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Abstract: In this study, a particle size analyser (SpatialteFiVelocimetry, SFV) was
implemented into a laboratory scale top-spray floédl granulator to continuously monitor the
granule size distribution (GSD) during granulatioh 2-level full factorial design (19 granulation
experiments) was performed to study the influentesaveral processginlet air temperature
during spraying and dryingand formulation variableHPMC and Tween 20 concentration)
upon the end product GSD, measured in-line with SFJrthermore, the in-line measured GSD
of the end products was compared to off-line lakHraction reference measurements. Finally,
the continuously in-line collected granule sizeadakre related to the off-line-determined end
granule tapped density using univariate, multivariBLS and multiwvay N-PLS models, hence
allowing prediction of this end product qualityrddtite based on the collected in-line GSDs.

The results of this study demonstrate the benéfues®e of a particle size analyser during
granulation. The tool was sensitive to any patgke changes during granulation and aided to
better understand the impact of the studied proaadsformulation variables upon granulation.
The establishment of a model able to estimatedhtmme an end product quality attribute (tapped
density) from the acquired process data may impbateh release time.

Keywords. spatial filter velocimetry (SFV); fluid bed grantian; particle size
(distribution); in-line measurements; process usi@deding.




1. Introduction

Fluid bed granulation has extensively been usedséweral decades within the pharmaceutical
industry to improve powder properties (i.e., flowisyy compressibility, etc.) for downstream
processing. During this 2-phased process (spragiydrying), primary particles aggregate by the
addition of a binder liquid which results into tfiermation of granules [1]. The granule size
distribution (GSD) is of major importance to thendi quality of the granulated product as an
inappropriate GSD influences density, flowabilitpdadustiness of the end product. Hence, the
understanding and control of granule growth dunmngnufacturing are of major importance to the
delivery of a high quality end product.

Sieve analysis, image analysis and laser diffractme frequently used off-line particle size
determination techniques. These methods are ydirak-consuming and labour intensive due to the
required sample preparation. During recent yahesjnterest in the area of real-time process aigly
has increased, driven by FDA'’s Process Analytiadhhology (PAT) initiative. Several studies have
reported on the use of at-line, on-line and in-lpaaticle size analysers. The application of image
analysis [2-8], near-infrared spectroscopy [9-1&dpustic emission spectroscopy [15-19], focused
beam reflectance spectroscopy [15, 20, 21] andiasphiter velocimetry [22-24] for real-time
granulation monitoring has been investigated.

In this study, spatial filter velocimetry (SFV) wapplied in-line during top-spray fluid bed
granulation to continuously obtain GSD informatiorDuring SFV measurements, particles pass
through a laser beam and the corresponding shadoerated onto the detector is used to determine
the chord length distribution of the measured plsi The measurement zone at the probe tip is
equipped with sapphire windows that are kept chganan internal compressed air supply system,
preventing fouling of the windows. A 2-level futhctorial design was performed to examine the
influence of different process and formulation &htes upon the end product GSD, measured in-line
with SFV and compared to off-line LD results. Te¢mntinuously in-line obtained granule size data
were analysed in detail to improve our understapaifhthe influence of the examined process and
formulation variables on the granule growth mectani Furthermore, the in-line quantified GSD was
related to the off-line-measured tapped densitpgusinivariate, multivariate and multiway models,
allowing early estimation of this end product pnapeluring granulation.

2. Experimental Section
2.1. Materials

The dry powder mass consisted of dextrose monote/#@0 g, Roquette Fréres, Lestrem, France)
and unmodified maize star¢argill Benelux, Sas van Gent, The NetherlandBhis was granulated
with an aqueous binder solution of HPM@pe 2910 15 mPa s, Dow Chemical Company,
Plaguemine-LA, USAand Tween 2@Croda Chemicals Europe, Wiltan)The amount of HPMC and
Tween 20 was varied according to the DoE (tableTlje HPMC binder was always sprayed as a 4%
solution, and by variation of the amount of maitagch, the total amount of solids was kept consaant
1 kg.



