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ABSTRACT

Today the production of Pharmaceutical granulesti based on the batch concept. In the early
stage of the development of a solid dosage fornbaieh size is small. In later stage the size of
the batch produced in the pharmaceutical productitay be up to 100 times larger. Thus scale-
up process is an extremely important one. Unfortielgain many cases the variety of the
equipment involved does not facilitate the tasksadle-up. During the scale-up process the
quantity of the granules may change. A change engle size distribution, final moisture
content, friability, compressibility and compaclityi of the granules may strongly influence the
properties of the final tablet, such as tablet heess, tablet friability, disintegration time,
dissolution rate of the active substance, and agifithe tablet. In the following sections, the
scale up process is analyzed taking into matheiatonsiderations of scale up theory, the
search for scale up invariants, the establishmeninegprocess control methods. This paper
describes an overview of granulation, rapid mixemarglator, Scale up in the field of
granulation, various approaches used for scale epednination of Rapid Mixer Granulator,
process variables, methods for end point determona& analysis of granulation process.

Key words: Scale-up, rapid mixer granulator , variables, eoiditodetermination

INTRODUCTION

Agglomerationcan be defined as the size enlargement proces#iah the starting material is
fine particles and the final product is an aggregat which primary particles can still be
identified. The granules are held together withdsoformed by the binder used to agglomerate.
Granulation is a process of size enlargement wlyesemall particles are gathered into larger,
permanent aggregates in which the original pagickn still be identified
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|. Diagrammatic repr esentation of mechanism of granule formation [1]
Il.

(a) Traditional Description (b) Modern Approach
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Thetype of bonds formed through four transition states

* Newitt and Conway-Jones(1948) introduced pendular, funicular and capillargtet
» Barlow(1968) introduced droplet state

* York and Rowe (1994) introduced “pseudo dropletesta

 EEEH 8

Pendular Funicular Capiliary Droplet Pseudo-Droplet
Fig.B
» Pendular state = particles are held together baseitension at the solid-liquid-air interface
and the hydrostatic suction pressure of the litguidge.
» Funicular state = continuous network of liquid nsf@ersed with air
» Capillary state = the pore spaces in the grandeampletely filled
> Droplet state = liquid completely surrounds thengita

High shear granulation (HSG)

» Extremely high shear forces compared with othengjetors

» HSG is fast, efficient, reproducible method, andenanodern process control capabilities

» Easy to process cohesive materials that are impest process in low shear mixers/fluid
bed granulators
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* Wet granulation (the most common) or dry granufaijmodified release tablets; excipients
used are: wax, low melting point materials)

Rapid Mixer Granulator [3]

Rapid Mixer Granulator is designed to achieve dgoéimixing and consistent granules at lower
operating cost along with higher productivity. ®etmixing and closed control of granule size
leads to faster tableting speeds with improvedityuahd least rejections.
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Fig.C: Rapid mixer granulator

Technical specifications:

Models RMG| RMG | RMG | RMG | RMG | RMG RMG | RMG | RMG | RMG RMG
10 25 50 100 150 | 250 400 600 | 800 | 1000 1200

GROSS CAPACITY Ltr 10 25 50 100 150 250 400 60D 8001000 1200

NET CAPACITY Ltr 08 20 40 80 120 200 320 480 640 080 | 960

MIXER MOTOR HF 1.5/z | 3/5 5/7.5 | 7.5/1( | 10/1f | 22.5/3( | 35/4( | 40/5C | 50/6( | 60/7¢ 75/10(

GRANULATOR MOTOR | 1/15 | 15/2| 2/3 | 3/5 | 3/5 | 5/75| 7510 10/15 10J15/22% | 22.5/30
HP

LENGTH mir 160C | 175C | 200C | 240C | 240C | 270C 280C | 295(C | 310C | 320C 350(
WIDTH mm 650 700 1500/ 2100{ 2100 2200 2400 2500 270800 3000

HEIGHT(LID CLOSED)| 1200 | 1750 | 1750, 2000f 2000 2100 2150 2200 2800 3000000 3
mm

WEIGHT (KGS) 305 400 600 1400, 1600 1800 2400 3008500 | 4200 4800

Tablel: showing various models of rapid mixer granulator & their technical specifications

Working Principle of rapid mixer granulator

Blending and wet massing is accomplished by higlehaeical agitation by an impeller and
chopper. Mixing, densification, and agglomeratidnwetted materials are achieved through
shearing and compaction forces exerted by the lepdlhe impeller rotates on the vertical shaft
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at a rotational speed corresponding to a radiadebkgp speed of approximately 5-15 m/s. the
chopper rotates at a similar tip speed which, besad its small diameter, corresponds to a very
high rotation speed in revolutions per minute (rfpr@) 1500-4000 rpm). The primary function of
chopper is to cuts lumps into smaller fragments @dd the bowl or sprayed onto the powder to
achieve a more homogeneous liquid distribution.

