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NICOTINAMIDE POWDER AND PROCESS
AND DEVICE FOR ITS PRODUCTION

[0001] The invention relates a nicotinamide powder, a pro
cess for its production, and devices and uses relating to the

preparation of the nicotinamide powder.
BACKGROUND OF THE INVENTION

[0002] Nicotinamide (niacinamide; nicotinic acid amide,
NSA, CAS Nr. 98-92-0) is the amide of nicotinic acid (vita
min B3). It is a water-soluble vitamin and part of the vitamin
B group. As such, it ful?lls an important function in the

human and animal body by virtue of being a part of the
coenzymes NAD+ and NADP”. Nicotinamide de?ciency in
humans leads to various symptoms, including weight loss,
memory disruption, sleep disorders and the skin disease pel
lagra, all of which can be treated by administering nicotina
mide.
[0003]

Nicotinamide is used as a food additive and phar

maceutical. It is usually applied as part of mixed composi
tions with other components, especially other vitamins. A
common dosage form of nicotinamide or compositions com
prising nicotinamide is a tablet. For such applications, a pre

mix is usually produced in a ?rst step, which is a mixture of
nicotinamide with other vitamins and inactive ingredients,

such as processing aids. The premix is then pressed into
tablets.
[0004] It is desirable to produce such tablets by direct com

pression from the premix. In the direct compression method
of tablet production, dry ingredients are thoroughly mixed
and then compressed into tablets. This eliminates the drying
steps associated with the wet granulation method. It also
reduces the higher costs involved in wet granulation includ
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are antipodal, because high ?owability and low caking usu

ally require high powder dryness, whereas compressibility is
usually fostered by a certain moisture content.

[0010] Therefore, nicotinamide powder known in the art do
not combine high ?owability and low caking with suf?cient
compressibility in direct compression. Commonly, if such
powders have good ?owability, they are not suitable for direct
compression due to low tablet strength.
[0011] Various routes for the synthesis of nicotinamide are
known in the art. The most common route is the hydrolysis of

3-cyanopyridine via chemical or enzymatic catalysis. The
known synthesis methods have in common, that a solution of
nicotinamide is obtained. Various methods have been

described for obtaining nicotinamide powders from such
solutions.
[0012] A common process for recovery of solid nicotina

mide from aqueous solution is crystallization, followed by
solid-liquid separation, as disclosed in DE 30 14 160. Solid
nicotinamide is obtained in the form of needle shaped crys

tals, the powders having irregular particle size distribution,
tending to dust formation and having a poor ?owability. The
suitability of nicotinamide produced in this way for direct

compression is insuf?cient.
[0013] Another known process for processing such crystals

comprises compacting and pelletizing solid crystalline nico
tinamide by roll compaction and classi?cation. Main disad
vantages of this procedure are suboptimal properties of the
resulting powder granulates and the need of further process

steps.
[0014] JP 03-157131 A and CN101569840A disclose pro
cesses for obtaining nicotinamide powders, in which solid
nicotinamide is melted and spray dried. A drawback of this
process is thermal decomposition of nicotinamide in the hot

ing increased equipment, labor, time, process validation and
energy expenditure. However, direct compression requires
special properties of the nicotinamide powder or powder

product melt having a melting point of 131° C. Further,

composition comprising nicotinamide.

strength.

[0005]

Direct compression is only applicable when a stable

tablet is obtained. For direct compression, the nicotinamide
powder should be pelletized with a relatively low force, whilst

the resulting tablet should have a relatively high breaking
force.

[0006] In industrial tablet production, various properties
are required for good and stable workability. Amongst these,
it is important that the nicotinamide powder has a good

?owability. Flowability is important for various applications,
such as packaging, transporting, storing, and mixing of such
powders. Flowability is also essential for producing tablets
from powders with industrial pelletizing machinery.
[0007] Further, ?owability should be preserved when stor
ing the powder. Nicotinamide powders known in the art tend
to caking, lumping and agglomeration. Thereby, the ?ow into
a pelletizing device is constricted, deposits in the machinery
may form and the production capacity is reduced. Flowability
is usually high, if the water content of the particles is low and

caking is avoided.
[0008] The powder particles should have a high homoge
neity. For example, this is important for uniform mixing and
uniform absorption by an individual after consumption. Fur
ther, it is advantageous for workability if the powder does not
comprise ?ne particles, which cause dusting.
[0009] Overall, a nicotinamide powder would be required

although the dry products usually have good ?owability,
direct compression is not feasible because of low tablet

[0015]

Thus, there is a need for nicotinamide powders and

processes for their production which overcome the above
mentioned problems. Speci?cally, there is a need for nicoti

namide powder having high ?owability and low caking ten
dency, which can be compressed directly, easily and
ef?ciently into tablets having high strength.
[0016] Problem Underlying the Invention
[0017] The problem underlying the invention is to provide
a nicotinamide powder, processes for its production, devices
and uses, which overcome the above-mentioned problems.
[0018] Speci?cally, a nicotinamide powder shall be pro

vided, which has a good ?owability, low caking tendency and
which can be directly compressed and pelletized, thereby
yielding tablets of high stability. The particles shall be highly
homogeneous, have a uniform size distribution and regular
shapes. The amount of dust in the powder shall be low.
[0019] The process shall be carried out continuously at an
industrial scale. The process shall produce nicotinamide at a

high yield and be environmentally friendly, especially require
as little energy as possible and avoid waste production.

Disclosure of the Invention

[0020] Surprisingly, the problem underlying the invention
is solved by the nicotinamide powder, processes, devices and

having a good ?owability and low caking tendency as well as

uses according to the claims. Further inventive embodiments

good direct compressibility. At least in part, these properties

are disclosed throughout the description.
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[0021] Subject of the invention is a process for the prepa
ration of a nicotinamide powder, comprising the steps of
[0022] (a) providing an aqueous solution of nicotina
mide and
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[003 1]

In a preferred embodiment of the invention, steps (b)

and (c) are carried out in a ?uidized spray dryer. In a preferred
embodiment of the invention, the ?uidized spray dryer com

prises

(b) spray drying the aqueous solution.