Table 1. Lower and upper levels of the examined DoE vaesbl

Variable Lhit Lowerlevel Lpperlevel
HFMC Yoo 1 3
Tween 20 Yow'w 02 03
Inlet air T during spraying “C 40 30
Inlet air T during drying “C 30 T0

2.2. Fluid bed granulation set-up

Granulations were performed in a laboratory-schlal fbed granulator (GPCG 1, Glatt, Binzen,
Germany). A nozzle with a diameter of 1.2 mm waestdlled at a height of 26 cm from the distributor
plate, and an atomization pressure of 1 bar wag. usée liquid addition rate was set at 16 g/mid an
shaking of the filter bags was necessary every #& & period of 7 s to prevent the entrapment of
small particles in the bags. The inlet air temperduring spraying and drying was varied accaydin
to the DoE (table 1). Granules were dried untilcanlet air temperature of 37°C and a product
temperature of 45°C was obtained (granulation emtpo

An SFV probe(Parsum IPP 70; Gesellschaft fur Partikel-, Stromgsnund Umweltmesstechnik,
Chemnitz, Gemanyyas installed in the fluid bed granulator at agheiof 20 cm from the distributor
plate and at approximately 5 cm from the sidewkthe granulator. Granules passed through a 4 mm
diameter aperture and an internal and externat@inection prevented fouling of the measurement
zone and ensured the dispersion of the powder.n®&isg data were collected every second during the
entire granulation processes, but an average graime distribution was saved every 10 s.

2.3. Design of Experiments (DoE)

A 2-level full factorial design was applied to syutie effects of 4 variable$giPMC concentration,
Tween 20 concentration, inlet air temperature dgrispraying and inlet air temperature during
drying, table 1) upon the end product GSD. Three desggec point repetitions were performed (19
experiments in total).

2.4. Off-line characterization of granules

For all granulations, the end product particle slribution was determined with laser diffraction
(LD) (Mastersizer S long bench, Malvern InstrumeMalvern, UK). A 20 g sample was poured into
the dry powder dispersing unit where a jet press@i@.2 bar and a measurement time of 20 s were
selected. The low dispersing pressure was negessarevent breaking up of the granules. Average
D10,D50 andD90 values were determined based on 3 measurenfezdstobatch.

A 30 g sample was poured into a 100 mL graduatéddsr. The tapped volume (1250 taps, J.
Englesmann AG, Ludwigshafen am Rhein, Germany)canegsponding weight were used to calculate
the end product tapped density. All density measants were performed in triplicate and the average
tapped density was used.



3. Resultsand Discussion
3.1. Comparison of in-line SFV and off-line LD pelg size measurements

The GSD of the end product measured in-line witfV Svas in first instance compared to the off-
line determined LD granule sizes for all DoE batchdlthough SFV and LD are based on a different
measurement principle (LD assumes spherical pastisthereas SFV does not), similar GSDs are
expected. Figure 1 displays the averddeO values measured with SF{average of the last
granulation minute, i.e., 6 data pointapd LD for the end granules of all 19 DoE batches
identical trend inD50 values was obtained by the 2 particle sizingpriepies. HowevemD50 sizes
measured with LD were always lower than those abthiby SFV (same observations were made
based o010 andD90 values; data not shown). In first instance bekeve that this GSD difference
was caused by the LD measurement technique. Tlantiled particles experienced rapid
accelerations as the air stream passed throughmtarive Due to the high shear applied during this
process and the subsequent collisions with the efathe apparatus, granules may break or crumble.
Pressurized air was also used for dispersion ofgtheules during the SFV measurements, but the
particles passed directly through the measuremam.z No collisions occurred as no high shear was
applied. This hypothesis was confirmed by the GB&surement of low friable spherical granules
(i.e., Cellets® 100, 200 and 350, Pharmatrans S&magmaceuticals, Basel, Switzerland) using SFV
and LD under identical software and experimentdtirsgs as for the DoE granules. The LD
measurements did not systematically underestimage GSD due to attrition, in contrast to
observations obtained for the breakable DoE granuken additional explanation for the discrepancy
between SFV and LD values might be found in theumggion of a spherical shape during LD
measurements.