The granulation is conventionally performed in thkowing process steps:

1. Mixing of dry material at high impeller and clpep speeds for a few minutes (approx. 2-5
min).

2. Addition of liquid binder by pouring it onto thmwder, while both the impeller and chopper
are running at a low speed (approx.1-2min.)

3. Wet massing with both agitators running at régbed (approx.1-5min.)

4. Wet sieving the granules.

5. Drying the granulate

6. Dry sieving of the granulate

General production design of rapid mixer granulator

The Rapid mixer Granulator is a multi-purpose pssce equally suitable for high speed
dispersion of dry powders, aqueous or solvent dations,effervescent products and melt
pelletization. There should be both simplicity afheibility in plant design. User-selected
process options, cleaning equipment, control syst@mad PAT technologies combine in a system
to meet process requirements exactly. This appreashires that qualification and validation
procedures are kept to a minimum.

1. Through-the-wall configuration

Through-the-wall offers the best option in termsct#anliness, maintenance and ATEX. By
keeping the motors out of the process room, youpaggenting risk of contamination coming
from these difficult to clean items. Maintenance aarried out from the technical area,
minimizing the need for the maintenance engineaxddk in a GMP area. This makes the job
easier and again reduces the risk of contamination.

For ATEX, the design allows to classify the teclahiarea as safe. This avoids the need for
costly flameproof motors, making the upgrade. Tiaene mounting provides a standard format
for the machine, allowing it to be constructed anstalled using the same structure. This
structure may be raised using standard modulestiee\e the customer’s desired height. For
some installations it is also possible to mount ta@npanels on the structure, allowing
qualification of the complete system prior to shmgp significantly reducing the installation time
on site.

2. Impéeller & chopper options

(a) Standard pma impéller: Standard impeller designed for use with the conbmall of the
PMA high shear granulator.

(b) U-shaped chopper: Standard chopper for use with the conical bowlhef PMA high shear
granulator.

(c) M8 impéller: Innovative swept-back design; for improved mixinigaacteristics, faster
processing and a more clearly defined end-point.

(d) Multi-bladed chopper: Flush mounted, multi-blade design improves bindelutsn
dispersion and product movement at slow speeds.

26
Scholar Research Library



P.Yadav et al Der Pharmacia Lettre, 2010, 2(5): 23-38

3. Filtration

(a) Material filter & shroud: Production filtration is achieved using an easiémovable
material filter that can be cleaned and re-used.vBouum and CIP applications stainless steel
may be utilized.

4. Discharging

(a) Through-the-wall mill: Product can be discharged from the high shear tgammudirectly
into a receiving container, or via a sizing milhig breaks down the granules to produce more
even sizing for subsequent processing. Throughwide-hinge-mounted sizing mill, directly
connected to the discharge port, using inflatakl@ss For maintenance, cleaning and product
changeovers, the seals are deflated and the mdeli away from the port, allowing full access.
The TTW mounting ensures the motor and controlskapt away from the clean process area.
Pressure Shock Resistant options are availablehingtthe containment and safety credentials
of the main machine.

(b) Concealed hinge mechanism: The cover is mounted on a concealed hinge mechanism
allowing the cover tobe lifted with the minimum @ff, but keeping the counterweight in the
technical area. This leads to a more GMP desighyaiag surfaces, making cleaning easier. On
equipment supplied with the Pressure Shock Resistasign option the hinge interlocking
system is power assisted to provide safe and ceafileropening to the bowl cover.

5. Loading

(8) Gravity loading: Simple open / close ports may be mounted on thercamd used to
dispense product into the mixing bowl. For potemtvgers, split-valve technology provides full
containment during loading. The PMA-Advanced™ ctao de delivered with a cone loading
port, allowing for the removal of the powder loaglimorts from the cover, but giving permanent
connection to a Gravity Loading Station, but alseatmuous access to open the cover.

