
Introduction 

The production of coated pellets is increasingly important in the pharmaceutical industry because these multiparticulate systems  

offer advantages such as improved drug release and flexible dosing [1]. A central challenge in this process is avoiding agglomeration, 

which can significantly impair the homogeneity and quality of the coatings. For enteric film coatings, achieving a uniform layer 

thickness without clumping is critical to ensuring the desired release profiles and gastric resistance. Various factors influence 

agglomeration tendencies, including process parameters, the physical properties of the carrier pellets, and the composition of the 

coating formulations. Agglomeration in a fluidised bed occurs when wetted particles collide and liquid bridges between particles can 

form [2]. The surface area of the pellets is a primary factor while smaller particles have a larger surface area per unit of mass, which 

should increase the likelihood of particle-to-particle contact and therefore sticking. This study systematically investigates how pellet 

size, material composition and the choice of coating dispersion affect agglomeration and the achievement of gastric resistance.

Materials

The study utilized two types of starter pellets in three different size ranges: microcrystalline cellulose (MCC) pellets (CELLETS®,  

ADD Advanced Drug Delivery Technologies Ltd; CH) (abbr. C200, C350, C500) and calcium phosphate (DCPA) and  

MCC pellets (PharSQ® Spheres CM, Budenheim, DE) (abbr. P_XS, P_S, P_M). 

All pellets were layered with a water-soluble colourant (allura red colourant, AR) dissolved in a solution of polyvinyl  

alcohol/polyethylene glycol graft copolymer (Kollicoat IR, BASF, DE). Subsequently the colour-layered pellets were insulated  

(ISO) with a coating of the same polymer.

Two enteric coating formulations were compared: a) an optimized pellet-coating formulation with an enteric methacrylate polymer,  

a higher concentration of anti-tacking agents such as talc and silicon dioxide with triethylcitrate as plasticizer (AquaPolish® E, 

BIOGRUND GmbH, DE (APE)) b) a literature-based formulation of the same polymer containing also polyvinylpyrrolidone (< 3%),  

a lower content of anti-tacking agents, plasticized with propylene glycol.

Methods

Pellet Analysis

Pellet characteristics such as size and shape were measured by 3D microscopy (VHX-X1, Keyence, DE). Additionally manual sieving 

was employed to measure the degree of pellet agglomeration using sieves of 355 µm, 600 µm and 800 µm. Bulk density was measured 

using a Scott-volumeter. To estimate the agglomeration from the microscopic images were analysed and filtered regarding the 

sphericity and the projected area of the object (single pellet or agglomerate). Two ways to calculate the agglomerate volume from the 

projected surface area were explored. One considered the agglomerates to be spherical and the subsequent calculation are based on 

the circle equivalent surface (ce) while the other method assumed that the agglomerates are more plate like in shape and the volume 

was calculated from the corresponding number of average circles (ac) that fitted into the projected area. Both ways are illustrated in 

Figure 1 and Equations 1–3 show the calculations. 

Figure 1: Illustration of calculated volume of agglomerated pellets

Colourant Layer Coating

A Ventilus® multipurpose lab unit (Romaco Innojet, DE) was used for the first layering of the pellets at a constant batch size of 3,0 kg. 

Choosing a low spray rate of 2,3 g/min and a low solid content of the dispersion (8%) allowed to keep all process parameters. The 

parameters are shown in Table 1. 

Enteric Layer Coating

Enteric Coatings were applied on a SolidLab 1 fluid bed 

machine (Syntegon, DE). The batch size and the spray 

rates were adjusted to account for increasing surfaces 

with reduced pellet diameters. Table 2 shows the 

decreasing surface areas of the batches with increasing 

pellet size. Slight adjustments were required regarding 

the inlet air temperature. The process parameters are 

provided in Table 1. All experiments were carried out 

within a DoE framework set up in Modde Pro 13.

Table 1: Process parameters for coatings  

Content, Gastric Resistance (GR)

The content of AR and the release thereof were measured photometrically on a Agilent 8453 UV VIS Photometer (Agilent Technologies 

Deutschland GmbH, DE) at 506 nm. Release of the colourant from the pellets was tested with 0,1 mol / l HCl in 25 ml vials placed on a 

shaker at room temperature after evaluating that the temperature had no significant impact on the release of the substance. 

Results

Pellet Properties

The results for the characterisation of uncoated pellets is provided in Table 2. Cellets seem to have more even particle size distribution 

than the pellets made of MCC and calcium phosphate. All pellets showed a high degree of roundness and aspect ratio. The values for 

the pellet surface were used to calculate the spray rate per surface area. Variations in diameter differed, with pellets made with MCC/

calcium phosphate showing a wider particle size distribution. 

Table 2: Results of the pellet characterisation 

AR+ ISO Coating

The combined AR and ISO layers had a thickness around 10 µm as shown in Figure 2 A. Table 3 shows a comparison of pellet 

agglomeration during the AR+ISO layering process, estimated by sieving and by microscopic imaging as well as the results of the two 

calculation methods. Sieving yields lower agglomeration values in all cases, most likely due to insufficient separation of agglomerates.

Figure 2: Microscopic images of A) a P_S pellet with AR+ISO layers; B) a P_S pellet with a gastric resistant AquaPolish® E coating; 

C) a P_S pellet with a gastric resistant REF coating; D) agglomerated and unagglomerated P_S pellets 

It can be observed that pellets made solely from MCC show significantly higher agglomeration tendencies than pellets made from 

DCPA / MCC. It can be assumed that this is due to higher pellet densities and thus improved separation of wetted particles after 

collision. Improved binding of liquids onto / into the structure of these pellets might also contribute to the observed effect. The 

calculation method based on average circles (ac) always yields lower agglomerate concentrations. Considering that the number  

of pellets in agglomerates is rather low, as shown in Table 4, that estimation seems more reasonable. The results in Table 4 also 

underline the higher agglomeration tendency of Cellets in comparison to PSQ pellets. 

Enteric Coatings

The required film thickness to achieve gastric resistance (GR), shown in Figure 3, depends mostly on the used coating dispersion and 

to a lesser extent on the size of pellets used. Coatings with the APE coating only need to be applied to reach a coating thickness 

around 20 µm while nearly double that is needed when using the REF coating. Figures 2 B) and C) illustrate the differences. Logically 

the weight gains (WG) to achieve GR are elevated with this coating as shown in Figure 4. Slight differences can be observed regarding 

the required WG between Cellets and PSQ pellets. 

Figure 5 shows the levels of agglomeration at GR protection. Smaller particles tend to agglomerate much more severely than larger 

pellets while coatings with APE yield lower agglomeration values than the REF coatings. It can be observed that the hypothesis that 

pellets with a higher density should have higher inertia and therefore should separate more readily in case of wetted particle contact  

seems to be supported by the measured and modelled data. However, at prolonged coating processes all pellets of small size tend to 

agglomerate severely as shown in Figure 6.  The graph in Figure 7 shows the proof that drug liberation from agglomerated pellets can 

be compromised. In both examples the agglomerates and the unsieved products  show an increased and undesired release of 

colourant in comparison to neatly coated single unit pellets. 

Conclusion

Gastric acid resistance is primarily determined by the coating formulation, whilst pellet size plays only a minor role. However, both 

pellet size and the composition of the coating dispersion are key factors that influence pellet agglomeration during the coating 

process. As shown in Figure 8, these variables have a significant impact on key process outcomes. In particular, larger pellets, when 

combined with an optimised coating formulation, can significantly reduce the risk of agglomeration. Although process parameters  

can be adjusted to further minimise agglomeration, such adjustments often result in longer processing times and increased costs.
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Content, Gastric Resistance (GR) 
The content of AR and the release thereof were measured photometrically on a Agilent 8453 UV VIS 
Photometer (Agilent Technologies Deutschland GmbH, DE) at 506 nm. Release of the colourant from 
the pellets was tested with 0,1 mol/ l HCl in 25 ml vials placed on a shaker at room temperature after 
evaluating that the temperature had no significant impact on the release of the substance. 

Results 
Pellet Properties 
The results for the characterisation of uncoated pellets is provided in Table 2. Cellets seem to have 
more even particle size distribution than the pellets made of MCC and calcium phosphate. All Pellets 
showed a high degree of roundness and aspect ratio. The values for the pellet surface were used to 
calculate the spray rate per surface area. Variations in diameter differed, with pellets made with MCC/
calcium phosphate showing a wider particle size distribution. 

Introduction 
The production of coated pellets is increasingly important in the pharmaceutical industry because 
these multiparticulate systems offer advantages such as improved drug release and flexible dosing 
[1]. A central challenge in this process is avoiding agglomeration, which can significantly impair the 
homogeneity and quality of the coatings. For enteric film coatings, achieving a uniform layer 
thickness without clumping is critical to ensuring the desired release profiles and gastric resistance. 
Various factors influence agglomeration tendencies, including process parameters, the physical 
properties of the carrier pellets, and the composition of the coating formulations. Agglomeration in a 
fluidised bed occurs when wetted particles collide and liquid bridges between particles can form [2]. 
The surface area of the pellets is a primary factor while smaller particles have a larger surface area 
per unit of mass, which should increase the likelihood of particle-to-particle contact and therefore 
sticking. This study systematically investigates how pellet size, material composition and the choice 
of coating dispersion affect agglomeration and the achievement of gastric resistance. 
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Methods 
Pellet Analysis  
Pellet characteristics such as size and shape were measured by 3D microscopy (VHX-X1, Keyence, 
DE). Additionally manual sieving was employed to measure the degree of pellet agglomeration using 
sieves of 355 µm, 600 µm and 800 µm. Bulk density was measured using a Scott-volumeter. To 
estimate the agglomeration from the microscopic images were analysed and filtered regarding the 
sphericity and the projected area of the object (single pellet or agglomerate). Two ways to calculate 
the agglomerate volume from the projected surface area were explored. One considered the 
agglomerates to be spherical and the subsequent calculation are based on the circle equivalent 
surface (ce) while the other method assumed that the agglomerates are more plate like in shape and 
the volume was calculated from the corresponding number of average circles (ac) that fitted into the 
projected area. Both ways are illustrated in Figure 1 and Equations 1-3 show the calculations. 

Materials 
The study utilized two types of starter pellets in three different size ranges: microcrystalline cellulose 
(MCC) pellets (CELLETS®, ADD Advanced Drug Delivery Technologies Ltd; CH) (abbr. C200, C350, 
C500) and calcium phosphate (DCPA) and MCC pellets (PharSQ® Spheres CM, Budenheim, DE) 
(abbr. P_XS, P_S, P_M)  
All pellets were layered with a water-soluble colourant (allura red colourant, AR) dissolved in a 
solution of polyvinyl alcohol/polyethylene glycol graft copolymer (Kollicoat IR, BASF, DE). 
Subsequentially the colour-layered pellets were insulated (ISO) with a coating of the same polymer. 
Two enteric coating formulations were compared: a) an optimized pellet-coating formulation with an 
enteric methacrylate polymer, a higher concentration of anti-tacking agents such as talc and silicon 
dioxide with triethylcitrate as plasticizer (AquaPolish® E, BIOGRUND GmbH, DE (APE)) b) a 
literature-based formulation of the same polymer containing also polyvinylpyrrolidone (< 3%), a lower 
content of anti-tacking agents, plasticized with propylene glycol.

Conclusions  
Gastric acid resistance is primarily determined by the coating formulation, whilst pellet size plays only 
a minor role. However, both pellet size and the composition of the coating dispersion are key factors 
that influence pellet agglomeration during the coating process. As shown in Figure 8, these variables 
have a significant impact on key process outcomes. In particular, larger pellets, when combined with 
an optimised coating formulation, can significantly reduce the risk of agglomeration. Although process 
parameters can be adjusted to further minimise agglomeration, such adjustments often result in longer 
processing times and increased costs.
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Table 1: Process parameters for coatings 

Figure 5 shows the levels of agglomeration at GR protection. Smaller Particles tend to agglomerate 
much more severely than larger pellets while coatings with APE yield lower agglomeration values than 
the REF coatings. It can be observed that the hypothesis that pellets with a higher density should 
have higher inertia and therefore should  separately more readily in case of wetted particle contact  
seems to be supported by the measured and modelled data. However, at prolonged coating 
processes all pellets of small size tend to agglomerate severely as shown in Figure 6.  The graph in 
Figure 7 shows the proof that drug liberation from agglomerated pellets can be compromised. In both 
examples the agglomerates and the un-sieved products  show an increased and undesired release of 
colourant in comparison to neatly coated single unit pellets. 

Figure 1: Illustration of ´calculated volume of 
agglomerated pellets
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Figure 2: Microscopic images of A) a P_S pellet with AR+ISO layers; B) a P_S pellet with a gastric resistant 
AquaPolish® E coating; C) a P_S pellet with a gastric resistant REF coating; D) agglomerated and un-

agglomerated P_S pellets 

A) B) C) D)

Colourant Layer Coating 
A Ventilus® multipurpose lab unit (Romaco Innojet, DE) was used for the first layering of the pellets 
at a constant batch size of 3,0 kg. Choosing a low spray rate of 2,3 g/min and a low solid content of 
the dispersion (8%) allowed to keep all process parameters. The parameters are shown in Table 1.  