Figure 1. AverageD50 results obtained with SFV and LD for all DoEdbes.
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The incidence of size segregation during fluidimatshould also be addressed as this influences in-
line SFV measurements [23]. Due to inappropriatelization, a high amount of larger granules can
be present in the lower part of the chamber, ahigjlma amount of smaller granules in the upper pfrt o
the chamber. The SFV probe was placed in the ypgréof the chamber, which cannot be reached by
the largest particles when using low inlet air flomtes and would result into an underestimation of
granule size. Figures 2a and 2b display the diffee between SFV and LD50 results for the 19
DoE batches, arranged according to increasing Stegeanule size (figure 2a) and LD end granule



size (figure 2b) in the x-axes, respectively. Agse differences did not increase in function of
increasing end granule size, no size segregatioura.

Figure 2. Differences between avera@®0 values measured with SFV and LD arranged
according to increasing SFV patrticle s(agand increasing LD patrticle siZie).
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These primary results suggest that although aregdie difference between LD and SFV data was
observed, the SFV technique is able to successtabgribe the actual particle size distributionirtyir
granulation.

3.2. Improved process understanding through cootisugathered GSD information

The averag®50 values, obtained from the in-line SFV measurdémdaring the last granulation
minute, were used as DoOE responses. The expeahrestilts revealed the following significant DoE
variables: HPMC concentratidpositive effect upon particle sizélet air temperature during drying
(positive effect upon particle sizend the interaction between these facigmssitive effect upon
particle size) As GSD information was obtained every 10 s widine SFV measurements, a closer
look is taken to the individual GS profiles of seleDoE batches, to better understand the
(in)significance of the studied DoE factors.



3.2.1. Influence of the HPMC concentration

The distinctive particle size trajectory during iflubed granulation consisting of 3 different
granulation phases can clearly be distinguishefigire 3. Between the first captured GS data and
time point 1 the PS remains constant, which comedp to the mixing phase. Between time points 2
and 3 the GS increases due to the agglomeratigrowéler particles. After time point 3 the drying
period is depicted. The graph reveals that thétipeseffect of the HPMC concentration on the GS
was caused by two effects:

» Larger HPMC amounts resulted in larger sizedigad throughout the spraying period. At time
point 2 in figure 3, batch 13 (1% HPMC) had an ager GS of 200 um, while batch 14 (3%
HPMC) displayed a GS of 415 um.

* Larger HPMC amounts created less friable granwdsch led to less fines during the drying
period. Between time point 2 and 3 in figure 3chal3 (1% HPMC) showed approximately a
60 um average GS decrease, while the GS of bat¢8244HPMC) decreased only 25 um.

Figure 3. Average GS profile of batches 13/1%%/3% HPMGC 0,2% Tween 20, 50°C
spraying T, 70°C drying T). (1) beginning of theaying phase, (2) end of the spraying
phase and (3) end of the drying period.
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3.2.2. Influence of the inlet air temperature durninthe drying period

DoE analysis showed that the drying inlet air terapee was of less importance (p > 0.01) to the
GSD compared to the HPMC concentration (p < 0.004n). explanation can be found in figures 4a
and 4b. Figure 4a displays the in-line meas®d profiles of batches 6 (50°C drying temperature)
and 14 (70°C drying temperature). The other ggdtimere the same for both batches. These batches
showed a similar GS trajectory throughout the spaphase. During the subsequent drying period,
batch 6 yielded smaller end sized granules dueigbeh levels of attrition during a longer drying
period. Figure 4b displays the GS data of 2 otlaches with different drying conditions (batch 1
dried at 50°C and batch 9 at 70°C). Both batches identical initial process conditions, but a
different granule growth profile occurred duringetBpraying period. Although, the difference in
drying temperature between the 2 batches causkediadifference in particle size evolution durihg t
drying period (larger decrease in particle sizéhatiower temperature level of batch 1) the endigiea
sizes, used to perform a DoE analysis, were simitéence, for these batches a similar responses valu



was used in the analysis of the DoE, despite tbetFat the batches showed a different granulation
progress. This might explain why the drying tenapre was of limited significance according to the
DoE. Only through the continuously in-line obtalriaformation from the SFV probe we were able to
gather this in-depth understanding.

