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d capsule improvements. that are the subject
of the present invention. - o e
SUMMARY OF THE INVENTION o
It is an object of the present invention to ameliorate one or more d1sadvantages of

the prior art.

According to one aspect of the present invention there is prov1ded a method of
manufacturmg pharmaceutical cellulose capsules of a given s1ze number the capsules
suitable for filling by capsule filling machine, each capsule _'cons1stmg of two parts, a

capsule body and a capsule cap, from an aqueous solutlo_____fof a thermogelling cellulose

ether composition, using a capsule machines having cap ale body pins and capsule cap

pms as molds, comprising the steps of: heatmg.__,th pins; dipping the pins into the

solution to cause the solution to gelatinize on ‘surface of the pins thus forming a

gelatinized solution; drying the gelatinized solutlon on the surface of the pins to form

capsule bodies and capsule caps; and remoy g the capsule bodies and capsule caps from

the pins; wherein drying the gelatinized olution includes moving the pins through an

enclosure and moving air over the’pins within the enclosure, the air moving in a

direction opposed to the directioﬂ_, f movement of the pins; such that, during an early
stage of drying, the gelatinized ‘solution on the pins encounters humid air; and during a

later stage of drying enco ters drier air.

According to ano_l_ _"éer aspect of the present invention there is provided a method of
manufacturing pharmaceuucal cellulose capsules suitable for filling by capsule filling
machine, each capsule consisting of two parts, a capsule body and a capsule cap, from an
aqueous solqt_lon of a thermogelling cellulose ether composition, using a capsule
machines havmg capsule body pins and capsule cap pins as molds, comprising the steps
of: geletlﬁlzing solution on the pins, including dipping each pin in the solution to a dip
line, to:-.';f.orm on each pin a capsule part of thermally gelatinized solution; drying the
gelatm1zed solution on the pins to form capsule bodies and capsule caps and removing

the capsule bodles and capsule caps from the pms whereln drymg the gelatlmzed
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) if§ "through an enclosure and movmg air over the plns
W1th1n the enclosure, the air moving in a direction opposed to the direction of movement
of the pins; such that, during an early stage of drymg, the gelatinized solutlon on the
pins encounters hu.mld air; and during a later stage of drying encounters drier ait.

According to still another aspect of the present invention there. 1s provided a
method of manufacturing pharmaceutical cellulose capsules, the capsules suitable for
filling by capsule filling machines, each capsule consisting of two: parts a capsule body
and a capsule cap, each part having a dome, from an aqueous SOlllthIl of a thermogelling
cellulose ether composition, using a capsule machine havmg capsule body pins and
capsule cap pins as mods, and using a plurahty of pmba_l_:__s, each pinbar having a bar with
a plurality of pins mounted to the bar, comprising thesteps of: heating the pins; dipping
the pins into the solution to cause the solutionj_t:i;%elatinize on the surface of the pins;
further gelatinizing the gelatinized solution, mhumld air inside a kiln, on the surface of
the pins by applying radiant heat from dome-setter radiant heater mounted within the
kiln and facing the plane of a planar array of domes; drymg the gelatinized solution on
the surface of the pins to form capsule bodies and capsule caps; and removing the
capsule bodies and capsule caps from the pins.

According to still another aspect of the present invention there is provided a
method of manufacturmg pharmaceutlcal cellulose capsules, the capsules suitable for
filling by capsule flllmg machmes each capsule consisting of a capsule body and a
capsule cap, from an aqueous solution of a thermogelling cellulose ether composition,
using capsule bodypms and capsule cap pins as molds, and using a plurality of pinbars,
each pinbar havmg a bar with a plurality of pins mounted to the bar, comprising the
steps of: a)dlppmg hot pins into the solution such that heat from a pm causes solution to
gelatinize:":ou the surface of the pin; b) drying gelatinized solution on the surface of the

pins of_;'_.a drying group of pinbars to form capsule bodies and capsule caps; c)

' diffex_'eﬁtially heating the pins of the drying Igroup of pinbars in accordance with the

expected differential heat loss between differentially heating and dipping; d) removing
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psul caps fromi the pins; e)’ gfeasing the pins;. and f) movmg

the pins in a closed loop SO as to repeat steps a) through e); further comprising the step
of providing supplemental heat to the pins, after removing capsule bodies and capsule
caps from the pins and before dipping the pins, by non-contact heating such that the pins

have a predetermined dip temperature at dipping.

According to still another aspect of the present invention thei'ef'is provided a

method of manufacturing pharmaceutical cellulose capsules, the capsules suitable for
filling by capsule filling machines, each capsule consisting of a capsule body and a
capsule cap, from an aqueous solution of a thermogellmg__::._.-oellulose ether composition,
using capsule body pins and capsule cap pins as molds,__‘f'a:;‘l.:c.f!using a plurality of pinbars,
each pinbar having a bar with a plurality of pins mounted to the bar, comprising the
steps of: a) greasing the pins; b) dipping hot pms mto the solution such that heat from a

pin causes solution to gelatinize on the surface of the pin; c¢) drying gelatlmzed solution

on the surface of the pins of a drying group of pinbars to form capsule bodies and
capsule caps; d) differentially heatmg the pins of the drying group of pinbars in
accordance with the expected dlft_‘_e;entlal heat loss between differentially heating and
dipping, such that pins have a pyegiéfermined dip temperature at dipping; €) removing the
capsule bodies and capsule capsfrom the pins; and f) moving the pins in a closed loop so
as to repeat steps a) througﬁ e)

According to stﬂlanother aspect of the present invention there is provided a
method of manuchfufiug pharmaceutical cellulose capsules, the capsules suitable for
filling by capsule;,--'f'i.lling machines, each capsule consisting of a capsule body and a
capsule cap, from an aqueous solution of a thermogelling cellulose ether composition, in
a capsule machme using capsule body pins and capsule cap pins as molds, and using a
plurality of'.pinbars, each pinbar have a bar with a plurality of pins mounted to the bar,
comprising the steps of: a) greasing the pins to f01_'m a layer of grease on a pin; b)
heatiné the pins of a dippiug group of pinbars, as a group, to a predetermined dip

temperature, by non-contact heating after greasing so the layer of grease on a pin is not
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ot pins of the: ‘dipping group of pinbats, -as a group, into the'

solutlon so that heat from a pin causes solution to gelatinize on the surface of the pm d)
drying the gelatinized solution on the surface of the pins to form capsule b_gcl_les and
capsule caps; e) removing the capsule bodies and capsule caps from the pms and f)
moving the pins in a closed loop s0 as to repeat steps a) through e); such as to minimize
cellulose capsule wall thickness variation caused by pin temperature differences at
dipping and by disturbance to a layer of grease on a pin. P

According to still another aspect of the present mventlon there. is provided a
method of manufacturing pharmaceutical cellulose capsuleé’t 'Iélf a given size number, the
capsules suitable for filling by capsule filling machmes each capsule consisting of two
parts, a capsule body and a capsule cap, from an aqueous solution of a thermogelling
cellulose ether composition, using cellulose-capsule body-side forming pins and
cellulose-capsule cap-side forming pins as molds comprising the steps of: gelatinizing

the solution to a d1p line, to form on the pin

solution on a pin, including dipping a p1
a capsule part of gelatinized solutlon drymg the capsule part on the pin; removing the
capsule part from the pin; transportmg a plurality of pins through the steps of

gelatinizing, drying and removmg, in a closed path; using a cellulose-capsule forming

