9 . now“been acconpl i shed usi.ng t.he process and capsul e i nprovefeidfy he’w%m
afe“tfe sibject of the present invention. SUMVAR
OR: BHEA-WVENTION . ; It is an object of the present invention to :
anel’i orate one or nore disadvantages of the prior art. ~ According to
one aspect of the present invention there is provided a nethod of

manuf act uri ng pharnaceutical cellul ose capsul es of a given size nunber, the
capsules suitable for fill iMgi8l HEhak AU g—eehi ne, ~each capsul e
consi sting of two pPRNUSACEUIRE 8f 2edyuTRCK 3 DEOSR CARSULES om an aqueous
solution of a thernogelling cellulose ether conposition, using a capsule

machines having capsul e bogpiAg) adiGABFULE Galentidip as ol ds,
compr o113 the St he el PR §|F1r‘]$ﬁa2§|¥gEl’?'ﬁ%’f%tiéf%g‘i of the pins
thus form ng BPPYEATAE HE9RA s Shat POMIAGEYThPE REagBrcAYtAr2Ed sol ution on
t he surface ofapswlesi.ns to form : :
: - Background of the Invention
Pharmaceutical capsules presently in general use are

made of gelatin and the techniques for the manufacture of

gelatin capsules are well developed. Compositions for

cellulose capsules are also well known, but the first

cellulose composition that was used commercially to

manufacfﬁre cellulose capsules did not reliably break down

in the user’s digestive system. When this fact was

discovered, the commercial manufacture of cellulose capsules

was discontinued. An improved cellulose composition was
Iater patented by Sarkar and several patents disclose
methods for manufacturing cellulose capsules from the
improved cellulose composition. However, in the fifteen
years since the Sarkar patent issued, and in spite of many
attempts, none have succeeded in manufacturing cellulose
capsules in quantity, using the improved composition, with
sufficient uniformity to be suitable for filling in modern
high-speed filling machines. Until the present invention
was made, cellulose capsules manufactured in quantity from
the improved composition suffered imperfections such as
wrinkles, starred ends and corrugations. These
imperfections result in capsules either breaking, failing to
separate, or jamming in the high-speed £illing machine.
Prior Art Gelatin Capsules
' Prior art gelatin capsules, as shown in Figs. 1A, 1B

 ; and 1C, are made in a range of sizes including sizes listed

- in the first column of each of Tables 1 and 2. These tables
are copied from the February, 1987 Specification Sheet of
the CAPSUGEL Division of Warner-lLambert Company for its PRE-
FIT", SNAP-FIT® and CONI-SNAP" series of hard gelatin



capsul e bodies and capsul e caps; and renoving the capsul e bodies and
cdpsul é caps from the pins; wherein drying the gelatinized sol ution

i n¢gl udes noving the pins through an enclosure and noving air over the pins
within the enclosure, the air noving in a direction opposed to the
direction of novenent of the pins; such2that, during an early = stage of
drying, the gelatinized solution on the pins encounters humd air; and

during a | ategashage. Olndlid BuERROUL L hbe afletor, ooraARER! %;ng to

anot her aspect resent .invention there i's provided a . net

manuf act uri ng PR BRI T ERamBET1 A fo8ePetp&iled ¢ t°§bF%°tf §2fi PFing by
capsul e filli n§APSHEER ARRPsWach CRinngter chhdisfipyltoftor pergiet s, a capsul e
body and a capsiéeisedp, bérameant Eguedightsiyl tibperedfshape haarcm!cgel i ng

cel lul ose et hep1601M03 b i O thdShEthtAnCapsdtllv paREN)NEFabby iNGheapsul e body
' pins and capsulge GaRgRENFAS tﬂ%ﬂ%ssce@fpglﬁadggawea %ta p§f &fch ggpat i ni zi ng

solution on the_pins, ipc | e g olution to a dip’
i ne, toformo&) 5 P&%IUEEL aDsu'iQ bl% ha‘ﬁy ge a?lrif'llhzed sol ution;

drying the geF‘é‘E?’?ﬁrzé'Bxs%"T utsPSﬁlf)’rFattl’rénp"F'}fsett ogﬁb?ﬁnté‘ﬁp%’&?eé"ﬁ&dl es and
capsul e caps; <dhaneterpofnthe Sieheremn JPKeIPOdiapsudadcar®penf coaHes inom t he
pi ns; wherein gaygagpt Bezgel atini zed

PRE-FIT™ SNAP-FIT™ or CONI-SNAPM™
Body Cap
Sizes
Inches mn Inches mn
000 0.378 9.60 0.39% 10.00
00 0.324 8.3 | 0.3% 8.60
0 et 0.291 | 7.38 0.300 7.70
0 0.291 7.38 0.303 7.70
1 | o263 6.68 | 0.275 6.98
2 0.241 6.13 0.252 6.41
3 '0.221 5.61 0.231 5.88
4 el 0.201 5.1 0.212 5.38
4 0.201 5.11 0.212 5.38
5 0.385 .70 0.193 4.89

Tolerance: 20,001 (:0.6—_3 mm)

TABLE 1 - CAPSUGEL CAPSULE PART, EXTERNAL DIAMETER



10;sol ution includes moving t-he pins through an enclosure and nmoving air
over the pins within the enclosure, the air noving in a direction opposed
to the direction of novenent of the pins; such that, during an early stage
of drying, the gelatinized solution on the pins encounters humd air; and

during a later stage of drying encounterk -drier air. According to
still another aspect of the present invention there IS prOV|ded a nethod
© of nanufacturi[ set abl e
for filling b Ul e fllllngﬂﬂachlnes ach caﬁ@dﬂé°@@ﬂ§ﬂ§tlng off two
parts, a capsuﬂe 60¢y apgd, a capsulengap, ach pggt hajing acgone, firom an
aqueous sol uti @ngaf Fa—thefrrogettng etHuhose—etifher—eqmost+tion—ugi ng a

capsul e machi ng_havi ngapsuTe [bd®e pi ng™ arjd '™ Eagsul® qag™if ng d?Agmds, and
usi ng a pl ural ift wool pisabar s.sorlachoopi hbanHaving |a bar [wiith & plurdlity of
pi ns nmounted td the|bawgs ¢onpsi|sitngizt herogtpgps of ;| heatiing thefpins; §di ppi ng
the ‘pins into YNE SATYLLOM T Qo CAUSELL NE oSBT ULIRY 0 BFT[AT4 8:ZF Qhot The |

surface of the |pi ns 40.0009 | 20.023 | 20.0012 | 20.030 | 0.0009 | s0.023 | s0.0012 | :0.030

v

0 el 0.0041 0.104 0.0042 0.107
+0.0008 10.020 +0.0010 10.025

0 0.0040 0.102 0.0042 0.107 0.0041 0.104 0.0042 0.107
£0.0008 £0.020 10,0010 20.025 +0.0008 20.020 +0.0010 10.025

.. 0.0039 0.099 0.0041 0.104 0.0040 0.102 0.0041 0.104
£0.0008 | $0.020 £0.0010 £0.025 £0.0008 | x0.020 +0.0010 $0.025

2 0.0038 0.096 0.0040 0.102 0.0039 0.099 0.0040 0.102
+0.0008 | $0.020 £0.0010 +0.025 +0.0008 £0.020 10,0010 £0.025

3 0.0034 0.086 0.0036 0.092 0.0035 0.089 0.0036 0.092
£0.0008 | 20.020 20.0010 $0.025 +0.0008 10.020 $0.0010 30.025

4 el L 0.0037 0.094 0.0038 0.096
+0.0008 10.020 $0.0010 $0.025

4 0.0034 ‘0,086 0.0036 0.089 0.0034 0.086 0.0035 0.091
£0.0008 | £0.020 20.0010 £0.025 £0.0008 10.020 $0.0010 20.025

5 0.0034 0.086 0.0036 0.092
£0.0008 | #0.020 40,0010 10,025

| U S — L
3% SNAP-FITW Body Target — 0.0034 ¢ 0.0008

TABLE 2 - CAPSUGEL CAPSULE PART, SINGLE WALL THICKNESS

Size 0 1 2 3 4

CAP
DIAMETER* 0.301n 0.272n 0.2500 0.230% 0.210v
" (20.003)

800y
DIAMETER* 0.289" 0.262 0.240m 0.220v 0.200m
€£0.003)

#DETERMINED AT CUT EDGE

TABLE 3 - SCHERER LOX-1T™ CAPSULE PART DIAMETER



fuctherygelatinizing the gelatinized soluticon, in humd air inside a kiln,

on the surface of the pins by applying radiant heat froma done-setter

radi ant fnheater nounted within the kiln and facing the plane of a planar

array of domes; drying the gelatinized solution on the surface of the pins

to formcapsul e bodi es and capsul e caps;4and renoving the capsule bodies
and capsul e caps fromthe pins. According to still another aspect of

the present inventigs! hRkent SNdr 8Vboetbd t%&?ﬂﬂe@f emuf act §itdited
pharmaceutical cel] h{LP esh%ﬁRS#Pé-aoEP?n&gﬁSI S%ée&ti' %’il i‘péxﬁ ti:&/%gn da

capsule filling mac

capsul e cap, frol Bﬁr‘éqaﬂ'é’oﬁsbg%‘f l?[alr&"l ‘gre é’afﬁﬁr?%g’é"lefil ¥ d‘@‘lcf’g’f‘%se et her

conmposi tion, uSilddrgapievpediissiiaseampléapins davipapt rinigermotarer and

using a plural idy cahdpe-rdiape, sugacis pebarldhavenipravben thd lpagtpisiral ity of

pi ns nounted t&'én{’weaafroxﬁ(lﬁﬁrbﬁi Rehat b6 prveRs dfieddlingi PRI Betheén pins into

the surface of ﬁ} b f”‘fan é‘eﬁFQ PR BRET) Hhet Ml 2 Tace of
18554 el eediagi ) o0 o AnteRipsul ¢

t he ins of a
caps; Ioc) di ffé%ﬁeﬂap?'i‘/i‘h@&'t Fh g Hechrhpost tine. drhylsﬁggb? GHFo¥e B nbars in
accordance wit htheheapeapdct edtdhifesdénglalgroent lrmthebbodearodifibéexential ly
heating and di ppddi@nigil rasaryi ng
U.S. Patent Nos. 3,508,678 and 3,664,495 both to Graham
et al.-disclose a capsule cap having an indent, in addition
to a locking groove, which defines a prelock position by
providing either an elastic friction fit with the capsule
body (3,664,495) or a mechanical lock between the indent of
the cap and the groove in the body (3,508,678).
U.s. Patent No. 4,247,006 to Bodenmann et al. discloses
a capsule body having a reduced diameter in the area of its
open end, and further the capsule cap and the capsule body
each having an indentation to provide for a positive
engagement of the body and the cap.
Prior Art Process for Gelatin Capsules
U.8. Patent No. 1,787,777 to Colton describes the
#Colton” machine used in the manufacture of gelatin
- capsules. Key elements in the prior art manufécture of
gelatin capsules are illustrated in Figs. 1-7. Fig. 1A
shows the parts of a capsule having a body 1 and a cap 2.
The parts are shown in Fig. 1B in a prelock position 3 held
in position by prelock dimples 4. The parts are also shown
in Fig. 1C inh a filled position 5 held in position by
locking rings 6. Fig. 2 shows elements of the traditional
7Ccolton” capsule manufacturing machine. The elements are a
greaser section 21, a dipper section 22, spinners 23, upper
drying kiln 24, lower drying kiln 26, table section 27 and
automatics 28. A pinbar, having thirty pins 31 mounted to a
bar 32, is shown in Fig. 3. Fig. 4 shows gel 41 formed



the capsul e bodies and capsul-e caps fromthe pins; e) greasing the pins;
and f) noving the pins in a closed |oop so as to repeat steps a) through
e);+ furtrher -conprising the step of providing supplenental heat to the
pins, after renoving capsul e bodies and capsule caps fromthe pins and
bef ore di pping the pins, by non-contact- lseati ng such that the pins have a
predeterm ned dip tenperature at di pping. According to still another

‘aspect of the presgnl of BYenti 98 §NAe st 3. POV leth BndiR! DO crin

manuf acturin rmace I
filling by cgpgh’?‘é‘a fPETRY e C AP 8 tgaga %6§3P‘ét‘}c}te$ng’?§ts‘i‘l°§’seofigét %'piuf gr
body and a capsift®e cEpY- fT GRCER ARTEOUSALoISHEEBPLD 5 1aabpel sy @PER iy
cel l ul ose et her cgpypesptrore3 ofi§i mpimapsoh &hisodyepi4¥s abnve cldpsdlie cap pi ns
as nol ds, and usimg «AtRt phstiingy t@ée B2nbak Ssidecatbw mMhapriaywiarg a bar with
a plurality of Q{';:_F'Pij upbethd @ bioan aﬁ&’@%ﬁ%hﬂ&l é0'8s Sh&RS 18f Fid)
greasi ng the pi s, L) dbpRLIG Ok PING T DLGuliRG 80LfId0 SHAD dhatheat
remove the rough edge 72 and create a clean edge 73.
U.S. Patent Nos. 1,978,829 (to Wilkie), 3,632,700 (to
Oglevee), 3,794,453 (to Padilla et al.), 4,705,658 (to
Lukas) and 4,997,359 (to Lebrun}) are all directed to
processes for manufacturing gelatin capsules. The Wilkie
patent-discloses an apparatus for drying capsules by
directing a stream of air at the part of the capsule that
contains the most moisture. A fine stream of air passing
through a hole in a plate is directed to the closed end of
the capsule so that a greater drying effect is experienced
on the closed ends of the capsule than on the sides of the
capsule. A plate is provided having multfple holes spaced
to match the position of the pins. The Qglevee patent
discloses a method for insuring capsule wall thickness
uniformity by measuring the viscosity of the liguid gel
solution in the dipping tank and causing corrective change
in viscosity by changing the evaporative exposure or by
adding lower viscosity gel to the tank. The Padilla patent
discloses an air duct directing cooling air onto freshly
dipped capsule mold pins for improved wall thickness
characteristics. The duct is an air conduit for moving cool
air upwardly against the rounded ends of the coated pins for
uniform flow. The duct encloses a zone surrounding the
array of pins. The Lukas patent is directed to reducing the
drying time in the manufacture of hard shell gelatin
capsules. Pins are irradiated with microwave energy until
the gelatin dries. The Lebrun patent discloses a dipping
bath, having a plurality of small wells and an impeller for
maintaining the solution in the wells at a constant
temperature. The pins dip into the wells.



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

gel at fni zed solution on the surface of the pins of a drying group of
pinbars tao form capsul e bodies and capsule caps; d) differentially heating
the pins of the drying group of pinbars in accordance with the expected
differential heat |oss between differengi-ally heating and dipping, such
that pins have a predeternmned dip tenperature at dipping; e) renoving the

capsul e bodi es_gnd caé)sul e fromx;he pi ns and f) moving the pins in a
cl osed | oop S(?;ﬂ%-%—ﬂ—@ﬁéﬁf—gééps—%g—% According to still
anot her aspect of Yhe FlagsehtNq-ndent? ot ﬁ%r%a‘it'?rp?‘%\ﬁ’d’«?&tﬁd tetthod of

manuf act uri ng qr@uiractaniogl poelbayios e capindekcalt gédergddured zuitable for
filling by Capﬂ&o@ef 14 d G nBEFGURAS th€ an inapiced e staaed 1,i ke ofrawveapsul e

body and a C%Pai}i S%Pon-ahema?@&ggsoé&t&ewilmf@iea gdar engel | ing
cel l ul ose ether

I I n
and capsul e cap¥ 1pll 9%%1 m%PS"aﬁ aadﬁglgn%;zoggl ur a |t %ﬁ‘ﬁ;;g; bce)g%:/hp =
pi nbar have a Pmighed-hp rﬁ‘leﬂFél‘T"t 36e pi u‘ﬁ’tsec& f% =tHe "B8r, *“tonpri si ng
the steps of: #femgiCeand epluma i dsineos$ orhrd Fa@ﬂé‘PrGFrbr“é&?élenC%P pin; b)
heating the pipsn Goraa M PEPi(Ngets’OURioe Eipsdapshasis digneigy, atotie
predeterm ned diflpoint of 0.2973-0.2978 inch (7.551-7.564 mm). The

prior—aft capsule body pin at the cut-point is 0.2848-0.2853

inch (7.234-7.247 mm).

For a range of popular sizes of gelatin capsules, Table

4 shows the nominal cut-point diameter for the prior art

body pin and the prior art cap pin used in forming,

respectively, the gelatin capsule body and the gelatin

capsule cap.

PIN CUT-POINT DIAMETER

Body Cap
Sizes

Inches mm Inches mm

00 0.3195 | 8.12 | 0.3355 | 8.52

0 0.2855 7.25 0.2975 | 7.56
1 0.2575. 6.54 1 0.2685 | 6.82
2 0.2355 | 5.98 | 0.2455 | 6.24
3 0.2155 | 5.47 | 0.2255 | 5.73

4 0.1955 | 4.97 | 0.2045 ] 5.19

TABLE 4 - PIN CUT-POINT DIAMETER



tepperature, by non-contact heating after greasing so the layer of grease
on a pin is not _ 11a

di sturbed; €) dipping the hot pins of the dipping group of pinbars, as a
group, into the solution so that heat froma pin causes solution to
gelatinize on the surface of the pin; d)7 -drying the gelatinized solution
on the surface of the pins to formcapsule bodies and capsule caps; e)

"renoving the caps sul t{ogirggeganocagglliluqocap Qm.t he pins; and f) noving
the pins in a d%os%g'\‘ﬁ"ovp—so—arﬁr‘rgpea'?—si@p?ﬁ hrough e); such as to
m nimze cellul oseA’bdﬂ‘S’E?‘éeWIthlfhl"ﬁ%l’l@%%s‘%/frtf‘ﬁfl%‘f’i“p@é& &ep lﬁ‘aﬁi Ray

t enper at ure di beersetdd fhe pligsehhginvedthyn dissdisblersd tio B.$ayRatent grease

on a pin. NoAcgprali, 291t ©o Hairkhr anchltRar aapectisélddee prpssidssi nventi on

there is proviggd gne m&hhegcairerra@uéégu%gnﬂr&m&gaﬁ@wvaal m&aulul ose

capsutes Of 8 Uo\#il Sl LchEEdpck 081 or AP St MLAG RSl 8T o1

capsule filli e consls a capsule
body and a capgﬁf‘grc%?i“p*f‘ﬁh‘?’ér?léﬁ&‘é%‘ﬂ’s bY PN 15 2 ATEP g%?ll“itl’@“

of a thermal gelling methyl cellulose ether composition
suitable for use in preparing pharmaceutical capsules by an
aqueous dip coating process using preheated pins and having
a methoxyl DS of about 1.5-2.0, a C,~C, hydroxyalkyl MS of
about 0.1-0.4, a 2 wt. percent agueous solution viscosity of
about Z-10 cps at 20°C and a thermal gel point of about 50°¢-
80°C, and a 15~30 wt. percent aqueous solution viscosity of
about 1,000-~10,000 cps at 20°C, said composition having as a
15-30 wt. percent agueous solution: (A) essentially
Newtonian fluid properties as defined by a power law
coefficient, n, of 0.9~1.0 at shear rates of between 0.1-10
sec™?, and (B) a 50 sec gel yield strength of at least 150
dynes/cm? at 65°C.

U.S. Patent No. 4,993,137 to Muto is directed to the
manufacture of capsules made from the improved methyl
cellulose ether composition of Sarkar. Muto discloses a
process for gelling the solution by dipping solution-coated
pins into thermally controlled water. 1In the Muto process,
the solution is gelled on the surface of the pins by first
dipping the pins into solution and thereby coating the pins
with solution and then dipping the coated pins into heated
water to set the gel.

U.S. Patent Nos. 2,526,683 (to Murphy), 2,671,245 (to
Kath), 3,617,588 (to Langman) and 3,842,242 (to Chisholm)
are directed to methods of manufacture of capsules from
methyl cellulose (the original methyl cellulose, not the
improved methyl cellulosé disclosed by Sarkar). The Murphy
patent is the original patent for the manufacture of methyl
cellulose capsules. This patent discloses the preheating of
pins prior to dipping so that the solution adheres to pins



-

cel,l ul ose ether conposition, using cell-ul ose-capsul e body-side form ng pins
and cellul ose-capsul e cap-side formng pins as nolds, conprising the steps
of :sgelatini'zing solution on a pin, including dipping a pin in the
solution to a dip line, to formon the pin a capsule part of gelatinized
solution; drying the capsule part on thesprn; renoving the capsule part
fromthe pin; transporting a plurality of pins through the steps of

gel ati ni zi ng, p{' 1%Gdf$ﬁ1§m\(:hﬁgusé Le8a Céeoq%%cha&f‘ ai$$bPghd

cel I ul ose-capsul, rm.n ) dianeter that is smaller
‘than a corresponﬁ'l"ﬁcgesfﬂrf'gb%l"’rﬁr‘“ﬁfa §Fa*6‘fre£ EBF?%H?&WQYWI Y% capsul e
formng pin usedryYbra WEADT anfrerad eresy rahEGealing RyePari n Maps¥l e part of
the given size- ponberlished simechgniintrios| fod adbe sapsiscgutereing pin so as
to make a cel | ubestulcaRsSUhs sl {iedevRastsiddwkdnba aldsy sbliea aﬁrraeover al |

di ameter as th@n&&’écfu%%gomér{‘g(lgééﬁf I3 QQPSAHp‘ilQaréo Q:fhet lﬂﬁpﬂd
si'ze- nunber and a reater {glckn ss th %ﬁ e wal | ﬁg ss of the

correspondi ng g&F L capsu e paF AL PAREE i it pats (5518803

According to st APPREROENEPY awdackyringeethare gelabiieoxi Bathere is

provi ded a net ketlwfoaranaparctes..i NIt plischoseuttheahse alfl tkacks capsal es of a

gi'ven size nunbgllurdli®y of pins. The pins are moved along the tracks and
moved, rotated and gyrated as needed through the various
stations. This patent contains detailed mechanical
discloSure. The Langman patent is directed to elimination
of unwanted thermal gelation in the coating bath by the use
of low viscosity hydroxyalkayl cellulose ethers and the
rapid immobilization of the dip coating by induction heating
after removal of the pins from the bath. The Chisholm
patent is directed to heating the pins prior to dipping and
discloses apparatus for preheating capsule pins in a
7Colton” capsule machine. A tray is provided containing
spheroidal particles heated to a predetermined temperature.
The pins are dipped into the heated particles just prior to
being dipped in the solution.

The prior art for the manufacture of pharmaceutical
capsules from the improved thermogelling methyl cellulose
ether compositions disclosed in the Sarkar patent contain a
number of unresolved problems. These unresolved proBlems
include skinning, wrinkling, starred ends and corrugations
in the wall of the capsule parts, and damage to the capsule

N parts occurring during removal from the pins. These
problems cause breaking, failure to separate or jamming in
the high-speed filling machines. There is no discussion in

. the prior art of the source of these problems.

None of the above mentioned patents dAisclose a method
for making cellulose capsules of sufficient uniformity and
rigidity that they may be filled on modern high-speed
capsule filling machines. This uniformity and rigidity has



capsules suitable for filling by capsule filling machi nes, each capsule
consisting of two parts, a capsule body and a capsul e cap, from an aqueous
solwution of -a thernogel ling -

1i 1 b cellulose ether conposition, using cellulose-capsul e body-side
formng pins and cellul ose-capsul e cap=$ide formng pins as nolds, each
cel l ul ose-capsule formng pin having an el ongated pin body, a doned head
‘| ocated at one g6d vdent hecqipl iBREY usAng Bhe Pibsbastdnd kbypsyld ndri cal

si dewal | surrouggﬁwe_&@ﬂ '&ateogyeam gesﬁféwu R éﬁgqaxfegent doRRdchead, the

substantially c |ndr|ca si de haV| O q;%gg €4 the met hod

conprising the steps of: gel ati u 13 i n, including dipping
apininthe solut |Aoﬁ‘ef"6°da 3 3PPFHECUE of P MFPH AT HIE IPPPLATRGEHFE°ar t  of
gel atini zed sol gepsukesdr gacly dapeule mgengliet rr ofop ¢arswienboderdrdi Ag t he
capsul e part freapsde I&EB, ddeaNapOiduadgsas@lutiahi 6§ a ahephnogelzihgugh the
steps of gelatlgggiﬁgbs EMA&EJd%RQoéfHHEﬁ'QHd dé&sac§$£ﬁﬁajbgé§fblﬁ%ndndUSIng a

cel | ul ose- capsu e under si th r.espe t
correspondlng ps&¥e cag £Hns as moié%. grod% of“ﬁlﬁé is Ro&ﬁtedoog a

bar. The method involves heating the pins; dipping the pins
into the solution to cause the solution to gelatinize on the
surface of the pins; removing the pins from the solution:
drying 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. In one
embodiment of the present invention, the time interval
between heating and dipping may vary from bar to bar. To
compensate, each bar is heated to a different temperature
according to the time interval associated with the bar.

