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of the present invention . 

SU1\1MARY OF THE INVENTION 
/ . . :: . 

It is an object of the present invention to ameliorate one or more disadvantages of 

the prior art. 

According to one aspect of the present invention there is proYid~ a method of 
.: ·.·· .. 

manufacturing pharmaceutical cellulose capsules of a given size} rlmnber, the capsules 

suitable for filling by capsule filling machine, each capsule -:~~isting of two parts, a 
.. ::~ )· 

capsule body and a capsule cap, from an aqueous solutioµ hf a thermogelling cellulose 

ether composition, using a capsule machines having cWSb.le body pins and capsule cap 

pins as molds, comprising the steps of: heating .th-~:'·pins; dipping the pins into the 

solution . to cause the solution to gelatinize on tli~i~urface of the pins thus forming a 
. '.·:··/ 

gelatinized solution; drying the gelatinized sol~tlon on the surface of the pins to form 
·: .. ..=-

capsule bodies and capsule caps; and remoy~~ the capsule bodies and capsule caps from 
./ ··.~..-

the pins; wherein drying the gelatinizetl ~olution includes moving the pins through an 

enclosure and moving air over tb,e';!~ins within . the enclosure, the air moving in a 

direction opposed to the directi9tl'.;6r movement of the pins; such that, during an early 

stage of drying, the gela~:s~lution on the pins encounters h~d air; and during a 
,..-:·· 

later stage of drying encolµite:rs drier air . 
.:.·· •.· 

According to an~tfiet aspect of the present invention tli.ere is provided a method of 
·,·.;·:,···· 

manufacturing pharn:iliteutical cellulose capsules suitable for filling by capsule filling 
; .·.·' 

maGhine, each cap~llle consisting of two parts, a capsule body and a capsule cap, from an 
.· .... 

aqueous sol~tioli of a thermogelling cellulose ether composition, using a capsule 

machines ~vi.ng capsule body pins and capsule cap pins as molds, comprising the steps 

of: gelatiµizing 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; drying the 
. . 

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

tP:e cap$ule ... \lq<ii¢S-·•.aitd:,:.capsl11e··~f>s~ftoill.. ili~ plnsi .· ~her~in drying the gelatinized 

' 
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:8:?~H-~P9/;~~~9:~ ffi9:ymgJli¢-''itlns: tfiroug11 an enciosut~ and. moving air· over the ~J*8 
within the enclosure, the air moving in a direction opposed to the direction of movement 

of the pins; such that, during an early stage of drying, the gelatinized solution ~n the 

pins encounters humid air; and during a later stage of drying encounters drier aft. 

According to still another aspect of the present invention there ·is 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 ~IUtion of a thermogelling 

cellulose ether composition, using a capsule machine ha~ capsule body pins and 

capsule cap pins as mods, and using a plurality of pinb~~r~ch pinbar having a bar with 
·. _,.. 

a plurality of pins mounted to the bar, comprising ~~:~:steps of: heating the pins; dipping 

the pins into the solution to cause the solution.¢(gelatinize on the surface of the pins; 

further.gelatinizing the gelatinized solution, Ui:h~d air inside a kiln, on the surface of 

the pins by applying radiant heat from a. ciofu~-setter radiant heater mounted within the 
.··.; .. 

kiln and facing the plane of a planar artity of domes; drying the gelatinized solution on 
··.··=.· 

the surface of the pins to form ~J>s~le bodies and capsule caps; and removing the 

~psule bodies and capsule caps f"fofu the pins. 

Accqrding to still ane1t1l~f' · aspect of the present invention there is provided a 

method of manufacturing· pharmaceutical cellulose capsules, the capsules suitable for 

filling by capsule fjllip:g machines, each capsule consisting of a capsule body and a 

capsule cap, from an: ·aqueous solution of a thermogelling cellulose ether composition, 

using capsule body pins and capsule cap pins as molds, and using a plurality of pinbars, 
.·: . 

each' pinbar ha~.ing a bar with a plurality of pins mounted to the bar, comprising the 

steps of: a).dtpping hot pins into the solution such that heat from a pin causes solution to 

gelatinize on 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) 

differentially heating the pins of the drying group of pinbars in accordance with the 

exp~ted differential heat loss betwee11. diffe~.~ntially heating and dipping; d) removing t. 
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'~~:~R~~~·;:B~~~-; ~~---~I>~ut~ ~~:P~ tro~·the pim; · ~J':gteasing th~· pins; and t) movin~. 

~ the pins in a closed loop so as to repeat steps a) through e); further comprising the s~p 

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 #t:the pins 

have a predetermined dip temperature at dipping. 

According to still another aspect of the present invention the~€· is provided a 
...... ";-. 

method of manufacturing pharmaceutical cellulose capsules, the/~psules suitable for 
,.. ... , .. · 

filling by capsule filling machines, each capsule consisting ():(a. capsule body and a 

capsule cap, from an aqueous solution of a thermogelling ~Iiulose ether composition, 
.:· ,. 
·.,: 

v using capsule body pins and capsule cap pins as molds,_)ind using a plurality of pin.bars, 

each pin.bar having a bar with a plurality of pins m~~nted to the bar, comprising the 

steps of: a) greasing the pins; b) dipping hot p~ 1ht~ the solution such that heat from a 
. · .. : 

\.,_....· 

pin causes solution to gelatinize on the surface:·c>t the pin; c) drying gelatinized solution 

on the surface of the pins of a drying gi~\l~ of pin.bars to form capsule bodies and 

capsule caps; d) differentially heating. the pins of the drying group of pinbars in 
~· . 

accordance with the expected differential heat loss between differentially heating and 

dipping, such that pin~ have a pr~etermined dip temperature at dipping; e) removing the 
.· : 

capsule bodies and capsule cap_s::from the pins; and t) moving the pins in a closed loop so 

as to repeat steps a) throu~ e). 
According to stil( another aspect of the present invention there is provided a 

method of manufact1Jiing pharmaceutical cellulose capsules, the capsules suitable for 

filling by capsule_.filling machines, each capsule consisting of a cap~ule body and a 
. . 

capsule cap, from an aqueous solution of a thermogelling cellulose ether composition, in 

a capsule ~chine 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 form a layer of grease on a pin; b) 

heating the pins of a dipping group of pinbars, as a group, to a predetermined dip 

teJ:llpyrature,_ l;>y non~con~t heating af~r- gr~ing so th~ layer of grecise :on a pin is not • 
.· .. . . . ... -... . .· . ·.. . '.··. . .·.:.. . . . . . . . . ·-· . 
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4~~J~~b-.:?:;"ft~RR-~~- ~e -~9~::pi~')>f'.tli~ ::41}lP.hi{groupof pinbats, .•as•· -~_._group,_ ·into ~e 
solution so that heat from a pin ca.uses solution to gelatinize on the surface of the pin; · d) 

drying the gelatinized solution on the surface of the pins t6 form capsule bodies and 

capsule caps; e) removing the capsule bodies and capsule caps from the pins; and t) 

moving the pins in a closed loop so as to repeat steps a) through e); such' ~ to minimiZe 

cellulose capsule wall thickness variation caused by pin tempera#~ differences . at 

dipping and by disturbance to a layer of grease on a pin. .· / .. 

"' ··.·.· 

Accprding to still another· aspect of the present invention there is provided a 

method of manufacturing pharmaceutical cellulose capsul~·~f a given size number, the 
.····:.-

capsules suitable for filling by capsule_ filling machin~/'each capsule consisting of two 

parts, a capsule body and a capsule cap, from an;jlqueous solution of a thermogelling 

cellulose ether composition, using cellulose-:~sule body-side forming pins and 
: ,"/ 

cellulose-capsule cap-side forming pins as IJ1qlds, comprising the steps of: gelatinizing 

solution on a pin, including dipping a phi:~·fu.e solution tO a dip line, to form on the pin 
.·• .-

/. : .. 
a capsule part of gelatinized solution; iqfying the capsule part on the pin; removing the 

capsule part from the pin; tran,spBrting a plurality of pins through the steps of 
.::.··_; 

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

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 .. 1;he given size-number; and sizing the cellulose capsule forming 

pin so as to make a cellulose capsule part that has substantially the same overall diameter 

as tbe correspo11:~mg gelatin capsule part of the given size-number arid a greater wall 

thickness than· the wall thickness of the corresponding gelatin capsule part of the given 

size-number~ 

Ac:Cording to still another aspect of the present invention there is provided a 

method ·of manufacturing pharmaceutical cellulose capsules of a given size number, the 

capsules suitable for filling by capsule filling machines, each capsule consisting of two 

~~tsf a c;apsule~.b<:>'1Y.~d: a. ~~~~,;~~<fr<J..fu'#fl ~qtie0us ·solution of a thermogelling 
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~f~~~?~~0··:.~~r!.:.,~·.P9f9.P<>siti9*~ ·. U$ijig· · : c¢lltiJ,ose~cap~ii1¢ •· body~side·i Jormilig ·pins aIJ.d> 

cellulose-capsule cap-side forming pins as molds, each cellulose-capsule forming pin 

having an elongated pin body, a domed head located at one end of the pin body;:· and a 

substantially cylindrical sidewall surrounding the pin body and extending·· :from the 

domed head, the substantially cylindrical sidewall having a diametet, · the method 

comprising the steps of: gelatinizing solution on a pin, including ~ipping a pin in the 

solution to a dip line, to form on the pin a capsule part of gelatini~ed solution; drying the 

capsule part on the pin; removing the capsule part from the pirirtransporting a plurality 
'.·.·.· 

of pins through the steps of gelatinizing, drying and reniovilig, in a closed path; and 

using a cellulose-capsule forming pin that is unders~ ·Y.;ifu. respect to a corresponding 

gelatin-capsule forming pin used for manufacturin~/a gelatin capsule part of the given 

size number, the diameter of the substantially ' .. tj;lindrical sidewall of the cellulose-
.l ..... 

capsule forming pin being smaller than a cdh-esponding diameter of a substantially 

cylindrical sidewall of the corresponding' :g~latin-capsule forming pin, the cellulose-

capsule forming pin sized so as to ~e.lcellulose capsule part that has substantially the 
: ·, 

same overall diameter as a correspoJ1(fq gelatin capsule part of the given size-number. 

