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LARGE--POT TE CRYSTALS
AND PROCESS FOR _THE PREPARATION THEREOF

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to large size, small

surface area granular crystals of potassium

bicarbonate particularly useful as active ingredients

of pharmaceutical oral dosage forms. for potassium

supplementation and for the treatment of degenerative

bone or cardiovascular diseases, e.g.,

and hypertension,

preparation of such crystals.

osteoporosis

and to a process for the

Potassium bicarbonate is a well-known

commodity of commerce having various uses,

e.g., in

baking powders, as an effervescent salt in soft

drinks, as a fire-extinguishing agent,

pharmaceutical applications,

treatment of ‘excess acidity.

for example,

Presently,

and in wvarious
in the

potassium

- bicarbonate is available in commercial quantities in

the form of very fine crystals or agglcmerates,

are irregularly shaped, have rough surfaces,
L]

which

exhibit

poor packing and flow characteristics and may be

subject to dusting or caking problems.

surface area granul ar crystals of pot as $logi-§ zees
as active ingredients of pharnmaceuti cal



POt assi um bi carbonate is a well-known commodity of conmmerce having vari ous
ses, e.g., |In haltheguRBEeSacedS an effervescent salt in soft drinks, as a

fire-extinguishi I n various pharnaceutical applications, for -

exanple, in the Mﬂﬂﬂmulw chess acidity. Presently, potassium

bi carbonate is a YUmercial quantities in the formof very fine

crystal s or aggl onerates, which are iggegularly shaped, have rough

surfaces, exhibit poor packing and flow characteristics and may be subj ect
to dusting or caking problens.

One current commercially availaﬁle
potassium bicarbonate product, marketed as "Coarse
Granular Potassium Bicarbonate" by Armand Products
Co., Princeton, N.J., U.S.A., comprises irregularly
shaped, rough-surfaced crystals with few
agglomerates, which has a mean particle size of about
180 microns, essentially no individual crystals
larger than 300 microns and a B.E.T. specific surface
area of 0.06 m)/gram. A second commercial product.
available from Mallinckrodt Specialty Chemicals Co.,
St. Louis, Mo., U.S.A., as "Potassium Bicarbonate USP
Granular TACY", comprises similar irreqularly shaped,
rough-surfaced and non-agglomerated crystals and has
a mean particle size of about 180 microns with
essentially no individual crystals larger than 420
microns and a B.E.T. surface area of 0.02 m’/gram. A
third currently available product, "Alphapur Granular
Potassium Bicarbonate" produced by SCPA of Paris,
France, is a rough-surfaced, largely agglomerated
product having a mean particle size of about 300
microns ané a B.E.T. surface area of 0.02 m?/gram.
If.separated by screening into varying size
fractions, about 10% of this product comprises
agglomerates having sizes within the range of 600 to
850 microns with a B.E.T. surface area of 0.018

m?/gram.



il y “avai | abI e pot assi um bi carbonat e product,
LRol.assium.Bi.carbonatel--by- Acmand Products: Co.
., US A, corrprl ses |rregul arly shaped, rough-surfaced
crystals W|th few aggl orrerat es, which has a nean particle size of about 180

m crons, essentially no indivi dual crystals larger tha ns and a
B. EdTwepdéﬁﬁﬁ‘?c surface area of 0.06 rr[err]/gram A seg’gigg J(;ans’lﬁg?m al
pr oduct

It hés recently been proposed to use
potassium bicarbonate as an active ingredient for the
treatment of osteoporosis or hyper;ension; See
Morris et al U.S. Patent No. 5,171,583 granted
December 15, 1992, and PCT Published Application No.
PCT/US89/04771. The potassium bicarbonate crystals
of the present invention are particularly suitable
for-oral dosage forms useful in this last mentioned
application. They are also useful in other
applications, e.g., for agricultural uses, or where
it is important to évoid dust formation or caking.

The effective oral dosage of potassium
bicarbonate in the treatment of osteoporosis or
hypertension is about 40-400 mmoles, preferably about
40-250 mmoles, per 70 kg patient weight per day. 1In
a particularly preferred embodiment, the potassium
bicarbonate is administered at a dose of 60 mmoles {6
grams) per day. When, for example, the potassium
bicarbonate is administered in the form of four
tablets daily, each such preferred oral dosage form
should incorporate 1.5 grams of the potaésium
bicarbonate. Since potassium bicarbonate has a
bitter taste and is irritating to ihé
gastrointestinal mucosa, the potassium bicarbonate
must be coated with a controlled release coating
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ailable from Mal l'i nckrodt Specialty Chemcals Co., St. Louis, M.,
.S. A, as "Potassium Bi carbonate USP G anul ar TAC', conprises simlar
rregularly shaped-mrough'surfaced and non-aggl onerated crystals and has a

mean particl e g g bout 180 microns wth essentially no individual
crystals Iarge ghs and a B.E. T. surface area-of 0.02
nerr]/gram A E y avail abl e product, "Al phapur G anul ar
Potassiun1Bica ed by SCRA of Paris, France, is a
rough-surfaced, |argely agglonerated product haV|ng a nean particle size of
about 300 microns and a B.E. T. surface area of 0.02 nferr]/gram

masking its taste and facilitating controlled release
in the G.I. tract over an extended time period.

For ease of swallowing, solid dosages of
drugs intended for chronic administration to humans
should not possess total volumes of more than about
one milliliter. When 1.5 grams of current
commercially available, small particle size granular
(unagglomerated) potassium bicarbonate particles are
tabletted, with a release .ccating having a density oif
about l/gram/ml., the resulting dosage form has a
significantly greater volume. Clgarly, such a
tablet would be hard to swallow and would not meet
with good patient acceptance, particularly in any
product used in the treatment of a chronic disease.
It has thus been found critical, in accordance with
the present invention, to provide potassiunm
bicarbonate crystals having markedly greater particle
sizes and markedly decreased specific surface -areas
as compared with currently available potassium
bicarbonate crystalline products. -

Various processes have been described in
the pateﬁt literature for preparing potassium
bicarbonate. None of the references which have been
noted make any specific mention of the formation of
large particle size, small surface area potassium

bicarbonate crystals. See, for example, U.S. Patents



nto varylng si ze fractlons about 10% of this
; A , S.aving. sl.ZeS..\ J£¢QMUMLLange4ﬂgﬁDDnLo”&al”m_m
mCrons Wth a B.E T. surface area of 0.018 n{err]/gran1 -3- It has
reeently been proposed to use potassium bi carbonate as an active ingredi ent
for the treatnment of osteoporosis or hypertension. See

WO 94/26664 ' PCT/US94/05017

No’s. 1,477,086; 2,013,977; 2,543,658; 2,768,060;
3,141,730; 3,347,623; and 4,919,910. On the other
hand, a number of procedures have been specifically
described in the patent literature for producing
coarse crystals of sodium bicarbonate or other salts.
See, for example, U.S. Patents No’s. 2,773,739;
2,792,283; 2,926,995; 3,647,365; 3,855,397;
3,870,784; EP Published Application No. 395,134
{sodium bicarbonate); U.S. Patent No. 2,721, 20¢
{ethylene diamine tartrate]; and U.S. Patent No.
5,085,670 [potassium chloride}. Crystallization is,
however, an empirical art and procedures utilized for
growing crystals of one substance often do not work
for another.

Thus, procedures described in the
literature for producing coarse sodium bicarbonate
crystals have not been found useful for forming
large, pure potassium bicarbonate crystals.
Conversely, the procedures described below for the
formation of large, low surface area potassium
bicarbonate crystals have not been as successful in
forming large sodium bicarbonate crystals since the
latter material tends to nucleate during
crystallization with the formation of crystals having
minute particle sizes. In addition, crystal growth

modifiers (which may be employed in conventional
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al U S Patent No. 5,171,583 grantéd Decenber 15, 1992, and PCT
g¢ed Application_Na._. PCT/US89/04771. The potassium bi carbonat e
#s of the present invention are particularly suitable for oral dosage

fF useful in tHsS s Beap R application. They are also useful in

y | appllcationii r icultural uses, or where it is inportant
gvoi d dust for illb. The~®tfective oral dosage of potassium
b@ar bonate in the treatnent of osteoporosis or hypertension is about

40- 400 mol es, preferably about 40-250 nmoles, per 70 kg patient weight per
day. In commercial manufacturing operations) may not be

suitable in the production of potassium bicarbonate
utilized in pharmaceutical products due to the
stringent purity requirements for such products.

It is, accordingly, among the objects of
the present invention to provide lafge size, small
surface area potassium bicarbonate crystals which may
beféfficiently produced in commercial quantities and
wh{Eh may be formulated in orally administrable
dosage forms useful for pharmaceutical applications
and, in particular, in dosage forms suitable in the
treatment of osteoporosis or hypertension. A further
object of the invention is the provision of a process
for thé preparation of such large potassium
bicarbonate crystals which may be efficiently
utilized in the commercial production of such dosage
forms. Other objects and advantages of the invention
will be apparent from the following description.

YO ETI TION

It has been found possible, in accordance
with the present invention, to provide large size,
small surface area granular (i.e., unagglomera;ed)
potassium bicarbonate crystalline products having
mean particle sizes (average particle sizes, by

weight) of at least about 350 microns and up to as



“enbodi rrent t he pot assi um bi carbonate is

e Qfoflomnnles.b-grans).-per--day. Wen, -for exanple,

t e’ pota55|un1b|carbonate i s adn1n|stered inthe formof four tablets
daikly, each such preferred oral dosage form should incorporate 1.5 grans of
t he pot a55| m bi carbonate. Since potassium bicarbonate fagudsRbdifer taste
and i s¥ g%lng to the gastrointestinal nucosa, the potassium bi carbonate
nmust be coated with a controlled rel eass- coating

large as about 3000 microns, preferably within the
range of about 500-1200 microns; and small specific
surface areas, i.e., B.E.T. surface afeas less than
about 0.02 m?/gram, preferably‘less than about 0.015
m?/gram. .

Most desirably, the potassium bicarbonate
crystals of the invention which are useful as active
ingredients of pharmaceutical oral dosage forms for
potassium supplementation and for the treatment of
degenerative bone and cardiovascular diseases such as
osteoporosis and hypertension, have a mean particle
size within the range of about 800-900 microns, a
specific B.E.T. surface area of about 0.004-0.01
m?’/gram and a particle size distribution such that
over 90 wt.% of the crystals have particle sizes
within the range of about 700-1000 microgs.

The crystals of the invention may be used
to provide multiple-particle oral dosage forms
containing 15 mmoles (1.5 grams) of the potassium
bicarbonate active ingredient, with total volumes of
about 1 ml. The use of such oral dosage forms
assures patient compliance in the high dosage
potassium bicarbonate regimens requisite in the
treatment of osteoporosis or hypertension. Moreover,
the large size, granular crystals are particularly

useful in the subsequent processing required for the

Wi



-#- masking its taste and facilitating controlled release in the GI. tract
er an extended tine period. For ease of swallow ng, solid dosages of
rugs intended for chronic admnistration to hunmans shoul d not possess

total vol unes ofrhiggﬁe@tﬁabe&n&brt&d one mlliliter. Wien 1.5 grans of current

comercially avaif mart I cl e size granul ar (unaggl oner at ed)
pot assi um bi car bo are tabletted, with a rel ease coating
havi ng a density H%MEM ram m ., THe resul ti ng dosage formhas a -
preparation of pharmaceutical dosage forms. Hence,

as distinguished from currently available
agglomerated materials (which crumble upon
compression), they may be subjected to the strong
compressive forces utilized in tabletting operations
without appreciable change in particle size or
surface area. In addition, the larger inertial forces
reguired to impel the large cryétals (as compared
with smaller potassium bicarbonate crystals)
simplifies processing thereof, e.g., by easing
contro} of fluidized bed drying operations,
minimizing dusting problems, etc.

Preferably, thg potassium bicarbonate
crystals of the invention possess unégglomerated,
"blocky" shapes, i.e., they are sﬂaped like regﬁlar
solids having substantial sizes in all three
§imensions, as distinguishéd from distinctly needle-,
fiber- or platelet-like shapes, and have relatively
smooth surfaces. When coated with a controlled
release coating, formulated with the usual excipients
and compressed into a tablet, such crystals pack well
and leabe relatively minute interstitial voids
therebetween.

The large size, small surface area,

granular, potassium bicarbonate crystals hereof are

produced, in accordance with a further feature of the



mar ke
“avai l

invention, by a novel process deéigned both to
maximize the particle size and minimize the specific
surface area of the crystals, and, preferably, to.
produce the crystals in the foregoing unagglomerated
{granular), blocky, smpotb-surfaced shapes. In
accordance with this process the large crystals of
the invention are obtained by

(a) feeding an agueous solution of
potassium bicarbonate at an elevated temperature T,
and a concentration below the saturation point at T,,
to a slurry of potassium bicarbonate crystals in a
crystallizer, the temperature T, of the slurry being
below the saturation temperature of the feed
solution, and the concentration of the feed solution
and the temperatures T, and T, being such that the
degree of supersaturation in the liguid phase of the
slurry is Xept relatively low causing the size of the

crystals in the slurry to grow without a high degree

‘of nucleation;

{b) feeding the potassium bicarbonate
solution to the slurry at a rate such that the
residence time in the crystallizer is sufficient for
the potassium bicarbonate crystals to grow into the
large crystals;

{c¢) maintaining the potassium

bicarbonate slurry in the crystallizer under mild
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: Clearly, such a tablet would be hard to
t W th good patient acceptance,. parti-cularly in
R v treatment of a chronic disease. It has thus been
found critical, in accordance with the present invention, to provide

pot assi um bi carbonate crystals having markedly greater particle sizes and
g{,) 93%{4eased specific surface-areas as conpared RPETHSHEFHENt | y

abl e"pot assi um bi carbonate crystalline products. Various processes
have been described in the patent iité&Pature for preparing potassium,



bigar bonate. None of the references which have been noted nake any specific
gntion of the formation of |arge particle size, small surface area

#Ht assi um bi carbonate crystals: See; for exanple, U S. Patents No's.
& 477,086; 2,013,977; 2{ 4 % 3 taceq 168, 060; 3,141, 730; 3,347,623, and
#, 919,910. On the unber of procedures have been specifically
§described in the pa l“fﬁ ﬁ"ﬁ\m‘e for producing coarse crystals of sodium
7 bi car bonate or othe - -10-

agitation sufficient to suspend the potassium
bicarbonate solids without foaming the slurry or
degrading the crystals; and

(d) separating and recovering the
large crystals from the slurry.