_pin having a cut-point dlametgp-- that is smaller than a correspondmg cut-point diameter of

a corresponding gelatin—céﬁ'gﬁle forming pin used for manufacturing a corresponding
gelatin capsule part of the given size-number; and sizing the cellulose capsule forming
pin so as to make a. cellulose capsule part that has substantlally the same overall diameter
as the correspon_(lmg gelatin capsule part of the given size-number and a greater wall
thickness thanthe wall thickness of the corresponding gelatin capsule part of the given
size-numbcl_'.;-:" |

Acéoi;ding to still another aspect of the present invention there is provided a
methodbf manufacturing pharmaceutical cellulose capsules of a given size number, the
cap_sﬁleé suitable for filling by capsule filling machines, each capsule consisting of two

parts, 2 capsule body and: a capsule cap; frothan agiieous solution of a thermogelling *
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mposrtlon “using - céllulose-capsule : ‘body-side formmg ‘pins and

cellulose—capsule cap-side forming pins as molds, each cellulose—capsule formmg p1n
having an elongated pin body, a domed head located at one end of the pin body, and a
substantially cyl1ndr1cal sidewall surrounding the pin body and extendmg from the
domed head, the substantially cylindrical sidewall having a dlameter-- the method
compnsmg the steps of: gelatinizing solution on a pin, including dlppmg a pin in the
solutlon to a dip line, to form on the pin a capsule part of gelatlmzed solutlon drying the
capsule part on the pm removing the capsule part from the pm transportmg a plurality
of pins through the steps of gelatinizing, drying and removmg, in a closed path; and
using a cellulose-capsule forming pin that is undersmq;:l__-:.-_,wnh respect to a corresponding

gelatin-capsule forming pin used for manufacturin "f-"é-'""'gelatin capsule part of the given

size number, the diameter of the substantlallycylmdncal sidewall of the cellulose-
capsule forming pin being smaller than acorrespondmg diameter of a substantially

cylindrical sidewall of the corresponding"_fféélatin—capsule forming pin; the cellulose-

capsule forming pin sized so as to mak ‘cellulose capsule part that has substantially the
same overall diameter as a correspondmg gelatin capsule part of the given size-number.
According to still another--"’ggbect of the present invention there is provided an
apparatus for manufacturing pharmaceutlcal cellulose capsules, the capsules suitable for
filling by capsule ﬁllmg machmes each capsule consisting of a capsule body and a
capsule cap formed from an aqueous solution of a thermogelling cellulose ether
composition, comprlsmg a plurality of pinbars, each pinbar having a bar with a
plurality of pins ;pgunted to the bar; greaser means for greasing the pins; dipper means
for dipping hot pms into the solution to cause solution to gelatinize on the surface of the
pins; dryer means for drying gelatinized solution on the surface of the plns of a drying
group of. pmbars as a group, to form capsule bodies and capsule caps; differential heater
means for differentially heating the pins of the drying group; automatics means for
rembﬁlng the capsule parts from the pins; and transport means for moving the pinbars in

a closed loop. path: through- the”greaser: means, _'.t.he_ ‘dipper means, the dryer means, the
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means is positioned to receive the drying group of pinbars as a group; Iand 1ncludes
means for differentially heating the pins of the drying group of pinbars in accordance
with the expected differential heat loss from the pins as the pins move from the
differential heater means through the automatic means and through the greaser means to
the dipper means.

According to still another aspect of the present inventio:r_r';f;there is provided an
apparatus for manufacturing pharmaceutical capsules, the capsules suitable for ﬁlling by
capsule filling machines, each capsule consisting of a capsule body and a capsule cap
formed from an aqueous solution of a thcrmoge!_lfl’lr_if;.‘écellulose ether composition,
comprising: a plurality of pinbars, each pinbar havmg a bar with a plurality of pins
mounted to the bar, each pin having a dome; drpper means for dipping the pins into the
solution and gelatinizing solution on the surface of the pins; dryer means for drying the
gelatinized solution on the surface of the pms of a drying group of pinbars to form
capsule bodies and capsule caps, the dryer means having a pin-entry end; automatics
means for removing the capsule parts from the pins; and transport means for moving the
pinbars through the dipper means ' the dryer means and the automatics means; wherein
the dryer means mcludes aﬁ.-dome—setter radiant heater, proximate to the pin-entry end,
disposed to radiate heat oﬁt"ow gelatinized solution on the domes of the pins of the drying
group of pinbars ax1a11y w1th respect to the pins so as to further gelatmlze the solution on
the surface of the domes

. Accordmg ;to still another aspect of the present invention there is provided an
apparatus for :‘m'anufacturing pharmaceutical cellulose capsules, the capsules suitable for
filling bycapsule filling machines, each capsule consisting of a capsule body and a
capsule'_ cap formed from an aqueous solution of a thermogelling cellulose ether
composition using pins as molds, comprising: dipper means for dipping the pins into
the solutron and gelatinizing solution on the surface of the pins; dryer means for drymg

gelatrmzed solutron ‘on'the ‘surface of the pms to. form capsule bodles and capsule caps
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siltomaties means for removing thé eapsule parts from the pins; and transport means for .+
moving the pins in a closed loop path through the dipper means, the dryér means and the
automatics means; wherein the dryer means includes an elongated duct enoloétng a
portion of the transport meané the duct having a pin-entry and an air outlet proiimute to
the pm—entry, and a pin-exit and an air inlet proximate to the pin ex1t the transport
means adapted to move pinbars with pins carrying gelatinized solutron through the duct
from the pin-entry to the pin-exit, the dryer means having means for- movmg counterflow
air within the duct from the air inlet to the air outlet, such that air flows first over
gelatinized solution on an earlier-dipped pin and the same alr later flows over gelatinized
solution on a later-dipped pin. v

According to still another aspect of the presq:l_l:j't___,'.';hvention there is provided an
apparatus for manufacturing pharmaceutical capsules,the capsules suitable. for filling by
capsule filling machines, each capsule oonmstmgof a capsule body and a capsule cap

formed from an aqueous solution of a ther,_,_: """'"g"olling cellulose ether composition, using

pins as molds comprising: dipper means “for dipping the pins into the solution and

gelatinizing solution on the surface. f"fthe pins; dryer means for drymg gelatinized

solution on the surface of the pmstoform capsule bodies and capsule caps; automatics
means for removing the capsule3";£rts from the pins; and transport means for moving the
pins in a closed loop path through the dipper means, the dryer means and the automatics
means; wherein the dryer neans includes an elongated duct enclosmg a portion of the
transport means, the _gu_ct having a pin-entry and an air outlet proximate to the pin-entry,
and a pin-exit andanalr inlet proximate to the pin-exit, the transport means adapted to
move pinbars with"'sr)ins carrying gelatinized solution through the duct from the pin-entry
to the p1n—ex1t ‘the dryer means having means for moving air within the duct from the air
inlet to the air outlet, such that air moving within the duct moves successively over
gelatrqmpd solution on increasingly later-dipped pins.

:Aocording to still another aspect of the present invention there is provided an

apﬁ?rqtus for manufacturing phar __outi_ogt_ccl_luloso'_oapsu_l__os,_ the capsules suitable for
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e_‘ﬁllmg machmes each capsule consrstmg of two parts a capsule body

and a capsule cap formed from an aqueous solution of a thermogelling cellulose ether
composition, comprising: a plurality of pins; greaser means for greasing the prns dlpper
means for dipping the pins into the solution to a dip line and gelatinizing solutron on the
pins; dryer means for drying gelatinized solution on the pins to form capsule parts;
automatics means for removing the capsule parts from the pins; and transport means for
moving the pins in a closed loop path through the greaser means, the dlpper means, the
dryer means, and the automatics means; wherein the automatrcs néans includes a gripper
adapted to grip a capsule part in a pin and break adhesion between all adhering surfaces
of the capsule part and the pin to facilitate removal of the capsule part from the pin, and
actuator means for driving the gripper; and wherem the grrpper the actuator means and
the pin are movably mounted with respect to each other to permit alignment such that the
gripper may grip the capsule part while the capsule part is on the pin.