According to still anothe~ -~Peet of the present invention there is provided an 

apparatus for manufacturing pJ:l.armaceutical cellulose capsules, the capsules suitable for 

\._.: filling by capsule filling #chines, each capsule consisting of a capsule body and a 

capsule cap formed ~r6m an aqueous solution of a thermogelling cellulose ether 
.. ; 

composition, comprising: a plurality of pinbars, each pinbar having a bar with a 
......... / 

plur_ality of pins IIi~U~ted to the bar; greaser means for greasing the piils; dipper means 

for dipping hot pfus into the solution to cause solution to gelatinize on the surface of the 

pins; dryerlll,eans for drying gelatinized solution on the surface of the pins of a drying 

group of.piribars, as a group, to form capsule bodies and capsule caps; differential heater 

m~ for differentially heating the pins of ·the drying group; automatics means for 

removing the capsule parts from the pins; and transport means for moving the pinbars in 

a closed loop. p~tli: through the' g~easet mea.ns; the dipper m~s; the dryer means, the 
. . ,....... . , .· .. :·· .. . . . . . . . 
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C(if(¢.i.~P.tJ.aj,~:h~fei:::ineans; fuil'{i,;tli~ :a'.u{On,iatics ill.~; vvP.erein the differential heater:. 

means is positioned to receive the drying group of pinbars as a group, and includes 

means for differentially heating the pins of the drying group of pinbars in a~rdance 

with the expected differential heat loss from the pins as the pins m~ve ·from the 

differential heater means through the automatic means and through the gte~er means to 

the dipper means. .· . : :~ . 
,. '·. 

According to still another aspect of the present inventiqn"o:tb.ere is provided an 
...... '·."'° 

/.· .·;· . 

apparatus for manufacturing pharmaceutical capsules, the capS:111.es suitable for filling by 

capsule filling machines, each capsule consisting of a capslile body and a capsule cap 
.- ;.; 

formed from an aqueous solution of a thermogellili:~ . cellulose ether composition, 
/ .·· ... · 

comprising: a plurality of pinbars, each pinbar bil,~lng a bar with a plurality of pins 

mounted to the bar, each pin having a dome; dipper means for dipping the pins into the 
. ··.·: . 

solution and gelatinizing solution on the sur~~ of the pins; dryer means for drying the 
.. -... 

gelatinized solution on the surface of th~ ~ins of a drying group of pin.bars to form 

capsule bodies and capsule caps, the/_~er means having a pin-entry end; automatics 
.. '· 

means for removing the capsule pWts' from the pins; and transport means for moving the 
. ·. - . 

pinbars through the dipper m~~ the dryer means and the automatics means; wherein 

the dryer means includes a .. dome-setter radiant heater, proximate to the pin-entry end, 

v disposed to radiate heat onto gelatinized solution on the domes of the pins of the drying 
.. 

group of pinbars axiallY. with respect to the pins so as to further gelatinize the solution on 

the surface of the dbmes. 
,.: . 

. . According fo ~till another aspect of the present invention there is provided an 

apparatus fot 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 thermogelling cellulose ether 

composition, using pins as molds, comprising: dipper means for dipping the pins into 

the solution and gelatinizing solution on the surface of the pins; dryer means for drying 
-;!.·· 

gelatin.ized solution on' tlie sur{ape (.)f:;::t~~'. p~ to: for:111 capsule bodies and capsule caps; 
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'a~.~?Wit:~~?~}~,~:.J9~·:t~~9"ffit:9l~''@lsl.tl¢ parl:S'trbrif tlle·.pins; ·· Clll.dtrari.sp()rf means .fo~ :;:!' 

moving the pins in a closed loop path through the dipper means, the dryer means and the 

automatics means; wherein the dryer means includes an elongated duct enclosing a 

portion of the transport means, the duct having a pin-entry and an air outlet proximate to 

the pin-entry, and a pin-exit ~d an air inlet proximate to the pin exit,: ·the transport 

means adapted to move pinbars with pins carrying gelatinized solution'j:hrotigh the duct 
,· ,• 

from the pin-entry to the pin-exit, the dryer means having means for·'Pi~ving counterflow 

air within the duct from the air inlet to the air outlet, such ~t . air flows first over 
,.;: .. 

gelatinized solution on an earlier-dipped pin and the same air 4iter flows over gelatinized 

solution on a later-dipped pin. 
...... :··:_ ..... 

.. .... · 

According to still another aspect of the presen{ :-Invention there is provided an 

apparatus for manufacturing pharmaceutical capsuldS/the capsules suitable- for filling by 
.·· / 

capsule filling machines, each capsule consis~/of a capsule body and a capsule cap 

formed from an aqueous solution of a ther~<)gelling cellulose ether composition, using 

pins as molds, comprising: dipper m~>for dipping the pins into the solution and 
. ,.:·.·-:'{ 

.·· .. 

gelatinizing solution on the surface .,·,<>f the pins; dryer means for drying gelatinized 
/~ ·.;:· 

solution on the surface of the pin,~'io form capsule bodies and capsule caps; automatics 
/' .· ·' 

means for removing the capsule parts from the pins; and transport means for moving the 
' .. • 

\_,' pins in a closed loop path tlitough the dipper means, the dryer means and the automatics 

means; wherein the dryet. :1neans includes an elongated duct enelosing a portion of the 

transport means, the ~utt having a pin-entry and an air outlet proximate to the pin-entry, 

and.a pin-exit and an air inlet proximate to the pin-exit, the transport means adapted to 

move pinbars with pins carrying gelatinized 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 

gelatin~ solution on increasingly later-dipped pins. 

· .. According to still another aspect of the present invention there is provided an 

apparn,tus for . .man,ufacturi,ng pharrnaceutical_cellulose_ capsules, the capsules suitable for 
'. ···~ . . . ' . .. . '. . . . . . ·:·:'.· . .-· .. : .: ·:-":· . . ... :.: :. . . ·. ';'. . . . .. 
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Fµ1~~;:~R~·.,f!~~H!~Ji!HP! madiili.es/~eatih · cai>sl:ti6 :cc>nsistihg· or two parts, a capsule. bo?Y 

and a capsule cap formed from an aqueous solution of a thermogelling cellulose <'th.er 

composition, comprising: a plurality of pins; greaser means for greasing the pins~ dipper 

means for dipping the pins into the solution to a dip line and gelatinizing soh~tion on the 

pins; dryer means for drying gelatinized solution on the pins to form,..68.~sule parts; 

automatics means for removing the capsule parts from the pins; and trahs;ort means for 
- ·>.· 

moving the pins in a closed loop path through the greaser means,.~e.dipper means, the 

dryer means, and the automatics means; wherein the automatics W.eans includes a gripper 
.·· -~·· 

adapted to grip a capsule part in a pin and break adhesion b~~een 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 wherein. ~tJ:i.t{ gripper, the actuator means and 
,· .. / 

the pin are movably mounted with respect to eacJ.i ·other to permit alignment such that the 
.. ·. ,· 

gripper may grip the capsule part while the ~~ui~ part is on the pin. 

According to still another aspect q(the present invention there is provided an 

apparatus for manufacturing pharma.ceuti.Cal cellulose capsules of a given size number, 
/". ;:~~ 

the capsules suitable for filling by :¥Psule filling machines, each capsule consisting of 

two parts, a capsule body and a eaP~ule cap, the body and cap each having an open end, 
... : 

the body and cap formed frortl'an aqueous solution of a thermogelling cellulose ether 

\,...-- composition, using cellulpse~apsule body-side forming pins and cellulose-capsule cap­

side forming pins as ni,bids, comprising: dipper means for dipping the pins into the 

solution and gela~iing solution on the surface of the pins; dryer means for drying 

gel~tinized soluti~~' on the surface of the pins to form 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 extending 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 defini~~ a cut-ppint.<liaJ.11~ter,at a P<J.Sition along the length of the pin body at which 
·. ·.· 

: ..... ;· .. · 



., 

\_) 

11f 

, iii¥.:;~~~B!~3ig~!l?0W:~: ~7,._ge~~:t.~q. fQr¥1 ··.~~·.··open ·eh(].;• :~l1~tein. qie · giy~!r ·.size··.· number . is 
. .. 

selected from among size numbers 00, 0, 1, 2, 3, and 4; and wherein each celhifose-

capsule forming pin is an undersized pin with respect to a corresponding coµyentional 

gelatin-capsule forming pin used for manufacturing a gelatin capsule par~ of the given 

size number, the cut-point diameter of the undersized pin being smaller· than the cut­

point diameter of the corresponding conventional gelatin-capsule for.rnllig pin. 

According to still another aspect of the present invention. .. there is provided an 
.. ·:• 

apparatus for manufacturing pharmaceutical cellulose capsul~ :.t>f a given size number, 

the capsules suitable for filling by capsule filling machineS,/each capsule consisting of 

two parts, a capsule body and a capsule cap, the body and>~ each having an open end, 
.. ·; 

the body and cap formed from an aqueous solution ot' a thermogelling cellulose ether 

composition, using cellulose-capsule body-side ~of#iing pins and cellulose-capsule cap­

side forming pins as molds, comprising: dip~~~ means for dipping the pins into the 
. ,. .. · .' 

solution and gelatinizing solution on the p~, to form on each pin a capsule part of .... .' ... · ... 

gelatinized solution; dryer means for cJfy~g gelatinized solution on the pins to form 
.. ; ... :, ~' 

capsule parts; and automatics means,f<;>:l removing the ~psule parts from the pins; each 
, ... 

cellulose-capsule forming pin havilig: an elongated pin body; a domed head located at 

one end of the pin body; an~:·~/~ubstantially .cylindrical sidewall s~rounding the pin 
..... 

body and extending from $~->domed head; wherein the given size number is selected 
.:·· ..... 

from among size numbers "000" "00" "O" "1" "2" "3" "4" and "5"· wherein the 
:.· . ' ' ' ' ' ' ' 

diameter of the substp1.ti~ly cylindrical sidewall of a cellulose-capsule forming pin is 
:' . .... 

sm~ler than a co~ponding diameter of a substantially cylindrical sidew~l of a 
;· 

corresponding gelatin-capsule forming pin used for manufacturing a gelatin capsule part 

of the given. sik number. 