Pins may be heated by radiant energy or by hot air or via
the bar at a plurality of thermally isolated stations.
Additionally a portion of the bar may be heated to a
predetermined temperature. The process includes heating the
pins before dipping and heating the pins after dipping. The
dipping dishes for. capsule bodies and capsule caps are
spaced apart farther than in the traditional Colton machine
and a pre-dip heating area is located between the dipping
dishes. After the pins have been dipped and removed from
the solution they are heated again to further gelatinize the
solution on the surface of the pins. Drying the pins
includes providing counterflow movement of air through an
enclosure over the pins such that the pins initially .
encounter relatively humid air and, as they become drier,
they encounter increasingly drier air. Also, the pins are
heated so that the capsule bodies and capsule caps are dried
from the inside-out. Removing the capsule parts from the
pins involves gripping the capsule parts between oppoéing
gripping surfaces. In one embodiment the capsule parts have

\
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gel;atin;capsule formng pin used for manufacturing a gelatin capsule part
of the given size nunber, the dianmeter of the substantially cylindrical
sidewal I+ of ‘the. cellul ose- capsule formng pin being smaller than a
correspondi ng di anmeter of a substantially cylindrical sidewall of the
correspondi ng gel ati n-capsule formng pifne the cellulose- capsule formng
~pin sized so as to nmake a cel |l ul ose capsul e part that has substantially the

ol 76 punber. & Ehigked uitt U By Sl pend' s8ed Wikt Riinsule g O V"
i nvention therec?lgs%eoPPéltﬁF dnclugp &F&%fq’w‘gnﬁh%ﬁ-act uring phar maceut i cal
cel l ul ose capsul es, Prhklewpsinl the puitozbhxt faxe ofexdamegibyoreapsul e filling
machi nes, each Sﬁlﬂ@dﬂnﬁneoﬂﬁit&fei pgefdntaifopnilon hBodforardsa napTeheatap
formed from an @QU@d?ri{:%nﬁ?éé‘tﬂo‘}”d@%fé’rén'ﬂ%if[lﬂﬂﬂlhegff&‘d kBhOSSa et her

conposi tion, CO”Qthn' Qoné‘ePt &%ﬁ/e %htB'é‘ili %he%ﬁ*lypn;gns tf%ﬁ“” ng a bar

wth a pIurall reasi ng

t he pins; di ppeP elF’B‘?“"tﬂ BﬁFn%“defieﬁl‘f‘Fsl"i FBeth?é’ sBPYtTHAPE cause
sol ution to gel beatensc agn prnvideff aleaveothe Hearsptasalihw eelestiivye for dryi ng
gel atini zed sol Heabing Bt bers wif poLttinst B S tof e Bindhyta gt enfe@rd pubd
pinbars, as a gue¥ferdriRelO4tNIAPELLE dIOULES A 28RHP PreneaRSin @bl erential
heater dipper area without the problems associated with Chisholm’s
heated particle method, the dipping dishes are moved avay
from the centerline and thermal convection heaters and
radiant heaters are inserted. For the same purpose, thermal
conduction heating via the back of the bars is also
provided. To achieve the level of uniformity necessary for
high~speed filling and to eliminate the skinning over and _
wrinkling assocliated with the outside-in drying of the prior
art due to air blowing directly over the pins, inside-out
drying is provided. Post-dip heating is used in addition to
pre-dip heating. Post-dip heating continues the gelling
process after dip, assures rapid firming of the cellulose
film, and supports inside-~out drying. To avoid the uneven
or excessively rapid drying that causes deformation in the
prior art, an appropriate relationship is maintained between
water vapor pressure in the capsules and water vapor
pressure in the surrounding air through the drying process.
A fully enclosed drying kiln is provided to support inside-
out drying, humidity control of air surrounding the pins,
and energy efficiency. To avoid damaging the open end of
the capsule part during removal of the part from the pin,
which often occurs when the prior art technique is used on
cellulose capsule parts, a gripper is provided. To
eliminate the jamming in the £illing machines due to
oversize parts, the pin is undersized to compensate for the
unexpected differential in shrinkage between the cellulose
capsule and the gelatin capsule. To avoid malfunction in
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means for differentially heating -the pins of the drying group; automatics
nmeans for renovi ng the capsule parts fromthe pins; and transport mneans
for. noving the pinbars in a closed | oop path through t he greaser neans,

t he di pper neans, the dryer neans, the differential heater neans,

and the automatics neans; wherein the difff erential heater neans is
positioned to receive the drying group of pinbars as a group, and-includes

- means for differentiall heatln ry roup_of pinbars in
accordance wi t%ﬁtq 89 SPELTES € oaqﬁeerg‘ztl eIij e%’f 5% £?r omrthe pr nxg: as the

pi ns move fromaHe deé?’r”f*’é’r@ﬁt puf fezpPerdn@aRintiit (ﬁ&gﬁh?%é"@ﬁfﬁhﬁq ¢Crreans
and t hr ough t healgrowasethinkenscapsuliehwalll ppddsoethes body pin Adderating to
still anot her aspaat cofcinferphesantreinr@dingnrifen® the prapsudedvaiy

apparatus for ngfeant thd NGRNAIAPGRY txdlacrapsul es, the capsul es suitable
for filling by

Brief Description of the Drawings )
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. .

Flg. 3 shows pins mounted on a pinbar {prioxr art).

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

Fig. 5 shows a prior art stripper pushing a capsule
part off a pin.

Fig. 6. shows a prior art stripper.

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

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

Fig. 8B 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. 8B.

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

Figs. 8E and 8F show two elevation views of the
convection preheat system.

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

Fig. 9 shows a schematic embodiment of the present
invention, including locations of the several preheat
sections.

Figs. 10A and 10B show temperature sensors and under-
deck heaters associated with the split deck.

Fig. 10C shows a group of cap pinbars and the
corresponding group of body pinbars.

Fig. 10D shows the split deck layout for the bars of
Fig. 10C.
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capsule filling machi nes, each-capsule consisting of a capsule body and a
capsul e cap forned fron1an aqueous solution of a thernogelling cellul ose
ether cenposition, conprising: a plurality of pinbars, each pinbar having
a bar with a plurality of pins nounted to the bar, each pin having a done;
di pper nmeans for dipping the pins into t!fe~ sol ution and gel ati ni zi ng
solution on the surface of the pins; dryer neans for drying the
gelatinized sol uti orign ithehsuws haoecaitachet@iperathra shngomg gudup of

pinbars to formnyezaBsd feaads asssaRdataPSHkR aa@ssplahedéifwer means having a
pin-entry end; auto écgz gg@rﬁ fsggw gqx}lngrb& h§ oG ngﬁrts fromthe

pi ns; and transport ans nmovi n ars .t e di pper neans,

the dryer neansrezfﬁﬁcfﬁéelé'uf’gnﬁtq’(??e %‘?‘Fé"l rehert ?ﬁ’éa’gﬁ?‘ reans i ncl udes
a done-setter radi afighedtarandgldR akave tve Yirwsiok- emlresbeeﬁar witibsposed to
radi at-e heat omdio getts ifurzedledivelpmeaatingeptlenes of the pins of the

drying group of pigbgy 52%hadd Yenel b r@sReEinddraltiee Pidtitred Séhdue. further
gel atini ze the sol UH&{ th,t{'éfs SWG' 26E€ bw tbﬁ;{ [E'aé for heatﬁﬁ& arli ng to
nventl,

still anot her as,pec IS _pr.ovi

nt
appar atus for 'f?l‘f@h% E 'ﬁ’@c‘eﬁ?l%eﬁm eP? &:‘é’ apsdi%ed” Ykhee capsul es
suitable for fﬁ"HiI"inﬁﬁ BRCtIRPs NS “HinsLienPuradRY Heg” 18athe Grydngcklnsi sti ng

of a capsul e body aRdga 17 illustrates the process of removing the capsule
part from the pin.

Fig. 18 gives detail of the stripper of Fig. 6 as
modified for the present invention.

Detailed Description of the Invention

The present invention provides improvements over the
method of manufacture of pharmaceutical capsules disclosed
in U.S. Patent No. 4,001,211 to Sarkar. The Sarkar
cellulose cémposition is particularly suited for preparing
pharmaceutical capsule shells which dissolve at a rate
comparable to gelatin capsules. Delay release
characteristics can be obtained by incorporation of a less
water-soluble cellulose such as ethyl cellulose as described
by Greminger and Windover in U.S. Patent No. 2,887,440. 1In
a preferred embodiment, the present invention uses the
improved thermogelling methyl cellulose ether compositions
disclosed in the Sarkar patent, including a thermal gelling
methyl cellulose ether composition suitable for use in
preparing pharmaceutical capsules by an aqueous dip coating
process using preheated pins and having a methoxyl DS of
about 1,.,5-2.0, a C,-C; hydroxyalkyl MS of about 0.1-0.4, a 2
wt. percent aqueous solution viscosity of about 2-10 cps at
20°C and a thermal gel point of about 50°-80°C, and a 15-30
wt. percent agqueous solution viscosity of about 1,000-10,000
cps at 20°C, said composition being further characterized by
having as a 15-30 wt. percent agqueous solution: (A)
essentlally Newtonian f£luid properties as defined by a power



capsul e cap formed from an aqueous sol ution of a thernogelling cellulose
et her conposition, using pins as nolds, conprising: dipper neans for

di pping the pins into the solution and gel atinizing solution on the
surface of the pins; dryer nmeans for drying gelatinized solution on the
surface of the pins to form capsul e boci @8 and capsul e caps;

lid autonmatics means for renmoving the capsule parts fromthe pins; and

L ansport means b8l eodPALEGL N5, PLES, I91a%0 CLOSELAL OPRALE bGP { e

di pper neans er ans. an autona I C erel n the dryer
rreggs i ncl udes dntetbi§st eda%cﬁB eficPb %7y 98" ’b‘cﬁifi Bﬁrﬁgt\#ﬂ@ L leB6Ft d
means, the duct 1B8veynesdcpi mteh®tS- and an air outlet proximte to the
pin-entry, and a pi MeeXiappardtuanodi thd plresemt dxivenatbor,0 inhe prereeXed, the
transport neangnsd@ieft,t 9s MNLRAPLADALS thbé o Didapsthe mdcRgngel ati ni zed
sol ution through;Lh OQébCEn broMgLg, P'x{L ent sy, 97t RS RlitkofiXhha J.ae dryer

means havi n nmeans Vln COUﬂ
9 atent No. 1,245 to Kath. The machine that was modified

to embody the present invention was a ”Colton” capsule
machine manufactured by R & J Engineering Corporation, 100
Hansen Avenue, Kitchener, Ontario, Canada N2C 2 E2.

1. General '

The present invention provides a production process and
a fully mechanized production apparatus that may use the
modified cellulose in U.S. Patent No. 4,001,211 to Sarkar
for manufacturing pharmaceutical capsules of sufficient
uniformity and rigidity that they may be filled on modern
high~speed capsule filling machines. Capsules may be made
in a range of sizes similgr to the range of sizes in Tables
1-3. For a given capsule the capsule bodies and capsule
caps have different dimensions as illustrated for the prior
art capsules in Figs. 1A-1C. The process involves a series
of steps performed by one machine. Each capsule part is
made by dipping a hot stainless steel pin into a cellulose
gel solution and drying the gel to form a hard film over the
pin. The pins are mounted in a row on a bar as illustrated
in Fig. 3. Fig. 4 shows a pin with a gel coating. Body
pins are mounted on one set of bars and cap pins are mounted
on a corresponding set of bars so that corresponding bodies
and caps may pass through the entire process in phase with
each other and emerge from the process facing each other
'positioned for assembly as a capsule.

The process, in a first embodiment, is arranged so that
the bars travel in a continuous loop illustrated in Fig. 8A.
The process steps in this embodiment are:

. Preheating the pin bars (Preheat Section):;
0i1ing the pins (Greaser Section):

Dipping the pins into cellulose solution (Dipper



aif wthin the duct fromthe-air inlet to the air outlet, such that air
flows first over gelatinized solution on an earlier-dipped pin and the
sane air |later flows over gelatinized solution on a |ater-dipped pin.

According to still another aspect of the present invention there is
provided an apparatus for manufacturimglpharmaceutical capsul es, the
capsul es suitable for filling by capsule filling machines, each capsul e

“consisting of a capsukecbpshy;and a capsule cap formed froman aqueous

solution of ‘a thermygehhi 0 ¢ Lg&@eﬁf}ﬁa@eg qﬁmp%éatqa{,, psing pins as

nol ds, conpri si ng: ans 0" the solution and
gel ati ni zi ng sol uti d:'r’fj’)'g?’lgt"'l’{’éa gat+ &‘fﬁé’e& ?‘ﬁ ﬁs TR FLREYs for drying
gel atini zed sol uti desdhieniads the Rinbarst $r t&aﬁsc?lbr%f’n%%q)we pedli es and
capsul e caps; aut onat bodiesteface éach rotheyi (KpHleeSeetpizm)e parts fromthe
pins; and transport NERdREnd AWheNBXp$GaridNBod 1 AuBoRatilc@sed | oop pat h
through the di pper nggﬁin§h§,dggﬁé ggdﬁgg gngoﬁggfyggtlcs nmeans;
wherein the dryer nc u encI0§ a portion of
the transport rreaggjaq‘f‘ Bgr&?? i spf’ht ﬁf?;"%lﬁc?"zfﬁ ‘? out | et
proxi mate to the pin- éﬁPF?matﬁﬁﬁd a pin-exit and an air |nlet proximate to
the pin-exit, the trRemepdng argatsimdiapt ébetcapsmend ypdilesr §swith pins
carrying gel at i Al zesk s@kut LOMFilger ougharddhe gadedtionly he JoiAi i tdhe

caps and bodies to form a capsule in a prelock position,

ready for filling, is illustrated in Figs. 1A and 1B. Fig.

1C shows a capsule with the lock ring engaged as it would be

after filling.

The process is similar to the process for manufacturing
gelatin capsules except that the process for manufacturing
gelatin capsules involves dipping cold pins into a gel whose
temperature is above the gel point wheréas the process for
manufacturing cellulose capsules involves dipping hot pins
into a gel whose temperature is below the gel point. Novel
aspects of the present invention include process steps
designed to overcome the peculiar difficulties of
manufacturing cellulose capsules using the cellulose
composition disclosed in the Sarkar patent. In a preferred
embodiment, the present invention uses temperature, humidity
and air flow control components including heaters, sensors,
enclosures, fans and thermal isolation components. This
embodiment also uses pins that are narrower than the pins
used in the prior art and in one embodiment provides a
capsule body having a stiffening ring.

2. Te rature Contro
Capsules must have consistent wall thicknesses from
- capsule to capsule for them to be filled on high-speed
£illing machines. To accomplish this, the temperature of
the stainless steel pin molds, which are attached to a
pinbar, must be controlled throughout the process. The pins



to,the pin-exit, the dryer neans having neans for noving air within the
duct fromthe air inlet to the air outlet, such that air noving within the
duct nowes successively over gelatinized solution on increasingly

| at er - di pped pins. According to still another aspect of the present

I nvention there is provided an apparatus for manufacturi ng pharnmaceuti cal
cel l ul ose capsul es, the capsul es suitable for

1le filling bynfapsel fedtda LADEIRED 86 Sonaas Nr Gt Hb e GRRSNE! bAGA! WO
parts, a capjsulies bcidx daundoa ga sulig1 cal Jeo‘rigedirfr%melaé]tﬁq,qeowﬁ.lso! ution of
a thernogel ling c & PEFOsE ShET onposi °on, PROIMprEST NG 4 p u}éilty of
pi ns; greaser nERAfEafoPalEEsERRRR REORE ide AREBEC hRRENDS ®ABREDI ng t he
pins into the setigx dp dip.andpp dddresanthegerraticilz inegd sthubeshion alie
pi ns; dryer neastnd @romiydm gogednttion sdeckatlinliprthensahe teinperatufer m
capsul e parts; ¢y QaBte CapdRRss Judirit Sy dntféaf 288U fyRapbsaf rom the
pins; and t"a”5£¥¥fing?a”fh A process of making cellulose capsules on a
traditional ”Colton” capsule machine, some pinbars must wait
longer than others to dip. The present invention includes
compensatory temperature control where some bars or parts of
bars are independently heated to higher temperatures than
others to compensate for the longer wait these bars have
before -dipping and for the different ambient temperature
{due to temperature gradients within the machine)
experienced during the wait, and also for temperature
gradients resulting from differing pin, pinbar, and/or deck
conductivities. The compensatory temperature control system
operates to maintain predetermined temperatures in the bars
prior to dipping to achieve substantially equal temperétures
in the pins at the time of dipping. Compensatory
temperature control can be provided by a variety of
equipment configurations as follows:
a) Compensatory Sensing and ﬂeatigg on Dryina Decks
Groups of twenty bars move from drying station to
drying station on a metal deck. Since bars sit in each
position for some time before moving, heating sources may be
positioned under the deck and also over the bars in such a
manner so that heat may be applied to raise the temperature
of selected bars in the group of twenty. The last station
of the lower deck, just prior to the table section, provides
separate heating areas that are thermally isolated from each
other so as to heat bars and portions of bars selectively.
When bars leave the drying decks and load onto the table
section, they are fed one at a time into the center elevator
for processing one at a time in the automatics section. The
last bar in the group of twenty must wait the longest. By
selectively heating these later bars to higher temperatures,



moving .the pins in a closed loop path through the greaser nmeans, the dipper
nmeans, the dryer neans, and the automatics neans; wherein the automatics
means i mcludes a gripper adapted to grip a capsule part in a pin and break
adhesi on between all -adhering surfaces of the capsule part and the pin to
facilitate renoval of the capsule part-freomthe pin, and actuator means
for driving the gripper; and wherein the gripper, the actuator neans and

“the pi bl ot h Lf ali t
such that the gt sabyegronk B i BaBtarb o8 1o BE HBPBIMR S (20T

on the pin. esgcdaFef r?@rf;o"’ﬁ]r Ihla"‘én%t‘ﬁ‘é‘Pe’é%% SBPSHTB:IBII ¥ effual
i nventi on t her eto her eartiextr baArs hedr hadisleser tima Hoacpal idrynpheferceut i cal
cel lul ose capsuégterdhgatige \@ppshg estatiber, the capsul es sui table for

filling by capsule tjlli E‘a’%a@ nsaPs 9k two parts,
a capsul e body and a ca CICETR ody and cap eac avi ng an open end,

the body and cap forned ueous sol ution of a ther elling:
cel l ul ose et her coﬁﬁ&gft]ﬁ?ﬁm%s?’%g e rI96sES ¢ érﬁo{ﬁprmsfgaﬂ T i ng
pi ns and cel | ul 83%k @af8uUR Tabds- Secign Yhigh Agkps n@‘eagrﬁbll’c%f tweRpy i si ng:
di pper nmeans fobach ppidngedde themnsonante & hieimesdhtit itdre FAsl hidsattoni zi ng
sol ution on thecsptinied Podd2@1iRi NS IndENSE TABABSsEAH1oHr HédW catiebat i ni zed
solution on the, sy fACEyOlny BRaRE S WR1HOLH %ﬂQSPA&;rp%E\Lé at?ifeaut omatics
required temperature so that they do not cool as they wait
their turn for further processing. The table section is
covered with an insulated box with heat sources to maintain
temperatures and further accommodate the later bars so that
all bars reach the dipping bath at substantially the same
temperature.
c) Compensato Sensi and Heatin o Adijust for
Temperature Variations from the Front of the Bar
to the Back of the Bar

Because of the temperature gradients within the
machine, there is no guarantee (with the prior art machines)
that the temperature along the length of a given bar will be
constant. <Variation of temperature along the length of the
bar would cause temperature variation pin to pin. For
example, the front end of the bar may be cooler than the
back end, and thus pins in the front are also cooler. 1In
the present invenﬁion, the differential heating mentioned
above also may be set up to compensate for temperature
gradients within the machine in order to ensure uniformity
of temperature, pin to pin, along a given bar. This is
accomplished by applying heat selectively via the deck
supporting the bars and from overhead radiant heaters. The
last station of the lower deck, just prior to the table
section which delivers bars one at a time to the automatics,
is known as the ”split deck.” Heating from each thermally
isolated segment of the split deck is adjusted to produce a



neans for removing the capsul-e parts fromthe pins; each cellul ose-capsule
f of mi ng pin having: an elongated pin body; a dorred head | ocated at one end
of ;the pin body; and a cylindrical sidewall surrounding the pin body and
extending fromthe domed head, the sidewall having a dianeter which varies
along the length of the pin body such as7te provide a taper w th narrower
di mensi on tovvard the head end of the pin body, and a cut- point defining a

cut-point di angl glaogl Sk L %QLQQ%M&L B Bbui 8 A Bubody at whi ch

now been ac ess an psyl e’ rovenent s that
are the subj ect r?'ﬁ‘érepl"gsé ‘T’ﬁ\?e’ﬁ?’rrt?n equal when they reach the SUMVARY
OF THE | NVENTI mpper- IS an obj ect of the present invention to
anel i orate one ¥y pelliApprioaciiesqto 0 : 2

Q,‘L jo)e] i‘[!g Process

a) Ccounterflow Drying and Enclosed Kilns

Drying techniques used in prior art mechanized capsule
manufacture involves overhead kilns with perforations on the
bottom plate through which air blows over the capsules. The
air then escapes into the room. The'present invention uses
enclosed kilns where air is only introduced at the pin-exit
end of the lower kiln (i.e., the end of the drying process)
and then proceeds in a counterflow direction to the pinbar
movement, all air being contained in the enclosed kilns and
being removed at the pin-entry end of the top kiln, which is
the beginning point of the drying process. The pins, on
entering the drying process, encounter relatively humid air
and, as the pins move through the drying process and become
drier, they encounter increasingly drier air.

b) Inside-Out Drying

All capsule drying was formerly accomplished by drying
from the outside by blowing air over the pins fronm above.
The present invention dries from the inside-out by using
heat both from beneath the deck and alsc from above the pins
(radiant or infrared, microwave, etc.) to heat the pins
thenselves, thus driving the moisture out from the inside.
This gives more uniform capsules free from defects of
wrinkles and corrugations common with outside-in drying, and
avoids the case hardening or skinning over that occurs in
cellulose capsule production by drying with air alone.