According to still another aspect of the present invention there is provided an
apparatus for manufacturing pharmaceﬁ:tlcal cellulose capsules of a given size number,
the capsules suitable for filling by eaijsule filling machines, each capsule consisting of
two parts, a capsule body and a capsule cap, the body and cap each having an open end,
the body and cap formed fr_o_m an aqueous solution of a thermogelling cellulose ether
composition, using celluldéeieapsule body-side forming pins and cellulose-capsule cap-
side forming pins as molds comprising: dipper means for dipping the pins into the
solution and gelatmrzmg solution on the surface of the pins; dryer means for drying
gelatinized solotron on the surface of the pins to form capsule parts; and automatics
means for rerrroiring the capsule parts from the pins; each cellulose-capsule forming pin
having: a__rr'l:ellongated pin body; a domed head located at one end of the pin body; and a
cylindriCi;l' lsidewall surrounding the pin body and extending from the domed head, the
sidevyail 'having a diameter which varies along the length of the pin body such as to
provrde a taper with narrower dimension toward the head end of the pin body, and a cut-

pomt defmmg a cut-pomt dlameter at a posrtron along the length of the p1n body at which
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orm the opeii end;: -wherein: the- given: ‘size’ number is

selected from among size numbers 00, 0, 1, 2, 3, and 4; and wherein each cellulose—
capsule forming pin is an undersized pin with respect to a corresponding cq_r_;_yentional
gelatin-capsule forming pin used for manufacturing a gelatin capsule parg__-c_fif'fhe given
size number, the cut-point diameter of the undersized pin being smallerthan the cut-
point diameter of the corresponding conventional gelatin-capsule formmg pin.

According to still another aspect of the present mventxon there is provided an
apparatus for manufacturing pharmaceutical cellulose capsule:s_:_.,of a given size number,
the capsules suitable for filling by capsule filling machmes,each capsule consisting of
two parts, a capsule body and a capsule cap, the body andcap each having an open end,
the body and cap formed from an aqueous solutnon of a thermogelling cellulose ether
composition, using cellulose-capsule body-side formmg pins and cellulose-capsule cap-
side forming pins as molds, comprising: dlpper means for dipping the pins into the
solution and gelatinizing solution on the pms to form on each pin a capsule part of
gelatinized solution; dryer means for drymg gelatinized solution on the pins to form
capsule parts; and automatics means for removing the capsule parts from the pins; each
cellulose-capsule forming pin havmg an elongated pin body; a domed head located at
one end of the pin body; and 2 substantlally cylindrical sidewall surrounding the pin

body and extending from the.- &omed head; wherein the given size number is selected
from among size numbers. "0()0" "00", "0", "1", "2", "3", "4" and "5"; wherein the
diameter of the substantlally cylindrical sidewall of a cellulose-capsule forming pin is
smaller than a correspondmg diameter of a substantially cylindrical sidewall of a
corresponding gelatm—capsule forming pin used for manufacturing a gelatin capsule part
of the glven 31ze number.

Accordmg to yet another aspect of the present invention there is provided an
apparatus for manufacturing pharmaceutical cellulose capsules the capsules suitable for
flllmg by capsule filling machines, each capsule consisting of a capsule body and a

capsul¢-;--;9an -fotmed:; from: an -‘aqueous. solution 'of ‘a thermogelling cellulose ether
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- lurahty of pmbars ea.ch pmbar havmg a bar w1th a plurahty

of pins mounted to the bar greaser means for greasing the pms dlpper means for
dipping hot pins into the solution to cause solution to gelatinize on the surface of the
pins; dryer means for drying gelatinized solution on the surface of the pms to form
capsule bodies and capsule caps; automatics means for removing the capsule parts from
the p1ns and transport means for movmg the pinbars through the greaser means, the
dipper means, the dryer means and the automatics means; wherem the dipper means
includes a dipper dish for capsule bodies and a dipper dish for capsule caps, each dipper
dish sized to accept the pins of a dipping group; and wherem the apparatus further
comprises non-contact heater means, located between the greaser means and a dipper
dish, for heating the pins of the dipping group, as a group, by non-contact beating.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Figs 1A, 1B and 1C show a prior art capsule body and cap.

Fig. 2 shows the elements of the traditional (prior art) capsule manufacturing
machine. 3

Fig. 3 shows pins mounted on a pmbar (prior art).

Fig. 4 shows a pin dlpped to a dip line (prior art).

Fig. 5 shows a prlog' :art stripper pushing a capsule part off a pin.

Fig. 6 shows a pnor art stripper.

Fig. 7 shows a kmfe trimming the rough edge of the capsule (prior art).

Fig. 8A shows a schematic embodiment of the present invention, including a
preheat sectlon and a kiln enclosure.

Flg 8B is a schematic cross-sectional elevation view of the drying kiln showing the
enclosu;e -and air flow.

F1g 8C shows location of the heating elements and fans in the enclosure of Fig.
8B.

| Fig. 8D shows a schematic plan view of all sections between the split deck and the
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ws of the- convectlon preheat system

Fig. 8G shows the insulation box for the table section. -

Fig. 9 shows a schematic embodiment of the present mventlon 1nclud1ng locations
of the several preheat sections. e -

Figs. 10A and 10B show temperature sensorsand under-deck heaters associated

with the split deck.

Fig. 10C shows a group of-- ‘cap pmbars and the corresponding group of body
pmbars L .
Fig. 10D shows the split deck Iayout for the bars of Fig. 10C.
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: ) ; 'k beneath ‘a ‘given plnbar are .
'thermally isolated one from another. Cap pinbars move in
groups of twenty from station to station approximatgly every
40-70 seconds in the drying kilns and body pinbarsfdb
likewise. The direction of movement of the pinpéfé is shown
by the arrows in Fig. 10C. Such a group of piﬁﬁérs has a
length of 22 inchés (56 cm), the length of @ﬁéypinbar; and a
width of 17 inches (43 cm), the width of twéﬁty pinbars.
Supporting the pinbars in-the- last station of the drying
kiln is the split deck shown in plan view in Fig. 10D. The
thermal isolators 102 and the portionL?of the deck 101
enclosed by the thermal isolators ar’r

section elevation view in Fig. 10Agf

also shown in cross-

.- Selective heating of

different portions. of twenty pinﬁ&%s to compensate for pre-
dip dwell time and for ﬁemperaﬁﬁ%e gradient in the machine
1s achieved by controllers 10””

-controlling each of the
several enclosed deck port is at a predetermined
temperature.

A temperature profile for a preferred
embodiment of the present invention is given foxr each

e

enclosed deck portion 101 of Fig.