Table 2: Results of the pellet characterisation 

Min Average Max Min Average Max Min Average Max

C_200 2 3 11 2 3 7 2*1 4*1 26*1

C_350 2 3 10 2 2 4 2 3 8

C_500 2 3 4 2 2 4 2 2 2

P_XS 2 3 8 2 2 4 2*1 4*1 21*1

P_S 2 2 5 2 2 4 2 3 6

P_M 2 2 4 2 2 3 2 2 2

Pellet Type
AR + ISO Gastric Resistance (APE Coating) Gastric Resistance (REF Coating)      

(*1 @ 60% weight gain - GR not reached)Agglomeration 
Sieving

SD Aggl. Siev.
Agglomeration 
Microscopy (ce)

SD 
Agglomeration 
Microscopy (ce)

Agglomeration 
Microscopy (ac)

Agglomeration 
Microscopy (ac)

[%] [%] [%] [%] [%] [%]

C_200 12,70 2,16 40,8 5,5 30,3 4,1

C_350 2,20 0,21 28,0 2,0 20,5 3,4

C_500 2,70 0,84 25,8 6,5 19,1 5,1

P_XS 4,90 0,46 22,8 5,1 16,2 3,7

P_S 2,10 0,24 11,7 3,3 8,9 2,3

P_M 1,70 0,33 5,7 2,2 4,1 1,6

Pellet Type

Enteric Layer Coating 
Enteric Coatings were applied on a SolidLab 1 
fluid bed machine (Syntegon, DE). The batch 
size and the spray rates were adjusted to 
account for increasing surfaces with reduced 
pellet diameters. Table 2 shows the 
decreasing surface areas of the batches with 
increasing pellet size. Slight adjustments were 
required regarding the inlet air temperature. 
The process parameters are provided in Table 
1. All experiments were carried out within a 
DoE framework set up in Modde Pro 13

Ci
rc

le
 

eq
ui

va
le

nc
e 

di
am

et
er

SD
 C

ir
cl

e 
eq

ui
va

le
nc

e 
di

am
et

er

Sp
he

ri
ci

ty

SD
 S

ph
er

ic
it

y

A
sp

ec
t 

Ra
ti

o 

(B
m

ax
/L

m
ax

)

SD
 A

sp
ec

t 
Ra

ti
o 

(B
m

ax
/L

m
ax

)

En
ve

lo
pe

 
D

en
si

ty

SD
 E

nv
el

op
e 

D
en

si
ty

Bu
lk

 D
en

si
ty

SD
 B

ul
k 

D
en

si
ty

Pe
lle

t 
Vo

lu
m

e 

Pe
lle

t 
M

as
s 

Pe
lle

t 
M

as
s

Pe
lle

t 
Su

fr
ac

e

[µm] [µm] [] [] [] [] [g/cm3] [g/cm3] [g/cm3] [g/cm3] [cm3] [g] [mg] [cm2]

C200 273 30 0,91 0,036 0,84 0,088 1,21 0,01 0,79 0,006 1,067E-05 1,288E-05 0,013 0,002

C350 467 41 0,90 0,033 0,89 0,060 1,34 0,00 0,87 0,015 5,334E-05 7,141E-05 0,071 0,007

C500 669 43 0,89 0,020 0,90 0,044 1,32 0,00 0,86 0,000 0,000157 0,0002079 0,208 0,014

P_XS 264 40 0,91 0,043 0,83 0,086 1,50 0,02 1,00 0,001 9,636E-06 1,45E-05 0,014 0,002

P_S 418 73 0,89 0,036 0,85 0,076 1,49 0,03 1,03 0,006 3,833E-05 5,717E-05 0,057 0,005

P_M 664 66 0,88 0,030 0,85 0,077 1,44 0,01 1,01 0,007 0,0001536 0,0002214 0,221 0,014

Pellet 
Type

AR+ ISO Coating 
The combined AR and ISO layers had a thickness around 10 µm as shown in Figure 2 A). Table 3 
shows a comparison of pellet agglomeration during the AR+ISO layering process, estimated by 
sieving and by microscopic imaging as well as the results of the two calculation methods. Sieving 
yields lower agglomeration values in all cases, most likely due to insufficient separation of 
agglomerates.

It can be observed that pellets made solely from MCC show significantly higher agglomeration 
tendencies than pellets made from DCPA / MCC. It can be assumed that this is due to higher pellet 
densities and thus improved separation of wetted particles after collision. Improved binding of liquids 
onto / into the structure of these pellets might also contribute to the observed effect. The calculation 
method based on average circles (ac) always yields lower agglomerate concentrations. Considering 
that the number of pellets in agglomerates is rather low, as shown in Table 4, that estimation seems 
more reasonable. The results in Table 4 also underline the higher agglomeration tendency of Cellets 
in comparison to PSQ pellets. 

Table 3: Agglomeration of Pellets during the AR + 
ISO layer coating 

Table 4: Estimated number of pellets in 
agglomerates

Figure 3: Film Thickness to achieve GR Figure 4: Weight Gain to achieve GR

Figure 5: Pellet Agglomeration at GR Figure 6: Pellet Agglomeration at 60% WG

Enteric Coatings 
The required film thickness to achieve gastric resistance (GR), shown in Figure 3,  depends mostly on 
the used coating dispersion and to a lesser extent on the size of pellets used. Coatings with the APE 
coating only need to be applied to reach a coating thickness around 20 µm while nearly double that is 
needed when using the REF coating. Figures 2 B) and C) illustrate the differences. Logically the 
weight gains (WG) to achieve GR are elevated with this coating as shown in Figure 4. Slight 
differences can be observed regarding the required WG between Cellets and PSQ pellets. 

Figure 7: AR Release from Agglomerates 
and single – unit pellets 

Figure 8: Variable importance in the projection (VIP) 
showing the importance of variables 

Content, Gastric Resistance (GR) 
The content of AR and the release thereof were measured photometrically on a Agilent 8453 UV VIS 
Photometer (Agilent Technologies Deutschland GmbH, DE) at 506 nm. Release of the colourant from 
the pellets was tested with 0,1 mol/ l HCl in 25 ml vials placed on a shaker at room temperature after 
evaluating that the temperature had no significant impact on the release of the substance. 

Results 
Pellet Properties 
The results for the characterisation of uncoated pellets is provided in Table 2. Cellets seem to have 
more even particle size distribution than the pellets made of MCC and calcium phosphate. All Pellets 
showed a high degree of roundness and aspect ratio. The values for the pellet surface were used to 
calculate the spray rate per surface area. Variations in diameter differed, with pellets made with MCC/
calcium phosphate showing a wider particle size distribution. 

Introduction 
The production of coated pellets is increasingly important in the pharmaceutical industry because 
these multiparticulate systems offer advantages such as improved drug release and flexible dosing 
[1]. A central challenge in this process is avoiding agglomeration, which can significantly impair the 
homogeneity and quality of the coatings. For enteric film coatings, achieving a uniform layer 
thickness without clumping is critical to ensuring the desired release profiles and gastric resistance. 
Various factors influence agglomeration tendencies, including process parameters, the physical 
properties of the carrier pellets, and the composition of the coating formulations. Agglomeration in a 
fluidised bed occurs when wetted particles collide and liquid bridges between particles can form [2]. 
The surface area of the pellets is a primary factor while smaller particles have a larger surface area 
per unit of mass, which should increase the likelihood of particle-to-particle contact and therefore 
sticking. This study systematically investigates how pellet size, material composition and the choice 
of coating dispersion affect agglomeration and the achievement of gastric resistance. 
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Methods 
Pellet Analysis  
Pellet characteristics such as size and shape were measured by 3D microscopy (VHX-X1, Keyence, 
DE). Additionally manual sieving was employed to measure the degree of pellet agglomeration using 
sieves of 355 µm, 600 µm and 800 µm. Bulk density was measured using a Scott-volumeter. To 
estimate the agglomeration from the microscopic images were analysed and filtered regarding the 
sphericity and the projected area of the object (single pellet or agglomerate). Two ways to calculate 
the agglomerate volume from the projected surface area were explored. One considered the 
agglomerates to be spherical and the subsequent calculation are based on the circle equivalent 
surface (ce) while the other method assumed that the agglomerates are more plate like in shape and 
the volume was calculated from the corresponding number of average circles (ac) that fitted into the 
projected area. Both ways are illustrated in Figure 1 and Equations 1-3 show the calculations. 

Materials 
The study utilized two types of starter pellets in three different size ranges: microcrystalline cellulose 
(MCC) pellets (CELLETS®, ADD Advanced Drug Delivery Technologies Ltd; CH) (abbr. C200, C350, 
C500) and calcium phosphate (DCPA) and MCC pellets (PharSQ® Spheres CM, Budenheim, DE) 
(abbr. P_XS, P_S, P_M)  
All pellets were layered with a water-soluble colourant (allura red colourant, AR) dissolved in a 
solution of polyvinyl alcohol/polyethylene glycol graft copolymer (Kollicoat IR, BASF, DE). 
Subsequentially the colour-layered pellets were insulated (ISO) with a coating of the same polymer. 
Two enteric coating formulations were compared: a) an optimized pellet-coating formulation with an 
enteric methacrylate polymer, a higher concentration of anti-tacking agents such as talc and silicon 
dioxide with triethylcitrate as plasticizer (AquaPolish® E, BIOGRUND GmbH, DE (APE)) b) a 
literature-based formulation of the same polymer containing also polyvinylpyrrolidone (< 3%), a lower 
content of anti-tacking agents, plasticized with propylene glycol.

Conclusions  
Gastric acid resistance is primarily determined by the coating formulation, whilst pellet size plays only 
a minor role. However, both pellet size and the composition of the coating dispersion are key factors 
that influence pellet agglomeration during the coating process. As shown in Figure 8, these variables 
have a significant impact on key process outcomes. In particular, larger pellets, when combined with 
an optimised coating formulation, can significantly reduce the risk of agglomeration. Although process 
parameters can be adjusted to further minimise agglomeration, such adjustments often result in longer 
processing times and increased costs.
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Table 1: Process parameters for coatings 

Figure 5 shows the levels of agglomeration at GR protection. Smaller Particles tend to agglomerate 
much more severely than larger pellets while coatings with APE yield lower agglomeration values than 
the REF coatings. It can be observed that the hypothesis that pellets with a higher density should 
have higher inertia and therefore should  separately more readily in case of wetted particle contact  
seems to be supported by the measured and modelled data. However, at prolonged coating 
processes all pellets of small size tend to agglomerate severely as shown in Figure 6.  The graph in 
Figure 7 shows the proof that drug liberation from agglomerated pellets can be compromised. In both 
examples the agglomerates and the un-sieved products  show an increased and undesired release of 
colourant in comparison to neatly coated single unit pellets. 

Figure 1: Illustration of ´calculated volume of 
agglomerated pellets
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Figure 2: Microscopic images of A) a P_S pellet with AR+ISO layers; B) a P_S pellet with a gastric resistant 
AquaPolish® E coating; C) a P_S pellet with a gastric resistant REF coating; D) agglomerated and un-

agglomerated P_S pellets 

A) B) C) D)

Colourant Layer Coating 
A Ventilus® multipurpose lab unit (Romaco Innojet, DE) was used for the first layering of the pellets 
at a constant batch size of 3,0 kg. Choosing a low spray rate of 2,3 g/min and a low solid content of 
the dispersion (8%) allowed to keep all process parameters. The parameters are shown in Table 1.  

Table 2: Results of the pellet characterisation 

Min Average Max Min Average Max Min Average Max

C_200 2 3 11 2 3 7 2*1 4*1 26*1

C_350 2 3 10 2 2 4 2 3 8

C_500 2 3 4 2 2 4 2 2 2

P_XS 2 3 8 2 2 4 2*1 4*1 21*1

P_S 2 2 5 2 2 4 2 3 6

P_M 2 2 4 2 2 3 2 2 2

Pellet Type
AR + ISO Gastric Resistance (APE Coating) Gastric Resistance (REF Coating)      

(*1 @ 60% weight gain - GR not reached)Agglomeration 
Sieving

SD Aggl. Siev.
Agglomeration 
Microscopy (ce)

SD 
Agglomeration 
Microscopy (ce)

Agglomeration 
Microscopy (ac)

Agglomeration 
Microscopy (ac)

[%] [%] [%] [%] [%] [%]

C_200 12,70 2,16 40,8 5,5 30,3 4,1

C_350 2,20 0,21 28,0 2,0 20,5 3,4

C_500 2,70 0,84 25,8 6,5 19,1 5,1

P_XS 4,90 0,46 22,8 5,1 16,2 3,7

P_S 2,10 0,24 11,7 3,3 8,9 2,3

P_M 1,70 0,33 5,7 2,2 4,1 1,6

Pellet Type

Enteric Layer Coating 
Enteric Coatings were applied on a SolidLab 1 
fluid bed machine (Syntegon, DE). The batch 
size and the spray rates were adjusted to 
account for increasing surfaces with reduced 
pellet diameters. Table 2 shows the 
decreasing surface areas of the batches with 
increasing pellet size. Slight adjustments were 
required regarding the inlet air temperature. 
The process parameters are provided in Table 
1. All experiments were carried out within a 
DoE framework set up in Modde Pro 13
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[µm] [µm] [] [] [] [] [g/cm3] [g/cm3] [g/cm3] [g/cm3] [cm3] [g] [mg] [cm2]

C200 273 30 0,91 0,036 0,84 0,088 1,21 0,01 0,79 0,006 1,067E-05 1,288E-05 0,013 0,002

C350 467 41 0,90 0,033 0,89 0,060 1,34 0,00 0,87 0,015 5,334E-05 7,141E-05 0,071 0,007

C500 669 43 0,89 0,020 0,90 0,044 1,32 0,00 0,86 0,000 0,000157 0,0002079 0,208 0,014

P_XS 264 40 0,91 0,043 0,83 0,086 1,50 0,02 1,00 0,001 9,636E-06 1,45E-05 0,014 0,002

P_S 418 73 0,89 0,036 0,85 0,076 1,49 0,03 1,03 0,006 3,833E-05 5,717E-05 0,057 0,005

P_M 664 66 0,88 0,030 0,85 0,077 1,44 0,01 1,01 0,007 0,0001536 0,0002214 0,221 0,014

Pellet 
Type

AR+ ISO Coating 
The combined AR and ISO layers had a thickness around 10 µm as shown in Figure 2 A). Table 3 
shows a comparison of pellet agglomeration during the AR+ISO layering process, estimated by 
sieving and by microscopic imaging as well as the results of the two calculation methods. Sieving 
yields lower agglomeration values in all cases, most likely due to insufficient separation of 
agglomerates.

It can be observed that pellets made solely from MCC show significantly higher agglomeration 
tendencies than pellets made from DCPA / MCC. It can be assumed that this is due to higher pellet 
densities and thus improved separation of wetted particles after collision. Improved binding of liquids 
onto / into the structure of these pellets might also contribute to the observed effect. The calculation 
method based on average circles (ac) always yields lower agglomerate concentrations. Considering 
that the number of pellets in agglomerates is rather low, as shown in Table 4, that estimation seems 
more reasonable. The results in Table 4 also underline the higher agglomeration tendency of Cellets 
in comparison to PSQ pellets. 

Table 3: Agglomeration of Pellets during the AR + 
ISO layer coating 

Table 4: Estimated number of pellets in 
agglomerates

Figure 3: Film Thickness to achieve GR Figure 4: Weight Gain to achieve GR

Figure 5: Pellet Agglomeration at GR Figure 6: Pellet Agglomeration at 60% WG

Enteric Coatings 
The required film thickness to achieve gastric resistance (GR), shown in Figure 3,  depends mostly on 
the used coating dispersion and to a lesser extent on the size of pellets used. Coatings with the APE 
coating only need to be applied to reach a coating thickness around 20 µm while nearly double that is 
needed when using the REF coating. Figures 2 B) and C) illustrate the differences. Logically the 
weight gains (WG) to achieve GR are elevated with this coating as shown in Figure 4. Slight 
differences can be observed regarding the required WG between Cellets and PSQ pellets. 