4, Novel Wavys to Preheat Pinbars Prior to Digging
a) Adding a Separate Preheat Section to the Process
Prior to Dip :

Heating the pins is necessary so that gel will be
formed on the pins in the dipping bath. In the Murphy
patent, pins are heated as a byproduct of the drying. The
hot air used to dry the capsules also heated the pinbars (in



Acgordi ng to one aspect of the present invention there is provided a nethod
of manufacturing pharnmaceutical cellul ose capsules of a given size nunber,
t hes capsul es suitable for filling by capsule filling machi ne, each capsul e
consisting of two parts, a capsule body and a capsule cap, from an agueous
solution of a thernogelling cellul ose ~etther conposition, using a capsule
machi nes havi ng capsul e body pins and capsule cap pins as nolds,

“conprising the gt@gscRht ﬂﬁ%‘thﬂtﬁcﬁQaE' WHth FeBRiANGd Benpté}@elra&@ré he
sol ution to caugg \{J}%méf?éél ﬂﬁ‘;a éfuxzeecgﬁs&ﬂae b6 S éﬁf the pins

thus formng a at.l nl z el at mze olutlon on
k it onkpel

ryin

the surface of %ipﬁ’lﬁg { o PREY st PR it S PrtkF @borf eorkfelis

renmovi ng t he caPXeheatppdi s t&ﬁdc'é’dii’é’l.}r“epi%ﬁﬁ FhbeR sc‘ﬁéeﬁ?‘-flstha\ﬁnéP%l n dry| ng
t he gel ati ni zedptwd el dmmerssidudinsa nethngt thed peads tdrioughe alip.enthosure and
Movi ng- ai r over pidw:iglensnaVidiisRolh appa6h &5 Wee not heeaidibl 8 di@iseNofl

direction opposgge t&oﬁo'ﬂ@m@"di%%lsé’éh QIer@?Xﬁé‘i%@:t uﬂ&e:’é h%nQU}‘éis %‘fcb_hé hat,

during an early__sta n e ni zed. sol ution on the pins
encounters humni g~ 2 Z‘flre aﬁ’a t&l%lp Sb‘éA%a?erF%’i q@mB} aryrRg? n]e rc]Eount ers drier
air. Accof#RsH efomadp irep s daprayed [relppiesmt Pﬁv%%ﬂﬁ 3 E¥eRe is
provi ded a net hodrefdiffacuftadhani repgyhdr ohcapsuies mealel Grosaedapinl es
suitable for fiklémgping ¢apsdiverfidiffigult) because the improved

cellulose forms a weaker and more flexible film. Because
the walls of the capsule parts lack sufficient rigidity to
be removed easily, the lubricant layer must be administered
carefully and left intact. The present invention provides a
preheat area whose specific purpose is to apply heat to the
pins without contact in preparation for dipping. This
preheat area can be in any or all of the following places:
a) On the drying decks, or at the end of the drying
decks and before the table section.
b) Oon the table section.
c) Between the table section and the automatic
section.
a) After the automatic section and before the
greasing section.
e) After the greasing section and before the dipping
section by means that do not contact the pins.
£) In the dipping section by means that do not
contact the pins, such as radiant heat, hot air,
induction heat, contact elements to back.side of
bar, or other suitable method. Another problem
with the Chisholm approach is that the traditional
capsule machine does not have room to accommodate
the procedure he recommends because of the close
proximity of the dipping dishes to the centerline
of the machine. Thus the present invention also
includes extending the dipper section on both cap



machi ne, each capsul e consisting of two parts, a capsule body and a capsul e
cap, froman aqueous solution of a thernogelling cellul ose ether _
conposi t.d on,. using a capsule nmachines having capsul e body pins and capsul e
cap.pins as nolds, conprising the steps of: gelatinizing solution on the
pi ns, including dipping each pinin the-st##ution to a dip line, to formon
each pin a capsule part of thermally gelatinized solution; drying the

~gel atinized solution on they RLAy 4 Qxuek0LH fARSYLE éi?ﬂiiﬁé AMKh2AREH IS CAPS;
and removing the capsul e hoqies gnd capsul,e capsyfd QULL MG AT avfier el n
drying the gel atini zed

e . 0
soi ution includes noving Phéhg Feadiigngh capsuhe Mzeand™HsVAACS r over
the pins within the enclzmapectotircomnpdatriangreheat grreess dhagppesed to
the direction of novenentnotofinvbevegideatasticiithhehe mlumsi.ng an early stage of

drying, the gel agini zRdcs ton0Bf Retupl NS encounters humd air; and

during a later stage qf dgyifg, enCOUNLSLacAld S 81 Firet scheif@r ding to

still anot her aspect oF "t Nie present. i nvent!on there ]S provide
embodiment the apparatus of the present invention, mos
notably a preheat section 80, a kiln enclosure 81, with air
ingress aperture 82 and alr egress aperture 83, an
insulated, heated table section enclosure 84, an insulated,
heated spinner section enclosure 85 and a dipper section
having a built~in preheat portion 86. The arrows in Fig. 8A
indicate the direction of pin movement through the machine.

Fig. 9 shows a schematic embodiment of the apparatus of
the present invention including several preheat sections, as
follows: in the drying kiln 80, between the drying kiln and
the table section 91, on the table section 92, between table
and automatics 93, between automatics and greaser 94,
between greaser and dipper 95, and in the dipper section 96.
Fig. 8B shows the overall physical shape of kiln. The

overall length L1 of the machine, i.e., the length of the
upper kiln, is 44 feet (13.4 m). This is longer than the
traditional Colton machine, the upper kiln having been
extended by three table-lengths to accommodate a new preheat
section 94 (shown in Fig. 8C) between the autoﬁatics and the
greaser. The height H1 of the upper kiln is 2 feet (61 cm).
The length L2 of the lower kiln is 26 feet (7.9 m). The
height H2 of the lower kiln at the split deck is 2 feet (61
cm) and the height H3 of the lower kiln at the back elevator
is 1 foot (30 cm). The walls of the kiln are insulated.
The kilh comprises an enclosure 81 having air entrance duct
801 and air exit duct 802. The direction of air flow is
indicated by arrows 803. Fig. 8C locates the two 6-inch
(152~mm) circular duct fans 805 and the single 10-inch (254-
mm) duct fan 807, all mounted in the lower kiln 26, which
power the air flow though both kilns. The. two duct fans 805



met hod of manufacturing pharmaceutical cellul ose capsul es, the capsul es
suitabl’e for filling by capsule filling machi nes, each capsul e consi sting
of two parts, a capsule body and a capsule cap, each part having a done,
from an aqueous solution of a thernogelling cellul ose ether conposition,
using a capsul e nmachine having capsul e bgdy_pins and capsule cap pins as
nods, and using a plurality of pinbars, each pinbar having a bar with a

- pl urallty of pins nounted to the bar, conprising the steps of: heating the
pins: dipping @AE PPHEadnsdae Ry séfetSORSt B P¥e akReln @ diFertiap

gel atini ze on t sebstanitsica 19f paded 1pilnte theuakierofyéhat lowezi kdlb heoward

gel ati ni zed sol uhieOBack pehYAE thathink NSd:@@idgkdih from {AetSebiases of the

pins by applyi ngxnéﬁh?rltt haeb ér{eo%ae{jq{ﬁnsi’it erpiadi wnéﬁe 585 frpunt ed
within the kiln qg 2el.ng LFﬁ ipI @ge S Jtl naarreagur_,a anes; drying
the gel atini zed §o| u on on e DsUrt é’é’ of q‘ormcapsul e bodies
and capsul e capP2iEAdoT & By tide fé%ﬁrsﬁlaéhb’?ﬁﬁreé £ﬁﬁt?fid§§uf’é°‘t’:a?ﬂsr from -
t he pins. devowardiy ongosthd [Pinaocth@s e pergedofioechle dyvdbanef itlpeent i on.
there i s provi deglawitietdiddadéa n@nefl actaipengt phatamatviéalaiee! | tHese

capsul es, the capgykgs z'%'—hﬁ\?' Eaﬁsoraosféidi'laglPYm&ﬁﬂﬁw anﬂhlel h BgeBGHLNES,
each capsul e cor&m s%ngsh i 8,8 suI e body and capsul e cap, from an

aqueous sol uti o o1 ernoge |ng cel | ul ose ether conposi tion,
Heat for 1nside—out drying and preheat is supplled by a

series of five 22 inch by 17 inch (56 cm by 43 cm) radiant
paneld 808 mounted directly above the moving pinbars in the
lower kiln. General preheat of the pinbars in the split
deck position is provided from above by a 22 inch by 17 inch
(56 cm by 43 cm) group of radiant panels 809 directly above
the pinbars and preheat is applied'selectively to portions
of pinbars by conduction from the split deck assembly 810
that supports the pinbars. A “dome-~setter” radiant panel
811 is provided for post-dip heating to facilitate post-dip
gelling and inside-out drying.

The fan and heater configuration described above
applies to one side, cap or body, and, in this respect, the
cap and body'sides are substantially identical, except that
they are the mirror image of each other.

Inlet air temperature to the kiln is controlled in the
range 125-180°F and is preferably 160°F. Absolute humidity
of the air at the inlet is controlled in the range 0.006~
0.012 1lb moisture/l1lb air (0.6-1.2 perceﬁt) and is preferably
0.009 1b moisture/lb air (0.9 percent). Ailr flow rate
through the body side of the kiln is 63 feet/min (0.32
m/sec) measured at the 8 inch (203 mm) body side inlet duct.
The corresponding flow rate through the cap side kiln
measured at a cap side inlet duct of the same size is 7
feet/min (0.036 m/sec). Within the kiln the flowing air is
cooled by evaporative cooling and is heated by heat from the
bars and from the radiant panels. The temperature profile



usi ng capsul e body pins and capsule cap pins as nolds, and using a
plurality of pinbars, each pinbar having a bar with a plurality of pins
noynted.,to the bar, conprising the steps of: a) dipping hot pins into the
solution such that heat froma pin causes solution to gelatinize on the
surface of the pin; b) drying gelatlnlzeg%sglution on the surface of the
pins of a drying group of pinbars to forri'capsul e bodies and capsul e caps;
.c) differentially heating the pins of the drying group of pinbars in
accordance w t h fidved tapeoivdide daddeptehle aaphuie pads betadven dnfTallentially
heating and di pp.NgHed} fMO¥h@Gradiant pandlBCakdtHérfiahosh@acansn capsul e
caps fromthe pifisecel M Ga3ubled 18 {aamaﬁndné)pﬂa\é»cegmﬁéae pins ina

cl osed | oop so as ). fu npLL sl ng, t he
step of provi dlatng supp reer?"en a % % to ”Eehsgure aror, fafmssf’ Ce’c(r%’nw ngﬁcapsul e

bodi es and capsul-@20:iRdes 6 Yﬁ*@rpl(ﬁso%d‘pﬁgf 6‘?%"Yd|5|55?hga'tdh@ B
non- cont act heatinwpesuef water (0013 kBa) (cap side). This indicates how

much greater the air flow rate through the body side is than
the air flow rate through the cap side.

Body Kiln Cap Kiln

Location Air Temperature Air Temperature

in Kiln oF c oF c
A 111 43.9 111 43.9

B 109 42.8 108 42.2

c 110 43.3 107 41.7

D 110 43.3 106 41.1

'E 111 43.9 104 40.0

. F 114 45.6 104 40.0
G 120 48.9 105 40.6

H 123 50.6 | 112 44.4

1 142 61.1 140 60.0

J 151 66.1 159 70.6

X 149 65.0 147 63.9

TABLE 5 — ACCEPTABLE AIR TEMPERATURE PROFILE

Figs. 10A and 10B show temperature sensors and under-
deck heaters for preheat on the split deck in the drying
kiln. PFigs. 10A and 11 give details of split deck 810 and
radiant panel 809 respectively from Fig. 8C. Fig. 10A shows
sensors 104 mounted in deck 101. Heaters 103 are mounted
under the deck. Both sensors and heaters are electrically
connected to controllers 105 which mairitain the
predetermined temperatures given in Tables 6A and 6B. The
deck itself contains thermal isolators 102, so that the



have a predeterm ned di p tenperature at di pping. According to still.
anot her aspect of the present invention there is provided a nethod of
manuf act ur.i ng pharmaceuti cal cellul ose capsul es, the capsul es suitable for
frlling by capsule filling machines, each capsul e consisting of a capsule
body and a capsule cap, froman aqueou% solution of a thernogelling

cel lul ose ether conposition, wusing capsule body pins and capsul e cap pins
.as nolds, and gsidiiaspbtidisi by @éckpibehesth a gawdn Himbar dx@ving a bar with
a plurality of «pins AQUILSea bRE £33k, akstiRi. S| &b tphAbass epveofn a)

r sl ng i P LbSipe hropPa0 £18h MAoh!LP Jches5h Egnlmﬁ,t badcpeat

froma pin cads® Hg tini ze on e p|n

drying gel ati nf2etP sﬁﬁcﬁf“i’%nm t‘Fr'é“é‘Gr ke Wgt]ﬂ% ¥ pﬁ? of°® a drying group
of pinbars to flokewizepsuTke sbdiectiam®t Bayiad eﬁp%he PLnbays e‘rseﬁ{‘?‘%ﬂ‘l y
heati ng the pi By ®he tafieods yimgigt owgr.of spémizagzobp ofacdobaesmd@swit h t he

expect ed di ffeﬁ%nitﬁlofhsgtlﬁm fee&w&gn ghé fﬁrr@amaflcmehﬁmm and a

di ppi ng, such
renovi ng the c‘f’égsurlepéad es hes 349 &ES)Le“r gk%'gﬂsdjé rom f etgi]gid&%tnsdd:‘;)plrrggl ng)
h

the pins in a §P68%’6t’i"60§h§c?i’§’§r{501? &PEatast §ret9 9 )
According to stkillh mmeﬁph%%éepkﬂhqw1br@s"éhf"1Fﬂv’éhtFl€n 1¢er e TPE
prOVIded a thermal isolators 102 and the portions of the deck 101

enclosed by the thermal isolators are also shown in cross-
section elevation view in Fig. 10A. Selective heating of
different portions of twenty pinbars to compensate for pre-
dip dwell time and for temperature gradient in the machine
is achieved by controllers 105 controlling each of the
several enclosed deck portions at a predetermined
temperature. A temperature profile for a preferred
embodiment of the present' invention is given for each
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 portions 101 in Fig. 10D are given in

Table 6.
A B C D
*F (*C) *F (°C) *F (°C) *F (°C)
1 306 (152) 251 (122) 235 (113) 267 (131)

2 181 (82.8) 178 (81.1) 153 (67.2) 174 (78.9)

3 | 193 (89.4) | 165 (73.9) | 135 (57.2) 142 (61.1)

TABLE 6A - CAP SIDE SPLIT DECK TEMPERATURE PROFILE
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met hod of manufacturing pharmaceutical cellul ose capsul es, the capsul es
stitable for filling by capsule filling machines, each capsul e consi sting
of, a cgpsul e body and a capsule cap, froman aqueous solution of a
t hernogel ling cellul ose ether conposition, in a capsule machine using
capsul e body pins and capsule cap pins-a& mpolds, and using a plurality of
pi nbars, each pinbar have a bar with a pIurallty of pins nounted to the
bar, conpri si ng=the—stops——ofi—-al—greasing Re—pi-Rs=—t-o—form-a—t-ayery Of
grease on a plnj b) | heatiang thg pi nsBof a di ppi ng) groqp of ppnbarsff as a
group, to a pred 'neﬂ didy tlenper gtgy e, | by -pop-gyontfact - Regidyng &fter
greasing so the H-easeten—a—pt—sthet
1la disturbed; ﬁbﬁngllhb roﬂ9p|ﬁ§ 6d | hRBAi(pRENg gr%ﬁp(@#zplnwars as
a group, Iinto t spretionmSotihat _heat _frpmra pin Tauses SOI atTomjto

gel atini ze on tHe %uf f3ce (8Pt hd gER; Ry 71 di vy ‘PRe*hie) atThi'Zéd Sollution .
on the surface { hp ﬁgn%gpa)fcrrpggap;d,llsff Dog;ﬁqlggg 261 (127) '

TABLE 6B ~ BODY SIDE SPLIT DECK TEMPERATURE PROFILE

A 8 c D
inch (mm) Inch (mm) Inch (mm) tnch (mm)
1 i 3 x4 (76 x 102) 5x 4 (127 x 102) 5x4 (127 x 102) 3 x4 (76 x 102)
2 3 x 10 (76 x 254) 5 x 10 (127 x 2542 5 x 10 (127 x 254) 3 x 10 (76 x 254)
3 3 x4 (76 x 102) 5 x4 (127 x‘102) 5 x4 (127 x 102) 3 x4 (76 x 102)

TABLE 7 ~ CAP AND BODY SIDE, DECK SECTION DIMENSIONS

Fig. 11 shows non-contact temperature sensors and
overhead radiant heaters for general preheat on the split-
deck in the drying kiln, detail 809 of Fig. 8C. Non-contact
sensors 111 measure the temperature of the pins (or local
area of pinbar) from above. Overhead radiant heaters 112
are mounted to the thermal enclosure 113. Controllers 106
are used (in conjunction with controllers 105) to maintain
the predetermined temperatures of Tables 6A and 6B on the
split deck.

Additionally, hot air may be used for heating in the
split deck area.

Fig. 8G shows the insulation box 831 for preserving
preheat in the table section 27. The box has a top and only
two sides, one side being omitted to allow a group of twenty
bars to enter and another side being omitted to allow bars
to exit (in a direction transverse to their length) one at a
time.

Fig. 8C locates (schematically) the table section 27,



capsul e, caps; e) renoving the capsul e bodi es and capsule caps fromthe
pins; and f) noving the pins in a closed |oop so as to repeat steps a)

t hrough:e) ;. such as to mnimze cellulose capsule wall thickness variation
caused by pin tenperature differences at dipping and by disturbance to a

| ayer of grease on a pin. Accordi-ngsto still another aspect of the
present invention there is provided a nethod of manufacturing

- phar maceuti cal IIquse cap % e?h?lcq¥vglven S|zgenunbe the g sul es

suitable for fi I sy Eé REEH RESheal §eEdsa ™t &BRsisting
of two parts, &rE%i%rulsécbb%W 2&md"’%t“a cddﬁgﬁFese&é:ﬂmf?%rﬂ g UBRIEeEB| ut i on
of a thernogel | 2Ag T kcahveetienherelaatposeticm 24ubiigdes| Pulméh@:apsul e
body- si de formnm egnpéctsicanHeat alylstibns B12aps Ud=-hC apdei dexfrowsi suB pi Ns as

nol ds, conpri si riﬂaw@cesttﬁesdpéectgsbaéf gl Nee neRlkbai LIy %raspltme i ncl udi ng
dipping a pin in.t %%E' gﬁn%ag rfan' h“?t éq% LQ&S%MthﬁhQ - a capsul e.

part of gel ati nfze VUL on; n; renovi ng

the capsule paFPPf‘?Jcﬁﬁ f’ﬁéep’r"ﬂ""vﬂia?&‘b&ﬁf?ﬁ‘@ *é‘epPﬂlP%?’f te)’/‘tSFSp‘F}ff's t hr ough
the steps of gerasser Seg§ioniras agdatie ddnpey ¢ | Bhey kdceséon (rf leachsi ng a
cel | ul ose-capsulog £w& ndixgcopidttiani peelRatUsyicinat stz aletstbwhhpi FHig.snal | er

than a correspoRgi pgewddn BRESHatdic8NES &IndObredsHOLEEEPHGNY HEd atin-capsul e

formng pin useqd [OLBNULACIIMY NPt A ERBA A Yreater detail in
Figs. 8E and 8F. Fig. 8E shows the squirrel cage blower
821, the heating element 822, the supply duct 823, the
pinbar 824, the pin 825 and the return duct 826. To
accommodate the convection preheat section 94, the original
Colton machine was extended by three table-lengths, i.e.,
the upper kiln was extended by three table~lengths and the
greaser section was moved three table-lengths away from the
automatics. In a preferred embodiment, four convection
preheat systems are used, two on each side. Fig. 8D also
shows a schematic plan view of all sections between the
split deck 810 and the spinners 23, including the
accumulators 832 and the final preheat section 95, whose
location necessitates that the dishes are located farther
apart than they are in the traditional Colton machine.

Lubrication used in the greaser section 21 consists of
a mixture of light mineral oil (59 percent), stearic acid
(16 percent), calcium stearate (16 percent), and lecithin (9
percent). A very small measured gquantity is delivered by a
metering pump to a felt or brush which applies the lubricant
directly to the pins. Then a felt-lined barrel distributes
the lubricant uniformly over the pin surface.

Figs. 12 and 13 show a plan and elevation view
respéctively'of a dipper section preheat arrangement. There
is symmetry about line A-A except that capsule bodies are on
one slde and capsule caps are on the other. Body pinbars
and cap pinbars slide into the dipper section preheat area



gel ati n capsul e part of the .given size-nunber; and sizing the cellul ose
capsule formng pin so as to nmake a cellul ose capsule part that has
substantially the same overall dianeter as the corresponding gelatin

capsul e part of the given size-nunber and a greater wall thickness than
the wall thickness of the correspondi ng 2§etkatin capsule part of the given
si ze- nunber. According to still another aspect of the present

cel l ul ose capsu § lven, sl z ap u leg ¥| ta}bl & for
filling by capsth®8°Fi?is Eaﬁﬁ%r?pr?§§ °‘é’azb'§u réaac ASi's two parts,
a capsul e body Rhefreat csasddre p, SFFo?ﬂ%’nFéﬁue%us“%F?H |3d1’r' 6F blown

t hernogel | i ng across the pinbars via inlet ducts 123 and preheat hgg¢ds] b

cel | ul ose et hera22Qnpokeé.ipgidbarssile@dviad | tHeO peeleyts ahrea pothe fiigped Gmm Ng pi ns

and cel | ul ose- ﬁqa,%?ul 8t CAReS LA GO BAbPMhgPdRSh 3529 BhESspERGR the
u

cel l ul ose-caps sp1nnggg1£¥3wgkgin an enclosure 161.

i nventi on therw %—Q%Pé/ésdgglaanﬁgrgﬁdorﬁ GRS skt D6 PhahORERLId.cal

Fig. 13 shows a group of five bars in the accumulator
832 (five bars having fallen from the T-slides one at a time
until five bars are accumulated in the accumulator). This
group of five bars moves to station 131 in the final preheat
section 95 where final preheat is applied. 1In an
alternative embodiment, one that eliminates the need for
preheating pins according to a time interval to compensate
for different delay times between preheat and dipping, the
dishes are moved apart further to accommodate a sufficient
number of stations 131. In this embodiment all preheat is
performed between the accumulator and the dishes and is
performed without disturbing the layer of gfease that was
applied to the pins on the greaser. Heat is preferébly
applied by thermal convection from hot air flowing over the
pins as shown in Fig. 13, or by radiant heat. Heat may also
be applied by moving a conducting bar into contact with the
top surface of the bars, the pins pointing down as shown in
Fig. 13. Alternatively, induction heating may be used.
Figs. 14A and 14B show two views of a preheater with
air ducts for selectively heating pins in the T-Slides. Air
for heating the pins passes through supply ducts 141 and
return ducts 142. The local temperature of the pinbar is
measured by non~contact sensor 143. This is an alternative
to the convection preheat section of Figs. BE and 8F.
Fig. 15 shows the schematic for control of the dish
temperatures. Water 157 is pumped by circulating pump 151
through a chiller 152 and a heater 153. The heater is
controlled by a PID controller 154 connected to a
temperature sensor in the body dish 155. After the water
leaves the heater, it flows through jackets around both the



haV|ng an el ongated pin body; a doned head-|ocated at one end of the pin
body, dand a substantially cylindrical sidewall surrounding the pin body
and extendi.ng fromthe donmed head, the substantially cylindrical sidewall
having a dianeter, the nethod conprising the steps of: gelatinizing
solution on a pin, including dipping a iz n the solution to a dip |ine,

to formon the pin a capsule part of gelatinized solution; drying the
capsul e part on O [ S p [ o
transport! ng a d&r a?él? 55 ERXIJ%% %E?oﬁ ‘ih? alr:t:? Eg‘?%eﬁ gﬂgnjl}élbng, dr y| ng
and renovi ng, sé‘eél b%éi?"ﬁﬁ? ted kg 84K g 8 &%?'I 1Fo3R-%dPsul B°P%rmi ng pin

that is undersmlédi ®heuwld @S’Eettﬂteodésboirtr @s pemerTarurge?fitli>3- Eapsul e form ng
pin used for mamse.accur (ragpga Yed ‘F-1856cRPER. @ ° pesd. 90C) | henqyicepnpimd ae
number, the di a&r&te&beeétaﬂaeosub.si@nt(kali%)cxkam i1eak rsigtewalibs of - d-he
cellul.ose- cap, ch Pr mA&erl Moty p‘gsstF@nI ggggg@n 135CPLE Qggé ng di ameter

of a substantia correspon
Y’bs‘é’

gel ati n-capsul €° rf%ﬂl& %f) Jr}] ﬁhctﬁ%"% su‘l e formi ng pin sized so

as to make a cellul ose capsul e part that has substantially the sane
overal | diameterfas a correspondr ger gt mqapst Wb n
si ze- nunber . According to st iCRSH e adPEEPWRT |t hdFrHRER Ny
i nvention there |s pfprewlm? appar # Us S or| neuflaet uli ng Fpkafhadeut i cal
cel l ul ose capsul Fs Ne,capqures suirtable Tor

Locg ion

Table Load | Body | 124 (51.1) | 123 (50.6) | 126 (52.2)

(Spinner) Cap | 122 (50.0) | 121 (49.4) | 124 (51.1)

Table 1 of | Body -—— 119 (48.3) | 121 (49.4)

Upper Deck Cap - 120 (48.9) 124 (51.1)

. TABLE 8 - PIN TEMPERATURES AFTER DIPPING
Figs. 16A, 16B and 16C show apparatus for heating the

pins through the pinbar to permit post-dip gelation in the
spinner section and ”inside-out drying” in the drying kiln.
The spinner section is enclosed and heat is applied to the
pins to cause continued gelation and inside-out drying.

