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Formulation and Process Considerations
for Optimising Spray-Dried Solid Dispersions
Spray drying active pharmaceutical
ingredients (APIs) in solution to
overcome solubility hurdles requires
part craft and great attention to process
variables. In this article, Javier Gurrea,
a spray drying manufacturing specialist
from Idifarma, explains how expertly
applied spray drying technology offers
drug innovators a faster route to higherperforming drugs.
Although a technically challenging
process, spray drying is a mature, well
understood technique capable of transforming solutions or suspensions into solid
particles. Although this process has been
widely used in diverse industrial fields, it
has become more and more demanded
in pharmaceutical applications for the
production of solid dispersions (SDSDs).
Pharma leveraging SDDs more than ever
Today’s APIs are increasingly insoluble
and that is presenting new problems
for formulators looking to manage
the bioavailability and dosing of their
formulas. As a result, a significant number
of therapeutics gaining approval recently
possessed poor biopharmaceutical properties
that had to be managed through advanced
processes and formulation strategies.
Improving the bioavailability of these
new and existing drugs is turning out to be
big business for contract development and
manufacturing organizations (CDMOs) as
pharma’s drug developers look to exploit
both accelerated new chemical entity (NCE)
and existing drug development pathways.
Several of the most popular drugs on
the market today have had to manage
poor solubility and low bioavailability. That
trend isn’t slowing either. Pharma industry
analysts estimate that as many as 40%
of approved drugs and nearly 90% of the
developmental pipeline drugs consist of
poorly soluble molecules.1
For developers, changing formula
chemistries and identifying different
routes of administration are just a few of
the ways the industry is seeking to profit
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from accelerated drug development routes
including 505(b)2 New Drug Applications
(NDAs). The industry is finding that
redeveloping existing formulations can
quickly improve the therapeutic value of
existing drugs to both payer and patient.
Regarding drug bioavailability enhancement, SDSDs have proven to be a highly
controllable, flexible manufacturing strategy
to improve the solubility of drugs – especially
those with low aqueous solubility.
Because each product is unique, a
deep knowledge of the key aspects of
the formulation and the mechanistic
understanding of spray drying process is
required.
Understand your evaporation rate inside
and out
During spray drying, the heat and mass
transfer that takes place determines
the characteristics of the particles being
formed. This atomisation of the solution is
a crucial aspect of the process because it
generates fine droplets in order to increase
the surface area of the liquid exposed to
the drying gas.2
Initial mass transfer is characterised by
a constant evaporation rate, equivalent to a
pure solvent droplet – because it refers to the
evaporation of the solvent on the surface of
the droplet. This is followed by the diffusion
of the solvent from the core to the particle
surface.2 At this moment, the temperature
of the particle suddenly increases, and the
particle formation rate diminishes due to
the higher amount of solvent in the drying
gas stream. Consequently, the evaporation
rate undergoes a sudden decrease due to
the droplet viscosity, which can solidify the
surface first, hindering the solvent from
leaving the interior of the droplet.
It is a key consideration not to be overlooked or dismissed lightly. The evaporation
rate is crucial in stabilizing the amorphous
form of the drug, and the time the particle
is in contact with the hot gas may also have
an impact on the stability of the product
obtained. In this sense, although the drying
capacity of the gas can be increased by
raising the process temperatures, it cannot

rise indefinitely to avoid compromising the
stability of the solid dispersion.
Tetris and the ‘rush hour effect’
It is important not to forget that the drying
process takes place in milliseconds and
during this brief point in time, different
phenomena occur that can and will
determine the characteristics of the particle
being formed.
First, the droplet mass remains constant
until the solvent begins to evaporate. Then,
the amount of solvent of the droplet goes
down and the solute content concentrates
on the surface of the particle. As a result of
this ‘concentration gradient’ there is a slight
diffusion of solutes towards the nucleus
of the particle as well. In this case, if the
diffusion rate of solutes is not as fast as
the decrease in droplet volume, a ‘crust’ can
form on the surface of the particle.3
As evaporation of the solvent continues,
this outer skin can hinder the evaporation
of the solvent from the core of the particle
and, depending on the resistance and
thickness of the crust formed, the particle
can inflate or burst resulting in hollow or
porous particle due to the internal pressure.
This phenomenon is commonly known as
‘rush hour effect’.4
On the contrary, if the evaporation rate is
low, the solute particles have enough time
to migrate to the core of the particle during
the solvent removal, resulting in denser
and smaller particles (‘tetris effect’) (See
Figure 1).
Fortunately, these phenomena can be
explained by a simple equation referring
to the Peclet number (Pei) equation which
relates the variables that influence the
characteristics of the resulting particles
(Equation 1).5
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k is the evaporation rate
Di is the diffusion coefficient of the
solute