[0032]

(A) a central drying chamber,

[0024] By the inventive process, a solid nicotinamide pow
der is obtained. The process of the invention is also a process
for drying nicotinamide and/or a process for the preparation
of a dry nicotinamide powder.

[0033]

(B) spray drying means positioned above the cen

[0025] Spray drying is characterized by formation of solid
powder particles from liquids in a single step of combined
spraying and drying. The solution is heated and dispersed

[0035] (D) means for withdrawing nicotinamide powder
positioned below the central drying chamber.

[0023]

tral drying chamber,
[0034]

(C) a ?uidized bed positioned below the central

drying chamber, and

through a spray nozzle, usually an atomizer. Fine droplets
dispersed from the nozzle are immediately subjected to dry

[0036] A ?uidized spray dryer combines means for spray
drying with a ?uidized bed (an internal ?uidized bed) in a
single apparatus. The ?uidized spray dryer comprises a cen

ing. They are sprayed into a drying chamber, wherein they

tral drying chamber, in which the sprayed droplets and emerg

contact a heated gas stream. Usually, the drying chamber is

ing solid particles are dried in a hot gas stream. The ?uidized

positioned below the atomizers. The solvent is rapidly with

bed is positioned below the spray dryer. Solid particles pro
duced by spray drying descend and enter the ?uidized bed.

drawn from the droplets in the hot gas stream and solid
particles are formed. Often, solvent removal is so rapid that

The gas stream for operating the ?uidized bed transfers dust
and light particles out of the ?uidized bed and reintroduces

the size and shape of the remaining solid particles resembles
the size and shape of the droplets. The size, shape and residual

them into the drying chamber. Thereby, only particles having

moisture content of the solid particles can be controlled by
various parameters, such as the temperatures of the solution
and gas stream and the atomizer dimensions. Spray drying is

bed. Dust and light particles released from the ?uidized bed
mix with the spray dried droplets and moist particles and form

distinct from other spraying processes, in which liquid solu
tions are simply sprayed.
[0026] In the inventive process, preferably all the nicotina
mide is spray dried. It is not necessary to introduce additional

aqueous nicotinamide into the process by other means, for

a weight within a de?ned range remain within the ?uidized

agglomerates. Overall, only agglomerates having a certain
size and weight are maintained in the ?uidized bed. The
agglomerates are dried in the ?uidized bed. The average
residence time in the ?uidized bed is adjusted such that par
ticles having a desired moisture content are obtained.

example by spraying additional nicotinamide solution for

[0037]

supporting granulation. It is also not necessary to add any

ports particle sedimentation downwards into the ?uidized
bed. Preferably, the lower part of the drying chamber is coni
cal to support the sliding of particles downwards into the
?uidized bed. The upper part of the drying chamber may be

other liquids for supporting granulation. Thus the overall
water consumption and energy required for water evaporation
can be kept low.
[0027] After spray drying, preferably a thermal treatment
of the product is carried out. In a preferred embodiment of the

invention, the process comprises the additional step of
[0028] (c) ?uidizing the spray-dried nicotinamide in a
?uidized bed.
[0029] In a ?uidized bed, a solid particulate substance is
placed under conditions to cause the solid to behave like a

?uid. This is achieved by a ?uidizing gas stream, which
passes through the particulate medium. As a result, the par
ticulate medium has properties and characteristics of normal
?uids, such as the ability to ?ow freely under the effect of

gravity, or to be pumped using ?uid technologies.
[0030] In the preferred process, the nicotinamide powder
obtained from the spray drying step is ?uidized. The ?uidized
bed dries the spray dried nicotinamide particles. More impor
tantly, it supports agglomeration of the spray dried nicotina
mide particles. Low weight particles are blown out of the
?uidized bed by the ?uidizing gas stream. They are released
from the ?uidized bed and re-enter the spray drying chamber,

where they agglomerate with droplets released from the spray
dryer or with other solid particles of suf?cient moisture.
Agglomeration of particles may also occur within the ?uid

Preferably, the shape of the drying chamber sup

cylindrical.
[0038]

Solid nicotinamide powder is withdrawn from the

?uidized spray dryer, preferably at a position below the cen
tral drying chamber. The means for withdrawal are typically
at the attached to the ?uidized spray dryer. Preferably, the
product is withdrawn by an over?ow from the ?uidized bed.
The ?uidized particles withdrawn may still have a low
residual water content, for example in the range of 0.05% to

1% (w/w).
[0039] In principle, ?uidized spray dryers are known in the
art. For example, a ?uidized spray dryer applicable in the
inventive process is described in WO 00/74835. Fluidized
spray dryers are commercially available from the Niro Group,
US, under the trademark FSD.
[0040] In preferred embodiments of the invention, the

aqueous solution in step (a) comprises 40% to 90%, prefer
ably 60% to 90%, more preferably 75% to 85% (w/w) nico
tinamide. Preferably, the nicotinamide in the solution is pure
or substantially pure, i.e. it does not comprise substantial
amounts of other solid ingredients. Preferably, the amount of
nicotinamide in the solution is more than 95%, preferably
more than 99% or more than 99.9% (w/w), based on the total

ized bed. Overall, only agglomerates having a minimum size
and weight remain in the ?uidized bed. The ?uidizing gas

amount of all solids. In a preferred embodiment of the inven
tion, the nicotinamide solution is a reaction product of a

stream also ensures that the agglomerates are not large lumps.
According to the invention, it was found that when combining
spray drying with ?uidization of the product in a ?uidized

preceding process, in which nicotinamide is produced by
organic synthesis, preferably from 3-cyanopyridine. In a pre
ferred embodiment, the reaction product is concentrated

bed, the resulting powder has a good ?owability and direct
compressibility, but a relatively low tendency towards caking.

before the inventive process, for example by water evapora
tion.
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[0041] Preferably, the aqueous solution is heated before
spraying. For example, the aqueous solution may be heated to
a temperature between 50° C. and 100° C., preferably
between 75° C. and 95° C. orbetween 70° C. and 90° C. When

a high concentration of nicotinamide is desired, the tempera
ture should be su?iciently high. For example, for a solution of
80% (w/w) nicotinamide in water, the temperature should be
at least 80° C.