10D in Table 6A for the
cap side and Table 6B- for the body side. The dimensions of

the enclosed deck portlons 101 in Fig. 10D are given in
Table 7 . '

"F (") "F (°C) “F (°C) "F (*C)

1 | 306 (152) | 251 (122) | 235 (113) 267 (131)
1§i?(82-8) 178 (81.1) | 153 (67.2) 174 (78.9)
ii93 (89.4) | 165 (73.9) | 135 (57.2) 142 (61.1)

AP.SIDE. SPLIT . DECK TEMPERATURE PROFILE
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1. A "method of manufacturing pharmaceutical cellulose c.:alla.s.ulés. of é.g.ivér_l_: s1ze
number, the capsules suitable for filling by capsule filling machines, each ':.iz":z«.zlpsule
consisting of two parts, a capsule body and a capsule cap, from an aqueous._sﬁlﬁtion of a
thermogelling cellulose ether composition, using a capsule machine hayl;ié"éapsule body
pins and capsule cap pins as molds, comprising the steps of:
heating the pms s
dipping the pins into the solution to cause the solut10n te gelatmlze on the surface

of the pins thus forming a gelatinized solution;

drying the gelatinized solution on the surface ofthe pins to form capsule bodies
and capsule caps; and .

removing the capsule bodies and capsule caps from the pins;

wherein drying the gelatinized solutlon includes moving the pins through an
enclosure and moving air over the pms w1thm the enclosure, the air moving in a
direction opposed to the direction of movement of the pins;

such that, during an early §_tgge of drying, the gelatinized solution on the pins
encounters humid air; and |

during a later stage of drymg encounters drier air.
2. A method of manufacturmg pharmaceutical cellulose capsules suitable for ﬁllmg by
capsule ﬁllmg machmes each capsule consisting of two parts, a capsule body and a
| capsule cap, from gp___-aqueous solution of a thermogelling cellulose ether composition,
using a capsule machme having capsule body pins and capsule cap pins as molds,
comprising thg__é.t"ébs of:

gelatix_l’iéihg solution on the pins, including dipping each pin in the solution to a dip
line, to form on each pin a capsule part of thermally gelatinized solution;

dry1ng the gelatinized solution on the pins to form capsule bodies and capsule caps;
and.

.~ removing thecapsule bodie

sule caps from the pins;
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ng‘the’ “gelatinized  solution mcludes -moving - the - pms through an

enclosure and moving air over the pins within the enclosure, the air mov1ng m a
direction opposed to the direction of movement of the pins; .
such that, during an early stage of drying, the gelatinized solution onthe pins

encounters humid air; and

during a later stage of drying encounters drier air. o
3. A method according to claim 2, wherein moving air in a dlrectlon opposed to the
direction of movement of the pins includes moving air over cag§1__1_1e body pins at one rate
and moving air over capsule cap pins at a different rate.
4. A method according to claim 2, further compnsmg the step of controllmg the

humidity of air entering the enclosure.

5. A method according to claim 4, further comprlsmg the step of controlling the
humidity of air entering the enclosure within/_._af-i%énge 0.006-0.012 Ib water/lb air (0.6-
. 1.2 percent). | .

6. A method according to claim 2, further comprising the step of controlling the
temperature of air entering the enclosur(; within a range 125°F-180°F (52°C-82°C).

7. A method according to clat;m-Z, further comprising the step of heating the pins
within the. enclosure to achigxi;-?:é predetermined air temperature profile within the
enclosure. _

8. A method accordlng to cla1m 2, further comprising the step of controlling the flow
of air within the enclosure to achieve a predetermined humidity profile within the
- enclosure. .

9. A method-'-'éémrding to claim 2, wherein drying the gelatinized solution on the pins
includes heatmg a pin via a bar in an early stage of drying such that heat applied via the
. bar and the pin at an inner surface of a capsule part in combination with humid air
surrouﬁding the capsule part causes the capsule part to dry slowly from the inside-out.

10 'A method accordmg to cla1m 2 wherem drymg the gelatlmzed solutlon on the plns
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capsule part causes the capsule part to dry slowly from the inside-out. | s :
11. A method according to claim 5, further including the step of controlhng the
temperature of air entering the enclosure within a range of 125°F-180°F (52°C 82°C)
12. A method of manufacturing pharmaceutical cellulose capsules, the capsules suitable
for filling by capsule filling machines, each capsule consisting of two parts a capsule
body and a capsule cap, each part having a dome, from an aqueous solution of a
thermogelling cellulose ether composition, using a capsule machme baving capsule body
pins and capsule cap pins as mods, and using a plurality of pmbars each pinbar having a
bar with a plurality of pins mounted to the bar, compnsn%g_h j:he steps of:

peating s i

dipping the pins into the solution to cause the-solution to gelatinize on the surface

of the pins;

further gelatinizing the gelaMZed soly__';-_;on, in humid air inside a kiln, on the

surface of the pins by applying radiant heaft rom a dome-setter radiant heater mounted
within the kiln and facing the plane of aplanar array of domes;
drying the gelatinized solutior_}j:ﬁ?')ﬁ the surface of the pins to form capsule bodies

and capsule caps; and

removing the capsule bodles' and capsule caps from the pins. |
13. A method accordmg to claim 12, wherein further gelatinizing the gelatinized

solution includes placmg_a group of pinbars, pins pointing up, below the dome setter

radiant heater.

14. A method accordmg to claim 12, wherein further gelatinizing the gelatinized
solution mcludes heatmg the pins via the bars.

15. A m__eﬂmd according to claim 12, wherein further gelatinizing the gelatinized
solution iiiéiudes setting the solution, while spinning the pins within a spinner enclosure,
by ra;diaﬁt heat from radiant heaters mounted within the enclosure, and by air blown over

thepms R S
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5. '+ method of mantifactiiring pharmacéutical cellulose’ capstiles, the capsules suitablé:-‘

' for filling by capsule filling machines, each capsule consisting of a capsule body and a
| capsule cap, from an aqueous solution of a thermogelling cellulose ether compos1t10n
using capsule body pins and capsule cap pins as molds, and using a plurahty of pinbars,
each pinbar having a bar with a plurality of pins mounted to the bar, _qompnsmg the
steps of:

a) dipping hot pins into the solution such that heat from apm causes solution to
gelatinize on the surface of the pin; -
b) drying gelatinized solution on the surface of the pms of a drymg group of

pinbars to form capsule bodies and capsule caps;

) - differentially heating the pins of the drymg éroup of pinbars in accordance
with the expected differential heat loss between d1ff rentlally heating and dipping;

d) removing the capsule bodies and capsule caps from the pins;

e) greasing the pins; and

f)  moving the pins in a closed loop so as to repeat steps a) through e);

further comprising the step Q i oviding supplemental heat to the pins, after

removing capsule bodies and capsule caps from the pins and before dipping the pins, by
non-contact heating such that the pms have a predetermined dip temperature at dipping.
17. A method accordmg to clalm 16, wherein providing supplemental heat to the pins
includes heating the plns by thermal convection.

18. A method accordmg to claim 16, wherein providing supplemental heat to the pins
includes heatlng_,,.the pms by radiant energy. '

19. A method -é:ccording to claim 16, wherein providing supplemental heat to the pins
includes heatmg a group of pins conductively via a bar after greasing the pins.

20. Af_n':l'ethod according to claim 16, wherein providing supplemental heat to the pins
inctutié; heating a group of pins conductively via a bar before greasing the pins.

21 A method according to claim 16, wherein the step of providing supplemental heat
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22 A method dcording 1 claifn 16, wherein' the’step of providing supplemental heat
occurs during greasing. -
23. A method according to claim 16, wherein the step of providing suppleme_n_:'t;l heat

occurs after greasing.

