rod are
separated. FIGS. 3(A) and 3(B) are a side view and a plan view respectively showing a press-formed
tablet. The illustrated.tgblet ctuging apparatus i ind of tablet pres dh izontal die
1,a verticaltho e%tﬁ?’orlrgédalﬂr%?gy ie tf%r%g )a b%i?o% aﬁ%%gari;ln%tlé\r}v lrlcr%(ejosrg iﬁ%ncfﬁﬁﬁnglgklgr%grted into
the die holet2 seithatdbey may be dree,to lie-ternaved therefiam. §8Q2Q] ob&ertheltableter
manufacturing apparatus of this type, the arrangement is such that with the lower rod 4 or a
bottom-sideffotfiRsenéd frofvits Ufperertd ftserid) side i e i Hote 236 BIGERGEH #iedie hole 2

at its lower TE?@P%@F%?&?%@@?&%&@E se fed; i@ﬂoetPS_93%9'8@@&6943@%&1}?911%%@@1 and

afterwards, the upper rod 3 or a top-side rod is inserted from its lower end (its end) side into the die

hole 2 to prass thesthsis filteichpawder/sindhe-diecholes2 withdhef erdsiof thée upperanss A 2rdower rods
3 and 4 so that a tablet 6 is press-formed. [0021] The die hole 2 is of a circular form as viewed in

plan and ha8if’its vERtalTentertontave’ fotMig groves Zdin tHE ToriPof Gnldtnular cBAE&vity all
over its circymierentaldirgction. Theformipg grogues 2a takethe farm of & girculap ring as.yjewed in

cross sectional plan and are indented in the form of concavity outwards in the radial direction of the die
hole 2 as vigwied iR QRoSSEEThiDhEGSIdEET AUS/EhE faming groove 2a is supposed to have a bottom
portion of a larger diameter R1 than a diameter R2 of other portion of the die hole 2 than the forming
grooves 2a H%? f, [0022] The die 2 maybe divided into upper and lower separable pieces at a

horizontal plane M efidivisionof aRlangsnassing along-fhe Hatter porions of the fguming.grogves 2a,
which upper and lower separable pieces respectively form an upper die 7 and a lower die 8. The upper

die 7 is fixedto thenmaisisodyl £0, paditheolowdardié Sisisnppertéd movalsly vpnatrd and ddwnward,
which arrangi ent thus allows thieeldppsehroand lower dlest7. grfd 8 to be joined or %eéioaég§d by means

of contact of 0ut-of-Boftact between the tantronting Stiftacss offiie Upper andjowardies 7 and 8.

More speciticallyrwhen the lower die-8 issraeved dip Lntihandipparantrosiion (s lowes dig gosition)
Po of the lower die 8 coincides with a lower end position (a joining position) X0 of the upper die fixed in
position, the bgpef die 7 @nd tkedowetlie mayBeojoiicdl tsgeahér §00R3f ts ofhehgpperasd lower
rods 3 and %Qag§§n9 olr;tlions 9 %r%% 1, eggh ?fewjgicheisw(ﬁ‘ anlargeLE di%rgeg%réhaar?dagi%nweet%r of
other portion ot each of the rodS Band 4 than tﬁe end theréof and'is =%

rod are separated. FIGS. 3(A) and 3(B) are a side view and a plan

view respectively showing a press—formed tablet. Theillustrated

tablet manufacturing apparatus is a kind of tablet press and has

a horizontal die 1, a vertical hole 2 formed in the die 1 and a

pair of upper and lower rods 3 and 4 fittingly inserted into the

die hole 2 so that they may be free to be removed therefrom.

[0020]

For the tablet manufacturing apparatus of this type, the

arrangement is such that with the lower rod 4 or a bottom-side

rod inserted from its upper end (its end) side into the die hole

2 to block up the die hole 2 at its lower end, powder 5 (see FIGS.

5 to 7) is so fed into the die hole 2 as to be filled therein,

and afterwards, the upper rod 3 or a top-side rod is inserted from

its lower end (its end) side into the die hole 2 to press the thus

filled powder 5 in the die hole 2 with the ends of the upper and



13 also approximately equal with a diameter R2 of other portion of the die hole 2 than the forming
grooves 2a thereof. Thus, when the upper and lower rods 3 and 4 are respectively inserted into the die
hole 2, the outer circumferences of the above end portions 9 and 11 will be conditioned that they are
fitted to the inner circumference of the die hole 2. The lower end of the end portion 9 and the upper
end of the end portion 11 respectively form concave pushing surfaces 9a and ha. [0024] For

press-formirf the tabl 6,§h% pper ie [4 ng the lcovyyelr ie 8 are joingg tg%eth%r pressingly insert
the upper roggelrftortﬁe die hole 2 unglloa lower ea}ld [5510 s??lgon ( an ugger fod ggs?t%h ) Pi of the outer
circumferenteasfthe upper rod 3 coincides with an upper end position (an upper press-forming

position, a press-forming E_osition) Xi of the forming groove 2a, and also to pressingly insert the lower

rod 4 into the die holé2 @it dtPdfipér éfid Posion T4 wer fodrpbsifio) P2 ot thE duter and
circumference of. the lowey rod.4. caincides with g lower end.po s Jtign (a.lawes pregsHpaming position,

a press-forming position) X2 of the forming groove 2a. By so doing, the forming grooves 2a will be
integrally linkedeto thenupgper anchlowet tpushing sudaces Sacand:-ha fre acsmaath mManeertintoma circular,
elliptical or oval form (an elliptical form for the illustrated embodiment) as viewed in cross sectional

side, so thaf ttfe t&BIBLE Sf e SHme foink fifey b8 pressHofthedl (See G 2(A)) {0025 + €W Fhe thus
press-formed,tahlet8 takes a gycylarfopmhavingdheappreximately same, diameteras . the; digmeter Al

of the forming groove 2a as viewed In plan and is elliptical as viewed in side. Because of the larger
diameter Rbof thertabletr6 tham theddiameter 44tR2 of ofthertportion dfthe die holer2 ¢harnlthenforming
grooves 2a thereof, the tablet 6 will be held in the forming grooves 2a. The thus held tablet 6 may be

taken out of thedie By Separating’ theSoined Uper-ard Iower digs 74’8 t6 8pefi tiieUBPEFSide of

the tablet 6+ 5 have a bottom portion of a larger diameter R, than a diameter
R, of other portion of the die hole 2 than the forming grooves
2a thereof.
[0022]

The die 2may bedivided into upper and lower separable pieces
at a horizontal plane M of division or a plane passing along the
bottom portions of the forming grooves 2a, which upper and lower
separable pieces respectively form an upper die 7 and a lower die
8. The upper die 7 is fixed to the main body 10, and the lower
die 8 is supported movably upward and downward, which arrangement
thus allows the upper and lower dies 7 and 8 to be joined or separated
by means of contact or out-of-contact between the confronting
surfaces of the upper and lower dies 7 and 8. More specifically,
when the lower die 8 is moved up until an upper end position (a
lower die position) Py of the lower die 8 coincides with a lower
end position (a joining position) Xy of the upper die fixed in
position, the upper die 7 and the lower die may be joined together.
[0023]

The upper and lower rods 3 and 4 have end portions 9 and
11, each of which is of a larger diameter than a diameter of other

portion of each of the rods 3 and 4 than the end thereof and is



[0026] Next will be described a tablet manufacturing method using the tablet manufacturing
apparatus with reference to FIGS. 4 to 7. FIG. 4 shows a flow of processes applied to cases
where the tablet is manufactured using the tablet manufacturing apparatus of the present invention.
The tablet manufacturing method shown in FIG. 4 comprises a feeding process S10 of feeding the
powder 5 into the die hole 2, a forming process S20 of press-forming the tablet 6 out of the fed powder

5 in the die hole 2, an }gjjecting Pprocess 530 of e{%ctingjthg r s-f%rmeg tgggﬂt and a. £
post-proces%%sgop?§c%ss%lll% ofemgkien%upostyvplrocegsiné. [rg%g%f ? oFIG . f A)EES% 5533@3 side
views respegtivelyishawibg in tirhe setias ofierattangementefdthe feedingqurocesshAs shewarin FIGS.
5(A) to 5(D) and also in FIG. 4, the above feeding process S10 includes steps of feeding Sib of feeding

the powder Siftd BiFdietisle 2 Erfustitg"S 229t adfustiiy tHSAMBLATEHpowderih e diéhdle 2
after feeding,andy leveling S13 ot levelipg off the pawder, yhich i pyshed gutwards out of;the die hole

2, along the upper surface of the upper die 7 after adjusting. [0028] With the step of feeding Sib,
manufacturihgeefdhe tablet 6 i started] in whichdcase; wherestasted, thetloaerdie 8H{theinner

circumference of the die hole 2. The lower end of the end portion
9 and the upper end of the end portion 11 respectively form concave
pushing surfaces 9a and 1lla.
[0024]

For press—forming the tablet 6, the upper die 7 and the lower
die 8 are joined together to pressingly insert the upper rod 3
intothediehole2until alower endposition (anupper rodposition)
P, of the outer circumference of the upper rod 3 coincides with
an upper end position (an upper press—-forming position, a
press—forming position) X; of the forming groove 2a, and also to
pressingly insert the lower rod 4 into the die hole 2 until an
upper end position (a lower rod position) P, of the outer
circumference of the lower rod 4 coincideswitha lower endposition
(a lower press—forming position, a press—-forming position) X, of
the forming groove 2a. By so doing, the forming grooves 2a will
be integrally linked to the upper and lower pushing surfaces 9a
and 1lla in a smooth manner into a circular, elliptical or oval
form (anelliptical form for the illustrated embodiment) as viewed
in cross sectional side, so that the tablet 6 of the same form
may be press—-formed (see FIG. 2(A)).
[0025]

The thus press—-formed tablet 6 takes a circular form having
the approximately same diameter as the diameter R; of the forming
groove 2a as viewed in plan and is elliptical as viewed in side.

Because of the larger diameter R; of the tablet 6 than the diameter



lower die position PO) is in the joining position X0 at which it 15 is joined with the upper die 7, the
upper rod 3 (the upper rod position P1) is in a topmost position (an initial position) above the upper die
7, and the lower rod 4 (the lower rod position P2) is in a position (an initial position) above the forming
grooves 2a in the die hole 2. Under the above positi Qal conditions, a feeder 12 called a filling feeder
is driven for forward travel from its backward travel end to its forward travel end to push the powder 5

forwards souhat Jhe powrler il be,fed into fhe diehale 2.by means of heind drapped, On,geqasions
when the powder 5 Is fed by means of being dropped, the lower rod 4 Is lowered {0 a Stop position at
which the powdet &Srimay pecbroughis irethes diel holec2 smeaethiyn(see=FIeSm5 @) anch bR} [0029]
In the step of adjusting S12, the lower rod 4 is moved up until it reaches a position (an adjusting

position) abbVe thB¥6rmmt glodves 2inie die RAE D) R Whieh poiich-thegoier53$ plished

outwards ahue i5:die ol 2, 50 that anly e required amaunt etpouder % i tablel formuing wil be
conditioned to be in the die hole 2 (see FIGS. 5(B) and 5(0)). [0030] In the step of leveling S13,

the feeder X¥istdrivendbi backward travel from its forward travel end to its backward travel end to
level off the powder 5 by its portion pushed outwards out of the die hole 2 in order to allow only the
required a ot powder 5 for forming the tablet 6 to remain in the die 1 (see FIGS. 5(0) and 5(D)).