Ac~~ding to yet another aspect of the present invention there is provided an 

apparams 'for manufacturing pharmaceutical cellulose capsules, the capsules suitable for 

fillin~ by capsule filling machines, each capsule consisting of a capsule body and a 

~J>sµle• eap .fotm~·;fF.<i~' .$_·.:aqµ~us. ~?lution_ qf··.a -th~rzn.ogelling cellulose ethet 
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~~1p.gp~,t~g1;}LSP!Pfj;~~.:,"-. ~:;P~';!~ifr of ~ill?~s eAA4:·,pillp~ h;iving ~ ~ar with a p~uralitr 
of pins mounted to the bar·; greaser means for greasing the pins; dipper 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 pinS to form 

capsule bodies and capsule caps; automatics means for removing the cap~tile parts from 

the pins; and transport means for moving the pinbars through th~ ·~r~er means, the 

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

includes a dipper dish for capsule bodies and a dipper dish fot,capsule caps, each dipper 

dish sized to accept the pins of a dipping group; and ·vvherein the apparatus further 

comprises non-contact heater means, located between.die greaser means and a dipper ... ': 

dish, for heating the pins of the dipping group, as a gfoup, by non-contact heating. 

DESCRlPTION OF THE PREF¢.Rmro EMBODJMENT(S) 

Figs lA, lB and lC show a prior art·q.psule body and cap . 
.... :··. 

Fig. 2 shows the elements of thltraditional (prior art) capsule manufacturing 
.• ·:··.: 

machine. 

Fig. 3 shows pins mounted,::i)il. a pinbar (prior art). 
,,· .. ·· 

Fig. 4 shows a pin dipp&i to a dip line (prior art). 

Fig. 5 shows a priqfait stripper .pushing a capsule part off a pin. 

Fig. 6 shows a pfior art stripper. 

Fig. 7 show~ .a·k:~fo trimming the rough edge of the capsule (prior art). 

Fig. SA shows a schematic embodiment of the present invention, including a 

pre~~at sectioJi and a kiln enclosure. 

Fig .. SB is a schematic cross-sectional elevation view of the drying kiln showing the 

enclosure and air flow. 

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

SB.' 

Fig~ 8D shows a schematic plan view of all sections between the split deck and the 

,.spinners. ··· .. :·;., _·.:_.::. 
· .. _::_.::_:·.·>· .. ·: · ... . 

~ .... :.··; .· .. 
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;;-',:f'~~~:~!i:4~~,~~:~g,,~~~~~,~~?,::~l~y~t~9~,:y1~ws·9(fiie eo!l.V~clon pr~h~at sy~tern:'·•···:•.: · .. · · 
Fig. 8G shows the insulation box for the table section. 

Fig. 9 shows a schematic embodiment of the present invention,, hicluding locations 

of the several preheat sections. . ...... ,: .... ;.·_.·' 

Figs. lOA and lOB show temperature sens6(~find under-deck heaters associated 
· .. ·:.: .. _' .. .:-· 

with the split deck. 
. .. ·· 

Fig. lOC shows a group :§thap pinbars and the corresponding group of body 

pinbars. 

Fig. l()D s:b.o\V~ the split deck layout for the bars of Fig. lOC. 

. :". ·:~··'·~· .:"··· ·. : 
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f'.·~~~:~~f.':~·••·::~~g£"49b:~·.::«d.¥ '.::·?i~c?~,l:>~ri~~tl!,)~:>.9:~ven .. p~nbC1 r · a..:r~. 
therma_lly i~olated one from another. Cap pinbars move i.n 
groups of twenty from station to station approximately every 

40-70 seconds·in the drying kilns and body pinbars do 
likewise. The direction of movement of the pinb~f;s is shown 

by the arrows in Fig. ioc. Such a group C?f pillbars has a 
length of 22 inches (56 cm), -the length of ·on$ pinbar~ and a 

width of 17 inches (43 cm), the width of ~~~hty pinbars. 
Supporting the pinbars in· the· last stati(:)ri of the drying 
kiln is the spl.it deck shown in plan viEiw. in. Fig. 100. 'l'he 

thermal isolators 102 and the portion$'>~f the deck 101 . . .... • . 

enclosed by the thermal isolators ar§·also shown in cross­

section elevation view _in Fig. 10~~-,..- Selective heating of 

different portions . of twenty pinl:l'~rs to compensate for pre­
d.fp dwell time and for temperaj;;,~~e grad lent· in the machine 

is achieved by controllers 10J .. controlling each of the 
i : ./ ::...... . 

several enclosed deck porti.9~s at a predetermined 

temperature. A temperatu7-~>'profile for a preferred 

embodiment of the preseni{:C:invention is given for each 
.' ;·I 

enclosed deck portion ;o:l of Fig. 100 in Table 6A for the 
/.' ·.: 

cap side and Table 6~/for the body side. The dimensions of 
the enclosed deck portions 101 in Fig. lOD are given in 
Table 7. 

,. ·:,· 

A B c, D 

°F (·":C) • F ( • C) • F ( • C) • F ( • C) 

306. <:(152) 251 (122) ·235 (113) 267 (131) 

2 iai:· cs2. 8) 178 (81.1) 153 (67.2) 174 (78.9) 
,.· ... 

3 . :193 (89.4) 165 (73.9) 135 (57.2) 142 (61.1) 

,. 

TABLE, 6~ - <;AP . SIDE f3~f'I'.f;: OECK TE?-ll?ERATURE PROFILE 
·'::L'.;·. ::.:_.:_.:_-..: ... :":: .. : .. -:: ...• = .. ·· ..."-= •. ·:.:· :-.:: :·:. •• . •.. 
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i ),,~f~~J i;f ·~;;;,ri;g ·.~a. cellulose capsules of a given. Siu 

number, the capsules suitable for filling by capsule filling machines, eac~ capsule 

consisting of two parts, a capsule body and a capsule cap, from an aqueoussdfotion of a 

thermogelling cellulose ether composition, using a capsule machine ha"\7~· capsule body 

pins and capsule cap pins as molds, comprising the steps of: 

heating the pins; 

dipping the pins il,tto the solution to cause the solution .. tt.>··gelatinize on the surface 

of the pins thus forming a gelatinized solution; · · ;· 

drying the gelatinized solution on the surface ?(~~ pins to form capsule bodies 

and capsule caps; and 

removing the capsule bodies and capsule aips from the pins; 
/. :.-

wherein drying the gelatinized soluti6n includes moving the pins through an 
/.· · ..... .. . _. ... 

enclosure 'and moving air over the p~': within the enclosure, the air moving in a 
,/: 

direction opposed to the direction of m,.6.v~ment of the pins; 
....... ·. 

such that, during an early &f#ge of drying, the gelatinized solution on the pins 

encounters humid air; and 
.. : .: 

during a later stage of sk'~fug encounters drier air. 

2. A method of manuf~ing pharmaceutical cellulose capsules suitable for filling by .... 

capsule filling machin~, each capsule consisting of two parts, a capsule body and a 

capsule cap, from ~aqueous solution of a thermogelling cellulose ether composition, 

usi.Q.g a capsule jnachine having capsule body pins and capsule cap pins as molds, 

comprising the ~teps of: 
i 

gelatinizing 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; 

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

and 

removing the ~I>s.~lebo~es .. ~~~~;~~rsu~~ caps from the pins; 
·····:··.·_.:, ... .".:· .·:.,.:· 
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. ·::-:' '\.::·,i:}YP.~f.~Wi-:f~lpg~·· tile ·,g~l~tii;M~ ~olutjon_. ~rielucl~s . llJ.()'Vin~. tl.J,e p~ ~ough art 

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

direction opposed to the direction of movement of the pins; 

such that, during an early stage of drying, the gelatinized solution o~ the pins 

encounters humid air; and 

during a later stage of drying encounters drier air. .. .. · .. :,::. 

. ~~· 

3. A method according to claim 2, wherein moving air in a dir~tion opposed to the 

direction of movement of. the pins includes moving air over capsµiK body pins at one rate 
.. ·.-·:.-.·· 

and moving air over capsule cap pins at a different rate. 
_.: .· .. / 

4. A ~ethod according to claim 2, further compri~fug:.· the step of controlling the 

humidity of air entering the enclosure. 
...... ··.:··./' 

.. ~···:;:-" 

<.·.·f 

5. A method according to claim 4, further ~ill.prising th~ step of controlling the 
,' ...... · 

humidity of air entering the enclosure within ~{t~ge 0.006-0.012 lb water/lb air (0.6-
/: / 

. 1.2 percent). 

6. 

/:··.:.:·.' 

A method according to claim 2,_/~ther comprising the step of controlling the 

temperature of air entering the enclo~~ci within a range 125°F-180°F (52°C-82°C). 

7. A method according to clajrii 2, further comprising the step of heating the pins 

within the. enclosure to achi~v~:·a predetermined air temperature profile within the 

v enclosure. 

8. A method accordirm to claim 2, further comprising the step of controlling the flow 

of air within the enclb~ure to achieve a predetermined humidity profile within the 

· enclosure. 