By carrying out the crystallization in this
maﬂner,'both primary nucleation and secondary
nucleation of the potassium bicarbonate slurry are
minimized, and the potassium bicarbonate crystals
initially present in the slurry are permitted to grow
into the desired large crystals having substantially
uniform particle size distributions. Primary
nucleation, i.e., the normal precipitation of the
potassium bicarbonate by reason of the temperature
and concentration fluxes in the crystallizer slurry,
-is minimized by maintaining the potassium bicarbonate

" feed solution at iess than saturation concentrations
and providing a long residence time in the
crystallizer. 1In this manner, the feed stream does
not nucleate when it is introduced into the
crysta;lizer slurry and, because of the substantial
dilution effect upon introduction into the
crystﬁllizer, the dissolved potassium bicarbonate in
the fééd does not precipitate and form independent
nuclei. At the same time, secondary nucleation,

i.e., rapid separation and mechanical breakage of the



..........

Patents ‘No's. 2,773,739; 2,792,283; 2,926, 995;

. =3, 870, 784; EP Published. Applicatien-No. 395, 134
el 0T F+U"5. Batent No. 2,721,209 [ethyl ene di am ne

tartrate]; and U.S. Patent No. 5,085,670 [potassium chloride].

Crystallization is, however, an enpirical art and procegynssmssoid i zed for

gr ow NYooHRest4al s of one substance often do not work for another. Thus,

procedures described in the literaturel¥or produci ng coarse sodi um

bi carbonate crystals have not been found useful for formng

crystals in the slurry, does not occur, the degree of
aen recently proposed to use potassium bicarbonate as
an active ingredient for the treatment of
osteoporosis or hypertension. See Morris et al U.S.
Patent No. 5,171,583 granted December 15, 1992, and
PCT Published Application No. PCT/US89/04771. The
potassium bicarbonate crystals of the present
invention are particularly suitable for oral dosage
forms useful in this last mentioned application.

The effective oral dosage of potassium
bicarbonate in the treatmrbonate crystals in the
initial slurry in the crystallizer are obtained by
seeding. The seed crystals may be of any type, e.g.,
conventional commercial potassium bicarbonate
particles having a particle size range of about 50-
300 microns (-50/+270 mesh), and a substantially
uniform particle size distribution such that at least
80 wt.% of the crystals have a particle size range of
about 100-200 microns (~70/+140 mesh). It will be
appreciated that the slurry may be seeded with
potassium bicarbonate crystals having other particle
sizes and size distributions, in which case the
amount of seed introduced will be modified in order
to produce the reguisite large and substantially
uniform particle size potassium bicarbonate crystals

of the invention.
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| affge, pure potassium bicarbonate crystals. Conversely, the procedures
gscribed below for the formation of large, |ow surface area potassi um
g carbonate cr stals have not een as successful in formng | arge sodi um

g carbonate cr Iatter material tends to nucl eate during
gFrystallization I tion of crystals having mnute particle
fsi zes. I n addi rowth mddifiers (which may be enpl oyed in

" convent i onal

Potassium bicarbonate is in equilibrium
with potassium carbonate, water and carbon dioxide,
in accordance with the following eguation:

2KHCO, = K,CO, + H,0 + CO,
In order to maximize the concentration of potassium
bicarbonate present and prevent the formation of
potassium carbonate, it is preferred to add carbon
dioxide to the feed tank or the crystallizer. The
€0, may either be bubbled into the potassium
bicarbonate feed or slurry, both to maintain the
desired equilibrium and as a processing aid; or it
may be introduced in the form of a blanket over the
slurry.

In accordance with another feature of the
invention, the water-wet potassium bicarbonate
crystals recovered from the crystallizer slurry may
be washed, prior to drying, with methanol. The
methanol removes any liquor clinging to the crystals
and leaves smooth, impurity-free surfaces thereon.
The methanol may then be removed by conventional
drying technidues.

Employing the foregoihq process, the
particularly desirable large size, small surface area
granular potassium bicarbonate crystals of the
invention are formed in a single pass, in yields of

about 5% or more. Utilizing a closed loop operation



rlng operations) may not be suitable in the production
-Carbonate utilized in_ pharmaceutical products due to the

VrTequirenents for such products. It is, accordingly, ampng
t he objects of the present invention to provide large size, small surface
area potassi um bi carbonate crystals which may be efficiently produced in
COMTEksh Mpegéhant i ti es and which may be fornulated in oPﬁTM%%”nl strabl e
dosage forns useful for pharnaceutlcahjappl|cat|ons and, in particular, in
dosage fornms suitable in the treatnent "of osteoporosis or hypertensiaon. A
further :

with continuous recycle, substantially complete
conversion to the desired product is achieved.
Further, the potassium bicarbonate crystals are
prepared in high purity, readily satisfying USP
reguirements for pharmaceutical products. fhéy
possess higher purities than the commercially
available potassium bicarbonate starting materials,
since they are prepared by recrystallization thereof
(and without the necessity for the addition of any
crystal growth modifiers). .Moreover, the relatively
small surface area of the crystalline products of the
invention minimizes the presence of surface-adsorbed
impurities, e.g., potassium carbonate. Thus, the
crystals are substantially free of any potassium
carbonate impurity, i.e., they contain less than
about 1.0 wt.% and, preferably, less than about 0.5
wt.%; potassium carbonate.

Other features of the present invention
will be apparent from the following description of
preferred embodiments of the large potassium
bicarbonate crystals and crystal-forming process
hereof, taken in connection with the accompanying

drawing in which:
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ct of the invention is the provision of a process for the preparation
uch | arge potassi um bi carbonate crystals which may be efficiently

lized in the conpgercgia 0 i on of such dosage forns. O her objects
advant ages of B aﬁ &e%g%%II be apparent fromthe follow ng
scription. SUNNd “ NTION It has been found possible, in
ccordance with t ntion,%éo provide | arge size, small surface

rea granul ar (i.e., unaggl onerated) potassi um bi carbonate crystalline

products having nean particle sizes (average particle sizes, by

RIEF_DES ION OF THE DRAWING

Figure 1 is a phase diagram of the
potassium bicarbonate/potassium carbonate system,
indicating the broad and preferred ranges of
compositions of the potassium bicarbonate feed
solution and the initial crystal slurry which may be

~utilized for preparing the large, substantially
uniform particle size potassium bicarbonate crystals
in accord;nce with this invention;

Figure 2 is a schematic diagram of a flow
sheet of a continuous process for preparing the
potassium bicarbonate crystals in accordance with the
process features of the invention;

Figure 3 is a photomicrograph (at about 25X
magnification) of a current commercial potassium
bicarbonate product, viz., "Coarse Granular Potassium
"Bicarbonate" available from Armand Products Co., a
joint venture of the assignee of the present
invention;

Figure 4 is a similar photomicrograph (also
at 25X magnification) of a further current commercial
potassium bicarbonate product, viz., "Potassium
Bicarbonate USP Granular TACY" distributed by
Mallintkrodt Specialty Chemicals Co.;

Figure 5 is a photomicrograph (again, at

25X magnification) of a third currently available



tiabout 350 microns and up to as -7- large as about
eferably w.ithin the range.of about. 500-1200 m crons; and
snal 1 ic surface areas, i.e., B.E.T. surface areas |ess than about
0.82 nferr]/gram preferably |ess than about 0.015 nferr]/gram Mbst

desirably, the potassium bicarbonate crystals of the invention which are

usef ul WEs3426¢64\ o PCT/USS3/065017
- 15 -

commercial potassium bicarbonate product, viz.,
"Alphapur Granular Potéssium Bicarbonate" produced by
SCPA; and
Figure 6 is a photomicrograph (again, at

25X magnification) of blocky, generally Eubic smooth-
surfaced crystals of the present invention, which
possess a large mean particle size (about-aoo
microns), minimal agglomeration and low specific
B.E.T. surface area (about 0.005-0.0C6 m’/gram).

DETAILED DESCRIPTION OF THE INVENTION

As indicated hereinabove, the particularly

desirable potassium bicarbonate crystal products of
the invention which are useful in pharmaceutical oral
dosage forms, have mean particle sizes within the.
range of about 800-900 microns, specific B.E.T.
surface areas of about 0.004-0.01 m?’/gram and
particle size distributions such that over 90 wt.% of
the crystals have particle sizes within the range of
about 700-1000 microns. These particularly preferred
crystals are desirably in uhagglomerated, blocky
forms, the particular shapes of which may vary
depending upon the individual crystal sizes and the
degree of agitation utilized in the crystallizer.
The crystal shapes thus vary from_forms having
relatively sharp corners approximating the ideal

shape of a parallelepiped or cube, to forms having
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gdi ents of pharnaceuticalloral dosage forms for potassium

supfF¥ enent ati on Ikﬂmhg kre at ment of degenerative bone and

cagfli ovascul ar d cedst eopor osi s and hypertension, have a mean
pagticle size mnt of about 800-900 microns, a specific B.ET.
i f ace area of about 1 nerr]/gramand a partlcle si ze

Fstribution such that over 90 wt. @6of the crystals have particle sizes
A thin the range of about 700-1000 n1crons The crystals of the invention
y be used to provide multiple-particle oral dosage fornms containing 15

ﬂhnnles (1.5 grans) of the potassium

moderately rounded corners (due to attrition caused
by friction of the crystals against the surfaces of
the crystallizer or one another), to ellipsoidal
shapes, spherical shapes or even columnar shapes
having rounded ends (in the case of the largest
crystals and/or crystals formed with the highest
degrees of agitation).

When prepared in accordance with the
present process involving the use ¢ long residence
times and.low degrees of agitation in the potassium
bicarbonate crystallizer, the blocky crystals possess
particularly smooth surfaces which are of importance
for various applications. Such particles have
minimum specific surface areas. Alternatively, the
crystallization parameters may be varied, e.g., by
increasing the degree of agitation of the potassium
bicarbonate slurry in the crystallizer, to roughen
the crystal surfaces somewhat. Accordingly, it will
be understood .that the degtee of smoothness of the
potassium bicarbonate crystals of the invention may
be varied as desired.

The process features of the invention may
be considered in the context of the four successive
steps of (a) feeding a potassium bicarbonate solution
into a potassium bicarbongte slurry under specific

temperature and concentration conditions; (b) feeding



i'ent, with total volunmes of about 1 m.
S assur es

R R

-37=-

the solution to the slurry at a rate sufficient to
establish particular residence times in the
crystallizer; (c¢) maintaining mild conditions of
agitation in the crystallizer; and (d) separating and
removing the resulting desired potassiuﬁ bicarkonate
crystal product:

(a) .Feeding the Potassium Bicarbonate

Solution Into the Slurry Under

Particular Temperature and
Concentration Conditions

As indicated above, the process hereof is
initiated by feeding an agueous solution of potassium
bicarbonate at an elevated temperature T, and a
" concentration below the saturation point of T,, to a
slurry of pot;ssium bicarbonate crystals in a
crystallizer, the temperature T, of the slurry being
below the saturation temperature of the feed
solution, and the concentration of the feed solution
and the temperatures T, énd T, being such that the
degree of supersaturation in the liguid phase of the
slurry is kept relatively low, causing the size of
the crystals in the slurry to grow without a high
level of primary nucleation.

The agueous potassium bicarbonate solution
to be fed to the crystallizer (the "feed liguor") is
controlled at a temperature T, of, for example, about
40 to 90°C or up to 200°C at superatmospheric

pressure, preferably about 50°C to 70°C at
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offat ed materials (which crumbl e upon conpression), they may be
gfed to the strong conpressive forces utilized in tabletting
oper @i ons mnthout ap reC|a I ange in particle size or surface area. In
i on, the | d" °e ces required to inpel the large crystals
Qﬁconpared mnth S|un1b|carbonate crystals) sinplifies
cessi ng thereo sing control of fluidized bed drying

»ﬁperatlons n1n|n12|ng dusting probleng, etc. Preferably, the potassium
#bi carbonate crystals of the inventionq%ossess unaggl oner at ed,

atmospheric pressure. The feed solution has a
potassium bicarbonate concentration of, e.g., at
least about 0.5 wt.% below, preferably from about 1
to 5 wt.$ below, the saturation concentration of the
solution at T,. In absolute terms, the potassium"
bicarbonate concentration of the feed liquor may be,
e.g., about 20 to 50 wt.3%, preferably about 35 to 50
wt.% of potassium bicarbonate at atmospheric
pressure.

The slurry in the crystallizer to which the
feed liquor is fed, is at a temperature T, which is
about 10 to 70°C below, preferably about 30 to 50°C
below, the temperature T, of the potassium
bicarbonate feed ligquor fed to the crystallizer. 1In
absolute terms, T, may be, e.g., about 0 to 50°C,
preferably_about 15 to 35°C. The slurry density of
the slurry in the crystallizer, i;e., the weight
percent of the solid crystals in the slurry, will
depend on the values of the potassium bicarbonate
concentration of the feed liquor, and temperatures T,
and T,. Typicaliy, the slurry density will be in the
range of about 10 to 30 wt.%. The composition of the
slurry should be maintained so that potassium
bicarbonate is at all times the stable solid phase.

The ranges of potassium bicarbonate

concentrations in the feed liquor and the



ey are shaped Irke regular solrds havi ng

: \Lee dinens
needl e-, fiber- or pIate e -Irke shapes and have relatively snooth
surfaces. When coated with a controlled rel ease coating, fornulated with
t he usual excipients and conpressed into a tablet, such crystals pack well
and | edX®9426b@t i vel y. minute interstitial voids therebetperussdbbea7l ar ge
size, small surface area, granular, potassium bicarbonate crystals hereof
are produced, in accordance with a furjher feature of the

crystallizer slurry which may be utilized in the
process of the invention are shown in Figure 1, a - -
potassium bicarbonate/potassium carbonate phase
diagram. As illustrated, the potassium bicarbonate
concentrations in the feed liquor are within region
A,B,C,D of the phase diagram (indicated by dotted
lines), preferably within region E,F,G,H (indicated
by solid lines). The potassium bicarbonate
concentrations in the crystallizer are within region
I,J3,K,L of the diagram (indicated by dotted 1ines),
preferably within region M,N,0,P thereof (indicated
by solid lines).