[0042]

Spraying is preferably conducted with an atomizer

or multiple atomizers. Atomizers comprise a narrow section,
in which a pres sure drop is created. Preferably, the atomizer is
a single-substance pressure atomizer. However, other atom
izer devices known in the art may be used, such as rotary

atomizers, pneumatic atomizers or propellant atomizers.
Spray drying is conducted under pressure, for example
between 0.2 MPa (2 bar) and 15 MPa (150 bar), preferably
between 1.5 MPa (15 bar) and 5 MPa (50 bar). Atomizers and
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[0047] Preferably, nicotinamide ?ne dust is withdrawn
from the ?uidized spray dryer, the nicotinamide ?ne dust is
then accumulated in accumulation means, which preferably
comprise at least one cyclone and/or ?lter, and nicotinamide
?ne dust thus accumulated is reintroduced into the ?uidized

spray dryer. The dust is reintroduced into the drying chamber,
where it can agglomerate with other particles and droplets
released from the spray dryer. When proceeding accordingly,
the nicotinamide dust is recycled and integrated into the nico
tinamide product. Preferably, the ?ne dust is withdrawn
together with discharged air. The nicotinamide ?ne dust may
be withdrawn from the ?uidized spray dryer with discharged
air at a position which is relatively high, such that larger
agglomerates are not withdrawn. Preferably, the temperature
of the discharged air is not too high, such that dust particles
are not dried totally, but preserve a residual moisture content.

For example, the temperature of the air discharged from the

and Atomizing of Liquids”, Ullmann’s Encyclopedia of
Industrial Chemistry, Wiley-VCH, 2010, DOI: 10.1002/

?uidized spray dryer may be below 90° C., or between 60 and
90° C. According to the invention, it was found that when
maintaining a residual moisture content in the dust, subse

14356007.b02i06.pub2.

quent agglomeration of the ?ne dust in the drying chamber

[0043] Droplets emerging from the atomizers are dried in a
gas stream. The spray drying atomizers are positioned in the
vicinity of the gas stream. According to the invention, the gas
stream is preferably a cocurrent gas stream, which ?ows in the

can be improved.
[0048] Methods and means for accumulating dusts are
known in the art. In a preferred embodiment, the dust is
accumulated (pulverized) in a cyclone, or a combination of
two or more cyclones in series. A cyclone recovers solid

their use are described for example in Peter Walzel, “Spraying

same direction as the spray dried product. The gas stream hits

the spray cloud released from the atomizers. When contacting

the hot gas stream, the droplets evaporate moisture rapidly
because of the overall vast surface areas of the small droplets.

The gas is preferably air, which is preferably dry. Preliminary

particles from a gas by vortex separation using rotational
effects and gravity. In another preferred embodiment, the dust
is accumulated with at least one ?lter, such as a bag ?lter.
Filters are advantageous for recovering even very ?ne dust

dryer is reduced rapidly upon entry into the drying chamber.
After leaving the spray dryer, the particles in the process of
drying and the droplets agglomerate with each other, or
agglomerate with dust particles or low weight particles in the

particles. The use of cyclones and/or ?lters is advantageous,
because the dust is accumulated in pulverized form for further
use. Pulverization of the dust prevents sticking to recycling
devices and connections. The pulverized nicotinamide is re
introduced into the ?uidized spray, where it can agglomerate
with other particles. Overall, the nicotinamide dust is
recycled. The ?ne dust can be recovered almost quantitatively
and incorporated into the product, such that a high yield of
nicotinamide is achieved. A ?nal product is obtainable, which

drying chamber. Dried and agglomerated particles descend
towards the lower part of the drying chamber by gravity and

and thus has a good workability.

enter the ?uidized bed. Since particles produced in the pro
cess are agglomerates of multiple smaller particles, the

[0049] Preferably, the agglomerated particles are continu
ously withdrawn from the ?uidized bed. Preferably, particles

shapes are approximately spherical. Irregular shapes with

are removed from the ?uidized bed by an over?ow. The
amount removed and/or time point may be controlled by a
pressure drop of the ?uidized bed indicating that the amount
of particles in the bed has reached a critical value. For
example, if a critical value is reached, an outlet could auto

drying of the gas may be carried out by condensation.

[0044]

Preferably, the gas stream for spray drying, prefer

ably the cocurrent gas stream, is heated to a temperature

between 100° C. and 180° C,more preferably between 100°
C. and 150° C. The water content of droplets leaving he spray

sharp edges or elongated structures are generally not
obtained.
[0045] The temperature of the ?uidized bed is controlled at

least partially by the ?uidizing gas stream. The gas is prefer
ably air, which is preferably dried. The ?uidizing gas stream
and the ?uidized bed preferably cool the spray dried particles.

does not comprise ?ne dust or at least not signi?cant amounts

matically be opened for release of particles.

ture difference is at least 20° C. or at least 50° C. In a preferred

[0050] The residence time of the particles in the ?uidized
spray dryer and in the ?uidized bed shall be su?iciently high
to ensure homogeneous product properties. For example, the
average residence time of the particles in the ?uidized bed
sprayer may be between 1 min and 1 hour, preferably between

embodiment of the invention, the ?uidizing gas stream has a

2 and 20 min.

Preferably, the ?uidizing gas stream has a temperature which
is lower than the temperature of the gas stream for spray
drying and/ or of the drying chamber. Preferably, the tempera

temperature between 30° C. and 90° C., preferably between

[0051] Overall, agglomerated particles having a de?ned

40° C. and 70° C.
[0046] In a preferred embodiment of the inventive process,

size and weight distribution can be produced with the ?uid
ized spray dryer. Thereby, it is possible to obtain a highly

the ?ne dust is removed from the powder. The ?ne dust

uniform particle size distribution. According to the invention,

fraction may especially comprise particles having a diameter

it was found that a uniform powder is obtainable from the

below 75 um, below 50 pm or below 25 pm. It is not desirable
to obtain a ?ne dust fraction in the product. Fine dust reduces

homogeneity and workability and is disadvantageous for
many applications.