9; A method according to claim 2, wherein drying the gelatinized solution on the pins 

includes heatiµg a pin via a bar in an early stage of drying such that heat applied via the 

bar and th~ pin at an inner surface of a capsule part in combination with humid air 

surrounding the capsule part causes the capsule part to dry slowly from the inside-out. 

10. ·A method according to claim 2, wherein drying the gelatinized solution on the pins 

inciud.es hktillg a :phfby. r~di~ht heat iiiari'··~iy . ~tage'. of drying such that the radrartt 
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::~h~~,~~~~:;2~~tu~Pr<~¥ '.<?f:: ~··<::~1'~4'.l~:i>art 1n:··e<>m.1:Jiliati6llwttli .. httilliCi.•• 8.it surrounding the··.: 

capsule part causes the capsele part to dry slowly from the inside-out. 
. : .. 

11. A method according to claim 5, further including the step of controlling 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 cap~~les 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 'qtl~us solution of a 

ther.t;n.ogelling cellulose ether composition, using a capsule macbfiie having capsule body 

pins and capsule cap pins as mods, and using a plurality of pinlfars, each pinbar having a 
,. 

bar with a plurality of pins mounted to the bar, comprising''.th~ steps of: 

heating the pins; ...... 

dipping the pins into the solution to cause tht} .. ~dlution to gelatinize on the surface 
.. ·:·:_::/ 

of the pins; 
./.:.:·;"· 

further gelatinizing the gelatinized solµflbn, in humid .air inside a kiln, on the 

surface of the pins by applying radiant hea£t;om a dome-setter radiant heater mounted 

within the kiln and facing the plane of _i;t·ptfuiar array of domes; 

drying the gelatinized solutio11·'c;>n the surface of the pins to form capsule bodies 
,.:·: 

and capsule caps; and 

removing the capsule b~~;tjes and capsule caps from the pins . 
. /·.··: 

13. A method according/~() claim 12, wherein further gelatinizing the gelatinized 

solution includes placing' a group of pinbars, pins pointing up, below the dome setter 

radiant heater. 

14. A method according to claim 12, wherein further gelatinizing the gelatinized 
...... ' 

solution inchid¢g·heating the pins via the bars. 

15. A met:hod according to claim 12, wherein further gelatinizing the gelatinized 

solution includes setting the solution, while spinning the pins within a spinner enclosure, 

by radiant heat from radiant heaters mounted within the enclosure, and by air blown over 

thepinse:: 
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i~.: · ... ~.m.~µi94 q( rri~li#f"a#tiJrlAg· I>futrtila~e\Itical~n111ose eapsules; the capsl.lle8 suitabl¢' 

' 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 composition, 

using capsule body pins and capsule cap pins as molds, an~ using a plurality of pinbars, 

each pinbar having a bar with a plurality of pins mounted to the bar' ' comprising the 
'., 

steps of: 
: .. / 

:·· ... 
.. ··.-' 

a) dipping hot pins into the solution such that heat from a. puf~uses solution to 

gel~tiniz.e on the surface of the pin; 

b) drying gelatiniz.ed solution on the surface of th~· J>!ns of a drying group of 
-··.:._:.-" 

pinbars to form capsule bodies and capsule caps; ··.:. _,.· 

,.'. :·./ 

c) . · differentially heating the pins of the c1rym.g\~oup of pinbars in accordance 
'·"." / 

with the expected differential heat loss between di(f¢t~~tially heating and dipping; 

d) removing the capsule bodies and cap~~ie caps from the pins; 
.~ - ·' .~ 

,(,-.,_~· 

e) greasing the pins; and :'·.·, 
··/ 

/:· 

f) moving the pins in a closed ~oqi,,.~o as to repeat steps a) through e); 

further comprising the step qf<'p~~viding supplemental heat to the pins, after 
/ ·:"/· 

removing capsule bodies and capsrillcaps from the pins and before dipping the pins, by 

non-contact heating such that ~~ ~·ins have a predetermined dip temperature at dipping. 

v 17. A method according_ tc>:tlaim 16, wherein providing supplemental heat to the pins 

includes heating the pin{by thermal convection. 

18. A method a~.ording to claim 16, wherein providing supplemental heat to the pins 

includes heating the pins by radiant energy. 

19. A method according to claim 16, wherein providing supplemental heat to the pins 

includes heating a group of pins conductively via a bar after greasing the pins. 

20. A• .. niethod according to claim 16, wherein.providing supplemental heat to the pins 

includes 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 

·.· occurs before gr~ing; ·=: .. 
. . .... -~ ··. '. 
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·~2. ·. ,~:tj:1¢tti,94·:'.aciotdmg:to :cia(m·t6~:)vliereiJ:l ~e'-.S:tei> 9fptovidiilgsupplementaI h~.~t 

occm:s during greasing. 

23. A method ·according to claim 16, wherein the step of providing supplemental heat 

occurs after greasing. 

24. A method according to claim 16, having a predetermined body pin dip.4emperature 
· .. · 

···i· 

of approximately 152°F (66. 7°C). 

25. A method according to claim 16, having a predetermined body·pfu dip temperature 

in the range of 144°F-l56°F (62.2°C-68.9°C). 

26. A method according to claim 16, wherein differentially/heating the pins includes 
':· .' 

exposing the pins to a predetermined temperature profile <h~ving temperatures greater 

than the predetermined pin dip temperature. 
/·.·.· 

27. A method of manufacturing pharmaceutical ce!ltfi&e capsules, the capsules suitable 
. ,/;·:: 

for filling by capsule filling machines, each caps}li~'consisting of a capsule body and a 
; ' 

capsule cap, from an aqueous solution of a tJ;i¢pnogelling cellulose ether composition, 
{· · .. : 

using capsule body pins and capsule cap pins' as molds, and using a plurality of pinbars, 
l' .. 

. ·: .. ,,.· 

each pinbar having a bar with a plurality'.Ot)f pins mo~nted to the bar, comprising the 

steps of: 

a) greasing the pins; 

b) dipping hot pins int9·the solution such that heat from a pin causes solution to 

gelatinize on the surface of tlie pin; 

c) drying gelatinizCd solution on the surface of the pins of a drying group of 
: ·._,-

pinP.ars to form capsule bodies and capsule caps; 

d) differentially heating the pins ·of the drying group of pinbars in accordance 

with the expected differential heat loss between differentially heating and dipping, such 

that pins haye a predetermined dip temperature at dipping; 

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

t) moving the pins jn a dosed loop &O as .to repeat steps,. a) through e). 
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2&~ .·1'.~}P~Yf9;~)::~R~~~ tR. f~4i~>·~1,··vy~~l'~iJ;l: ??~~·J>ins ,~~~ ... a. pr~~ter111~ned dip .. · 

temperature of approximately 152°F (66.7°C) and cap pins have a predetermined 41p 

temperature of approximately 151°F (66. °C). 
./::>.:... . 

29. A method according to claim . 27, wherein body pins have a prede~rmined dip 

temperature in the range of 144°F-156°F (62.2°C-68.9°C} and cap <I>ins have a 

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

30. A method according to claim 27, wherein step d) includes c4tfetentially heating on 

a split deck having a predetermined temperature profile. 
.. /· .. :· 

/. 

/ •. = .. · 

31. A method according to claim 30, wherein the predete!n,i·ned temperature profile is 

shaped to compensate for differential cooling of pins :resulting from different pinbars . 
."::'.".' 

having different wait times between heating and dipp~( .. 
.-. i·"" 

32. A method according to claim 30, wherein fh:ejifedetermined temperature profile is 

shaped to compensate for different pins, with~ a.·ffeoup .of pins mounted to a bar, having 

different cooling rates according to position 9#,fb.e bar . 
. : -: ·~. 

33. A method according to claim 27, tu,:th~~ including the step of: 
.- .. · 

heating the pins of the dipping gr(fup, as a group, by non-contact heating between 
..... ~: 

the greasing the pins and dipping ~e·'pins. 

34. A method of manufacturi11:g(pharmaceutical cellulose capsules, the capsules suitable 
,· .· 

for filling by capsule filling .~hines, each capsule consisting of a capsule body and a 

capsule cap, from an aqu~s solution of a thermogelling cellulose ether composition, in 

a capsule machine using bapsule body pins and capsule cap pins as molds, and using a 

plu~ality of pinbars,· ~a~h pinbar having a bar with a plurality of pins mounted to the bar, 

comprising the. steps of: 

a) gt~a8ing the pins to form a layer of grease on a pin; 

b) . heating the pins of a dipping 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 disturbed· . · ·· .· . . , 
. .:.·: · . . ··: ..... 
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· ;:· ·_._; __ ,7~fa:'.,:/i~Rg,~-~~<~~:~~~: :~~fr~~-:.:~~ •• :~iprmg.' .~r<?~PE~f pinb~~· _3:$· .. ~. ~~()up, into .~e 
solution so that heat from a pin causes solution to gelatinize on the surface of the pi~; 

d) drying the gelatinized solution on the surface of the pins to fo~rri capsule 

bodies and capsule caps; 

e) removing the capsule bodies and capsule caps from the pins; ·and 

t) moving the pips in a closed loop so as to repeat steps a) tlirough e); 

such as to m~ize cellulose capsule wall thickness vatfu~on caused by pin 

temperature differences at dipping and by disturbance to a laye.r-·of grease on a pin. 

35. A method according to claim 34, wherein non-coD;tactheating includes heating by 

thermal conduction via a bar. 

36. A method accord~g to claim 34, wherein tµe gtep of heating the pins occurs in an 

extended dipper section prior to dipping. 