[0031] FIGS. §(&){0,8(F) are side views respeciyely showing o time serigsqnesaranggment of

the forming process. As shown in FIGS. 6(A) to 6(E) and also in FIG. 4, the above forming process
the tablet manufacturing apparatus with reference to FIGS. 4 to

7.

FIG. 4 shows a flow of processes applied to cases where the
tablet is manufactured using the tablet manufacturing apparatus
of the present invention. The tablet manufacturing method shown
in FIG. 4 comprises a feeding process S10 of feeding the powder
5 into the die hole 2, a forming process 520 of press-forming the
tablet 6 out of the fed powder 5 in the die hole 2, an ejecting
process S30 of ejecting the press—-formed tablet 6 and a
post-processing process 5S40 of making post-processing.

[0027]

FIGS. 5(A) to 5(D) are side views respectively showing in
time series one arrangement of the feeding process. As shown in
FIGS. 5(A) to 5(D) and also in FIG. 4, the above feeding process
S10 includes steps of feeding S11 of feeding the powder 5 into
the die hole 2, adjusting S12 of adjusting the amount of powder
in the die hole 2 after feeding and leveling S13 of leveling off
the powder, which is pushed outwards out of the die hole 2, along
the upper surface of the upper die 7 after adjusting.

[0028]

With the step of feeding S11, manufacturing of the tablet

6 is started, in which case, when started, the lower die 8 (the

lower die position Pp) is in the joining position Xy at which it



16 S20 includes steps ofprearrangingS21 ofmakingpre-arrangements for press-forming and pressing
522 of press-forming the tablet 6 after the prearranging S21. [0032] In the step of prearranging
S21, the lower rod 4 is lowered until it reaches a position (a prearranging position) below the forming
grooves 2a in the die hole 2 in order to allow the powgder plane at the upper end of the powder 5 to be
located below the upper surface of the upper die 7 (see FIGS. 6(A) and 6(B)). Afterwards, the upper

rod 3 is lowered.until it.reaches an upper end paosition lock-up posi 'o?i the die hole 2 in,order to
Block Up the Sppr 538 ar e i Hos Coe oS "6(E) andrb(l), 10653l - SuLeBatends, the
upper rod 3ds iawered © jhe sippersptessHosning position Xiawhileithedowes sad 4ds maved -ap until it
reache s a po s iti on (‘a preliminary pre s s ing po s ition ) neighboring the lower side of the forming

grooves 2a i the!BRERoé IZin’ ordétdodiow 4 Epace BbtiveEntheliiser diitfidvrst dushihg stirfaces
9a and ha in the die hole 2,10 he filled with the powdar.§ (see 515%%6&%3'%%9&9}2@;[% ves Inthe

step of pressing S22, the upper rod 3 is made fixed or approximately fixed to the die stopping
driving for Bevemenhto Brirg posiiching tndsstop hundéronkichaohdition: the towerroddsis pressingly
moved up to the lower press-forming position X2 to press-form the tablet 6 (see FIGS. 6(D) and 6(E)).
More specifiiySthelpresehtEA bt SUER IRAE e USHet F63 3BFmE 2 M FX68 188 {a final

pressed rod),pressedsinfixed orappreximately fixed,pasition fomyit § side adiacenttq e lower rod 4
at the time when the tablet 6 is press-formed, the lower

the powder 5 forwards so that the powder will be fed into the die

hole 2 by means of being dropped. On occasions when the powder

5 is fed by means of being dropped, the lower rod 4 is lowered

to a stop position at which the powder 5 may be brought in the

die hole 2 smoothly (see FIGS. 5(A) and 5(B)).

[0029]

In the step of adjusting S12, the lower rod 4 is moved up
until it reaches a position (an adjusting position) above the
forming grooves 2a in the die hole 2, at which position the powder
5 is pushed outwards above the die hole 2, so that only the required
amount of powder 5 for tablet forming will be conditioned to be
in the die hole 2 (see FIGS. 5(B) and 5(C)).

[0030]

In the step of leveling S13, the feeder 12 is driven for
backward travel from its forward travel end to its backward travel
end to level off the powder 5 by its portion pushed outwards out
of the die hole 2 in order to allow only the required amount of
powder 5 for forming the tablet 6 to remain in the die 1 (see FIGS.
5(C) and 5(D)) .

[0031]

FIGS. 6(A) to 6(E) are side views respectively showing in

time series one arrangement of the forming process. As shown

in FIGS. 6 (A) to 6(E) and also in FIG. 4, the above forming process



17 rod 4 forms a final pressing rod adapted to apply pressure (main pressure) to the powder 5 at the
time when the tablet 6 is press-formed, the upper die 7 forms a final fixed separable piece (a pressed
separable piece) adjacent to the final fixed rod, and the lower die 8 forms a final pressing separable
piece adjacent to the final pressing rod. [0035] féGS. 7(A) to 7(D) are side views respectively
showing in time series one arrangement of the ejecting process. As shown in FIGS. 7(A) to 7(D) and

also in FIG.4 dhe.ahoye. dlecting process. 53 indudes sieps ptialing:put 531 of taking e tablet 6

out of the pushing surface 9a of at least one o upper and lower rods

and 4 ort

e upper rod 3, as

well as takifg the>taddet-& outdfran appepewyved syrfage 7arobthe Lippes el A reheurved seitface
forming the upper half of the forming groove 2a and also out of a lower curved surface 8a of the lower
die 8 or a clinefstirfatBFoRning ithe Teiwérhaifdf-the forming groove 2 a , and e j ecting S32 of
ejecting the[tgglgfa from the pushing surface ha of the lower rod 4 after the taking-out S31. [0036]

In the step of taking-out S31, a lowering action of the lower rod 4 and the lower die 8 so as to be
separated from the Lppehdie Zeand & towveringaactionotthe, upper lavd sarasitd besnmevesttoward the
lower rod 4 are firstly started at the same time (see FIGS. 7(A) and 7 (B) ) . At thisfg%?t in time, a

separating V&1bdity V) AERAIATHE BRRF FdPh it HE RWe? i BarB¥eparaBd

e Upper die 7

and a moving Velogity M2, atwhichythe,upper Kqd 3,is yaoyed fowad the lower rod dhre ol qe r

approximately fixed, in ' which case, the moving velocity V2 is set at a value lower than the separating
velocity V1p18:j@037] the upper end of the powder 5 to be located below the

upper surface of the upper die 7 (see FIGS. 6(A) and 6(B)).

Afterwards, the upper rod 3 is lowered until it reaches an upper
end position (a block-up position) in the die hole 2 in order to
block up the upper side of the die hole 2 (see FIGS. 6 (B) and 6(C)) .
[0033]

Subsequently, the upper rod 3 is lowered to the upper
press—forming position X;, while the lower rod 4 is moved up until
it reachesaposition (apreliminarypressingposition) neighboring
the lower side of the forming grooves 2a in the die hole 2 in order
to allow a space between the upper and lower pushing surfaces 9a
and 11a in the die hole 2 to be filled with the powder 5 (see FIGS.
6(C) and 6(D)) .

[0034]

In the step of pressing S22, the upper rod 3 is made fixed
or approximately fixedtothedie l by stoppingdriving for movement
to bring positioning to a stop, under which condition, the lower
rod 4 is pressingly moved up to the lower press—-forming position
X, to press—-form the tablet 6 (see FIGS. 6(D) and 6(E)). More
specifically, the present embodiment is such that the upper rod
3 forms a final fixed rod (a final pressed rod) pressed in fixed
or approximately fixed position fromits side adjacent to the lower

rod 4 at the time when the tablet 6 is press—-formed, the lower



The lowering action of the upper rod 3 results in that the upper rod 3 gets out of position nearer to the
lower rod 4 with respect to the upper die 7, which arrangement thus allows the tablet 6 to be taken out
of the upper curved surface 7a of the upper die 7. Besides, because of the moving velocity V2 set at a
value lower than the separating velocity Vi, spacing petween the upper rod 3 and the lower rod 4

increases, which arrangement thus allows the tablet 6 to be taken out of the pushing surface 9a of the

upper rod 3, 1)0 ]f Thatfishth re is provided Opliffgre ce Op%tween @e e%argtin% Y Ioc.itlg{ V1 and
the moving {/e oc?ftgy V2'in o?derltoaallﬁvﬁhés %{;{b e'}:gto agnﬁgn ou(% ofthe U prerséu}lvred fbnr?éce 7a of
the upper digré and:adgo aut of the pushirg-swfage 9arof theiupperied 3 speedilymAlmostwithout
anytime lag through a single action which is a simultaneous Iowerirég action of the upper rod 4, the

lower rod 4Rhd%tRe IGwBEdie 8NP03YYer diSubséquartly, thedverroad 2pathe fhieP 4Res are
integrally lowered at the,same vejocity until the M%Ué’lﬂt“ feache sga lowermost posifipn (an ejecting

position) thereof, while the upper rod 3'is moved up until it reaches an upper end position (a refuge
position) of the diehele 2 (sees3 HHGEm#(B) and Z{0)rAtterwaydsepalyahé dowerdie 8 dsjlmweted to a
lowermost position (an ejecting position) thereof (see FIGS. 7(0) and 7(D)). At this point in time, the
lower rod 4 'getd Bt SFptshidn iearer to fHeupper rod 3 with respect to the lower die 8, which
arrangementdhuys allows the tablet 6 to be taken out of the lower curved surface 8a of the lower die 8.
19 [0040] In the step of ejecting S32, an ejector 13 called an ejecting damper which functions as
a scraper is driven fof grwardanaves frotw itsdoackwiatd travel enddeptsdonwvarttravel enddoigject the
tablet 6 from the pushing surface ha of the lower rod 4 by scraping, followed Sbg/ being driven for

backward travBfto*its BaciavAd fravée S (8BE AG. 7IB)f JeCt g proce s shown

inFIGS. 7(A) to 7(D) and also in FIG. 4, the above ejecting process
S30 includes steps of taking-out S31 of taking the tablet 6 out
of the pushing surface 9a of at least one of the upper and lower
rods 3 and 4 or the upper rod 3, as well as taking the tablet 6
out of an upper curved surface 7a of the upper die 7 or a curved
surface forming the upper half of the forming groove 2a and also
out of a lower curved surface 8a of the lower die 8 or a curved
surface formingthe lowerhalf of the forminggroove 2a, andejecting
S32 of ejecting the tablet 6 from the pushing surface 1la of the
lower rod 4 after the taking-out S31.

[0036]

In the step of taking-out S31, a lowering action of the lower
rod 4 and the lower die 8 so as to be separated from the upper
die 7 and a lowering action of the upper rod 3 so as to be moved
toward the lower rod 4 are firstly started at the same time (see
FIGS. 7(A) and 7(B)). At thispoint intime, a separatingvelocity
Vi1 at which the lower rod 4 and the lower die 8 are separated from
the upper die 7 and a moving velocity V, at which the upper rod
3 is moved toward the lower rod 4 are of approximately fixed, in
which case, the moving velocity V, is set at a value lower than

the separating velocity V;.