Heat is applied in the spinner section by blowing hot air
over the pins via ducts 163 and 164 and by heating the pins
from radiant panels 162 mounted to the walls of the
enclosure 161. Panels 162 are substantially parallel to the
longitudinal axes of the bars. It has been found that using
a pin temperature at dipping that is cooler than the
temperature used by Murphy, and heating the pins after
dipping to continue gelétion, provides a better consistency
and fewer defects in the finished capsule. Heat applied to
the pinbar in the drying section drives moisture from the
inside-out as shown in Figs. 16B and 16C (inside~out
drying). Arrows in Fig. 16C in the bar and pin indicate



filling by capsule filling rachines, each-capsule consisting of a capsule
body and a capsule cap formed from an aqueous solution of a thernogelling
cellul gse ether conposition, conprising: a plurality of pinbars, each

pi nbar having a bar with a plurality of pins mounted to the bar; greaser
means for greasing the pins; dipper neangy Lor dipping hot pins into the
soluti?n tg cause SFIution to gelatinize on the surface of the pins; dryer
means for drying gel atinized solution_on the surface of the pjns .qf a
drying group o?q%i bRt -asPerYtodp, F1% FSFrﬁ’ba%?u?%Pb%ﬁ égp M % Epsul e
caps; differentindichtatfov pEaraistyredi fingideroult BFY R mneyerRe Piens of the
drying group; atdraaeionomeakinf @n themmtiemgstitaceapsutte gaptelé rdwtt he
pins; and trans@f bcbBARVhenOBrfINg Rgok NhePblbS e WithabXdwasatixr| Sngnepat h

t hrough the 9feaseng§?% iggugsétg]&wu{ge%@ace;%fduﬁavﬂﬁa%e thssule

g: ]]: ]]: 2:: 22: : Z: Eggqt% frox?fntésﬂe_ pin. Ae g?:"g[t.agerrratf?gs (Igc?c?ir}%;ed\,\@t?{i%pgrs hgivots
about pivot 172, when driven by wedge 173, to grip the
capsule part 174 prior to sliding it off the pin. The
gripper has opposed gripping faces.

‘Fig. 18 gives details of the gripper of Fig. 6. The
gripping faces 181 may be provided with raised ridges or
rows of teeth (which may be longitudinal or circumferential
to theé axis of the pin), or have surface composition or
texture, so as to grip the capsule.

6. PRin Size

An important factor in achieving production quantities
of capsule bodies and caps that will run problem-free in
high-speed filling machines is to meet close specifications,
especially on ;xternal dimensions. For example, if the
external diameter of each capsule part is even slightly too
large, caps and bodies will not consistently separate in the
filling chamber because they are too tight a fit. The
external diameter of a capsule part is determined by the
diameter of the pin mold, the shrinkage of the capsule
material after removal from the mold, and the thickness of
the capsule wall. The thickness of the capsule wall depends
on a number of factors including the initial moisture
content and viscosity of the gel and the drying conditions.
Accordingly, it is recommended, for the manufacture of a
cellulose capsule part, to use a pin whose diameter is
undersized compared to the capsule pin for the corresponding
size gelatin capsule part. For examplé, for the manufacture
of a "0” size cellulose capsule part it is recommended to
use a capsule pin whose diameter is undersized by an amount
in the range of approximately 0.002-0.006 inch (0.05-0.15
mm) or approximately 0.004 inch (0.1 mm) compared to the
capsule pin for manufacture of a 70” size gelatin capsule



means i s positioned to receive-the drying group of pinbars as a group,
and-includes neans for differentially heating the pins of the drying group
of .pi nbars in accordance wth the expected differential heat |oss fromthe
pins as the pins nove fromthe differential heater nmeans through the
automatic nmeans and through the greaser ABahs to the di pper neans.
According to still another aspect of the present invention there is

- provided an apa2tat Ufox GthéRapaalelld iRgsphat NRC @UboMRdndeaPshid £ het he
capsul es sui tallsq fplnddls! bOGuliersEARP YrbpbidddiieePC hiheh: xOORN sCaPSUl €
consi sting of ca sdfe. ﬁ Y; ang a ng%fle gap Qorned f rom an, agueous
sol ution of a tRE MBYAVPHGHBIIGF 0’ WEHBF I Yo SsFIPBHS BBt s°ng: a
plurality of pi%hBars, inckcK7pthiiy AV FGEchiRn wiapge 2hIUORTe 0% pins
nmount ed to the imgh, (ea@dropilh Mm@y iregresaitisea kppddoneemmef of @i¥pi ng t he
pins i-nto the XRokuhhdm aedugeicl bii didtg iatht {an an) tigreseheeea of the
pins; dryer meaRaubeiodiof 89134e roel AlirihgetaiRliel bRPe O ESNEaglllcace of -
the pins of a d[X:RG BLOWR Ol BRESHIL BREM AR §idRdees B gpsul e
caps, the dryer_ méans aV|ng qﬁfln-enlﬁglen ;- automat | cs . neans &
renovi ng the cdHSTPESHIWs PP BIYRE Piriderafs T1SSH6 tWEns for noving

t he #Increasing Capsule Stiffness” hereinbelow.

7. Cooling the Dipping Dishes

Passlve cooling was found to be insufficient to
dissipate the heat delivered to the dipping dishes by the
entry of a succession of hot pins. 1In the prior art
machines used to make gelatin capsules this problem cannot
arise because cold pins are dipped into a hot gel. In these
prior art machines, a jacket having pipes is used to pass
hot water to maintain the temperature of the dipping dishes.
A similar jacket is used in the present invention except
that in the present invention the jacket is used for
cooling. The jacket includes'pipes that carry cooling water
for removing heat from the dipping dishes so as to control
the temperature of the solution in the dipping dishes and
the maintain the solution at a substantially .constant
predetermined temperature.

8. Increasing Capsule Stiffness

Cellulose capsules made from the improved methyl
cellulose ether composition disclosed by Sarkar are found to
be less rigid than gelatin or earlier cellulose capsules of
an eguivalent shape, size and wall thickness. Also, it is
essential that the capsule parts retain their shape in order
to pass freely through the high-speed £illing machine. For
these reasons it has been found beneficial to increase the
wall thickness of the capsule parts without increasing the
external diameter of the capsule. (The external diameter of
the capsule is the external diameter of the capsule cap.)
Increasing the wall thickness for a given capsule size is



pi nbars through the di pper neans, the dryer neans and the automatics neans;
wherein the dryer neans includes a done-setter radiant heater, proxinate
to.the pin-entry end, disposed to radiate heat onto gelatinized solution
on the donmes of the pins of the drying group of pinbars axially with
respect to the pins so as to further gelajd ni ze the solution on the
surface of the dones. According to still another aspect of the
present invention there is_provjded an, apparatus for ngnuf acturin
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capsule, a wall thickness increase of approximately 0.0005
inch (0.013 mm) is recommended, yielding a wall thickness of
a capsule cap of approximately (0.0042 + 0.0005) = 0.0047
inch (0.11%9 mm). To increase the wall thickness of a
capsule cap by an additional dimension Aw without increasing
the external diameter, it is necessary to reduce the
diametér of the cap pin by approximately 2 x Aw. To make
the corresponding capsule body it is necessary to reduce the
diameter of the body pin by approximately 4 x Aw so that the
body will fit into the smaller inside diameter of the cap.
Accordingly, for a ”0” size cellulose capsule having a wall
thickness as recommended, the cap pin diameter is reduced by
0.001 inch (0.026 mm) and the body pin diameter is reduced
by 0.002 inch (0.052 mm) in addition to the reduction
discussed hereinbelow under ”Capsule External Diameter and
Pin Mold Diameter.” From Table 4, the cut-point diameter of
the prior art cap pin is 0.2975 inch (7.56 mm), so an
additional reduction 0.001 inch (0.026 mm) represents an
additional reduction of 0.3%. Again from Table 4, the cut-
point diameter of the prior art body pin is 0.2855 inch
(7.25 mm), so an additional reduction of 0.002 inch (0.052
mm) represents an additional reduction of 0.7%.

Alternatively, or additionally, the stiffness of the
capsule may be increased by providing in the capsule body a
reinforcing ring, similaxr to the locking ring, located
between the locking ring and the dome of the capsule body.
.This approach provides, for a given capsule wall thickness,
a stiffer capsule with a reduced penalty in terms of
material content of the capsule body and reduction in
interior volume of the finished capsule. One or more
reinforcing rings may be provided.



aut omat,j cs neans for renoving the capsule parts fromthe pins; and
transport nmeans for noving the pins in a closed | oop path through the

di pper reans, the dryer nmeans and the automatics-neans; wherein the dryer
means i ncludes an el ongated duct enclosing a portion of the transport
means, the duct having a pin-entry and ansai+¥ outlet proximate to the
pin-entry, and a pin-exit and an air inlet proximate to the pin exit, the
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capsul e fillingdEERTeNSs elapsef ipe pin c'}BnE%%tk?%eﬁF %eé’&ﬁ's'uﬂ“éi body and a
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di pping the pi n%fi ?i&’ t!ﬁeiﬁoxllt\'@c!ho@h@{]vg are thirty pins per bar and five
bars are dipped together as a batch. However, it would be
possible to mount pins on an articulated base (i.e., a
chain) one pin per link, and circulate several such chains
in parallel through a preheat process, a dipping process and
a drying process on a machine, including an enclosed drying .
‘kiln, designed for the purpose. Another alternative
embodiment of the present invention provides multiple pins
on a bar and transports one bar at a time through both the ,
preheat section and the dipping section. 1In this way the
bar-to-bar difference of elapsed time is eliminated and only
the differential temperature along the bar must be
compensated. This could be accomplished by a functional
equivalent of the split deck. .
Solutions to the Problems Unresolved in the Prior Art
A. Analysis of the Problems in the Prior Art
An important contribution of the present invention is
the analysis of the several unresolved problems in the prior
art from the perspective of each stage of manufacture and
use, as follows:
Al. Preheat
In the Colton machine the most acceptable areas for
preheating are those prior to the table section where the
bars are assembled in groups of twenty and are stationary
for a period during which they can all be heated together.
However, the problem with preheating prior to the table
section is that the action of the table section causes some
bars to wait longer than others for their turn to dip and
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aditiona olton dipping capsule machine, five or more

bars are grouped together and then moved as a group over to
the dish for dipping in the gel solution. This allows for
simultaneous heating of a group of bars which avoids the
waiting problem identified above. The only patent to
address preheating bars in the dipper portion of the Colton
machine is Chisholm. In the Chisholm patent, pins are
dipped into heated particles which contact the pins
directly, heating them to the appropriate temperature for
dipping. This approach creates other problems. First, the
lubricant coating on the pin prior to dipping is important
because cellulose capsules are much more difficult to remove
from the pins than gelatin. Since the lubricant is already
applied at this pdint in a Colton style capsule machine, the
use of a pin-contact heating method results in unreliable
capsule removal due to disturbance of the lubricant layer.
Second, there is the problem of lubricant continuing to
accumulate in the bead particles, degrading in the heated
particles, and being redeposited on the pins at a later
time. Third, there is no room in a traditional Colton
machine to accommodate such a heated particle device.
Fourth, no method of preheating alone (as opposed to pre-—and
post-heating) has been successful in making éapsules from
the Sarkar improved cellulose of sufficient uniformity for
high-speed filling.
A2. Capsule External Diameter and Pin Mold Diameter

For any given standard size of capsule (such as 70”7,
, "27, etc.), the size of the pin mold used in the prior
art is a well accepted standard with little variation in

i
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filling machi nes, each capsule conS|st|ng of two parts, a capsule body and
a capsule cap fornmed from an aqueous solution of a thernogelling cellul ose
ether composition, conprising: a plurality of pins; greaser neans for
greasing the pins; dipper neans for dippang the pins into the solution to
a dip line and gelatinizing solution on the pinS' dryer neans for drying

gel atini zed sol u.t | on an the ns to {E ggsg %gg_‘t%bld ?atiggg@ ]tcs nmeans

for renoving t He ca stl'e T ; ns' for

novi ng the pi nsa‘f"r?PéeEI%%aé'tﬂ‘aF%prpé’tahltWBﬁs‘fhe’"&r ﬁﬁ%&kaﬁ@ans, t he di pper
means, the dryeentrdbnte tmdnt deexaliodinensdonphratandpsd efgr the aut omati cs
nmeans incl udes sugidppeiamcx@gpdech icapguie of aapiudre spaetwhikhacph rbeand break
adhesi on bet wee&b@éntmoadh&i W1€nst¥ fRGescury tohenm%eapmtnaad the pinto

facilitate renoy f t rt e pin, and actuator neans
for driving the ?chi?\es Wezc vi#’ieae'%% #igpggg %a the actuator neans and -
C

the pin are m)vabl u?r"f’é’d’ \ﬁf’fhteraé’gﬁﬁc*th w5 ReP PH D&Y P al i gnnent
such that the gwqap?er aellujoep amdscupedi|ferpaetatim,| andHehargpisire part i s
on the pin. . pridicaetdtix hassstdtedantliderisas paiveskr] hesipgesbat

i nvention therepfola@¥ #§68¢ B2 a given capsule size makes a cellulose
' capsule that is often oversized compared the given standard

size capsule. This causes difficulties in.the high-speed
filling machines.
A3. Drying

The traditional drying kilns in the prior art employ
plates with holes above the pins to introduce a stream of
air in proximity to the capsules (Wilkie). Blowing air over
the pins causes evaporative cooling which works well with
gelatin since the cooling helps set the gel. However, with
cellulose the object is to keep the gel above its thermal
gel point until it is thermally set to a sufficient
firmness. The traditional (Wilkie) design cools the wet
cellulose gel through evaporative cooling, and can cause the
gel to flow unevenly and uncontrolled down the meold pin.
This makes an uneven capsule which cannot be filled on the
precise high-speed filling machines. .

Further, while some air movement is necessary to remove
water vapor released during drying, air movement has a
tendency to deform capsules made of cellulose more
drastically than capsules made of gelatin, and a directed
stream of air over the capsules can shift the gel before it
is firm. _

Blowing air over the exterior of the pins also causes
the gel to dry from the outside first, causing a ”skin” to
 form which traps moisture inside the £ilm. This can lead to
wrinkles or corrugations of the capsule wall, and subsequent
problems on high~speed f£illing machines. Murphy employed a



appar af us for manufacturing-pharmaceuti cal cellul ose capsul es of a given
si ze nunber, the capsules suitable for filling by capsule filling

machi nes, each capsul e consisting of two parts, a capsule body and a
capsul e cap, the body and cap each having an open end, the body and cap
formed froman aqueous solution of a therymgelling cellul ose ether
conposi tion, using cellul ose-capsul e body-side form ng pins and
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compromise in the cellulose formulation, which improves
dissoclution (in the human digestive system) but results in
faster release of moisture compared to celluloses used in
earlier capsule technology.

Higher. temperatures are used in the cellulose drying
process than are used in the gelatin drying process. 1In the
prior art drying process, air blows over the pins and
escapes to the room. With the higher temperatures of the
cellulose drying process, this adds significant heat and
heating loads to the room and requires costly air
conditioning. .

A4. Capsule Removal

With the improved cellulose in the Sarkar patent,
removal of the capsule from the pin mold is one of the most
difficult problems. The traditional approach used before
the present invention involved a clothespin like device,
called a stripper. The stripper traveled over the dipped
length to a position beyond the capsule part. It then
closed on the bare pin and moved along the length of the pin
until it contacted the edge of the capsule and subsequently
pushed the capsule part off the pin.

The improved cellulose lacks the rigidity necessary for
a clean release from the pin when contacted by the stripper
cheek. There is a tendency for the cellulose part to
continue to adhere to the pin and to deform and break under
stripper pressure rather than releasing freely.

A further complication in stripping cellulose capsules
is the low moisture content. Whereas moisture can aid
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lubrication, or even lubricants with particularly slippery
characteristics, have a tendency to cause uneven capsule
walls. High temperatures inherent in the process add other
constraints to the choice of lubricant.

AS5. Capsule Filling

Lack of uniformity, the sources of which are discussed
hereinabove, causes problems on high-speed filling machines.
In addition, the flexibility of the improved Sarkar
cellulose also causes another problem: being fiexible, the
capsules are easily deformed out of round.

B. Solution of the Problems in the Prioxr Art

_ The problems in each stage of making and using the
capsules are solved in the following manner:
Bl. Preheat

Since some bars must wait longer than others to dip,
the present invention addresses the issue of differential
cooling and temperature compensation by selectively heating
some bars to a higher temperature than other bars so that
all bars have substantially the same temperature when dipped
as a group of five or more. This is accomplished by using a
pattern of thermally isolated heating elements below the
bars (the ”split deck”) and above the bars (radiant
heaters). These heating elements selectively heat certain
‘bars to predetermined temperatures so that substantially
equal temperatures are achieved at dip. ' .

In addition, the temperature of a bar may vary along
its length or front to back. The split deck allows the
selective heating of portions of bars, those portions which
are otherwise repeatedly cooler than other portions.
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lubricant layer, and without the concern of deposits of
lubricant on the contact particles. To accommodate non-
contact preheating in the dipper just prior to dip, the
preserit invention modifies the Colton style machine by
extending it away from centerline on both the cap side and
the body side. BAlso, contact to the back of the bars (away
from the pins) may be used to aid preheating in the dipper.
Heated elements may be moved directly in contact with the
back of the bars as sole preheating, or in conjunction with
a non~-contact heating method applied to the pin side of the
bar.
. To achieve the level of uniformity necessary for high-
speed filling, pre-dip heating and post-dip heating are used
in cbnjunction. Post-dip heating continues the gelling
process after the dip and assures rapid firming of the
cellulose film. This is accomplished by applying heat
directly before the dip and directly after the dip and
continuing to apply heat for gelation and inside-out drying
until the film is sufficiently firm.
B2. Capsule External Diameter and Pin Mold Diametex

The apparatus of the present invention includes a pin

mold which is undersized to compensate for the differential
in shrinkage between capsules made from the improved
cellulose composition and capsules made from gelatin. This
results in a cellulose capsule which has the same overall
diameter and wall thickness as the equivalent gelatin
capsule, and is therefore capable of running in existing
high~-speed filling machines.



hlg conposition, conprising:. a plurality of pinbars each pinbar having a
bar with a pl urality of pins mounted to the bar; greaser means for
greasing the pins; dipper nmeans for - dipping hot pins into the solution to
cause solution to gelatinize on the surface of the pins; dryer neans for
drying gel atinized solution on the surf-age of the pins to form capsule
bodi es and capsul e caps; automatics neans for renoving the capsule parts
from the pins;__and transport neans for noving the pinbars through the
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under the deck (or bottom) of the drying tunnel and radiant
elements overhead in the drying tunnel, keeping pins above
the thefmal gel point of the cellulose in the early drying
stages. This drives moisture out from the inside. It
avoids the skinning over and wrinkling associated with the
outside-in drying of the prior art. : ,

Process air is directed through the enclosed drying
tunnel in counterflow to the direction of motion of the
pins. The purpose of the counterflow air is not so much to
dry the capsule walls, but rather to move moisture through
the system which has been driven out of the capsule parts by
inside~out drying so the moisture can be exhausted from the
drying kilns. !In this procedure, drier capsules at the end
of the drying tunnel come into contact with dry air which is
introduced at the end of the drying tunnel. As the air
moves towards the beginning of the drying tunnel, it picks
up moisture. Therefore, wet capsules at beginning of the
drying tunnel come into contact with wet air and drier
capsules at the eﬁd of the drying process come in contact
with drier air. This keeps an appropriate relationship of
water vapor pressure between capsules and throughput air
throughout the drying process to ensure even drying. The
result is a capsule part without deformation.

In addition, local heating or air agitation is employed
to speed drying in selected areas where the film is
sufficiently firm so that deformation is not a problem.

Full enclosure and insulation of the drying kilns also
prevents heat escaping into the room, thereby avoiding the
higher heating load on the facility that would occur without
full enclosure. This is in direct contrast to the prior
art, in which not air is blown over the capsule parts and

his is acco



DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) - Figs 1A, 1B and 1C show a
prior art capsul e body and cap. Fig. 2 shows the el enents of the
traditional- (prior art) capsule manufacturing machine. Fig. 3 shows
pins nounted on a pinbar (prior art). - Fig. 4 shows a pin dipped to a
dip line (prior art). Fig. 5 shows*Za~prior art stripper pushing a
capsul e part off a pin. Fig. 6 shows a prior art stripper.

Fig. 7 shows a Qi estipduningothie k@Ugh edge of the capsule (prior art).

Fig. 8A shows agschenntlG gapodi;ent of the present invention, including a
preheat section and | chemati ¢

cross-sectional el eVAFPBh WPEWHS %ﬁém%‘?jfiiﬁa E‘:a}q’hulgj%\l’m's%ha ¥25 i Bsur e
and air flow enough Epdoe gengreddy staditgional petdodgat i FRy¥eEmeths and
fans in the encimsuvedodidsodvingRiellulose df arBdr stanet beschematic pl an
view of all sectéistbRtIeaRrmbied HY pluskHBeK capduidi@arts off the pin by
' pushing from behind the dipped edge. In the present
invention, the ”stripper” device is modified into a gripper,
which has two opposed surfaces which grab the capsule above
the dipped edge, on the capsule wall itself, and remove the
capsule using pressure to the side walls in conjunction with
a motion along the longitudinal axis of the pin mold. The
Colton-machine is modified to allow the grippers to open
wider than normal strippers and the machine is also modified
to move the gripper into a position closer to the closed end
of the capsule so that it contacts on the capsule sufface,
rather than behind it. This action removes the capsule
without damage to the open end, which often occurs when the
prior art technique is used oH cellulose capsule parts.
BS. Capsule Filling _

The flexibility of capsuies made from the improved
cellulose can cause capsules to malfunction in filling
machines, particularly if deformed out of round. The
apparatus of the present invention provides a pin which is
undersized (in the correct amount) to allow a thicker
capsule wall, and therefore better rigidity, while
maintaining the accepted overall diameter of a given
standard capsule size, such as ”0%, ”1”, etc.

The apparatus of the preseht invention also provides a
body pin which adds an extra circumferential ring to the
capsule body between the lock ring and the dome which
physically reinforces the capsule wall. One or more extra
rings may be added to increase the overall strength of the
capsule body part, and to assure capsule bodies remain
circular.



Spi nners. 11h -Figs. 8E and 8F show two el evation views of the
¢onvedtion preheat system - Fig. 8G shows the insulation box for the

tabl e secti pn III]“' II““ lmlml Wws a schematic enbodi nent of the present
i nvention, in of the several preheat sections. Fi gs.
10A and 10B show fenpertat Ur e *sensors and sgnder - deck heaters associ at ed

with the Zpllt deck. - dFI g. 10C shows a group of cap pinbars and the
correspondi ng group, o Q i nbars. Fig. 10D shows the split deck
| ayout for theqﬁ‘é 1%f° \é g% ) >

1. A method of manufacturing pharmaceutical capsules,
each capsule consisting of a capsule body and a capsule cap,
from an agueous solution of a thermogelling cellulose ether
composition, using capsule body pins and capsule cap pins as
molds, comprising:

heating the pins;

dipping the pins into the solution to cause the
solution to gelatinize on the surface of the pins;

removing the pins from the solution;

drying the gelatinlzed solution on the surface of the
pins to form capsule bodies and capsule caps; and

femoving the capsule bodies and capsule caps from the
pins; '

wherein the step of heating the pins includes heating a
pin to a predetermined temperature that is determined in
accordance with the expected time interval between the step
of heating the pin and the step of dipping the pin.