(b) Vacuum loading: Rapid loading can be achieved using vacuum teclgoléeromatic-
Fielder’s innovative killed-vacuum technique makes easy operation and maintenance, and
only requires a standard-sized filter

6. Binder solution addition

(a) Nozzle: A range of nozzles are available to give the optmhbinder liquid droplet size for an
even distribution throughout the powder mass

(b) Pump: The binding solution required for granulation maygumped into the mixing bowl
using a mechanical or peristaltic pump to deliver binder liquid to the spray nozzle. Special
pumps are available for the dosing of high visgolsibhders.

(c) Pressure pot: Alternatively a pressure pot offers fast, high-ptee delivery of the binder
solution, for excellent dispersion of liquid vieetbinder nozzle spray system. These systems are
chosen typically for small scale, R&D-sized gramnais.

7. Standard platform designs (optional)

Two standard platforms are available to integraith whe PMA-Advanced™. The "Medium"
platform provides room adjacent to the bowl for tperator to carry out all filling and cleaning
operations. The “XL” platform additionally providespace for other items / operators on the
platform and also provides sufficient space tovaltbe operator interface to be mounted at the
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platform level. Due to the clean lines of this desthe bowl/ cover area can be easily accessed
using mobile steps.

Fig D: Standard platform designs

Design of mixing chamber & impeller

The mixing chamber and the impeller are simultasBodesigned to ensure the best movement
of the particles inside the bowl. This movementeatefs on the bowl (Fig E) and impeller (Fig F)
geometry. The geometry of the impeller is adaptethe bowl shape in order to improve the
volume of powder swept by the mixing tool, and &cmtase wall adhesion and dead zone.
Moreover, the movement of the powder blend indideliowl depends on the impeller speed. At
low speed, the impeller gives the powder a bumpim@yement whereas at high speed, the
powder is submitted to a rotational movement (Big F
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Fig Gl Fig G2

Flow regimes in Fieldé" mixer granulators: bumping at low speed (G1) anmpingat high
speed (G2) [6]

The presence of a chopper in the bowl is also redqub break coarser agglomerates and control
granules distribution. [7-8As for the impeller, the geometry and rate of thepper differ from
one apparatus to another (Fig F). Therefore, tloppér is likely to disturb the flow pattern of
the mass depending on its design and running sgéedrotation speed, the size and the shape
of the mixing tools are likely to have an influenme the powder bed temperature. Holm (1987)
[9], Kristenseret al.(1987) [10] and Schaefet al. (1986, 1987) [11-12] showed that the energy
consumed in a high shear mixer was converted ie&b im the moist mass. This phenomenon has
to be taken into account as it may induce problefnsn working on thermosensitive products.
[7-8].The shaft in the bowl can be either verti@lgH1) or horizontal (FigH2). When the shaft
is vertical, the influence of gravity forces on th@wvder bed is higher.
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FigH1 Vertical shaft Fig H2 horizontal shaft [6]

Different granulation processes
1. Single-pot process
2. Multiphase process
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Multiphase process Single-pot process
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Fig |:Granulating process: multiphase process vs single pot process

Scale up in thefield of granulation

According to the modeling theory, two processes rbayconsidered similar if there is a

geometrical, kinematic and dynamic similarity [1Btinciple of similitude) [14-19]

» Two systems are called geometrically similar ifyteave the same ratio of characteristic
linear dimensions. For example, two cylindrical mgvessels are geometrically similar if
they have the same ratio of height to diameter.

» Two geometrically similar systems are called kingoadly similar if they have the same
ratio of velocities between corresponding systemtpo

» Two kinematically similar systems are dynamicallyitar when they have the same ratio of
forces between corresponding points. Dynamic dingé for wet granulation would imply
that the wet mass flow patterns in the bowl ardlamn

Scale-up and monitoring of the wet granulation process

Dimensionless Groups

Because the behavior of the wet granulation processot yet be described adequately by
mathematical equations, the dimensionless groupge ba be determined by a dimensional
analysis. For this reason the following idealizethdvior of the granulation process in the high-
speed mixer is assumed:

» The particles are fluidized.

» The interacting particles have similar physicalpanies.
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» There is only a short-range particle—particle iatgon.
» There is no system property equivalent to viscosky, (1) there are no long-range particle—
particle interactions and (2) the viscosity of thgpersion medium air is negligible.