[0041] As shown in FIG. 4, the above post-processing process S40 includes a step of
post-processing S41 of returning the upper and lower rods 3 and 4 and the lower die 8 to their initial
positions in order to bring the processes to an end. [0042] According to the thus arranged tablet
manufacturing method of the present invention, it quépe appreciated that the tablet 6 is taken out of
the final fixed rod 3 and the final fixed separable piece 7 opposite to the final pressing rod 4 and the
final pressi%%%p)a]rable piece 8, and subsequently out of the final pressing separable piece 8, so that
efficient release from the stress developed in the tablet 6 in process of press-forming may be attained,
which arrangementthus aliaws thestahkiet 6:0f high igualipptorbe saasufestureds[0043]hat dhe

particular, as described the above, the tablet 6 is taken out of the final fixed rod 3 at the approximately
same time fAEPfHe et EefakeRWutdF the finalited §éparabliePpield 7 AWsien arfarhemént thus

allows the tablet 6 to be taken,gut.of she die 1,in sych.a manner as to, minimizs, the gffect of the

residual wall stress developed in the tablet 6 at its surface adjacent to the forming grooves 2a in
process of press-forming <20 J0@44)f the RIGS B(A)to8(Eparefside ViewsTespectipely shbivng in
time series one arrangement of a modification of the ejecting process shown in FIG. 7.The ejecting
process 836 Sho%\?ngihdigl%. because of the moving velocity V, set at a value lower
than the separating velocity Vi, spacing between the upper rod
3 and the lower rod 4 increases, which arrangement thus allows
the tablet 6 to be taken out of the pushing surface 9a of the upper
rod 3.
[0038]

That 1is, there 1is provided a difference between the
separating velocity V; and the moving velocity V, in order to allow
the tablet 6 to be taken out of the upper curved surface 7a of
the upper die 7 and also out of the pushing surface 9a of the upper
rod 3 speedily almost without any time lag through a single action
which is a simultaneous lowering action of the upper rod 4, the
lower rod 4 and the lower die 8.

[0039]

Subsequently, the lower rod 4 and the lower die 8 are
integrally loweredat thesamevelocityuntil the lower rod4 reaches
a lowermost position (an ejecting position) thereof, while the
upper rod 3 is moved up until it reaches an upper end position
(a refuge position) of the die hole 2 (see FIGS. 7(B) and 7(C)).
Afterwards, only the lower die 8 is lowered to a lowermost position
(an ejecting position) thereof (see FIGS. 7(C) and 7(D)). At this
point in time, the lower rod 4 gets out of position nearer to the
upper rod 3 with respect to the lower die 8, which arrangement
thus allows the tablet 6 to be taken out of the lower curved surface

8a of the lower die 8.



8 includes a step of taking-out S31 in which the lowering action of the lower rod 4 and the lower die 8
is started at the same time as the lowering action of the upper rod 3 in order to take the tablet 6 out of
the upper die 7 and the upper rod 3, in which case, the above separating velocity V]) is set at the same
value as the moving velocity V2, wherein the tablet %s firstly taken out of the upper die 7 (see FIGS.
8(A) and 8(B)), and thereatfter, only the lower rod 4 and the lower die 8 are separated from the upper
die 3 at the Sl elocity so that spacing between the upper rod 3 and the lower rod 4 increases,
which arrangement thus allows the tablet 6 to be taken out of the upper rod 3 (see FIGS. 8(B) and 8
(©)). That is, the pracess efdakingthe talletit gt therlpperdier ehd dha proaess pf taking the
tablet 6 out of the upper rod 3 are supposed to take separate actions. It is noted that other actions are
the same as HBEe sHOWR I FIBC71[00251S & NERRFH besdes cribed diffdreht’point S'6h &rother

embodiment of the [ablet manytactuing methad from the, abgyg mpedimen thereof with reference to

FIGS. 9 and 10. FIGS. 9(A) to 9(E) are side views respectively showing in time seriés one
arrangementtaf aratiercembodimentef thedorimimgsprocess Theafarming eracessrS20shéwsyin FIG. 9
is different from that shown in FIG. 6 in procedure to be taken after the upper rod 3 is lowered to the

block-up podftioitdBlocki G e Gppétisifé bR the die Hole 2°Moré SPBEifiCally” aRer that, theJower rod
4 is moved yp 19 fhe lower press-foming posiion X2; wile 21

theupperrod3islowereduntilitreachesaposition(apre-pressing position) neighboring the upper side of
the forming grOavds 2a in the die hole 2 in order to allow the space between the upper
andlowerpushingsurfaces 9a and ha_in the die hole 2 to be filled with the powder 5 (see FIGS, 9(0)

and 9(D)). [0046] 5 MTRE3tep of bressing '§¥2, R ToWBP fod F T Mmatis fikad oraiptoxintately fixed

to the die 1 by stopRring.duviog for moyemspbta-hring, positioning,te-a,steprundeL whigh songdlifion, the
upper rod 3 is pressingly lowered to the upper press-forming position Xi to press-form the tablet 6
(FIGS. 9(D)ant:9(E) dMatresspkdfisally tthe illusteatediandther embodimerittis slchahattherlewer rod
4 forms the final fi)éed rotd (tt%e final Q[e s sed rod ) presged in fixed, or approximately fixed position from
its side adjalc%n?fo fhe uﬁperrrcl)(r:} 3a qﬁe%?noec\?v &n the tabtét 618 press-formed, the upper rod 3
forms the finalgqare s s ing rod adapted to apply pre s sure (main pressure) to the powder 5 at the time
when the tablet 6 is press-formed, the lower die 8 forms the final fixed separable piece (the final
pressed separable piecey ddjasehe to tgetfinas fixed Fod caht ake eppet ol 7 $6rms e findhe@ssing

separable p(i)%C%ng%q:eel’léé%lchelﬂ\r}%|nptr§g%ipgil’t()dwqu4%]e appreciated that the tablet
6 is taken out of the final fixed rod 3 and the final fixed separable
piece 7 opposite to the final pressing rod 4 and the final pressing
separable piece 8, and subsequently out of the final pressing
separable piece 8, so that efficient release from the stress
developed in the tablet 6 in process of press—-forming may be
attained, whicharrangement thusallowsthetablet 6 of highquality
to be manufactured.
[0043]

In particular, as described the above, the tablet 6 is taken
out of the final fixed rod 3 at the approximately same time that
the tablet 6 is taken out of the final fixed separable piece 7,
which arrangement thus allows the tablet 6 to be taken out of the
die 1 in such a manner as to minimize the effect of the residual
wall stress developed in the tablet 6 at its surface adjacent to

the forming grooves 2a in process of press—-forming.



FIGS. 10(A) to 10(F) are side views respectively showing in time series one arrangement of another
embodiment of the ejecting process. The ejecting process S30 shown in FIG. 10 is different in
taking-out process contents from that in the embodiment and the modification shown in FIGS. 7 and 8.
That is, the illustrated ejecting process S30 includes, g step of taking-out S31 in which the tablet 6 is
taken out of the pushing surfaces 9a and lla of the upper and lower rods 3 and 4 as well as the tablet 6
is taken 22 blb%t e lower curved surface 8a of the lower die 8 or the curved surface forming the
lower half of the forming groove 2a and also out of the upper curved surface 7a of the upper die 7 or
the curved surface forming theaypper balf pf the fermiagwwreave 2asand thersuhsequent pyocesses are
the same as those shown in FIG. 7. [0048] In the step of taking-out S31 of the illustrated another
embodimenit he I§RERRG atficn BF e iofRrdie 85oastobe <cpdrated frdmthe upperaEPis

started at tﬁf%ac@é 1ing a5 the Jowering action,of t@;é%“&’_%@%éo?&eas%t% b mEyed 19 the direction
away from the upper rod 3 (see FIGS. 7(A) to 7(0)). At this point in time , a separating velocity V3 at

which the |@vendieBissseparatgd from dhke ngperndiesd andrawhdvihg tietoditywé4 ab which thenlower
rod 4 is moved in the direction away from the upper rod 3 are of approximately fixed, in which case,

the moving VEIGCHy V'S Set atla’vailie loWerth¥f the segarafing Velb&ity ¥8. [064SP™e *B8Cause of
the moving yelagify id,getatavalue Jowethantbe separatngyvelogity ¥3as describedtheabove, the

lower rod 4 gets out of position nearer to the upper rod 3 with respect to the lower die 8, which
arrangemeritahus allowsi the fablet 6:fgobe tdken batof thedowearccumwed surfacev8aiofithelomer die 7.

Besides, the lowering action of the lower rod 4 results in that spacing between the upper rod 3 and the

lower rod 4 ihiéreR88Y SRR HIHNgEM &t thbs Bliows e t5bief's tb'be &KER Jit 0tha pushing

surface Ha gfthelgwerrad A That is,there is,prudded gidiffegence betwaen the geparatingelocity
V3 and the moving velocity V4 in order to allow the tablet 6 to be taken out of the lower curved surface

8a of the lowke diec8 @indialso ‘but of ¢hé pashing (SurfasedHa GF Xhe |awer b4 spé&dily, alpmdst without
23

the lower rod 4 and the lower die 8 are separated from the upper
die 3 at the same velocity so that spacing between the upper rod
3 and the lower rod 4 increases, which arrangement thus allows
the tablet 6 to be taken out of the upper rod 3 (see FIGS. 8(B)
and 8 (C)). That is, the process of taking the tablet 6 out of
the upper die 7 and the process of taking the tablet 6 out of the
upper rod 3 are supposed to take separate actions. It is noted
that other actions are the same as those shown in FIG. 7.
[0045]

Nextwill bedescribeddifferentpointsonanother embodiment
of the tablet manufacturing method from the above embodiment
thereof with reference to FIGS. 9 and 10.