2. A method according to claim 1, wherein the step of
heating the pins includes heating the pins by radiant
energy.

3. A method according to claim 1, wherein a group of
pins are mounted on a bar, further including the step of
heating the bar causing the group of pins to be heated by
thermal conduction.

4. A method according to claim 3, wherein the step of
heating the bar includes heating by thermal conduction from
a plurality of thermally isolated deck segments.

5. A method according to claim 4, wherein the step of
heating the bar includes heating a portion of the bar so as
to maintain the temperature of the portion of the bar at a

~ predetérmined temperature.
6. A method according to claim 1, wherein the step of
- heating the pins includes heating the pins by thermal
convection.

7. A method according to claim 1, wherein the step of

heating the pins includes heating the pins within an
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ahd body plnbars wses The direction of novenent of the pinbars is
shown by the arroWs |n F|g 10C. Such & @Poup of pinbars has a | ength of 22
I nches (56 cn), the Iength of one pinbar, and a wwdth of 17 inches (43 cnm,
Eﬂe gndth OL }qﬁggyt rﬁpgﬁglo;ﬂggportlng the pinbars in the |last station of

e drying kilnis e 1. deck sho A%Q he
thermal isolators 102 a%p ﬁh% 8r§t1|“%rhus 5 u’fﬁ"egag’hxljg&%f%é%?os lel
t hermal isol at Gla§ha‘F%P%’|1§o°%‘Pﬁ)\ﬁﬁlPﬁ O S SPEHS 8ﬁyeT'éQ/§t SHS'?/lie \ﬁ\éf’h Fig.
10A. Sel ecti ve fireat amqavleods f $adugden pefr 8 Sherisfaelhdng y:%lﬁﬁa?% qtder
conpensat e f or demBos it fbrjWaking icapsans Hoay pimpemat capsujeadaprpinsashe
"machine is achigvyad, Qynﬁﬁqgggélers 105 controlling each of the several

encl osed deck portlong: nghgre.determned tenperature. A tenperature

o0di’T

profile for a prefe re ifent of the present invention is given for
each encl osed deck B¥faSioH oA RIMSEig. 10D in Table 6A for the

dipping the pins into the solution to cause the
solution to gelatinize on the surface of the pins;

removing the pins from the solution;

drying 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;

wherein the step of heating the pins includes heating
the pins by thermal convection after greasing the pins and
before dipping the pins.

9. A method of manufacturing pharmé&eutical capsules,
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, comprising:

heating the pins;

greasing the pins;

dipping the pins into the solution to cause the
solution to gelatinize on the surface of the pins;

removing the pins from the solution;

drying 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;

wherein heéting the pins includes heating the pins by
radiant energy after greasing the pins and before the -
dipping the pins.

10. A method of manufacturing pharmaceutical capsules,
each capsule consisting of a capsule body and a capsule cap,
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cap side and Table 6B for the. body side. The di nensions of the encl osed
deck portions 101 in Fig. 10D are given in Table 7. A

[B)ECK TEI\/PERATUH“'“HMI Ml HI'I “ Illl [err] TABLE 6A - CAP SIDE SPLIT

CLAIMS 1. A methbd 'of "marfuf dcturing pharomaceutical cellul ose capsul es of
a given size

from an aqueous solution of a thermogelling cellulose ether

composition, using capsule body pins and capsule cap pins as

molds, a group of pins being mounted on a bar, comprising:
heating the pins;

greasing the pihs:

dipping the pins into the solution to cause the
solution to gelatinize on the surface of the pins;

removing the pins from the solution:

drying 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;

wherein heating the pins includes heating the group of
pins via the bar after greasing the pins and before dipping
the pins.

11. A method of manufacturing pharmaceutical capsules,
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, comprising:

heating the pins;

dipping the pins into the solution to cause the
solution to geiatinize oh the surface of the pins;

removing the pins from the solution;

drying 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: '

wherein heating the pins includes heating the pins
before dipping; and

wherein drying the gelatinized solution includes
heating the pins after dipping.

12. A method according to claim 11, wherein heating
the pins after dipping includes heating the pins so that the
capsule bodies and the capsule caps dry from the inside.

13. A method according to claim 12, wherein drying the
gelatinized solution further includes performing

I
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nunber, the capsu#es—sarfab#e*fbr filling-by capsule filling machi nes, each
capsule conS|st|n a capsul e body and a capsul e cap, fron1an
aqueous solutlo tﬂm‘ ‘ﬂj ing cellulose ether conposition, using a
capsul e nachlne ody pins and capsul e cap pins as nolds,
conprising the steps of : heati ng +hel pi ns; di ppi ng the pins
into the solution to cause the solution to gelatinize on the surface of

the pins thus Qiliedge2adg) a&&%ze&msmgaogogteg enifll Xhhhdg,ge! atl N zed

sol uti on on the surface ns to i es and capsul e

caps; and hav vFﬁ&fﬁlﬁQa aié%ﬂ%?bﬁfﬁﬁﬁﬁ? éﬁd %ﬁﬁ?ule caps from the pi ns;
wherei n drying the @8t ath MeFBEC SIHAPEASIE itRcPLads Hovmheredie dpihng theough an
encl osure and nusliatgnized aodntidme fuirbeni irtilndeseperfolrndng e, the air noving

in a directionsppanedaisy Ghe 6f raet epinf s¥eyewBRiHinOhnt Hlkbesa
such that, durigg .ear!ly stage of drying, the gelatinized solution on the

P ns encounters huqkd QR etgog of manufacturing pharmaceutical capsules,

each capsule consisting of a capsule body and a capsule cap,
from an aquecus solution of a thermogelling cellulose ether
composition, using capsule body pins and capsule cap pins as
molds, comprising:

heating the pins;

dipping the pins into the solution to cause the
solution to gelatinize on the surface of the pins;

removing the pins from the solution;

drying 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;

wherein drying the gelatinized solution includes moving
air in a direction opposed to the direction of movement of
the pins within an enclosure that encloses the pins.

16. A method according to claim 15, wherein providing
counterflow movement of air includes providing counterflow
movement of air over capsule body pins at one rate and
counterflow movement of air over capsule cap pins at a
different rate. :

17. A method according to claim 15, further including
the step of controlling the humidity of the air entering the
enclosure.

18. A method according to claim 17, further including
the step of controlling the humidity of the air entering the
enclosure within a range 0.006-0.012 1b water/lb air (0.6-
1.2 percent). .

19. A method accordihg to claim 15, further including
the step of controlling the temperature of the air entering
the enclosure within a range 125°F-180°F (52°C-82°C).
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during a |l ater stage of drying encounters-drier air. 2. A nethod of

manuf act uri ng phar ose capsules suitable for filling by
capsul e fi.lling mmmmlﬂ;mmmﬂul e consisting of two parts, a capsule
body a and a capsul excap, trom an agueous solution of a thernogelling

cel lul ose ether conposition, wusing a capgute nmachi ne havi ng capsul e body

pins and capsule cap pins as nolds, conprising the steps of:

gel atini zing sol uti 20 9% FO&TKP borc'i'l Gl ”‘é' “Qlackmofibng &%Qrpin?il{éﬁk?m y

solution to a dip I ne,

a .cap
gel ati ni zed sol%he §kep °f heattﬁ%utﬁﬁ ?+ﬂ? QéFﬁf?rﬁ?fe&“%%ﬂ%ﬁﬁ oﬁ°oﬁFﬁHﬁ¥ep|ns to
form capsul e badirgsderrimdagdurir depperature profile wahlin Het he capsul e
_bodles and capsaicioeaps. from t he pins;

21. + A method according to claim 15, further including
the step of controlling the flow of air within the enclosure
to achieve a predetermined humidity profile within the
enclosure.

22. A method according to claim 15, further including
the step of agitating the air within the enclosure to '
minimize local air temperature differences and to speed
local drying.

23. A method of manufacturing pharmaceutical capsules,
each capsule consisting of a capsule body and a capsule cap,
from an agueous solution of a thermogelling cellulose ether
composition, using capsule body pins and capsule cap pins as
molds, comprising:

heating the pins;

dipping the pins into the solution to cause the
solution to gelatinize on the surface of the pins;

removing the bins from the solution;

drying 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 by gripping the capsule bodies and capsule caps between
opposing gripping surfaces.

24. A method according to claim 1, further including
cooling the solution to maintain the solution at a
substantially constant predetermined temperature during
dipping.

25. An apparatus for the manufacture of pharmaceutical
capsules, each capsule consisting of a capsule body and a
capsule cap, by dipping hot pins into an aqueous solution of
a thermogelling cellulose ether composition, comprising:

a plurality of pinbars, each pinbar including a group
of pins mounted on a bar;

greaser means for greasing the pins;
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- 22 - sever beneath-a given pinbar are thermally
i sol ated one from anot her . Bgﬂqumnbars nove in groups of twenty from

station to: statlﬂmw)m every 40-70 seconds in the drying kilns
and body pinbars direction of novenent of the pinbars is

.shown by the arrows n F|g 10C. Such a-gfpup of pinbars has a | ength of 22
inches (56 cm), the length of one pinbar, and a width of 17 inches (43 cm,

the width of twenty pinbars ortin the pi pbars _.in the Iast station of
the drying kilnis FHBP%’bI"]eF“HeE Rﬁ“ hs| BRPS i d0i FPEiSP 6B The
thermal isol ators 16RinpRK t“wenﬁofqli e‘ﬁ§a©¥“q ﬁédd@C#@tl}Gg e IRided2 By he

t her mal i sol at otiseyahaval is€ers lwdbndrawnc foas -theeeblotiagl;evati on view in Fi g.

10A. Sel ective heat iagpgefmdinkl e6£1ryRagtdeae 0l zéavasvyt oM nko
conpensate for pg Cfc%' Erfdé!if‘é' f-‘w?o %%f%péuﬁgpﬁaﬁég %ngré‘é’ﬂsﬁﬁh

machine is achi eve t he several

encl osed deck porti Sl‘% ’5?“3‘1’ F“E?i'é? i ﬁg’g"rblé‘ﬁpg’a?ctﬁp AR ‘Eaererelﬁﬁ?ﬂre
profile for a pkes &ined errbodl ment of the present invention is given for
each encl osed deck poahspertl@éané feargmotiy itheTabhlaBAthoougthéheap si de and
Table 6B for thgr&osbt mkdfs, Hhe dippiSneass ofthtehepﬁmaxos.ednale%eport i ons
101 in Fig. 10Dd§§§r Akl é\xﬂi -Eﬂgl gutjomatlcs means; and A
c heater means for heating the pins, including means for

heating the pins by thermal conduction via the bar.

26. An appératus according to claim 25, wherein the
heater means includes means for heating pins selectively to
pfedetermined temperatures.

27. An apparatus according to claim 25, further
including a box having thermal insulating properties, the
box substantially enclosing the heater means.

28. An apparatus according to claim 27, further
including means for sensing and :controlling the temperature
of a portion of the box. :

29. An apparatus according to claim 25, further
including means for applying heat selectively to points
along the length of the bar.

30. An apparatus according to claim 25, wherein the
heater means includes means for heating the pins by thermal
convection.

31. An apparatus according to claim 25, wherein the
heater means includes a radiant heater.

32. Aan apparatus according to claim 25, wherein the
dipper means includes a dlpper dish for capsule bodies and a
dipper dish for capsule caps; and wherein the dipper dish
for capsule bodies and the dipper dish for capsule caps are
spaced apart to accommodate the location of the heater means
between the greaser means and the dipper means.

33. An apparatus for the manufacture of pharmaceutical
capsules, each capsule consisting of a'capsule body and a

,\
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[err] = SPLI' T DECK TEMPERATURE PROFI LE

heat af an inn e dgg@psul e part in conbination with humd air

surroundi ng th?[“‘iﬂ“ﬁ@jﬁﬂﬁﬂmmauses the capsule part to dry slowy from
t he inside-out.!%} «according to claimb5, further including the
step of controlling the tenperature of —at% entering the enclosure within

range of [err] 12. A nethod of manufacturing pharmaceutical cellul ose
capsul es,” the capssh®s cspj tePlBppiRy Hot! bifd iBoCansdurohi! Ldnd s8RCHE nes,
each capsul e COQS£§é%e9£iﬁ%eR%i§Se %t_ﬁglpsé'gm%osition, comprising:
" a plurality of pinbars, each pinbar including a group
of pins mounted on a bar;
dipper means for dipping the pins into the solution:;
spinner means for rotating and gyrating the pins after
they have been withdrawn from the solution:
' dryer means for drying gelatinized solution on the
surface of the pins to form capsule bodies and capsule caps:

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

transport means for moving the pinbars through the
dipper. means, the spinner means, the dryer means and the
automatics means;

heater means for heating the pins prior to dipping; and

an insulating enclosure substantially surrounding the
spinner means;

wherein the spinner means includes post-~dip heater
means for gelatinizing the solution on the piné.

34. An apparatus for the manufacture of pharmaceutical
capsules, each capsule consisting of a capsule body and a
capsule cap, by dipping hot pins, as molds, into an aqueous
solution of a thermogelling cellulose ether composition,
comprising: . '

a plurality of pinbars, each pinbar including a group
of pins mounted on-a bar:;

dipper means for dipping the pins into the solution;

spinner means for rotating and gyrating the pins after
they have been withdrawn from the solution:

dryer means for drying gelatinized solution on the
surface of the pins to 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 loocp
path through the dipper means, the spinner means, the dryer
means and the automatics means;

wherein the dryer means includes an enclosure having
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hody and a capsul e cap, each part having a dome, from an aqueous sol ution
of a thernogelling cel her conposition, using a capsule machi ne
havi ng. capsul e m“m\“ﬁmm\@psul e cap pins as nods, and using a
plurality of pi ! pl nbar having a bar with a plurality of pins
mounted to the bdr, ccorrpri sing the steps 4f - heati ng the pins;

di pping the pins into the solution to.cause the solution to gel atinize on
the surface ofcideaPhides, the ciddelt bfded@LRLbMANGIthESHiGBRALI Ni zed
solution, in hum.d .air éndg_,lygg a.&d.n, on the surface of the pins by

appl yi ng radi an theat l?r

kiln and facing the3ptarf® BPPATHUSHAPCH TRy 5P Tiids4: wheredpythfy the

oma done-setter_ radiant. heater nounted  w thin the

gel ati ni zed sol WMesnneang Harshex dnelyfies Meapgensox Fovdpth Tgpshreugodi es and

capsul e caps; atik enclosurecinvanijideesicapgwoeedoh aheadbrasdydonl ef caps from

the pins. 13. sovicR@donamer ging. to claim 12, wherein further gelatinizing

the gel atinized sobyti 3{11 LBEL AR BLAGLd At SAOLs Pl iiRAein BALS
pointing up, be&(_)j\(/‘\érf[ anng %r%ﬁ&' e:{ncludes means for supplying heat via
the bar to the pins.

37. An apparatus for the manufacture of pharmaceutical
capsules, each capsule consisting of a capsule body and a
capsule cap, by dipping hot pins, as molds, into an aqueous
solution of a thermogelling cellulose ether composition,
comprising:

a plurality of pinbars, each pinbar including a group
of pins mounted on a bar;

dipper means for dipping the pins into the solution;

spinner means for rotating and gyrating the pins after
they have been withdrawn from the solution;

dryer means for drying gelatinized solution on the
surface of the pins to 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 through means, the dipper means, the spinner means, the
dryer means and the automatics means:;

wherein the automatics means includes means for
gripping a capsule part to remove the capsule part from a
pin.

38. An apparatus according to claim 25, further
including means for cooling the solution to maintain the
solution at a substantially constant predetermined
temperature during dipping.

39. An apparatus for the manufacture of pharmaceutical
capsules, each capsule consisting of a capsule body and a
capsule cap, by dipping hot pihs into an agueous solution of
a thermogelling cellulose ether composition, comprising:
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radi ant heater 14. A net hod. ding to claim 12, wherein further

gel ati ni zi ng the'maj_‘:ﬁfﬁl on i ncl udes heatl ng the pins via the
bars. ,-15., A nmeth mmm‘ﬂlﬁl aim 12, wherein further gelatinizing the
gel atinized sol um mm Bl i ng the sol uti on, while spinning the
pins within a spinnrercenkl dsur®e, * by radipant heat fromradiant heaters

nmounted within the enclosure, and by air bl own over the pi ns.

41 16. A nethod of nuf cturl n har maceugl c.ak’ cell se capsul es, the
Capsules suitan et GRFPREEN ey BT BT R PRE® e oo0s S A Baps ul o
consi sting of a’fcafa%%ll‘é’“ﬁéﬂ? Yh@ harcapsul e cap, from an aqueous sol ution
of a thernogel|ling lesdtenl nesn=etfioer heripgstie grins;usi ng capsul e body pins

and capsul e cap pi n@igperRbalss RRIAUSHING endlpinel ihto Gheps8D@on; each
pi nbar having a bargWdhngafl W biyidy oBh LS Rt 86 ddohhen bdfe cONpPrisi ng
the : surface of the pins to form capsule bodies and capsule caps:;
and
automatics means for removing the capsule parts from
the pins;
wherein the group of pins includes a pin for forming a
capsule part having an open end, and the pin comprises:
an elongated metal body: .
a~domed head located at one end of the metal body: and
a cylindrical sidewall surrounding the metal body and
N extending downwardly from the domed head, -the sidewall
having a diameter which varies along the length of the metal
body such as to provide a taper with narrower dimension
toward the head end of the body, a cut-point defining a cut-
point diameter at a position along the length of the body at
which the capsule part may be cut to form the open end;
wherein the exterior shape of the pin is substantially
the same shape as the inside of the cellulose capsule part
and the cut~point diameter is smaller than the cut-point
diameter of a pin used in the manufacture of an equivalent
“size gelatin capsule part. o _

40. An apparatus according to claim 39, wherein the
cut-point diameter of the pin for forming a capsule part is
smaller than the cﬁt-point diameter of a pin used in the
manufacture of an equivalent size gelatin capsule part by an
anmount in the range of approximately 0.7-2.0 percent.

41. An apparatus according to claim 40, wherein the
cut-point diameter of the pin for forming a capsule part is
smaller than the cut-point diameter of a pin used in the
manufacture of an equivalent siZze gelatin capsule part by
approximately 1.3 percent.

42. An apparatus according to claim 39, wherein the
cut~point diameter of the pin for forming a ”70” size capsule
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steps of: “a) " dipping—hoet pins inte the solution such that heat from

a pin*causes ' 0 tinize on the surface of the pin; b)
drying gel atlf"ﬂﬂm"mgmﬁ) ﬂ!ﬂ the surface of the pins of a drying group of
pi nbars to form capsi p@ul &S and capsul e caps; c). differentially
heating the pins aof the drying group of-p7nbars in accordance wth the
expected differential heat |oss between differentially heating and di ppi ng;
d) renoving the capsul e hodies and capsul e caps fromthe pi.ns; \ e)

Gl easing the piret gRqemailst’ fRat Hhel BhE not ol Phmak . SE15 Bk bessh 1o b to
repeat steps a)thehmgpyfagture of an fegpivaentofpre Hedgtinecapsepedranyyy ovi di ng
suppl enent al

haat anoamdnentpiimsthaftagge o mappirngineEdyl . poiogeoanthaapsul e

caps fromthe piqnosasdibafiere dipping the pins, by non-contact heating
such that the pins Rave s BEBUEIGITLBEGdtg LETRRIA! uE e dHeripPig, 17 A

met hod according to claim1
B@t‘ﬂ}e

pi ns

i ncl udes

SBeit it 5 AP HAI o8 oA TER,

%epggné¥ze ggéséf%

part is smaller than the cut-point diameter of a pin used in
the manufacture of an equivalent size gelatin capsule part

by approximately 0.004 inch (0.10 mm).
44. An apparatus according to claim
thick wall cellulose capsule cap, wherein
diameter of the pin for forming a capsule
than the cut-point diameter of a pin used
of an equivalent size gelatin capsule cap

39,
the cut-point

for forming a

cap is smaller
in the manufacture
by an amount in

the range of approximately 1.0-2.3 percent.

45. An apparatus according to claim
thick wall cellulose capsule cap, wherein
diameter of the pin for forming a capsule
than the cut-point diameter of a pin used
of an equivalent size gelatin capsule cap
1.6 percent.

46. An apparatus according to claim
thick wall cellulose capsule cap, wherein

44,
the cut-point

for forming a

cap is smaller
in the manufacture
by approximately

39, for forming a
the cut-point

diameter of the pin for forming a 70” size capsule cap is
smaller than the cut-point diameter of a pin used in the

manufacture of an equivalent size gelatin

capsule cap by an

amount in the range of approximately 0.003-0.007 inch (0.08~

0.18 mm).

47. An apparatus according to claim
thick wall cellulose capsule cap, wherein

40, for forming a
the cut-point

diameter of the pin for forming a ”0” size capsule cap is
smaller than the cut-point diameter of a pin used in the

manufacture of an equivalent size gelatin
approximately 0.005 inch (0.13 mm). '
48. An apparatus according to claim

capsule cap by

39, for fofming a

thick wall cellulose capsule body, wherein the cut-point

diameter of the pin for forming a capsule
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18. A pethod according—te—etatrm16, wherei-n providing suppl emental heat to

the pins includes heating iF ' by radiant energy. 19. A nethod
accordi.ng to clai jm‘ ﬂ uulﬂ‘ml mﬂmEl di ng suppl emental heat to the pins

i ncl udes heati ng _ LOT N nductively via a bar after greasing the
pins. 20. A method according to clai m-188 wherei n providing suppl enent al

heat to the pins includes heating a group of pins conductively via a bar

before gr easi Ngybieul e pdine A1URLAAT ACEU ) 18h0LEL Al RurdthiELE! N the

i di reasl ng.
2272, A ot hed A8 cHRIVAoTD SH8, AP IRRAPEILE PRAY JPLPORARRTS i ng
suppl enent al - héRE TRIUPE ARRTHYG GFeREing-2- 2Pe&eREt hod according to claim
16, wherein the stef?of Aprappatiatyssappirdipattsd dledn 4®cdorsfofniony greasi ng.
thick wall: cellulose. capsule body, wherein the cut-point
diameter of the'pin for forming a capsule body is smaller
than the cut-point diameter of a pin used in the manufacture
of an equivalent size gelatin capsule body by approximately
2.0 percent.

50. An apparatus according to claim 39, for forming a
thick wall cellulose capsule body, wherein the cut-point
diameter of the pin for forming a ”0” size capsule body is
smaller- than the cut-point diameter of a pin used in the
manufacture of an equivalent size gelatin capsule body by an
amount in the range of approximately 0.004-0.008 inch (0.10-
0.20 mm).

51. An apparatus according to claim 50, for forming a
thick wall cellulose capsule body, wherein the cut-point
diameter of the pin for forming a ”0” size capsule body is
smaller than the cut-point diameter of a pin used in the
manufacture of an equivalent size gelatin capsule body by
approximately 0.006 inch (0.15 mm).

52. A collection of capsules manufactured in
accordance with the method of claim 1, each capsule in the
collection having sufficiently narrow dimensional tolerances
as to permit the filling of the capsules in a commercial
high-speed filling machine, the collection being large
enough for a batch run on such f£illing machine.

53. A collection of capsules manufactured in
accordance with the method of claim 8, each capsule in the
collection having sufficiently narrow dimensional tolerances
as to permit the £filling of the capsules in a commercial
high-speed filling machine, the collection being large
enough for a batch run on such f£illing machine. B

54. A collection of capsules manufactured in
accordance with the method of claim 9, each capsule in the
collection having sufficiently narrow dimensional tolerances
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24. A rret ho%m 16, having a predeterm ned body pin dip
tenmperature of appr oxi err]. 25. A nmethod according to claim 16,

having.,a pre
A nmet hod acc

gm,l in dip tenperature in the range of [err] 26.
M’” Er'mG wherein differentially heating the pins

i ncl udes exposi hg & hec

0 a predetergined tenperature profile having

tenperatures greater than the predetermned pin dip tenperature. 27. A
met hod of manufacturing pharmaceutical cellul ose capsules, -the capsul es

suitabl e for fas EprgemRitcibe fidling| ehFhgattpsides éBch ‘%Pa‘ﬁ‘gﬁ?%a]cony sting
of a capsul e bedghasmgsead fdaping emachpne f rthen a0l bsptdousbsigioullnoge of a

t hermogel | i ng GRlohgh Ofsy @t BREcIS QRROSH tédudh, £iVUBikY maapsnd.e body pins and

capsul e cap pins assgml (ls,ﬁog{@c#%hngfac oW 84 T d @b 'Irg@rﬁ, each pi nbar

havi ng a bar W|th a plura

steps of:

sol ution such tqedileREien MaEANS PISFicAtREY §BFEPY d’r;f-‘“FBsm“al to erances

as to permit the filling of the capsules in a commercial
high-speed filling machine, the collection being large
enough for a batch run on such filling machine.