37. A method of manufacturing phar~utical cellulose capsules of a given size 
t' . . ,. 

number, the capsules suitable for fillhlg by capsule filling machines, each capsule 

consisting of two parts, a capsule boqy' and a capsule cap, from an aqueous solution of a 

thermogelling cellulose ether ¢hi.position, using cellulose-capsul~ body-side forming 

pins and cellulose-capsule cap,$ide forming pins as molds, comprising the steps of: 

gelatinizing solution Qri.·a pin, including dipping a pin in the solution to a dip line, 

V to form on the pin a capsule part of gelatinized solution; 

drying the ~sule part on the pin; 

removing the capsule part from the pin; 

.· transporting a plurality of pins through the steps of gelatinizing, drying and 

removing, :in a closed path; 

using a cellulose-capsule forming 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; 
. . ··: .. ·. <: ·:· .. : .· . · ... 

: · ... 
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. . r 

has substantially the same overall diameter as the corresponding gelatin capsule '.part of 

the given size-number and a greater wall thickness than the wall thickness of the 

corresponding gelatin capsule part of the given size-number . 

. 38. A method according to claim. 37, using a body-side cellulose capsule forming pin 

having a cut-point diameter in the range 0.2775 - 0.2815 inch (7.Q5- 7.15 mm) to make 

a cellulose capsule body for an "O" size capsule. 

39. A method according to claim 37, using a cap-side ·cellulose capsule forming pin 
.-": ·. 

having a cut-point diameter in the range 0.2905 - 0.29~S inch (7.38 - 7.48 mm) to make 

a cellulose capsule cap for an "O" size capsule. 

40. A method according to claim 37, using a.t?bdy-side cellulose capsule forming pin 
... ; 

having a cut-point diameter in the range 0.3~os··_ 0.3173 inch (7.89 - 8.06 mm) to make 

a cellulose capsule body for an "00" size .c4P-~ule. 
41. A method according to claim ~i}"hsing a cap-side cellulose capsule forming pin 

having a cut-point diameter in the fa'#~e 0.3276 - 0.3332 inch (8.32 - 8.46 mm) to make 
~· .... 

a cellulose capsule cap for an "QC)~ 'size capsule . 
. · ~ : 

42. A method according to ·¢1aim 37, using a body-side cellulose capsule forming pin 
. .. · ... ··..: 

having a cut-point diamet¢r:fn the range 0.2503 - 0.2557 inch (6.36 - 6.50 mm) to make 

~ cellulose capsule body ':f~r a n 1 n size capsule . 
.. ··. 

43. A method accbtding to claim 37, using a cap-side cellulose capsule forming pin 

having a cut-point diameter in the range 0.2622 - 0.2667 inch (6.66 - 6.77 mm) to make 

a c~llulose capsule cap for a "1" size capsule. 

44. A method according to claim 37, using a body-side cellulose capsule forming pin 

having a cut-point diameter in the range 0.2289 - 0.2339 inch (5.81 - 5.94 mm) to make 

a cellulose capsule body for a "2" size capsule. 

45. . A method according to claim 37, using a cap-side cellulose capsule forming pin 

. having a cut-point diameter in the· range 0.2397 - 0.2438 inch (6.09 - 6.19 mm) to make 

. acellu}ose ~s~le· cap f()r ~ "2-'~ siz~ caj?~~le. . . 
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4~.f,. ;:L~~·A~~:th99r.:~q~fdJ;4~ =W .Pl~lµl =:37, ~sing· a ~()~y~si4.~. ¢.eJlijJoS.e ~apsule foi;ming pig: 

having a cut-point diameter in the range 0.2095 - 0.2140 inch (5.32 - 5.44 mm) to niake 

a cellulose capsule body for a "3" size capsule. 
.: .. ·_, 

47. A method according to claim 37, using a cap-side cellulose capsule forming pin 

having a cut-point diameter in the range 0.2202 - 0.2240 inch (5.60 - 5.69 mm) to make 

a cellulose capsule cap for a "3" size capsule. 

48. A method according to claim 37, using a body-side cellulos~·~'sule forming pin 
.·:· .... 

having a cut-point diameter in the range 0.1900 - 0.1941 inch (~:83 - 4.93 mm) to make 

a cellulose capsule body for a n 4" si.Ze capsule. 
,· .. :·,.· 

. -:·.· 

49. A method according to claim 37, using a cap-sid~o:'cellulose capsule forming pin 

having a cut-point diameter in the range 0.1997 - o.29~i.:lnch (5.07 - 5.16 mm) to make 

a cellulose capsule cap for a n 4 n size capsule. 
...... :·::::_·:.: 

:.< .. 
.. '· .. ~ ;' 
i:·:.:\,. 

50. A method of manufacturing pharmaceutipaI cellulose capsules of a given size 
;·:·y 
·:.··· 

number, the capsules suitable for filling .by .. capsule filling machines, each capsule 
'..:·::.· 

consisting of two parts, a capsule body aµ.d/~ capsule cap, from an aqueous solution of a 
..... .. : 

thermogelling cellulose ether comp()~#ibn, using cellulose-capsule body-side forming 

pins and cellulose-capsule cap-S.i~: forming pins as molds, each cellulose-capsule 

forming pin having an elonga~d pin body, a domed head located at one end of the pin 

body, and a substantlally cyl,iri.~ical sidewall surrounding the pin body and extending 

from the domed head,. ~esubstantially cylindrical sidewall having a diameter, the 

method comprising the. s·teps of: 
··:·· 

. . gelatinizing solution on a pin, including dipping a pin in the solution to a dip line, 
.··: .. · 

to form on the ,pii{ a capsule part of gelatinized solution; 

drying the capsule part on the pin; 

removing the capsule part from the pin; 

.····transporting a plurality of pins through the steps of gelatinizing, drying and 

remoying, ·Jn a plqsed pi:tth; ancf ··:· 
-~. ,. : .... . . .. ... ·' .... · . .··. ·.:··,-·,. 
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::;;::;5;~~,~~-~~]~~~i~~t~,~~~~:i,~£?fph1g .... J?i~-- 'th~!f Jt:.:Yiid~t:~~~- ~-itl1. _ resp~t- .. to ~.· 
corresponding gelatin-capsule forming pin used for manufacturing a gelatin capsule part 

~ of the given size number, the diameter of the substantially cylindrical sidewall- ()f the 

cellulose-capsule · forming pin being smaller than a corresponding diameter of a 

substantially cylindrical sidewall of the corresponding gelatin-capsule fortri_ing _ pin, the 

cellulose-capsule forming pin sired so as to make a cellulose caps~b part that has 

substantially the same overall diameter as a corresponding gelatiJ:i: &ipsule part of the 

given size-number. 
<:.·._: .. ·· 

(.··· 

51. A method according to claim 50, using a cellulose-capsiil~ forming pin to make a 

cellulose capsule cap for an "O" size capsule, the c¢llulose-capsule forming pin 
,i·: 

undersired by an amount in the range of approximately:0.002 - 0.006 inch (0.05 - 0.15 
.•.··.: 

mm). _ .. <·_.:· 
.. 

52. A method according to claim 50, the celluJdse-capsule forming pin sized so as to 
' 

make a cellulose capsule part that has subsijrlitially the same overall diameter as the 
:' ···:: 

corresponding gelatin capsule part of the.,giVen sire-number and a greater wall thickness 

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

size-number. 
,·. ·' 

_..< _..., .. · 

53. A method according to cbi~· 54, for forming a thick wall cellulose capsule body, 
. ,·. ·. 

wherein the diameter of th_e··~hbstantially cylindrical sidewall of the cellulose-capsule 
.... : 

forming pin is smaller trulri' the diameter of the substantially cylindrical sidewall of the 

corresponding conve1:1-t~~~ gelatin-capsule forming pin by approximately 1. 3 percent. 

54 .. · A method acgording to claim 54, for forming a thick wall cellulose capsule cap, 
,· ... 

wherein the diameter of the substantially cylindrical sidewall of the cellulose-capsule 

forming pin i~ smaller than the diameter of the substantially cylindrical sidewall of the 

corresponding conventional gelatjn-capsule forming pin by approximately 1.6 percent. 

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

hot pin int<rme.>$<>lution;- · --- · ,· :·;._ ·.' . .;~.· .... :· ... :. '··:. .. · 
~··. 
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56~ -.. -~;:~~~~~i~~~~~~dfil·~tf$~fi~:~.:~9 .. T:·?.:?"•,'l?J;:.~in.~.a5~1l1:1.l?~~ ~ps11le. p~t· of_•:,· 

any one of sizes "000", "00", "l ", "2", "3", "4" and "5", the cellulose-capsule formi1l.g 

pin undersized proportionally . 
. .'.;· 

57. An apparatus for manufacturing pharmaceutical cellulose capsules, ~e>Ca.psules 

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 thermogeUitig/cellulose ether 
·' ·;· 

composition, comprising: 

a plurality of pinbars, each pinbar having a bar with a pl~ity of pins mounted to 

the bar; 
/'.: .. /' 

greaser means for greasing the pins; ,<) 
dipper means for dipping hot pins into the soh~tjo~·· to cause solution to gelatinize 

on the surface of the pins; 

dryer means for drying gelatinized solutj.()rt·•·'on the surface of the pins of a drying 
....... ; 

group ofpinbars, as a group, to form capsul~.bodies and capsule caps; 

differential heater means for diffe~entially heating the pins of the drying group; 

automatics means for removing.the capsule parts from the pins; and 
' .·. ~-

transport means for moving .4i,e 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 differeJ:liliil heater means is positioned to receive the drying group of 
_.:···: .. · 

pinbars as a group, ruid. includes means for differentially heating the pins of the drying 

grotJp of pinbars in::brdance with the e~pected differential heat loss from the pins as 

the pins move from the differential heater means through the automatics means and 

through the ~teaser means to the dipper means. 

58. An apparatus 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. grmm· by therinal cbn(JtJ(iti~~·vi~.th~ ~ars :· 
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r59i .. ·:~\:~:t~ep~~~(~~t~:it•g:,:·t~> ~laiµ1 · 5,7, :· \Yher~ili •· tfie 4tY.e~ l:neans includes · .. a. duct . 

having a pin-exit end, and the differential heater means is lecated within the duct at the 

pin-exit end. 