FIGS. 9(A) to 9(E) are side views respectively showing in
time series one arrangement of another embodiment of the forming
process. The forming process S20 shown in FIG. 9 is different
from that shown in FIG. 6 in procedure to be taken after the upper
rod 3 is lowered to the block-up position to block up the upper
side of the die hole 2. More specifically, after that, the lower

rod 4 is moved up to the lower press—-forming position X,;, while



any time lag thr ough a single action which is a simultaneous lowering action of the lower rod 4 and the
lower die 8. [0050] Subsequently, the upper rod 3 i s moved to a po s iti on ( a pushing position)
neighboring the lower side of the upper press-forming position X1 to displace the upper rod 3 toward
the lower rod 4 with respect to the upper die 7, at Wlaifh position the tablet 6 is taken out of the upper
curved surface 7a of the upper die 7, followed by being dropped onto the pushing surface 1 1 a of the

ower rod 4 (see FIGS. 10(0) ad 40(D)J0081], ; , Subseatienty the gwer rod  an he fower cie

. & S itr Te . .
8 are integrally I%%redrat the s ame velocity untlllt%e%ower rod 4 reache s t epeject]long position, while

the upper rew 3 is mavednd ttha tefuge pasdiantherecfi(see HAGS 4 0fbyand J 0fEyoAder that, the
lower die 8 is lowered to the ejecting position Bo (see FIGS. 10(E) and 10(F)) like the embodiment and
modification- Sh6WR iA FIGE 7earid 87 aRB4Reé stBstyuierit pratess FCthePsame s thaginitiSabove

embodiment and modifigation; (00921 ¢, - o F165. 11(A) to 11(F) arg;side mews {%SBSCPYW?S]&‘OWMQ

in time series one arrangement of a modification of the ejecting process shown in FIG. 10. The
ejecting progess S30showdkrFIG. (ddncibdes a step pf takingd oDy $31 in which the tablet 6 is taken
out of the lower die 8 and the lower rod 4 in such a manner that only the lower die 8 is firstly lowered to
take the tablét%*8dt of the lower die 8 (see FIGS. 11(A) and (B)), and thereafter, only the lower rod 4

is moved in the dire?ﬂogﬁé‘@tgﬁ%&h%k@@%&@ 3 30 inqrease spacing.between fheyupper cod 3 and

the lower rod 4 in order to take the tablet 6 out of the lower rod 4 (see FIGS.
or approximately fixedtothedie 1l by stoppingdriving for movement

to bring positioning to a stop, under which condition, the upper
rod 3 is pressingly lowered to the upper press—-forming position
X; to press—-form the tablet 6 (FIGS. 9(D) and 9(E)). More
specifically, the illustrated another embodiment is such that the
lowerrod 4 forms the final fixedrod (the final pressedrod) pressed
in fixed or approximately fixed position from its side adjacent
to the upper rod 3 at the time when the tablet 6 is press—-formed,
theupperrod3 formsthefinal pressingrodadaptedtoapplypressure
(main pressure) to the powder 5 at the time when the tablet 6 is
press—formed, the lower die 8 forms the final fixed separable piece
(the final pressed separable piece) adjacent to the final fixed
rod, and the upper die 7 forms the final pressing separable piece
adjacent to the final pressing rod.

[0047]

FIGS. 10(A) to 10(F) are side views respectively showing
intime seriesone arrangement of another embodiment of theejecting
process. The ejecting process S30 shown in FIG. 10 is different
in taking-out process contents from that in the embodiment and
the modification shown in FIGS. 7 and 8. That is, the illustrated
ejecting process S30 includes a step of taking-out S31 in which
the tablet 6 is taken out of the pushing surfaces 9a and 1la of

the upper and lower rods 3 and 4 as well as the tablet 6 is taken



24 11(B) and 11(C)). That is, the process of taking the tablet 6 out of the lower die 8 and the process
of taking the tablet 6 out of the lower rod 4 are supposed to take separate actions. It is noted that other
actions are the same as those shown in FIG. 10. [0053] Next will be described different points on
a further embodiment of the tablet manufacturing method from the above embodiments thereof with
reference to FIG. 12. FIGS. 12(A) to 12(E) are side views respectively showing in time series one

arrangement,gf & Jurther empodimant of the,fermingpragess, The famina process 520, showy in FIG.
12 is different from that shown in FIG. 6 in procedure to be taken after the upper roa 3is l%wered to
the block-up position toddeckgpihe uppes side offtherdiehbolec2rMare gpecifiealhy aftet thats dhe
upper rod 3 is loweredto the pre-pressing position neighboring the upper side of the forming grooves
2a, while theYéwer rod4 ¥SRTGvEd Gl 36! tRB pré-pressing poitior Refgbidting thelBRer Sid& of the

forming grogyes 3adn Audertocpllay the space bepusenhe upper and louer pushing syifages 9a and
lla in the die hole 2 to be filled with the powder 5 (see FIGS. 12(0) and 12(D)). At this point in time,

spacing betweesdheaippep prexprsss s ing potshikion and the uppes pregssformingpositionXiwillbe
approximatelé/ the same as spacing between the lower pre-pre s s ing po s ition and the lower pre s
s-forming pé G X2. [0054] In the step of pressing S22, the pressingly lowering action of the

upper rod 3 to the uppey press=fgrming positio X1,and the pressingly MQViRg-ypagetion of the lower

rod 4 to the upper press-forming position X8 are started at the same time and at the same velocity to
press-form thectabietswith the upperand owert 26n of the lower die 8 so as to be

separated from the upper die 7 is started at the same time as the
lowering action of the lower rod 4 so as to bemoved in thedirection
away from the upper rod 3 (see FIGS. 7(A) to 7(C)). At this point
intime, aseparatingvelocityVsatwhichthe lowerdie 8 is separated
from the upper die 7 and a moving velocity V,; at which the lower
rod 4 is moved in the direction away from the upper rod 3 are of
approximately fixed, in which case, the moving velocity V4 is set
at a value lower than the separating velocity Vs.

[0049]

Because of the moving velocity V, set at a value lower than
the separating velocity V3 as described the above, the lower rod
4 gets out of position nearer to the upper rod 3 with respect to
the lower die 8, which arrangement thus allows the tablet 6 to
be taken out of the lower curved surface 8a of the lower die 7.
Besides, the lowering action of the lower rod 4 results in that
spacing between the upper rod 3 and the lower rod 4 increases,
which arrangement thus allows the tablet 6 to be taken out of the
pushing surface 11la of the lower rod 4. That is, there is provided
a difference between the separating velocity V3 and the moving
velocity V4 in order to allow the tablet 6 to be taken out of the
lower curved surface 8a of the lower die 8 and also out of the

pushing surface 1lla of the lower rod 4 speedily almost without



rods 3 and 4 (see FIGS. 12(D) and 12(E)). That is, the illustrated further embodiment is such that both
the upper rod 3 and the lower rod 4 form the final pressing rods adapted to apply pressure (main
pressure) to the powder 5 at the time when the tablet 6 is press-formed, and both the upper die 7 and
the lower die 8 form the final pressing separable pieggs. [0055] Further, the ejecting process S30
to be taken may be any one of the ejecting processes respectively shown in FIGS. 7, 8, 10 and 11.

[0056] Nex%will q_e srg:ri%e% noth%r m %(%iment gf.thlg tablet ma L{:factgrin% apparatys with
reforence (RIS TH 0 AR AOAY 1 73000 St B Vol e ey Sneu SRRt s of
the tablet, andtRI&S. AB(Phand &3¢k) aressertional side views:of essential parts of tablet presses in
which there are shown different forms of the forming grooves and those of the upper and lower

pushing surfades? Having been described the above embodiment as related to one instance where a

tablet is press-formed i the eircuiay fonm. ag wiewed dnsplan, WS 4q be, understpod that ifwayld be

possible also to form the die hole 2 and the forming grooves 2a into an elliptical form as viewed in plan
in order to press-farom then tabiétafaimelliptieal formasviewedfin planusee - IG: A3¢A)) permintgyan oval
form (a round-cornered rectangular form) as viewed in plan in order to press-form the tablet of an oval

form as vieWed irr plaih (See RIGHERBHCOr int6 afifbled tHangliarfrm & Rangular rice Hafl-like
form) as viewed,in plap dn ordey ]t@iry%g-éerraﬁae fablet of a friangylar ricg hajlHikeform s yewed in

plan (see FIG. 13(C)). 26 [0057
is taken out of the upper curved surface 7a of the upper die 7,
followed by being dropped onto the pushing surface 11a of the lower
rod 4 (see FIGS. 10(C) and 10(D)).
[0051]

Subsequently, the lower rod 4 and the lower die 8 are
integrallyloweredat thesamevelocityuntil thelowerrod4reaches
the ejecting position, while the upper rod 3 is moved up to a refuge
position thereof (see FIGS. 10(D) and 10(E)). After that, the
lower die 8 is lowered to the ejecting position By (see FIGS. 10(E)
and 10(F)) like the embodiment and modification shown in FIGS.
7 and 8, and the subsequent process is the same as that in the
above embodiment and modification.

[0052]

FIGS. 11(A) to 11(F) are side views respectively showing
in time series one arrangement of a modification of the ejecting
process shown in FIG. 10. The ejecting process S30 shown in FIG.
11 includes a step of taking-out S31 in which the tablet 6 is taken
out of the lower die 8 and the lower rod 4 in such a manner that
only the lower die 8 is firstly lowered to take the tablet 6 out
of the lower die 8 (see FIGS. 11(A) and (B)), and thereafter, only
the lower rod 4 is moved in the direction away from the upper rod
3 to increase spacing between the upper rod 3 and the lower rod

4 in order to take the tablet 6 out of the lower rod 4 (see FIGS.



It would be possible also to modify the curvature of the forming grooves 2a and that of the pushing
surfaces 9a and ha so that the forming grooves 2a and the pushing surfaces 9a and ha will be
integrally linked together into a circular form as viewed in side at the time when press-forming of the
tablet is completed, instead of the above-de s cribed, glliptical form as viewed in side (see FIG. 13(D)).
Alternatively, it would be possible also to form the pushing surfaces 9a and 1 1 a in a flat form,

together wi mg ifi %‘%0’1 f the curvagure of the formin graqves %agg]ghat thg f rrgin}glq!jgoges 2a
and the pugf:}n(g gur%aces ga{ an()JI ha wi iabe ansfégrta ?/ Ii%%eg togsetﬁer Into %irrll%va %ormaas viewed in
side at the ttae whienpsess+iermingeoithentableldseompleted (Sea kiG.ol 3(E)) t EXAMPEESL {0058]
Next will be described one specific example of the tablet manufacturing method shown in FIGS. 4 to 7

with refererie foEIGS VRS aheLE are EirRRATES prodtePHRE BawaERE2fhichRas théntied to
manufacturg the fablgt 6 according to the tablet manufaciuring method shawn,inFIGS.4 tq ¢, and

then, measurements on tablet thickness of the thus manufactured tablet 6 were made together with
hardness testing and friability testing thereof to evaluate the tablet manufacturing method. [0059]
Referring first to how to produce the powder 5, 49509 of acetaminophen as an effective component,

3310g of lactose as'& ¥ehidie, 131585 of Ai&rochysthlling etk aBavehicleikefiisEEnd'$60g of
hydroxypropylreeliulpsg.as g bipder fox binding the 27 paticles of materal stogetherwerg e

spectively weighed (exactly measured) and then mixed together in a polyethylene bag, and afterwards,
the resultaremiixtiresvasspulverizedfinval $dreer Sizecofd®: 7 tomEUsing a<rusher (YARIYA-type crusher
No. 1 manufactured by YARIYA MACHINERY MFG COQ.). The thus pulverized substance was divided
into three lots, and o a graffator @ vertiéal graRuRtFFMAFESS idrtfictifedyby POWREX

CORPORATIQONhwas:put4000g of the s dividedlet ofthe palvgrzed subsiances toavhich 209 of
pure water was added for granulation.
process. The forming process 520 shown in FIG. 12 is different

from that shown in FIG. 6 in procedure to be taken after the upper
rod 3 is lowered to the block-up position to block up the upper
side of the die hole 2. More specifically, after that, the upper
rod 3 is lowered to the pre-pressingposition neighboring the upper
side of the forming grooves 2a, while the lower rod 4 is moved
up to the pre-pressing position neighboring the lower side of the
forming grooves 2a in order to allow the space between the upper
and lower pushing surfaces 9a and 11a in the die hole 2 tobe filled
with the powder 5 (see FIGS. 12(C) and 12(D)). At this point in
time, spacingbetween the upper pre-pressingposition and the upper
press—forming positionX;will be approximately the same as spacing
betweenthe lower pre-pressingpositionandthe lowerpress—-forming
position X,.