According to Buckingham’s theorem, the followingndinsionless groups can be identified:

P
™ =—=7 Power number
oy
qr - . . ..
4 $ Specific amount of granulation liquid
V : . .
™= Fraction of volume loaded with particles
ra’ . , .
Ty = e Froude number (centrifugal/gravitational energy)
¥ . . - ..
T = — Geometric number (ratio of characteristic lengths)
d

Where,

P = Power consumption, r = Radius of the rotatilagl® (first characteristic length of the mixer)
w = Angular velocity P = Specific density of the particles, g = Mass (kfjgranulating liquid
added per unit time, t = Process time, V =Volunaakd with particles, V* =Total volume of the
vessel (mixer unit), g = Gravitational acceleratiah = Diameter of the vessel (second
characteristic length of the mixer)

In principle the following scale-up equation cands¢ablished:
= alma)” - (ma)* - (my)d - (mws)* )

It may not be the primary goal to know exactly #rapirical parametera, b, c, d, eof the
process. The ultimate goal would be to identifyleses invariant

Scale up invariables

» The granulation process can be easily monitoredebgrmination of the power consumption.
[19-22]

» Usable granulates can be produced only within theeau region S S,

» The power consumption profile as defined by theapeters § S;, S is independent of the
batch size.

» The amount of granulating liquid is linearly depention the batch size.

» The rate of addition of the granulating liquid werghanced in proportion to the larger batch
size.

Different processes occurring in each phase optiveer consumption curve are
a) Particles are wetted ,( b) Nucleation (c) Platedlu Torque/power consumption increases
again (e) Suspension
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Fig J: Division of power consumption curve

The correct amount of granulating liquid per amooiparticles to be granulated is a scale-up
invariable [19-22] & the first derivative of the wer consumption curve is a scale-up invariant.
It can be used as an in-process control & for a fiming of the correct amount of granulating
liquid.

Use of power consumption method in dosage form design

The interpretation of the power consumption meticad be very important for an optimal
selection of the type of granulating liquid. In erdo calculate similar amounts of granulating
liquid in different compositions, it is necessany introduce a dimensionless amount of
granulating liquicr. This amoun can be defined as degree of saturation of thepatgculate
void space between the solid materials

_S5-5
~ S -5,

™

Where,

S= Amount of granulating liquid (in liters)

S= Amount of granulating liquid (in liters) necesgamwhich corresponds to a moisture
equilibrium at approx. 100% relative humidity

S = Complete saturation of interparticulate void cp&defore a slurry is formed (amount in
liters)

Power consumption is used as an analytical toaleftne S values for different compositions.
Thus the granule formation and granule size distidim of a binary mixture of excipients are
analyzed as a function of the dimensionless amolugitanulating liquicr.[ 19-22]

Theor etical approaches to scale-up of a high-shear granulation

1. Rayleigh method (dimensional analysis) [23]: method for producing dimensionless numbers
that completely describe the proceBsmensionless numbers most commonly used to describ
wet granulation process are Newton, Froude and &tégn

Newton (power) numbeiNp = AP / ( n* &) , which relates the drag force acting on a uréga

of the impeller and the inertial stress, representseasure of power requirement to overcome
friction in fluid flow in a stirred reactor.
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Froude Numbef24](Fr = r? d / g) has been described for powder blendingveamisuggested as
a criterion for dynamic similarity and a scale-wgrameter in wet granulation.[25]

Reynolds numbersRe= o&® np / n) relate the inertial force to the viscous forcé][2They are
frequently used to describe mixing processes astbus flow [27]

2. Constant impeller tip speed — same shear rate, an alternative to constant powelative
swept volume (Tip speed m ND/t where, N= rpm of the impeller, D is the diaereof the
impeller, & t=is the time) [28]

3. Relative swept volume [29] — work input on the material which is assuntedprovide
densification

4. Mixer torque rheometry [29] — rheological properties of wet mass
Variables affecting granulation process:

Table 2: showing variables affecting wet granulation

Process variable Product variable Apparatus vaiabl

Impeller/chopper Amount of liquid binder Size & shape of mixing

rotation speed chamber

Load of the mixer Characteristic of liquid binder Size & shape of
a)Surface tension b)Viscosity | impellor
c)Adhesiveness

Liquid flow rate/liquid| Characteristic of feed material| Size & shape of

addition method a)Particle size & distribution | chopper
Wet massing time & b)Particle specific surface area
temperature c)Solubility in the liquid binder

d)Wettability
e)Packing properties

Endpoint Determination
The formulator can define endpoint as a targetiggarsize mean or distribution, or in terms of
granulate viscosity or density. [30]