Figure 7: AR Release from Agglomerates 
and single – unit pellets 

Figure 8: Variable importance in the projection (VIP) 
showing the importance of variables 

Content, Gastric Resistance (GR) 
The content of AR and the release thereof were measured photometrically on a Agilent 8453 UV VIS 
Photometer (Agilent Technologies Deutschland GmbH, DE) at 506 nm. Release of the colourant from 
the pellets was tested with 0,1 mol/ l HCl in 25 ml vials placed on a shaker at room temperature after 
evaluating that the temperature had no significant impact on the release of the substance. 

Results 
Pellet Properties 
The results for the characterisation of uncoated pellets is provided in Table 2. Cellets seem to have 
more even particle size distribution than the pellets made of MCC and calcium phosphate. All Pellets 
showed a high degree of roundness and aspect ratio. The values for the pellet surface were used to
calculate the spray rate per surface area. Variations in diameter differed, with pellets made with MCC/
calcium phosphate showing a wider particle size distribution. 

Introduction 
The production of coated pellets is increasingly important in the pharmaceutical industry because 
these multiparticulate systems offer advantages such as improved drug release and flexible dosing 
[1]. A central challenge in this process is avoiding agglomeration, which can significantly impair the 
homogeneity and quality of the coatings. For enteric film coatings, achieving a uniform layer 
thickness without clumping is critical to ensuring the desired release profiles and gastric resistance. 
Various factors influence agglomeration tendencies, including process parameters, the physical 
properties of the carrier pellets, and the composition of the coating formulations. Agglomeration in a 
fluidised bed occurs when wetted particles collide and liquid bridges between particles can form [2].
The surface area of the pellets is a primary factor while smaller particles have a larger surface area 
per unit of mass, which should increase the likelihood of particle-to-particle contact and therefore 
sticking. This study systematically investigates how pellet size, material composition and the choice 
of coating dispersion affect agglomeration and the achievement of gastric resistance. 

Investigation of Pellet Agglomeration in Fluidised Bed Coating 
Processes: Influences of Size, Material, and Dispersion

R. Jurek1; M. Lachmann2; E. Kempnich2; K. Köhler1 
1Albstadt-Sigmaringen University, koehler@hs-albsig.de 

2Biogrund GmbH, Neukirchner Str. 5, 65510 Hünstetten, mlachmann@biogrund.com 

Methods
Pellet Analysis
Pellet characteristics such as size and shape were measured by 3D microscopy (VHX-X1, Keyence, 
DE). Additionally manual sieving was employed to measure the degree of pellet agglomeration using 
sieves of 355 µm, 600 µm and 800 µm. Bulk density was measured using a Scott-volumeter. To
estimate the agglomeration from the microscopic images were analysed and filtered regarding the 
sphericity and the projected area of the object (single pellet or agglomerate). Two ways to calculate
the agglomerate volume from the projected surface area were explored. One considered the 
agglomerates to be spherical and the subsequent calculation are based on the circle equivalent 
surface (ce) while the other method assumed that the agglomerates are more plate like in shape and 
the volume was calculated from the corresponding number of average circles (ac) that fitted into the 
projected area. Both ways are illustrated in Figure 1 and Equations 1-3 show the calculations. 

Materials
The study utilized two types of starter pellets in three different size ranges: microcrystalline cellulose 
(MCC) pellets (CELLETS®, ADD Advanced Drug Delivery Technologies Ltd; CH) (abbr. C200, C350, 
C500) and calcium phosphate (DCPA) and MCC pellets (PharSQ® Spheres CM, Budenheim, DE) 
(abbr. P_XS, P_S, P_M)  
All pellets were layered with a water-soluble colourant (allura red colourant, AR) dissolved in a 
solution of polyvinyl alcohol/polyethylene glycol graft copolymer (Kollicoat IR, BASF, DE). 
Subsequentially the colour-layered pellets were insulated (ISO) with a coating of the same polymer.
Two enteric coating formulations were compared: a) an optimized pellet-coating formulation with an 
enteric methacrylate polymer, a higher concentration of anti-tacking agents such as talc and silicon 
dioxide with triethylcitrate as plasticizer (AquaPolish® E, BIOGRUND GmbH, DE (APE)) b) a 
literature-based formulation of the same polymer containing also polyvinylpyrrolidone (< 3%), a lower 
content of anti-tacking agents, plasticized with propylene glycol.

Conclusions  
Gastric acid resistance is primarily determined by the coating formulation, whilst pellet size plays only 
a minor role. However, both pellet size and the composition of the coating dispersion are key factors 
that influence pellet agglomeration during the coating process. As shown in Figure 8, these variables 
have a significant impact on key process outcomes. In particular, larger pellets, when combined with
an optimised coating formulation, can significantly reduce the risk of agglomeration. Although process 
parameters can be adjusted to further minimise agglomeration, such adjustments often result in longer 
processing times and increased costs.

References: 
[1] P. Kleinebudde, Pharmazeutische Pellets - Herstellung, Eigenschaften und Anwendung, Heinrich-
Heine-Universität Düsseldorf, 2004, pp. 162-174. 
[2] Cole, G. (1995). Pharmaceutical Coating Technology. London: Taylor & Francis.

Table 1: Process parameters for coatings

Figure 5 shows the levels of agglomeration at GR protection. Smaller Particles tend to agglomerate
much more severely than larger pellets while coatings with APE yield lower agglomeration values than 
the REF coatings. It can be observed that the hypothesis that pellets with a higher density should 
have higher inertia and therefore should separately more readily in case of wetted particle contact  
seems to be supported by the measured and modelled data. However, at prolonged coating 
processes all pellets of small size tend to agglomerate severely as shown in Figure 6. The graph in 
Figure 7 shows the proof that drug liberation from agglomerated pellets can be compromised. In both
examples the agglomerates and the un-sieved products show an increased and undesired release of 
colourant in comparison to neatly coated single unit pellets.

Figure 1: Illustration of ´calculated volume of 
agglomerated pellets

𝑉𝑉𝑎𝑎𝑔𝑔(𝑐𝑐𝑒𝑒) = (𝑟𝑟(𝑐𝑐𝑒𝑒)) 
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Figure 2: Microscopic images of A) a P_S pellet with AR+ISO layers; B) a P_S pellet with a gastric resistant 
AquaPolish® E coating; C) a P_S pellet with a gastric resistant REF coating; D) agglomerated and un-

agglomerated P_S pellets 

A) B) C) D)

Colourant Layer Coating 
A Ventilus® multipurpose lab unit (Romaco Innojet, DE) was used for the first layering of the pellets 
at a constant batch size of 3,0 kg. Choosing a low spray rate of 2,3 g/min and a low solid content of 
the dispersion (8%) allowed to keep all process parameters. The parameters are shown in Table 1. 

Table 2: Results of the pellet characterisation 

Min Average Max Min Average Max Min Average Max

C_200 2 3 11 2 3 7 2*1 4*1 26*1

C_350 2 3 10 2 2 4 2 3 8

C_500 2 3 4 2 2 4 2 2 2

P_XS 2 3 8 2 2 4 2*1 4*1 21*1

P_S 2 2 5 2 2 4 2 3 6

P_M 2 2 4 2 2 3 2 2 2

Pellet Type
AR + ISO Gastric Resistance (APE Coating) Gastric Resistance (REF Coating)

(*1 @ 60% weight gain - GR not reached)Agglomeration 
Sieving

SD Aggl. Siev.
Agglomeration 
Microscopy (ce)

SD
Agglomeration 
Microscopy (ce)

Agglomeration 
Microscopy (ac)

Agglomeration 
Microscopy (ac)

[%] [%] [%] [%] [%] [%]

C_200 12,70 2,16 40,8 5,5 30,3 4,1

C_350 2,20 0,21 28,0 2,0 20,5 3,4

C_500 2,70 0,84 25,8 6,5 19,1 5,1

P_XS 4,90 0,46 22,8 5,1 16,2 3,7

P_S 2,10 0,24 11,7 3,3 8,9 2,3

P_M 1,70 0,33 5,7 2,2 4,1 1,6

Pellet Type

Enteric Layer Coating 
Enteric Coatings were applied on a SolidLab 1 
fluid bed machine (Syntegon, DE). The batch
size and the spray rates were adjusted to
account for increasing surfaces with reduced 
pellet diameters. Table 2 shows the 
decreasing surface areas of the batches with
increasing pellet size. Slight adjustments were 
required regarding the inlet air temperature. 
The process parameters are provided in Table 
1. All experiments were carried out within a 
DoE framework set up in Modde Pro 13
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[µm] [µm] [] [] [] [] [g/cm3] [g/cm3] [g/cm3] [g/cm3] [cm3] [g] [mg] [cm2]

C200 273 30 0,91 0,036 0,84 0,088 1,21 0,01 0,79 0,006 1,067E-05 1,288E-05 0,013 0,002

C350 467 41 0,90 0,033 0,89 0,060 1,34 0,00 0,87 0,015 5,334E-05 7,141E-05 0,071 0,007

C500 669 43 0,89 0,020 0,90 0,044 1,32 0,00 0,86 0,000 0,000157 0,0002079 0,208 0,014

P_XS 264 40 0,91 0,043 0,83 0,086 1,50 0,02 1,00 0,001 9,636E-06 1,45E-05 0,014 0,002

P_S 418 73 0,89 0,036 0,85 0,076 1,49 0,03 1,03 0,006 3,833E-05 5,717E-05 0,057 0,005

P_M 664 66 0,88 0,030 0,85 0,077 1,44 0,01 1,01 0,007 0,0001536 0,0002214 0,221 0,014

Pellet 
Type

AR+ ISO Coating 
The combined AR and ISO layers had a thickness around 10 µm as shown in Figure 2 A). Table 3 
shows a comparison of pellet agglomeration during the AR+ISO layering process, estimated by 
sieving and by microscopic imaging as well as the results of the two calculation methods. Sieving 
yields lower agglomeration values in all cases, most likely due to insufficient separation of 
agglomerates.

It can be observed that pellets made solely from MCC show significantly higher agglomeration 
tendencies than pellets made from DCPA / MCC. It can be assumed that this is due to higher pellet 
densities and thus improved separation of wetted particles after collision. Improved binding of liquids 
onto / into the structure of these pellets might also contribute to the observed effect. The calculation 
method based on average circles (ac) always yields lower agglomerate concentrations. Considering 
that the number of pellets in agglomerates is rather low, as shown in Table 4, that estimation seems 
more reasonable. The results in Table 4 also underline the higher agglomeration tendency of Cellets 
in comparison to PSQ pellets.

Table 3: Agglomeration of Pellets during the AR + 
ISO layer coating 

Table 4: Estimated number of pellets in
agglomerates

Figure 3: Film Thickness to achieve GR Figure 4: Weight Gain to achieve GR

Figure 5: Pellet Agglomeration at GR Figure 6: Pellet Agglomeration at 60% WG

Enteric Coatings
The required film thickness to achieve gastric resistance (GR), shown in Figure 3, depends mostly on 
the used coating dispersion and to a lesser extent on the size of pellets used. Coatings with the APE 
coating only need to be applied to reach a coating thickness around 20 µm while nearly double that is 
needed when using the REF coating. Figures 2 B) and C) illustrate the differences. Logically the 
weight gains (WG) to achieve GR are elevated with this coating as shown in Figure 4. Slight 
differences can be observed regarding the required WG between Cellets and PSQ pellets.

Figure 7: AR Release from Agglomerates 
and single – unit pellets 

Figure 8: Variable importance in the projection (VIP) 
showing the importance of variables 

BA C D

Content, Gastric Resistance (GR) 
The content of AR and the release thereof were measured photometrically on a Agilent 8453 UV VIS 
Photometer (Agilent Technologies Deutschland GmbH, DE) at 506 nm. Release of the colourant from 
the pellets was tested with 0,1 mol/ l HCl in 25 ml vials placed on a shaker at room temperature after 
evaluating that the temperature had no significant impact on the release of the substance. 

Results 
Pellet Properties 
The results for the characterisation of uncoated pellets is provided in Table 2. Cellets seem to have 
more even particle size distribution than the pellets made of MCC and calcium phosphate. All Pellets 
showed a high degree of roundness and aspect ratio. The values for the pellet surface were used to 
calculate the spray rate per surface area. Variations in diameter differed, with pellets made with MCC/
calcium phosphate showing a wider particle size distribution. 

Introduction 
The production of coated pellets is increasingly important in the pharmaceutical industry because 
these multiparticulate systems offer advantages such as improved drug release and flexible dosing 
[1]. A central challenge in this process is avoiding agglomeration, which can significantly impair the 
homogeneity and quality of the coatings. For enteric film coatings, achieving a uniform layer 
thickness without clumping is critical to ensuring the desired release profiles and gastric resistance. 
Various factors influence agglomeration tendencies, including process parameters, the physical 
properties of the carrier pellets, and the composition of the coating formulations. Agglomeration in a 
fluidised bed occurs when wetted particles collide and liquid bridges between particles can form [2]. 
The surface area of the pellets is a primary factor while smaller particles have a larger surface area 
per unit of mass, which should increase the likelihood of particle-to-particle contact and therefore 
sticking. This study systematically investigates how pellet size, material composition and the choice 
of coating dispersion affect agglomeration and the achievement of gastric resistance. 
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Methods 
Pellet Analysis  
Pellet characteristics such as size and shape were measured by 3D microscopy (VHX-X1, Keyence, 
DE). Additionally manual sieving was employed to measure the degree of pellet agglomeration using 
sieves of 355 µm, 600 µm and 800 µm. Bulk density was measured using a Scott-volumeter. To 
estimate the agglomeration from the microscopic images were analysed and filtered regarding the 
sphericity and the projected area of the object (single pellet or agglomerate). Two ways to calculate 
the agglomerate volume from the projected surface area were explored. One considered the 
agglomerates to be spherical and the subsequent calculation are based on the circle equivalent 
surface (ce) while the other method assumed that the agglomerates are more plate like in shape and 
the volume was calculated from the corresponding number of average circles (ac) that fitted into the 
projected area. Both ways are illustrated in Figure 1 and Equations 1-3 show the calculations. 

Materials 
The study utilized two types of starter pellets in three different size ranges: microcrystalline cellulose 
(MCC) pellets (CELLETS®, ADD Advanced Drug Delivery Technologies Ltd; CH) (abbr. C200, C350, 
C500) and calcium phosphate (DCPA) and MCC pellets (PharSQ® Spheres CM, Budenheim, DE) 
(abbr. P_XS, P_S, P_M)  
All pellets were layered with a water-soluble colourant (allura red colourant, AR) dissolved in a 
solution of polyvinyl alcohol/polyethylene glycol graft copolymer (Kollicoat IR, BASF, DE). 
Subsequentially the colour-layered pellets were insulated (ISO) with a coating of the same polymer. 
Two enteric coating formulations were compared: a) an optimized pellet-coating formulation with an 
enteric methacrylate polymer, a higher concentration of anti-tacking agents such as talc and silicon 
dioxide with triethylcitrate as plasticizer (AquaPolish® E, BIOGRUND GmbH, DE (APE)) b) a 
literature-based formulation of the same polymer containing also polyvinylpyrrolidone (< 3%), a lower 
content of anti-tacking agents, plasticized with propylene glycol.