?uidized spray dryer having excellent ?owability, excellent
direct compressibility and a low tendency to caking. Solid
nicotinamide powder released from the ?uidized spray dryer
may comprise residual moisture. In a preferred embodiment
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of the invention, a nicotinamide powder obtained from the
?uidized spray dryer is subjected to an additional drying step.
This additional drying step is preferably carried out by an
external device, which is not an internal component of the
?uidized spray dryer. According to the invention, the water
content of the articles is decreased further by the additional

drying step. Thereby, the tendency of the solid product to
agglomeration and caking can be decreased further. However,

the additional drying step is optional. Nicotinamide powder
released from the ?uidized spray dryer already has advanta
geous properties and su?icient dryness for many applica
tions.
[0052] In a preferred embodiment of the invention, the
additional drying step is conducted with at least one external
?uidized bed. The additional ?uidized bed dries the powder
further, i. e. the water content is reduced further. It also

enhances homogeneity of the product and provides low
granular abrasion. According to the invention, it was found
that an additional external ?uidized bed treatment decreases

the caking tendency of the product further. Preferably, the
external ?uidized bed comprises a ?uidizing gas stream hav
ing a temperature between 50° C. and 100° C. The gas is

peferably dry air. When maintaining the particles in the ?u
idized bed for a de?ned time range, uniformity of the product
is increased. The average residence time in the external ?u
idized bed is preferably between 30 min and 6 hours, more
preferably between 2 and 4 hours.
[0053] In a preferred embodiment of the invention, two or
more external ?uidized beds are used, for example 2, 3, 4, 5,
6 or more external ?uidized beds, through which the powder
is passaged. Thus the multiple ?uidized beds are arranged in
series. Alternatively, an external ?uidized bed may comprise

multiple sections. When passaging the particles through mul
tiple ?uidized beds, the average residence time of the particles
is harmonized. Thus the uniformity of the product is
improved, for example with respect to moisture content and
internal moisture distribution.
[0054] In a preferred embodiment, at least two external
?uidized beds are used having different temperatures. In this
embodiment, one or more ?uidized beds have a higher tem

perature for drying of the particles, whereas another ?uidized
bed has a lower temperature for cooling the particles. Prefer
ably, the temperature for drying is between 50° C. and 120°
C., preferably between 60° C. and 100° C. Preferably, the
temperature for cooling is between 0° C. and 50° C., more
preferably between 5° C. and 25° C. The cooling step is
carried out after the drying step and adjusts the powder tem
perature for subsequent applications, such as packing.
[0055] In a preferred embodiment, more than two ?uidized
beds are used for drying and one subsequent ?uidized bed is

used for cooling. Preferably, three consecutive ?uidized beds
operated at a temperature between 60° C. and 100° C. and one

subsequent ?uidized bed operated at a temperature between
5° C. and 25° C. are used. In this arrangement, the additional
external drying means are a series of four consecutive ?uid

ized beds.

[0056] When using multiple external ?uidized beds, the
overall residence time can be adapted, and it can be ensured

into the process. Preferably, it is re-introduced into the ?uid
ized spray dryer. Before re-introduction, it may be combined
with another nicotinamide ?ne dust fraction of the process
and/or accumulated in accumulation means, especially
cyclones and/or ?lters. Preferably, the dine dust recovery
means of the ?uidized spray dryer and the external ?uidized
bed are merged.
[0058] In a preferred embodiment, the overall process is a
continuous process. In other words, the introduction of the
feed and gas streams, operation of the ?uidized beds and
withdrawal of the product are carried out substantially con
tinuously. In a continuous process, the conditions in the ?u

idized spray dryer are essentially in equilibrium.
[0059] The product obtained from the overall process is
preferably cooled. It may be sieved or subjected to other

?nishing steps. The product may then be packed, portioned
etc.

[0060]

According to the invention, a dry nicotinamide pow

der is obtained. The water content of the product obtained

directly from the ?uidized spray dryer may be below 1%
(w/w) or below 0.5% (w/w), for example between 0.01% and
1% (w/w) or between 0.02% and 0.4% (w/w). When carrying
out an additional drying step, for example with additional
?uidized bed(s), the water content may be reduced further, for
example for more than 10% or more than 50% (based on the

water content before the additional drying step). The absolute
water content of the nicotinamide powder may then be below
0.2% or below 0.1% (w/w). In a preferred embodiment of the

invention, the moisture content of the nicotinamide powder
obtained after the additional drying step, especially the addi
tional ?uidized bed(s) is between 0.005% and 0.2% (w/w),
speci?cally between 0.01% and 0.1%. A residual water con
tent within these ranges may be advantageous for the combi

nation of good ?owability, low caking and good direct com

pressibility.
[0061] Subject of the invention is also a nicotinamide pow
der, obtainable by the inventive process. Surprisingly, it was
found that nicotinamide powder produced according to the
inventive process has unique properties, which were not
achieved by nicotinamide powders known in the art. On the
one hand, the inventive product is dry, has a good ?owability
and does not tend to caking and lumping. Thus, it can be
conveniently packed, transported and stored and has a good
workability. On the other hand, the powder is suitable for

direct compression and pelletizing, thereby obtaining tablets
and pellets of high strength. This was unexpected, because

commonly dry powders having a good ?owability usually are
not suitable for direct compression due to low moisture con

tent. Without being bound to theory, the moisture distribution
and internal structure of inventive powder particles may favor
internal bonding strength within tablets or pellets.
[0062] Subject of the invention is also a nicotinamide pow

der, having
[0063] an average particle diameter between 50 um and
500 pm,
[0064] an angle of repose below 40°, and

that all particles have been subjected to a su?icient drying

[0065] a tablet breaking force above 150 N, preferably
above 175 N, after direct compression of 330 mg nico

treatment. The average residence time in the external ?uid
ized beds is preferably between 30 min and 6 hours, more

tinamide into a standard convex tablet, diameter 9 mm,
with a press force of 10 kN and/or a tensile strength of at

preferably between 2 and 4 hours.
[0057] In a preferred embodiment, ?ne dust is discharged
from the external ?uidized bed, collected and re-introduced

least 2.5 N/mm2, more preferably at least 3.0 N/mm2, for
a tablet obtained by direct compression with a compres
sion pressure of 157 N/mm2.
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Tablet properties may be determined as outlined in

particles in the additional drying step is supported by the

the examples.
[0067] Preferably, the tensile strength is at least 2.5 N/mm2,

already uniform size distribution of the particles obtained
from the ?uidized spray dryer.
[0072] Another subject of the invention is a tablet, pellet or
granule comprising nicotinamide, obtainable by direct com