* Benefitsof Mixer instrumentation:
1. Machine Troubleshooting
» detect worn-out gears and pulleys
» identify mixing and binder irregularities
2. Formulation Fingerprints
» batch record becomes a batch and mix ID
3. Batch Reproducibility
» use end point to achieve consistency
4. Process Optimization
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» raw material evaluation
» ideal end point determination
5. Use of experimental design to minimize the effort
6. Process Scale-Up
» move the end-point value along the scale-up path

Mixer M easurements

1. Traditional Methods

a) Power Consumptior{31-35]: Power consumption of the mixer motor fend-point
determination and scale-up is widely used becanserteasurement is economical, does not
require extensive mixer modifications and is welirelated with granule growth. Intragranular
porosity also shows some correlation with powerscomption. Normalized work of granulation
(power profile integrated over time) can accuradyermine endpoints and is correlated well
with properties of granulates.

b) Impeller Torqud36-40]: Direct torque measurement requires ifetiah of strain gauges on
the impeller shaft or on the coupling between tramand impeller shaft. Since the shaft is
rotating, a device called a slip ring is used émsmit the signal to the stationary data acquisitio
system.

c) Torque Rheometdd1-44]: A torque rheometer provides an off-lineasurement of torque
required to rotate the blades of the device andbeansed to assess rheological properties of the
granulation. It has been extensively used for emdtetermination. The torque values obtained
have been termed a “measure of wet mass consistency

d) Reaction TorqueAs the impeller shaft rotates, the motor triesrdtate in the opposite
direction, but does not because it is bolted ic@ld he tensions in the stationary motor base can
be measured by a reaction torque transducer.

e) Other Possibilities When agglomeration is progressing very rapidlgithrer power
consumption nor torque on the impeller may be s@esenough to adequately reflect material
changes. Some investigators feel that other measumts, such as torque or force on the
impeller blades, may be better suited to monitarthsavents. There are other ideas floating
around—for example, use of neural networks to descand predict the behavior of the wet
granulation [45] or control of the endpoint by @itchimage processing system [46]. A technique
for measuring tensile strength of granules, in @oldito power consumption measurement, to
facilitate optimal endpoint determination, has bdescribed by Betz, Birgin and Leuenberger.
Powder flow patterns in wet granulation can beistidsing positron emission particle tracking.
[47]

2. Emerging Technologies

a) Acoustic.Applicability of piezo-electric acoustic emissisensors to endpoint determination

has been studied since the beginning of this cgnilre technique is very promising, especially
since it is non-invasive, sensitive and relativelgxpensive. Granulation process signatures
obtained with an acoustic transducer can be usedotutor changes in particle size, flow and

compression properties [48-49]
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b) Near-Infrared (NIR)Use of a refractive NIR moisture sensor for endpdetermination of
wet granulation has been described by several emtfs0-51]. There are technological
challenges associated with this approach, as theosean only measure the amount of water at
the powder surface.

c) FBRM. Focused beam reflectance measurement (FBRM) iartclp-size determination
technique based on a laser beam focusing in theityiof a sapphire window of a probe [52-
53]. The beam follows a circular path at speedspofo 6 m/s. When it intersects with the edge
of a particle passing by the window surface, amcaptollector records a backscatter signal. The
time interval of the signal multiplied by the beameed represents a chord length between two
points on the edge of a particle. The chord lerdithtribution (CLD) can be recalculated to
represent either a number or volume-weighted parsize distribution. In many cases, CLD
measurements are adequate to monitor dynamic chamgeocess parameters related to particle
size and shape, concentration and rheology of Hugpensions.

Analysis of granulation process:

Kinetic analysis of granulation process is provigeth population balance modeling [54]
Proposed model is an extraction of general pomrabialance equation, PBE [54] with the
assumptions that the granulator is well mixed, lbatgstem and the only process active inside is
coalescence. The discretized population balaneesgivmathematical description for the change
in the number of particles in size interv@Ni) with time progress:

r -1 i-1 -
dadN. e a i — _
ﬂ,— =N, > 2 VBN )+ % BicriaNity — N; D V7B N - N DB N (1)
‘ =1 N j=1 i
Where,i andj are the size intervals of the colliding particlescellaneous empirical and
theoretical expressions for coalescence kefinglhave been brought and used in literature. In

this paper, the size independent kernel, SIK mfitd|

8= Gy =const.

was assumed.