The initial feed liquor is preferably
prepared by dissolving in water conventional
potassium bicarbonate crystals having a size and/or
shape different from that of the desired crystals to
be produced, to obtain the desired concentration, and
bringing the solution to the desired temperature.
Alternatively, the feed solution may be obtained as
an intermediate stream in the commercial production
of potassium bicarbonate altered, if necessary, by
the addition of potassium bicarbonate or water to the
solution, and heating or cooling the solution so as
to obtain a feed liguor at the desired temperature

and concentration.
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I nvegtion, by a novel process designed both to maximze the particle size
and frinimze the specific surface area of the crystals, and, preferably, to
profluce the crystals in the foregoing unaggl onerated (granul ar), bl ocky,

ot h-surfaced smpgﬁetgapngﬁﬁig@nce with this process the large crystals

off the invention a (a) feeding an aqueous sol ution -of
ppt assi um bi'car bon MI IHH I'

ted Lgfperature Tlerr]
The initial slurry in the crystallizer may

be prepared by dissolving commercial potassium
bicarbonate in water to obtain a potassium
bicarbonate concentration which is saturated at T,,
cooling the solution éb T,, and dispersing additional
seed crystals of potassium bicarbonate to obtain a
suitable slurry. Alternatively, the initial slurry
may be obtained by adding feed liquor to a saturated
solution in the crystallizer at T, to precipitate
potassium bicarbonate and form the slurry, removing
slurry from the crystallizer, separating crystals
from the slurry, recycling the crystals to the
crystallizer, and recycling the excess liguoxr to the
feed tank. This procedure is continued until the
slurry in the crystallizer contains crystals having
the desired particle size distribution, after which
the crystallization is initiaﬁed.

When the feed ligquor is added to the
crystallizer slurry, it is répidly nixed with the
liquid phase of the slurry which is supersaturated.
The feed iiquor contains a substantially higher
potassium bicarbonate concentration than the
supersaturated liquor phase of the crystallizer
slurry. However, since the feed liquor is somewhat
unsaturated at its temperature T”'the addition of

the feed liguor to the slurry does not produce so °



e rry
the concentration

elow the saturation tenperature of the feed solution,
of the feed solution and the tenperatures T[err] and

the saturation point at T[err], to a slurry of
als.in a crystallizer, the tenperature T[err] of

and

T[err] being such that the degree of supersaturation in the liquid phase of
relatively | ow causing the size of POBUSNHEEFI s in the

the slwio by266ss kept
slurry to grow wit

hout a hi gh degree of nucleation; (b) feeding the

pot assi um bi carbonate solution to thesslurry at a rate such that the

large

an increase in the localized level of

supersaturation of the slurry liquid phase as might

cause

Thus,

an undesirably large amount of nucleation.

the relatively modest rise in the overall level

of supersaturation of the liquid phase of the slurry

contributes primarily to the growth of existing

crystals rather than to the formation of new crystals

by primary nucleation.

The process is preferably carried out

continuously, during which most of the water and some

of the ﬁakeup potassium bicarbonate in the feed

ligquor is obtained by recycling to the feed tank the

mother liquor remaining after the desired large

potassium bicarbonate crystals have been separated

from the slurry withdrawn from the crystallizer.

Another recycle stream may be heated to dissolve any-

small

crystals withdrawn from the crystallizer prior

to recirculation, the recycle thus serving as a fines

destruction loop.

As indicated above, carbon dioxide may also

be sparged into or utilized to blanket the solution

in the feed tank and/or the slurry in the

crystallizer, in order to régulate the potassium

bicarbonate/potassium carbonate equilibrium and thus

minimize the formation of the latter and maintain the
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resydence tiﬁemrﬂwthe:crystallizer is sufficient for the potassium
bi gar bonat e Crys |s to growinto the |arge crystals; (c) nmintaining the

pgt assi um bi car s 8k ReMade) the crystallizer under mld - 10-
fi tation suffd nd the potassi um bi carbonate solids w thout
joanm ng the sl ng the crystals; and

-22- .

high purity of the final potassium bicarbonate
crystal product.

(b} Establishing the Residence Time in the
Crystallizer

As further noted above, the potassium

bicarbonate solution is fed into the slurry in the
crystallizer at a rate such that the residence time
in the crystallizer is sufficient for the potassium
bicarbonate particles to grow into the desired large
crystals, e.g., to crystals having particle sizes of
from about 600-1200 microns (which pass through a
No. 16 U.S. Mesh screen and are retained on a No. 30
screen). The rates of feed ligquor fed to the
crystallizer and slurry withdrawn from the
crystallizer are such that the "turnover" (T.0.) or
residence time, i.e., the period of time to feed a
volume egual to ‘the vblume of slurry present in the
crysfallizer in continuous operation, is, e.,g., about
0.5 to 10 hours, preferably about 3 to 6 hours. In
general, the longer thg turnover time, the larger the
size of the crystals produced.
Large turnover or ;esidence times are

- obtained by limiting the rate of introduction of the
feed liguor to a small fraction of the volume of the
slurry in the crystaliizer, e.g., to from 1/30 to
1/600 the volume of the slurry per minute. In this

manner, the slurry is maintained in the crystallizer



verlng the arge crystals fromthe slurry. By

ke tlization in this nmanner,. both primary nucl eation
secondary nucl eation of the potaSS|un1b|carbonate slurry are mnim zed,
aned the potassium bicarbonate crystals initially present in the slurry are
permtted to growmto the desired large crystals haV| sg%s% i}l ally
unlforWDp%v’lzfﬁ‘ | e size distributions. Primary nucleatlo M50%he nor mal

precipitation of the potassium bi carbemte by reason of the t enperature and
concentration fluxes in the crystallizer slurry,

for a relatively long time, facilitating the desired
growth of the initial potassium bicarbonate crystals
and ensuring sufficient dilution of the feed stream

as to minimize primary nucleation thereby.
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i ni m zed by naintéihing t he potassi um bi carbonate feed solution at |ess
saturation concentrations and providing a long residence tine in the

crystallizer. Whis$fi, g, manner, the feed stream does not nucleate when it is
I i roduced into dolazeyr Sl urry and, because of the substantia
dfl ution effect/%”ﬁ lon into the crystallizer, the dissolved

got assi um bi car bo feed does not precipitate and form i ndependent
uclei. At the sane tinme, secondary nugjeation, i.e

., rapid separation and
mechani cal breakage of the

{(c) Maintaining Mild Agitation Conditions
in_the Crystallizer

As indicated, the potassium bicarbonaté
slurry in the crystallizer is maintained under mild
agitation conditions such that secondary nucleation
and significant crystal breakage are avoided. The
agitation should be sufficient to suspend the
pétassium bicarbonatg solids without beating the
slurry into a foam or froth. The appropriate degree
of agitation may be empirically determined by
withdrawing samples from the crystallizer under
different degrees of agitation and examining the
crystals microscopically for evidence of breakage.

(d) Separating and Removing the Potassium
Bicarbonate Crystal Product

The slurry withdrawn from the crystallizer
is subjected to a separation treatment, e.gq.,
centrifugyation, and the separated crystals are dried
and classified by mesh size. Crystals which are
larger or smaller thaﬁ desired may be destroyed
(dissolved) and recycled along with the mother liquor
from the separation treatment to feed ligquor
preparation.

It will be understood that the process of
the present invention may bé utilized to produce
other large potassium bicarbonate crystals having

sizes in the 350-1700 micron range and in varying

o ————————— e



the degree of aen recently proposed
3 : LE..a3.a0 ww.MﬁﬂLngLedienI for._the treatnent of
0S eopor05|s or hypertension. See Morris et al U. S. Patent No. 5,171,583
granted Decenber 15, 1992, and PCT Published Application No. _ _
PCT/ US89/ 04771. The potassi um bi carbonate crystals of the present i.nvention
are pawoimnbessl y suitable for oral dosage forns useful HCA/USA#/E50st

nentioned application. The effective oggl dosage of potassium

forms, e.g., in fiber-, needle- or platelet-like
shapeé. Such products may be'produced by varying the
process parameters,-e.g., the residence time and
degree of agitation of the slurry in the
crystallizer.

The process hereof is preferably carried
out continuously, with continuous introduction of the
feed liquor into the crystallizer, withdrawél of the
slurry from the crystallizer for separation of the
potassium bicarbonate product crystals and recycle of
a portion of the mother liquor from the crystallizer.
A preferred system for carrying out the process in
such a manner is illustrated in Figure 2. Referring
to that figure, makeup commercial potassium
bicarbonate is fed through line 1, makeup waﬁer is
fed through line 2, and recycled mother liguor is fed
through line 13 to dissolver 3 where an initial feed
composition is prepared containing potassium

" bicarbonate and water. The initial composition is
fed through line 4 to feed tank 5 where it is
maintained at a predetermined temperature, T,, and a
potassium bicarbonate concentration which is somewhat
lower than the saturation concentration at that
temperature, suitable for feeding to the
crystallizer. A carbon dioxide stream 6 may also be

introduced into the feed tank, either as a processing
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bi ¢ar bonate in the treatnrbonate crystals in the initial slurry in the
crystallizer are obtained by seeding. The seed crystals nmay be of any type,
efg., conventional conmerci al pota55|un1b|carbonate particles having a
rticle size range of about 5024300 microns (-50/+270 nesh), and a
ubstantially unlforn1ggg$$ I ze distribution such that at |east 80 wt.%

of the crystals ke Si ze r nge of about 100-200 m crons

(-70/ +140 nesh). C|ate “that the slurry may be seeded with
potaSS|un1b|carbon als havi ng other particle sizes and size °

di stributions, in which case the

aid or to provide a CO, blanket over the feed
solution.

The resulting feed liquor is fed through
line 7 to crystallizer 8 containing a slurry of
crystals mildly agitated.by mixer 9 and maintained at
a temperature T, substantially lower than that of the
feed liguor. Although the feed ligquor is somewhat
unsaturated, its concentration is substanfially
higher than that of the liquid phase of the slurry in
the crystallizer resulting in an incremental increase
in the supersaturation of the slurry and growth of
the slurry crystals with a minimum of nucleation due
to the unsaturation of the feed liquor. A fines
destruction loop 10 is provided in which the fines-
containing mother liquor may be separated from the
slurry, reheated to dissolve the fines and
recirculated to crystallizer 8.

Slurry containing crystals having the
desired particle size distribution is continuously or
periodically withdrawn from crystallizer 8, and fed
through liné 11 to centrifuge 12 where wet crystals
are separated from mother liguor which is recycled to
dissolver 3 through line 13. An alcohol, e.g.,
methaneol, may be used to wash the crystals.

The wet crystals are transferred by

conveyance 14 to dryer 15, where they are dried, and



bi car bonat e crystal S of the |nvent i on. 1 bi ¢
equi libriumw th potassium carbonate, water and carbon di oxi de,
accordance wth the foll ow ng equation:

H er r WO $4/286%4er r |
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the dry crystals are transferred by conveyance 16 to
classifier 17, where they are separated into
different mesh sizes, e.g., three sized fractions as
indicated in the drawing, which are withdrawn by
conveyances 18, 19 and 20.

Although the preferred form of the process
of this invention is continuous as illustrated in
Figure 2, it may also be advéntageous under certain
circumstances to practice the process batchwise.
Thus, the feed liguor may be fed to the crystallizer
slurry in the absence of any continuous or periodic
partial withdrawal of the slurry from the system for
separation and recovery of crystals, and the slurry
can then be cooled until the particle sizes and size
distribution of the slurry crystals reaches the
desired point. The entire batch of slurry may then
be withdrawn from the crystal}izer and treated to
separate and recover the crystals as described. Such
a batch operation may be carried out with or without
extermnal circulation of the crystal slurry for fines
destruction.

The following example further illustrates
the invention. As used in the example and elsewhere
in this specificaﬁion, mean particle sizes are

determined by weight of the respective crystal
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be nDdlfled in order to produce the
or.m particle..size potassium
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prfevent the formation of potassium carbonate, it is preferred to add carbon
oxide to the feed tank or the crystalllzer The CJerr] may either be

ubbl ed i nto thdghi Phonate feed or slurry, both to maintain the
esired eqU|I|br| oce55|ng aid; or it may be introduced in the
formof a blanket In accordance w th anot her feature of-
t he invention, the water-wet potaSS|UHnbkcarbonate crystals recovered from
t he crystalllzer slurry may

products, and specific surface areas are determined
by the B.E.T. method.
Example
A mother liquor was prepared by charging
3500 pounds of commercially available potassiunm -
bicarbonate to 1330 gallons of deionized water,
heating the feed composition to a temperature of 45°C
within dissolver 3 until fully dissolved, and
transferring the composition thfough an inline filter
to the crystallizer 8. This mother liquor was then
cooled to between 15° and 21°C at which point it was
seeded with 25 pounds of commercially avai}able
potassium bicarbonate. ,
A feed liguor was prepared by charging 3165
pounds of potassium bicarbonate to 646 gallons of
deionized water in the dissolver, heating the mixture
to a temperature of 69°-70°C and maintaining it at
that temperature to keep all of ihe potassium
bicarbonate in solution. At these temperatures, the
feed liguor maintains a slight degree of
unsaturation, which is necessary to minimize
nucleation in the crystalliier.
Feed liquor was then transferred through
line 7 to the crystallizer at about 5 gallons per
minute (GPM) through an inline filter with a 1 micron

filter cartridge. This feed rate was achieved by



Eﬂploylng the f oregoi ng process,

smal |
are f
cl ose

oy

Operat|0n

regulating the feed solution through a rotameter and
pump recycle line. A sample of the feed solution was
analyzed eQery hour to monitor the carbonate and
bicarbonate contents. When the results indicated
higher than desirable levels of carbonate, carbon
dioxide was slowly charged from cylinders into the
pump recycle line.