Figure 4. Average GS profile of batches with a different dgyitemperature(a) batches
6/14 (3% HPMC, 0.2% Tween 20, 50°C sprayindg@3C/70°C drying 7, (b) batches 1/ 9
(1% HPMC, 0.2% Tween 20, 40°C sprayingp0;C/70°C drying )
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3.2.3. Influence of the inlet air temperature durinthe spraying period

Figure 5 exemplifies the in-line obtaindd50 data during the spraying period of 2 batches
manufactured at different spraying temperaturesirotighout the agglomeration phase of batch 5
(spraying temperature of 50°C), a higher fluctuation the GS compared to batch 1 (spraying
temperature of 40°C) was observed. This was calgélde continuous entrapment of small particles
in and subsequent discharge from the filter bafgsthe upper temperature level, small particlesener
present for a longer period of time than in batcaslthe agglomeration was slower due to a faster
evaporation of binder liquid. However, at the efdhe spraying period, a similar particle size was
observed at both temperature levels. Hence althdbg detailed profile of granule growth via indi
GS monitoring showed a difference in agglomerakioetics, the different spraying temperature did
not create a difference in GS at the end of thayspg period.



Figure 5. Average GS profile during the spraying period achas 1/5 (1% HPMC, 0.2%

Tween 2040°C/50°C spraying T50°C drying T)
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3.3. Estimation of granule tapped density fromim@ISFV measurements

The tapped density of the end product is, nextramgle size distribution, also important to further
processing. Univariate, multivariate and multinegyproaches were considered to relate the in-line
determined GSD to the tapped density of the 19 DatEhes (tapped density as dependent variable: 19
x 1 Y-vector). A univariate linear model was buiking theD50 SFV values of the end granules of
the 19 DoE batches as independent variables (1X»éctor). A multivariate partial least squares
(PLS) model was built using th201, D10, D25, D50, D63,D75,D90 andD99 SFV values of the end
granules of the 19 DoE experiments as independambles (19 x 8 X-matrix). A multiway N-way
partial least squares (N-PLS) model was built usivejp01, D10, D25, D50, D63,D75,D90 andD99
SFV values of the 19 DoE experiments in functioncoimplete batch process time as independent
variables (3-way X-matrix).

In table 2, the explained variances’(&nd root mean square errors of estimation (RMSEEhe
different models are compared. The multivariat& Rapped density model had the highesv&ue in
combination with the lowest RMSEE value. The sraaibr of the model suggests the ability of the in-
line SFV data to predict the off-line measured &ppgensity. Nevertheless, the model performance
should be tested on an independent test set aRM®EE value relates to the error within the
calibration set and may overestimate the actualainoerformance.



Table 2. RMSEE and Rvalues of univariate, multivariate and multiwagpad density models with
the mean and standard deviation of acutually medsoroperties.

Lnivariaie Multivariaie (PLS) Multiway (N-PLS}
AMSEE RI%) RMSEE RIm) RMSEE BRI Mean Si.Dev.
Tapped density 0.0339 69 0.0279 82 0.0360 70 053 0.039
Hausner ratio 0.0307 46 00281 47 0.0268 32 121 0037

4. Conclusions

The results of this study showed the feasibilitySéV for the real-time GSD monitoring during
fluid bed granulation. The GS was not underesechatue to size segregation and probe fouling did
not occur during the performed granulations. Daedhie continuously obtained GS information, a
better understanding of the (in)significance of thieidied DoE factors upon granulation was
established. This was not possible based on thénefLD data of the end product. Finally, a
multivariate PLS model was built to estimate enddpict tapped density based on continuously
obtained GSD during granulation which may improa&ch release time.
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