[0066]

more preferably at least 3.0 N/mm2, for a tablet obtained by
direct compression with a compression pressure of 157
N/mm2. Preferably, the tablet is produced as outlined in the
examples. Tensile strength can be determined according to

Jeckel, P. S., “Bestimmung wesentlicher Tabletteneigen
schaften mit Hilfe der Nahinfrarot-Spektroskopie”, Disserta
tion 2008, Universitat Bonn.
[0068] Preferably, the Jenike ?ow function is above 30,
above 40 or above 50. Preferably, Jenike ?ow function after

time consolidation 24 h, 200 C., at equilibrium relative
humidity (ERH) is at least 8, more preferably at least 10.
Jenike ?ow function may be determined according to stan
dard method D6128 (ASTM, 2000), or as outlined in the

examples.
[0069]

Preferably, the bulk density of the powder is

between 0.4 and 0.6 g/cm3 , more preferably between 0.45 and
0.55 g/cm3 . The average particle diameter may be between 50
um and 500 um, preferably between 80 um and 250 pm.

[0070] The properties of the nicotinamide powder, such as
dryness, particle size and particle size distribution, can be
controlled by the inventive process. The properties are in?u

enced by various parameters. For example, the nicotinamide
concentration in the aqueous solution has an in?uence on the

size of the primary particles obtained from spray dried drop
lets, whereby a low nicotinamide concentration in the aque

ous solution leads to smaller primary particles, which, how
ever, agglomerate more easily. Particle size is also in?uenced

by the nozzle type, temperature and pressure in spray drying.
The nozzle type and dimensions are chosen for obtaining
droplets of a desired size. A high nozzle pressure provides
smaller droplets, but the amount of ?ne dust in the device is
increased. The temperature of the spray drying gas stream is
adjusted not too high, such that residual water will remain
bound in the particles for agglomeration. Also the gas ?ow
rate in?uences drying, whereby an increased ?ow rate usually
accelerates drying. The temperature of the internal ?uidized

pression of an inventive nicotinamide powder, or of a powder

composition comprising an inventive nicotinamide powder.
The composition may comprise common additives, espe
cially excipient and lubricants, and/or other active ingredi
ents, such as other vitamins. In preferred embodiments, the

tablets, pellets or granules comprise at least 20%, 50%, 80%,
90%, 95% or 98% (w/w) nicotinamide. In a preferred
embodiment, the tablets consist of nicotinamide.
[0073]

Another subject of the invention is the use of a

?uidized spray dryer for preparing a nicotinamide powder
and/or for drying nicotinamide.
[0074] Another subject of the invention is a device for
preparing a nicotinamide powder, comprising
[0075] (i) a ?uidized spray dryer,
[0076] (ii) an additional (external) ?uidized bed for fur
ther drying the nicotinamide powder removed from the
?uidized spray dryer,
[0077] (iii) means for withdrawing nicotinamide ?ne
dust from the ?uidized spray dryer,
[0078] (iv) accumulation means for accumulating the
nicotinamide ?ne dust, the accumulation means prefer
ably comprising a cyclone and/ or ?lter, and
[0079] (v) means for reintroducing the accumulated
nicotinamide ?ne dust into the ?uidized spray dryer.
[0080]

The device is for use in the inventive process. Pref

erably, the device comprises nicotinamide.
BRIEF DESCRIPTION OF THE FIGURES

[0081]

FIG. 1 schematically shows an exempli?ed device

for carrying out a process of the invention.

[0082] FIG. 2 shows a scanning electron microscopy
(SEM) image of nicotinamide crystallized according to a
process in the art.

bed is controlled such that a residual dryness is maintained for

[0083] FIG. 3 shows a scanning electron microscopy
(SEM) image of nicotinamide roll-compacted according to a

agglomeration, especially of small particles expelled from the

process in the art.

?uidized bed. The pressure of the ?uidizing gas stream is
adjusted to maintain agglomerates of a desired size within the

[0084] FIG. 4 shows a scanning electron microscopy
(SEM) image of nicotinamide powder of the invention pro
duced by ?uidized spray drying and subsequent ?uidized bed

bed, whilst expelling smaller particles back into the drying
chamber. The temperature of the external ?uidized bed is
adjusted for drying to a desired ?nal moisture content.
[0071] Another important factor is residence time of the

drying.

particles in the overall process. Overall, the particles should

[0086] FIG. 6 shows a plot of tablet force against compres
sion force for tablets produced by direct compression of an
inventive powder (standard convex tablet, 9 mm, 330 mg

have a su?iciently high residence time for removal of residual
moisture bound within the particles. It was found that allow
ing su?icient residence time in the overall process, especially
by adaptation of the residence time within the ?uidized bed

(s), prevents caking. Caking is generally attributed to inter
crystalline bridging by crystallization of the residual super

[0085] FIG. 5 is a magni?ed scanning electron microscopy
(SEM) image corresponding to FIG. 4.

nicotinamide).
[0087]