The crystallizer 8 was a 2000 gallon glass-
iineﬁ jacketed'reactor with a single impeller

agitator rotating at 80 revolutions per minute (RPM).

. The average working volume of the crystallizer was

about 1650 gallons; therefore, the retention time was
about 5% hours.

Slurry from the crystallizer was
centrifuged on a semi-continuous basis through a
perforated basket type centrifuge 12 on a 75 minute
cycle after beginning the transfer of the feed ligquor
through line 7. Approximately 300 gallons of
centrifugate and 450 pouﬁds of crystals were obtained
in each cycle. The mother liquor was then recycled
to the dissolver through line 13 where it was charged
with potassium bicarbonate, heated to a temperature
between 69° and 71°C until fully dissolved, and then
transferred to the feed tank 5. .

Centrifuge wetcake can alternately be

washed with methanol, in which the potassium

Sheet Has Been Rzilaced
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WY drying, with nethanol. The net hanol r.enoves any |i quor
ystals and | eaves. snooth, inpurity-free surfaces thereon.
V-tThen be renoved by conventional drying techniques.

the particularly desirable |arge size,
surface area granul ar potassium bi carbonate crystals of the invention
a single pass, in yields of about 5% or REIVUSH}AR0IT | zi ng a



-13- with continuous recycle, substantially conplete conversion to the
esired product is achieved. Further, the potassium bicarbonate crystals
re prepared kg Qﬁe&h-lapﬁéehw lacseeadi | y satisfying USP requirenents for

phar maceut i cal m possess higher purities than the commercially
avai |l abl e pot as m‘ ' te starting materials, since they are prepared
by recrystalliz (and wit kot the necessity for the addltlon of
any crystal growh nodifiers). Mdreover, the relatively

bicarbonate is sparingly soluble, to aid the

dewatering and drying processes. In the present

example, 5 gallons of methanol were applied to about

456 pounds of wetcake, and the wash discharged to

waste. Care was taken to avoid contamination of ‘the

mother liquor.

Crystals of potassium bicarbonate were

unlocaded from the centrifuge into lined 35 gallon

fiber drums. After the centrifuge was emptied, it

was rinsed with 30 gallons of deionized water which

was thereafter discharged to waste. The crystals

were charged batchwise to a dryer 15 and dried at

50°C to 60°C for a 4-hour period under vacuum with a

nitrogen purge.

A typical crystal product recovered from

the centrifuge incorporated the following crystal

yields determined As weight fractions after |

screening. Dryer product yields were somewhat

reduced due to attrition under non-optimal

conditions:
Particle Sizes Yield
{microns) (% by weight)
9002100 10%
700100 30%
8001200 40%

700%200 50%




aréa .of the crystalline products of the invention mninizes
hce of surface-adsorbed inpurities, e.g., .potassium carbonate.

i CrFStEr S are Substanti ally free of any pot assi um car bonat e

i Apurity, i.e., they contain |less than about 1.0 wt.% and, preferably, |ess
than about 0.5 wt.% potassium carbonate. O her features of t he present

I nveniundbesl be apparent fromthe follow ng descri pt PEFHUSH O ES er r ed
“enbodi rrents of the large potassium bi cja{]bonate crystals and crystal -form ng
process hereof, taken in connection with the acconpanying .

The 800 micron fraction produced as
described above comprises crystals similar to those
illustrated in Pigure 5 above, viz., blocky, cubic,
smooth-surfaced crystals possessing low specific
B.E.T. surface areas and minimal agglomeration, and
being particularly suitable for the preferred
phérmaceutical application of the-present invention.

Aithough the present invention has been
described in ds=tail by way of illustration and
example for purposes of clarity and understanding, it
will be understood that vprious changes and
modifications may be carried out within the scope of

the claims appended hereto.

Tl \‘iii\‘i i’
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drawi ng i n which: -14- BRI EF DESCRI PTION OF THE DRAW NG Figure 1 is a
phase di agram of the potassi um bi carbonat e/ potassi um carbonate system
indi cating tag shd-0@d Badhdk: Tiﬁﬁaerred ranges of conpositiens—of—tThé pota55|um

A2
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We_claim:

1. Large size, small surface area,
unagglomerated crystals of potassium bicarbonate
having a mean particle size of at least 350 microns
and a specific B.E.T. surface area less than 0.02

m’/gram.

-2, The potassium bicarbonate crystals of claim
1, having a mean particle size within the range of
£00-1200 microns and a specific surface arez lesc
than 0.015 m’/gram.

3. The potassium bicarbonate crystals of claim
1, having a mean particle size within the range of
800-900 microns, a specific B.E.T. surface area of
0.004-0.01 m'/gram and a particle size distribution
such that over 90 wt.% of the crystals has particle
sizes within the range of 700-1000 microns.

4. A crystalline potassium biqarbonate product
suitable for application as an active ingredient in
oral pharmaceﬁtical dosage forms useful for potassium
supplementation anad fbr the treatment of degenerative
bone and cardiovascular diseases , comprising
unaggloﬁerated, blocky-shaped granular crystals
having a mean particle size of at least 350 microns
and a specific B.E.T. surface area less than 0.02

m’/gram.



pot assium bi carbonate crystals in accordance wth
: 2.LSs.a.schemtic di.agramof a flow sheet of a

"L nuous process for preparl ng the potassium bicarbonate crystals in
acecordance with the process features of the invention; Figure 3 is a
phot oni crograph (at about 25X magnification) of a current commercial

pot assidigadzsgaar bonate product, viz., "Coarse G anul ar Poraissioaen

Bi carbonat e” available from Armand Pr %q,ucts Co., a joint venture of the
assi gnee of the present invention;

5. The crystalline potassium bicarbonate
product of claim 4, having a mean particle size
within the range of 500-1200 microns and a specific
surface area less than 0.015 m?/gram.

6. The crystalline potassium bicarbonate
product of claim 4, having a mean particle size
within the range of 800-%00 microns, a specific
surface area pf 0.004-0.01 m’/gram and a particle
size distribution such that over 90 wt.% of the
crystals has particle sizes of within the range of
700-1000 microns.

7. A process for the production of large
crystals of potassium bicarbonate having a mean
particle size of at least 350 microns, which
comprises:

(a) feeding an aqueous solution of
potassium bicarbonate at an elevated temperature T,
and at a concentration below the saturation point at
T,, to a slurry of potassium bicarbonate crystals in
a cryétallizer, the temperature T, of the slurry
being below the saturation temperature of the feed
solution, and the potassium bicarbonate concentration
in the feed soluticn and the temperatures T, and T,
being such that the degree of supersaturation in the
liguid phase of the slurry is kept relatively low

causing the size of the potassium bicarbonate

This Sheet Has B
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Figure 4 is a simlar photom crograph (also at 25X magnification) of a
further current comrercial potassium bicarbonate product, viz., "Potassium
Bi gar bonate USP G anul ar TAC' distributed by Mllinckrodt Specialty

mcals Co.; Figure 5 is a photom crograph (again, at 25X nagnification)
of athird currently avail able comer ci al potassi um bi carbonate product,

viz., "Al phapur_Ganul ar Potassi um Bi car bonate" produced by
; This Sheet Has Been Replaced
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crystals in the slurry to grow without a high level

of nucleation;

(b) feeding the potassium bicarbonate
solution to the slurry at a rate such that the
residence time in the crystallizer is sufficient for
the potassium bicarbonate crystals to grow into said
large crystals;

{c) maintaining the potassium
bicarbonate slurry irn the crystallizer under mild
agitation sufficient to suspend the potassium
bicarbonate solids without foaming the slurry or
degrading the crystals; énd

(d) separating and recovering said
large crystals from the slurry.

8. The process of claim 7, for producing
large size, small surface area crystals of potassium
bicarbonate having a mean particle size within the
range of 500-1200 microns and a specific surface area
less than 0.015 m’/gram.

9. The process of claim 7, wherein
potassium bicarbonate crystals of predetermined size
are incorporated in the slurry in the crystallizer as
seeds- for' the production of éaid large crystals, and
wherein the slurry is periodically or continuously
withdrawn from the crystallizer for separation and

recovery of said large crystals.



-

Ssmoot h-. surfaced crystals of.the. present-.i-aventi-on,

hot om crogr.aph- (agai n, at 25X magni fication) of

ATcn possess a.large mean particle size (about 800 microns), nininal
agyl oneration and | ow specific B.E. T. surface area (about 0.005-0.006
merr]/gram. DETAILED DESCRI PTI ON OF THE | NVENTI ON As indig@%@?
her ei mab®$/86664 he particul arly desirable potassiun1bica?SEﬂEﬁ yst al
products of the invention which are useful in pharmaceutical oral dosage

forms, have nmean particle sizes wthin3%he

10. The process of claim 7, wherein carbon
dioxide is introduéed into either the feed solution
or the slurry in the crystallizer as a processing aid
and/or to adjust the equilibrium between potassium
bicarbonate and potassium carbonate in the slurry and
thereby minimize the amount of potassium cafbonate
formed therein.

11. The process éf claim 7, for the
production of a crystalline potassium bicarbonate
product suitable for application as an active
ingredient in pharmaceutical oral dosage forms useful
for the treatment of osteoporosis or hypertension,
said product comprising unagglomerated, blocky-shaped
crystals having a mean particle size within the rangé
of 800-900 microns, a specific B.E.T. surface area of
0.004-0.01 m’/gram and a particle size distribution
such that over 90 wt.% of the crystals has particle

sizes within the range of 700-1000 microns.

This Sheet Has Been Reilaced
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range of about 800-.550(") fn"crons, specific B.E. T. surface areas of about
0. Q04-0.01 nR/gram and particle size distributions such that over 90 w. %
offthe crystals have particle sizes within the range of about 700-1000

crons.

These particularly preferred crystals are desirably in

naggl omer at ed, bl ocky forms,  the particul ar shapes of which may vary

dependi ng upon the individual crystal si ZesS and the degree of agitation
utilized in the crystallizer. The crystal” shapes thus vary fromforns
having rel atively sharp corners approximating the ideal shape of a

paral | el epi ped or cube, to forns havin

STRACT

LARGE POTASSIUM BICARBONATE CRYSTALS AND PROCESS FOR THE
PREPARATION THEREOF

A large size, small surface area, granular crystalline potassium bicarbonate product
suitable for application as an active ingredient in pharmaceutical oral unit dosage forms useful
for the treatment of various degenerative bone and cardiovascular diseases, particularly
osteoporosis or hypertension, comprising potassium bicarbonate crystals having a mean particle
size of at least 350 microns and a specific B.E.T. surface area less than 0.02 m%*/gram. A
process for preparing such product is further provided, in which a solution of potassium
bicarbonate (4,7,18) is fed to a shurry of potassium bicarbonate crystals in a crystallizer (8) and
the temperatures and concentrations of the potassium bicarbonate in the feed solution and the
crystallizer slurry are so regulated, and the residence time and degree of agitation in the
crystallizer are so controlled, that the desired large size, small surface area potassium

bicarbonate crystals are produced.
FIGURE 2
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orners (due to attrition caused by frlctlon of t he
S i cnr faces.. . st.all.izer. ar..one another),. :
el l'i psoi dal shapes, spherlcal shapes or even col ummar shapes haV|ng rounded
ends (in the case of the largest crystals and/or crystals forned with the

hi ghest degrees of agitation). \Wen prepared in accordance with the
WO 94/26664 PCT/US94/05017
1/4
3
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i Tng the use c Iong re5|dence times and | ow degrees of
it h oL S nbhicarbonate crystallizer, the blocky crystals
possess particularly snoot h surfaces whi ch are of |nportance for various
appl i cations. Such particles have m ni mum specific surface areas.
Alternatively, the crystallization paraneters may be varied, e.g., by

| ncr eawiorg2bdse degree of agitation of the potassium bi pariseabtsIs| urry in
the crystallizer, to roughen the crygtal surfaces somewhat. Accordingly, it
wi || be understood that the degree of snpothness of the potassium

bi carbonate crystals of the invention may
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~desired. The process features of the invention may be

n the context qgf the four successive steps of (a) feeding a
pi car bonat e sol ution into a potassium bicarbonate slurry under
specific tenperature and concentration conditions; (b) feeding t he

solution to the slurry at a rate sufficient to establish particular
residence tinmes in the crystallizer; (c) mainteCHUSRY/OPAT d conditions of
94/26664 3/4
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S and (d) separating and renoving the

CHEe atassiumbicarbonate crystal product: (a) Feeding the

ot assi um B| car bonat e Sol ution I nt o the Slurry Under Particular Tenperature
antl Concentration Conditions As indicated above, the process hereof is
initiated by feeding an aqueous sol ution of potassium bicarbonate at an

£l evatwad d/ee¢perat ure T[err] and a cong@ntration bel ow PEBUSH Pt i on poi nt
of T[err], to a slurry of potassium bicarbonate crystals in a




ery’%\ﬁﬁllzer the tenperature T[err] of the slurry being bel ow the
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Saturation tenperature of the feed solution, and the concentration of the

feed solution and the tenperatures T[err] and-H -?

| at | BEFLALER SE&EdPng t i€ sizp of the crysta

wi [Ch Sescripting gpagady et B¥P38RE mar-y | nucl eation. ]

bi |{Mlioméde sobsadi.Gh-taopdged £&d-1o the Crystall farinie " paed kig Jreé

coffimpbhiag(sat: pagddenpetrapaged.-Tlefr] of, for exa %él‘x %sc

upif ont3aedter r:jpaeat . s upepagedrospheric - o« TETEe
lDA‘"L OF RECEIPT ....ovvrrrrenerrenenrsiiaens | DATE oF RECEIPT ... Holn

;1— -Ag-such._that the
el u‘m*si' SELkERt 50

J]’?‘r"ﬁ hier: sPagedyst o giRW 31,

aﬁfﬂé‘(’?l}.ls pp.tzﬁd%wm adge! 5

A—-e | i qui d phasg %

raaibout pe4ed 3, (90l

-

LARGE POTASSIUM BICARBONATE CRYSTALS
AND PROCESS FOR THE PREPARATION THEREOF

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to large size, small
surface area granular crystals of potassium
bicarbonate particularly useful as active ingredients
of pharmaceutical oral dosage forms for potassium
supplementation and for the treatment of degenerative
bone or cardiovascular diseases,'e.g., osteoporosis
and hypertension, and to a process for the
preparation of such crystals.