24. A method according to claim 16, having a predetermined body bin dip _lfemperature
of approximately 152°F (66.7°C).

25. A method according to claim 16, having a predetermined body pin dip temperature
in the range of 144°F-156°F (62.2°C-68.9°C). a

26. A method according to claim 16, wherein differentially heatmg the pins includes
exposing the piﬁs to a predetermined temperature profile havmg temperatures greater
than the predetermined pin dip temperature. £

27. A method of manufacturing pharmaceutlcal cell e capsules, the capsules suitable

for filling by capsule filling machines, each capsule. consisting of a capsule body and a
capsule cap, from an aqueous solution of a thermogellmg cellulose ether composition,
using capsule body pins and capsule cap pir as molds, and using a plurality of pinbars,
each pinbar having a bar with a plurallty.of pins mounted to the bar, comprising the
steps of: !

a) greasing the pins; __

b) dipping hot pins mto the solution such that heat from a pin causes solution to
gelatinize on the surface of the pm

c) drying gelatlmzed solution on the surface of the pins of a drying group of
pinbars to form capsule bodles and capsule caps;

d) dlfferentlally heating the pins of the drying group of pinbars in accordance
with the expggtgd dlfferentlal heat loss between differentially heating and dipping, such
that piﬁs have a predetermined dip temperature at dipping;

e) : femoving the capsule bodies and capsule caps from the pins; and

'f)  moving the pins in a closed loop so as to repeat steps a) through e)..
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AL d; aim 27, wherein. body plns have 2 predetermmed dip..
temperature of approx1mately 152°F (66.7°C) and cap pins have a predetermmed d1p'

temperature of approximately 151°F (66.°C).

29. A method according to claim 27, wherein body pins have a predeter /'.Emed dip
temperature in the range of 144°F-156°F (62.2°C-68.9°C) and cap” plns have a

0.
30. A method according to claim 27, wherein step d) includes d1fferent1a11y heating on

predetermined dip temperature in the range 149°F- 156°F (65.0°C-68. 9°

a split deck having a predetermined temperature profile. s
31. A method according to claim 30, wherein the predetcrmmed temperature profile is

shaped to compensate for differential cooling of pins r lting from different pinbars -

having different wait times between heating and dlppmg
32. A method according to claim 30, wherein the :redetermmed temperature profile is

shaped to compensate for different pins, within a group of pins mounted to a bar, having

different cooling rates according to position .- "{:ﬂ"—-
33. A method according to claim 27, furer including the step of:

heating the pins of the dipping group, as a group, by non-contact heating between
the greasing the pins and dipping the pms
34. A method of manufactunng pharmaceutlcal cellulose capsules the capsules sultable
for filling by capsule ﬁllmg machmes each capsule consisting of a capsule body and a
capsule cap, from an aqu?ous ‘solution of a thermogelling cellulose ether composition, in
a capsule machine us_@gg?épsule body pins and capsule cap pins as molds, and using a
plurality of pinbar_§-,_':;£éh pinbar having a bar with a plurality of pins mounted to the bar,
comprising thg,s_fépé of:

a) greasmg the pins to form a layer of grease on a pin;

b) 'ﬁeating the pins of a dipping group of pinbars, as a group, to a predetermined
dip t_emp.erature, by non-contact heating after greasing so the layer of grease on a pin is
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oup: of pinbars, as.a group, into the

solution so that heat from a pin causes solutmnto “g“eia;timze on the surface of the pm,

d) drying the gelatinized solution on the surface of the pins to foyr__r’i_j_f’.'c::;psule
bodies and capsule caps; -

e) removing the capsule bodies and capsﬁle caps from the pms,and

f)  moving the pins in a closed loop so as to repeat steps a)through e);

such as to minimize cellulose capsule wall thickness vanatlon caused by pin
temperature differences at dipping and by disturbance to a layerof grease on a pin.

35. A method according to claim 34, wherein non-coq_tgi_éffheating includes heating by

thermal conduction via a bar.
36. A method according to claim 34, wherein thestep of heating the pins occurs in an
extended dipper section prior to dipping. i

37. A method of manufacturing pharmaceutlcal cellulose capsules of a given size

. number, the capsules suitable for ﬁllmg by capsule filling machines, each capsule

consisting of two parts, a capsule body and a capsule cap, from an aqueous solution of a
thermogelling cellulose ether gg’ji;i’i;osition, using cellulose-capsule body-side forming
pins and cellulose-capsule cap-s1de forming pins as molds, comprising the steps of:

gelatinizing SOlutiop-"j&'_j:ﬁﬁa pin, including dipping a pin 1n the solution to a dip line,
to form on the pin a capsule part of gelatinized solution; .

drying the capsule part on the pin;

removing the -capsﬁle part from the pin;

. transpééff;lg a plurality of pins through the steps of gelatinizing, drying and

removipgl_,-' m a closed path;

usmg a cellulose-capsule forﬁling pin having a cut-point diameter that is smaller -
than':a corresponding cut-point diameter of a corresponding gelatin-capsule forming pin

used for manufacturing a corresponding gelatin capsule part of the given size-number;

sand e R
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. ming: pm $0-as 'to; ‘make a cellulose capsule- part that
has substanually the.same overall dfameter as the corresponding gelatin capsule part of
the given size-number and a greater wall thickness than the wall thlc_kness of the
corresponding gelatin capsule part of the given size-number. i

- 38. A method according to claim 37, using a body-side cellulose capsule formlng pin
having a cut—pomt diameter in the range 0.2775 - 0.2815 inch (7 05 7.15 mm) to make
a cellulose capsule body for an "0" size capsule.

39. A method according to claim 37, using a cap-side -céllﬁlose capsule forming pin
having a cut-point diameter in the range 0.2905 - 0. 2945 1nch (7.38 - 7.48 mm) to make
a cellulose capsule cap for an "0" size capsule. __

40. A method according to claim 37, using a body-s1de cellulose capsule forming pin
having a cut-point diameter in the range 0. 3105 0.3173 inch (7.89 - 8.06 mm) to make
a cellulose capsule body for an "00" s1zef psule

41. A method according to claim 37,us1ng a cap-side cellulose capsule forming pin
having a cut-point diameter in the range 0.3276 - 0.3332 inch (8.32 - 8.46 mm) to make
a cellulose capsule cap for an "00"s1ze capsule.

42. A method according toclalm 37, using a body-side cellulose capsule forming pin
having a cut-point diamelt_gi:f:_-..:f:iiil the range 0.2503 - 0.2557 inch (6.36 - 6.50 mm) to make
a cellulose capsule bodyfor a "1" size capsule.

43. A method accordmg to claim 37, using a cap-side cellulose capsule forming pin
, having a cut-poirl_l_tﬁdi.ametgr in the range 0.2622 - 0.2667 inch (6.66 - 6.77 mm) to make
a cellulose capSiﬂé cap for a "1" size capsule.

4. A method according to claim 37, using a body-side cellulose capsule forming pin
having a pﬁlépoint diameter in the range 0.2289 - 0.2339 inch (5.81 - 5.94 mm) to make
a celluldse capsule body for a "2" size capsule. |

45. A method according to claim 37, using a cap-side cellulose capsule forming pin
_ havillg a cut-point diameter in the rahge 0.2397 - 0.2438 inch (6.09 - 6.19 mm) to make
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cordmg fo.claim 37, usmg a body—s1de ‘cellulose capsule forming p1n

havmg a cut-pomt diameter in the range 0. 2095 0.2140 inch (5.32 - 5.44 mm) to make
a cellulose capsule body for a "3" size capsule.

47. A method according to claim 37, using a cap-side cellulose capsule_fgiili-l'ing pin
having a cut-point diameter in the range 0.2202 - 0.2240 inch (5.60 - 569 mm) to make
a cellulose capsule cap for a "3" size capsule. | |

48. A method according to clalm 37, using a body-side cellulose capsule forming pin
having a cut-point diameter in the range 0.1900 - 0.1941 inch (4 83 4, 93 mm) to make

a cellulose capsule body for a "4" size capsule.