(@)

Stepwise scale up deter mination of rapid mixer granulator (56-57)

1. Determine the formula for the manufacture of thee# granules.

2. Determine the granulation processing parametets &sic
* Bowl volume (L),
» Bowl diameter (m),
 Batch size (kg),
» Bowl volume/powder weight ratio,
* Impeller speed (rpm)
» Scale of manufacture (for eg. Scale of manufadawr&MG 10 is 1x while for

RMG 300 is 30x
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« Impeller tip velocity (m/sec) [formula, Varnd; where n is the revolution per

second & d is the diameter of the bowl] To att&ie same impellor tip velocity,

impellor speed was adjusted.

» The impellor tip speed of all scale up mixers waptlequal to that of the lowest
scale mixer (RMG 10) for which tip speed was optiai by trial & error

method.

» Chopper speed (rpm); it remains same for all thehes.
 Granulating fluid volume (L) [the theoretical volenof granulating fluid for any
scale was calculated by using volume used for losede multiplied by the

scale of manufacture.

» Granulation time (min) [the theoretical granulatione was determined by using

ratios of the impellor speeds multiplied by thedinsed for the lowest scale.
3. Determine the granule properties & tablet propsrsiech as

» Granule properties

Percent loss on drying

Granule size distribution (final blend)
Geometric mean diameter

Standard deviation

Bulk & tap density

Percent compressibility (carr’s index)
Tablet properties

Weight variation

Hardness

Friability

Disintegration

Dissolution

Blend uniformity

Tablet assay

Content uniformity

CONCLUSION

The engineering design of various scales of rapi®engranulator is geometrically similar. The

three important factors that should be considemestaling up a rapid mixer granulation process
are: a) the impeller speed should be adjusted ¢p kiee tip speed constant. b) The volume of
granulating fluid should be linearly scaled —updsh®n batch size. C) The granulation time
should be adjusted based on the ratio of the impsjpeed from one scale to next. Good in-
process controls & the use of engineering modets &¢aling factors are essential for successful

scale-up.

Scholar Research Library

36



P.Yadav et al Der Pharmacia Lettre, 2010, 2(5): 23-38

REFERENCE

[1] S.M. Iveson, J.D.Litster, K. Hapgood, B.J. EnRiewder Technol001a, 117(1), 3-39

[2] D.M. Newitt, J.M. Conway-Jonefjt. J. Pharm. Tech. Prod. Manui958, 36, 422.

[3] V.S.Chopra, M.Nagar, N.Jain, P.TriveBier Pharmacia Lettre2(2): 408-40332010.

[4] Galllard, C. Ph. D. Thesis, Université Joseph FeuyiGrenoble1990)

[5] Collette. http://lwww.collette.be (accessed Ma2ohb).

[6] J. Lister, B. Ennis, L. Lian, In.The science angjiraering of granulation processes; Eds.;
Kluwer academic publishers, Inc.: Lond@304.

[7] Le Lan, A., In. Int. symposium on mixin§978, D2-1 — D2-30.

[8] H. Stahl,Pharm. Technol. Eur2004, 11, 23-33.

[9] P. Holm,Drug Dev. Ind. Pharm1987, 13 (9-11), 1675-1701.

[10] H.G. Kristensen, T. Schaefé@rug Dev. Ind. Pharm1987, 13 (4-5), 803-873.

[11]T. Scheefer, H.H. Bak, A. Jaegerskou, A. KristenséR. Svensson, P. Holm, H.G.
KristensenPharm. Ind 1986, 48 (9), 1083-1089.

[12] T. Scheefer, H.H. Bak, A. Jaegerskou, A. KristensdrR. Svensson, P. Holm,
H.GKristensenPharm. Ind 1987, 49 (3), 297-304.

[13] H. Leuenberger, Granulation, new technicllearm Acta Hel\i982, 57(3), 72-80

[14] S. Lubiniecki, J. H. LupkeBiologicals 1994, 22,161-169.

[15] R. Werner, F. Walz, W. Noe, A. Konrad,Biotechnal, 1992, 22, 51.

[16] R. Van Reis, L. C. Leonard, C. C. Hsu, S. E. Buildotechnol Bioeng 1991, 38,413—
422.