56. A collection of capsules manufactured in
accordance with the method of claim 11, each capsule in the
collection having sufficiently narrow dimensional tolerances
as to permit the filling of the capsules in a commercial
high-speed filling machine, the collection being large
enough for a batch run on such filling machine.

57. A collection of capsules manufactured in
accordance with the method of claim 12, each capsule in the
collection having sufficiently narrow dimensional tolerances
as to permit the filling of the capsules in a commercial
high-speed filling machine, the collection being large
enough for a batch run on such £illing machine.

$8. A collection of capsules manufactured in
accordance with the method of claim 13, each capsule in the
collection having sufficiently narrow dimensional tolerances
as to permit the filling of the capsules in a commercial
high~-speed filling machine, the collection being large
enough for a batch run on such f£illing machine.

59. A collection of capsules manufactured in
accordance with the method of claim 15, each capsule in the
collection having sufficiently narrow dimensional tolerances
as to permit the filling of the capsules in a commercial
high-speed £filling machine, the collection being large
enough for a batch run on such f£illing machine.

60. A collection of capsules manufactured in
accordance with the method of claim 23, each capsule in the
collection having shfficiently narrow dimensional tolerances
as to permit the filling of the capsules in a commercial
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gel atinize on the surface of the pin; - ¢) drying gelatinized sol ution
on the*surfaee—ﬁf—rhé’ﬁTﬁ§~6?—5 drying group of pinbars to form capsul e

bodi es and ca differentially heating the pins of the
dryi ng group § \i\;‘“ ““\m ordance wth the expected differential heat
| oss bet ween dl wl |y Heating and digmpi-ng, such that pins have a

predet er m ned di p terrperature at di ppi ng; e) renoving the capsule
bodi es and capsuh.e

ca Al a ng the pins in a
closed | oop so as¥%H sge ea rPltle S aac)hslf‘ﬁro ehcgilecgmn Btng g@rg Pret hod
according to cl &#HAugh fWﬁé‘r &rReB P ﬁPn%“%\Fél ing a@ehéRr®i ned dip
t enper at ure of approﬂnatPeloy’lﬂeq:tﬂorand caprudeastidravidliing ddeter m ned dip
tenperature of appmexcial alighf-epéda £291idy MRchofe Aater dbIpedtdotl BE1RLZ7,
whetein body pi nfaxkﬁven@ud}f gdet £ridepdrGh Bon such £filling machine,
manufactured from an aqueous solution of a thermal gelling
methyl cellulose ether composition, each capsule in the
collection consisting of a capsule body and a capsule cap,
the capsule body including a cylindrical wall whose
thickness is approximately 0.0046 inch (0.117 mm).
62. A collection of capsules for filling in a
commercial high-speed filling machine, the collection being
large -enough for a batch run on such filling machine,
manufactured from an aqueous solution of a thermal gelling
methyl cellulose ether composition, each capsule in the
collection consisting of a capsule body and a capsule cap,
the capsule cap including a‘cylindrical wall whose thickness
is approximately 0.0046 inch (0.117 mm).
' 63. A collection of capsules for filling in a
commercial high-speed filling machine, the collection being
laEge enough for a batch run on such filling machine,
manufactured from an aqueous solution of a thermal gelling
methyl cellulose ether composition, each capsule in the
collection consisting of a capsule body and a capsule cap,
the capsule body héving a cylindrical wall including a -
stiffening ring.
64. A collection of capsules according to claim 61,
wherein the cylindrical wall includes a stiffening ring.
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tenperature in the range of .[err] and cap -pins have a predeterm ned dip
tenperature in the range [err] 30. A nethod according to claim 27, wherein
step d), includes differenti-ally heating on a split deck having a
predeternined tenperature profile. 31. A method according to claim 30,
wherein the predeterm ned tenperature prodil-e is shaped to conpensate for
differential cooling of pins resul t| ng fromdifferent pinbars having
different wait tinmes between h " g A nmet hod accordi ng
to claim30, wherein the pred@?e ) neu glé% er at UF‘%RSI%OTI le is _shaped to
conpensate for diffeMANUFACTIRE QF PHARMACEY E % a bar,
having different cooling rates according to position on the bar. 33. A
met hod according to claim27, fwsthadt ioicthsliDigclbgurd ep of : heat i ng
the pins of the dipping.group, as a group, by non contact heating between

the greasing the pins_an i th 0 uring
phar maceutical cel | d &Egﬁ‘gpagﬁl gpa q"(‘a"‘lgcgc’léu egfg %ﬁ ghf’“ fi i ?%ig by
capsule filli ngcﬁa%‘Hq‘FeS‘see%fbr?%‘&B'éﬁlsé’lé‘Gh%‘? 5 Ag B‘Fn%f’gc?éb Bfe body and a

cellulose ether composition and use capsule body pins and

capsule cap pins as molds. The method involves heating the
pins, dipping the pins into the solution to cause the
solution to gelatinize on the surface of the pins, removing
the pins and drying the gelatinized solution on the surface
of the~pins to form capsule bodies and capsule caps. Pins
are heated pre~dip and post-dip to facilitate gelating.
Counterflow air is applied to provide drying from the
inside. Capsule parts are removed by gripping. Capsule
parts may have a thick wall and a stiffening ring.
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fron1an aqueous solution of a thermogelling cellulose ether
=on, in . a capsul e machine using capsul e body pins and capsul e cap
pi ns as ‘nolds, and using a plurality of pinbars, each pinbar having a bar
with a plurallty of pins nounted to the bar, conprising the steps of:

a) greasing the pins to forma |ayer of grease on a pin; b)
heating the pins of a dipping group of pinbars, as a group, to a
predeterm ned dip tenperature, by non- coh?4& heati ng after greasing so

t he | ayer of greEEe_o pinis not di st ur bed; 44

c) di ppi ng t he ggot s of the di ppi ng group of rypar s, a.group, into
the solution so<€hat dgeat froma pin causes soIHt to gel at i=wifze on the
surface of the piag; @ d) drying the gelatinijzied Jsol utioﬁg t he
surface of the piBs t ©f orm capsul e a dhc—eapsg:ts
oz — ] — i)
Q.
| rMey
./ N
]
Y4 N
o=
A S
<t
5 (RS
owm

8
™
——|AUTOMATICS|

a
o
Ty
.

m

27,
hY
TABLE

SECTION

J

FI16G. 2
(PRIOR ART)

26\

6
LOWER DRYING KILN

6 1 |
F1G. 1A (PRIOR ART)
UPPER DRYING KILN

/25

T

IS

R

'ELEVATOR
SECTION

THIS SHEET HAS BEEN
i REPLACED




e) renDV|ng the capsul e bodi es and capsule caps fromthe pins; and

f) _#ovifg the pins in a closed | oop so as to repeat steps a) through e);
such as to minimze cellul ose capsul e wall thickness variation caused by
pin tenperature differences at dipping and by disturbance to a | ayer of
grease on a pin. 35. A nethod according to claim 34, wherein non-contact
heating i ncludes heating by thernmal conduction via a bar. 36. A nethod
according to claim 34, wherein the step of heating the pins occurs in an
ext ended di pper section prior to dipping. 37. A nethod of manufacturing
phar maceutical cellul ose capsul es of a g@wetgsize nunber, the capsules
suitable for filling by capsule filling nmachi nes, each capsule consisting
of two parts, a capsule body and a capsul e cap, from an aqueous sol ution of
a thernogelling cellulose ether conposition, using cellul ose-capsul e
body-side formng pins and cell ul ose-capsul e cap-side form ng pins as

nmol ds, conprising the steps of: gel atinizing solution on a pin
including dipping a pin in the solution to a dipline, to formon the pin
a capsul e part of gelatinized solution; 32

FIG. 3
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drying the capsule part on the pin; renmoving the capsule part from
t'he @i'n;,*® transporting a plurality of pins through the steps of

gel ati hizing, drying and removing, in a closed path; using a

cel l ul ose-capsule form ng pin having a cut-point dianmeter that is snaller
than a correspondi ng cut-point dianmeter of a corresponding gel atin-capsul e
formng pin wused for manufacturing a correspondi ng gelatin capsule part of
t he given size-nunber; and

45 sizing the cellul ose capsule formng pin so as to nmake a

cel lul ose capsule part that has substantially the same overall dianeter as
t he-correspondi ng gel atin capsule [grggof the given size-nunber and a
greater wall thickness than the wall thickness of the
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correspondi ng gelatin capsule part of the given size-nunber. 38. A nethod
accoridi ng#to cl aim 37, using a body-side cellul ose capsule formng pin
haviing aicut-point dianeter i'n:the range 0.2775 - 0.2815 inch (7.05 - 7.15

nmr) to make a cellul ose capsule body for an "0" size capsule. 39. A

met hod according to claim37, using a cap-side cellul ose capsule form ng

pin having a cut-point dianmeter in the range 0.2905 - 0.2945 inch (7.38 -
7.48 mm) to make a cellul ose capsule ¢ { r an "0" size capsule. 40. A

met hod according to claim37, using a b§g§ i de cellul ose capsul e form ng

pin having a cut-point dianeter in the rang - 0.3173 inch (7.89 -
8.06 mm to make a cellulose capsule bo 0" size capsule. 41. A
met hod according to claim37, using a capxsi l e form ng

pin having a cut-point dianeter in the rang inch (8.32 -
8.46 mm to nake a cellul ose cag$yle ule. 42. A

met hod according to claim37, usiay a e formng - -~

pin having a cut-point di anet er ih\%:
6.50 mm to neke a cellulose capsul &
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43. A_nethod according to claim37, using a cap-side cellulose capsule
formihg pi*n having a cut-point dianeter in the range 0.2622 - 0.2667 inch
(6.66 - 8.77 nm to nmake a cellulose capsule cap for a " 1 " size capsule.
44. A nethod according to claim37, using a body-side cellul ose capsule
formng pin having a cut-point dianeter in the range 0.2289 - 0.2339 inch
(5.81 - 5.94 nmm to make a cell ul ose c%pfgl e body for a "2" size capsule.
45. A net hod according to claim37, usifhg cap-side cellul ose capsul e
formng pin havf¥g a cgt-point dianmeter in the rangen0.2397 - 0.2438 inch
(6.09 - 6.19 m8 maﬁg__la cel l ul ose capsul e cap fo:‘\\'a "2" size capsule.
46. A net hod accgr_(ﬂ!n_g o iclaim 37, using a body-sidé¢ ®ellulose capsule
form ng pin héving ut -jpoi nt dianeter in the rapow A90d5_ - o 2140 i nch
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a cellulose capsul e body for a "3" size capsule. 47. A nethod accordlng to
clai nf37, “using a cap-side cellul ose capsule forming pin having a

cut -poi nt* dianeter in the range 0.2202 - 0.2240 inch (5.60 - 5.69 M) to
make a cellul ose capsule cap for a "3" size capsule. 48. A nethod
according to claim 37, using a body-side cellulose capsule formng pin
having a cut-point di gypjgr in the range 0.1900 - 0.1941 inch (4.83 - 4.93
nm to nmake a cellul ose capsul e bodygd or " 4883 §j @3 ule. 49. A nethod
according to claim37, using a cap-site apgqul e}formng pin
having a cut-point dianmeter in the rangelO. : inch (5.07 - 5.16
mm to make aama-: 4 50. A net hod

of manufactur cel jul en size nunber,
t he capsul es ng by d es, each capsul e
consi sting of {[two sule,goc rom an aqueous

solution of a [ bl | ul §sd ing

cel | ul ose-capsul e nlng ¢]] ul e cap-side
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form ng pin having an el ongated pin body, a doned head | ocated at one end
of the pin body, and a substantially cylindrical sidewall surrounding the
pi n dbody iand extending fromthe donmed head, the substantially cylindrical
sidewal | having a dianmeter, the nethod conprising the steps of:

gel atinizing solution on a pin, including dipping a pin in the solution to
adipline, to formon the pin a capsule part of gelatinized solution;
drying the capsule part on the pin; eaning the capsule part from
t he pin; -~ transporting a plurallty 01 pi ns through the steps of

gel atinizing, drying and renoving, in a closed path; and

using a ceIIulgfg capsule forming pin that is undersized with respect to a
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correspondi ng gel atin-capsule formng pin used for manufacturing a gelatin
capsufe part of the given size nunber, the dianeter of the substantially
cylindrical sidewall of the cellulose-capsule formng pin being smaller
than a correspondi ng di aneter of a substantially cylindrical sidewall of
the correspondi ng gel atin-capsule formng pin, the cellul ose-capsule
formng pin sized so as to nake a cel lul ose capsul e part that has
substantially the same overall dianeterégf % correspondi ng gel atin capsul e
part of the given size-nunber. 51. A tﬂ d according to claim50, using
a cellul ose-capsule forning pin to make a cellul ose capsule cap for an "0"
si ze capsule, the cellul ose-capsule formng pin undersized by an anmount in
the range of approximtely 0.002 - 0.006 inch (0.05 - 0.15 mm). 52. A

met hod according to claim50, the cellul ose-capsule formng pin sized so as
to nmake a cellul ose capsule part that has substantially the sane overal

di aneter as the corresponding gel ati n «eaipsdl € part of the given

si ze-nunber and a greater wall thicknej an gocorrespondi ng wal

t hi ckness of the corresponding gelatin gi ven

Si ze- nunber .
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53. A nethod according to claim54, for formng a thick wall cellul ose

capsut e ,body,
si dewal I. of the cellul ose-capsul e
of the substantially cylindrical

conventional gel atin-capsule form
A net hod according to cl ai m 54,
cap, - wherein the dianeter of the
cellul ose-capsule formng pinis
substantially cylindrical sidewall

gel atin-capsule formng pin by approximately 1.6 percent.

accordi-ng to clai m50, wherein ge
hot pin into the solution. '
-
capsul e part of

-

si dewal |

for formng a thick wall

56. A nethod according to any clains 50 -

wherein the dianeter of the substantially cylindrical

forming pinis smaller than the dianeter
of the corresponding :

ng pin by approximately 1.3 percent. 54.
cel l ul ose capsul e
subspzqsially cylindrical sidewall of the
smal Fer~than the dianeter of the

of the corresponding conventi onal
55. A nethod

atinizing solution includessd
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any one of sizes *ooo0", "o0", "1 ", "2, "3", "4" and "5", the
cel l wl'ose~capsule form ng pin undersized proportionally. 57. An apparatus
forzmanuf acturi ng pharmaceutical cellul ose capsul es, the capsules suitable

~for filling by capsule filling nmachines, each capsule consisting of a
capsul e body and a capsule cap fornmed from an aqueous sol ution of a
t hernogel ling cellul ose ether conposition, conprising: a plurality
of pi'nbars, each pinbar having a bar g¢%g5a plurality of pins nounted to
t he bar; greaser neans for grea t he pins; di pper nmeans for
di pping hot pins into t?p solution to cause solution to gel ath nize on the
surface of %ﬂf o] f dryer neans for dryi? gel6 I ni zed sol ution on
the surfacd pi ns lof a drying group of pi é as a droup, to form
capsul e bod dﬂ capsul e caps; di fferentf{al q@kLgr means for
di f f er enti al| p—Heptit-rg—tfhe—ptap—ofqt he drying gr 1 N agtoTEt TES nﬁans
for renovin Cagsul d ppAat sif nthe pins; an tAangpo mea$ |f or
movi ng the pipRar$ iIE?Ja clgged IAOT(;F pat h t hrough tﬁAJQ'eaBsgr .rm D
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means, the di pper neans, the dryer neans, the differential heater neans,
and fhe . &utomati cs neans; wherein the differential heater neans is
posikti oned 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 accordance with the expected differential heat |oss fromthe pins as
the pins nove fromthe differential heater nmeans through the autonatics
means and through the greaser. neans to the di pper nmeans. 58. An apparatus
according to claim57, wherein the diffeteh{bal heater neans includes a
split deck having thermally isolated heating el enents di sposed to heat the
pins of the drying group by thermal conduction via the bars. 59.
An apparatus according to claim57, wherein the dryer nmeans includes a duct
having a pin-exit end, and the differential heater neans is hfcated W t hin

the duct at the 122
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pin-exit end. 60. An apparatus according to claim58, further including -
means ‘for®* sensing and controlling tenperature so as to maintain a
~predefined tenperature profile over the split deck. 61. An apparatus
according to claim58, the split deck adapted to apply heat selectively to
points along the length of a bar. 62. An apparatus according to claimb57,
further including supplenental heater neans, |ocated between the
autormati cs and the di pper neans, for he 2 t he pins by thermnal
convection. 63. An apparatus accordlng to cl/aimb57, further including a
radi ant heater |ocated between the automatics and the di pper neans. 64.
An appar at us accordlng to claim 57, wherein the d ger neans i ncl udes a
di pper-- di sh for cgf bod|esﬂ43d S ° each
di pper dish sized 2t hespin : at us
further |nclud|ng non- cot agt Aegpteyf | o
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65. An A&ppar®atus for manufacturing pharmaceutical capsul es,
suitabld for filling by capsule filling nmachines, each capsul e consisting
of a capsule body and a capsule cap fornmed from an aqueous solution of a
t hernogel ling cellul ose ether conposition, conprising: a plurality
of pinbars, each pinbar having a bar with a plurality of pins nounted to

t he bar, each pin having a done; di pper neans for dipping the pins
into the solution and gel atinizing solution og 99% surface of the pins;

dryer nmeans for drying the gelatinized sol uti é the surface of the pins
of a drying group of pinbars to form capsul e bodi es and capsul e caps, the

dryer neans having a pin-entry end;
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autonatlcs nmeans for removing the capsule parts fromthe pins; and
tfandport *neans for nmoving the pinbars through the di pper neans, the dryer
meanst ‘and t he automatics neans; wherein the dryer neans i ncl udes a
.dome-setter radiant heater, proximate to the pin-entry end, disposed to
radi ate heat onto gelatinized solution on the dones 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 dones. 66. An apparatus for
manuf act uri ng pharmaceuti cal cellulose capsules, the capsules suitable for
filling by capsule filling nmachines, qﬁsule consi sting of a capsule
body and a capsule cap forned fron1an aqueols solution of a thernogelling
cel lul ose ether conposition, using pins as nolds, ‘conprising: di pper
means for dipping the pins into.the solution and gel atinizing solution on
the surface of the pins; dryer neans for drying gelatinized solution
on the surface of the pins to form capsul e bodies and capsul e caps;
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automati cs neans for renmoving the capsule parts fromthe pins; and
tramspox¥ neans for noving the pins in a closed | oop path through the

di ppers ~neans, the dryer neans and -the automatics neans; wherein the
dryer neans |ncludes an el ongated duct enclosing a portion of the

transport neans, the duct having a pin-entry and an air outlet proximte to
the pin-entry, and a pin-exit and an air inlet proximate to the pin exit,
the fransport nmeans adapted to nove pi fHfd with pins carrying gelatlnlzed
solution through the duct fromthe pin-entry to the pin-exit, the dryer
means havi ng neans for noving counterflow air within the duct fromthe air

inlet to the air outlet, such that agj |l ows first over gelatinized

sol ution on an = Ns+—a _ {74 51
earlier-di pped pin and thejsd 3Air | at ¢r fl ows fover gel atini zed sol ution
on a later-dipped pin. 6f. A SEiG bng to claim66, wherein
the dryer nmeans is adapted|tq provi de )
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counterflow air within the duct substantially overall. 68. An apparatus
for manufacturing pharmaceutical capsul es, the capsul es suitable for
filling by capsule filling machi nes, each capsul e consisting of a capsule
body and a capsule cap forned from an aqueous solution of a thernogelling
cellul ose ether conposition, using pins as nolds, conprising: di pper
means for dipping the pins into the solusien and gel ati ni zi ng sol ution on
the surface of the pins; dryer neans for drying gelatinized solution
on the surface of the pins to form capsul e bodies and capsul e caps;

automati cs neans for renovi f pi ns; and
transport neans for novi ngﬁﬂz%m%%iﬁs @%]’lggﬁh t hrough the

di pper neans, the dryer neans_and the automatics _ne wherein the
dryer neans incIMMUéﬁCJ%Q(FeBHWA@WHQ%CEWQ%C&PWS

transport neans, the duct having a pin-entry and an air outlet proximte to
the pin-entry, and a pin-exit and an air inlet proxinmate to the pin-exit,
t he tranyBSTRAEINS adapted to '

A method and apparatus for manufacturing pharmaceutical capsules use an
aqueous solution of a thermogelling cellulose ether composition and use capsule body pins and -
capsule cap pinS as molds. The method involves heating (94) the pins, dipping (22) the pins

- _ -~ into the solution to cause the solution to gelatinize on the. surface of the pins, removing the _
pins and drying (24) the gelatinized solution on the surface of the pins to form capsule bodies
and capsule caps. Pins are heated pre-dip and post-dip to facilitate gelating. Counterflow air
is applied to provide drying from the inside. Capsule parts are removed by gripping. Capsule
parts may have. a thick wall and a stiffening ring.

Fig. 9
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nbve pinbars with pins carrying gelatinized solution thr ACEMENT SHF
the pin-entry to the pin-exit, the dryer neans havi ng npafs Tor—ToviTg il
withtn the .duct fromthe air inlet to the air outlet, spch t_I"g F%l{gggnv'
wi thin the duct noves successively over gelatinized sol pt}jon on

increasingly later-dipped pins. 69. An 8pparatus for nahubacturi-Rg

pharmaceutical cellul ose capsules, the capsules suitablp for f||||ng by
capsule filli nachln each capsul e copsi st of two IS psut
oty and a2k B SeompiRs it (6 Hrarrss GHb ARSI TSRS Gt e, 1o SRR Ty
cell ul ose conpri si ng: a plurality of pins;
greaser negﬁggbgﬁggpgéﬁ#wg t he pins; 52 di pper means for

di pping the pins into the sumMPARN?OF THR INVENTRONOE! atinizing solution

on the pins;
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 provided a method of
manufacturing pharmaceutical cellulose capsules of a given size number, the capsules
suitable for filling by capsule filling machine, each capsule consisting of two parts, a
capsule body and a capsule cap, from an aqueous solution of a thermogelling cellulose
ether composition, using a capsule machines having capsule body pins and capsule cap
pins as molds, comprising the steps of: heating the pins; dipping the pins into the
solution to cause the solution to gelatinize on the surface of the pins thus forming é.
gelatihized solution; dry.ing the gelatinized solution on the surface of the pins to form
capsule bodies. and capsule caps; and removing the capsule bodies and capsuie caps from
the pins; wherein drying the gelatinized solution 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 direction of movement of the pins; such that, during an early
stage of drying, the gelatinized solution on the pins encounters humid air; and duriné a
later stage of drying encounters drier air.

According to another aspect of the present invention there is provided a method of
manufacturing pharmaceutical cellulose capsules suitable for filling by capsule filling
machine, each capsule consisting of two parts, a capsule body dnd é capsule cap, from an
aqueous solution of a thermogelling cellulose ether composition, using a capsule
machines having capsule body pins and capsule cap pins as molds, comprising the steps
of: gelatinizing solution on the pins, including dipping each pin in the solution to a dip
line, to fbrm 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 capsule bodies and capsule caps from the pins; wherein drying the gelatinized
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t he actuator nmeans and the pin are novably nounted with

method of manufacturing pharmaceutical cellulose capsules, the capsules suitable for
filling by capsule filling machines, each capsulé consisting of two parts, a capsule body
and a 6apsule cap, each part having a dome, from an aqueous solution of a thermogelling
cellulose ether composition, using a capsule machine havihg capsule body pins and
capsule cap pins as mods, and using a plurality of pinbars, each pinbar having a bar with
a plurality of pins mounted to the bar, comprising the steps of: heating the pins; dipping
the pins into the solution to cause the solution to gelatinize on the surface of the pins;
further gelatinizing the gelatinized solution, in humid air inside a kiln, on the surface of
the pins by applying radiant heat from a dome-setter radiant heater mounted within the
kiln and facing the plane of a planar array of domes; drying 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 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 thermogelling cellulose ether composition,
using capsule body pins and capsule cap pins as molds, and 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 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 éroup of pinbars in accordance with the

expected differential heat loss between differentially heating and dipping; d) removing

St o st
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for fanufacturing pharmaceutical cellul ose capsul es of a gi
nunber, the capsules suitable for filling by capsule fillin
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each

have a predetermined dip temperature at dipping.