[0054]

In the step of pressing S22, the pressingly lowering action
of the upper rod 3 to the upper press-forming position X; and the
pressingly moving-up action of the lower rod 4 to the upper
press—-forming position X; are started at the same time and at the

same velocity to press—form the tablet 6 with the upper and lower



[0060] Subsequently, the resultant granulated substance was dried us ing a drier ( a fl ow
granulation drier FD-3S manuf actured by POWREX CORPORATION), and the thus dried substance
was then classified using a 22-mesh sieve into the sieved substance and the remainder which is the
residue on the sieve. The processes similar to the ve were taken also for the remaining divided lots
of the pulverized substance, while the remainder as the residue on the sieve was pulverized in a

screen size of 1.0,mm usin rize W spe iJILND-10S manufacture KADA
SEISAKUSHOTNE S ot Tt e Ao it subsh e 1 S e S T
substance. 11680 grotthiedhus granitated suhsiance and 64 ¢ eop pragnesium siearate asoadubricant
added to increase the fluidity of granules for facilitated press-forming were put into a mixer (V-type

mixer V-60 hshdfdtared by TORUIBTSORPORATIONY At fifert thied t8elset T8 fivéaiRltes into
the mixture in the.form,of granules (the powder 5) for tablet pressing [00G1]. ¢ ,Jtis poted that the

tablet 6 is press-formed out of 290 mg of the thus produced powder 5, in which case, it is supposed
that 290 mgroekthepowderd, be condiicnedte cantain Hieniy eh2& aeetamiraphier #7.5ay of
lactose, 21.1 mg of microcrystalline cellulose, 73.8 mg of hydroxypropyl-cellulose and 1.6 mg of
magnesiumt<t8arate JO0BSF S S 11 cASBE Whate the-fibfet 6 shown in FIG. 3 is press-formed out of
the thus progdyged powder 5, the diameter (the diameter of a circle which is the form of the tablet 6 as
viewed in plan) R1 of the tablet 6 is set at 9 mm, and the thickness (the maximum vertical thickness of
the tablet 6 as view&d it Bigle) dithereof{see RiGp3pisses ibthe tamdecoftd¢o 418 mrheltasipoted
that the upper and lower press-forming positions X1 and X2 are invariable, whereas the above

separating V&15cities"VEL §A8 K387 € S66VE dvirg Velotifies /2 AREY 4 Bré VEHed &s described

later, so that glilatation at the time when the tablet 6 is taken out is supposedtovary, anditwill thus result

inthat the tablet thickness d is not of completely fixed.
[0056]

Next will be described another embodiment of the tablet
manufacturing apparatus with reference to FIG. 13.

FIGS. 13(A) to 13(C) are plan views respectively showing
different forms of the tablet, and FIGS. 13(D) and 13(E) are
sectional side views of essential parts of tablet presses in which
there are shown different forms of the forming grooves and those
of the upper and lower pushing surfaces. Having been described
the above embodiment as related to one instance where a tablet
is press—formed in the circular form as viewed in plan, it is to
be understood that it would be possible also to form the die hole
2 and the forming grooves 2a into an elliptical form as viewed
in plan in order to press-form the tablet of an elliptical form
as viewed in plan (see FIG. 13(A)), or into an oval form (a
round-cornered rectangular form) as viewed in plan in order to
press—form the tablet of an oval form as viewed in plan (see FIG.
13(B)), or into a rounded triangular form (a triangular rice
ball-like form) as viewed inplan in order to press—-form the tablet
of a triangular rice ball-like form as viewed in plan (see FIG.

13(C)).



[0063] Referring now to the measurements on the tablet thickness, the hardness testing and the
friability testing, the measurements on the tablet thickness d were made using a micrometer (a click
micro MDQ-30M manufactured by MITUTOYO CORPORATION). [0064] The hardness testing
employs a tablet hardness tester (a SCH LEUNIGER, %ablet hardness tester 8Mmanufactured by
SCHLEUNIGER CORPORATION) having a pair of clamping structures for clamping the tablet 6 from a
direction Of};@?glﬁﬂ to a tablet thickness direction and is for measurements on the hardness (unit of
which is kgf) of the tablet 6 using the above tablet hardness tester based on clamping force of the
clamping structuresrat thedinee whepdyeakage of the tabletdiacours by gradualyuinereasing.the 29
above clamping force until the tablet 6 is broken into fragments. It is noted that the Japanese
Pharmacopg@%ﬂa%?ﬁé%ri&%@%E@Heféﬂeﬁhﬁfoﬁ’ﬁhﬁﬂéﬁ%nﬁﬁé%%% et dA8ss testing.

[0065]  Jhe triapility tesfing s of ajesting method presarbed by the JR, WS a0d EB . ong

Pharmacopoeia (see F-131 to 134 of a document titled by "The Japanese Pharmacopoeia Manual,
Fifteenth" etlited by the Japanese Phatmatopseid MakualtEdit Conmnittee;] thesfirst edition thereof was
issued from HIROKAWA SHOTEN COMPANY on June 20, 2006) for making measurements on the
friable prop8rt§ BFthe-Bdge SGrfate 'of the- tabfet8 8le k8 fmpadtthBresh. For the prédeht example, the

friability tesfingwas made ysing.a iriabilif.tester {a friahility tesen RIESOERSA mapyfactyred by JAPAN
MACHINERY COMPANY). [0066] To be brief, a laterally cylindrical-shaped resin-made drum
having a predeteirmineddranétér islSupported sblthatrit atayvise driven ferorotatidre aboatam agis, and
into the drum are put 23 pieces ofé)re,ss-formed tablets 6. The drym is driven in this condition for

rotation at & predétmihSd 85eR U0 rBafio t s theé talbtets & towrwartis fepeatedifthtoigh the

medium of g radially interrpediate.plate infegrallyrotated withinibe drum: They-afiectherlapse of
predetermined time, the tablets 6 are taken out of the drum, and fragments thereof are cleared off to

find a valuetdistainedsby dividing acdifferencesetveernithe totallweightlatsrahan téstirgdnd that
revius oA L ot SN S vl o s Tt of
results. It isinoteddhat the presentexample involvesstatepbservations-on the i s completed

(see FIG. 13(E)).

EXAMPLE 1

[0058]

Next will be described one specific example of the tablet
manufacturing method shown in FIGS. 4 to 7 with reference to FIGS.
14 and 15.

Firstly was produced the powder 5, which was then used to
manufacture the tablet 6 according to the tablet manufacturing
method shown in FIGS. 4 to 7, and then, measurements on tablet
thickness of the thus manufactured tablet 6 were made together
with hardness testing and friability testing thereof to evaluate
the tablet manufacturing method.

[0059]

Referring first to how to produce the powder 5, 4950g of

acetaminophen as an effective component, 3310g of lactose as a

vehicle, 3150gofmicrocrystallinecellulose as avehicle likewise

and 900g of hydroxypropyl-cellulose as a binder for binding the



30 tablets 6 later than friability testing as well. [0067] Referring now to the tablet manufacturing
method, in cases where the above powder 5 is used to press-form the tablet 6, the diameter (the
diameter of other portion of the die hole 2 than the forming grooves 2a thereof) R2 of each of the end
portions 9 and 11 of the upper and lower rods 3 andEIAy is set at 7 mm. [0068] FIG. 14(A) is a
timing chart showing the positional relation among the upper rod, the lower rod and the lower die for

each action in the case of.application of tal%gtC ianufacturing shown inF1GS. 4ta 7. EIG, 14(B) is a
timing charlp sahovﬁng thSe pos‘%bn%f%e eoe ergz)rrevécﬁ agt?o in t)a/levc%s 0 égp%cat(igﬁ %?ta et
manufacturingashoyvadin F&S. diery. fr&e 840 isca tiering ahart shawingrihe positioapf thenajector
for each action in the case of application of tablet manufacturing shown in FIGS . 4to 7. FIG. 15(A) is

a table listiryf tHepEsitbly ahdthetrRloGiRGf Badh OF th&/ aip gt 158 thégewer ¢ ah8tReddw@r die for
each action p the-£ase,of applicatipn Qﬁé%bl%m@%t%ﬂ 9 ShoWnLin (LGS %E%Efﬁ'gc#:’éﬁ) Is a

table listing the results of tablet thickness, hardness, friability and state observed, where the
separating ¥slocity BENal HreCmoNERYWEIDCityhave undergarneivapiafions ivihe casesobapplication of
tablet manufacturing shown in FIG. 15(£). FIG. 15(0) is a table listing the results of tablet thickness,
hardness, fﬁéﬂiﬁ@%d%‘i‘&t@ ob8&fRed ﬁEFfriaBi]ﬁé/ testirfyy iR the cd8e i experets Tor-Cmparison.

[0069]  Refeuringto,theseFdCURE S, the upperdedRositign B angrbgdawebted R s itiop P2

indicate height s from a reference po s ition B12 on the assumption that the upper end position of the

upper 31 dié 70vegrthé referehces pbsitioneB1Ro(sed Fite HA)) dhusethesé appercandtiowearirod

positions, when beirglg below the reference position B12, are supposed to take minus values, and when
r

being above i retéréndt postioh B 12 %are KipPosed ke pias vallies. Meanwhile, the lower die

position Po jrdjeates a height from the ejecting position Bo, and besides, as to the velocity of each of
the lower die, the upper rod 3 and the lower rod 4, it is indicated only by a velocity value irre spective
of their up and dowR wrevementtsL it is meted thatthe tejecting bositiorsBb ¢4 BT.7emia dlown agpart from
therekﬁen%%Q%%Q9g§§%r (aflowgranulationdrier FD-3Smanufacturedby POWREX
CORPORATION), and the thus dried substance was then classified
using a 22-mesh sieve into the sieved substance and the remainder
which is the residue on the sieve. The processes similar to the
above were taken also for the remaining divided lots of the
pulverized substance, while the remainder as the residue on the
sieve was pulverized in a screen size of 1.0 mm using a pulverizer
(a new speed mill ND-10S manufactured by OKADA SEISAKUSHO INC.)
andthenmixedwiththe above sievedsubstanceto formthegranulated
substance. 11680 g of the thus granulated substance and 64 g of
magnesium stearate as a lubricant added to increase the fluidity
of granules for facilitated press-forming were put into a mixer
(V-type mixer V-60 manufactured by TOKUJU CORPORATION) and then
mixed together for five minutes into the mixture in the form of
granules (the powder 5) for tablet pressing.
[0061]
It is noted that the tablet 6 is press—-formed out of 290

mg of the thus produced powder 5, in which case, it is supposed

that 290 mg of the powder 5 be conditioned to contain 116 mg of



[0070] The results of the experiments having been made by bringing each part into operation as
shown in FIGS. 14 and 15 according to the procedure shown in FIGS. 4 to 7 are the friability of
approximately 0% or values close thereto, the tablet thickness d and the hardness of approximately
fixed, and no observation of any chipped tablet surfa portion or the like in each tablet 6 in the case
of the separating velocity V]) and the moving velocity V2 both having been set at any value. [0071]