60. An apparatus according to claim 58, further including means for sens'ing and 

controlling temperature so as to maintain a predefined temperature profile·::o~~r the split 

deck. 

61. An apparatus according to claim 58, the split deck adapted to@ply heat selectively 
.·.;: 

to points along the length of a bar. . 
/ .· / 

~· . :.' 

62. An apparatus according to claim 57, further including/supplemental heater means, 

(_j located between the automatics and the dipper means, ,f~~,:.heating the pins by thermal 

v 

convection. 

63. An apparatus according to claim 57, furt4e~·>'including a radiant heater located 
....... · 

between the automatics and the dipper means.//: __ . 

64. An apparatus according to claim 57, ,~herein the dipper means includes a dipper ,. ... 

dish for capsule bodies and a dipper dµ;~·':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 greaset._I1leans and a dipper dish, for heating the pins of the 

dipping group, by thermal con9uc1:ion via the bars of tlie dipping group. 

65. An apparatus for manu:(acturing pharmaceutical capsules, the capsules suitable for 

filling by capsule filling ~irutchines, each capsule consisting of a capsule body and a 

capsule cap formed .· ·from an aqueous solution of a thermogelling cellulose ether 

composition, comJ:>rising: 

a plurality of pinbars, each pinbar having a bar with a plilrality of pins mounted to 

the bar, each pin having a dome; 

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

~urface of the pi11~; . 
. . ·· .. ·::· .. ···. : ·:,. 
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.. :g~m~>~~ ;:.~?~i'.~~3::J~~i~~la~iiJ,Jzed•_.s~(u.ti~~ .. tjn :!}l~·. ~ur.f~·-· of .th~ . pins. 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, tb.¢:dryer means 

and the automatics means; 

wherein the dryer means includes a dome-setter radiant h~t¢i~ proximate to the 

pin-entry end, _disposed to radiate heat onto gelatinized solution.~n the domes of the pins 

of the drying group of pinbars axially with respect to the p~.:~o as. to further gelatinize 
•.. : ··1 

the solution on the surface of the domes. 
.... 
'·:·· 

_.:.····:·· 
:.-.··;: 

66. · An apparatus for manufacturing pharmaceuti~);~nulose capsules, the capsules 
.·: 

suitable for filling by capsule filling machines, eac;Ji..fu~sule consisting of a capsule body 
... ·:.·:: 

and a capsule cap formed from an aqueous solUtlon of a thermogelling cellulose ether .......... 

composition, using pins as molds, comprisiogj: .· 
· . .-··;· 

dipper means for dipping the pins ifitb. the solution and gelatinizing solution on the 

surface of the pins; 

dryer means for drying ge!a#riized solution on the surface of the pins to form 
•. _ .. =;.: 

capsule bodies and capsule cap~;· . • .· 

automatics means for !~Ih~ving the Capsule parts from the pins; and 

transport means fo{ rhoving the pins in a closed loop path through the dipper 

means, the dryer. meanSand the automatics means; 

. wherein the _dryer means includes an elongated duct enclosing a portion of the 

transport means, the duct having a pin-entry and an air outlet proximate to the pin-entry, 

and a pin-exitand an air inlet proximate to the pin exit, ·the transport means adapted to . . ' 

move pinbars with pins carrying gelatinized solution through the duct from the pin-entry 

to the pin-exit, the dryer means having means for moving counterflow air within the duct 

from tb.e air inlet tQJhe air outlet, such tJ:rat air: f1mv,s firstover gela~inized solution on an 
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pin. 

67. An apparatus according to claim 66, wherein the dryer means is adapted to provide 

counterflow air within the duct substantially overall. 

68. An apparatus for manufacturing pharmaceutical capsules, the capsules·~uitable for 

filling by capsule filling machines, each capsule consisting of a capstile body and a 
, .. ·:· 

capsule cap formed from an aqueous solution of a thermoge1Iiilg cellulose ether 
.·· .. ·:···· 

composition, ~ing pins as molds_, comprising: 

dipper means for dipping the pins into the solution ~d· g'elatinizing solution on the 

surface of the pins; 
/· ···,· 

dryer means for drying gelatinized solution 01f.fue surface of the pins to form 
..... 

capsule bodies and capsule caps; 

automatics means for removing the capsul~.p·arts from the pins; and 

transport means for moving the pins ·iri a closed loop path through the dipper 

means, the dryer means and the automat~c8-ineans; 

wherein the dryer means inclU;4¢s; an elongated duct enclosing a portion of the 

transport means, the duct having a_.;pin-entry and an air outlet proximate to the pin-entry, 

and a pin-exit and an air inlet pro:ximate to the pin-exit, the transport means adapted to 

move pinbars with pins carryillg gelatinized 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, $tich that air moving within the duct moves successively over 
/·.· . ... 

gelatinized solution on ihcreasingly later-dipped pins. 

69. An apparatus for manufacturing pharmaceutical cellulose capsules, the capsules 
·.: .· '· 

suitable for fUling by capsule filling machines, each capsule consisting 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 pins;> · · . . . . .. . . . "'· .. • .... ·. . ..... · 



------------------ -----

\ .. 

52 

.· -··- · .-- > .• •. -_ 4~PP~~- ~~~-:::fq~::-.9~P~P~-:1~n'·p.~.--·-into·-~~--s~l~ti()n ~·•a: .dip_ ~.ine_~nd_gelatinizin~_ -.•. 

solution 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 dipper means, the dryer means, and the automatics means; 
. ,.· 

wherein the automatics means includes a gripper adapted to grip. '.a bapsule part in a 
·.·.·: 

pin and break adhesion between all adhering surfaces of the capsul~ part and the pin to 

facilitate removal of the capsule part from the pin, and actuatof:~eans for driving the 
..... 

gripper; and 

wherein the gripper, the actuator means and the pili_:-are movably mounted with 
. . ·i 

respect to each other to permit alignment such that th~~;:~ipper may grip the capsule part 

while th~ capsule part is on the pin. 

70. An apparatus according to claim 69, : .. :· .. : 
... :·:;:" 

wherein the automatics means includes)iimmer means for trimming a capsule part . 

at a trim line after removal of the capsul~ ~~t from the pin; and 
/··'·; 

wherein the gripper, the actuat<J'~;means and the pin are movably mounted with 
.:·:.·· 

respect to each other to permit al~~*riient such that the gripper may grip the capsule part 

between the trim line and the dip_:~fue. 
71. An apparatus for mat:J,1i~bturing pharmaceutical cellulose capsules of a given size 

number, the capsules sultable for filling 'by capsule filling machines, each capsule 

con~jsting of two partS; -a. capsule body and a capsule cap, the body and· cap each having 

an open end, the· -µody and cap formed 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: 

-dipper means for dipping the pins into the solution and gelatinizing solution on the 

surface of the pi~; 
·. ····,t' ., :.-·. _:.:>- ... 
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---- -- ---o/"~rf-_;~-N~~.-~~J:':!4f~i~?,:~:1~~pi~, s·or~ti9(t-~_9J:i,th¢:$11rrace--ortli~--:p~_Jls- to forn1 

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 extend;~- from the domed 

head, the sidewall having a diameter which varies along the leJ?.g91' of the pin body such 
... ·, .. · 

as to provide a taper with narrower dimension toward the h~~(fend of the pin body, and 

V a cut-point defining a cut-point diameter at a position_ along :~e length of the pin body at 
./ .. ~5· 

which the capsule part may be cut to form the open en;4;\ .. 
:'.·. ·~. 

wherein the given size number iS selected fronl.:~ong size numbers 00, 0, 1, 2, 3, 

and 4; and 
.·.:··.: 

wherein each cellulose-capsule formingj)fu is an undersized pin with respect to a 
;·· .· . .... _,,. 

corresponding conventional gelatin-capsu~{-torming pin used. for manufacturing a gelatin 

capsule part of the given size number,/tli,e''cut-point diameter of the undersized pin being 

smaller than the cut-point diametep:·c,:r the corresponding conventional gelatin-capsule 
... .: .. 

forming pin. 
,/ :·.::--· 

... _:,.: 

72. An apparatus accordin,g· to claim 71, wherein the cut-point diameter of the 

undersized pin is smaller thaji the cut-point diameter of the corresponding conventional 

gelatin-capsule forming•~in by an amount in the range of approximately 0.7 - 2.0 

per~nt. 

73. An apparatu~ -according to claim 72, wherein the cut-point diameter of the 

undersized pinJi{ smaller than the cut-point diameter of the corresponding conventional 

gelatin-capsule forming pin by approxilll:ately 1.3 percent. 

74. An apparatus according to claim 71, ·wherein the cut-point diameter of the 

undersized pin for forming.a ·"·O" s!ze·cipsule pfu-t. ik•srlwlet-th~th~ cut..,point diameter' 
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·Qfa ~¢.9tf~R~~l~~-~~X:7:~~3y~;b~~~~~~;paRs:'1~~.-??·'~ .. -•. ~-~~~ f?r1:l1ing pin· by"· an am_ount in· _!he 

range of approximately 0.002 - 0.006 inch (0.05 - 0.15 mm). -

75. An apparatus according to claim 74, wherein the cut-point diameter of the 

undersized pin for forming a "O" size cellulose capsule part is smaller than th~. cut-point 

diameter of the corresponding conventional gelatin-capsule "O" size fortriing pin by 

approximately 0.004 inch (0.10 mm). ..\·.·:· 
.. ·· .. · 

··::·· 

76. An apparatus according to claim 71, for forming a thick wall 9elfolose capsule cap, 
.. :. / 

wherein the cut-point diameter of the undersized pin for formmg a thick wall cellulose 

capsule cap is smaller than the cut-point diameter of the qc)rtesponding conventional 
..-: ·.'"· 

gelatin-capsule forming pin by an amount in the rangt1 .. :bt approximately 1.0 - 2.3 
,:,-.. 

percent. 
.· .. 