49. A method according to claim 37, using a cap-31de _.:":éllulose capsule forming pin
having a cut-point dlameter in the range 0.1997 - 0. 2031 mch (5.07 - 5.16 mm) to make

a cellulose capsule cap for a "4" size capsule.

50. A method of manufacturing pharmaceutical cellulose capsules of a given size

number, the capsules suitable for filling '_,]?fj"'-'.'ﬂcapsule filling machines, each capsule
consisting of two parts, a capsule body ana capsule cap, from an aqueous solution of a
thermogelling cellulose ether compos1t1on using cellulose-capsule body-side forming

pins and cellulose-capsule cap~s1de formmg pins as molds, each oellulose—capsule

forming pin having an elongated pm body, a domed head located at one end of the pin

body, and a substantially cylmdncal sidewall surrounding the pin body and extending
from the domed head,. the substantially cylindrical sidewall having a diameter, the
method comprising the steps of:

gelatlmzmg solut1on on a pin, including dipping a pin in the solution to a dip line,
to form on the pm a capsule part of gelatinized solution;

drylng the capsule part on the pin;

r@_movmg the capsule part from the pin;

;-‘."'lfélnsporting a plurality of pins through the steps of gelatinizing, drying and

removing, in a closed path; and .~ oo
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ning . undersized - with respect to a:
corresponding gelatm—capshie forming pin used for manufacturing a gelatin capsule part
of the given size number, the diameter of the substantially cylindrical sidewall‘_‘_'_,'o:::f the
cellulose-capsule ' forming pin being smaller than a corresponding dlameter of a
substantially cylindrical sidewall of the corresponding gelatin-capsule formmg pin, the
cellulose-capsule forming pin sized so as to make a cellulose capsulepa.rt that has

substantially the same overall diameter as a corresponding gelatig_i"léépsule part of the

given size-number.

51. A method according to claim 50, using a cellulose—cap_gﬁ;a forming pin to make a
cellulose capsule cap for an "O" size capsule, the _____{_'cfﬁﬁulose-capsule forming pin
undersized by an amount in the range of approximatq}j 0002 - 0.006 inch (0.05 - 0.15
mm).

52. A method according to claim 50, the cel};ilgée—capsme forming pin sized so as to
make a cellulose capsule part that has substantlally the same overall diameter as the
corresponding gelatin capsule part of theglven size-number and a greater wall thickness

than a corresponding wall thickness ofthe corresponding gelatin capsule part of the given

size-nmumber. p _
53. A method according to clalm l54, for forming a thick wall cellulose capsule body,
wherein the diameter of thesubstantlally cylindrical sidewall of the cellulose-capsule
forming pin is smaller thanthe diameter of the substantially cylindrical sidewall of the
corresponding conve;}tigﬂ;ll gelatin-capsule forming pin bylapproximately 1.3 percent.

54. A method accordlng to claim 54, for forming a thick wall cellulose capsule cap,
wherein the _diéiﬁ;ter of the substantially cylindrical sidewall of the cellulose-capsule
forming pin”'iiés' smaller than the diameter of the substantially cylindrical sidewall of the
corresp'oﬁciing conventibnal gelatin-capsule forming pin by approximately 1.6 percent.

55. A method according to claim 50, wherein gelatinizing solution includes dipping a

hot pin into'the selution, e
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;0.7 S5 :_.;-;for maklng a.cellulose. ‘capsule part of-f;;'-

any one of sizes "000", "00", "1", "2", "3", "4" and "5", the cellulose-capsule formmg
pin undersized proportionally. |
57. An apparatus for manufacturing pharmaceutical cellulose capsules, the capsules
suitable for filling by capsule filling machines, each capsule consisting of a capsule body
and a capsule cap formed from an aqueous solution of a thermogellmg ce]lulose ether
composition, comprising:

a plurality of pinbars, each pinbar having a bar with a plurahty of pins mounted to
the bar;

greaser means for greasing the pins;
dipper means for dipping hot pms into the solutlen to cause solution to gelatinize

on the surface of the pins;

dryer means for drying gelatinized soluu‘"'n on the surface of the pms of a drying

group of pinbars, as a group, to form capsul bodles and capsule caps;
differential heater means for dlffe_;_ehudlly heating the pins of the drying group;
automatics means for removing the capsule parts from the pins; and
| transport means for movmg the pinbars in a closed loop path through the greaser

means, the dipper means, the dryer means, the differential heater means, and the

automatics means; _
wherein the dlfferentlal heater means is positioned to receive the drying group of
pinbars as a group, and 1nc1udes means for differentially heating the pins of the drying
group of pinbars 1;_1-5.accorda_.nce with the expected differential heat loss from the pins as
- the pins move from the differential heater means through the automatics means ‘and
through the greﬁeer means to the dipper means.
58. An _abﬁératus according to claim 57, wherein the differential heater means includes
a split deck having thermally isolated heating elements disposed to heat the pins of the

drying group by thermal conduction'via the bars: . .
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ing; to" claim 57, ‘wherein the dryer means includes a duct
having a pin-exit end, and the differential heater means is lecated within the duct at the
pin-exit end. b
60. An apparatus according to claim ‘58, further including means for sensmg and
controlling temperature so as to maintain a predefined temperature profilq_j:iib%;r the split
deck.

~61. An apparatus according to claim 58, the split deck adapted to apply beat selectively
to points along the length of a bar.

62. An apparatus according to claim 57, further including, '__iipplemental heater means,
located between the automatics and the dipper means, f0rheatmg the pins by thermal

convection.

63. An apparatus according to claim 57, furthermcludmg a radiant heater located
between the automatics and the dipper means. | J
64. An apparatus according to claim 57, .erein the dipper means includes a dipper
dish for capsule bodies and a dipper dlSh“ for capsule caps, each dipper dish sized to
accept the pins of a dipping group, the apparatus further including non-contact heater
means, located between the greaser means and a dipper dish, for heating the pins of the
dlppmg group, by thermal conductlon via the bars of the dipping group.
65. An apparatus for manufacturmg pharmaceutical capsules, the capsules suitable for
filling by capsule ﬁ]lmg machmes each capsule consisting of a capsule body and a
capsule cap formed from an aqueous solution of a thermogelling cellulose ether
composition, compn-smg ‘

a plurahty of pinbars, each pinbar having a bar with a plurality of pins mounted to
the bar, each pin having a dome;

__dlpper means for dipping the pins into the solution and gelatinizing solution on the

surface of the pins;
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.elatmlzed ‘solution: on - the surface of the pms of a

drymg group of pinbars to form capsuLe bodies and capsule caps, the dryer means hav1ng
a pin-entry end;

automatics means for removing the capsule parts from the pins; and _

transport means for moving the pinbars through the dipper means, thedryer means
and the automatics means; B g

wherein the dryer means includes a dome-setter radiant heater, proximate to the -
pin-entry end, disposed to radiéte heat onto gelatinized solutiorr---_(_);i; .rhe domes of the pins
of the drying group of pinbars axially with respect to the pmsso as to further gelatinize

the solution on the surface of the domes.