Potassium bicarbonate is a well-known
commodity of commerce having various uses, e.g.,'in
baking powders, as an effervescent salt in soft
drinks, as a fire-extinguishing agent, and in wvarious
pharmaceutical applications, for exampie, in the
treatment of excess acidity. Presently, potassiunm
bicarbonate is available in commercial quantities in’
the form of very fine crystals or agglcmerates, which
are irreguiarly shaped, have rough surfaces, exhibit
poor packing and flow characteristics and may be

subject to dusting or caking problems.
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pF%@é@re, preferably about 50[err]Cto 70[err]C at at nospheri c pressure.
The feed solution has a potassium bi carbonate concentration of, e.g., at

| east about 0.5 wt. % bel ow, preferably fromabout 1 to 5 wt.% below, the-
saturation concentration of the solution at T[err]. In absolute terns, the
pot assi um bi carbonate concentration of the feed |liquor may be, ‘e.g., about

20 to 50 wt.% preferably about 35 t9, 50 w.% of potassium bicarbonate at
at nospheri c

One current commercially availaﬁle
potassium bicarbonate product, marketed as "Coarse
Granular Potassium Bicarbonate" by Armand Products
Co., Princeton, N.J., U.S.A., comprises irregularly
shaped, rough-surfaced crystals with few
agglomerates, which has a mean particle size of about
180 microns, essentially no individual crystals
larger than 300 microns and a B.E.T. specific surface
area of 0.06 m’/gram. A second commercial product.
available from Mallinckrodt Specialty Chemicals Co.,
St. Louis, Mo., U.S5.A., as "Potassium Bicarbonate USP
Granular TACY", comprises similar irregularly shaped,
rough-surfaced and non-agglomerated crystals and has
a mean particle size of about 180 microns with
essentially no individual crystals larger than 420
microns and a B.E.T. surface area of 0,02 m’/gram. A
third currently available product, "“Alphapur Granular
Potassium Bicarbonate" produced by SCPA of Paris,
France, is a rough-surfaced, largely agglomerated
product having a mean particle size of about 300
microns ané a B.E.T. surface area of 0.02 m?’/gram.
1f separated by screening into varying size
fractions, about 10% of this product comprises
agglomerates having sizes within the range of 600 to
850 microns with a B.E.T. surface area of 0.018

m?/gram.
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ressure. The slurry in the crystallizer to which the feed liquor is fed,
s at a tenperature T[err] which is about 10 to 70[err] C bel ow, preferably

about 30 to 50[err]C below, the tenperature T[err] of the potassium
bi carbonate feed liquor fed to the crystallizer. In absolute terns, T[err]
may be, e.g., about O to 50[err]C, preferably about 15 to 35[err]C. The
slurry density of the slurry in the crystallizer, i.e., the weight percent
of the solid crystals in the'slurry, will depend on the val ues of the
pot assi um bi car bonate concentration of the feed |iquor, and tenperatures
Tlerr] it has recently been proposed to use

potassium bicarbonate as an active ingredient for the

treatment of osteoporosis or hypertension. See

Morris et al U.S. Patent No. 5,171,583 granted

December 15, 1992, and PCT Published Application No.

PCT/US89/04771. The potassium bicarbonate crystals

of the present invention are particularly suitable

for oral dosage forms useful in this last mentioned

application. They are also useful in other

applications, e.g., for agricultural uses, or where

it is important to avoid dust formation or caking.

The effective oral dosage of potassium

bicarbonate in the treatment of osteoporosis or

hypertension is about 40-400 mmoles, preferably about

40-250 mmoles, per 70 kg patient weight per day. 1In

a particularly preferred embodiment, the potassium

bicarbonate is administered at a dose of 60 mmoles (6

grams) per day. Wwhen, for example, the potassium

bicarbonate is administered in the form of four

tablets daily, each such preferred oral dosage form

should incorporate 1.5 grams of the potassium

bicarbonate. Since potassium bicarbonate has a

bitter taste and is irritating to the

gastrointestinal mucosa, the potassium bicarbonate

must be coated with a controlled release coating
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and T[err]. Typically, the slurry density will be in the range of about 10
to 30 wt.% The conposition of the slurry should be maintained so that

pot assi um bi carbonate is at all tines the stable solid phase. The ranges of
pot assi um bi carbonate concentrations in the feed liquor and the -19-

crystallizer slurry which nay be utilized in the process of the invention
are shown in Figure 1, a

-4 -

masking its taste and facilitating controlled release
in the G.I. tract over an extended time period.

For ease of swallowing, solid dosages of
drugs intended for chronic administration to humans
should not possess total volumes of more than about
one milliliter. When 1.5 grams of current
commercially available, small particle size granular
(unagglomerated) potassium bicarbonate particles are
tabletted, with a release ccating having a density of
about l/gram/ml., the resulting dosage form has a
significantly greater volume. Clearly, such a
tablet would be hard to swallow and would not meet
with good patient acceptance, particularly in any
product used in the treatment of a chronic disease.
It has thus been found critical, in accordance with
the present invention, to provide .potassium
bicarbonate crystals having markedly greater particle
sizes and markedly decreased specific surface .areas
as compared with currently available potassium
bicarbonate crystalline products. .

Various processes have been described in
the pateﬁt literature for preparing potassium
bicarbonate. None of the references which have been
noted make any specific mention of the formation of
large particle size, small surface area potassium

bicarbonate crystals. See, for example, U.S. Patents

..--...——...-..._- -
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_pot assi-um bi car bonat e/ pot assi um car bonat e phase diagram As illustrated,

"t he potassi um bi carbonate concentrations in the feed liquor are within
region A B,C D of the phase diagram (indicated by dotted |ines), preferably
within.region E,F, GH (indicated by solid lines). The potassi um bi carbonate
concentrations in the crystallizer are within region 1J,K L of the diagram
(indicated by dotted lines), preferablss within region M\, O P thereof
(indicated by solid lines). The initial feed liquor is preferably prepared
by di ssolving in water conventional

No’s. 1,477,086; 2,013,977; 2,543,658; 2,768,060;
3,141,730; 3,347,623; and 4,919,910. On the other
hand, a number of procedureé have been specifically
described in the patent literature for producing
coarse crystals of sodium bicarbonate or other salts.
See, for example, U.S. Patents No’s. 2,773,739}
2,792,283; 2,926,995; 3,647,365; 3,855,397;
3,870,784; EP Published Application No. 395,134
rsodium bicarbonate}; U.S. Patent No. 2,721,20¢%
{ethylene diamine tartrate); and U.S. Patent No.
5,085,670 [potassium chloride). Crystallization is,
however, an empirical art and procedures utilized for
growing crystals of one substance often do not work
for another.

Thus, procedures described iﬂ the
literature for producing coarse sodium bicarbonate
crystals have not been found useful for forming
large, 'pure potassium bicarbonate crystals.
cOnvérsely, the procedures described below for the
formation of large, low surface area potassium
bicarbonate crystals have not been as successful in
forming large sodium bicarbonate crystéls since thé
latter material tends to nucleate during
crystallization with the formation of crystals having
minute particle sizes. In addition, crystal growth

modifiers (which may be employed in conventional
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pot assi um bi carbonate crystal's having a size and/or shape different from
that of the desired crystals to be produced, to obtain the desired
concentration, and bringing the solution to the desired tenperature.
Alternatively, the feed solution may be obtained as an internmedi ate stream
in the comercial production of potassium bicarbonate altered, if
necessary, by the addition of potassium bicarbonate or water to the

sol ution, and heating or cooling the solution so as to obtain a feed |iquor
at the deS|red tenperature and concentration.’

commercial manufacturing operations) may not be
suitable in the production of potassium bicarbonate
utilized in pharmaceutical products due to the
stringent purity requirements for such products.

It is, accordingly, among the objects of
the present invention to provide lafge size, small
surface area potassium bicarbonate crystals which may
beféffieiently produced in commercial quantities and
which may be formulated in orally administrable
dosage forms useful for pharmaceutical applications
and, in particular, in dosage forms suitable in the
treatment of osteoporosis or hypertension. A further
object of the invention is the provision of a process
for the preparation of such large potassium
bicarbonate crystals which may be efficiently
utilized in the commercial production of such dosage
forms. Other objects and advantages of the invention

will be apparent from the following description.

SUMMARY OF THE INVENTION
It has been found possible, in accordance
with the present invention, to provide large size,
small surface area granular (i.e., unagglomerated)
potassium.bicarbonate crystalline products having
mean particle sizes (average particle sizes, by

weight) of at least about 350 microns and up to as




-20- The initial slurry in the crystallizer may be prepared by dissol ving
“ commer ci al potassi um bicarbonate in water to obtain a potassium bi carbonate
concentration which is saturated at T,, cooling the solution to T[err], and
di spersing additional seed crystals of potassium bicarbonate to obtain a
suitabl'e slurry. Alternatively, the initial slurry may be obtai ned by
adding feed liquor to a saturated solTfTon in the crystallizer at T2 to
precipitate

large as about 3000 microns, preferably within the
range of about 500-1200 microns; and small specific
surface areas, i.e., B.E.T. surface areas less than
about 0.02 m‘/gram, preferably less than about 0.015
m?/gram.

Most desirably, the potassium bicarbonafe
crystals of the invention which are useful as active
ingredients of pharmaceutical oral dosage forms for
potassium supplementation and for'the treatment of
degenerative bone.and cardiovascular diseases such as
osteoporosis and hypertension, have a hean particle
size within the range of about 800-900 microns, a
specific B.E.T. surface area of about 0.004-0.01
m’/gram and a particle size distribution such that
over 90 wt.% of the crystals have particle sizes
within the range of about 700-1000 microns.

The crystals of the invention may be used
to provide multiple-particle oral dosage forms
containing 15 mmoles (1.5 grams) of the potassium
bicarbonate active ingredient, with total volumes of
about 1 ml. The use of such oral dosage f&;ms
assures patient compliance in the high dosage
potassium bicarbonate regimens requisite in the
treatmgnt pf osteoporosis or hypertension. Moreover,
the large size, éranular crystals are particularly

useful in the subsequent processing required for the
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pbtassiun1bicarbonate and formthe slurry, renmoving slurry fromthe
crystallizer, separating crystals fromthe slurry, recycling the crystals
to the crystallizer, and recycling the excess liquor to the feed tank. This
procedure is continued until the slurry in the crystallizer contains
crystals having the desired particle size distribution, after which the
crystallization is initiated. Wien the feed liquor is added to the
crystallizer slurry, it is rapidly moged with the |liquid phase of the
slurry which is supersaturated. The feed liquor contains a substantially
hi gher ’ :

preparation of pharmaceutical dosage forms. Hence,

as distinguished from currently availaﬁle

agglomerated materials (which crumble upon

compression), they may be subjected to the strong

compressive forces utilized in tabletting operations

without appreciable change in particle size or

surface area. In addition, the larger inertial forces

required to impel the large cryétals (as compared

with smaller potassium bicarbonate crystals)

simplifies processing thereof, e.g., by easing

control of fluidized bed drying operations,

minimizing dusting problems, etc.

Preferably, the potassium bicarbonate

crystals of the invention possess unagglomerated,

"blocky" shapes, i.e., they are sﬁaped like regﬁlar

solids having substantial sizes in all three

dimensions, as distinguished from distinctly needle-,

fiber- or platelet-liké shapes, and have relatively

smooth surfaces. When coated with a controlled

release coating, formulated with the usual excipients

and compressed into a tablet, such crystals pack well

and leaQe relatively minute interstitial voids

therebetween.

The large size, small surface area,

granular, potassium bicarbonate crystals hereof are

produced, in accordance with a further feature of the
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pot assi um bi car bonate concentration than the supersaturated |iquor phase of
the crystallizer slurry. However, since the feed |liquor is sonewhat
unsaturated at its tenperature T[err], the addition of the feed |iquor to
the slurry does not produce so -21- large an increase in the localized

| evel of supersaturation of the slurry liquid phase as m ght cause an
undesirably | arge anount of nucl eati ong-

invention, by a novel process designed both to
maximize the particle size and minimize the specific
surface area of the crystals, and, preferably, to
produce the crystals in the foregoing unagglomerated
{granular), blocky, smooth-surfaced shapes. 1In
accordance with this process the large crystals of
the invention are obtained by

(a) feeding an agueous solﬁtion of N
potassium bicarbonate at an elevated temperature T,
and a concentration below the saturation point at T,
to a slurry of potassium bicarbonate crystals in a
crystallizer, the temperature i} of the slurry being
below the saturation temperature of the feed
solution, and the concentration of the feed solution
and the temperatures T, and T, being such that the
degree of supersaturation in the liquid phase of the
slurry is kept relatively low causing the size of the
crystals in the slurry to grow without a high degree
of nucleation;

(b) feeding the potassium bicarbonate
solution to the slurry at a rate such that the .
residence time in the crystallizer is sufficient for
the potassium bicarbonate crystals to grow into the
large qrys;als;

{(c) maintaining the potassium

bicarbonate slurry in the crystallizer under mild
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Thus, the relatively nodest rise in the overall |evel of supersaturation of
 the liquid phase of the slurry contributes primarily to the growth of
existing crystals rather than to the formati on of new crystals by prinary.
‘nucl eation. The process is preferably carried out continuously, during

whi ch nost of the water and sone of the makeup potassium bicarbonate in the
feed liquor is obtained by recycling to the feed tank the nother |iquor
remaining after the desired |arge potagsium bicarbonate crystals have been
separated fromthe slurry withdrawmm fromthe. crystallizer.

agitation sufficient to suspend the potassium
bicarbonate solids without foaming the slurry or
degrading the crystals; and

(d) separating and recovering the
large crystals from the slurry.