[17] M. S. Peters, K. D. Timmerhaus, Plant design amas@uics for chemical engineers.4th ed.
New York: McGraw-Hill,1991.

[18] J. B. Griffiths,J Biotechnal 1992, 22, 21-30.

[19]J. E. Bailey, D. F. Ollis. Biochemical Engineerifgindamentals. 2nd ed. New York:
McGraw-Hill, 1986.

[20] S. Lubiniecki, Cytotechnology, 1998, 28, 139-145.

[21] M. Moo-Young. Comprehensive Biotechnology: The Bipfes, Applications and

[22] Regulations of Biotechnology in Industry, Agricuku& Medicine,1st ed. Vols.1- 4. New
York: Pergamon Pres$985.

[23] R. Kimura, W. M. Miller,Biotechnol Bioengl996, 52, 152-160.

[24] Rayleigh Lord Nature95(2368, March 18)915, 66-68.

[25] C.W. Merrifield,Trans Inst Naval ArcliLondon)1870, 11, 80-93.

[26] G.J.B. Horsthuis, J.A.H. van Laarhoven, R.C.B.M \Rooij, H. Vromans|nt J Pharm
1993, 92, 143.

[27] O. Reynolds, Philos Trans R Soc Londd883,174, 935-982.

[28] M. Zlokarnik Dimensional analysis and scale-up lremical engineering. Springer Verlag,
1991

[29] G.S. Rekhi, R.B. Caricofe, D.M. Parikh, L.L. Augsger,Pharm technoll996, 20, 58-67.
[30] G.J.B. Horsthuisint. J. Pharm, 1993, 92 (1-3), 143-150.

[31] H. Emori,Drug Dev Ind Pharm 1997, 23(2):203-215.

[32] H. Leuenberger, Manuf Chem Aerosol News ME383, 67-71.

[33] H. LeuenbergerActa Pharm Technql1983, 29(4), 274-280.

[34] H. Leuenberger, H.P. Bier, H.B. SuckBharm Tech 1979, 6, 61-68.

[35] M.Ritala,Drug Dev. Ind. Pharm 1988, 14, 1041.

37
Scholar Research Library



P.Yadav et al Der Pharmacia Lettre, 2010, 2(5): 23-38

[36] K. Terashita, M. KatoChem Pharm Bull1990, 38(7), 1977-1982.

[37] T.D. CabelkaAAPS Meeting Postet992

[38] V. Corvari,Pharm Res.1992, 9(12), 1525-1533.

[39] V. Corvari, W.C. Fry, W.L. SeiberBAPS Meetingl992

[40] S.R. Ghanta, R. Srinivas, C.T. Rhodes,g Dev. Ind. Pharm 1984, 10(2), 305-311.

[41] D.N. Travers, A.G. Rogerson, T.M. Jones, A torqua anixer for studying wet massing.
N/A N/A, 1975

[42] P. SellappamMAPS MeetingNovember1997

[43] R.C. Rowe, M.D ParkeRharm Tech 1994, 74-82.

[44] M.D. Parker, R.C. Rowe , N.G. Upjohrharm Tech Int.1990, 2, 50-64.

[45]B.A. Lang, Use of the mixer torque rheometer t@leate effect of drug substance
morphology on the wet granulation proceS8PS MeetindNovember,1997

[46] S. Watano, Y. Sato, K. MiyananiRowder Technell997, 90(2), 153-159.

[47] S. WatanoPowder TechneR001, 117(1-2), 163-172.

[48] B.F.C LaurentChem Eng Sci2005, 60(14), 3805-3816.

[49] R. BelchamberSpec Eur2003, 15(6), 26-27.

[50] D. Rudd,J Proc Anal Tech2004, 1(2), 8-11.

[51] A. Miwa, T. Toshio S. Yajimalnt J Pharm 195(1-2):81-922000

[52] M. Otsuka, Y. Mouri, Y. Matsuda#lAPS Pharm Sci TecB003, 4(3) Article 47.

[53] S. Ganguly, J.Z. Gao, AAPS General Meeting, Coatatl Paper2005

[54] S.E. Dilworth, L.A. Mackin, S. Weir, M. ClaybournP.W. Stott, 142nd British
Pharmaceutical Conferen@05.

[55] V.S.Chopra, M.Nagar, N.Jain, P.TriveBier Pharmacia Lettre2(2): 403-4082010.

38
Scholar Research Library