Conclusions  
Gastric acid resistance is primarily determined by the coating formulation, whilst pellet size plays only 
a minor role. However, both pellet size and the composition of the coating dispersion are key factors 
that influence pellet agglomeration during the coating process. As shown in Figure 8, these variables 
have a significant impact on key process outcomes. In particular, larger pellets, when combined with 
an optimised coating formulation, can significantly reduce the risk of agglomeration. Although process 
parameters can be adjusted to further minimise agglomeration, such adjustments often result in longer 
processing times and increased costs.
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Heine-Universität Düsseldorf, 2004, pp. 162-174. 
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Table 1: Process parameters for coatings 

Figure 5 shows the levels of agglomeration at GR protection. Smaller Particles tend to agglomerate 
much more severely than larger pellets while coatings with APE yield lower agglomeration values than 
the REF coatings. It can be observed that the hypothesis that pellets with a higher density should 
have higher inertia and therefore should  separately more readily in case of wetted particle contact  
seems to be supported by the measured and modelled data. However, at prolonged coating 
processes all pellets of small size tend to agglomerate severely as shown in Figure 6.  The graph in 
Figure 7 shows the proof that drug liberation from agglomerated pellets can be compromised. In both 
examples the agglomerates and the un-sieved products  show an increased and undesired release of 
colourant in comparison to neatly coated single unit pellets. 

Figure 1: Illustration of ´calculated volume of 
agglomerated pellets
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Figure 2: Microscopic images of A) a P_S pellet with AR+ISO layers; B) a P_S pellet with a gastric resistant 
AquaPolish® E coating; C) a P_S pellet with a gastric resistant REF coating; D) agglomerated and un-

agglomerated P_S pellets 

A) B) C) D)

Colourant Layer Coating 
A Ventilus® multipurpose lab unit (Romaco Innojet, DE) was used for the first layering of the pellets 
at a constant batch size of 3,0 kg. Choosing a low spray rate of 2,3 g/min and a low solid content of 
the dispersion (8%) allowed to keep all process parameters. The parameters are shown in Table 1.  

Table 2: Results of the pellet characterisation 

Min Average Max Min Average Max Min Average Max

C_200 2 3 11 2 3 7 2*1 4*1 26*1

C_350 2 3 10 2 2 4 2 3 8

C_500 2 3 4 2 2 4 2 2 2

P_XS 2 3 8 2 2 4 2*1 4*1 21*1

P_S 2 2 5 2 2 4 2 3 6

P_M 2 2 4 2 2 3 2 2 2

Pellet Type
AR + ISO Gastric Resistance (APE Coating) Gastric Resistance (REF Coating)      

(*1 @ 60% weight gain - GR not reached)Agglomeration 
Sieving

SD Aggl. Siev.
Agglomeration 
Microscopy (ce)

SD 
Agglomeration 
Microscopy (ce)

Agglomeration 
Microscopy (ac)

Agglomeration 
Microscopy (ac)

[%] [%] [%] [%] [%] [%]

C_200 12,70 2,16 40,8 5,5 30,3 4,1

C_350 2,20 0,21 28,0 2,0 20,5 3,4

C_500 2,70 0,84 25,8 6,5 19,1 5,1

P_XS 4,90 0,46 22,8 5,1 16,2 3,7

P_S 2,10 0,24 11,7 3,3 8,9 2,3

P_M 1,70 0,33 5,7 2,2 4,1 1,6

Pellet Type

Enteric Layer Coating 
Enteric Coatings were applied on a SolidLab 1 
fluid bed machine (Syntegon, DE). The batch 
size and the spray rates were adjusted to 
account for increasing surfaces with reduced 
pellet diameters. Table 2 shows the 
decreasing surface areas of the batches with 
increasing pellet size. Slight adjustments were 
required regarding the inlet air temperature. 
The process parameters are provided in Table 
1. All experiments were carried out within a 
DoE framework set up in Modde Pro 13
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[µm] [µm] [] [] [] [] [g/cm3] [g/cm3] [g/cm3] [g/cm3] [cm3] [g] [mg] [cm2]

C200 273 30 0,91 0,036 0,84 0,088 1,21 0,01 0,79 0,006 1,067E-05 1,288E-05 0,013 0,002

C350 467 41 0,90 0,033 0,89 0,060 1,34 0,00 0,87 0,015 5,334E-05 7,141E-05 0,071 0,007

C500 669 43 0,89 0,020 0,90 0,044 1,32 0,00 0,86 0,000 0,000157 0,0002079 0,208 0,014

P_XS 264 40 0,91 0,043 0,83 0,086 1,50 0,02 1,00 0,001 9,636E-06 1,45E-05 0,014 0,002

P_S 418 73 0,89 0,036 0,85 0,076 1,49 0,03 1,03 0,006 3,833E-05 5,717E-05 0,057 0,005

P_M 664 66 0,88 0,030 0,85 0,077 1,44 0,01 1,01 0,007 0,0001536 0,0002214 0,221 0,014

Pellet 
Type

AR+ ISO Coating 
The combined AR and ISO layers had a thickness around 10 µm as shown in Figure 2 A). Table 3 
shows a comparison of pellet agglomeration during the AR+ISO layering process, estimated by 
sieving and by microscopic imaging as well as the results of the two calculation methods. Sieving 
yields lower agglomeration values in all cases, most likely due to insufficient separation of 
agglomerates.

It can be observed that pellets made solely from MCC show significantly higher agglomeration 
tendencies than pellets made from DCPA / MCC. It can be assumed that this is due to higher pellet 
densities and thus improved separation of wetted particles after collision. Improved binding of liquids 
onto / into the structure of these pellets might also contribute to the observed effect. The calculation 
method based on average circles (ac) always yields lower agglomerate concentrations. Considering 
that the number of pellets in agglomerates is rather low, as shown in Table 4, that estimation seems 
more reasonable. The results in Table 4 also underline the higher agglomeration tendency of Cellets 
in comparison to PSQ pellets. 

Table 3: Agglomeration of Pellets during the AR + 
ISO layer coating 

Table 4: Estimated number of pellets in 
agglomerates

Figure 3: Film Thickness to achieve GR Figure 4: Weight Gain to achieve GR

Figure 5: Pellet Agglomeration at GR Figure 6: Pellet Agglomeration at 60% WG

Enteric Coatings 
The required film thickness to achieve gastric resistance (GR), shown in Figure 3,  depends mostly on 
the used coating dispersion and to a lesser extent on the size of pellets used. Coatings with the APE 
coating only need to be applied to reach a coating thickness around 20 µm while nearly double that is 
needed when using the REF coating. Figures 2 B) and C) illustrate the differences. Logically the 
weight gains (WG) to achieve GR are elevated with this coating as shown in Figure 4. Slight 
differences can be observed regarding the required WG between Cellets and PSQ pellets. 

Figure 7: AR Release from Agglomerates 
and single – unit pellets 

Figure 8: Variable importance in the projection (VIP) 
showing the importance of variables 

Content, Gastric Resistance (GR) 
The content of AR and the release thereof were measured photometrically on a Agilent 8453 UV VIS 
Photometer (Agilent Technologies Deutschland GmbH, DE) at 506 nm. Release of the colourant from 
the pellets was tested with 0,1 mol/ l HCl in 25 ml vials placed on a shaker at room temperature after 
evaluating that the temperature had no significant impact on the release of the substance. 

Results 
Pellet Properties 
The results for the characterisation of uncoated pellets is provided in Table 2. Cellets seem to have 
more even particle size distribution than the pellets made of MCC and calcium phosphate. All Pellets 
showed a high degree of roundness and aspect ratio. The values for the pellet surface were used to 
calculate the spray rate per surface area. Variations in diameter differed, with pellets made with MCC/
calcium phosphate showing a wider particle size distribution. 

Introduction 
The production of coated pellets is increasingly important in the pharmaceutical industry because 
these multiparticulate systems offer advantages such as improved drug release and flexible dosing 
[1]. A central challenge in this process is avoiding agglomeration, which can significantly impair the 
homogeneity and quality of the coatings. For enteric film coatings, achieving a uniform layer 
thickness without clumping is critical to ensuring the desired release profiles and gastric resistance. 
Various factors influence agglomeration tendencies, including process parameters, the physical 
properties of the carrier pellets, and the composition of the coating formulations. Agglomeration in a 
fluidised bed occurs when wetted particles collide and liquid bridges between particles can form [2]. 
The surface area of the pellets is a primary factor while smaller particles have a larger surface area 
per unit of mass, which should increase the likelihood of particle-to-particle contact and therefore 
sticking. This study systematically investigates how pellet size, material composition and the choice 
of coating dispersion affect agglomeration and the achievement of gastric resistance. 

Investigation of Pellet Agglomeration in Fluidised Bed Coating 
Processes: Influences of Size, Material, and Dispersion
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Methods 
Pellet Analysis  
Pellet characteristics such as size and shape were measured by 3D microscopy (VHX-X1, Keyence, 
DE). Additionally manual sieving was employed to measure the degree of pellet agglomeration using 
sieves of 355 µm, 600 µm and 800 µm. Bulk density was measured using a Scott-volumeter. To 
estimate the agglomeration from the microscopic images were analysed and filtered regarding the 
sphericity and the projected area of the object (single pellet or agglomerate). Two ways to calculate 
the agglomerate volume from the projected surface area were explored. One considered the 
agglomerates to be spherical and the subsequent calculation are based on the circle equivalent 
surface (ce) while the other method assumed that the agglomerates are more plate like in shape and 
the volume was calculated from the corresponding number of average circles (ac) that fitted into the 
projected area. Both ways are illustrated in Figure 1 and Equations 1-3 show the calculations. 

Materials 
The study utilized two types of starter pellets in three different size ranges: microcrystalline cellulose 
(MCC) pellets (CELLETS®, ADD Advanced Drug Delivery Technologies Ltd; CH) (abbr. C200, C350, 
C500) and calcium phosphate (DCPA) and MCC pellets (PharSQ® Spheres CM, Budenheim, DE) 
(abbr. P_XS, P_S, P_M)  
All pellets were layered with a water-soluble colourant (allura red colourant, AR) dissolved in a 
solution of polyvinyl alcohol/polyethylene glycol graft copolymer (Kollicoat IR, BASF, DE). 
Subsequentially the colour-layered pellets were insulated (ISO) with a coating of the same polymer. 
Two enteric coating formulations were compared: a) an optimized pellet-coating formulation with an 
enteric methacrylate polymer, a higher concentration of anti-tacking agents such as talc and silicon 
dioxide with triethylcitrate as plasticizer (AquaPolish® E, BIOGRUND GmbH, DE (APE)) b) a 
literature-based formulation of the same polymer containing also polyvinylpyrrolidone (< 3%), a lower 
content of anti-tacking agents, plasticized with propylene glycol.

Conclusions  
Gastric acid resistance is primarily determined by the coating formulation, whilst pellet size plays only 
a minor role. However, both pellet size and the composition of the coating dispersion are key factors 
that influence pellet agglomeration during the coating process. As shown in Figure 8, these variables 
have a significant impact on key process outcomes. In particular, larger pellets, when combined with 
an optimised coating formulation, can significantly reduce the risk of agglomeration. Although process 
parameters can be adjusted to further minimise agglomeration, such adjustments often result in longer 
processing times and increased costs.

References: 
[1] P. Kleinebudde, Pharmazeutische Pellets - Herstellung, Eigenschaften und Anwendung, Heinrich-
Heine-Universität Düsseldorf, 2004, pp. 162-174. 
[2] Cole, G. (1995). Pharmaceutical Coating Technology. London: Taylor & Francis.

Table 1: Process parameters for coatings 

Figure 5 shows the levels of agglomeration at GR protection. Smaller Particles tend to agglomerate 
much more severely than larger pellets while coatings with APE yield lower agglomeration values than 
the REF coatings. It can be observed that the hypothesis that pellets with a higher density should 
have higher inertia and therefore should  separately more readily in case of wetted particle contact  
seems to be supported by the measured and modelled data. However, at prolonged coating 
processes all pellets of small size tend to agglomerate severely as shown in Figure 6.  The graph in 
Figure 7 shows the proof that drug liberation from agglomerated pellets can be compromised. In both 
examples the agglomerates and the un-sieved products  show an increased and undesired release of 
colourant in comparison to neatly coated single unit pellets. 

Figure 1: Illustration of ´calculated volume of 
agglomerated pellets
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Figure 2: Microscopic images of A) a P_S pellet with AR+ISO layers; B) a P_S pellet with a gastric resistant 
AquaPolish® E coating; C) a P_S pellet with a gastric resistant REF coating; D) agglomerated and un-

agglomerated P_S pellets 

A) B) C) D)

Colourant Layer Coating 
A Ventilus® multipurpose lab unit (Romaco Innojet, DE) was used for the first layering of the pellets 
at a constant batch size of 3,0 kg. Choosing a low spray rate of 2,3 g/min and a low solid content of 
the dispersion (8%) allowed to keep all process parameters. The parameters are shown in Table 1.  