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 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 having a bar with a plurality of pins mounted to the bar, comprising the
steps of: a) greasing the pins; b) dipping hot pins into the solution such that heat from a
pin causes solution to gelatinize on the surface of the pin; c) drying gelatinized solution
on the surface of the pins of a drying group of pinbars to form capsule bodies and i
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 have a predetermined dip temperature at dipping; e) removing 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).

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 a capsule body and a
capéule cap, from an aqueous solution of a thermogelling cellulose ether composition, in
a capsule machine 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

temperature, by non-contact heating after greasing so the layer of grease on a pin is not -
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cellulose capsule wall thickness variation caused by pin temperature differences at

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

According 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
parts, a capsule body and a capsule cap, from an aqueous solution of a thermogelling
céilulose ether composition, using cellulose-capsule bbdy—side forming pins and
cellulose-capsule cap-side forming pins as molds, comprising the steps of: gelatinizing
solution on a pin, including dip;;ing a pin in 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
capsule part from the pin; fransporting 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; and sizing the cellulose capsule fofming
pin so as to make a cellulose capsule part that 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 gelaﬁn capsule part of the given
size-number.

According to still another aspect of the present invention there is provided a
method of manufacturing pharméceutical cellulose 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 capsule cap, from an aqueous solution of a thermogelling
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substantially cylindrical sidewall surrounding the pin body and extending from the
domed head, the substantially cylindrical sidewall having a diameter, the method
comprising the steps of: | gelatinizing solution on a pin, including dipping a pin in 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 capsule part from the pin; transporting a plurality
of pins through the steps of gelatinizing, drying and removing, in a closed path; and
using a cellulose-capsule forming pin that is undersized with respect to a corresponding
gelatin-capsule forming pin used for manufacturing a gelatin capsule part of the given
size number, the diameter of the substantially c_:ylindri_cal sidewall of thc_: cellulose-
capsule forming pin being smaller than a corresponding diameter of a substantially
cylindrical sidewall of the corresponding gelatin-capsule forming pin, th"e cellﬁlose—
capsule forming pin sized so as to inake a cellulose capsule part that has substantially the
same overall diameter as a corresponding gelatin capsule part of the given size-number.
According to still another aspect of the present invention there is provided an
apparatus for manufactﬁring pharmaceutical cellulose capsules, the capsules suitable for
filling by capsule filling machines, each capsule consisting of a capsule body and a
. capsule cap formed ffom an aqueous solution of a thermogelling cellulose ether
composition, comprising: a plurality of pinbars, each pinbar having a bar with a
plurality 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 of a drying
group of pinbars, 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
removing the capsule parts from the pins; and transport means for moving the pinbars in

a closed loop path through the greaser means, the dipper means, the dryer means, the
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the dipper means.

According to still another aspect of the present invention 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 thermogelling cellulose ether composition,
comprising: a plurality of pinbars, each pinbar having a bar with a plurality of pins
mounted to tl:le bar, each pin having a dome; dipper means for dipping the pins into the

~ solution and gelatinizing solution on the surface of the pins; dryer means for drying the
gelatinized- sé)lution on the surface of the 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, the dryer means and the automatics means; wherein
the dryer means includes a dome-setter radiant heater, proximate to the pin-entry end,
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 domes. |
.. According to still another aspect of the present invention there is provided 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 thermogelling cellulose ether
composition,l 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

gelatinized solution on the surface of the pins to form capsule bodies and capsule caps;
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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 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 the air inlet to the air outlet, such that air flows first over
gelatinized solution on an earlier-dipped pin and the same air later flows over gelatinized
solution on a later-dipped pin.

According to still another aspect of the present invention there is provided an
apparatus for manufacturing pharmaceutical capsules, the capsules suitable for filling by
capsﬁle filling machines, each capsule consisting of a capsule body and a capsule cap
formed from an aqueous solution of a thermogelling ceilulose 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 gelatinized
solution on the surface of the pins to form capsuie 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 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 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
gelatinized solution on increasingly later-dipped pins.

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

apparatus for manufacturing pharmaceutical cellulose capsules, the capsules suitable for
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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 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 driying the gripper; and wherein the gripper, the actuator means and
the pin are movably mounted with respect to each other to permit alignment such that the
gripper may grip the capsile 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 phar_maceutical cellulose 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 capsule cap, the body and cap each having an open end,
the body 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 pins; dryer means for drying
gelatinized solution 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 defining a cut-point diameter at a position along the length of the pin body at which
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gelatin-capsule forming pin used for manufacturing a gelatin- capsule part 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 forming pin.

- According to still apother aspect of the present invention there is provided an
apparatus for manufacturing pbarmaceutical cellulose capsules of a given size number,
the capsules sﬁitable for filling by capsule 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 from an aqueous soll.ition 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 solutioin on the pins to form on each pin a capsule part of
gelatinized solution; dryer means for drying 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 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", "0", "1", "2", "3", "4" and "5"; wherein the
diameter of the substantially cylindrical sidewall of a cellulose-capsule forming pin is
smaller than a corresponding diameter of a substantially cylindrical sidewall of a
correspbnding gelatin—éapsule forming pin used for manufacturing a gelatin capsule part
of the given size number.

According to yet another aspect of the present invention there is provided 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 thermogelling cellulose ether
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capsule bodies 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 dryer means and the automatics means; wherein 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 wherein 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 heating.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

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

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

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

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

Fig. 5 shows a prior art stripper pushing a capsule part off a pin.

Fig. 6 shows a prior art stripper.

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

Fig. 8A shows.a schematic embodiment of the present invention, including a

- preheat section and a kiln enclosure. |

Fig. 8B is a schematic cross-sedtional 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.
8B.

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

spinners.



tenperature of air entering the enclosure wthin a range WMC&&NT %ﬁfﬁ?
met hod according to claim2, further conprising the stepjof heating the
pins: within the enclosure to achieve a predeternined ai[ ea§pDROURGR7
profile within the -enclosure. 8. A nethod according tojcjaim2, furthgr
conprising the step of controlling the fllbw of air withjn'
achi eve a predete'rn‘i ned hum dity profile within the enclosure. 9. A
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-t hat heat appIF%d ({xﬁtgel?&gla%ﬂbm%ﬂh@tﬂﬂe%t pner surface of a capsule
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part in conbinat surroundl ng t e capsul e part causes the

capsule part tey r{gﬂ c?/stﬁmvt chEmafit ER®oks ‘ﬂ?ng@f RidtpresehPinvAntiGy, hﬁétu&ﬁg%atu%ﬁsto

claim 2, wherel ylngt e gelatinized sol utlon on the pi'ns includes

heating a gfﬂletyvérapp@ﬁéattggaiongn an early stage of drying such that the
radi ant

tlo

Figs. 10A and 10B show temperature sensors and under-deck heaters associated
with the split deck.

Fig. 10C shows a group of cap pinbars and the corresponding group of body
pinbars.

Fig. 10D shows the split deck 1ayout for the bars of Fig. 10C.



heat.at an inner surface of a capsule part in conbination;@»u;(&g;?«
Surrounding the capsule part causes the capsule part to df )
the inside-out. 11. A nethod according to claimb5, furth

i nc h
step of controlllng the tenperature of air entering the gen |c§$§gC&§?i
range of [err] 12. A nethod of manufacturing pharmaceuti cel lulose
capsul es, the capsules suitable for filling by capsule f
each capsul e consisting of two parts, _asgapsul e body andi-a—eapst
each part having a done, from an aqueous solution of a thernngelllng
cel lul ose ether conposition, using a capsule machine haV|ng capsul e body
pi ns and cw@\sutalcspcmmsas:ﬂndeckabénwmg aa glwenl pinbafr muears, each

pi nbar havtl_ %Rg 1‘%;&*&&&'8{1.8' F% %r%éi?eﬁ‘)unégﬂ bgnb'&‘%éoq{ ve in_
conpr|3|ng ep
into the s%tgupénoﬁfo%ﬁ@ltﬁﬁoﬁoﬁﬁﬁtdﬂﬂ &cgesfaqthweaeerpﬂfei@ﬁ%teevery

the pins; 40-70 st»_wotﬂa@g oel ehbnbEyigd hel o adhdi Bedys pibads 4o humid

at |nS|de fkklk e. %ﬁg direction of movement of the pinbars is shown
by the arrows in Fig. 10C. Such a group of pinbars has a '
length of 22 inches (56 cm), -the length of one pinbar, and a
width of 17 inches (43 cm), the width of twenty 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 portions of the deck 101
enclosed by the thermal isoiators are also shoﬁn in cross-
section elevation view in Fig. 10A. Selective heating of
different portions of twenty pinbars to_compensate for pre-
dip dwell time and for temperature gradient'in the machine
is achieved by controllers 105 controlling each of the
several enclosed deck portions at a predetermined
temperature. A temperature profile for a preferred
embodiment of the present invention is given for each
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 portions 101 in Fig. 10D are given in

Q)

Table 7 .
“ A B c ' - D
*F (°C) *F (°C) °F (°C) . °F (°C)
"1 306 (152) 251 (122) 235 (113) 267 (131)

2 181 (82.8) 178 (81.1) | 153 (67.2) 174 (78.9) “

3 193 (89.4) 165 (73.5) 135 (57.2) 142 (61.1) “

TABLE 6A -~ CAP SIDE SPLIT DECK TEMPERATURE PROFILE
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heat er m)unt e kiln and facing the plane of BB
dones; 7 ,m, '&I‘ ni zed solution on the surfgceg of _t 8‘%
I

ns to
forn1capsu|e b kest Ie caps; and removi g tHé5 LY
bodi es and capsul e caps fron1the pins. 3A8. A nethod accdrdi Lmli2
wherein further gelatinizing the gelatinized solution ifcludes placing a
group of pinbars, pins pointing .up, aﬁéggh% e done sette '
14. A met hod according to claim12, further gelatinizing t he

gel atinized s bp%ﬂﬁ?a%tq}ﬁ% hﬂ&lﬁd&ﬁt[&p%ﬁﬁl&e E@)s f al 1v81‘16‘ iy hod

according to ¢ a wher ei n er gelratinizing t i Bi

sol ution 'ﬁtuﬁl%?esthéeéa bules SRORO!TYE Ifiing VB LpsR) A0 n{a@ﬁmeg Nachl bilillic?

spi nner encl osufe, by radiant heat f _ ditant heaters nount I'n the
encl osur e, copBistily oftwo Bhs\h Qipstile Hold§ aBdl Aapsule cap, from an aqueous solution of a

thermogelling cellulose ether composition, using a capsule machine having capsule body
pins and capsule cap pins as molds, cdmprising the steps of:

heating the pins;

dipping the pins into the solution to cause the solution to gelatinize on the surface
of the pins thus .forming a gelatinized solution;

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

removing the capsule bodies and capsule caps from the pins;

wherein drying. the gelatinized solution 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 direction of 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 encounters drier air.
2. . A method of manufacturing pharmaceutical cellulose capsules suitable for filling 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 composition,
using a capsule machine having capsule body pins and capsule cap pins as molds,
comprising the steps of:

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 gelaiinized solution;

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

removing the capsule bodies and capsule caps from the pins;



41 16. A metrhod of—manufaectuti ng pharmaceutical cell ul ose,REBbAGEmgN'F EEET

capsul es sui L] [.kng by capsule filling machineg, [€a
consi sting cm m@» g"# -and a capsule cap, froman aq
of a thernogellkngc et her conposition, using caps

and capsul e cap pins as nolds, and using®% plurality of pjn
pi nbar having a bar with a plurality of pins nounted to the bar, conprisin
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Peat I tn% and digueh Bat, during ) earlye RRgE T drffhgC RS eRtibed Rolutiod b s bihsCaps
romthe pins; ' -
' encounters humid air; and '
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during a later stage of drying encounters drier air.
3. A method according to claim 2, wherein moving air in a direction opposed to the
direction of movement of the pins includes moving air over capsule body pins at one rate
and moving air over capsule cap pins at a different rate. |
4. A method according to claim 2, further comprising the step of controlling the
humidity of air entering the enclosure.
5. A method according to claim 4, further comprising the step of controlling the
humidity of air entering the enclosure within a range 0.006-0.012 Ib water/lb air (0.6-
1.2 percent). 1 |
6. A method accordihg to claim 2, further comprising the step of controlling the
temperature of air entering the enclosure within a range 125°F-180°F (52°C-82°C). |
7. A method according to claim 2, further comprising the step of heating the pins
within the enclosure to achieve a predetermined air temperature proﬁle' within the
enclosure.
8. A method according to claim 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 according to claim 2, wherein drying the gelatinized solution on the pins
includes heating 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
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

includes heating a pin by radiant heat in an early stage of drying such that the radiant
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as to repeat steps a) through e); further conprisi

pr qvi-di ng* supp ' the pins, after renoving|capsub®HPIIMFs an
capsul e caps f“ ! W““ﬁﬂ’lﬁlﬂﬂbef ore di pping the pins, by] non-contact
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the step of

17. A nethod according to claim 16, wherein providing supplenental heat to

t he pins

accor di ng €at 84 3D mpnepsurfaes of jacagsulg pait iy combprRENR M

i ncl udes heating the pins by thernal con\[tgctio, .. 18. A nethod
hypaidiaiy Srrepndig e
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alm 16, wherei

provi di ng 12UpA exsthdeodf Memifactefifig pharBRtaltRaldellakse dapsules, 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 équeous solution of a
thermogelling cellulose ether composition, usihg a capsule machine having capsule body
pins and capsule cap pins as mods, and using a plurality of pinbars, each pinbar having a
bar with a plurality of pins mounted to the bar, comprising the steps of:

heating the pins;

dipping the pins into the solution to cause the solution to gelatinize on the surface :.
of the pins; .

further gelatinizing the gelatinized solution, in humid air inside a kiln, on the
surface of the pins by applying radiant heat from a dome-setter radiant heater mounted
within the kiln and facing the plane of a planar array of domes;

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

removing the capshle bodies and capsule caps from the pins.
13. A method according to 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 méthod according to claim 12, wherein fuﬁher gelatinizing the gelatinized -

solution includes heating the pins via the bars.
15. A method 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

-the pins.
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suitable  capeule 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 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 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 expected differen:tial heat loss between differentially heating and dipping;

d) removing the capsule bodies and capsﬁle 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 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 héating such that the pins have a predetermined dip temperature at dipping.
17. A method according to claim 16, wherein providing supplemental heat to the pins
includes heating the pins by 'thermal convection.
18. A method according to claim 16, wherein providing supplemental heat to the pins
includes heating the pins by radiant energy. '
19. A method abcording 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 method according to claim 16, wherein providing supplemental heat to the p1ns
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 greasing.
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having a bar with a plurality of pins nofiited to the bar, {cqnprising the | .
steps of: a) greasing the pins; b) dipping ot pins into the

solution syech that .heat froma pi.n uses solution to | oR—t-ho
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pi nbars i npgccar dames acl%rﬁfhg_t REIBHP 26! Gllerdin’ the'sBp! 6191%]r00ﬁ1?ﬂg é@gﬁ: et
differentially heating and di pping, such that pins ‘have a predeterm ned

di p tenper aécuicLafidr geaxmglg; e) renoving the capsule bodies and
capsul e caps fromthe pins; and f) nmoving the pins in a closed |oop
so as to r2peal metpd aagortimgaoghaim) 16, having a predetermined body pin dip temperature

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°E-156°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 having temperatures greater
than the predetermiﬂed pin dip temperature.

27. - A method of manufacturing pharmgcgutica_l cellu_lose capsules, the capsules suitable
for filling by capsule filling machines, each cabsule 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 pinbaljs,
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 pins into the solution such that heat from a' pin causes solution to
gelatinize on the surface of the pin; .

¢) drying gelatinized' solution on the surface of the pins of a drying group of
pinbars 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 have a predetermined dip temperature at dipping;

e) removing 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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29. A method according to claim 27, wherein body pins have a predetermined dip

temperature . in the range of 144°F-156°F (62.2°C-68.9°C) and cap pins have a
predetermined dip teinperature in the range 149°F-156°F (65.0°C-68.9°C).
30. A method according to claim 27, wherein step d) includes differentially heating on
a split deck having a predetermin’dd temperature profile.
31. A method according to claim 30, wherein the predetermined temperature profile is
shaped to compensate for differential cooling of pins resulting from different pinbars
having different wait times between heating and dipping. | |
32. A method according to claim 30, wherein the predetermined temperature profile is
shaped to compensate for different pins, within a group of pins mounted to a bar, having
diftierent cooling rates according to position on the bar.
33. A method according to claim 27, further 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 pins.
34. A method of ma.nufactur@ng 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 thermogelling cellulose ether composition, in
a capsule machine using capsule body pins and capsule cap pins as molds, and 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 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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32. A nethod according to _claim30, wherein the predeterm

profile is shaped to conpensate for different pins, wthi

nount ed t“o a “ Hllﬂlm'erent cooling rates accordi n
t he bar. m‘m mu" ng to claim 27, further inclpd
of :

heat i*ng ¢t he p*ns® of* the di ppi #¢ group, as a group, by non-contact

_h;aati ngf bet ween the greasing }he Ipi ns and di ppi ng the pinS— 34 A net hod
o] t I . '
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pinbars, each |nba avi lurali1ty of pi nount ed t he

bar, conmddgsqukgﬁs@é%g of : a) greasing the pins to forma |ayer

of grease on a pin; b) heating the pins of a dipping group of

pi nbars, as aegrOltamoﬁmg&h@b@iﬁleémdidsaﬂdcapbulbéapsrﬁmﬂjer[ﬂns fagd non- cont act

heat i ng after greasing so the layer of grease on a pinjs not di st ur bed;
f)  moving the pins in a closed loop so as to repeat steps a) through €);

such as to minimize cellulose capsule wall thickness variation caused by pih
temperature differences at dipping and by disturbance to a layer of grease on a pin.
35. A method according to claim 34, wherein non-contact heating includes heating by
thermal conduction via a bar.
36. A method according to claim 34, wherein the step of heating the pins occurs in an
extended dipper section prior to dipping. '
37. A method of manufacturing pharmaceutical cellulose capsules of a given size
number, the capsules suitable for filling by i 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 composition, using cellulose-capsule body-side forming
pins and cellulose-capsule cap-side forming pins as molds, comprising the steps of:

gelatinizing solﬁtion on a pin, including dipping a pin in 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 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 correspohding gelatin capsule part of the given size-number;

and
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34, wherein non- heating 1 nc eatl ng rmal conduction via
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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 (7.05 - 7.15 mm) to make
a cellulose éapsule body for an "0" 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 - 0.2945 inch (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-side céllulose 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" size capsule. |

41. A method according to claim 37, using 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" size capsule.

42 A method accordmg to claim 37, using a body—s1de cellulose capsule formmg pin
having a cut-point diameter in the range 0.2503 - 0.2557 inch (6.36 - 6.50 mm) to make
a cellulose capsule body for a "1" size capsule.

43. A method according 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 cellulose 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

a cellulose capsule cap for a "2" size capsule.
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a cellulose capsule cap for a "3" size capsule.

-

48. A method accordiﬁg to claim 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-side cellulose capsule forming pin
having a cut-point diameter in the range 0.1997 - 0.2031 fnch (5.07 - 5.16 mm) to make
a cellulose capsule cap for a "4" size capsule.
50. A method of manufécturing pharmaceutical cellulose capsules of a given size
number, the capsules suitiable for filling 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 composition, using cellulose-capsule body-side forming
pins and cellulose-capsule cap—side forming pins as molds, each cellulose-capsule
forming pin having an elongated pin bbdy, 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 diameter, the
method comprising the steps of:
. gelatinizing solution on a pin, including dipping a pin in the solution to a dip line,

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

drying the capsule part on the pini

removing the capsule part from the pin;

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

removing, in a closed path; and
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cellulose-capsule forming pin being smaller than a corresponding diameter of a

substantially cylindrical sidewall of the corresponding gelatin-capsule forming pin; the
~ cellulose-capsule forming pin sized so as to make a cellulose capsule part that has
'substantially the same overall diameter as a corresponding gelatin capsule part of the
given size-number.
51. A method according to claim 50,. using a cellulose-capsule forming pin to make a
cellulose capsule cap for an "0" size capsule, the cellulose-capsule forming pin
undersized by an amount in the range of approximately 0.002 - 0.006 inch (0.05 - 0.15
mm).
52. A method according to c¢laim 50, the cellulose-capsule forming pin sized so as to
make a cellulose capsule part that has suBstantially the same overall diameter as the
corresponding gelatin capsule part of the given size-number and a greater wall thickness
than a corresponding wall thickness of the corresponding gelatin capsule part of the given
size-number. . |
53. A method according to claim 54, for forming a thick wall cellulose capsule body,
wherein the diameter of the substantially cylindrical sidewall of the cellulose-capsule
forming pin is smaller than the diameter of the substantially cylindrical sidewall of the
corresponding conventional gelatin-capsule forming pin by approximately 1.3 percent.
54. A method according 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 is smaller than the diameter of the substantially cylindrical sidewall of the
corresponding conventional 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 solution.
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body for a "2" size capsule. 45. A nethod according to claim37, using a
cap- si de aatllaitapseleceapsiormed drom rag gajusous solution of a thermogelling cellulose ether

composition, comprising:

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

greaser means for gréasing 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 of a drying
group of pinbars, 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 removing the capsule parts from the pins; and

transport means for moving the pinbars in a closed lodp path through the greasér
means, the dipper means, the dryer means, the differential heater means, and the

" automatics means; |

wherein 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 accordance 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 greaser 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 group by thermal conduction via the bars.
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60. An apparatus according to claim 58, further including means for sensing and

controlling temperature so as to maintain a predefined temperature profile over the split
deck. | |
61. An apparatus according to claim 58, the split deck adapted to apply heat selectively
to points along the length of a bar. )
62. An apparatus according to claim 57, further including supplemental heater means,
located between the automatics and the dipper means, for heating the pins by thermal
convection.
63. An apparatus according to claim 57, further including a radiant heater located
between the automatics and the dipper means.
64. An apparatus according to claim 57, wherein the diipper 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; the appératus further including non-contact heater
means, located between the greaser means and a dipper dish, for heating the pins of the
dipping group, by thermal conduction via the bars of the dipping group.
65. An apparatus. for manufacturing pharmaceutical capsules, the capsules suitable for
Fﬁling by capsule filling machines, each capsule consisting of a capsule body and a
capsule cap formed frdm an aqueous solution of a thermogelling cellulose ether
composition, comprising:

a plurality of pinbars, each pinbar having 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

surface of the pins;
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wherein the dryer means includes a dome-setter radiant heater, proximate to the
pin-entry end, 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 domes. |
66. An apparatus for manufacturing pharmaceutiéal 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 gelatinized solution on the surface of the pins to 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 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 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 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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counterflow air within the duct substantially overall.
68. An apparatus for manufacturing pharmaceutical capsules, the capsules suitable for
filling by capsule filling machines, each capsule conmsisting of a capsule body and a
capsule cap formed from an aqueous solution of a thermogeﬂing 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 gelatinized solution on the surface of the pins to form
capsule bodies and capsule caps;

automatics means for removi;lg the capsule parts from the pins; and

transport means for movingi 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 and an air inlet proximate to the pin-exit, the transport means adapted to
move pinbars with pins carrymg 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
gelatinized solution on increasingly later-dipped pins.
69. An apparatus for manufactﬁring 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 formed from an aqueous solution of a thermogelling
cellulose ether composition, comprising:

a plurality of pins;

greaser means for greasing the pins;

substantially the sane overall
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e 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 actuator means for driving the
gripper; and

' wherein the gripper, 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.