By carrying out the crystallization in this
maﬂner,'both primary nucleation and secondary
nucleation of the potassium bicarbonate slurry are
minimized, and the potassium bicarbonate crystals
initially present in the slurry are permitted to grow
into the desired lérge crystals having substantially
uniform particle size distributions. Primary
nucleation, i.e., the normal precipitation of the
potassium bicarbonate by reason of the temperature
and concentration fluxes in the crystallizer slurry,
‘is minimized by maintaining the potassium bicarbonate

- feed solution at ie;s than saturation concentrations
and providing a long residence time in the
crystallizer. In this manner, the feed stream does
not nucleate when it is introduced into the
crysta;lizer slurry and, because of the substantial
dilution effect upon introduction into the
crystéllizer, the dissolved potassium bicarbonate in
the feed does not precipitate and form independent
nuclei. At the same time, secondary nucleation,

i.e., rapid separation and mechanical breakage of the
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Anot her recycle stream may be heated to dissolve any small crystals

w thdrawn fromthe crystallizer prior to recirculation, the recycle thus
serving as a fines destruction | oop. As indicated above, carbon di oxi de may
al so be sparged into or utilized to blanket the solution i'n the feed tank
and/or the slurry in the crystallize_r-_1 in order to regulate the potassium
bi car bonat e/ pot assi um car bonate equilTDrium and thus mnimze the formation
of the latter and maintain the

crystals in the slurry, does not occur, the degree of
aen recently proposed to use potassium bicarbonate as
an active ingredient for the treatment of
osteoporosis or hypertension. See Morris et al U.S.
Patent No. 5,171,583 granted December 15, 1992, and
PCT Published Application No. PCT/US89/04771. The
potassium bicarbonate crystals of the present
invention are particularly suitable for oral dosage
forms useful in this last mentioned application.

The effective oral dosage of potassium
bicarbonate in the treatmrbonate crystals in the
initial slurry in the crystallizer are obtained by
seeding. The seed crystals may be of any type, e.g.,
conventional commercial potassium.bicarbonate
particles having a particle size range of about 50-
300 microng (-50/+270 mesh), and a substantially
uniform particle size distribution such that at least
80 wt.% of the crystals have a.particle size range of
about 100-200 microns (=70/+140 mesh). It will be
appreciated that the slurry may be seeded with
potassium bicarbonate crystals having other particle
sizes and size distributions, in which case the
amount of seed introduced will be modified in order
to produce the reguisite large and substantially
uniform particle size potassium bicarbonate crystals

of the invention.
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-22- high purity of the final potassium bicarbonate crystal product. (b)
Establ i shing the Residence Tinme in the Crystallizer As further noted above
the potassium bicarbonate solution is fed into the slurry in the
crystallizer at a rate such that the residence time in the crystallizer is
sufficient for the pota55|un1b|carbonate particles togrow into the de5|red
large crystals, e.g., to crystals hayi,ng particle sizes of

Potassium bicarbonate is in equilibrium
with potassium carbonate, water and carbon dioxide,
in accordance with the following eguation:

2KHCO, & K,CO, + H,0 + CO,
In order to maximize the concentration of potassium
bicarbonate present and prevent the formation of
potassium carbonate, it is preferred to add carbon
dioxide to the feed tank or the crystallizer. The
C0, may either be bubbled into the potassium
bicarbonate feed or slurry, both to maintain the
desired equilibrium and as a processing aid; or it
may be introduced in the form of a blanket over the
slurry.

In accordance with another feature of the
invention, the water-wet potassium bicarbonate
crystals recovered from the crystallizer slurry may
be washed,‘prior_to drying, with methanol. The
methanol removes any liquor clinging to the crystals
and leaves smooth, impurity-free surfaces thereon.
The methancol may then be removed by conventional
drying techniques.

Employing the foregoing process, the
particularly desirable large size, small surface area
granular potassium biqarbonate crystals of the
invention are formed in a single pass, in yields of

about 5% or more. Utilizing a closed locop operation
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from about 600-1200 nicrons (which pass through a No. 16 U S. Mesh screen
-and are retained on a No. 30 screen). The rates of feed liquor fed to the
crystallizer and slurry withdrawn fromthe crystallizer are such that the
"turnover” (T.Q) or residence tine, i.e., the period of tine.to feed a
vol une equal to the volunme of slurry present in the crystallizer in

conti nuous operation, is, e.g., aboutl®5 to 10 hours, preferably about 3
to 6 hours. In general, the longer the turnover tine, the larger the 'size
of the crystals produced. Large turnover or residence tines are

with continuous recycle, substantially complete
conversion to the desired product is achieved.
Further, the potassium bicarbonate crystals are
prepared in high purity, readily satisfying USP
reguirements for pharmaceutical products. They
possess higher purities than the commercially
available pbtassium bicarbonate starting materials,
since they are prepared by reérystallization thereof
(and without the necessity for the addition of any
crystal growth modifiers). Moreover, the relatively
small surface area of the crystalline products of the
invention minimizes the presence of surface-adsorbed
impurities, e.g., potassium carbonate. Thus, the
crystals are substantially free of any potassium
cafbonate impurity, i.e., they contain less than
about 1.0 wt.% and, preferably, less than about 0.5
wt.%; potassium carbonate.

other features of the present invention
will be apparent from the following description of
preferred embodiments of the large potassium
bicarbonate crystals and crystal-forming process
hereof, taken in connection wiph the accompanying

drawing in which:
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obtained by limting the rate of introduction of the feed |iquor to a snall
"fraction of the volunme of the slurry in the crystallizer, e.g., to from
1/30 to 1/600 the volune of the slurry per mnute. In this manner, the
slurry is maintained in the crystallizer -23- for arelatively long
time, facilitating the desired growh of the initial potassium bicarbonate
crystals and ensuring sufficient diIgELgn of the feed stream

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a phase diagram of the
potassium bicarbonate/potassium carbonate system,
indicating the broad and preferred ranges of
compositions of the potassium bicarbonate feed
solution and the initial crystal slurry which may be

~utilized for preparing the large, substantially
uniform particle size potassium bicarbonate crystals
in accordance with this invention;

Figure 2 is a schematic diagram of a flow
sheet of a continuous process for preparing the
potassium bicarbonate crystals in accordance with the
process features of the invention;

Figure 3 is a photomicrograph (at about 25X
magnification) of a current commercial potassium
bicarbonate product, viz., “Coarse Granular Potassium
‘Bicarbonate" available from Armand Products Co., a
joint venture of the assignee of the present
invention;

Figure 4 is a similar photomicrograph (also
at 25X magnification) of a further current commercial
potassium bicarbonate product, viz., "Potassium
Bicarbonate USP Granular TAC" distributed by
Mallinckrodt Specialty Chemicals Co.;

Figure 5 is a photomicrograph (again, at

25X magnification) of a third currently available
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as to mnimze primary nucl eation thereby. -24- (c) Maintaining MId
<Agitation Conditions in the Crystallizer As indicated, the potassium

bi carbonate slurry in the crystallizer is nmaintained under mld agitation
conditions such that secondary nucl eation and significant crystal breakage
are.avoi ded. The agitation should be sufficient to suspend the

commercial potassium bicarbonate product, viz.,
"Alphapur Granular Potassium Bicarbonate" produced by
SCPA; and
Figure 6 is a photomicrograph (again, at

25X magnification) of blocky, generally cubic smooth-
surfaced crystals of the present invention, which
possess a large mean particle size (about 800
microns), minimal agglomeration and low specific
B.E.T. surface area (about 0.005-0.0C6 m’/gram).

DETAILED DESCRIPTION OF THE INVENTION

As indicated hereinabove, the particularly

desirable potassium bicarbonate crystal products of
the invention which are useful in pharmaceutical oral
dqsage forms, have mean particle sizes within the.
range of about 800-900 microns, specific B.E.f.
surface areas of about 0.004-0.01 m?/gram and
particle size distributions such that over 90 wt.% of
the crystals have particle sizes within the range of
about 700-1000 microns. Tpese particularly preferred
crystals are desirably in unagglomerated, blocky
forms, the particular shapes of which may vary
depending upon the individual crystal sizes and the:
degree of agitation utilized in the crystallizer.
The crystal shapes thus vary from forms having
relati&ely-sharp corners approximating the ideal

shape of a parallelepiped or cube, to forms having
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pot assi um bi carbonate solids without beating the slurry into a foam or
froth. The appropriate degree of agitation may be enpirically determ ned by
wi t hdrawi ng sanples fromthe crystallizer under different degrees of
agitation and exam ning the crystals mcroscopically for evidence of
breakage. (d) Separating and Renoving the Potassium Bicarbonate Crystal
Product -The slurry withdrawmn fromthe crystallizer is subjected to a

separation treatment, e.g., centrifugdton, and the separated crystals are
dried and classified by nmesh size. Crystals which are )

moderately rounded corners (due to attrition caused
by friction of the crystals against the surfaces of
the crystallizer or one another), to ellipsoidal
shapes, spherical shapes or even columnar shapes
having rounded ends (in the case of the largest
crystals and/or crystals formed with the highest
degrees of agitation).

When prepared in accordance with the
present process involving the use ¢ 1lonrg residence
times and low degrees of agitation in the potassium
bicarbonate crystallizer, the blocky crystals possess
particularly smooth surfaces which are of importance
for various applications. Such particles have
minimum specific surface areas. Alternatively, the
crystallization parameters may be varied, e.g., by
increasing the degree of agitation of the potassium
bicarbonate slurry in the crystallizef, to roughen
the crystal surfaces somewhat. Accordingly, it will
be understood .that the degree of smoothness of the
pbtassium bicarbonate crystals of the invention may
be varied as desired.

The process features of the invention may
be considered in the context of the four successive
steps of (a) feeding a potassium bicarbonate solution
into a potassium bicarbongte slurry under specific

temperature and concentration conditions; (b) feeding
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| arger or smaller than desired may be destroyed (dissolved) and recycled
along with the nother liquor fromthe separation treatnment to feed |iquor

preparation. It will be understood that the process of the present

i nventian may be utilized to produce other |arge potassium bi carbonate

crystals having sizes in the 350-1700 m cron range and in varying - 25-
-17-

the solution to the slurry at a rate sufficient to
establish particular residence times in the
crystallizer; (c) maintaining mild conditions of
agitation in the crystallizer; and (d) separating and
removing the resulting desired potassiuh bicarbonate

crystal product:

{(a) Feeding the Potassium Bicarbonate
Solution Into the Slurry Under
Particular Temperature and

Concent-ation Conditions

As indicated above, the process hereof is
initiated by feeding an agqueous solution of potassium
bicarbonate at an elevated temperature T, and a
concentration below the saturation point of T,, to a
slurry of potassium bicarbonate crystals in a
crystallizer, the temperature T, of the slurry being
below the saturation temperature of the feed
solution, and the concentration of the feed solution
and the temperatures T, and T, being such fhat the
degree of supersaturation in the liguid phase of the
slurry is kept relatively 1§w, causing the size of
the crystals in the slurry to grow without a high
level of primary nucleation.

" The agqueous potassium bicarbona;e'solution
to be fed to the crystallizer (the "feed liguor®) is
controlled at a temperature T, of, for example, about
40 to 90°C or up to 200°C at superatmospheric

pressure, preferably about 50°C to 70°C at
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forms, e.g., in fiber-, needle- or platelet-like shapes. Such products may
be produced by varying the process paraneters, e.g., the residence tinme and
degree of agitation of the slurry in the crystallizer. The process hereof
is preferably carried out continuously, with continuous introduction of the
feed liquor into the crystallizer, withdrawal of the slurry fromthe
crystallizer for separation of the potassium bicarbonate product crystals
and recycle of a portion of the nothers-iquor fromthe crystallizer. A
preferred systemfor carrying out the process in

atmospheric pressure. The feed solution has a

potassium bicarbonate concentration of, e.g., at

least about 0.5 wt.% below, preferably from about 1

to 5 wt.% below, the saturation concentration of the

solution at T,. In absolute terms, the potassium’

bicarbonate concentration of the feed liguor may be,

e.g., about 20 to S0 wt.%, preferably about 35 to 50

wt.$ of potassium bicarbonate at atmospheric
pressure.

The slurry in the crystallizer to which the
feed liquor is fed, is at a temperature T, which is
apbout 10 to 70°C below, preferably about 30 to 50°C
below, the temperature T, of the potassium
bicarbonate feed liquor fed to the crystallizer. 1In
absolute terms, T, may be, e.g., about 0 to 50°C,
preferably about 15 to 35°C. The slurry density of
the slurry in the crystalli;er, i:e., the weight
percent of the solid crystals in the slurry, will
depend on the values of the potassium bicarbonate
concentration of the feed liquor, and temperatures T,
and T,. Typically, the slurry density will be in the
range of about 10 to 30 wt.%. The composition of the
slurry should be maintained so that potassium
bicarbonate is at all times the stable solid phase.

The ranges of potassium bicarbonate

concentrations in the feed liquor and the REPLACENE%HTSHEET
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such a manner

t hrough |ine

di ssolver 3 where an initial

Is illustrated in Figure 2. Referring to that figure,

‘comerci al potassium bicarbonate is fed through line 1, nakeup water
2, and recycled nother liquor is fed through line 13 to
feed conposition is prepared containing

makeup
Is fed

pot assi um bi carbonate and water. The initial conposition is fed through
line 4 to feed tank 5 where it is maintained at a predeterm ned
T[err], and a potassi umbl¥arbonate concentration which is
sonmewhat | ower than the saturation concentration at that tenperature,

t enper at ur e,

sui tabl e for

feeding to the

crystallizer slurry which may be utilized in the
process of the invention are shown in Figure 1, a
potassium bicarbonate/potassium carbonate-phase
diagram. As illustrated, the potassium bicarbonate
concentrations in the feed liquor are within region
A,B,C,D of the phase diagram (indicated by dotted
lines), preferably within region E,F,G,H (indicated
by solid lines). The potassium bicarbonate
concentrations in the crystallizer are withir region
I1,J3,K,L of the diagram (indicated by dotted lines),
preferably within region M,N,0,P thergof {indicated
by solid lines}).