FIG. 1 illustrates in a schematic and exempli?ed

form a device of the invention for carrying out a process of the

saturated solution at or near the surface of the nicotinamide

invention. The device comprises a ?uidized spray dryer 1
comprising spray drying means 2, such as nozzles, a drying

granule. Probably the most common cause of this crystalli
zation, and thus caking, is moisture migration from some
region in the bulk of nicotinamide owing to the occurrence of

positioned above the central drying chamber 3. The ?uidized
bed 4 is positioned below the central drying chamber. Aque

temperature gradients and humidity differences. Without
being bound to theory, it is speculated that especially a su?i
cient residence time in the additional drying step is advanta
geous not only for drying the particles, but also for formation
of an advantageous internal structure, especially with respect
to internal moisture distribution. The formation of uniform

chamber 3 and a ?uidized bed 4. The spray drying means 2 are

ous solution for feeding to the spray drying means 2 is heated
in a tank 5. The aqueous solution is transferred to the spray
drying means 2 through connections 6, such as tubes or hoses,
whereby transfer may be mediated by a pump 7. A co-current

gas stream 8 is fed into the ?uidized spray dryer through inlet
9, such that the gas stream ?ows in the same direction as the
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spray dried droplets released from the spray drying means. A
?uidizing gas stream 10 is fed into the ?uidized spray dryer
through inlet 11 at a position at the bottom of the device, such
that a ?uidized bed 4 is generated. Droplets released from
nozzles 2 pass the drying chamber 3 and, after agglomeration

mide. Thus only about 20% (w/w) water have to be evapo
rated and thus the overall energy consumption can be kept
low. The process is thus advantageous compared to other
spraying processes, such as wet granulation, in which higher
amounts of water are introduced into the process.

to a su?icient size and weight, enter ?uidized bed 4. Powder
particles are removed from the ?uidized bed through an over

?ow and withdrawn from the ?uidized spray dryer through
outlet 12. The product is transferred through connections 13
to an additional ?uidized bed 30, which is external from the

?uidized spray dryer. Alternatively, a series of multiple con
secutive external ?uidized beds may be used, for example a
series of three ?uidized beds for drying and one ?uidized bed
for cooling. The external ?uidized bed is generated with a
?uidizing gas stream 32 entering through inlet 33. The ?uid
ized bed may comprise an additional cooling gas stream 34

EXAMPLES

[0091] Methods:
[0092] Particle shape, mean particle size and particle size
distribution were determined by sieve analysis (ALPINE air
jet sieve) or LASER diffraction.
[0093]

The angle of repose was determined according to

DIN 53916.
[0094] Jenike ?ow function was determined with a Jenike

shear tester as described by Jenike, A. W.: Storage and Flow

entering through inlet 35. A nicotinamide powder of desired
particle size and dryness is obtained through outlet 31. All gas

of Solids, Bull. No. 123, Engin. Exp. Station, Univ. Utah, Salt

streams for spray drying and operating ?uidized beds may be
dried air.
[0088] The device may comprise means for collecting and

Shear Testing Technique for Particulate Solids Using the
Jenike Shear Cell”, Institution of Chemical Engineers (Euro
pean Federation of Chemical Engineering), Rugby UK, 1 989.

recycling ?ne dust. Fine dust may be collected at an upper

section of the ?uidized bed device through outlet 20 and led
into accumulation means 21, 22. The accumulation means are
cyclones. Two or more accumulation means may be com

bined in series, for example two cyclones. Multiple accumu
lation means are connected through connections 26. Fine dust
accumulated in the accumulation means is re-introduced in

pulverized form into the ?uidized spray dryer through con
nections 23. The re-introduction may be supported by gas
stream 24, for example as a pneumatic conveying system.

Lake City (1970). The test is also described in “Standard

For determining caking, the Jenike ?ow function was deter
mined after 24 h consolidation at equilibrium relative humid
ity (ERH; “relative humidity” over bulk solid in a closed
vessel at equilibrium; the ERH of a substance is a state at

which the substance neither gains nor loses moisture).
[0095] Bulk density was determined according to DIN
53912.
[0096] Tablet breaking force was determined as follows:
Standard convex tablets of 9 mm diameter (band height 3 mm,

curvature height 1 mm, overall height 5 mm) were produced

Residual gas, from which ?ne dust was removed, can be

from 330 mg nicotinamide with an eccentric press at a press

diverted through exhaust connection 25, which may comprise

force of 10 kN. Standard tablet shapes, such as standard

a ?lter. In addition, ?ne dust emerging in the second ?uidized
bed 30 may be transferred into the recycling process through
connection 36. Thus, it is ensured that overall ?ne dust is

convex, as used herein are those as de?ned by the American

Pharmacist Association, 201 0. After hardening for 24 h, tablet

removed from the product, recycled and integrated into the

breaking force was determined in a diametral breakage test
with a tablet tester (Schleuniger, DE). An average from 10

product by agglomeration. The overall device comprises

results was calculated.

appropriate connections, such as tubes and hoses. Flow of gas

Example 1a

streams and powders is supported by appropriate means, such
as pneumatic conveying means and/ or pumps, for example in

connections 8, 10, 23, 24, 31, 24 and 7.
[0089] The inventive process and nicotinamide powder
solve the problems underlying the invention. The inventive
process allows the production of a nicotinamide powder with
an unexpected and novel combination of advantageous prop
erties. Speci?cally, the nicotinamide powder has a high

Fluidized Spray Drying
[0097]

An inventive process was carried out with a device

as shown in FIG. 1. A solution of 79% (w/w) nicotinamide in
water is heated to 80° C. and is continuously conveyed with a
high-pressure pump to a spray nozzle centered at the upper

part of the spraying chamber of a ?uidized spray dryer (265

?owability and low tendency towards caking and lumping,

kg/h, corresponding to 209 kg/h nicotinamide). The cylindri

whereas it is at the same time suitable for direct compression

cal upper part of the spraying chamber has a diameter of 1.7
m and a height of 1 m, the lower part is conical at an angle of

and pelletization. The powder does not comprise dust par
ticles and thus does not release dust when processed. The