Table 2: Results of the pellet characterisation 

Min Average Max Min Average Max Min Average Max

C_200 2 3 11 2 3 7 2*1 4*1 26*1

C_350 2 3 10 2 2 4 2 3 8

C_500 2 3 4 2 2 4 2 2 2

P_XS 2 3 8 2 2 4 2*1 4*1 21*1

P_S 2 2 5 2 2 4 2 3 6

P_M 2 2 4 2 2 3 2 2 2

Pellet Type
AR + ISO Gastric Resistance (APE Coating) Gastric Resistance (REF Coating)      

(*1 @ 60% weight gain - GR not reached)Agglomeration 
Sieving

SD Aggl. Siev.
Agglomeration 
Microscopy (ce)

SD 
Agglomeration 
Microscopy (ce)

Agglomeration 
Microscopy (ac)

Agglomeration 
Microscopy (ac)

[%] [%] [%] [%] [%] [%]

C_200 12,70 2,16 40,8 5,5 30,3 4,1

C_350 2,20 0,21 28,0 2,0 20,5 3,4

C_500 2,70 0,84 25,8 6,5 19,1 5,1

P_XS 4,90 0,46 22,8 5,1 16,2 3,7

P_S 2,10 0,24 11,7 3,3 8,9 2,3

P_M 1,70 0,33 5,7 2,2 4,1 1,6

Pellet Type

Enteric Layer Coating 
Enteric Coatings were applied on a SolidLab 1 
fluid bed machine (Syntegon, DE). The batch 
size and the spray rates were adjusted to 
account for increasing surfaces with reduced 
pellet diameters. Table 2 shows the 
decreasing surface areas of the batches with 
increasing pellet size. Slight adjustments were 
required regarding the inlet air temperature. 
The process parameters are provided in Table 
1. All experiments were carried out within a 
DoE framework set up in Modde Pro 13
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[µm] [µm] [] [] [] [] [g/cm3] [g/cm3] [g/cm3] [g/cm3] [cm3] [g] [mg] [cm2]

C200 273 30 0,91 0,036 0,84 0,088 1,21 0,01 0,79 0,006 1,067E-05 1,288E-05 0,013 0,002

C350 467 41 0,90 0,033 0,89 0,060 1,34 0,00 0,87 0,015 5,334E-05 7,141E-05 0,071 0,007

C500 669 43 0,89 0,020 0,90 0,044 1,32 0,00 0,86 0,000 0,000157 0,0002079 0,208 0,014

P_XS 264 40 0,91 0,043 0,83 0,086 1,50 0,02 1,00 0,001 9,636E-06 1,45E-05 0,014 0,002

P_S 418 73 0,89 0,036 0,85 0,076 1,49 0,03 1,03 0,006 3,833E-05 5,717E-05 0,057 0,005

P_M 664 66 0,88 0,030 0,85 0,077 1,44 0,01 1,01 0,007 0,0001536 0,0002214 0,221 0,014

Pellet 
Type

AR+ ISO Coating 
The combined AR and ISO layers had a thickness around 10 µm as shown in Figure 2 A). Table 3 
shows a comparison of pellet agglomeration during the AR+ISO layering process, estimated by 
sieving and by microscopic imaging as well as the results of the two calculation methods. Sieving 
yields lower agglomeration values in all cases, most likely due to insufficient separation of 
agglomerates.

It can be observed that pellets made solely from MCC show significantly higher agglomeration 
tendencies than pellets made from DCPA / MCC. It can be assumed that this is due to higher pellet 
densities and thus improved separation of wetted particles after collision. Improved binding of liquids 
onto / into the structure of these pellets might also contribute to the observed effect. The calculation 
method based on average circles (ac) always yields lower agglomerate concentrations. Considering 
that the number of pellets in agglomerates is rather low, as shown in Table 4, that estimation seems 
more reasonable. The results in Table 4 also underline the higher agglomeration tendency of Cellets 
in comparison to PSQ pellets. 

Table 3: Agglomeration of Pellets during the AR + 
ISO layer coating 

Table 4: Estimated number of pellets in 
agglomerates

Figure 3: Film Thickness to achieve GR Figure 4: Weight Gain to achieve GR

Figure 5: Pellet Agglomeration at GR Figure 6: Pellet Agglomeration at 60% WG

Enteric Coatings 
The required film thickness to achieve gastric resistance (GR), shown in Figure 3,  depends mostly on 
the used coating dispersion and to a lesser extent on the size of pellets used. Coatings with the APE 
coating only need to be applied to reach a coating thickness around 20 µm while nearly double that is 
needed when using the REF coating. Figures 2 B) and C) illustrate the differences. Logically the 
weight gains (WG) to achieve GR are elevated with this coating as shown in Figure 4. Slight 
differences can be observed regarding the required WG between Cellets and PSQ pellets. 

Figure 7: AR Release from Agglomerates 
and single – unit pellets 

Figure 8: Variable importance in the projection (VIP) 
showing the importance of variables 

Content, Gastric Resistance (GR) 
The content of AR and the release thereof were measured photometrically on a Agilent 8453 UV VIS 
Photometer (Agilent Technologies Deutschland GmbH, DE) at 506 nm. Release of the colourant from 
the pellets was tested with 0,1 mol/ l HCl in 25 ml vials placed on a shaker at room temperature after 
evaluating that the temperature had no significant impact on the release of the substance. 

Results 
Pellet Properties 
The results for the characterisation of uncoated pellets is provided in Table 2. Cellets seem to have 
more even particle size distribution than the pellets made of MCC and calcium phosphate. All Pellets 
showed a high degree of roundness and aspect ratio. The values for the pellet surface were used to 
calculate the spray rate per surface area. Variations in diameter differed, with pellets made with MCC/
calcium phosphate showing a wider particle size distribution. 

Introduction 
The production of coated pellets is increasingly important in the pharmaceutical industry because 
these multiparticulate systems offer advantages such as improved drug release and flexible dosing 
[1]. A central challenge in this process is avoiding agglomeration, which can significantly impair the 
homogeneity and quality of the coatings. For enteric film coatings, achieving a uniform layer 
thickness without clumping is critical to ensuring the desired release profiles and gastric resistance. 
Various factors influence agglomeration tendencies, including process parameters, the physical 
properties of the carrier pellets, and the composition of the coating formulations. Agglomeration in a 
fluidised bed occurs when wetted particles collide and liquid bridges between particles can form [2]. 
The surface area of the pellets is a primary factor while smaller particles have a larger surface area 
per unit of mass, which should increase the likelihood of particle-to-particle contact and therefore 
sticking. This study systematically investigates how pellet size, material composition and the choice 
of coating dispersion affect agglomeration and the achievement of gastric resistance. 
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Methods 
Pellet Analysis  
Pellet characteristics such as size and shape were measured by 3D microscopy (VHX-X1, Keyence, 
DE). Additionally manual sieving was employed to measure the degree of pellet agglomeration using 
sieves of 355 µm, 600 µm and 800 µm. Bulk density was measured using a Scott-volumeter. To 
estimate the agglomeration from the microscopic images were analysed and filtered regarding the 
sphericity and the projected area of the object (single pellet or agglomerate). Two ways to calculate 
the agglomerate volume from the projected surface area were explored. One considered the 
agglomerates to be spherical and the subsequent calculation are based on the circle equivalent 
surface (ce) while the other method assumed that the agglomerates are more plate like in shape and 
the volume was calculated from the corresponding number of average circles (ac) that fitted into the 
projected area. Both ways are illustrated in Figure 1 and Equations 1-3 show the calculations. 

Materials 
The study utilized two types of starter pellets in three different size ranges: microcrystalline cellulose 
(MCC) pellets (CELLETS®, ADD Advanced Drug Delivery Technologies Ltd; CH) (abbr. C200, C350, 
C500) and calcium phosphate (DCPA) and MCC pellets (PharSQ® Spheres CM, Budenheim, DE) 
(abbr. P_XS, P_S, P_M)  
All pellets were layered with a water-soluble colourant (allura red colourant, AR) dissolved in a 
solution of polyvinyl alcohol/polyethylene glycol graft copolymer (Kollicoat IR, BASF, DE). 
Subsequentially the colour-layered pellets were insulated (ISO) with a coating of the same polymer. 
Two enteric coating formulations were compared: a) an optimized pellet-coating formulation with an 
enteric methacrylate polymer, a higher concentration of anti-tacking agents such as talc and silicon 
dioxide with triethylcitrate as plasticizer (AquaPolish® E, BIOGRUND GmbH, DE (APE)) b) a 
literature-based formulation of the same polymer containing also polyvinylpyrrolidone (< 3%), a lower 
content of anti-tacking agents, plasticized with propylene glycol.

Conclusions  
Gastric acid resistance is primarily determined by the coating formulation, whilst pellet size plays only 
a minor role. However, both pellet size and the composition of the coating dispersion are key factors 
that influence pellet agglomeration during the coating process. As shown in Figure 8, these variables 
have a significant impact on key process outcomes. In particular, larger pellets, when combined with 
an optimised coating formulation, can significantly reduce the risk of agglomeration. Although process 
parameters can be adjusted to further minimise agglomeration, such adjustments often result in longer 
processing times and increased costs.
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Table 1: Process parameters for coatings 

Figure 5 shows the levels of agglomeration at GR protection. Smaller Particles tend to agglomerate 
much more severely than larger pellets while coatings with APE yield lower agglomeration values than 
the REF coatings. It can be observed that the hypothesis that pellets with a higher density should 
have higher inertia and therefore should  separately more readily in case of wetted particle contact  
seems to be supported by the measured and modelled data. However, at prolonged coating 
processes all pellets of small size tend to agglomerate severely as shown in Figure 6.  The graph in 
Figure 7 shows the proof that drug liberation from agglomerated pellets can be compromised. In both 
examples the agglomerates and the un-sieved products  show an increased and undesired release of 
colourant in comparison to neatly coated single unit pellets. 

Figure 1: Illustration of ´calculated volume of 
agglomerated pellets

𝑉𝑉𝑎𝑎𝑔𝑔(𝑐𝑐𝑒𝑒) = (𝑟𝑟(𝑐𝑐𝑒𝑒)) 
3 𝜋𝜋 

4
3

𝐸𝐸𝑞𝑞𝑢𝑢𝑎𝑎𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛 1

𝑉𝑉𝑎𝑎𝑔𝑔(𝑎𝑎𝑐𝑐) = 𝑛𝑛 (𝑟𝑟(𝑎𝑎𝑐𝑐))
3 𝜋𝜋

4
3

𝐸𝐸𝑞𝑞𝑢𝑢𝑎𝑎𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛 2

% 𝐴𝐴𝑔𝑔𝑔𝑔𝑙𝑙𝑜𝑜𝑚𝑚𝑒𝑒𝑟𝑟𝑎𝑎𝑡𝑡𝑒𝑒𝑑𝑑 𝑃𝑃𝑒𝑒𝑙𝑙𝑙𝑙𝑒𝑒𝑡𝑡𝑠𝑠 = 100 
∑ 𝑉𝑉𝑎𝑎𝑔𝑔

(∑ 𝑉𝑉𝑝𝑝 + ∑ 𝑉𝑉𝑎𝑎𝑔𝑔)
  𝐸𝐸𝑞𝑞𝑢𝑢𝑎𝑎𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛 3

Figure 2: Microscopic images of A) a P_S pellet with AR+ISO layers; B) a P_S pellet with a gastric resistant 
AquaPolish® E coating; C) a P_S pellet with a gastric resistant REF coating; D) agglomerated and un-

agglomerated P_S pellets 

A) B) C) D)

Colourant Layer Coating 
A Ventilus® multipurpose lab unit (Romaco Innojet, DE) was used for the first layering of the pellets 
at a constant batch size of 3,0 kg. Choosing a low spray rate of 2,3 g/min and a low solid content of 
the dispersion (8%) allowed to keep all process parameters. The parameters are shown in Table 1.  

Table 2: Results of the pellet characterisation 

Min Average Max Min Average Max Min Average Max

C_200 2 3 11 2 3 7 2*1 4*1 26*1

C_350 2 3 10 2 2 4 2 3 8

C_500 2 3 4 2 2 4 2 2 2

P_XS 2 3 8 2 2 4 2*1 4*1 21*1

P_S 2 2 5 2 2 4 2 3 6

P_M 2 2 4 2 2 3 2 2 2

Pellet Type
AR + ISO Gastric Resistance (APE Coating) Gastric Resistance (REF Coating)      

(*1 @ 60% weight gain - GR not reached)Agglomeration 
Sieving

SD Aggl. Siev.
Agglomeration 
Microscopy (ce)

SD 
Agglomeration 
Microscopy (ce)

Agglomeration 
Microscopy (ac)

Agglomeration 
Microscopy (ac)

[%] [%] [%] [%] [%] [%]

C_200 12,70 2,16 40,8 5,5 30,3 4,1

C_350 2,20 0,21 28,0 2,0 20,5 3,4

C_500 2,70 0,84 25,8 6,5 19,1 5,1

P_XS 4,90 0,46 22,8 5,1 16,2 3,7

P_S 2,10 0,24 11,7 3,3 8,9 2,3

P_M 1,70 0,33 5,7 2,2 4,1 1,6

Pellet Type

Enteric Layer Coating 
Enteric Coatings were applied on a SolidLab 1 
fluid bed machine (Syntegon, DE). The batch 
size and the spray rates were adjusted to 
account for increasing surfaces with reduced 
pellet diameters. Table 2 shows the 
decreasing surface areas of the batches with 
increasing pellet size. Slight adjustments were 
required regarding the inlet air temperature. 
The process parameters are provided in Table 
1. All experiments were carried out within a 
DoE framework set up in Modde Pro 13
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[µm] [µm] [] [] [] [] [g/cm3] [g/cm3] [g/cm3] [g/cm3] [cm3] [g] [mg] [cm2]

C200 273 30 0,91 0,036 0,84 0,088 1,21 0,01 0,79 0,006 1,067E-05 1,288E-05 0,013 0,002

C350 467 41 0,90 0,033 0,89 0,060 1,34 0,00 0,87 0,015 5,334E-05 7,141E-05 0,071 0,007

C500 669 43 0,89 0,020 0,90 0,044 1,32 0,00 0,86 0,000 0,000157 0,0002079 0,208 0,014

P_XS 264 40 0,91 0,043 0,83 0,086 1,50 0,02 1,00 0,001 9,636E-06 1,45E-05 0,014 0,002

P_S 418 73 0,89 0,036 0,85 0,076 1,49 0,03 1,03 0,006 3,833E-05 5,717E-05 0,057 0,005

P_M 664 66 0,88 0,030 0,85 0,077 1,44 0,01 1,01 0,007 0,0001536 0,0002214 0,221 0,014

Pellet 
Type

AR+ ISO Coating 
The combined AR and ISO layers had a thickness around 10 µm as shown in Figure 2 A). Table 3 
shows a comparison of pellet agglomeration during the AR+ISO layering process, estimated by 
sieving and by microscopic imaging as well as the results of the two calculation methods. Sieving 
yields lower agglomeration values in all cases, most likely due to insufficient separation of 
agglomerates.

It can be observed that pellets made solely from MCC show significantly higher agglomeration 
tendencies than pellets made from DCPA / MCC. It can be assumed that this is due to higher pellet 
densities and thus improved separation of wetted particles after collision. Improved binding of liquids 
onto / into the structure of these pellets might also contribute to the observed effect. The calculation 
method based on average circles (ac) always yields lower agglomerate concentrations. Considering 
that the number of pellets in agglomerates is rather low, as shown in Table 4, that estimation seems 
more reasonable. The results in Table 4 also underline the higher agglomeration tendency of Cellets 
in comparison to PSQ pellets. 