70. An apparatus according to claim 69,

wherein the automatics means includes trimmer means for trimming a capsule part
at a trim line after removal of the capsule part from the pin; and

wherein the gripper, 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
between the trim line and the dip line.
71. An apparatus for manufacturing pharmaceutical cellulose 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 capsule cap, the body and cap each having
an open end, the body 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 i)ins as molds, comprising:

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

surface of the pins;
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m apgl a capsule cap.forned from an aqueous sol utjon of
conposi tion, conprising:

each cellulose-capsule forming pin having:

an elongated pin body; '

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

a cylindriéal 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 defining a cut-point diameter at a position along the length of the pin body at
which the capsule part may be cut to form the open end;

whereinl the given size number is selected from among sizé numbers 00, 0, 1, 2, 3,
and 4; and | |

wherein each cellulbse-capsule forming pin is an undersized pin with respect to a
corresponding conventional gelatin-capsule forming pin used for manufacturing a gelatin
capsule part 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
forming pin.
72. An apparatus according to claim 71, wherein the cut-point diameter of the
undersized.pin is smaller than the cut-point diameter of the corresponding ‘conventional
gelatin-capsule forming pin by an amount in the range of approximately 0.7 - 2.0
percent. |
73. An apparatus accordmg to claim 72, wherein the cut-point diameter of the
undersized pin is smaller than the cut-point diameter of the corresponding conventional
gelatin-capsule forming pin by approximately 1.3 percent.
74. An apparatus according to claim 71, wherein the cut-point diameter of the

undersized pin for forming a "0" size capsule part is smaller than the cut-point diameter
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according to claim57, wherein the differential heater neans includes

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 forming a thick wall cellulose
capsule cap is smaller than the cut-point diameter of the corresponding conventional

gelatin-capsule forming pin by an amount in the range of approximately 1.0 - 2.3

percent.

71. An apparatus according to claim 76, for forming a thick wall cellulose capsule cap,
wherein the cut-point diameter of the undersized pin fo‘r forming the thick wall cellulose
capsule cap is smaller than the cut-point diameter of the corresponding conventional
gelatin-capsule forming pin by approximately 1.6 percent.

78. An apparatus according to claim 71, for forming a thick wall "0" size cellulose
capsule cap, wherein the cut-point diameter 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 gelatin-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 according to claim 78, for forming a thick wall "0" size cellulose
capsule cap, wherein the cut-point diameter of the undersized pin for forming the thick
wall "0" size cellulose capsule cap is smaller than the cut-point diameter of the
corresponding coﬁventional gelatin-capsule "0" size forming pin by approximately 0.005
inch (0.13 mm). |

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 cé.psule body is smaller than the cut-point diameter of the corresponding
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An apparatus according to claim57, further including supplenental heater
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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 corresponding
conventional 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-pqint diameter of the undersized pin for forming the thick
wall "0" size cellulose capsule body is smaller than the cut-point diameter of a
corresponding conventional gelatin-capsule "0" size forming pin by an amount in the
range of approkimately 0.004 - 0.008 inch (0.10 - 0.20 mm).

83. An apparatus according to claim 82, for forming a thick wall ‘0" size cellulose
capsule body, wherein the cut-point diameter of the undersized pin for forming the thick
wall "0" size cellulose capsule body is smaller 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 71, wherein the size number is "0", and the body-
side undersized pin has a cut-point diameter in the range 0.2795 - 0.2835 inch (7.10 -
7.20 mm).

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

" wherein the size number is "0", and the body-side undersized pin has a cut-point

diameter in the range 0.2775 - 0.2815 inch (7.05 - 7.15 mm).
86. An apparatus according to claim 71 for making a thick wall' cellulose capsule,
wherein the size number 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

diameter in the range 0.2503 - 0.2557 inch (6.36 - 6.50 mm).
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h | ud
o easor mBins Al APRAGHS ASrOHNEn o FRIE 1 fornBeRg ﬁfkcﬁﬁ ﬁ%‘“?ﬁ oBEE

0)

group, by conduyc nl e

appar at us oféﬂngd}]lufsg “" h&n I%a?mgglﬂt@(%:? q%astl&skuluglsié}g e capsul &< sgoﬁgbl e
for filliny %rﬁ)é{e gﬁy Eld izggg_ 8 5%611(;_?3 6£RRY. € consisting of a
capsul e body an su e cap orrre from an aqueous sol ution of a

t her nogel Igong ﬁﬁﬂ'abpﬂr@t%@ Rbdbing &PORGAI 71 @6 mARMB! 4 $hitk wall ceuulasepbaifsaiel ty
of pinbars, each pinbar having a bar with a plurality of pins munted fo

t he bar, @x&rek‘emlﬂhehﬁw mgmberidse’3", and thei talyrsidee anderkiaed Qi Has ga tdueppines
into the solution and gel atinizing solution on the surface of the pins;

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 wall cellulose capsule,
wherein the size number is "4", and the body-side undersized 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 cellulose capsules of a given size
number, the capsules suitable fqr filling by capsule filling machines, each capsule
consisting of two parts, a capsul:e body and a capsule cap, the body and cap each having
én open end, the body land cap formed from an aqueous solution of a thermogelling
cellulose ether composition, Iusiﬂg 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 solutioh on the
pins to form on each pin a capsule paft of gelatinized solution;

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

automatics means for removing the capsule parts from the pins;

each cellulosé—capsule forming pin having: |

an elongated pin body; |

. a domed head located at 6ne 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, "t", "2t "3n, "4" and "5";

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

forming pin is smaller than a corresponding diameter of a substantially cylindrical



- ﬁ[v T -“'! 3
dryer” neans for dry| ng I ni zed solution on the s,lx{r‘ ""hi‘ﬁﬂ &m

of a dryi ng rs to form capsul e bodi es and} capsul e caps, the
dryer neans h w end aut omatics mepngp 1"-05D|E€rﬁ5\97ng
t he capsul e par*tscfrom transport neapsjfor noving t

pi nbars through the dipper rreans the d®fer means and the autonailcs
means; wherein the dryer neans includes a dome-setler_radiant heatert,

o0, T ©shp o R SRS B RS g TR T
with respeg %ﬁégér%gﬁie’%\éeﬁp siASndfbdUr t her gel atinize the solution on the

surface of n apparatus for manufacturing pharmceuti cal
cel l ul ose apAY @pparhtdS £BHYAMES0 claim 91, wherein the diameter of the substantially

cylindrical sidewall of the cellulose-capsule forming pin is smaller than the diameter of
the substantially cylindrical sidewall of the corresponding gelatin-capsule forming 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 sized to form thick wall
cellulose capsule parts.
94. An apparatus according to claim 93, wherein the diameter of the substantially
cylindrical sidewall of the cellulose-capsule forming pin is smaller than the diameter of
the substantially cylindrical sidewall of the corresponding gelatin-capsule forming pin by
apprdximately 1.6 percent.
95. 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 thermogelling cellulose ether

composition, comprising:

a plurality of pinbars eaéh pinbar having a bar with a plurality of pins mounted to
the bar; |

greaser means for greasing the pins;

dipper means for dipping hot pins into the solution_to causé 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 ca;psule 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 dryer means and the automatics means;



sui‘tﬁble for filling by capsule filling machi nes, each ¢

of a capsul e m nmlwnﬁﬂl le cap fornmed froman aqu¢
t hernogel | i ngﬂ Im conmposi tion, using pins 3
conpri si ng: * tdip feans for di pping the pins intg
gel atini zi ng solutlon on the surface oP8the pi ns;

drying gelatinized solution on the surface of the pins flo form capsule

bodi es and cappuls, Ql?eoﬁxc?per meané‘&ﬁc‘ﬁi@&' C&iﬂé&gns% ke %ﬁﬁg‘ﬂoﬁﬁetﬁﬁ &ﬁib?&e

parts fromthe pins transport ving t pins i
cl osed | ogRnhiat l?aﬁsﬁl'b%ﬁé‘ éaBEdﬂipBPﬁfsh s%@i@aea&ﬁﬁhé’ pMRBof AREHIHA g?o 1@nd
aut omati cs neans; wherein the dryer nmeans includes an elongated duct

encl osing a pthtdﬁlﬂtlﬁfaﬁphtatust fuethep oorhprises nen-chiactdisater itdhs)docatdl Bet@RER Y
and an air outlet proxinmate to the pin-entry, and a pin-exit and an air
i nl et progiengteeseramedms gidna edipper disty for dhesty thenpias ©f abia dipping groupvas a
pinbars with pins carrying gelatinized solution through the duct fromthe
pi n- entrygl’Q‘lP,bﬁélopmn@%tg eatinge dryer neans having neans for noving

counterflow air within the duct
96. An apparatus according to claim 95, wherem the dipper dish for capsule bodies and

the dipper dish for capsule caps are spaced apart to accommodate the pre-dip heater
means.
97. An apparatus according to claim 95, wherein non-contact heating includes heating

by thermal conduction via the bars of the dipping group.



frpm‘"‘%he air inlet to the air outlet, such that air flows f4+st—Quer
gel atini zed solution on an ' 51 earli A0S
the 'sane ‘air later flows over gelatinized solution on a | gt
67. An apparatus according to claim66, wherein the dryer g &Lag@o e
to provide counterflow air wthin the duct substantially}o eral5]
apparatus for manufacturing pharnmaceut isgal capsul es, the ¢aps+ :
for filling by capsule filling machi nes, each capsule co S|st|ng of a
capsul e body and a capsule cap fornmed from an aqueous solUtToOmTof—&
t hernogel I'i ng cel | ul ose 1] [ ' as nol ds,
conpri si ng: di ppermgﬁg‘m%ﬂﬁ%'{‘ﬁé %mt o the solution and
gelatinizing solution on the surface of the pi Anyer neans for
drying gel at i MANYEACTURSNOEPHARMACENIECAL QBELHL%SE S

ABSTRACT

A method and apparatus for manufacturing pharmaceutical capsules use an

aqueous solution of a thermogelling cellulose ether composition and use capsule body pins and

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

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

pins and drying (24) the gelatinizgd solution on the surface of the pins to form capsule bodies

and capsule caps. Pins are heated pre-dip and post-dip to facilitate gelating. Counterflow air

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

parts may have a thick wall and a stiffening ring. f

Fig. 9




_capsul e bodi es and capsul e caps; aut omati cs nmeans f pr—+erovaeg—t

“capsul e parts fromthe pins; and transport neans fofREELDACKMENE SHEBT
in a tlosed | oop path through t he di pper neans, the dryef ans and tne
aut omati cs means; wherein the dryer

. means incl udes fn] el geluc
encl osing a portion of the transport neans, the duct havinp a p|n entry
and an air outlet prOX|nate to the pin-entry, e

and a pi n- pxk—are-—ai—adt
inlLet proxinmate to the pin-exit, the tﬂngﬁort nmeans adapjed to nove
pinbars with pins carrying gelatlnlzed sol ution through the duct fromtne

pin-entry to fhe pfa-exit, the dryer means ha
within the ductefrof®the air inlet to the air

wi thin the ducFIanéE successively over gelati
i ncreasingly | pped pins. 69
phar maceuti cal . eII ose capsul es, fhe capsuled gsW

capsul e fiIIinQEnacﬁfnes each capsil e consi stijngn
body and a capseie cap formed fromhn aqueo
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a plurality of'pins; greaser neans for greasing the

52 . - di pper neans for dipping the pins into the soIuticﬁ&ﬁﬁfﬂgﬂﬂﬁﬂiHS$ﬁﬁT
and ‘gel atini zing solution on the pins; dryer neans {of drying

gel atinized solution on the pins to form capsul e parts; aus pyret 1999
means for renoving the capsule parts fromthe pins; and transport
means for nmoving the pins in a closed |oop path through thg gresser——mearms,
t he di pper neans, the dryer neans, and the automatics neang; wherein

t he automatics neans includes a gripper adapted to grip a capsule part 1n a
pin and break adhesion between all adhe@ntgsurfaces of the capsule part
and the pinto facilitate renoval of .the capsule part fromthe pin, and
actuat or nmeans for driving the gripper; and

FIG. 3
(PRIOR ART)

FIG.4
(PRIOR ART)



wher ei'n the gri pper, the actuator neans and the pin are npovably nounted

With "respect to each other to pernit alignnent such that m TS@E
grip the'capsule part while the capsule part is on the p ET
apparatus according to claim 69, ‘wherein the autonmafifs neans
includes trimer means for trinmming a capsule part at a frj 13 DECAGR2r
renoval of the capsule part fromthe pin; and wher g t he gripper,

t he ;actuator means and the pin are novably nmounted with Jespect to eac
other to permt alignnent such that the gripper may grip e_capsul e part

between the trimline and the dip line. 71. An apparatus for manufacturing
phar maceuti cal cellul ose capsul es &7 1% gi ven size nunber, the capsul es
suitabte for filling by capsule filling machi nes, each capsule consisting
of two parts, a capsule body and a capsul e cap, the body and cap each
having an open end, the body and cap formed from an aqueous solution of a
thernogel ling celluloese ether conposition, using cellul ose-capsule
body-side formng pins and cedl ul ose-capsule cap-side form ng pins as

nol ds, conpri si ng: 0 ‘ '

O —

B g
7 TS
Q

&

FIG.5
(PRIOR ART)
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i.nizing

REPLACEMENT SFERT

dfppen'neans for dipping the pins into the sol ution and ge
soluwion on the surface of the pins;

53 ° dryer nmeans for drying gelatinized solution on thp purRaé

pins to form capsule parts; and automatics means fo g{ﬂ b B the
capsule parts fromthe pins; each cel | ul ose-capsul e nﬁi 5 99
havi ng: an el ongated pin body; - a doned head | d._at_one en

of the pin body; and a cylindricahgﬁggemall surroundi ng the pin body
and extending fromthe doned head, the sidewall having a “refeter—uhich
varies along the length of the pin body such provide a taper with
narrower di nension toward the head end.oﬂr) pqdy, and a cut-point
defining a cut-point dianmeter at a positian e | gael=af t he pin
body at
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whi ch the capsule part may be cut to formthe open end;

gi ven si.ze nunber is selected fromanong size nunbers 00, O,
4; and ' wherein each cel |l ul ose-capsule formng pinis a
pin with respect to a corresponding conventional gelatin-ca
pin used for manufacturing a gelatin capsule part of the gi

nunber, the cut-point dianmeter of the ﬁgqﬁrsized pi n bei ng mal | er than
t he cut-point dianeter of the correspondi'™mg conventional gel at+s—capsule

formng pin. 72y An agparatus according to claim71l,ywherein the cut-point

di ameter of the 'ders:zed pin is smaller than the €gt-point dianeter of

the correspondi ng cen onal gelati.n-capsule fornfmg pin by an anount in
e

t he range of dppr oxi 0.7 - 2.0 percent. 73r -aﬁﬁh[ggue accordi ng
to claim 72, ereta—the fut-point diameter of thd, ufjdejsized®in is
smal | er than tihe cut-goin{ dianeter of the corresg ' nventi ona
gel atin-capsulle form ngdpln by approximately 1.3 ¢
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74. An apparatus according to claim 71, wherein the cut-point
the, Undersized pin for formng a "0" size capsule part is sm
cut -*poi'nt’ di anet er

“correspondi ng conventional gelatin-capsule "0" size formng p
anount in the range of approximately 0.002 - 0.006 inch (0.0

n

Ul

d

75. An apparatus acc kg to claim 74, wherein the cut-point
t he ~undersized pin %{j”?orm ng a "0'%si z celgu

R T

54 of a
by- BBEC 1987
0.15 mMm).

aheter of

bart i s

smal | er than the cut-point dianmeter corythe Ycorreyponfli ng) conventi onal

gel atin-capsul e "0" size formng pin by| apgroxi 0.f/004 inch (0.10
nm. 76. An s A sl haa Cpwad . ' t hi ck wal |
cel l ul ose capsul € . whereiln thg clut-peint |di ane{er |of §he undersi zed
pin for form|ng g thick wall ¢ellullosle céapsulle caplis {smafjler than the
cut - poi nt di gnet gr t he| cor fespordijng cenverjti onal el a§i n-capsul e
formng pin By arf ampunt {n the rarjgel of @pprgxi mat - 2.3
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percent. 77. An apparatus according to claim 76, for fntnlnn a.thick wall
cel | ul ose capsule cap, wherein the cut-point dianeter ;; TENTRIART]
pin-for formng the thick wall cellulose capsule cap ib 1
cut-point dianeter of the correspondi ng conventional gklht
formng pin by approximately 1.6 percent. 78. An appar tfs

claim71, for formng a thick wall "0" size cellul ose ' din
t he tut-point diameter of the undersize QFﬁ for formny the thlck mall
"0" size cellulose capsule cap is small ( han t he cut - p@rﬁf—ﬁraﬁtfer—e+-a
correspondi ng conventional gel atin-capsule "0" size formng pin by an
amount in the nge of approximately.0.003 - 0.007 inch (0.08 - 0.18 mm).
79. An'apparaﬁd ding to claim78, for formng a thick wall "0" size
cel | ul ose capsh+e;r23, wherein the cut-poi

pin for form ' wal 1826" size c '

t han the cut-jpoi nt _di anmeter] of yhe corres

gel ati n-capsyl e " ng pin by ap
825
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80. An apparatus according to claim 71,
capsule
form‘ng the thick wall
cut - poi nt dianeter of the corresponding -

gel atin-capsule formng pin by an anount
81. An apparatus according to claim80, f
t - poi nt di anetjer
el l ul ose capsyl e body is

snal | er than the cut-point dianmeter of the corresponding

- 2.7 percent.
wal | -cel |l ul ose capsul e body, wherein t
undersized pin for formng the thick wa

for formng a thick wall
-body, wherein the cut-point dianeter of the undersized pin for

cel l ul ose capsul e body is snaller
conventi
in the range o a prOX|nateI 1.

r if or B%régﬂhlck

7 14

cel | ul ose

gel atin-capsule formng pin by approximately 2.0 percent.

according to claim 71,
body,
thick

-

for formng a thick wal
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82. An apparat us
capsul e

wherein the cut-point dianeter of the undersized pin for formng the

FIG. 9



wal | "0" size cellul ose capsule body is smal l er than the cut - poi nt di aneter

of a 'coerrespondi ng conventional gelatin-capsule "0" size f BrRi TR
anount”’ih the range of approximately 0.004 - 0.008 inch (Q: ughgggﬁﬂgng“T

83. An apparatus according to claim82, for formng a thick wall "O' size
cel lul ose capsul e body, wherein the cut-point diameter of [tHe «SRESITFH
pin for forming the thick wall "0" size cellulose capsule|bqdy is smaller

t han.t he cut-point dianeter of the cogrquondlng conventi gna
gel atin-capsule "0" size formng pin by apprOX|nater 0. 00 inch (0.15

mm). 84. An apparatus according to claim 71, wherein the size nunber is
"0", and the body- side undersized pi.n has a cut-point dianeter in the
range 0.2795 - 0.2835 inch (7.10 - 7.20 mm. 85. An appar.atsds.according
to claim71 for making a thick wall cellul ose cap;g‘e, ners e Size
nunber is "0", and the body-side undersized pin h

in the range 0.2775 - 0.2815 inch (7.05 - 7.15 nm).
according to claim71 for making a thick wall ag
the size nunber is "00", and the body-side unde
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di anet:er in the range 0.3105 - 0.3173 inch (7.89 - 8.06 ,Jgg'géﬁw'“afg
apparatus according to claim71 for making a thick wall céps sl
whekern the size nunber is "1", and the body-side undersided pin has a

cut-point dianeter in the range 0.2503 - 0.2557 inch (6.36}- ©%FEC#7
88. An apparatus according to claim71 for making a thick |wgl | cellul ose i
capsul e, wherein the size nunber is "2", and the body-si ersized pin

s
-y

2",
has_a cut-point dianeter in the ranqﬁagﬁ$289 - 0.2339 in (5 81.-..5.94
mm. 89. An apparatus according to cfdi'm 71 for making a thick wall
cel l ul ose capsul e, = whegein the size nunber is "3", and the [jody-side
under si zed abn qﬁ a cui—point di aneter in thQUS ng? .20951— 0. 2140 inch
(5.32 = 5. 3 nmiV 1 90. An apparatus according t | ai'yp! 71 for

e is

maki ng a
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wherein-the size nunber is "4", and the body-side undersi zg&=plle-baSnmtmmm
cut-pQint ,diameter in the range 0.1900 - 0.1941 inch (4. 83REFLAGEMENT SHEET
91. An apparatus for manufacturing pharmaceutical cellul osq g&ps erfg=
gi ven size nunber, the capsules suitable for filling by cgpd .
machi nes, each capsule consisting of two parts, a capsulelb

capsul-e cap, the body and cap each having an open end, thgq Hady..al .
formed from an aqueous .solution of a thernogelling celluldse ether

:

conposi tion, using cellul ose-capsul e body}sy 4§ form ng pi ns==rre

cel | ul ose-capsul e cap-side form ng pins as nolds, conprising: di pper

means for dipping the pins into the sol.ution and gel atinizing solution on

the pins to formon each pin a capsule part of gelatinized solution;

dryer nmeans for drying gelatinized solution on the pins to form capsul e

parts; and gq matics neans for rd@fving the capsule paﬂs fromthe
each c

pi ns;

el ful oseq S form pg pin having: n el ongat ed
pi n body; ad d heagsroggz%d at §ne end of the pi5252qy-1gﬂd
B 4 ) [ ] .
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a substantially cylindrical

from "the doned head
anong‘si ze nunbers '

wherein the di aneter of the substantlally cyllndrlcal si de
cel lul ose-capsule forming pinis snaller than a correspongi
a substantially cylindrical

~~~=57 sidewal | of a correspondi ng gel 2} pjcapsul e form
manuf acturing a gelatin capsule part of

apparatus according to claim91, wherein the dianeter of the substantially

cylindrical sidewall
the di aneter of t
correspondi ng gel &

93. An apparatus gccordi

body- si de

"000"

si dewal |
wherein the given size nunber

" 00"

oY, "1%,

surroundi ng the pin body and extending.

| : P 18 1
"2t "3, "4" a gﬂﬁghﬁﬁhﬁﬁﬁ‘Sﬁ 1|
Il of a
g-dﬁdm?{}@%?of
g an tuset=fur
e given size nunmper. 92. An

of the cellul ose- capsule form ng p|n I S snaller t han
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form ng pins and the cellulose capsul e cap-side formng pins are sized to
formthick wall cellulose capsule parts. 94. An apparatu.;" Ly o N
clai m 93, “wherein the dlaneter of the substantially cyll !

substantial ly cyllndrlcal sidewal | of the correspondi ng gjlit Q@@%ﬁ§ﬁb?
formng pin by approximately 1.6 percent. 95. An apparagfus fo
manuf-act uri ng pharmaceutical cellul ose capsuL§Z1 t he capsll es=giti .
filling by capsule filling machines, each ca Ig consi stgng of a capsule
body and a capsule cap formed from an aqueous sol ution of & tmermogett+t
cel lul ose ether conposition, conprising: a plurality of pinbars each
pi nbar having a bar with a plurality of pins nounted to the bar;

greaser neans for greasing the pins; di pper neans for dipping hot
pins into the solution to cause solution to gelatinize on the surface of

t he pins; dryer neans for drying gelatinized solution on the surface
of the pins to form capsul e bodi es and capsul e caps; automati cs neans
for renoving the capsule parts fromthe pins; and transport neans for
novi ng the pinbars through the greaser neans, the dlppen means, the .dryer
means and the autonatics neans; ,_\\
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- 58 wherein the di pper nmeans includes a dipper dish for capsul e bodies
and-a di pper dish for capsul e caps, each dipper dish sized-to-accept-the
" pins -of a dipping group; and wherein the apparat YREPLACEMEND SBEET
non-tdnt act heater neans, |ocated between the greaser {ngans—amd—adrppe
di sh, for heating the pins of the dipping group, as a grou_ps‘l&)% 1997
non-contact heating. 96. An apparatus according to cl g m 95, %r%| n fhe
di pper dish for capsul e bodies and the dipper dish for] dapsule.caps.ale
spaced apart to accommobdate the pre-dip heater neans. §J 97. An apparatus
according to claim95, wherein non-conygctqdeating i nclutes—heatTrg—by
t hermal conduction via the bars of the dipping group.
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