/ · .. / 

77. An apparatus according to claim 76, for formm.g)a thick wall cellulose capsule cap, 
·;, 

wherein the cut-point diameter of the undersized,J)hi for forming the thick wall cellulose 
, ... : 

capsule cap is smaller than the cut-point d~eter of the corresponding conventional 

gelatin-capsule forming pin by approxima~ly:'~l. 6 percent. 
/''.: 

78. An apparatus according to claim./7.f, for forming a thick wall "O" size cellulose 
,, :· 

capsule cap, wherein the cut-point q~ai'eter of the undersized pin for forming the thick 
/·. ·= ••. 

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

~ corresponding conventional g~J~tin-capsule "O" size forming pin by an amount in the 
.. '.:_::.· 

range of approximately 0.003 ·~· 0.007 inch (0.08 - 0.18 mm). 
i 

79. An apparatus according to claim 78, for forming a thick wall "O" size cellulose 

cap~:ule cap, wherein the 'cut-point diameter of the undersized pin for forming the thick 

wall "O" size celltifose capsule cap is smaller than the cut-point diameter of the 

corresponding conventional gelatin-capsule "O" size forming pin by approximately 0.005 

inch (0.13 mniJ." 

80. An apparatus 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 ~psule_. pody is. smaller tluµ1 the cµt-point diaI11eter of the corresponding 
··.·.·.· .: ... :_._::··.. · ...... ·:<: ... :·:._:_(·: .. ::· .. ·. ·. ·. ._.~·:·:' •"' 
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- 2.7 percent. 
. " 

81. An apparatus according to claim 80, 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 pofresponding 

conventional gelatin-capsule forming pin by approximately 2.0 percent. 
··. ~ ·:·/ . 

82. An apparatus according to claim 71, for forming a thick walr·.~ri .. size cellulose 

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

wall "O" size cellulose capsule body is smaller than the /cut-point diameter of a · 

\.....!. corresponding conventional gelatin-capsule "O" size form~ pin by an amount in the 

range of approximately 0.004 - 0.008 inch (0.10 - 0.20 i;n:in). 

83. An apparatus according to claim 82, for formilii. a thick wall "O" size cellulose 
./ ··: .. 

capsule body, wherein the cut-point diameter of ~¢~'rindersized pin for forming the thick 
... · .. 

wall "O" size cellulose capsule body is sma,JJ.~r than the cut-point diameter of the 

corresponding conventional gelatin-capsule '.'.0'!" size forming pin by approximately 0.006 
_.··. 

inch (0.15 mm). 

84. An apparatus according to claim .. ~'.1,wherein the size number is "O", and the body­

side undersized pin has a cut-pointdfameter in the range 0.2795 - 0.2835 inch (7 .10 -

7.20 mm). 

85. An apparatus according . i~ claim 71 for making a thick wall cellulose capsule, 

wherein the size numbe:r<.is "O", and the body-side undersized pin has a cut-point 

diameter in the range Q:2775 - 0.2815 inch (7.05 - 7.15 mm) . 
. · ... 

86. An apparatus according to claim 71 for making a thick wall cellulose capsule, 

wherein the sizeimmber is "00", and the body-side undersized pin has a cut-point 

diameter in 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 capsule, 

wherein the size number is "1 ", and the body-side undersized pin has a cut-point 

d\aineter.in th.etirtge 0.2503•·~ 0.'2557irtcll'(6:36 ~ 6.SO··frih1). : 
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..•. 8.s •• · .. ''.4A}~pg'r.~~~r~~~f:~i~~LJB;:;8~~1P.: ._·7_1 .•• J9:.··ip~~~--~ •. :1:hic~ -_·y.r~1. ~lh1l?se ... · (!apsu}e, 

wherein the size number is "2", and the body-side undersized pin has a cut'."':Point 

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 cellul~e capsule, 

wherein the size number is 113 ", and the body-side undersized pin J:mi 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 vvati cellulose capsule, 

wherein the size number is "4", and the body-side unde~~d pin has a cut-point 
...... · ... 

diameter in the range 0.1900 - 0.1941 inch (4.83 - 4.93 m.i:n:>..> 

91. An apparatus for manufacturing pharmaceutical ~l,itllose capsules of a given size 
.•· :·. 

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

consisting of two parts, a capsule body and a caP.shl~ cap, the body and cap each having 

an open end, the body and cap formed frmµ·· ~ aqueous solution of a thermogelling 

cellulose ether composition, using cellaj.ose-capsule body-side forming pins and 

cellulose-capsule cap-side forming pins ai~olds, comprising: 
.·· .. · 

dipper means for dipping the p~>into the solution and gelatinizing solution on the 
.· ·~· 

pins to form on each pin a capsul~.-~mt of gelatinized solution; 

dryer means for drying g~l,tinized solution on the pins to form capsule parts; and 

automatics means for i:~#J.~ving the capsule parts from the pins·; 

each cellulose-capsl,11¢-::torming pin having: 
/·. ·/ 

an elongated pin body; 
_,. .. _.-:'- .... 

. . a domed head :located at one end of the pin body; and 

a substantially cylindrical sidewall surrounding the pin body and extending from 

the domed head; 

wherein the given size number is selected from among size numbers "000", "00", 

"O", "i", "2", "3", 0 4" and "5"; 

wherein the diameter of the substantially cylindrical sidewall of a cellulose-capsule 

forming pin·:1s smaller: than i::cort6p6nciing.difuri~tet of a substantially cylindrical' 
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·si4~J!,~;1:~,g{{'"'~~~:~P8.H~~g .. gJ?.!~tffi~2@s\il~ J9rtr1i.~,,P.i,ri.~µ~~: _f~r·.JJ?:~m1fac~ring a. gelatin 

capsule part of the given size number. 
·=.·. 

92. An apparatus according to claim 91, wherein the diameter of the substantially 

cylindrical sidewall of the cellulose-capsule forming pin is smaller than the. 4fameter of 

the substantially cylindrical sidewall of the corresponding gelatin-capsule forming pin by 

approximately 1.3 percent. 

93. An apparatus according to claim 91, wherein the cellulo$t:capsule body-side 

forming pins and the cellulose-capsule cap-side forming pins are ~fZed to form thick wall 
·::";>-' 

cellulose capsule parts. 
·· .. 

94. An apparatus according to claim 93, wherein the'~iameter of the substantially 

cylindrical sidewall of the cellulose-capsule forming !?~'is smaller than the diameter of 

the substantially cylindrical sidewall of the correspQ.i)dlng gelatin-capsule forming pin by · 

approximately 1. 6 percent. 

.:· .. · . . 

/--:·._.:_:.·· 

...-·:_:.·:; 
/: .: 

95. An apparatus for manufacturing pharJii,kfeutical cellulose capsules, the capsules 

suitable for filling by capsule filling mac4i'.D.~, each capsule consisting of a capsule body 

and a capsule cap formed from an aqtt'~gus solution of a thermogelling cellulose ether 
/:.-··.· 

composition, comprising: /:···:.· 

a plurality of pinbars each 1)fubar having a bar with a plurality of pins mounted to 

."':·. 

l</ 
_/:" ... ;.· the bar; 

;-'·.-....· ,-'· 

greaser means for gr~lng the pins; 

dipper means fo:r·:df~ping hot pins into the solution to cause solution to gelatinize 

on the surface of the.piilS;· 

dryer means • for drying gelatinized solution on the surface of the pins to form 

capsule bodi~ and capsule caps; 

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

transport means for moving the pinbars through the greaser means, the dipper 

means, the dry~r rneaiis aJ:l<l · tlie ~'4.(6fu.ati~ ~~~ns; ·: · · .. 
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d!;:;!::;:::=~~~~~~f:~1iule~~=:=r·· 
wherein the apparatus further comprises non-contact heater means, __ l()~ted-between 

the greaser means and a dipper dish, for heating the pins of the .dipp' group, as a 
.... ~ _:· :· .· 

group, by non-contact heating. . ·.· . : .. ~.'..: .· .. : · ... 

96. An apparatus according to claim 95, where~9,1J-di~per dish for capsule bodies and 

the dipper dish for capsule caps are_ sp~~tf ap~t to accommodate the pre-dip heater 

means. 
.. ···~ :. 

97. An apparatus ~rdiili to claim 95, wherein non-contact heating includes heating 

by_ thermal .oond~ction via the bars of the dipping group . 
. ... :;· ... _._-_--__ -__ --_-_--:.--_-_----__ ----. ·.··:· .. ,· ... . :.· · .... ·.: ,._ 

. '.. v 
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MANUFACTURE OF PHARMACEUTICAL CELLULOSE CAPSULEs 

ABSTRACT 

·.:,,,..-

,.•· J····/··'··· 
. <·:~_:....···· 

. . .. '·~ . .:·' 

'-;;.:':·" 

-~·; 

.. ·· ~: .· 

A method and apparatus for manufactajiD.f'phannaceutical capsules use an 

aqueous solution of a thermogelling cellul9~~-·~tl1e;· composition and use capsule body pins and 
. ;!"' 

capsule cap pins as molds. The meth~.ilivolves heating (94) the pins, dipping (22) the pins 

V into the solution to cause the sol,µti6n to gelatinize on the surface of the pins, removing the 

pins and drying (24) the sefa:tlmzed solution on the surface of the pins to form capsule bodies 

and capsule caps. PiiiS are heated pre~ip and post-dip to facilitate gelating. Counterflow air 

\,_,.,: 

' 
is applied to prbvide drying from the inside. Capsule parts are removed by gripping. Capsule 

parts may have a thick wall and a stiffening ring. 

F ... 9 
lg~ .. ·. .... __ .·_.;;,,.· .... ·· .. · .. :.~:. ..:· .. 