The initial feed liquor is preferably
prepared by dissolving in water conventional
potassium bicarbonate crystals having a size and/or
shape different from that of the desired crystals to
be produced, to obtain the desired concentration, and
bringing the solution to the desired temperature.
Alternatively, the feed sﬁlution may be obtained as
an intermediate stream in the commercial production
of potassium bicarbonate altered, if necessary, by
the adﬁition of botassium bicarbonate or water to the
solution, and heating or cooling the solution so as
to obtain'a feed liquor at the desired temperature

and concentration.
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crystallizer. A carbon dioxide stream6 nmay al so be introduced into the
‘feed tank, either as a processing -26- aid or to provide a CJerr]

bl anket over the feed solution. The resulting feed liquor is fed through
line 7 to crystallizer 8 containing a slurry of crystals mldly agitated by
m xer 9 and,nmaintained at a tenperature T2 substantially |ower than that of

t he
_20-

The initial slurry in the crystallizer may
be prepared by dissolving commercial potassiﬁm
bicarbonate in water to obtain a potassium
bicarbonate concentration which is saturated at T,,
cooling the solution £6 T,, and dispersing additional
seed crystals of potassium bicarbonate to obtain a
suitable slurry. Alternatively, the initial slurry
may be obtained by adding feed liquor to a saturated
solution in the crystallizer at T, to precipitate
potassium bicarbonate and form the slurry, removing
slurry from the crystallizer, separating crystals
from the slurry, recycling the crystals to the
'crystallizer, and recycling the excess ligquor to the
feed tank. This procedure is continued until the
slurry in the crystallizer contains crystals having
the desired particle size distribution, after which
the crystallization is initiated.

When the feed liquor is added to the
crystallizer slurry, it is rapidly mixed with the
liquid phase of the slurry which is supersaturated.
The feed iiquor contains a substantially higher
potassium bicarbonate concentration than the
supersaturated liquor phase of the crystallizer
slurry. However, since the feed liquor is somewhat

unsaturated at its temperature T“'the addition. of

the feed liquor to the slurry does not produce so
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feed liquor. Although the feed |liquor is sonewhat unsaturated, its
concentration is substantially higher than that of the |iquid phase of the
slurry in the crystallizer resulting in an increnmental increase in the
supersaturation of the slurry and growh of the slurry crystals with a

m ni mrum of nucl eation due to the unsaturation of the feed liquor. A fines
destruction loop 10 is provided in which the fines- containing nother

li quor may be separated fromthe sIT®Xy, reheated to dissolve the firnes and
recirculated to crystallizer 8. Slurry containing crystals having the

large an increase in the localized level of
supersaturation of the slurry liquid phase as might
cause an undeéirably large amount of nucleation.
Thus, the relatively modest rise in the overall level
of supersaturation of the liquid phase of the slurry
contributes primarily to the growth of existing
crysta;s rather than to the formation of new crystals
by primary nucleation.

The process is preferably carried out
continuously, during which most of the water and some
of the makeup potassium bicarbonate in the feed
ligquor is obtained by recycling to the feed tank the
mother liguor remaining after the desired large
potassium bicarbonate crystals have been separated
from the slurry withdrawn from the. crystallizer.
Another recycle stream may be heated to dissolve any
small crystals withdrawn from the crystaliizer prior
to recirculation, the recycle thus serving as a fines
destruction loop.

As indicated above, carbon dioxide may also
be sparged into or utilized to blanket the solution
in the feed tank and/or the slurry in the
crystallizer, in order to regulate the potassium
bicarbonate/potassium carbonate equilibrium and'thus

minimize the formation of the latter and maintain the
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desired particle size distribution is continuously or periodically

w thdrawn fromcrystallizer 8 and fed through line 11 to centrifuge 12
where wet crystals are separated from nother |iquor which is recycled to
di ssolver 3 through Iine 13. An alcohol, e.g., nethanol, may be used to
wash the crystals. The wet crystals are transferred by conveyance 14 to
dryer® 15, where they are dried, and -27-

-22-

high purity of the final potassium bicarbonate

crystal product.

(b) Establishing the Residence Time in the
Crystallizer

As further noted above, the potassium

bicarbonate solution is fed into the slurry in the
crystallizer at a rate such that the residence time
in the crystallizer is sufficient for the potassium
bicarbonate particles to grow into the desired large
crystals, e.g., to crystals having particle sizes of
from about 600-1200 microns (which pass through a
No. 16 U.S. Mesh screen and are retained on a No. 30
screen). The rates of feed liguor fed to the
crystallizer and slurry withdrawn from the
crystallizer are such that the "turnover" (T.0.) or
residence time, i.e., the period of time to feed a
volume equal io-the volume of slurry present in the
crysﬁallizer in continuéus operation, is, e,g., about
0.5 to 10 hours, preferably about 3 to 6 hours. 1In
general, the longer the turnover time, the larger the
size of the crystals produced.
Large turnover or residence times are

- obtained by limiting the rate of introduction of the
feed liquor to a small fraction of the volume of the
slurry in the crystaliizer, e.g., to from 1/30 to
1/600 the volume of the slurry per minute. In this

wanner, the slurry is maintained in the crystallizer
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the dry crystals are transferred by conveyance 16 to classifier 17, where
they are separated into different nmesh sizes, e.qg., three sized fractions
as indicated in the drawi ng, which are w,thdrawn by conveyances 18, 19 and
20. Although the preferred formof the process of this invention is
continuous &s illustrated in Figure 2, it may al so be advantageous under
certain circunstances to practice tﬁéjbrocess bat chwi se. Thus, the feed

| iquor may be fed to the crystallizer slurry in the absence of any
continuous or periodic partial wthdrawal of the slurry fromthe systemfor

for a relatively long time, facilitating the desired
growth of the initial potassium bicarbonate crystals
and ensuring sufficient dilution of the feed streanm

as to minimize primary nucleation thereby.
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separation and recovery of crystals, and the slurry can then be cool ed
~until the particle sizes and size distribution of the slurry crystals

reaches the desired point. The entire batch of slurry may then be w t hdrawn
fromthe crystallizer and treated to separate and recover the crystals as
described. Such a batch operation nay be carried out wi-th or wthout
external circulation of the crystal glqury for fines destruction. The
foll owi ng exanple further illustrates the invention. As used in the exanple
and el sewhere in this specification, nean particle sizes are )

(c) Maintaining Mild Agitation Conditions
in the Crystallizer

As indicated, the potassiﬁm bicarbonate
slurry.in the crystallizer is maintained under mild
agitation conditions such that secondary nucleation
and significant crystal breakage are avoided. The
agitation should be sufficient to suspend the
pétassium bicarbonatg solids without beating the
slurry into a foam or froth. The appropriate degree
of agitation may be empirically determined by
withdrawing samples from the crystallizer under
different degrees of agitation and examining the
crystals microscopically for evidence of breakage.

(d) Separating and Removing the Potassium
Bicarbounate Crystal Product

The slurry withdrawn from the crystallizer
is subjected to a separation treatment, e.g.,
centriftyation, and the separated crystals are dried
and classified by mesh size. Crystals which are
larger or smaller thaﬁ desired may be destroyed
(dissolved) and reqycled along with the mother liguor
from the separation treatment to feed liquor
preparation.

It will be understood that the process of
the present invention may bé utilized to produce
other large potassium bicarbonate crystals having

sizes in the 350-1700 micron range and in varying
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determ ned by wei ght of the respective crystal -28- products, and
specific surface areas are determ ned by the B.E. T. nethod. Exanple A

not her |iquor was prepared by chargi ng 3500 pounds of commercially
avai | abl e potassi um bi carbonate to 1330 gall ons of deionized water, heating
the feed conposition to a tenperature of 45C

forms, e.g., in fiber-, needle- or platelet-like
shapes. Such products may be produced by varying the
process parameters, e.g., the residence time and
degree of agitation of the slurry in the
crystallizer.

The process hereof is preferably carried
out continuously, with continuous introduction of the
feed liguor into the crystallizer, withdrawal of the
slurry from the crystallizer for separation of the
potassium bicarbonate product crystals and recycle of
a portion of the mother liquor from the crystallizer.
A preferred system for carrying out the process in
such a manner is illustrated in Figure 2. Referring ’
to that figure, makeup commercial potassium
bicarbonate is fed through line 1, makeup water is
fed through line 2, and recycled mother liquor is fed
through line 13 to dissolver 3 where an initial feed
composition is prepared containing potassium
bicarbonate and water. The initial composition is
fed through line 4 t§~feed tank 5 where it-is
maintained at a predetermined temperature, T,, and a
potassium bicarbonate concentration which is somewhat
lower than the saturation concentration at that
temperature, suitable for feeding to the
crystallizer. A carbon dioxide stream 6 may also be

introduced into the feed tank, either as a processing




Wi thin dissolver 3 until fully dissolved, and transferring the conposition
-through an inline filter to the crystallizer 8. This nother |iquor was then
cooled to between 15[ err] and 21[err]C at which point it was seeded with 25
pounds of comrercially avail abl e potassi um bi carbonate. A feed |iquor was
prepared by charging 3165 pounds of potassium bi carbonate to 646 gal |l ons of
dei oni zed water in the dissolver, heating the mixture to a tenperature of
69[err]-70[err]C and maintaining it at*%hat tenperature to keep all of the
pot assi um bi carbonate in solution. At these tenperatures, the ’

aid or to'provide a CO, blanket over the feed
solution.

The resulting feed ligquor is fed through
line 7 to crystallizer 8 containing a slurry of
crystals mildly agitatedfby mixer 9 and maintained af
a temperature T, substantially lower than that of the
feed liquor. Although the feed ligquor is somewhat
unsaturated, its concentration is substantially
higher than that of the liquid phase of the slurry in
the crystallizer resulting in an incremental increase
in the supersaturation of the slurry and growth of
the slurry crystals with a minimum of nucleation due
to the unsaturation of the feed liquor. A fines
destruction loop 10 is provided in which the fines-
containing mother liguor may be separated from the
slurry, reheated to dissolve the fines and
recirculated to crystallizer 8.

Slurry containing crystals having the
desired particle size distribution is continuocusly or
periodically withdrawn from crystallizer 8, and fed
through liné 11 to centrifuge 12 where wet crystals
are separated from mother liquor which is recycled to
dissolver 3 through line 13. An alcohol, e.qg.,
methanol, may be used to wash the crystals.

The wet crystals are transferred by

conveyance 14 to dryer 15, where they are dried, and
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feed liquor maintains a slight degree of unsaturation, which is necessary
‘'to mnimze nucleation in the crystallizer. Feed |iquor was then
transferred through Iine 7 to the crystallizer at about 5 gallons per
mnute (GPM through an inline filter with a 1 micron filter cartridge.
This feed rate was achi eved by -29- regulating the feed solution through
a rotanmeter and _ -27-

the dry crystals are transferred by conQeyance 16 to
classifier 17, where they are separated into
diffgrent mesh sizes, e.g., three sized fractions as
indicated in the drawing, which are withdrawn by
conveyances 18, 19 and 20. _

Although the preferred form of the process
of this invention is continuous as illustrated in
Figure 2, it may also be advantageous under certain
circumstances to practice the process batchwise.
Thus, the feed liquor may be fed to the crystallizer
slurry in the absence of any continuous or periodic
partial withdrawal of the slurry from the system for
separation and recovery of cfystals, and the slurry
can then be cooled until the particle sizes and size
distribution of the slurry crystals reaches the
desired point. The entire batch of slurry may then
be withdrawn from the crystallizer and treated to
éeparate and recover the crystals as described. Such
a batch operation may be carried out with or without
external circulation of the crystal slurry for fines
destruction.

The following example further illustrates
the inventioﬁ. As used in the example and elsewhere
in this speqification, mean particle sizes are

determined by weight of the respective crystal
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pUnp recycle line. A sanple of the feed solution was anal yzed every hour to
nonitor the carbonate and bi carbonate contents. Wen the results indicated
hi gher than desirable | evels of carbonate, carbon di oxide was slowy
charged fromcylinders into the punp recycle line. The crystallizer 8 was a
2000 gal lon glass- lined jacketed reactor with a single inpeller agitator
rotating at 80 revolutions per mnute (RPM. The average working vol une of
the crystallizer was about 1650 gal | e28+ therefore, the retention tinme was
about 5[err] hours.
products, and specific surface areas are determined
by the B.E.T. method.
Example
A mother liguor was prepared by charging
3500 pounds of commercially available potassium °
bicarbonate to 1330 gallons of deionized water,
heating the feed composition to a temperature of 45°C
within dissolver 3 until fully-dissolved, and
transferring the composition thfough an inline filter
to the crystallizer 8. This mother ligquor was then
cooled to between 15° and 21°C at which point it was
seeded with 25 pounds of commercially available
potassium bicarbonate.
A feed liguor was prepared by charging 3165
pounds of potassium bicarbonate to 646 gallons of
deionized water in the dissolver, heating the mixture
to a temperature of 69°-70°C and maintaining it at
that temperature to keep all of fhe potassi&m
bicarbonate in solution. At these temperatures, the
feed liquor maintains a slight degree of
unsaturation, which is necessary to minimize
nucleation in the crystallizer.
Feed liquor was then transferred through
line 7 to the crystallizer at about 5 gallons per
minute (GPM) through an inline filter with a 1 micron

filter cartridge. This feed rate was achieved by

[

e Wt o
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Slurry fromthe crystallizer was centrifuged on a sem -conti nuous basis

t hrough a perforated basket type centrifuge 12 on a 75 mnute cycle after
begi nning the transfer of the feed Iiquor through line 7. Approximtely 300
gal l ons of centrifugate and 450 pounds of crystals were obtained in each
cycle. The nother liquor was then recycled to the dissolver through line 13
where it was charged with potassi um2si-carbonate, heated to a tenperature

bet ween 69[ err]

the feed tank 5.

and 71[err]C until fully dissolved, and then transferred to
Centrifuge wetcake can alternately be

regulating the feed solution through a rotameter and

pump recycle line. A sanmple of the feed solution was

analyzed every hour to monitor the carbonate and

bicarbonate contents. When the results indicated

higher than desirable levels of-carbonate, carbon

dioxide was slowly charged from cylinders into the

pump recycle line.

The crystallizer 8 was a 2000 gallon glass-

ined jacketed reactor with a single impeller

agitator rotating at 80 revolutions per minute (RPM).

The average working volume of the crystallizer was

about 1650 gallons; therefore, the retention time was

about 5% hours.