Table 3: Agglomeration of Pellets during the AR + 
ISO layer coating 

Table 4: Estimated number of pellets in 
agglomerates

Figure 3: Film Thickness to achieve GR Figure 4: Weight Gain to achieve GR

Figure 5: Pellet Agglomeration at GR Figure 6: Pellet Agglomeration at 60% WG

Enteric Coatings 
The required film thickness to achieve gastric resistance (GR), shown in Figure 3,  depends mostly on 
the used coating dispersion and to a lesser extent on the size of pellets used. Coatings with the APE 
coating only need to be applied to reach a coating thickness around 20 µm while nearly double that is 
needed when using the REF coating. Figures 2 B) and C) illustrate the differences. Logically the 
weight gains (WG) to achieve GR are elevated with this coating as shown in Figure 4. Slight 
differences can be observed regarding the required WG between Cellets and PSQ pellets. 

Figure 7: AR Release from Agglomerates 
and single – unit pellets 

Figure 8: Variable importance in the projection (VIP) 
showing the importance of variables 

Content, Gastric Resistance (GR) 
The content of AR and the release thereof were measured photometrically on a Agilent 8453 UV VIS 
Photometer (Agilent Technologies Deutschland GmbH, DE) at 506 nm. Release of the colourant from 
the pellets was tested with 0,1 mol/ l HCl in 25 ml vials placed on a shaker at room temperature after 
evaluating that the temperature had no significant impact on the release of the substance. 

Results 
Pellet Properties 
The results for the characterisation of uncoated pellets is provided in Table 2. Cellets seem to have 
more even particle size distribution than the pellets made of MCC and calcium phosphate. All Pellets 
showed a high degree of roundness and aspect ratio. The values for the pellet surface were used to 
calculate the spray rate per surface area. Variations in diameter differed, with pellets made with MCC/
calcium phosphate showing a wider particle size distribution. 

Introduction 
The production of coated pellets is increasingly important in the pharmaceutical industry because 
these multiparticulate systems offer advantages such as improved drug release and flexible dosing 
[1]. A central challenge in this process is avoiding agglomeration, which can significantly impair the 
homogeneity and quality of the coatings. For enteric film coatings, achieving a uniform layer 
thickness without clumping is critical to ensuring the desired release profiles and gastric resistance. 
Various factors influence agglomeration tendencies, including process parameters, the physical 
properties of the carrier pellets, and the composition of the coating formulations. Agglomeration in a 
fluidised bed occurs when wetted particles collide and liquid bridges between particles can form [2]. 
The surface area of the pellets is a primary factor while smaller particles have a larger surface area 
per unit of mass, which should increase the likelihood of particle-to-particle contact and therefore 
sticking. This study systematically investigates how pellet size, material composition and the choice 
of coating dispersion affect agglomeration and the achievement of gastric resistance. 
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Methods 
Pellet Analysis  
Pellet characteristics such as size and shape were measured by 3D microscopy (VHX-X1, Keyence, 
DE). Additionally manual sieving was employed to measure the degree of pellet agglomeration using 
sieves of 355 µm, 600 µm and 800 µm. Bulk density was measured using a Scott-volumeter. To 
estimate the agglomeration from the microscopic images were analysed and filtered regarding the 
sphericity and the projected area of the object (single pellet or agglomerate). Two ways to calculate 
the agglomerate volume from the projected surface area were explored. One considered the 
agglomerates to be spherical and the subsequent calculation are based on the circle equivalent 
surface (ce) while the other method assumed that the agglomerates are more plate like in shape and 
the volume was calculated from the corresponding number of average circles (ac) that fitted into the 
projected area. Both ways are illustrated in Figure 1 and Equations 1-3 show the calculations. 

Materials 
The study utilized two types of starter pellets in three different size ranges: microcrystalline cellulose 
(MCC) pellets (CELLETS®, ADD Advanced Drug Delivery Technologies Ltd; CH) (abbr. C200, C350, 
C500) and calcium phosphate (DCPA) and MCC pellets (PharSQ® Spheres CM, Budenheim, DE) 
(abbr. P_XS, P_S, P_M)  
All pellets were layered with a water-soluble colourant (allura red colourant, AR) dissolved in a 
solution of polyvinyl alcohol/polyethylene glycol graft copolymer (Kollicoat IR, BASF, DE). 
Subsequentially the colour-layered pellets were insulated (ISO) with a coating of the same polymer. 
Two enteric coating formulations were compared: a) an optimized pellet-coating formulation with an 
enteric methacrylate polymer, a higher concentration of anti-tacking agents such as talc and silicon 
dioxide with triethylcitrate as plasticizer (AquaPolish® E, BIOGRUND GmbH, DE (APE)) b) a 
literature-based formulation of the same polymer containing also polyvinylpyrrolidone (< 3%), a lower 
content of anti-tacking agents, plasticized with propylene glycol.

Conclusions  
Gastric acid resistance is primarily determined by the coating formulation, whilst pellet size plays only 
a minor role. However, both pellet size and the composition of the coating dispersion are key factors 
that influence pellet agglomeration during the coating process. As shown in Figure 8, these variables 
have a significant impact on key process outcomes. In particular, larger pellets, when combined with 
an optimised coating formulation, can significantly reduce the risk of agglomeration. Although process 
parameters can be adjusted to further minimise agglomeration, such adjustments often result in longer 
processing times and increased costs.

References: 
[1] P. Kleinebudde, Pharmazeutische Pellets - Herstellung, Eigenschaften und Anwendung, Heinrich-
Heine-Universität Düsseldorf, 2004, pp. 162-174. 
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Table 1: Process parameters for coatings 

Figure 5 shows the levels of agglomeration at GR protection. Smaller Particles tend to agglomerate 
much more severely than larger pellets while coatings with APE yield lower agglomeration values than 
the REF coatings. It can be observed that the hypothesis that pellets with a higher density should 
have higher inertia and therefore should  separately more readily in case of wetted particle contact  
seems to be supported by the measured and modelled data. However, at prolonged coating 
processes all pellets of small size tend to agglomerate severely as shown in Figure 6.  The graph in 
Figure 7 shows the proof that drug liberation from agglomerated pellets can be compromised. In both 
examples the agglomerates and the un-sieved products  show an increased and undesired release of 
colourant in comparison to neatly coated single unit pellets. 

Figure 1: Illustration of ´calculated volume of 
agglomerated pellets
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Figure 2: Microscopic images of A) a P_S pellet with AR+ISO layers; B) a P_S pellet with a gastric resistant 
AquaPolish® E coating; C) a P_S pellet with a gastric resistant REF coating; D) agglomerated and un-

agglomerated P_S pellets 

A) B) C) D)

Colourant Layer Coating 
A Ventilus® multipurpose lab unit (Romaco Innojet, DE) was used for the first layering of the pellets 
at a constant batch size of 3,0 kg. Choosing a low spray rate of 2,3 g/min and a low solid content of 
the dispersion (8%) allowed to keep all process parameters. The parameters are shown in Table 1.  

Table 2: Results of the pellet characterisation 

Min Average Max Min Average Max Min Average Max

C_200 2 3 11 2 3 7 2*1 4*1 26*1

C_350 2 3 10 2 2 4 2 3 8

C_500 2 3 4 2 2 4 2 2 2

P_XS 2 3 8 2 2 4 2*1 4*1 21*1

P_S 2 2 5 2 2 4 2 3 6

P_M 2 2 4 2 2 3 2 2 2

Pellet Type
AR + ISO Gastric Resistance (APE Coating) Gastric Resistance (REF Coating)      

(*1 @ 60% weight gain - GR not reached)Agglomeration 
Sieving

SD Aggl. Siev.
Agglomeration 
Microscopy (ce)

SD 
Agglomeration 
Microscopy (ce)

Agglomeration 
Microscopy (ac)

Agglomeration 
Microscopy (ac)

[%] [%] [%] [%] [%] [%]

C_200 12,70 2,16 40,8 5,5 30,3 4,1

C_350 2,20 0,21 28,0 2,0 20,5 3,4

C_500 2,70 0,84 25,8 6,5 19,1 5,1

P_XS 4,90 0,46 22,8 5,1 16,2 3,7

P_S 2,10 0,24 11,7 3,3 8,9 2,3

P_M 1,70 0,33 5,7 2,2 4,1 1,6

Pellet Type

Enteric Layer Coating 
Enteric Coatings were applied on a SolidLab 1 
fluid bed machine (Syntegon, DE). The batch 
size and the spray rates were adjusted to 
account for increasing surfaces with reduced 
pellet diameters. Table 2 shows the 
decreasing surface areas of the batches with 
increasing pellet size. Slight adjustments were 
required regarding the inlet air temperature. 
The process parameters are provided in Table 
1. All experiments were carried out within a 
DoE framework set up in Modde Pro 13
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[µm] [µm] [] [] [] [] [g/cm3] [g/cm3] [g/cm3] [g/cm3] [cm3] [g] [mg] [cm2]

C200 273 30 0,91 0,036 0,84 0,088 1,21 0,01 0,79 0,006 1,067E-05 1,288E-05 0,013 0,002

C350 467 41 0,90 0,033 0,89 0,060 1,34 0,00 0,87 0,015 5,334E-05 7,141E-05 0,071 0,007

C500 669 43 0,89 0,020 0,90 0,044 1,32 0,00 0,86 0,000 0,000157 0,0002079 0,208 0,014

P_XS 264 40 0,91 0,043 0,83 0,086 1,50 0,02 1,00 0,001 9,636E-06 1,45E-05 0,014 0,002

P_S 418 73 0,89 0,036 0,85 0,076 1,49 0,03 1,03 0,006 3,833E-05 5,717E-05 0,057 0,005

P_M 664 66 0,88 0,030 0,85 0,077 1,44 0,01 1,01 0,007 0,0001536 0,0002214 0,221 0,014

Pellet 
Type

AR+ ISO Coating 
The combined AR and ISO layers had a thickness around 10 µm as shown in Figure 2 A). Table 3 
shows a comparison of pellet agglomeration during the AR+ISO layering process, estimated by 
sieving and by microscopic imaging as well as the results of the two calculation methods. Sieving 
yields lower agglomeration values in all cases, most likely due to insufficient separation of 
agglomerates.

It can be observed that pellets made solely from MCC show significantly higher agglomeration 
tendencies than pellets made from DCPA / MCC. It can be assumed that this is due to higher pellet 
densities and thus improved separation of wetted particles after collision. Improved binding of liquids 
onto / into the structure of these pellets might also contribute to the observed effect. The calculation 
method based on average circles (ac) always yields lower agglomerate concentrations. Considering 
that the number of pellets in agglomerates is rather low, as shown in Table 4, that estimation seems 
more reasonable. The results in Table 4 also underline the higher agglomeration tendency of Cellets 
in comparison to PSQ pellets. 

Table 3: Agglomeration of Pellets during the AR + 
ISO layer coating 

Table 4: Estimated number of pellets in 
agglomerates

Figure 3: Film Thickness to achieve GR Figure 4: Weight Gain to achieve GR

Figure 5: Pellet Agglomeration at GR Figure 6: Pellet Agglomeration at 60% WG

Enteric Coatings 
The required film thickness to achieve gastric resistance (GR), shown in Figure 3,  depends mostly on 
the used coating dispersion and to a lesser extent on the size of pellets used. Coatings with the APE 
coating only need to be applied to reach a coating thickness around 20 µm while nearly double that is 
needed when using the REF coating. Figures 2 B) and C) illustrate the differences. Logically the 
weight gains (WG) to achieve GR are elevated with this coating as shown in Figure 4. Slight 
differences can be observed regarding the required WG between Cellets and PSQ pellets. 

Figure 7: AR Release from Agglomerates 
and single – unit pellets 

Figure 8: Variable importance in the projection (VIP) 
showing the importance of variables 

Content, Gastric Resistance (GR) 
The content of AR and the release thereof were measured photometrically on a Agilent 8453 UV VIS 
Photometer (Agilent Technologies Deutschland GmbH, DE) at 506 nm. Release of the colourant from 
the pellets was tested with 0,1 mol/ l HCl in 25 ml vials placed on a shaker at room temperature after 
evaluating that the temperature had no significant impact on the release of the substance. 

Results 
Pellet Properties 
The results for the characterisation of uncoated pellets is provided in Table 2. Cellets seem to have 
more even particle size distribution than the pellets made of MCC and calcium phosphate. All Pellets 
showed a high degree of roundness and aspect ratio. The values for the pellet surface were used to 
calculate the spray rate per surface area. Variations in diameter differed, with pellets made with MCC/
calcium phosphate showing a wider particle size distribution. 

Introduction 
The production of coated pellets is increasingly important in the pharmaceutical industry because 
these multiparticulate systems offer advantages such as improved drug release and flexible dosing 
[1]. A central challenge in this process is avoiding agglomeration, which can significantly impair the 
homogeneity and quality of the coatings. For enteric film coatings, achieving a uniform layer 
thickness without clumping is critical to ensuring the desired release profiles and gastric resistance. 
Various factors influence agglomeration tendencies, including process parameters, the physical 
properties of the carrier pellets, and the composition of the coating formulations. Agglomeration in a 
fluidised bed occurs when wetted particles collide and liquid bridges between particles can form [2]. 
The surface area of the pellets is a primary factor while smaller particles have a larger surface area 
per unit of mass, which should increase the likelihood of particle-to-particle contact and therefore 
sticking. This study systematically investigates how pellet size, material composition and the choice 
of coating dispersion affect agglomeration and the achievement of gastric resistance. 
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Methods 
Pellet Analysis  
Pellet characteristics such as size and shape were measured by 3D microscopy (VHX-X1, Keyence, 
DE). Additionally manual sieving was employed to measure the degree of pellet agglomeration using 
sieves of 355 µm, 600 µm and 800 µm. Bulk density was measured using a Scott-volumeter. To 
estimate the agglomeration from the microscopic images were analysed and filtered regarding the 
sphericity and the projected area of the object (single pellet or agglomerate). Two ways to calculate 
the agglomerate volume from the projected surface area were explored. One considered the 
agglomerates to be spherical and the subsequent calculation are based on the circle equivalent 
surface (ce) while the other method assumed that the agglomerates are more plate like in shape and 
the volume was calculated from the corresponding number of average circles (ac) that fitted into the 
projected area. Both ways are illustrated in Figure 1 and Equations 1-3 show the calculations. 

Materials 
The study utilized two types of starter pellets in three different size ranges: microcrystalline cellulose 
(MCC) pellets (CELLETS®, ADD Advanced Drug Delivery Technologies Ltd; CH) (abbr. C200, C350, 
C500) and calcium phosphate (DCPA) and MCC pellets (PharSQ® Spheres CM, Budenheim, DE) 
(abbr. P_XS, P_S, P_M)  
All pellets were layered with a water-soluble colourant (allura red colourant, AR) dissolved in a 
solution of polyvinyl alcohol/polyethylene glycol graft copolymer (Kollicoat IR, BASF, DE). 
Subsequentially the colour-layered pellets were insulated (ISO) with a coating of the same polymer. 
Two enteric coating formulations were compared: a) an optimized pellet-coating formulation with an 
enteric methacrylate polymer, a higher concentration of anti-tacking agents such as talc and silicon 
dioxide with triethylcitrate as plasticizer (AquaPolish® E, BIOGRUND GmbH, DE (APE)) b) a 
literature-based formulation of the same polymer containing also polyvinylpyrrolidone (< 3%), a lower 
content of anti-tacking agents, plasticized with propylene glycol.

