
Scaling of unit operations is important to combine laboratory R&D and
industrial manufacturing. This is no different for the spray drying process. A
successful transition from the laboratory stage to the production stage is vital
in order to bring a product to market. In the pharmaceutical industry it is
important that particles created during laboratory experiments can also be
created on large scale production dryers. Therefore it is important that the
final product keeps the same properties on different dryers.

The main purpose of this study is to approve the scalability
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INTRODUCTIONINTRODUCTION

Spray Drying ScaleSpray Drying Scale--Up from mg to kg Scale with a Up from mg to kg Scale with a HydroxypropylHydroxypropyl
Methylcellulose Acetate Methylcellulose Acetate SuccinateSuccinate (HPMC(HPMC--AS) SolutionAS) Solution

I. Energy balanceI. Energy balance IV. Screening testsIV. Screening tests

RESULTSRESULTS
FSD 12.5 (SD Mode) PRODUCTION SPRAY DRYERFSD 12.5 (SD Mode) PRODUCTION SPRAY DRYER ‘MICRO‘MICRO--SPRAY’ LABORATORY SPRAY DRYERSPRAY’ LABORATORY SPRAY DRYER

Particle size d50 = 80 � m is the target during the screening tests.

Further
Analysis

VI. Product characteristics    
Micro-Spray

VI. Product characteristics    
Micro-Spray

Bulk density 0.34 0.35 [g/ml]

Tapped density 0.42 0.43 [g/ml]

Water content by KF 1.11 1.16 [w/w%]

d10 37.80 34.85 [� m]

d50 82.63 78.98 [� m]

d90 164.50 164.44 [� m]
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The main purpose of this study is to approve the scalability
between the ‘Micro-Spray’ laminar co-flow laboratory spra y dryer
developed by ProCepT and the FSD 12.5 (SD mode) from GEA Niro I nc.
optimized by Hovione.

HPMC-AS HG is first spray dried on the FSD 12.5 production spray
dryer (figure 1-A). The system is a closed cycled system with a condenser at
-5 °C. The drying medium is nitrogen with fractions of the solvent s acetone
and dichloromethane (DCM). The drying medium has a mass flow of 1856
kg/hr and enters the drying chamber at a temperature of 70 °C. At t he
chamber exit, the temperature has dropped to 40 °C. The feed ha s a mass
flow of 130 kg/hr and is atomized with a high pressure nozzle. The solvent is
a mixture of acetone and DCM respectively 20 and 80 w/w% and the feed
has a concentration of 5.9 w/w%.

The same solution is spray dried on the ‘Micro-Spray” lab scale spray
dryer (figure 1-B). Screening tests are done with constant feed
concentration. The atomization of the feed is generated with a 25 kHz and 60
kHz ultrasonic nozzle. For controlling the particle size, different feed rates
are dosed from 2 ml/min up to 8 ml/min. Samples of 90 ml are dosed at
different temperatures of the drying air (ambient air) (70 °C and 80 °C) to
control the final solvent content.

Laser diffraction is used to measure the particle size distribution
(Malvern Instruments, Mastersizer 2000). Scanning electron microscopy
(SEM) is used for observation of the morphology of the spray dried particles

MATERIALS & METHODSMATERIALS & METHODS
One can see that the created product is similar to
the original product of the production spray dryer.
There is a small difference in the residual solvent
content. But if one wants to use the product in
further processes all the residual solvents need to
be eliminated so it is rather an advantage that the
product contains less solvent on the ‘Micro-Spray’.

Figure 2: Energy balance of the FSD 12.5

II. Product characteristic FSD12.5II. Product characteristic FSD12.5
The product is spray dried two times in order to have a look at the

variation of the process.
Bulk density 0.29 0.32 [g/ml]

Tapped density 0.40 0.42 [g/ml]

Water content by KF 0.93 0.56 [w/w%]

Optimal process conditions:

� Dosing speed: 6 ml/min
� Temperature drying air: 70 °C
� Ultrasonic nozzle of 25 kHz

To small

V. Energy balanceV. Energy balance

d90 164.50 164.44 [� m]

Span 1.53 1.64 [-]

Total solvent content 5.03 4.64 [%]

Table 1: Product characteristics (‘Micro-Spray’)

Figure 4: Results of the screening tests
VII. SEM picturesVII. SEM pictures

Figure 6: SEM picture (left: 500x, right: 2000x)

� Non-spherical particles
� Wrinkled and dented structure

Almost no heat losses over the 
system, because it is well insulated.

(SEM) is used for observation of the morphology of the spray dried particles
(Fei Company, Quanta 200F). Coulometric Karl Fisher (KF) titration is
used to determine the residual water content (Mettler Toledo, DL35). Loss
on drying (LOD) moisture analysis is used to measure the residual solvent
content (Mettler Toledo, PM 480 / LP 16). Bulk powder taping is used to
observe the bulk and tapped density of the produced powders (J.
Engelsmann A.-G., E6 80.50K)

[1] Hovione
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CONCLUSIONCONCLUSION
A successful spray drying scale-up, from 500

mg to 8 kg dried HPMC-AS, has been achieved
from a ProCepT ‘Micro-Spray’ to a commercial
scale NIRO FSD 12.5 (SD Mode) unit. The final
product shows similar morphology (wrinkled and
dented), particle size (d50 about 80 micron) and
density. A small difference in residual solvent
content is observed. Noteworthy is the particle size
that could be obtained in the ‘Micro-Spray’ unit and
the very low span value.
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d10 25.59 25.42 [� m]

d50 82.11 76.65 [� m]

d90 163.16 163.33 [� m]

Span 1.68 1.80 [-]

Total solvent content 7.36 8.02 [-]
Table 1: Product characteristics (FSD 12.5)

III. SEM pictures to investigate the morphologyIII. SEM pictures to investigate the morphology

Figure 3: SEM pictures (left: 100x, right: 500x)

� Non-spherical particles
� Wrinkled and dented structure

When comparing the available energy and energy needed, one can
see that there is al large surplus in available energy. This was expected
because the energy losses over the column will be high. The main reason
for this is that the column is not insulated and is made out of glass. The
conclusion is that more than 60 % of the available energy is lost due to the
glass column.

Figure 5: Energy balance of the ‘Micro-Spray’