40°. The atomized nicotinamide solution is dried co-currently

properties are advantageous for packaging, transport and pro

with hot air (125° C., 1500 kg/h) entering the upper cylindri
cal part of the spraying drying chamber. Partly dried and
agglomerated particles accumulate in the lower part of the
drying chamber. The lower part below the conical portion

cessing, for example in tableting machinery. The powder is
highly homogeneous regarding particle size distribution and
shape. Mixing with other components in a premix is homo
geneous and the tendency to segregation is low. This is espe
cially important for products such as vitamins, which are
stored, transported and processed at a large scale. The overall
production process can be carried out continuously and rela
tively convenient starting from an aqueous solution.
[0090] When ?ne dusts are recycled, the overall recovery of
nicotinamide is nearly 100%, and thus waste is avoided. Fur
ther, the process can be carried out ef?ciently starting from
aqueous solutions comprising about 80% (w/w) nicotina

contains an integrated ?uidized bed, in which further agglom
eration and separation from ?ne particles take place. The
?uidized bed is operated by an air stream (860 kg/h) heated to
50° C. Off-gas comprising ?ne nicotinamide dust is con
ducted out of the drying chamber at the top of the device. Fine
dust from the off-gas is accumulated in an external cyclone.
The ?ne dust is then reintroduced into the drying chamber,

where it is agglomerated with sprayed particles. Solid par
ticles reaching a certain size and weight are continuously
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discharged from the bottom of the ?uidized bed and trans
ferred out of the ?uidized spray dryer by a rotary feeder. The
solid product was subjected to an additional drying step in an
external ?uidized bed, which is ?uidized by an airstream
having a temperature of 19° C.

undersized grains (mesh size 180 pm, 0.72 m2) and oversized
grains (630 pm, 0.36 m2). A sieve fraction with an average
particle size of 400 m was obtained for further product
assessment.

Comparative Example 6

Example lb
Fluidized Bed Spray Granulation

Fluidized Spray Drying
[0098] An inventive process was carried out according to
example 1a. A subsequent drying step was carried out with an
additional external ?uid bed. The external ?uidized bed 30 is
constructed as cascade of 4 ?uidized beds with 3 drying
(heating) zone and 1 cooling zone. Solid particles reaching a

[0103]

700 g wet crystallized nicotinamide (from centrifu

gation in example 2) was ?lled into a ?uidized bed spray
granulator. 350 g of a warm (60° C.) solution of 70% nicoti

namide in water is continuously sprayed (13 g/min) with a
spray nozzle (two component jet) into the ?uidized bed. Flu

certain size and weight are continuously discharged from the

idizing and drying is mediated by hot air (inlet temperature
95° C., outlet temperature 30° C.). After addition of granula

bottom of the ?uidized bed and transferred out of the ?uidized
spray dryer by a rotary feeder. The solid product was sub

tion liquid, the ?nal drying was continued until the outlet
temperature reached 60° C.

jected to an additional drying step cascade of 4 equal sized
?uidized beds, which are ?uidized by an airstream having a
temperature of 90° C. in the ?rst ?uidized bed, 78° C. in the
second and third ?uidized bed, and 11° C. in the fourth
?uidized bed. The total resident time in the cascade was 3
hours.

Comparative Example 2
Cooling Crystallization from Water Solution
[0099]

Nicotinamide was dissolved at 80° C. in water to

obtain a 50% (w/w) solution. After cooling to 20° C., the

[0104] Comparison of Results

[0105] Images created by Scanning Electron microscopy
(SEM) of the inventive product of example 1 are shown in
FIGS. 4 and 5. The particles have a uniform size distribution

and approximately spherical shapes. SEM images of com
parative products are shown in FIG. 2 (crystallized, example

2) and FIG. 5 (roll-compressed, example 3). The respective
particles have heterogeneous size distributions and irregular

shapes.
[0106]

Properties of the products were determined by the

test methods described above. The results are summarized in

After washing and drying, the solid powder is used for further
product assessment.

table 1 below. In general, a tablet breaking force of at least 150
N is considered acceptable for direct compression, whereas a
tablet breaking force below 100 N is insu?icient. Flowability

Comparative Example 3

repose and determining Jenike ?ow function. A low angle of

needle shaped crystals were separated by centrifugation.

of the powders is determined by measuring the angle of
repose and a Jenike ?ow function of about 10 are indicative of

Flaking
[0100]

A melt of nicotinamide was poured out on a cold

metal plate and cristallized. The solid product was crushed

(Frewitt sieve granulator) and screened (sieving). A sieve
fraction with particle size 200 to 800 um was used for further

product assessment.

Comparative Example 4
Prilling of Melted Nicotinamide
[0101] Nicotinamide (1000 g) was molten in a 21 pressure
vessel at 160 to 180° C. for about 5 h. The melt temperature
was maintained at 150° C. The melt was sprayed into a spray

ing chamber (11 kg/h) with a pressure atomizer (scattering
angle 30°, nozzle diameter 0.5 mm, 4 bar). Spraying pressure
was adjusted with nitrogen gas, such that a ?ne spray mist was

generated. A counter-current gaseous stream of cold nitrogen
(5° C.) was led into the spray chamber (601/min). The nitro
gen gas had been cooled before with liquid nitrogen. The
average temperature in the spraying chamber was about —5°
C. to 5° C.