Meanwhile, for the experiments mpari as shawn in FIG. 15(0), the tablets were manufactured
coording 12 Sr6 U SHowr P 8 Ttarng s Qolthn ot HEale T A e fable
shown in Fl&e 15(Q) there age shown times takensfram shen-thellowetisg aation (the preyiods step) of
the upper rod 3, the lower rod 4 and the lower die 8 at the same velocity is completed until the
lowering actier (g 'stibséfGentestep) of the lower rod 4 and the lower die 8 at the same velocity is
started (see[lél(%%]S(A) and 8(B)), in which case, the lowering velocity and the lowering distance of
each of the upper rod 3, the lower 32 rod 4 and the lower die 8 at the time of the previous step are
respectively the same asthosevbfeeach bEthe: loiver Od4and the loveer diel 8 atrthe dinfe ofithe
subsequent step, where the lowering velocity and the lowering distance for intervals of 0.5 seconds

are respectiely 8ét &'F mhseé, S (tHEL s, thE TSweriAG Aitandé BF atAT Hie IGWer rod 4
and the lowgr die-8 . the, prayious siep apd thatdhereot inihe sugcessiye sep sum gpde 1 mm),

those for intervals of 0.1 seconds are respectively set at 5 mm/sec. and 0.5 mm, those for intervals of
0.05 seconds arénrespekeiively Get at $6 mmisec.rand GBdnih ¢hadel fokirtervals bEO0251seconds are
respectively set at 20 mm/sec. and 0.5 mm, those for intervals of 0.01 seconds are respectively set at

50 mm/sec. &Hd 0 B rhnt Bt those for int8Rais B 6 b5’ sEdonds A Tespettivaly set &t 156 Mm/sec.

and 0.5 mm Liber agtions of thesupper-and, lowerfods 3rand 4 and thelawer die8 are thesame as
those shown in FIGS. 14 and 15(A). [0072] According to the above experiments for comparison, it

is seen thattthe friabitityuis o highed valiesrasoesraparedrwitin thatars ihel abevelresults, Andathe
chipped tablet stiface porion adjacentto the upper die 7.s ohserued inaiout he halt of tablets 6
after frlabllltyr}estlng, i Whi€h ¢ase, however the tablet hardness’is of approxmét@ly ixed; and the
press-formed,tablets/6 af cadair degree; fguality are, ehservedi ed as described later,

so that dilatation at the time when the tablet 6 is taken out is

supposedtovary, anditwill thusresultinthat thetablet thickness

d is not of completely fixed.

[0063]

Referring now to the measurements on the tablet thickness,
the hardness testing and the friability testing, the measurements
on the tablet thickness d were made using a micrometer (a click
micro MDQ-30M manufactured by MITUTOYO CORPORATION) .

[0064]

The hardness testing employs a tablet hardness tester (a
SCHLEUNIGER tablet hardness tester 8Mmanufactured by SCHLEUNIGER
CORPORATION) having a pair of clamping structures for clamping
the tablet 6 from a direction orthogonal to a tablet thickness
direction and is for measurements on the hardness (unit of which
is kgf) of the tablet 6 using the above tablet hardness tester

based on clamping force of the clamping structures at the time

when breakage of the tablet 6 occurs by gradually increasing the



EXAMPLE 2 [0073] Next will be described one specific example of the tablet manufacturing
method shown in FIGS. 9 and 10 with reference to FIGS. 16 and 17, where how to produce the
powder 5, the size (the diameter F2.1 and the tablet thickness d) of the tablet 6 to be formed, 33 the
evaluations on the tablet 6 and the action timing of h of the feeder 12 and the ejector 13 are made
equal to those in the above Example 1. [0074] IG. 16 is a timing chart showing the positional

o1 tablot mAnLTAGkin g Shouh i FIGS.Band 10 EIC T7(A) i table femghe pasiion ard e "
velocity of eachi sfiibe appataed; ke tawen rccanddhe doweodie fof @ach iactign - indbe oase @t
application of tablet manufacturing shown in FIGS. 9 and 10. FIG. 17(B) is a table listing the results of
tablet thickridssTRERINESS 2 ibBility 2@ SBté bBBered difer #iabifty te st Whelr& tivé-8€parating
velocity and[t@@ég?ving velocity have undergone variations in the case of application of tablet
manufacturing shown in FIG. 17(A). FIG. 17(0) is a table listing the results of tablet thickness,
hardness, friability aricestate ebséarived aftes friatility testing: irt thecdase ofeextpetinpents dari¢erdparison.
[0075] by the JP, US and EP Pharmacopoeia (see F-131 to 134 of a document

titled by “The Japanese Pharmacopoeia Manual, Fifteenth” edited

by the Japanese Pharmacopoeia Manual Edit Committee, the first

edition thereof was issued from HIROKAWA SHOTEN COMPANY on June

20, 2006) for making measurements on the friable property of the

edge surface of the tablet 6 due to impact thereon. For the

present example, the friability testingwasmadeusingafriability

tester (a friability tester PTF30ERA manufactured by JAPAN

MACHINERY COMPANY) .

[0066]

To be brief, a laterally cylindrical-shaped resin-made drum

having a predetermined diameter is supported so that it may be

driven for rotation about an axis, and into the drum are put 23

pieces of press-formed tablets 6. The drum is driven in this

condition for rotation at a predetermined speed of rotation to

turn the tablets 6 downwards repeatedly through the medium of a

radially intermediate plate integrally rotated within the drum.

Then, after the lapse of predetermined time, the tablets 6 are

taken out of the drum, and fragments thereof are cleared off to

find a value obtained by dividing a difference between the total

weight later than testing and that previous to testing by the total

weight previous to testing, which value is regarded as friability

(unit of which is %), which friability closer to zero has such

meaning that there may be produced satisfactory results. It is

noted that the present example involves state observations on the



The results of experiments having been made by bringing each part into operation as shown in FIGS.
16 and 17 according to the procedure shown in FIGS. 9 and 10 are the variation in friability in the
range as wide as from 0.12 to 1.54%, and the observation of the chipped tablet surface portion at the
opposite sides or adjacent to the lower die in the nug?ber of tablets 6 as many as 5 to 23 pieces in the
case of the separating velocity V3 and the moving velocity V4 each having undergone variations as

shown in F'@%fé?)s I—éov!%vteerrwlg'cg?e eriments Ee_suéteig tsu%e%ssin ‘Aperﬁs--forming the tablet 6 for
the present. [30 /6] 34 Meanwhile, for the expetiments for comparison shown in FIG. 17(0), the
tablets werg owgwfactured according to one modification shown in FIG. 11. Referring to a column of

intervals listed in the table shown in FIG. 17(0), there are shown times taken from when the lowering

action (the previous’StéFy 6f.the Werdie 8 & EBmpitatumtif fe Ibwetm g athisifthe s ssstftient
step) of the lower.rqd. 4 isstayted (see-FIGS; 11(ALte 11(Q).Jowhich gase . the lowering velpcity and

the lowering distance of the lower die 8 at the time of the previous step are respectively the same as
those of thedlbwes ted 4 @tttke diirenetthe subseguent siept where the: loweiing veldeity2and dine
lowering distance for intervals of 0.5 seconds are respectively set at 1 mm/sec. and 0.5 mm, those for

intervals of BPE sécoMHs SreTeSpEGR el sét &= im/sBe. Ahd X5 T tHdde BrhtERaisierF o5
seconds are regpectively sef gt 10mny/sec. and Qpdpm, thosesfor infervals;of.Q.023segopds are

respectively set at 20mm/sec. and 0.5 mm, those for intervals of 0.01 seconds are respectively set at
50 mm/sec.[@1hb0.5 mm, and those for intervals of 0.005 seconds are respectively set at 100 mm/sec.
and 0.5 mm. Other actions of the upper and lower rods 3 and 4 and the lower die 8 are the same as

those shown in FIGST 16 aftd A7 (A). foo77f "9 “ALtbramy totHe 85078 Ekbefiftients $oF corBarison, it
is seen thatihe {uabiiby s iated o alowenyalue, whereas the Yopg.intgrvals fof -, seconds for the

above table) result in a failure to form the tablets 6 in some cases. EXAMPLE 3 [0078]
in the case of application of tablet manufacturing shown in FIGS.

4 to 7. FIG. 14(B) is a timing chart showing the position of the
feeder for each action in the case of application of tablet
manufacturing shown in FIGS. 4 to 7. FIG. 14(C) is a timing chart
showing the position of the ejector for each action in the case
of applicationof tablet manufacturing shown inFIGS. 4to 7. FIG.
15(A) is a table listing the position and the velocity of each
of the upper rod, the lower rod and the lower die for each action
in the case of application of tablet manufacturing shown in FIGS.
4 to 7. FIG. 15(B) is a table listing the results of tablet
thickness, hardness, friability and state observed, where the
separating velocity and the moving wvelocity have undergone
variations inthe caseof applicationof tablet manufacturing shown
in FIG. 15(A). FIG. 15(C) is a table listing the results of tablet
thickness, hardness, friability and state observed after
friability testing in the case of experiments for comparison.
[0069]

Referring to these FIGURES, the upper rod position P; and
the lower rodpositionP, indicate heights fromareferenceposition

Bi, on the assumption that the upper end position of the upper



Next will be described one specific example of the tablet 35 and 19, wherein how to produce the
powder 5, the size (the diameter R1 and the tablet thickness d) of the tablet 6 to be formed, the
evaluations on the tablet 6 and the action timing of each of the feeder 12 and the ejector 13 are made
equal to those in the above Examples 1 and 2. [007 FIG. 18(A) is a timing chart showing the
positional relation among the upper rod, the lower rod and the lower die for each action in the case of

application gf tabjef manufacturing shown in FIG. 12 FIG( slééBﬁ is.a t?l?ﬁ)listingrtl%a Josition, gnd the
velocity of each of the upper rof, the Tovvlgr rod anéltﬁézlower diefor each action’in thé case o
application aptabtetananufactring shopwisint=l6n 4 3(Ah &or the tapleiananufactiring feethode
according to this example, in the ejecting process S30 were taken the procedure shown in FIG. 7

(more specificaly; tRE same proeeditias ifatfor 3iep 13115 3165 17 Showifl FIGEL4LAY, Wkeept
that the uppgr 1od ReSItion R.1. Eh%tgft:’%%\é ﬁ%%tna%{%?-§£E'T§L?>’}@7%Hﬁé3dp€%0€95%ree§?8\é"@§hEEC%- 10 (more

specifically, the same procedure as that from step 13 to step 17 shown in FIG. 16, except that the
upper rod pasiiontP1l i, stepel 3 isvset ati-d4408 mim). §0080] 1 nd iFl&: 49(A)he adahleflisting-fhe testing
and measurement results of the tablet thickness, hardness, friability and state observed after friability

testing, whéré3hé& SBRaPRfgvél8city artPhePmoviivelddity RavBunder§ond VanhtisAs i @fe case
of applicatiqn,af the, ejeclion pragess showndp RIG L4 as,well 3s-0f 1ahler manutacturng shown in FIG.

7. FIG. 19(B) is a table sting the te sting and measurement results of the tablet thickne s s,
hardness, frability aad states Obseredd afterfeabiitytesting’ whele the separatingnesietignasd moving
Vekmﬁyha¥&nggggggd that the ejecting position By is 57.7 mm down apart

from the reference position By.

[0070]

The results of the experiments having been made by bringing
each part into operation as shown in FIGS. 14 and 15 according
to the procedure shown in FIGS. 4 to 7 are the friability of
approximately 0% or values close thereto, the tablet thickness
d and the hardness of approximately fixed, and no observation of
any chipped tablet surface portion or the like in each tablet 6
in the case of the separating velocity V; and the moving velocity
V, both having been set at any value.