66. An apparatus for manufacturing pharmaceutical llulose capsules, the capsules

suitable for ﬁllmg by capsule filling machines, each.,.capsule consisting of a capsule body

and a capsule cap formed from an aqueous tion of a thermogelling cellulose ether
composition, using pins as molds, compnsmg
dipper means for dipping the pms mto the solution and gelatinizing solution on the

surface of the pins;

dryer means for drying gelatl ized solution on the surface of the pins to form
capsule bodies and capsule caps""'f'i;?.::' |

automatlcs means for removmg the capsule parts from the pins; and

transport means for movmg the pins in a closed loop path through the dipper
means, the dryer means and the automatics means;

_ whereln the dryer means includes an elongated duct enclosing a portion of the
transport mean__s,_'_;the duct having a pin-entry and an air outlet proximate to the pin-entry,
and a pin—exii.:'énd an air inlet proximate to the pin exit, the transport means adapted to
move pinbere with pins carryirrg gelatinized solution through the duct from the pin-entry
to the pinéexit, the dryer means having means for moving counterflow air within the duct

from the air inlet to _the air outlet, such.that air flows first over- gelatinized solution on an
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rlater flows over gelatinized solution on a later-dipped
pin. - - |
67. An apparatus according to claim 66, wherein the dryer means is adapted toprov1de
counterflow air within the duct substantially overall. _
68. An apparatus for manufacturing pharmaceutical capsules, the capsu;’éé';’;uitable for
filling by capsule filling machines, each capsule consisting of a capsule body and a
capsule cap formed from an aqueous solution of a thermoggﬁfﬂg cellulose ether
composition, using pins as molds, comprising:

dipper means for dipping the pins into the solution and'?g;'é-latinizing solution on the
surface of the pins;

dryer means for drying gelatinized solution onmthe surface of the pins to form
capsule bodies and capsule caps; ‘_ -

automatics means for removing the capsule parts from the pms and

transport means for moving the pms _"__gm a closed loop path through the dipper
means, the dryer means and the automatlcs eans;

wherein the dryer means mcludes an elongated duct enclosing a portion of the
transport means, the duct having a pm—entry and an air outlet proximate to the pin-entry,
and a pin-exit and an air inlet prox1mate to the pin-exit, the transport means adapted to
move pinbars with pms carrymg gelatxmzed solution through the duct from the pin-entry
to the pin-exit, the dryer means having means for moving air within the duct from the air
inlet to the air outlet, such that air moving within the duct moves successively over
gelatinized solution on mcreasmgly later-dipped pins.
69. An apparagls -for manufacturing pharmaceutical cellulose capsules, the capsules
suitable for flllmg by capsule filling machines, each capsule consisting of two parts, a
capsule bo,c;l_jif ‘and a capsule cap formed from an aqueous solution of a thermogelling
cellulo_sé:é't'her composition, comprising:

"é'f)lurality of pins;

- greaser means for greasing the pins; . . "o
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solution to a dip line and gelatinizing

solution on the pins; S oo
dryer means for drying gelatinized solution on the pins to form capsule parts 4 .g_"
automatics means for removing the capsule parts from the pins; and
transport means for moving the pins in a closed loop path throughthe greaser

means, the dipper means, the dryer means, and the automatics means;

wherein the automatics means includes a gripper adapted to grlp a capsule part in a
pin and break adhesion between all adhering surfaces of the capsule part and the pin to
facilitate removal of the capsule part from the pin, and actuag_o; ‘means for driving the

gripper; and

wherein the gripper, the actuator means and the pm ‘are movably mounted with
respect to each other to permit alignment such that thefgnpper may grip the capsule part
while the capsule part is on the pin. -'

70. An apparatus according to claim 69,

wherein the automatics means include__;s_fit’xmmer means for trimming a capsule part

at a trim line after removal of the capsule art from the pin; and
- wherein the gripper, the actuator rﬁeans and the pin are movably mounted with
respect to each other to permit allgnment such that the gripper may grip the capsule part

between the trim line and the d'p'flme

71.  An apparatus for man facfunng pharmaceutical cellulose capsules of a given size
number, the capsules suxtable for filling by capsule filling machines, each capsule
consisting of two pa_rts, a capsule body and a capsule cap, the body and cap each having
an open end, me"_:bbdy and cap formed from an aqueous solution of a thermogelling
cellulose ethé;r-:':""éomposition,' using cellulose-capsule body-side forming pins and
cellulose—_caﬁfs{lle cap-side forming pins as molds, comprising:

“dipper means for dipping the pins into the solution and gelatiniiing solution on the

s!iffaé.c_. of the pins; . . “u= "y
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capsule parts; and

automatics means for removing the capsule parts from the pins;
each cellulose-capsule forming pin having:

an elongated pin body;

a domed head located at one end of the pin body; and
a cylindrical sidewall surrounding the pin body and extendmg from the domed
head, the sidewall having a diameter which varies along the length of the pin body such
as to provide a taper with narrower dimension toward the head end of the pin body, and

a cut-point defining a cut-point diameter at a pos1t1on_alopg.:the length of the pin body at

which the capsule part may be cut to form the open en,
wherein the given size number is selected fro; I _::,among size numbers 00, O, 1, 2, 3,

and 4; and

wherein each cellulose-capsule formmg in is an undersized pin with respect to a

corresponding conventional gelatm—capsule?formmg pin used for manufacturing a gelatin

capsule part of the given size number th" cut-point diameter of the undersized pin being

smaller than the cut-point diameter the corresponding conventional gelatin-capsule
forming pin. |

72. An apparatus accordmg to c1a1m 71, wherein the cut-point diameter of the
undersized pin is smaller than the cut-point diameter of the corresponding conventional
gelatin-capsule formmg pln by an amount in the range of approximately 0.7 - 2.0
percent. L

73. An apparattfs_g_-i;according to claim 72, wherein the cut-point diameter of the
undersized pin':'is":.smaller than the cut-point diameter of the corresponding conventional
gelatm—capsule forming pin by approximately 1.3 percent.

74. An apparatus according to claim 71, wherein the cut—pomt diameter of the

undersized pin for '-forml_ng Ao s1ze"-acapsule. pa‘r‘-t'--ls':'smaller than the cut-point diameter
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0% size 4 forming pin- by an amount in the
range of approximately 0.002 - O. 006 1nch (O 05 0.15 mm). '..
75. An apparatus according to claim 74, wherein the cut-point dlameter of the
undersized pin for forming a "0" size cellulose capsule part is smaller than the cut-pomt
diameter of the correspondmg conventional gelatin-capsule "0" size fqglnmg pin by
approximately 0.004 inch (0.10 mm). :

76. An apparatus according to claim 71, for forming a thick wall cellulose capsule cap,
wherein the cut-point diameter of the undersized pin for formmg a thlck wall cellulose

capsule cap is smaller than the cut-point diameter of the correspondmg conventlonal

gelatin-capsule forming pin by an amount in the range-f__'h f approximately 1.0 - 2.3
percent.
77. An apparatus according to claim 76, for formmg a thlck wall cellulose capsule cap,

wherein the cut-pomt diameter of the unders1zed pm for forming the thick wall cellulose

capsule cap is smaller than the cut-point dlameter of the corresponding conventional

gelatin-capsule forming pin by approx1mately 1 6 percent.

78. An apparatus according to cla1m 71 for forming a thick wall "0" size cellulose -
capsule cap, wherein the cut-point dlameter of the undersized pin for forming the thick

wall "0" size cellulose capsule cap is smaller than the cut-point diameter of a

corresponding conventional gelatm—capsule "0" size forming pin by an amount in the

range of approximately 0. 003 - 0.007 inch (0.08 - 0.18 mm).