Conclusions  
Gastric acid resistance is primarily determined by the coating formulation, whilst pellet size plays only 
a minor role. However, both pellet size and the composition of the coating dispersion are key factors 
that influence pellet agglomeration during the coating process. As shown in Figure 8, these variables 
have a significant impact on key process outcomes. In particular, larger pellets, when combined with 
an optimised coating formulation, can significantly reduce the risk of agglomeration. Although process 
parameters can be adjusted to further minimise agglomeration, such adjustments often result in longer 
processing times and increased costs.
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[1] P. Kleinebudde, Pharmazeutische Pellets - Herstellung, Eigenschaften und Anwendung, Heinrich-
Heine-Universität Düsseldorf, 2004, pp. 162-174. 
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Table 1: Process parameters for coatings 

Figure 5 shows the levels of agglomeration at GR protection. Smaller Particles tend to agglomerate 
much more severely than larger pellets while coatings with APE yield lower agglomeration values than 
the REF coatings. It can be observed that the hypothesis that pellets with a higher density should 
have higher inertia and therefore should  separately more readily in case of wetted particle contact  
seems to be supported by the measured and modelled data. However, at prolonged coating 
processes all pellets of small size tend to agglomerate severely as shown in Figure 6.  The graph in 
Figure 7 shows the proof that drug liberation from agglomerated pellets can be compromised. In both 
examples the agglomerates and the un-sieved products  show an increased and undesired release of 
colourant in comparison to neatly coated single unit pellets. 

Figure 1: Illustration of ´calculated volume of 
agglomerated pellets
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Figure 2: Microscopic images of A) a P_S pellet with AR+ISO layers; B) a P_S pellet with a gastric resistant 
AquaPolish® E coating; C) a P_S pellet with a gastric resistant REF coating; D) agglomerated and un-

agglomerated P_S pellets 

A) B) C) D)

Colourant Layer Coating 
A Ventilus® multipurpose lab unit (Romaco Innojet, DE) was used for the first layering of the pellets 
at a constant batch size of 3,0 kg. Choosing a low spray rate of 2,3 g/min and a low solid content of 
the dispersion (8%) allowed to keep all process parameters. The parameters are shown in Table 1.  

Table 2: Results of the pellet characterisation 

Min Average Max Min Average Max Min Average Max

C_200 2 3 11 2 3 7 2*1 4*1 26*1

C_350 2 3 10 2 2 4 2 3 8

C_500 2 3 4 2 2 4 2 2 2

P_XS 2 3 8 2 2 4 2*1 4*1 21*1

P_S 2 2 5 2 2 4 2 3 6

P_M 2 2 4 2 2 3 2 2 2

Pellet Type
AR + ISO Gastric Resistance (APE Coating) Gastric Resistance (REF Coating)      

(*1 @ 60% weight gain - GR not reached)Agglomeration 
Sieving

SD Aggl. Siev.
Agglomeration 
Microscopy (ce)

SD 
Agglomeration 
Microscopy (ce)

Agglomeration 
Microscopy (ac)

Agglomeration 
Microscopy (ac)

[%] [%] [%] [%] [%] [%]

C_200 12,70 2,16 40,8 5,5 30,3 4,1

C_350 2,20 0,21 28,0 2,0 20,5 3,4

C_500 2,70 0,84 25,8 6,5 19,1 5,1

P_XS 4,90 0,46 22,8 5,1 16,2 3,7

P_S 2,10 0,24 11,7 3,3 8,9 2,3

P_M 1,70 0,33 5,7 2,2 4,1 1,6

Pellet Type

Enteric Layer Coating 
Enteric Coatings were applied on a SolidLab 1 
fluid bed machine (Syntegon, DE). The batch 
size and the spray rates were adjusted to 
account for increasing surfaces with reduced 
pellet diameters. Table 2 shows the 
decreasing surface areas of the batches with 
increasing pellet size. Slight adjustments were 
required regarding the inlet air temperature. 
The process parameters are provided in Table 
1. All experiments were carried out within a 
DoE framework set up in Modde Pro 13
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[µm] [µm] [] [] [] [] [g/cm3] [g/cm3] [g/cm3] [g/cm3] [cm3] [g] [mg] [cm2]

C200 273 30 0,91 0,036 0,84 0,088 1,21 0,01 0,79 0,006 1,067E-05 1,288E-05 0,013 0,002

C350 467 41 0,90 0,033 0,89 0,060 1,34 0,00 0,87 0,015 5,334E-05 7,141E-05 0,071 0,007

C500 669 43 0,89 0,020 0,90 0,044 1,32 0,00 0,86 0,000 0,000157 0,0002079 0,208 0,014

P_XS 264 40 0,91 0,043 0,83 0,086 1,50 0,02 1,00 0,001 9,636E-06 1,45E-05 0,014 0,002

P_S 418 73 0,89 0,036 0,85 0,076 1,49 0,03 1,03 0,006 3,833E-05 5,717E-05 0,057 0,005

P_M 664 66 0,88 0,030 0,85 0,077 1,44 0,01 1,01 0,007 0,0001536 0,0002214 0,221 0,014

Pellet 
Type

AR+ ISO Coating 
The combined AR and ISO layers had a thickness around 10 µm as shown in Figure 2 A). Table 3 
shows a comparison of pellet agglomeration during the AR+ISO layering process, estimated by 
sieving and by microscopic imaging as well as the results of the two calculation methods. Sieving 
yields lower agglomeration values in all cases, most likely due to insufficient separation of 
agglomerates.

It can be observed that pellets made solely from MCC show significantly higher agglomeration 
tendencies than pellets made from DCPA / MCC. It can be assumed that this is due to higher pellet 
densities and thus improved separation of wetted particles after collision. Improved binding of liquids 
onto / into the structure of these pellets might also contribute to the observed effect. The calculation 
method based on average circles (ac) always yields lower agglomerate concentrations. Considering 
that the number of pellets in agglomerates is rather low, as shown in Table 4, that estimation seems 
more reasonable. The results in Table 4 also underline the higher agglomeration tendency of Cellets 
in comparison to PSQ pellets. 

Table 3: Agglomeration of Pellets during the AR + 
ISO layer coating 

Table 4: Estimated number of pellets in 
agglomerates

Figure 3: Film Thickness to achieve GR Figure 4: Weight Gain to achieve GR

Figure 5: Pellet Agglomeration at GR Figure 6: Pellet Agglomeration at 60% WG

Enteric Coatings 
The required film thickness to achieve gastric resistance (GR), shown in Figure 3,  depends mostly on 
the used coating dispersion and to a lesser extent on the size of pellets used. Coatings with the APE 
coating only need to be applied to reach a coating thickness around 20 µm while nearly double that is 
needed when using the REF coating. Figures 2 B) and C) illustrate the differences. Logically the 
weight gains (WG) to achieve GR are elevated with this coating as shown in Figure 4. Slight 
differences can be observed regarding the required WG between Cellets and PSQ pellets. 

Figure 7: AR Release from Agglomerates 
and single – unit pellets 

Figure 8: Variable importance in the projection (VIP) 
showing the importance of variables 

Content, Gastric Resistance (GR) 
The content of AR and the release thereof were measured photometrically on a Agilent 8453 UV VIS 
Photometer (Agilent Technologies Deutschland GmbH, DE) at 506 nm. Release of the colourant from 
the pellets was tested with 0,1 mol/ l HCl in 25 ml vials placed on a shaker at room temperature after 
evaluating that the temperature had no significant impact on the release of the substance. 

Results 
Pellet Properties 
The results for the characterisation of uncoated pellets is provided in Table 2. Cellets seem to have 
more even particle size distribution than the pellets made of MCC and calcium phosphate. All Pellets 
showed a high degree of roundness and aspect ratio. The values for the pellet surface were used to 
calculate the spray rate per surface area. Variations in diameter differed, with pellets made with MCC/
calcium phosphate showing a wider particle size distribution. 

Introduction 
The production of coated pellets is increasingly important in the pharmaceutical industry because 
these multiparticulate systems offer advantages such as improved drug release and flexible dosing 
[1]. A central challenge in this process is avoiding agglomeration, which can significantly impair the 
homogeneity and quality of the coatings. For enteric film coatings, achieving a uniform layer 
thickness without clumping is critical to ensuring the desired release profiles and gastric resistance. 
Various factors influence agglomeration tendencies, including process parameters, the physical 
properties of the carrier pellets, and the composition of the coating formulations. Agglomeration in a 
fluidised bed occurs when wetted particles collide and liquid bridges between particles can form [2]. 
The surface area of the pellets is a primary factor while smaller particles have a larger surface area 
per unit of mass, which should increase the likelihood of particle-to-particle contact and therefore 
sticking. This study systematically investigates how pellet size, material composition and the choice 
of coating dispersion affect agglomeration and the achievement of gastric resistance. 
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Methods 
Pellet Analysis  
Pellet characteristics such as size and shape were measured by 3D microscopy (VHX-X1, Keyence, 
DE). Additionally manual sieving was employed to measure the degree of pellet agglomeration using 
sieves of 355 µm, 600 µm and 800 µm. Bulk density was measured using a Scott-volumeter. To 
estimate the agglomeration from the microscopic images were analysed and filtered regarding the 
sphericity and the projected area of the object (single pellet or agglomerate). Two ways to calculate 
the agglomerate volume from the projected surface area were explored. One considered the 
agglomerates to be spherical and the subsequent calculation are based on the circle equivalent 
surface (ce) while the other method assumed that the agglomerates are more plate like in shape and 
the volume was calculated from the corresponding number of average circles (ac) that fitted into the 
projected area. Both ways are illustrated in Figure 1 and Equations 1-3 show the calculations. 

Materials 
The study utilized two types of starter pellets in three different size ranges: microcrystalline cellulose 
(MCC) pellets (CELLETS®, ADD Advanced Drug Delivery Technologies Ltd; CH) (abbr. C200, C350, 
C500) and calcium phosphate (DCPA) and MCC pellets (PharSQ® Spheres CM, Budenheim, DE) 
(abbr. P_XS, P_S, P_M)  
All pellets were layered with a water-soluble colourant (allura red colourant, AR) dissolved in a 
solution of polyvinyl alcohol/polyethylene glycol graft copolymer (Kollicoat IR, BASF, DE). 
Subsequentially the colour-layered pellets were insulated (ISO) with a coating of the same polymer. 
Two enteric coating formulations were compared: a) an optimized pellet-coating formulation with an 
enteric methacrylate polymer, a higher concentration of anti-tacking agents such as talc and silicon 
dioxide with triethylcitrate as plasticizer (AquaPolish® E, BIOGRUND GmbH, DE (APE)) b) a 
literature-based formulation of the same polymer containing also polyvinylpyrrolidone (< 3%), a lower 
content of anti-tacking agents, plasticized with propylene glycol.

Conclusions  
Gastric acid resistance is primarily determined by the coating formulation, whilst pellet size plays only 
a minor role. However, both pellet size and the composition of the coating dispersion are key factors 
that influence pellet agglomeration during the coating process. As shown in Figure 8, these variables 
have a significant impact on key process outcomes. In particular, larger pellets, when combined with 
an optimised coating formulation, can significantly reduce the risk of agglomeration. Although process 
parameters can be adjusted to further minimise agglomeration, such adjustments often result in longer 
processing times and increased costs.

References: 
[1] P. Kleinebudde, Pharmazeutische Pellets - Herstellung, Eigenschaften und Anwendung, Heinrich-
Heine-Universität Düsseldorf, 2004, pp. 162-174. 
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Table 1: Process parameters for coatings 

Figure 5 shows the levels of agglomeration at GR protection. Smaller Particles tend to agglomerate 
much more severely than larger pellets while coatings with APE yield lower agglomeration values than 
the REF coatings. It can be observed that the hypothesis that pellets with a higher density should 
have higher inertia and therefore should  separately more readily in case of wetted particle contact  
seems to be supported by the measured and modelled data. However, at prolonged coating 
processes all pellets of small size tend to agglomerate severely as shown in Figure 6.  The graph in 
Figure 7 shows the proof that drug liberation from agglomerated pellets can be compromised. In both 
examples the agglomerates and the un-sieved products  show an increased and undesired release of 
colourant in comparison to neatly coated single unit pellets. 

Figure 1: Illustration of ´calculated volume of 
agglomerated pellets
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Figure 2: Microscopic images of A) a P_S pellet with AR+ISO layers; B) a P_S pellet with a gastric resistant 
AquaPolish® E coating; C) a P_S pellet with a gastric resistant REF coating; D) agglomerated and un-

agglomerated P_S pellets 

A) B) C) D)

Colourant Layer Coating 
A Ventilus® multipurpose lab unit (Romaco Innojet, DE) was used for the first layering of the pellets 
at a constant batch size of 3,0 kg. Choosing a low spray rate of 2,3 g/min and a low solid content of 
the dispersion (8%) allowed to keep all process parameters. The parameters are shown in Table 1.  