[0071]

Meanwhile, for the experiments for comparison as shown in
FIG. 15(C), the tablets were manufactured according to one
modification shown in FIG. 8. Referring to a column of intervals
listed in the table shown in FIG. 15(C), there are shown times
taken from when the lowering action (the previous step) of the
upper rod 3, the lower rod 4 and the lower die 8 at the same velocity
is completed until the lowering action (the subsequent step) of
the lower rod 4 and the lower die 8 at the same velocity is started

(see FIGS. 8(A) and 8(B)), in which case, the lowering velocity

and the lowering distance of each of the upper rod 3, the lower



36 variations in the case of application of the ejectionprocess shown in FIG. 10 as well as of tablet
manufacturing shown in FIG. 18. FIG. 19(0) is a table listing the results of tablet thickness, hardness,
friability and state observed after friability testing in the case of experiments for comparison. [0081]
The results of experiments shown in FIG. 19(A) are the variations in friability in the range as wide as
from 0.00 to 1.13%, in number of tablets 6 having the chipped tablet surface portion on the opposite

sides or adjagant,lo g lower dis,JnJhe fange 25 wide 35,0, (0 23 igces, a0d jn hardness andtablet
thickness d in the wider range as compared with the above examples with the variations in separating
velocity V1 asdpaoving yelpaityeV 2 awbichsexperiments ¢asiit 4ratfadute-tosprassdform the tatlet 6 in

some cases depending on the combination of the separating velocity V3 with the moving velocity V4 in

some cases: {06821 1< © THe Fesults BFexpetitfeftsSHOWIFIMFG “to(BY sticwthe saitie terdency as
those showpdn FiG. 19(A),; which experiments tesults in a-fajlure 1o press-fogn thedablet 6 1n some

cases depending on the combination of the separating velocity V3 with the moving velocity V4. [0083]
Meanwhile, dorthe expetimeats/farccomparison showraindFIG 5 18(0) tivhenivarying the weaving
velocities V2 of the lower rod 4 and the lower die 8 in the case of the experiments shown in FIG. 19(A),

the lower rdtf4 b the TOwEFEE vt Set 05 diffetert inHoviRG vEIOERY. ThE résdits thefeof are
also the friabjlity, as low asdbat the chippedablet surface portion o the; like adiacenifothe dower die

8 was observed in several pieces of tablets 6,

1 mm), those for intervals of 0.1 seconds are respectively set
at 5 mm/sec. and 0.5 mm, those for intervals of 0.05 seconds are
respectively set at 10 mm/sec. and 0.5 mm, those for intervals
of 0.025 seconds are respectively set at 20 mm/sec. and 0.5 mm,
those for intervals of 0.01 seconds are respectively set at 50
mm/sec. and 0.5 mm, and those for intervals of 0.05 seconds are
respectively set at 100 mm/sec. and 0.5 mm. Other actions of
the upper and lower rods 3 and 4 and the lower die 8 are the same
as those shown in FIGS. 14 and 15(A).

[0072]

According to the above experiments for comparison, it is
seen that the friability is of higher values as compared with that
in the above results, and the chipped tablet surface portion
adjacent to the upper die 7 is observed in about the half of tablets
6 after friability testing, in which case, however, the tablet
hardness is of approximately fixed, and the press-formed tablets
6 of a certain degree of quality are observed.

EXAMPLE 2
[0073]

Next will be described one specific example of the tablet
manufacturing method shown in FIGS. 9 and 10 with reference to
FIGS. 16 and 17, where how to produce the powder 5, the size (the

diameter R; and the tablet thickness d) of the tablet 6 to be formed,



37 which experiment thus produced the satisfactory results in most parts. EXAMPLE 4 [0084] For
comparison with the results in Examples 1 to 3, experiments 1 to 4 for comparison were made under
the conditions that an experiment on tablet manufacturing by application of the forming process S20
shown in FIG. 6 (more specifically, the same procedye as that from step 7 to step 12 shown in FIG.
15(A)) in combination with the ejecting process S30 shown in FIG. 10 (more specifically, the same

procequre SpLALTRSERILI SR LT IONLIN I LA exceptinatiediprsy tod fosiion P1L in
step 13 is set at -14.7mm) be given as an experiment 1 for comparison, that on a% et manu?acturing
by applicatioh ©f the forming pioceshs20 showminiR G Geinceabmation with theoejecting fiecess
S30 shown in FIG. 11 (more specifically, the ejecting process S30 in the experiment for compari s on
in Example 2PP0& giveamdsian éxperiment 2 for comparison, that on tablet manufacturing by
application ?Bgmﬁ?rming process S20 shown in FIG. 9 (more specifically, the same procedure as that
from step 7 to step 12 shown in FIG. 16) in combination with the ejecting process S30 shown in FIG. 7
(more specifically, the Gane piccedurerdasthatfront step &3 toy stépe 18 showioindal G:b54A) except that

the upper rod position P1 in step 13 is set at -16.7mm) be %en as an experiment 3 for comparison,
i

and that ont&hIRE rhafufaBtGring By applicatibhiof the fotthing protEss $26 SRoWrARTFAB™ 9Th
combination with,the. glectingprocess. 380 shoyndn G & (merespecifically s e, electingrerocess in

the experiment for compari s on in Example 1) be given as an experiment 4 for comparison. [0085] 38
9and10. FIG.17(A) istablelistingthepositionandthevelocity
of each of the upper rod, the lower rod and the lower die for each
action in the case of application of tablet manufacturing shown
in FIGS. 9 and 10. FIG. 17(B) is a table listing the results
of tablet thickness, hardness, friability and state observed after
friability testing, where the separating velocity and the moving
velocity have undergone variations in the case of application of
tablet manufacturing shown in FIG. 17 (A). FIG. 17(C) is a table
listing the results of tablet thickness, hardness, friability and
state observed after friability testing in the case of experiments
for comparison.

[0075]

The results of experiments having been made by bringing each
part into operation as shown in FIGS. 16 and 17 according to the
procedure shown in FIGS. 9 and 10 are the variation in friability
in the range as wide as from 0.12 to 1.54%, and the observation
of the chipped tablet surface portion at the opposite sides or
adjacent to the lower die in the number of tablets 6 as many as
5 to 23 pieces in the case of the separating velocity V3 and the
moving velocity V4, each having undergone variations as shown in
FIG. 17(B). However, which experiments result in success in
press—-forming the tablet 6 for the present.

[0076]



It is noted that how to produce the powder 5, the size (the diameter Ril and the tablet thickness d) of
the tablet 6 to be formed, the evaluations on the tablet 6, the action timing of each of the feeder 12 and
the ejector 13, the feeding process S10 and the post-processing process S40 are made equal to those
in the above Examples 1 to 3. [0086] FIG. 20 is-g,table listing the results of tablet thickness,
hardness, friability and state observed after friability testing, where the separating velocity and the

moving velocity ha\ﬁ %nndwqqrggrée vj@(gi}gtjcqqnes i6nxtherclarl§enqif SthPO%XB%le nt 1 f%r gg(r)nvprgqshog.ll IS seen
that the experimentsez to 4 for comparison result in a failure to form 1?he fablet into a normal form
even in all cases where thelseparating yelaaity MPranc:ih e sroving welecity M2rhave Aincetgone
variations , while the experiment 1 for compari s on re suit s in success in pre s s-forming the tablet s 6
for the pres@ht Howevar! it is sten Rat therre sl of thé S8eXpefimehts-Y fo 4 for-cdRpatison are,

in general, ‘th%eijégk%‘f‘éaéiﬁ‘ié\%ori’rﬁ%‘i%‘pf"?e(%wtht@%% of fhe ahgye examples. FXPLANATION OF
REFERENCE NUMERALS [0087] 1: Die 2: Die hole 2a: Forming groove 3: Upper rod (Rod, final
fixed ponderhfimalgressedveodi and finak pressirigeraslevious step) of the lower die 8
is completed until the lowering action (the subsequent step) of
the lower rod 4 is started (see FIGS. 11(A) to 11(C)), in which
case, the lowering velocity and the lowering distance of the lower
die 8 at the time of the previous step are respectively the same
as those of the lower rod 4 at the time of the subsequent step,
where the loweringvelocity andthe loweringdistance for intervals
of 0.5 seconds are respectively set at 1 mm/sec. and 0.5 mm, those
for intervals of 0.1 seconds are respectively set at 5 mm/sec.
and 0,5 mm, those for intervals of 0.05 seconds are respectively
set at 10 mm/sec. and 0.5 mm, those for intervals of 0.025 seconds
are respectively set at 20 mm/sec. and 0.5 mm, those for intervals
of 0.01 seconds are respectively set at 50 mm/sec. and 0.5 mm,
and those for intervals of 0.005 seconds are respectively set at
100 mm/sec. and 0.5 mm. Other actions of the upper and lower
rods 3 and 4 and the lower die 8 are the same as those shown in
FIGS. 16 and 17(A).
[0077]
According to the above experiments for comparison, it is
seen that the friability is limited to a lower value, whereas the
long intervals (of 0.5 seconds for the above table) result in a
failure to form the tablets 6 in some cases.
EXAMPLE 3
[0078]
Next will be described one specific example of the tablet

manufacturing method shown in FIG. 12 with reference to FIGS. 18



4: Lower rod (Rod, final fixed rod, final pressed rod and final pressing rod) 5: Powder 6: tablet 39 7:
Upper die (Separable piece, final fixed separable piece, final pressed separable piece and final
pressing separable piece) 8: Lower die (Separable piece, final fixed separable piece, final pressed
separable piece and final pressing separable piece)3%a: Pushing surface Ha: Pushing surface Vi, V3:
Separating velocity

and 19, wherein how to produce the powder 5, the size (the diameter
R; and the tablet thickness d) of the tablet 6 to be formed, the
evaluations on the tablet 6 and the action timing of each of the
feeder 12 and the ejector 13 are made equal to those in the above
Examples 1 and 2.

[0079]

FIG. 18(A) is a timing chart showing the positional relation
among the upper rod, the lower rod and the lower die for each action
in the case of application of tablet manufacturing shown in FIG.
12. FIG. 18(B) is a table listing the position and the velocity
of each of the upper rod, the lower rod and the lower die for each
action in the case of application of tablet manufacturing shown
in FIG. 18(A). For the tablet manufacturing method according to
this example, in the ejecting process S30 were taken the procedure
shown in FIG. 7 (more specifically, the same procedure as that
from step 13 to step 17 shown in FIG. 14 (A), except that the upper
rod position P; in step 13 is set at -16.8 mm) and the procedure
shown in FIG. 10 (more specifically, the same procedure as that
from step 13 to step 17 shown in FIG. 16, except that the upper
rod position P; in step 13 is set at -14.8 mm).