For a given solution composition, a
low evaporation rate (low Pei) results in
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smaller and denser particles while a very
fast evaporation rate (solvents with low
boiling point, high Pei) provides particles
of more volume, porous, less dense and with
an enrichment of solutes on their surface.
Additionally, the solvent characteristics
can also affect the distribution of the
particle components, as can be seen in
the equation, that includes the diffusion
coefficient of the solute in the solvent.
When values of diffusion coefficient are
low (corresponding to a higher Pei) there
is an enrichment in solutes on the particle
surface because the particle components
diffuse more slowly than the particle size
decrease during the solvent evaporation. In
contrast when diffusion coefficients are high
(lower Pei) the components will be uniformly
distributed along the particle.3,6,7
All things considered, by manipulating
the key process inputs of spray drying,
the properties impacting the dissolution
behaviour such as morphology and particle
size, as well as density and flowability
(relevant to process quality and throughput
goals in downstream processes like tableting
or capsule filling) can be modulated.
Manage spray drying variables for best
results
Manufacturers with experience have found
that the better technicians are at leveraging
a series of critical spray-drying process
parameters, the more capable they are of
generating desired particle morphologies.
Breaking it down, precise particle formation
control requires a thorough evaluation of
both feed solution variables and process
parameters:

Figure 1 – Effect of evaporation rate on transition from droplet to particle

larger particles with a rough surface and
high porosity).3,10
•

Polymer content. The evaporation
kinetics is influenced by the polymer
concentration in the solution, which
will result in a given solution viscosity.
On the other hand, the miscibility of
both components, and the potential
to obtain a homogeneous system, is
determined by the API-polymer ratio.8

•

Solids content. Typical solids content
used in amorphous solid dispersions
are within the range of 10% to 30%. This
solids content is inversely proportional to
the evaporation rate.9 Regarding desired
particle size, low-concentrated solutions
generally produce small spherical
particles (of high hygroscopicity and
concentrated solutions often result in
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•

Type of gas and flow rate. On the
one hand, the type of gas used can
influence the particle size. Gases with
low density, such as nitrogen, result in
smaller particle size.2,16 On the other
hand, the higher the gas flow rate,
the smaller the particle size obtained
during the process, and, in addition,
it has been observed that working in
open cycle produces higher yields than
working in closed cycle.2,17

•

Type of atomizers used. Depending on
the design of the atomising system,
particles with different properties can
be obtained using:

Process parameters
•

•

Feed solution variables
•

Solution stability. This variable
requires close examination, especially
when large commercial volumes of
solution are prepared, involving a
large period of time between its
preparation and its drying process,
in order to avoid nucleation and
crystalline growth.11

low will cause a high level of residual
solvent in the product, compromising
its stability.15

•

Liquid feeding rate. This parameter
dictates the time in which the particles
are in the drying chamber, as well as
the amount of solvent present in
the gas stream and the subsequent
outlet temperature observed. It is
also directly proportional to the
particle size and some authors have
described that this feed rate could be
inversely proportional to the solubility
enhancement of the active ingredient.12
Inlet temperature. Because inlet
temperature has been postulated
to be directly proportional to the
obtained glass-transition temperature
(Tg), it is inversely proportional to the
crystallinity of the drug.13 High inlet
temperatures can generate larger
particles and may cause solvent
entrapment in its core, resulting in the
subsequent destruction of its outer
skin while lower inlet temperatures,
generate smaller denser particles with
a rough surface.3,14
Outlet temperature. Two aspects of
outlet temperature should never be
overlooked. If the outlet temperature
is above the Tg of the product, it can
adhere to the walls of the equipment
due to the sticky characteristics of the
compound, reducing process yield.
Similarly, an outlet temperature too

•

Rotary/centrifugal atomisers:
These devices use a rotating disk
to break the liquid stream into small
droplets that are projected towards
the walls of the drying chamber
thanks to centrifugal force.18

•

Bi-fluid nozzles: This is the most
common type of atomiser
employed in the pharmaceutical
field. In these devices the liquid
is put in contact with a gas stream
resulting in a disintegration of
the liquid into fine droplets. The
characteristics of the atomisation will be influenced by the
characteristics of the solution
or suspension and the gas used
(density, viscosity, pressure, etc.).19

•

Pressure nozzles: This type
employs hydraulic pressure to
break the liquid stream through
a nozzle, where a series of spiralshaped inserts break the solution
into small droplets. One advantage
of these atomisers is that they
Autumn 2021 Volume 13 Issue 3

Manufacturing

allow the obtention of larger
particles that facilitates the
subsequent downstream process
without needing to perform a
dry granulation step to achieve
the optimum flow and density
features.20
Programs run better with systematic Quality
by Design
Although spray drying can be a challenging
technology to master it has fast become
the preferred way for drug developers to
overcome the limitations of APIs with poor
aqueous solubility due to its applicability
to obtain amorphous solid dispersions or
to dry nanosuspensions for instance. In
support of quality and reliability in process
the industry is increasingly introducing
spray drying in a more systematic and
empirical way following ICH Q821 guidelines
and its primary Quality by Design (QbD)
approach.
Having a deep knowledge of all the
parameters that influence the process and
their potential impact on particle formation
is the initial and key step in starting a
successful drug manufacturing program for
tricky, insoluble formulations. The process
is sophisticated, and program planning
requires a precision approach.
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