Comparative Example 5
Roll Compaction

[0102] A solid product produced by cooling crystallization
according to example 2 was compacted with a roller compac

tor (pressure 95 kN, gap width 4 mm, 60 kg/h, recycling of

good ?owability. The results show, that the inventive powder
prepared according to example 1 combines excellent
?owability with excellent direct compressibility. In contrast,
powders prepared according to other processes do not com

bine good ?owability with su?icient direct compressibility.
Caking of the powders is indicated by the Jenike ?ow function
measured after 24 h consolidation. The inventive powder of
example 1a still has good ?ow properties after 24 h and thus
a relatively low tendency to caking. When conducting an
additional drying step with an external ?uidized bed, the
tendency towards caking can be reduced even further. FIG. 6
shows tablet breaking force against compression force of a

tablet produced by direct compression of an inventive powder
(standard convex tablet, 9 mm, 330 mg nicotinamide). Tablet
breaking forces up to about 300 N can be obtained by increas

ing the compression force moderately. Overall, the inventive
powder combines good ?owability, low tendency to caking
and good direct compressibility.
[0107] In addition, the inventive powders have relatively
homogeneous particle size distribution as well as relatively
uniform particle sizes close to spherical. The average particle
size of the product of example 1b is about 180 pm. The
amount of particles with a diameter <63 um was only 3.2%

and the amount of particles <100 um was only 18% (ALPINE
air jet sieve), indicating a narrow particle size distribution.
The uniform size and structure and the almost spherical shape
are illustrated by FIGS. 4 and 5. FIG. 2 shows a comparative
crystallized powder and FIG. 3 shows a comparative roll

oversized and undersized grains), crushed with a Frewitt

compacted powder. The shapes are irregular and the size

sieve granulator (sieve 1 mm, round wire) and sieved for

distribution is wide.
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TABLE 1
Comparison of product properties
anmnle No.
1

1b

2

3

4

5

6

(inventive)

(inventive)

(comparative)

(comparative)

(comparative)

(comparative)

(comparative)

Process

?uidized bed

?uidized bed

crystallization

?akingsieving

melt spray

roll compaction/

?uidized bed

Particle shape

spray drying
approximately

spray drying
approximately

irregular

drying (prilling)
spherical

sieving
irregular

spray granulation
approximately

spherical

spherical

needles

spherical

Mean particle size [pm]

175

180

300

3 80

Particle size distribution

sharp

sharp

broad

Angle ofrepose[°]
Jenike ?ow ?anction (stress/

35
45

34
51

55
2

39
15

9

12

<1

7

moderate

230

400

very sharp

205

moderate

30
48

moderate—sharp

37
29

39
21

i

4

7

0.70
25

0.71
126

uncon?ned yield stress)
Jenike ?ow ?anction (con—

solidation time 24 h, 20° C.

equilibrium relative humidity)
Bulk density [g/cm3]
Tablet breaking force [N]

0.51
200

0.51
195

0.51
45

1. A process for the preparation of a nicotinamide powder,

comprising the steps of

0.72
32

0.53
90

moisture content of the nicotinamide powder obtained after
the additional drying step is between 0.01% and 0.07%

(a) providing an aqueous solution of nicotinamide and

(w/w).

(b) spray drying the solution.

11. Nicotinamide powder, obtainable by a process accord
ing to claim 1.

2. The process of claim 1, further comprising the step of
(c) ?uidizing the spray dried nicotinamide in a ?uidized

bed (4).
3. The process of claim 2, wherein steps (b) and (c) are
carried out in a ?uidized spray dryer (1).
4. The process of claim 3, wherein the ?uidized spray dryer

12. Nicotinamide powder, having
an average particle diameter between 50 um and 500 um,
an angle of repose below 40°, and

a tablet breaking force above 150 N, preferably above 175
N, after direct compression of 330 mg nicotinamide into
a standard convex tablet, diameter 9 mm, with a press

comprises

force of 10 kN, and/or a tensile strength of at least 2.5
N/mm2, more preferably at least 3 .0 N/mm2, for a tablet

(A) a central drying chamber (3),
(B) spray drying means (2), positioned above the central

obtained by direct compression with a compression
pressure of 157 N/mm2.

drying chamber (3),
(C) a ?uidized bed (4), positioned below the central drying
chamber, and
(D) means for withdrawing the nicotinamide powder, posi
tioned below the central drying chamber.
5. The process of claim 1, wherein the spray drying step (b)
is conducted with a co-current gas stream (8) having an inlet
temperature between 100° C. and 1800 C. and/ or wherein the

?uidized bed comprises a ?uidizing gas stream (10) having a
temperature between 30° C. and 90° C.
6. The process of claim 1, wherein the aqueous solution
comprises 50% to 90% (w/w) nicotinamide.
7. The process of claim 3, wherein nicotinamide ?ne dust is
withdrawn from the ?uidized spray dryer (1), the nicotina
mide ?ne dust is then accumulated in accumulation means

(21, 22), the accumulation means preferably comprising at
least one cyclone and/or ?lter, and thus accumulated nicoti
namide ?ne dust is reintroduced into the ?uidized spray dryer.
8. The process of claim 3, whereby the nicotinamide pow
der obtained from the ?uidized spray dryer (1) is subjected to
an additional drying step.
9. The process of claim 1, comprising an additional drying
step in an additional ?uidized bed (30), wherein the tempera
ture of the additional ?uidized bed (30) is between 60° C. and
1000 C.
10. The process of claim 1, wherein the water content of the

nicotinamide powder obtained from the ?uidized spray dryer
(1) is between 0.05% and 0.3% (w/w) and/or wherein the

13. A tablet, pellet or granule comprising nicotinamide,
obtained by direct compression of the nicotinamide powder
of claim 11.
14. Use of a ?uidized spray dryer for preparing nicotina

mide powder.
15. A device for preparing nicotinamide powder, compris
mg

(i) a ?uidized spray dryer (1),
(ii) an additional ?uidized bed (30) for further drying nico
tinamide powder removed from the ?uidized spray dryer

(1),
(iii) means (12) for withdrawing nicotinamide ?ne dust
from the ?uidized spray dryer,
(iv) accumulation means (21, 22) for accumulating the
nicotinamide ?ne dust, the accumulation means prefer
ably comprising a cyclone and/ or ?lter, and
(v) means (23) for reintroducing the accumulated nicoti
namide ?ne dust into the ?uidized spray dryer.
16. A tablet, pellet or granule comprising nicotinamide,
obtained by direct compression of the nicotinamide powder
of claim 12.

17. A tablet, pellet or granule comprising nicotinamide,
obtained by direct compression of a powder composition
comprising the nicotinamide powder of claim 11.
18. A tablet, pellet or granule comprising nicotinamide,
obtained by direct compression of a powder composition
comprising the nicotinamide powder of claim 12.
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