Table 2: Results of the pellet characterisation 

Min Average Max Min Average Max Min Average Max

C_200 2 3 11 2 3 7 2*1 4*1 26*1

C_350 2 3 10 2 2 4 2 3 8

C_500 2 3 4 2 2 4 2 2 2

P_XS 2 3 8 2 2 4 2*1 4*1 21*1

P_S 2 2 5 2 2 4 2 3 6

P_M 2 2 4 2 2 3 2 2 2

Pellet Type
AR + ISO Gastric Resistance (APE Coating) Gastric Resistance (REF Coating)      

(*1 @ 60% weight gain - GR not reached)Agglomeration 
Sieving

SD Aggl. Siev.
Agglomeration 
Microscopy (ce)

SD 
Agglomeration 
Microscopy (ce)

Agglomeration 
Microscopy (ac)

Agglomeration 
Microscopy (ac)

[%] [%] [%] [%] [%] [%]

C_200 12,70 2,16 40,8 5,5 30,3 4,1

C_350 2,20 0,21 28,0 2,0 20,5 3,4

C_500 2,70 0,84 25,8 6,5 19,1 5,1

P_XS 4,90 0,46 22,8 5,1 16,2 3,7

P_S 2,10 0,24 11,7 3,3 8,9 2,3

P_M 1,70 0,33 5,7 2,2 4,1 1,6

Pellet Type

Enteric Layer Coating 
Enteric Coatings were applied on a SolidLab 1 
fluid bed machine (Syntegon, DE). The batch 
size and the spray rates were adjusted to 
account for increasing surfaces with reduced 
pellet diameters. Table 2 shows the 
decreasing surface areas of the batches with 
increasing pellet size. Slight adjustments were 
required regarding the inlet air temperature. 
The process parameters are provided in Table 
1. All experiments were carried out within a 
DoE framework set up in Modde Pro 13
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[µm] [µm] [] [] [] [] [g/cm3] [g/cm3] [g/cm3] [g/cm3] [cm3] [g] [mg] [cm2]

C200 273 30 0,91 0,036 0,84 0,088 1,21 0,01 0,79 0,006 1,067E-05 1,288E-05 0,013 0,002

C350 467 41 0,90 0,033 0,89 0,060 1,34 0,00 0,87 0,015 5,334E-05 7,141E-05 0,071 0,007

C500 669 43 0,89 0,020 0,90 0,044 1,32 0,00 0,86 0,000 0,000157 0,0002079 0,208 0,014

P_XS 264 40 0,91 0,043 0,83 0,086 1,50 0,02 1,00 0,001 9,636E-06 1,45E-05 0,014 0,002

P_S 418 73 0,89 0,036 0,85 0,076 1,49 0,03 1,03 0,006 3,833E-05 5,717E-05 0,057 0,005

P_M 664 66 0,88 0,030 0,85 0,077 1,44 0,01 1,01 0,007 0,0001536 0,0002214 0,221 0,014

Pellet 
Type

AR+ ISO Coating 
The combined AR and ISO layers had a thickness around 10 µm as shown in Figure 2 A). Table 3 
shows a comparison of pellet agglomeration during the AR+ISO layering process, estimated by 
sieving and by microscopic imaging as well as the results of the two calculation methods. Sieving 
yields lower agglomeration values in all cases, most likely due to insufficient separation of 
agglomerates.

It can be observed that pellets made solely from MCC show significantly higher agglomeration 
tendencies than pellets made from DCPA / MCC. It can be assumed that this is due to higher pellet 
densities and thus improved separation of wetted particles after collision. Improved binding of liquids 
onto / into the structure of these pellets might also contribute to the observed effect. The calculation 
method based on average circles (ac) always yields lower agglomerate concentrations. Considering 
that the number of pellets in agglomerates is rather low, as shown in Table 4, that estimation seems 
more reasonable. The results in Table 4 also underline the higher agglomeration tendency of Cellets 
in comparison to PSQ pellets. 

Table 3: Agglomeration of Pellets during the AR + 
ISO layer coating 

Table 4: Estimated number of pellets in 
agglomerates

Figure 3: Film Thickness to achieve GR Figure 4: Weight Gain to achieve GR

Figure 5: Pellet Agglomeration at GR Figure 6: Pellet Agglomeration at 60% WG

Enteric Coatings 
The required film thickness to achieve gastric resistance (GR), shown in Figure 3,  depends mostly on 
the used coating dispersion and to a lesser extent on the size of pellets used. Coatings with the APE 
coating only need to be applied to reach a coating thickness around 20 µm while nearly double that is 
needed when using the REF coating. Figures 2 B) and C) illustrate the differences. Logically the 
weight gains (WG) to achieve GR are elevated with this coating as shown in Figure 4. Slight 
differences can be observed regarding the required WG between Cellets and PSQ pellets. 

Figure 7: AR Release from Agglomerates 
and single – unit pellets 

Figure 8: Variable importance in the projection (VIP) 
showing the importance of variables 

Content, Gastric Resistance (GR) 
The content of AR and the release thereof were measured photometrically on a Agilent 8453 UV VIS 
Photometer (Agilent Technologies Deutschland GmbH, DE) at 506 nm. Release of the colourant from 
the pellets was tested with 0,1 mol/ l HCl in 25 ml vials placed on a shaker at room temperature after 
evaluating that the temperature had no significant impact on the release of the substance. 

Results 
Pellet Properties 
The results for the characterisation of uncoated pellets is provided in Table 2. Cellets seem to have 
more even particle size distribution than the pellets made of MCC and calcium phosphate. All Pellets 
showed a high degree of roundness and aspect ratio. The values for the pellet surface were used to 
calculate the spray rate per surface area. Variations in diameter differed, with pellets made with MCC/
calcium phosphate showing a wider particle size distribution. 

Introduction 
The production of coated pellets is increasingly important in the pharmaceutical industry because 
these multiparticulate systems offer advantages such as improved drug release and flexible dosing 
[1]. A central challenge in this process is avoiding agglomeration, which can significantly impair the 
homogeneity and quality of the coatings. For enteric film coatings, achieving a uniform layer 
thickness without clumping is critical to ensuring the desired release profiles and gastric resistance. 
Various factors influence agglomeration tendencies, including process parameters, the physical 
properties of the carrier pellets, and the composition of the coating formulations. Agglomeration in a 
fluidised bed occurs when wetted particles collide and liquid bridges between particles can form [2]. 
The surface area of the pellets is a primary factor while smaller particles have a larger surface area 
per unit of mass, which should increase the likelihood of particle-to-particle contact and therefore 
sticking. This study systematically investigates how pellet size, material composition and the choice 
of coating dispersion affect agglomeration and the achievement of gastric resistance. 
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Methods 
Pellet Analysis  
Pellet characteristics such as size and shape were measured by 3D microscopy (VHX-X1, Keyence, 
DE). Additionally manual sieving was employed to measure the degree of pellet agglomeration using 
sieves of 355 µm, 600 µm and 800 µm. Bulk density was measured using a Scott-volumeter. To 
estimate the agglomeration from the microscopic images were analysed and filtered regarding the 
sphericity and the projected area of the object (single pellet or agglomerate). Two ways to calculate 
the agglomerate volume from the projected surface area were explored. One considered the 
agglomerates to be spherical and the subsequent calculation are based on the circle equivalent 
surface (ce) while the other method assumed that the agglomerates are more plate like in shape and 
the volume was calculated from the corresponding number of average circles (ac) that fitted into the 
projected area. Both ways are illustrated in Figure 1 and Equations 1-3 show the calculations. 

Materials 
The study utilized two types of starter pellets in three different size ranges: microcrystalline cellulose 
(MCC) pellets (CELLETS®, ADD Advanced Drug Delivery Technologies Ltd; CH) (abbr. C200, C350, 
C500) and calcium phosphate (DCPA) and MCC pellets (PharSQ® Spheres CM, Budenheim, DE) 
(abbr. P_XS, P_S, P_M)  
All pellets were layered with a water-soluble colourant (allura red colourant, AR) dissolved in a 
solution of polyvinyl alcohol/polyethylene glycol graft copolymer (Kollicoat IR, BASF, DE). 
Subsequentially the colour-layered pellets were insulated (ISO) with a coating of the same polymer. 
Two enteric coating formulations were compared: a) an optimized pellet-coating formulation with an 
enteric methacrylate polymer, a higher concentration of anti-tacking agents such as talc and silicon 
dioxide with triethylcitrate as plasticizer (AquaPolish® E, BIOGRUND GmbH, DE (APE)) b) a 
literature-based formulation of the same polymer containing also polyvinylpyrrolidone (< 3%), a lower 
content of anti-tacking agents, plasticized with propylene glycol.

Conclusions  
Gastric acid resistance is primarily determined by the coating formulation, whilst pellet size plays only 
a minor role. However, both pellet size and the composition of the coating dispersion are key factors 
that influence pellet agglomeration during the coating process. As shown in Figure 8, these variables 
have a significant impact on key process outcomes. In particular, larger pellets, when combined with 
an optimised coating formulation, can significantly reduce the risk of agglomeration. Although process 
parameters can be adjusted to further minimise agglomeration, such adjustments often result in longer 
processing times and increased costs.

References: 
[1] P. Kleinebudde, Pharmazeutische Pellets - Herstellung, Eigenschaften und Anwendung, Heinrich-
Heine-Universität Düsseldorf, 2004, pp. 162-174. 
[2] Cole, G. (1995). Pharmaceutical Coating Technology. London: Taylor & Francis.

Table 1: Process parameters for coatings 

Figure 5 shows the levels of agglomeration at GR protection. Smaller Particles tend to agglomerate 
much more severely than larger pellets while coatings with APE yield lower agglomeration values than 
the REF coatings. It can be observed that the hypothesis that pellets with a higher density should 
have higher inertia and therefore should  separately more readily in case of wetted particle contact  
seems to be supported by the measured and modelled data. However, at prolonged coating 
processes all pellets of small size tend to agglomerate severely as shown in Figure 6.  The graph in 
Figure 7 shows the proof that drug liberation from agglomerated pellets can be compromised. In both 
examples the agglomerates and the un-sieved products  show an increased and undesired release of 
colourant in comparison to neatly coated single unit pellets. 

Figure 1: Illustration of ´calculated volume of 
agglomerated pellets
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Figure 2: Microscopic images of A) a P_S pellet with AR+ISO layers; B) a P_S pellet with a gastric resistant 
AquaPolish® E coating; C) a P_S pellet with a gastric resistant REF coating; D) agglomerated and un-

agglomerated P_S pellets 

A) B) C) D)

Colourant Layer Coating 
A Ventilus® multipurpose lab unit (Romaco Innojet, DE) was used for the first layering of the pellets 
at a constant batch size of 3,0 kg. Choosing a low spray rate of 2,3 g/min and a low solid content of 
the dispersion (8%) allowed to keep all process parameters. The parameters are shown in Table 1.  

Table 2: Results of the pellet characterisation 

Min Average Max Min Average Max Min Average Max

C_200 2 3 11 2 3 7 2*1 4*1 26*1

C_350 2 3 10 2 2 4 2 3 8

C_500 2 3 4 2 2 4 2 2 2

P_XS 2 3 8 2 2 4 2*1 4*1 21*1

P_S 2 2 5 2 2 4 2 3 6

P_M 2 2 4 2 2 3 2 2 2

Pellet Type
AR + ISO Gastric Resistance (APE Coating) Gastric Resistance (REF Coating)      

(*1 @ 60% weight gain - GR not reached)Agglomeration 
Sieving

SD Aggl. Siev.
Agglomeration 
Microscopy (ce)

SD 
Agglomeration 
Microscopy (ce)

Agglomeration 
Microscopy (ac)

Agglomeration 
Microscopy (ac)

[%] [%] [%] [%] [%] [%]

C_200 12,70 2,16 40,8 5,5 30,3 4,1

C_350 2,20 0,21 28,0 2,0 20,5 3,4

C_500 2,70 0,84 25,8 6,5 19,1 5,1

P_XS 4,90 0,46 22,8 5,1 16,2 3,7

P_S 2,10 0,24 11,7 3,3 8,9 2,3

P_M 1,70 0,33 5,7 2,2 4,1 1,6

Pellet Type

Enteric Layer Coating 
Enteric Coatings were applied on a SolidLab 1 
fluid bed machine (Syntegon, DE). The batch 
size and the spray rates were adjusted to 
account for increasing surfaces with reduced 
pellet diameters. Table 2 shows the 
decreasing surface areas of the batches with 
increasing pellet size. Slight adjustments were 
required regarding the inlet air temperature. 
The process parameters are provided in Table 
1. All experiments were carried out within a 
DoE framework set up in Modde Pro 13
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[µm] [µm] [] [] [] [] [g/cm3] [g/cm3] [g/cm3] [g/cm3] [cm3] [g] [mg] [cm2]

C200 273 30 0,91 0,036 0,84 0,088 1,21 0,01 0,79 0,006 1,067E-05 1,288E-05 0,013 0,002

C350 467 41 0,90 0,033 0,89 0,060 1,34 0,00 0,87 0,015 5,334E-05 7,141E-05 0,071 0,007

C500 669 43 0,89 0,020 0,90 0,044 1,32 0,00 0,86 0,000 0,000157 0,0002079 0,208 0,014

P_XS 264 40 0,91 0,043 0,83 0,086 1,50 0,02 1,00 0,001 9,636E-06 1,45E-05 0,014 0,002

P_S 418 73 0,89 0,036 0,85 0,076 1,49 0,03 1,03 0,006 3,833E-05 5,717E-05 0,057 0,005

P_M 664 66 0,88 0,030 0,85 0,077 1,44 0,01 1,01 0,007 0,0001536 0,0002214 0,221 0,014

Pellet 
Type

AR+ ISO Coating 
The combined AR and ISO layers had a thickness around 10 µm as shown in Figure 2 A). Table 3 
shows a comparison of pellet agglomeration during the AR+ISO layering process, estimated by 
sieving and by microscopic imaging as well as the results of the two calculation methods. Sieving 
yields lower agglomeration values in all cases, most likely due to insufficient separation of 
agglomerates.

It can be observed that pellets made solely from MCC show significantly higher agglomeration 
tendencies than pellets made from DCPA / MCC. It can be assumed that this is due to higher pellet 
densities and thus improved separation of wetted particles after collision. Improved binding of liquids 
onto / into the structure of these pellets might also contribute to the observed effect. The calculation 
method based on average circles (ac) always yields lower agglomerate concentrations. Considering 
that the number of pellets in agglomerates is rather low, as shown in Table 4, that estimation seems 
more reasonable. The results in Table 4 also underline the higher agglomeration tendency of Cellets 
in comparison to PSQ pellets. 

Table 3: Agglomeration of Pellets during the AR + 
ISO layer coating 

Table 4: Estimated number of pellets in 
agglomerates

Figure 3: Film Thickness to achieve GR Figure 4: Weight Gain to achieve GR

Figure 5: Pellet Agglomeration at GR Figure 6: Pellet Agglomeration at 60% WG

Enteric Coatings 
The required film thickness to achieve gastric resistance (GR), shown in Figure 3,  depends mostly on 
the used coating dispersion and to a lesser extent on the size of pellets used. Coatings with the APE 
coating only need to be applied to reach a coating thickness around 20 µm while nearly double that is 
needed when using the REF coating. Figures 2 B) and C) illustrate the differences. Logically the 
weight gains (WG) to achieve GR are elevated with this coating as shown in Figure 4. Slight 
differences can be observed regarding the required WG between Cellets and PSQ pellets. 

Figure 7: AR Release from Agglomerates 
and single – unit pellets 

Figure 8: Variable importance in the projection (VIP) 
showing the importance of variables 

Table 3: Agglomeration of pellets during the  

AR + ISO layer coating 

Table 4: Estimated number of pellets  

in agglomerates
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Figure 5: Pellet Agglomeration at GR

Figure 7: AR Release from agglomerates  

and single-unit pellets

Figure 8: Variable importance in the projection (VIP) showing 

the importance of variables 

Figure 6: Pellet Agglomeration at 60% WG