79. An apparatus acco;'_dmg to claim 78, for forming a thick wall "0" size cellulose

capsule cap, wherein__:___tlf_le:':eut-point diameter of the undersized pin for forming the thick

wall "0" size cel_lﬁ'lc'.i'ee capsule cap is smaller than the cut-point diameter of the

corresponding qop%}entional gelatin-capsule "0" size forming pin by approximately 0.005

inch (0.13 mm)

-80. An _appairatus according to claim 71, for forming a thick wall cellulose capsule

body, wherein the cut-point diameter of the undersized pin for forming the thick wall

cellulose capsule body is. smaller than. the cut-point diameter of the corresponding .
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“eonventional gelatin-oapsule forming pin by an amount in the range of approximately 1.4
- 2.7 percent. ; S AL e | y
81. An apparatus according to claim 80, for 'forming a thick wall cellulo'se_lc_;:éfxiisule
body, wherein the cut-point diameter of the undersized pin for forming the thlck wall
cellulose capsule body is smaller than the cut-point diameter of the correspondmg

conventlonal gelatin-capsule forming pin by approximately 2.0 percent. -

82. An apparatus according to claim 71, for forming a thick wall "0" size cellulose
capsule body, wherein the cut-point diameter of the undersized pm for forming the thick
wall "0" size cellulose capsule body is smaller than the -cut—pomt diameter of a -
correspondmg conventional gelatin-capsule "0" size formlng pm by an amount in the
range of approximately 0.004 - 0.008 inch (0.10 - 0.20 mm)

83. An apparatus according to claim 82, for form: "g?.a thick wall "0" size cellulose

capsule body, wherein the cut-point diameter of the ndersized pin for forming the thick
wall "0" size cellulose capsule body is smaller than the cut-point diameter of the
corresponding conventional gelatm—capsule

inch (0.15 mm).

"0" size forming pin by approximately 0.006

wherein the size number is "0", and the body-

84. An apparatus according to claim, 1
side undersized pin has a cut-poiq}_____:"ﬁié..meter in the range 0.2795 - 0.2835 inch (7.10 -
7.20 mm). : .

85. An apparatus accordill_l_g'fi;zit's claim 71 for making a thick wall cellulose capsule,
wherein the size numbq,l'-_"';i-s" | "0", and the body-side undersized pin hés a cut-point
diameter in the range 0.2775 - 0.2815 inch (7.05 - 7.15 mm).

86. An apparatus accordmg to claim 71 for making a thick wall cellulose capsule,
wherein the s1ze number is "00", and the body-side undersized pin has a cut-point
diameter n},:the range 0.3105 - 0.3173 inch (7.89 - 8.06 mm).

87. An ‘apparatus according to claim 71 for making a thick wall cellulose cabsule,
wherein the size number is "1" and the body—51de under31zed pm has a cut-pomt

diameter in the range 0.2503 - 0.2557  itich (6.36 - 6.50 mn). -
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i ___.-_;-;.;7.1 for -making'.a 'thick -wall cellulose capsule

wherein the size number is "2", and the body-side undersized pin has a cut-pomt
diameter in the range 0.2289 - 0.2339 inch (5.81 - 5.94 mm).

89. An apparatus according to claim 71 for making a thick wall cellulose capsule
wherein the size number is "3", and the body-side undersized pm has a cut-point
diameter in the range 0.2095 - 0.2140 inch (5.32 - 5.44 mm). '

90. An apparatus according to claim 71 for making a thick ‘wélz-l'?cellulose capsule,
wherein the size number is "4", and the body-side unders1zed pin has a cut-point
diameter in the range 0.1900 - 0.1941 inch (4.83 - 4.93 mm) ..

91. ‘An apparatus for manufacturing pharmaceutical celllilose capsules of a given size
number, the capsules suitable for filling by capsule ﬁllmg machines, each capsule -
consisting of two parts, a capsule body and a capsule cap, the body and cap each having
an open end, the body and cap fol'med frol;;_;an aqueous solution of a thermogelling

cellulose ether composition, using cellulaéé-capsule body-side forming pins and

cellulose-capsule cap-side forming pms as olds, comprising:

dipper means for dipping the pms mto the solution and gelatinizing solution on the

pins to form on each pin a capsule ] -art of gelatinized solution;

dryer means for drying gelatinized solution on the pins to form capsule parts; and

automatics means for "l;noving the capsule parts from the pins;

each cellulose-capsu _ ‘forming pin having:
an elongated pm body,
.. a domed head:;located_ at one end of the pin body; and

a substan;_ially. cylindrical sidewall surrounding the pin body and extending from
the domed head,

whq;élﬁ the given size number is selected from among size numbers "000", "00",
"0", "1""..."2“ "3", "4" and "S";

wherem the diameter of the substantially cylindrical sidewall of a cellulose—capsule

formlng pin’is ‘smaller. ‘than a correspondlng dlameter of a substantlally cylindrical -
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insgapsule forming pin used for manufacturing a gelatin

capsule part of the given size number.

92.' An apparatus according to claim 91, wherein the diameter of the subs_t?iﬁiially
cylindrical sidewall of the cellulose-capsule forming pin is smaller than the:c___l,fiﬁineter of
the substantially cylindrical sidewall of the corresponding gelatin-capsule formmg pin by

approximately 1.3 percent.

93. An apparatus according to clalm 91, wherein the cellulose-capsule body-side
forming pins and the cellulose—capsule cap-side forming pins are s1zed to form thick wall
cellulose capsule parts. '

94. An apparatus according to claim 93, wherein thq:;‘ﬁémeter of the substantially

cylindrical sidewall of the cellulose-capsule forming pm s smaller than the diameter of

the substantially cylindrical sidewall of the conesppfifﬁing gelatin-capsule forming pin by
approximately 1.6 percent.

ceutical cellulose capsules, the capsules

95. An apparatus for manufacturing phar ]

suitable for filling by capsule filling machmes each capsule cons1stmg of a capsule body

and a capsule cap formed from an aqu__f"" "us solution of a thermogelling cellulose ether

composition, comprising:
a plurality of pinbars eachpmbar having a bar with a pluralitj of pins mounted to
the bar; 2
greaser means for

] 1ppmg hot pins into the solution to cause solution to gelatinize

d1pper means fo
on the surface of the pms
dryer means- for drylng gelatinized solution on the surface of the pins to form
capsule bodie;é{_: and capsule caps; |
autotxiaﬁcs means for removing the capsule parts from the pins; and
: 'fréhsport means for moving the pinbars through the greaser means, the dipper
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and a dlpper .

d1sh for capsule caps, each dlpper dish s1zed .to accept the p1ns of a d1pp1ng. group, and

wherein the apparatus further comprises non-contact heater means, ‘lloc_:ated between

the greaser means and a dipper dish, for heating the pins of the dlppmg group, as a

group, by non-contact heating.

96. An apparatus according to claim 95, wherem the dxpper dish for capsule bodies and
the dipper dish for capsule caps are spaced apart to accommodate the pre-dip heater
means. Lt

97. An apparatus accordmg to clalm 95, wherein non-contact heating includes heating

by thermal conductlon v1a the bars of the dlppmg group
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MANUFACTURE OF PHARMACEUTICAL CELLULOSE CAPSULES

ABSTRACT

A method and apparatus for manufacturmg pharmaceutlcal capsules use an

aqueous solutxon of a thermogelling cellulose__lether composmon and use capsule body pins and

- capsule cap pins as molds. The method fivolves heating (94) the pins, dipping (22) the pins

" into the solution to cause the solutlon to gelatinize on the surface of the pins, removing the
pins and drying (24) the gelatlmzed solution on the surface of the pins to form capsule bodies
and capsule caps. Pms are heated pre-dip and post-dip to facilitate gelating. Counterﬂow air
is applied to prov1de drying from the inside. Capsule parts are removed by gnppmg. Capsule
parts may have a thick wall and a stlffemng rmg ¥
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