,_; 

~ ·.: ; . :.· . 
!:·· 

ELEVATOR 
SECTION - . 

25 

( 

6 2 6 1 

d'""4 

. . ·. 

FI G.-··,A·lPRIOR ART) 

c .. 

c c~I J__.s- 3 FIG.10 (PRIOR ART). > 

[~-:?l ) --<5 FIG. 1 c (PRIOR ART) •. • •••• 

.... 

24 

UPPER DRYING K·1(·N.>: ._ 
··'·::. ·._ ·-.. 

26 27. 28 

SPINNERS 

~ 
' ::...:.. 

.(J1 

LOWER DRYING KILN I ... I TABLE 
SECTION AUTOMATICS 

22 

GREASER :-. ->_DIPPER 
SECTION -__ SECTION 

FIG.2 
(PRIOR ART) 

.· .· -. 

.... · 



.:··.;: .. 

. . · .. :····.2:./.1· .5·, 
'• ............. . 

.·' ·.· 

32 

FIG.3 
(PRIOR ART) .. ·.·· ... · 

, ..... 

FIG.4 
(PRIOR ART) 



.. ·,.·. 
,· .. ·· 

51 

-

F l'G. 5. 
(PRIOR ART) 

(-

53 

·-

··~ 

·- ... ·::·· .. 

c 

FIG.6 
(PRIOR ART) 

52 

.--r-51 

61 

62 

···; 

~·· , . 
-.;a.:' 

(;1: 

- ") 

~ 

I 



.·. 
~ .. · 

:~··. 

; •-: 
;.-:_. .. 
i:· 

< 

ELEVATOR 
SECTION 

I 

··-. 

·., .· 

81 

c--

ai. ., . ·. 

···· .. :· 

c 

I 

• 
) ~I ., 

t ./!) 

UPPEFf DRYING KILN 
·~: .. ·· . . 

··:::,_ .. >· 

· ..... 
•, 

FIG.7 
(PRIOR ART) 

. ~NNERS 
82 84 . ; ·. 86 ~ -

PREHEATll( .· > ··... ~ 
~ iABLE - GREASER ,_01---PP_._ER--. 

LOWER DRYING KILN -~I SECTION I AUTOMATICS SECTION < .SECTION 

80 86~ 
FIG. BA. 

,. 

:~: 

""' ...... 
(Jt 

I . •· 



.·.:,· 

(.'. ·.·· 

; ·: 

c· c .. 
' I 

L1 

i 802.· 

I . 81 24 803 . ~ - 1...Ht%··· 
! 1 ~ \ - ' _ _[ ,., 1· - .. - ' 

G 

t 
F 

804 ' 
E 

t 

801 I -H2 

_FIG. 88 

:,d -. c 
I ·-<.·> l 
' ·::..<.' '>>- .. ' .,.,_ 

B 

~ 
A 

811 t 
'·. .. 813 813, ) ·,813f-J -,23 

l -1! ( ~ 809-, I i : , -- --, r---i :L__t~' 
f ( ) i ::l 'c:::f:::, I I \I I I I I I I I I \I 

..... ~ne::. _: / 1 r .i .L -1-L- ..L -4-..!.
1 

i-L-t- .L -•...J 805 OUv 8Uf I I I . .. I I 
I I I ,,, I I I ~ I 

LT...J l L-t-.J LT-.J I l 

810 27 28 ·.' ' \ . 0: \ 21 22 
812 94 812 8-12·. t 

808 

t t t 
H I J K 

FIG.SC 

:":-::.··. 

':.·::·.::-·. 

·.,:::: 

.01 
...... 
:.-
01 

. ~· 



810 27 28 

( 

812 
\ 

\ 
I r--.1..-, 

I I 
I I 

( 

., 

812 812 
\ \ 

' \ 
' ' r- _ 1._., r- _..1. _., 

I I I I 
I I I I 

·• l I 
J " 

I I 
I I I I 

,J '... ,J ' ... 1' ·· ... '· ... , f \ I \ 
_l • I I I I 

"'- -- ......... ,~.-"" ,--- - -----.. ""'\ 
• I ,..., ________ ., '---------" 

r- - - - - - _.,. ,.--------~ 
·1 . j .J I 
\._ . ,,.·. :·. ,, ,1 

\ r . · '' r 
I I . ' '.~. I 

I· I 
I I I I 

I I 
\ I 

.... , r"' 
I I 

I : 
I I I ··... . I 
\..._T __ J \,_\_;;_ ... ! 

\ . 
\ \ 

I \ 
812 812 

I I 
"--r--; 

\ 

' 
··:. .·· ·. \ 
···<812 

\_ \ ··'/ .. 
·-. 

94 

FIG. 80 

21 

'· ~· '-

···:·· 
. : 

: I 

m 
....... ..... 

... ' 01. 

832 

.95 

" 22 
,,I 

23 



.. 
"" 

. 7 /15 
. . . ... ·:· .. : . :. . ., ·.· . 

.. '· .. ·· . · . 

SUPPLY 

81:.-0WER ;~821 

I 

l 813 

7\_ ./; [p 823 

LJ LYa22 i 
[J Da'21 

/·-"·o·· IL/ :.-:'/' LJ .·· .. · u ~ i .. · 

--
~ ...... <_:_ .. · ___________ / 

...... / 

FIG .. BE FIG.BF 

... /·. ·t-- --- -.---- -- --- - -

.. -:.- .. ·FJ:G. 8G 
.... : .. _:_ ·,. ··.::_::_ ·:.·· · .. _;· _ _";:_:.. ·~·· :: ... :.: ; .. :,, .· ·'· .. : .. ··'· ·:: ·:·:.. .: ... ·. .:. 

826 



c-

24 .. 

UPPER DRYING KJLN 

•. 

28 

NG KILN AUTOMATICS 
' 

FIG.9 

.. ;·_ .. ·'". 

c 

., 

2t·: .. 95 
.. 

GREASER 
SECTION 

.'( .,, ,. 

23 

SPINNERS 

·-:>. 

' j I 

'.?~ '. 

.:·, 
.:·.·i: 

en 
......... 
·:a; 
:.::"· 



.. . 

"' 

101 

101 :-

9/15 

,.· .. ·: 

·./'FIG. 10A 

. ·.····.'• .. 

... : ·. ·: :: : : . :·'.: ~;-;. :· .. -. 
. . . :·: . 

.. ':• ... ·· 

\ 
810 

809 

/ 

.. ' .. ·.': .. : .... ·;: ·~ .. -· ·.. .·· .. 



.\..__...I. 

02 C2 82 A2 

D3 C3 83 A3 

CAP SIDE 

20 
00 g 011 oo 
oo 
0 

f 

.-:·· .. · 
.""(· .. 

6 4 2 
7 5 3 1 

I 00 
.~o 
~o ·oo 

.. ·oo 
:. 00 
00 
oo 
00 
00 
00 
oo 
oo 
00 
00 
00 
00 
00 

00 

CAP SIDE . 

... :·_ ...... 

... . --_,. 

FI G . .-lOD 

t 
01 

.·· ... 

A2 .e-2 C2 D2 

A3 83 C3 D3 

2 4 
1 3 5 

BODY SfDE 

t 1214161820 
13151719 

BODY SIDE 

oo 
Oo 
Oo 



-
.~.·=

 

.... 
..::· 

124 

: .. ;' 

· .. :'•. ·, - .· .:: .. : ·.· 

.. . . . . ·< • : J.1/.15 
·, ·."~· ...... ·· . .,:. :;·, •... • .. ... :. , ... : ·- .. 

122 

..... :.,_:-.·:· 
. ' 

.. _.· .. 

.. '. : .~:.:' -: .. ~: : .-. :.· . '• '. . .. : .. · 

.· .... ·· ·,· ·.· .. ~ .... :. · .. ~:-.-..... . . .. 

31 

• 
I 
A 

124 



-
.-=:o-:. 12115 ,. ........ ·.· .... ·.· .. ·;·.: . : . 

·,. ~ ,._. ... _. •.: .. 

143 

.·. 
~~~~~~~~~---!~~ ...... -... ~-- 32 

·.j,.G· @ @ I @ 

.·· ·. / 

31 

141 
·•.····· 

31 

32 

: .. ::=::- ;· .. \ ....... ::' :-.='._.· .. =··,· . . ····· ..... F c(14B···. 



( .._ 

.... 

: ' 156 I ·I ' ' I I 

151 

CAP 
DISH . 

BODY 
DISH 

Cl RCULAT ING 
PUMP· 

157 

PIO 
CONTROLLER 

·. '· -·~ ·. 

"'• .. · 

155 ·····.; :·.,·· ... 

157 

...... 

FIG. 15 

154 

157 

c· I <,.). ~. '! 
.. ' 

., 

153 

HEATER 

,;. 

157 
. ···:_. 

·.·(>J 

' .·.>~ ,·. 01 

i: 

"'·. 

71. 152 
CHILLER ' 

'· 

· .. ··:·;::.·.-· 



... 

'\...._) 

14/15 .. ··. ·. '·'". 
.;: ·,_,.· · .. 

. . . :_:. :'' .: . ·: . ·; .;~· .':' . . . 
. -::: ... · .. :·· •.. <·.- .. · '·.: .. .... · ... · ·' 

,·.: .. ·,.; .. -. 

FIG. 168 

28 :· ... ·· 

AUTOMATICS 

31 
41 

32 
101 

:. ·:· .. 

...: :· 

21 

GREASER 
SECTION 

DIPPER 
SECTION 

f I G. f6A . 
.. · .. ·. ':·" . ·. . ...... . 

.. :.: .. :··.-:-" ... 

/ 



... 

15/15 ··~. 

174 

32 

FIG. 17 

181 f8f 

· .. 

' ··.• 

.· ,. 

172 FIG. 18 

... ,... 