[0080]

FIG. 19(A) is a table listing the testing and measurement
results of the tablet thickness, hardness, friability and state
observed after friability testing, where the separating velocity
and the moving velocity have undergone variations in the case of
application of the ejection process shown in FIG. 7 as well as
of tablet manufacturing shown in FIG. 7. FIG. 19(B) is a table
listingthe testingandmeasurement results of the tablet thickness,
hardness, friability and state observed after friability testing,

where the separating velocity and moving velocity have undergone



V2, V4: Moving velocity X1: Upper press-forming position (Press-forming position) X2: Lower
press-forming position (Press-forming position) 40 CLAIMS [Claim 1] A tablet manufacturing
method in which an upper rod (3) and a lower rod (4) are fittingly inserted into a vertical hole (2)
formed in a die (1) to press powder (5) in the die ho (2) with a pushing surface (9a) at the lower end
of the upper rod (3) and a pushing surface (11a) at t e upper end of the lower rod (4) in order to

press-form a tablet (6), characferized in that concave formin oves (2a) integrally linked to the
upper and Io?vérlgéér%rr}(g% sua#éces %Qa? anda%glé)g %argc o?%gfa%l%u?a}%% the rﬁ%er %!l?g’u?n erentlal
surface of the dig boleL(2)aanddhe dissmay beldivdechinia andtpperseparable piece (4 .anda lower

separable piece (e£ at the bottom portions of the forming gro ove s (2a) , wherein after a final fixed rod
p

or one of thE Uppet ahtlower fods @) and @y 8! mdved tBea?ialtﬁéan&eHaét]aeﬁré"s@Jfﬁﬁﬂ%ﬁsposmon at
which the pyshigg surface (9a.0r,11a) is integrally. lipked [0 the corresponding, forming 9raQue %{(Za), a

final pressing rod or the other rod (3) or (4) is moved to the press-forming position so that the tablet (6)
of a C|rculaaellmhealmmabfbrﬂx@@vmdua cfoss sectional side is press-formed, and then, the
press-formed tablet (6) held in the forming grooves (2a) is taken out of the die by separating the upper
and lower séBQf?e?ole pieces (7) and (8), in which case, the tablet (6) after being taken out of a final

ﬁxedsemmabblmeq%@rwgéﬁﬁ%@m%?pg§§42lﬂénts shown in FIG. 19(A) are the

variations in friability in the range aswide as from0.00to 1.13%,
in number of tablets 6 having the chipped tablet surface portion
on the opposite sides or adjacent to the lower die in the range
as wide as 0 to 23 pieces, and in hardness and tablet thickness
d in the wider range as compared with the above examples with the
variations in separating velocity V; and moving velocity V,, which
experiments result in a failure to press—-form the tablet 6 in some
cases depending on the combination of the separating velocity Vs
with the moving velocity V, in some cases.

[0082]

The results of experiments shown in FIG. 10(B) show the same
tendency as those shown in FIG. 19(A), which experiments results
in a failure to press—-form the tablet 6 in some cases depending
on the combination of the separating velocity V3 with the moving
velocity Vy.

[0083]

Meanwhile, for the experiments for comparison shown in FIG.
19(C), when varying the moving velocities V,; of the lower rod 4
and the lower die 8 in the case of the experiments shown in FIG.
19(A), the lower rod 4 and the lower die 8 were set to be different
in moving velocity. The results thereof are also the friability
aslowasthat thechippedtablet surfaceportionor thelikeadjacent

to the lower die 8 was observed in several pieces of tablets 6,



(8) adjacent to the final fixed rod and also out of the final fixed rod is taken out of the final pressing
separable piece or the separable piece (7) or (8) adjacent to the final pressing rod. 41 [Claim 2]

The tablet manufacturing method according to claim 1 , wherein the final fixed rod or the final fixed
separable piece is displaced so that the final fixed rgd, will be out of position nearer to the final pressing
rod with respect to the final fixed separable piece in order to take the tablet (6) out of the final fixed

separable piece,.and the final fixed.rod or the final pre s s_ing rod i s displaced so that the final fixed
o and the Bt bresstes Fr A G Sy T e s S S R 8 i o e
final fixed rech{Ckaim 3] The tablet manufacturing method according to any one of claims 1 and 2,
wherein a separating action of the final pressing rod and the final pressing separable piece from the
final fixed sEparablé piece at the same velocity is started at the same time as a moving action of the
final fixed r rd the final pressing rod, in which case , a separating speed at the time of said
separating action of the final pressing rod and the final pressing separable piece is set at a value
higher than a movirigovrelocityat thestime of said nfovingactidon of the finaldixetaed in otder 89 take the
tablet (6) out of the final fixed separable piece and the final fixed rod. [Claim 4] The tablet

manufacturigRREtHE actordit fo'chdint 8" RiHerSMHETbREIT08 (2) & fedatded W the fiaf
pressing rodyand the lower separable, pieae8) is 1egarded asithe INAlEssIng separakiecpiece.

forming process S20 shown in FIG. 6 (more specifically, the same
procedure as that from step 7 to step 12 shown in FIG. 15(A)) in
combination with the ejecting process S30 shown in FIG. 10 (more
specifically, the same procedure as that from step 13 to step 17
shown in FIG. 17(A) except that the upper rod position P; in step
13 is set at —14.7 mm) be given as an experiment 1 for comparison,
that on tablet manufacturing by application of the forming process
S20 shown in FIG. 6 in combination with the ejecting process S30
shown in FIG. 11 (more specifically, the ejecting process S30 in
theexperiment for comparisoninExample 2) begivenasanexperiment
2 for comparison, that on tablet manufacturing by application of
the forming process S20 shown in FIG. 9 (more specifically, the
same procedure as that from step 7 to step 12 shown in FIG. 16)
in combination with the ejecting process S30 shown in FIG. 7 (more
specifically, the same procedure as that from step 13 to step 17
shown in FIG. 15(A) except that the upper rod position P; in step
13 is set at —-16.7 mm) be given as an experiment 3 for comparison,
and that on tablet manufacturing by application of the forming
process S20 shown inFIG. 9 in combinationwith the ejectingprocess
S30 shown in FIG. 8 (more specifically, the ejecting process in
theexperiment for comparisoninExamplel) begivenasanexperiment
4 for comparison.

[0085]



42 [Claim 5] The tablet manufacturing method according to any one of claims 1 and 2, wherein a
separating action of the final fixed separable piece from the final pressing separable piece is started at
the same time as a moving action of the final fixed rod in the direction away from the final pressing rod,
in which case, a moving velocity at the time of said moving action of the final fixed rod is set at a value
lower than a separating velocity at the time of said separating action of the final fixed separable piece

" v o ke e LG4 b P vt AP B od o )
final pressing) eotk and theauppenseparable piece Xy issregardedias the final pressiagrsepasable piece.
the evaluations on the tablet 6, the action timing of each of the
feeder 12 and the ejector 13, the feeding process S10 and the
post—-processing process 5S40 are made equal to those in the above
Examples 1 to 3.
[0086]

FIG. 20 is a table listing the results of tablet thickness,
hardness, friability and state observed after friability testing,
where the separating velocity and the moving velocity have
undergonevariations inthe caseof theexperiment 1 for comparison.
It is seen that the experiments 2 to 4 for comparison result in
a failure to form the tablet 6 into a normal form even in all cases
where the separating velocity V; and the moving velocity V, have
undergonevariations, whiletheexperiment 1 for comparisonresults
insuccessinpress—-formingthetablets 6 for thepresent. However,
it isseenthat theresultsof theseexperimentslto4 for comparison
are, 1in general, of being unsatisfactory as compared with those
of the above examples.

EXPLANATION OF REFERENCE NUMERALS

[0087]

1: Die

2: Die hole

2a: Forming groove

3: Upper rod (Rod, final fixed ponder, final pressed rod and final
pressing rod)

4: Lower rod (Rod, final fixed rod, final pressed rod and final
pressing rod)

5: Powder

6: tablet
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7: Upper die (Separable piece, final fixed separable piece, final
pressed separable piece and final pressing separable piece)
8: Lower die (Separable piece, final fixed separable piece, final
pressed separable piece and final pressing separable piece)
9a: Pushing surface

lla: Pushing surface

Vi, Vi3: Separating velocity

V,, V4: Moving velocity

X1: Upper press—-forming position (Press—-forming position)

X,: Lower press—-forming position (Press—-forming position)
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CLAIMS

[Claim 1]

A tablet manufacturing method in which an upper rod (3) and
a lower rod (4) are fittingly inserted into a vertical hole (2)
formed in a die (1) to press powder (5) in the die hole (2) with
a pushing surface (9a) at the lower end of the upper rod (3) and
a pushing surface (1la) at the upper end of the lower rod (4) in
order to press—form a tablet (6), characterized in that concave
forming grooves (2a) integrally linked to the upper and lower
pushing surfaces (9a) and (1lla) are formed annularly in the inner
circumferential surface of the die hole (2), and the die may be
divided into an upper separable piece (7) and a lower separable
piece (8) at thebottomportionsof the forminggrooves (2a), wherein
after a final fixed rod or one of the upper and lower rods (3)
and (4) is moved to and then fixed at a press—-forming position
at which the pushing surface (9a or 1la) is integrally linked to
the corresponding forming groove (2a), a final pressing rod or
the other rod (3) or (4) is moved to the press-forming position
so that the tablet (6) of a circular, elliptical or oval form as
viewed in cross sectional side is press—-formed, and then, the
press—formed tablet (6) held in the forming grooves (2a) is taken
out of the die by separating the upper and lower separable pieces
(7) and (8), in which case, the tablet (6) after being taken out
of a final fixed separable piece or the separable piece (7) or
(8) adjacent to the final fixed rod and also out of the final fixed
rod is taken out of the final pressing separable piece or the

separable piece (7) or (8) adjacent to the final pressing rod.
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[Claim 2]

The tabletmanufacturingmethodaccordingtoclaiml, wherein
the final fixed rod or the final fixed separable piece is displaced
so that the final fixed rod will be out of position nearer to the
final pressing rod with respect to the final fixed separable piece
in order to take the tablet (6) out of the final fixed separable
piece, andthe final fixedrodor the final pressingrodisdisplaced
so that the final fixed rod and the final pressing rod will get
away from each other in order to take the tablet (6) out of the

final fixed rod.

[Claim 3]

The tablet manufacturing method according to any one of
claims 1 and 2, wherein a separating action of the final pressing
rod and the final pressing separable piece from the final fixed
separable piece at the same velocity is started at the same time
as amoving action of the final fixed rod toward the final pressing
rod, inwhich case, a separating speedat the time of said separating
action of the final pressing rod and the final pressing separable
piece is set at a value higher than a moving velocity at the time
of said moving action of the final fixed rod in order to take the
tablet (6) out of the final fixed separable piece and the final

fixed rod.

[Claim 4]

The tabletmanufacturingmethodaccordingtoclaim3, wherein
the lower rod (4) is regarded as the final pressing rod, and the
lower separable piece (8) 1is regarded as the final pressing

separable piece.
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[Claim 5]

The tablet manufacturing method according to any one of
claims 1 and 2, wherein a separating action of the final fixed
separable piece from the final pressing separable piece is started
at the same time as a moving action of the final fixed rod in the
direction away from the final pressing rod, in which case, amoving
velocity at the time of said moving action of the final fixed rod
is set at a value lower than a separating velocity at the time
of said separating action of the final fixed separable piece in
order to take the tablet (6) out of the final fixed separable piece

and the final fixed rod.

[Claim 6]

The tabletmanufacturingmethodaccordingtoclaim5, wherein
the upper rod (3) is regarded as the final pressing rod, and the
upper separable piece (7) 1s regarded as the final pressing

separable piece.