Slurry from the crystallizer was

centrifuged on a semi-continuous basis through a

perforated basket type centrifuge 12 on a 75 minute

cycle after beginning the transfer of the feed liguor
through line 7. Approximately 300 gallons of
centrifugate and 450 pounds of crystals were obtained
in each cycle. The mother liquor was then recycled
to the dissolver through line 13 where it was chafged
with potassium bicarbonate, heated to a temperature
between 68° and 71°C until fully dissolved, and then
transferred to the feed tank 5.

Centrifuge wetcake can alternately be

washed with methanol, in which the potassium
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washed wi th nethanol, in which the potassium

sparingly soluble, to aid the dewatering and dryi ng processes.

present exanple, 5 gallons of nethanol were applied to about 450 pounds of
and the wash di scharged to waste.

contam nation of the nother liquor. Crystals of potassium bicarbonate were

wet cake,

=30~

bicarbonate is sparingly soluble, to aid the
dewatering and drying processes. In the present
example, 5 gallons of methanol were applied to about
450 pounds of wetcake, and the wash discharged to
waste. Care was taken to avoid contamination of ‘the
mother liguor.

Crystals of potassium bicarbonate were
unldaded from the centrifuge into lined 35 gallon
Ziver drums. After the centrifuge was emptied, it
was rinsed with 30 gallons of deionized water which
was thereafter discharged to waste. The crystals
were charged batchwise to a dryer 15 and dried at
50°C to 60°C for a 4-hour period under vacuum with a
nitrogen purge.

A typical crystal product recovered from
the centrifuge incorporated the following crystal
yields determined as weight fractions after |
screening. Dryer product yields were somewhat

reduced due to attrition under non-optimal

conditions:
Particle Sizes Yield
{microns) (% by weight)
900100 10%
700100 30%
800200 40%
70012200 50%

-30- bicarbonate is

In the

Care was taken to avoid
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unl oaded fromthe centrifuge into lined 35 gallon fiber drums. After the
centrifuge was enptied, it was rinsed with 30 gallons of deionized water
whi ch was thereafter discharged to waste. The crystals were charged

bat chwi se to.a dryer 15 and dried at 50[err]C to 60[err]C for a 4-hour

peri od under vacuumwi th a nitrogen purge. A typical crystal product
recovered fromthe centrifuge incorporatied the following crystal yields

determ ned as weight fractions after screening. Dryer product yields were
sonmewhat reduced due to attrition under non-optinma
The 800 micron fraction produced as

described above comprises crystals similar to those
illustrated in Figure S5 above, viz., blocky, cubic,
smooth-surfaced crystals possessing low specific
B.E.T. surface areas and minimal agglomeratlon, and
being particularly suitable for the preferred
pha;paceutlcal application of the Present invention.
Although the present invention has been
described in detail by way of illustration and
example for purposes of clarity and uﬂderstanding, it
will be understood that various changes and
modifications may be carried out within the scope of

the claims appended hereto.




conditions: Particle Sizes Yield (mcrons) (% by
. wei ght) 900100 10% 700100 30% 800200

40% 700200 - 50% The 800 n1cron fraction produced as

abmnnmnmnﬂumnr“'s Ty

HWe claim:

1. Large size, small surface area,
unagglomerated crystals of potassium bicarbonate
having a mean particle size of at least 350 miérons
and a specific B.E.T. surface area less than 0.02

m?/gram.

- 2. The potassium bicarbonate crystals of claim
1, having a mean particle size within the range of
£00-1200 microns and a specific surface arez lesc
than 0.015 m?/gram.

3. The potassium bicarbonate crystals of claim
1, having a mean particle size within the range of
800-900 microns, a specific B.E.T. surface area of
0.004-0.01 m*/gram and a particle size distributiﬁn
such that over 90 wt.% of the crystals has particle
sizes within the range of 700-1000 microns.

4. A crystalline potassium bigarbonate product
suitable for application as an active ingredient in
oral pharmaceﬁtical dosage forms useful for potassium
supplementation and for the treatment of degenerative
bone and cardiovascular diseases , comprising
unaggloherated, blocky-shaped granular crystals
having a mean particle size of at ieast 350 microns
and a specific B.E.T. surface area less than 0.02

m?/gram.

L



illustrated in Figure 5 above, viz., blocky, cubic, snooth-surfaced
-crystals possessing l-ow specific B.E. T. surface areas and m ni mal
aggl oneration, and being particularly suitable for the preferred

phar maceut i ca l‘ ﬂ Hlthe present i nV&iShery, ALt hough the present
I nvention has”lmmmm “ ! n detail by way/ asﬁle ! and exanpl e
for purposes of cf ar"itf and under st axghi-ng, it /7! Wood t hat
vari ous changes and nodifications nmay be carried 0 t he scope of

t he cl ai ns appended hereto.

5. The crystalline potassium bicarbonate
product of claim 4, having a mean particle size
within the range of 500-1200 microns and a specific
surface area less than 0.015 m?/gram.

6. The crystalline potassium bicarbonate
product of claim 4, having a mean particle size ©
within the range of 800-9500 microns, a specific
surface area of 0.004-0.01 m’/gram and a particle
size distribution such that over 90 wt.% of the
crystals has particle sizes of within the range of
700-1000 microns.

7. A process for the production of large
crystals of potassium bigarbonate having a mean
particle size of at least 350 microns, which
comprises:

(a) feeding an agqueous solution of
potassium bicafbonate at an elevated temperature T,
and at a concentration below the saturation point at
T,, to a slurry of potassium bicarbonate crystals in
a cryétallizer, the temperature T, of the slurry
being below the saturation temperature of the feed
solution, and the potassium bicarbonate concentration
iﬁ the feed solution and the temperatures T, and T,
being such that the degree of supersaturation in the
liquid phase of the slurry is kept relatively low

causing the size df the potassium bicarbonate
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32 W claim 1. A crystalline potassium bi carbonate product suitable for
application as an active ingredient in oral pharmaceutical dosage fornmns,
conpri si ng unaggl onmer at ed, bl ocky-shaped crystals having a wei ght nean
particle size of at least 350-mcrons and a speC|f|c B.E. T. surface area
|l ess than O. 02 nQ/gran1 2. The crystalline pg :ﬁ% eQate pr oduct

I <

~34-
crystals in the slurry to grow without a high level

of nucleation;

(b) feeding the potassium bicarbonate
solution to the slurry at a rate such that the
residence time in the crystallizer is sufficient for
the potassium bicarbonate crystals to grow into said
large crystals;

{c) maintaining the potassium
bicarbonate slurry in the crystallizer under mild
agitation sufficient to suspend the potassium
bicarbonate solids without foaming the slurry or
degrading the crystals; énd

(d) separating and recovering said
large crystals from the slurry.

8. The process of claim 7, for producing
large size, small surface area crystals of potassium
bicarbohate having a mean particle size within the
ranée of 500-1200 microns and a specific surface area
less than 0.015 m’/gram.

9. The process of claim 7, wherein
potassium bicarbonate crystals of predetermined size
are incorporated in the slurry in the crystallizer as
seeds for- the production of said ;arge crystals, and
wvherein the slurry is periodically or continuously
withdrawn from the crystallizer for separation and

recovery of said large crystals.
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raﬁge,of 500- 1200 mcrons and a specific B.E. T. surface area less than
-0.015 n2/gram 3. The crystalline potassium bicarbonate product of claim

1 havi ng a wei ght nmean-particle size within thﬂlﬁ@l%ﬁ%‘gerﬁe 9690 m crons,

a specific B.E. T. surface area of 0.004-0.01 particle
si ze distributlﬂu @,mmﬂm 90 wt. % of the
sizes within th 00 m cyHns.

partlcle

10. The process of claim 7, wherein carbon
dioxide is introduced into either the feed solution
or the slurry in the crystallizef as a processing aid
and/or to adjust the equilibrium between éotassium
bicarbonate and potassium carbonate in the slurry and
thereby minimize the amount of potassium carbonate
formed therein.

| 11. The process of claim 7, for the
production of & crystalline potassium bicarbonate
product suitable for application as an active
ingredient in pharmaceutical oral dosage forms useful
for the treatment of osteoporosis or hypertension,
said product comprising unagglomerated, blocky-shaped
cfystals having a mean particle size within the range
of 800-900 microns, a specific B.E.T. surface area of
0.004-0.01 m’/gram and a particle size distribution
such that over 90 wt.% of the crystals has particle

sizes within the range of 700-1000 microns.
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5. The crystalline potassium bi carbonate product of claim4, having a
‘mean particle size within the range of 500-1200 m crons and a specific
surface area less than 0.015 nferr]/gram 6. The crystalline potassium

bi carbonat e product of claim4, having a nean particle size within the
range of 800-900 m crons, a specific surface area of. 0.004-0.01 nferr]/gram
and a particle size distribution such th over 90 wt. 0/ of &h& B st al s has

particle sizes of within the range of 700- 1000 m”f:'h1 ocess for
t he production of |arge “

LARGE POTASSIUM BICARBONATE CRYSTALS AND PROCESS FOR THE
PREPARATION THEREOF

A large size, small surface area, granular crystalline potassium bicarbonate product
suitable for application as an active ingredient in pharmaceutical oral unit dosage forms useful
for the treatment of various degenerative bone and cardiovascular diseases, particularly
osteoporosis or hypertension, comprising potassium bicarbonate crystals having a mean particle
size of at least 350 microns and a specific B.E.T. surface area less than 0.02 m?/gram. A
process for preparing such product is further provided, in which a solution of potassium
bicarbonate (4,7,18) is fed to a slurry of potassium bicarbonate crystals in a crystallizer (8) and
the temperatures and concentrations of the potassium bicarbonate in the feed soluﬁon and the
crystallizer slurry are so regulated, and the residence time and degree of agitation in the
crystallizer are so 'controlled, that the desired large size, small surface area potassium
bicarbonate crystals are produced. '

FIGURE 2
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crystal s of potassium bi carbonate having a nean particle size of at |east
350 m crons, which conprises: (a) feeding an aqueous sol ution of potassium
bi carbonate at an el evated tenperature T[err] and at a concentration bel ow
the saturation point at T[err], to a slurry of potassium bicarbonate
crystals in a crystallizer, the tenperaikqfeTIerr] of the slurry being
bel ow the saturation tenperature of the feed solution, and the potassium
bi carbonate concentration in the feed solution and the tenperatures T[err]
and T[err] being such that the degree of supersaturation in the
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l.iquid phase of the slurry is kept relatively | ow causing the size of the
pot assi um bi car bonat e crystals in the slurry to grow without a high

| evel of nucleation; (b) feeding the potassium bicarbonate solution to the
slurry at a rate such that the residence tine in the crystallizer is
sufficient for the potassium bicarbongiyg crystals to grow into said |arge
crystals;
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(c) maintaining the potassium bicarbonate slurry in the crystallizer under
mld agitation sufficient to suspend the potassium bi carbonate solids

wi t hout foam ng the slurry or degrading the crystals; and (d) separating
and recovering said |large crystals fromthe slurry. 8 - The process of
claim7, for producing |arge size, small surface area crystals of potassium
bi carbonate having a nean particle size within the range of 500-1200

m crons and a specific surface area |less than 0.015 nferr]/gram




9. The process of claim 7, wherein potassium bi carbonate crystals of
predeterm ned size are incorporated in the slurry in the crystallizer as
seeds for the production of said |arge crystals, and wherein the slurry is
periodically or continuously withdrawn fromthe crystallizer for separation
and recovery of said |arge crysﬁ S. -35- 10. The process of claim?7,
wher ei n carbon
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Wez474¢ 105
dioxide is introduced into either the feed solution or the slurry in the
crystallizer as a processing ai d and/or to adj uﬁt then"eat’:jq}’rl‘gr rﬂqrpbetweem
pot assi um bi car bonate and um carbonate ihthe sl LY. ahq hereby g
mninmze the a m car bo e forgleovt hereh CUE 'f‘l’he ‘brfamé%s
of claim?7, for on *of a cr al 1'i nel potass m bi‘éarbdnat @azed .7
product suitable *forc appl i cation as an active ilngyedi ent's nl par- nnbemaftacial
oral dosage forms useful for the treatnent of steoporoél s orZ HyBetat pagidon,
sai d product conprising unaggl onmerated, bl ocky- shaped )

We claim: :___ _.""' SCEIPT . 2
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1. A crystalline potassium bicarbonate product
suitable for application as an active ingredient in oral
pharmaceutical dosage forms, comprising unagglomerated,
blocky-shaped crystals having a weight mean particle size
of at least 350 microns and a specific B.E.T. surface

area less than 0.02 m®/gram.

2. The c¢rystalline potassium bicarbonate product
of claim 1, having a weight mean particle size within the
range of 500-1200 microns and a specific B.E.T. surface

area less than 0.015 m®/gram.

3. The crystalline potassium bicarbonate product
of claim 1, having a weight mean particle size within the
range of 800-900 microns, a specific B.E.T. surface area
of 0.004-0.01 m?/gram and a particle size distribution
such that over 90 wt. % of the crystals have particle

sizes within the range of 700-1000 microns.




crystals having a nean particle size within the range of 800-900 m crons, a
specific B.E.T. surface area of 0.004-0.01 nferr]/gramand a particle size
di stTY b®ion such that over '90 Wt . % of the crystals has particle sizes

wi thin the range of 700-1000 mi crons.

33

ABSTRACT

LARGE POTASSIUM BICARBONATE CRYSTALS AND PROCESS FOR THE
PREPARATION THEREOF

A large size, small surface area, granular crystalline potassium bicarbonate product
suitable for application as an active ingredient in pharmaceutical oral unit dosage forms useful
for the treatment of various degenerative bone and cardiovascular diseasés, particularly
osteoporosis or hypertension, comprising potassium bicarbonate crystals having a mean particle
size of at least 350 microns and a specific B.E.T. surface area less than 0.02 m%/gram. A
process for preparing such product is further provided, in which a solution of potassium
bicarbonate (4,7,18) is fed to a shurry of potassium bicarbonate crystals in a crystallizer (8) and
the temperatures and concentrations of the potassium bicarbonate in the feed solution and the
crystallizer slurry are so regulated, and the residence time and degree of agitation in the
crystallizer are so controlled, that the desired large size, small surface area potassium

bicarbonate crystals are produced.

FIGURE 2




