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by Lisa RADOVANOVIC JANSSON

The pharmaceutical industry faces technical challenges in the near future when tran-
sitioning from the traditional batch wise manufacturing to continuous manufactur-
ing. One issue that needs to be solved is how to obtain high-quality measurements
of a moving solid powder sample. The aim of this work was to study this issue. The
first part was to develop an in-line near-infrared spectroscopy (NIR) probe holder
to improve the sample presentation directly after the first of the two consecutive
blenders in continuous direct compression (CDC). The probe-holder collects the
sample and momentarily holds it still during analysis. The second part of the work
was to evaluate the in-house developed and commercial probe holder operating by
the same principle. In-line measurements were conducted by simulating the dis-
charge from the blend using a feeder. Both off-line and in-line orthogonal partial
least-square (OPLS) prediction models were constructed using multivariate statis-
tics. The models were pretreated using first derivative and standard normal variate
(SNV) filters. The possibility of in-line monitoring the active pharmaceutical ingre-
dient (API) using an off-line calibration through local centring was also investigated.
The off-line prediction model overpredicted the concentration with approximately 2
%. Local centring was used as a solution to the overprediction. However, the NIR
spectra obtained from the samples used for local centring indicated that segregation
had occurred. Due to limited time, the powder blends could not be re-mixed and
used to further investigate the possibility to use an off-line calibration to predict in-
line measurements. The in-line calibrations could successfully predict the API con-
centration in powder blends measured in-line. The in-house made and commercial
probe holders showed similar results and were both fit for purpose. Further inves-
tigation regarding for example cost and validation requirements should be made
before deciding whether to continue with the solution of the in-house made probe
holder or the commercial one.
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Chapter 1

Introduction

1.1 Introduction

Traditionally, pharmaceuticals are manufactured in batch mode. However, in re-
cent years, continuous manufacturing has emerged as a new opportunity, promising
increased robustness and �exibility, lower footprint, reduced costs, and facilitated
scale-up. In a traditional pharmaceutical batch process, its settings are validated
and �xed, the quality is tested at the end of the process, compared with speci�ca-
tions, resulting in a pass or fail result. Hence, varying input materials and envi-
ronmental conditions may lead to varying output quality. In a continuous process,
material is constantly charged, processed and discharged. The ability to acquire
information from the process during manufacturing enables tuning of the process
in real time and obtaining the desired quality requirement through adaptation to
varying input quality. Integral to this is having a deep understanding of materials
and the manufacturing process, which can be achieved by mechanistic modelling
and rapid analysis in or close to the process, i.e. with process analytical technol-
ogy (PAT). In addition to trending and control, PAT also offers the opportunity for
real-time release, and is often enabled with optical spectroscopic techniques, such as
near-infrared spectroscopy (NIR).

1.1.1 Aim of the Project

This master thesis aimed at developing in-line measurements for the continuous
manufacturing of pharmaceutical solid dosage formulations, with an emphasis on
the continuous direct compression (CDC) process. The in-line measurements were
be performed by evaluating probe holders that present the powder blend to the
probe for real-time monitoring of the powder blend homogeneity after mixing. An-
alytical techniques such as near-infrared spectroscopy (NIR) were investigated, as
well as investigation of the possibility to use an off-line calibration for predicting in-
line measurements. However, the focus of the project was on sample presentation
and data evaluation using multivariate statistics.
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Chapter 2

Background

2.1 From Batch to Continuous Manufacturing of Pharmaceu-
ticals

Pharmaceutics have traditionally been manufactured through a series of batch-wise
unit operations. The industry has controlled the manufacturing based on a regula-
tory framework that protects the quality of the drug by assessing the manufacturing
operations, characterising the raw material and the end-product, and testing the pro-
cess conditions and intermediate products. This quality by testing has limitations
which have been broadly recognised for both small molecules and biopharmaceu-
tics [1, 2].

Similar processing �elds, like chemical manufacturing, have implemented contin-
uous manufacturing decades back. However, the pharmaceutical industries have
been hesitant to implement new technologies due to not knowing how these new
innovations would be perceived by the regulators. Many companies did not priori-
tise to solve these technical problems and as a result high degree of waste related to
batch-wise processing has been observed. Reported waste levels could reach up to
50 % of the manufactured product [2]. It also seemed to be hard to predict the effect
of scale-up on the quality of the end-product, along with an inability to understand
the underlying causes of manufacturing failures. All these, together with the FDA
scrutiny of the manufacturing process and dif�culties implementing changes to it
gave high manufacturing related costs [2]. Also, the pharmaceutical industry has
had high margins of pro�t compared to other industries, which gave small incentive
as long as new products were launched.

2.1.1 Continuous Manufacturing Opportunities

Continuous manufacturing shows many advantages compared to traditional batch
manufacturing in terms of ef�ciency, control of product quality and �exibility. Us-
ing batch manufacturing, the industry is in�exible in the aspect of scale-up and pos-
sesses limited ability to rapidly increase the production during pandemics or other
emergencies. To bring up a new batch manufacturing facility could take months to
years, whilst continuous manufacturing scale-up is achieved by longer processing
times or increased �ow rate and can be built into the process design and validation.

Supply chains for many APIs can span over several countries due to �nancial rea-
sons, which makes it vulnerable. In contrast to continuous manufacturing, inter-
mediates in batch manufacturing need to be stored between unit operations and
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TABLE 2.1: Attributes and corresponding possible advantages of con-
tinuous manufacturing

Attribute Advantage

Small equipment and space re-
quired

Ef�cient. High throughput.

Short supply chain No storage or shipping for intermediates. Re-
duced costs. Fast response to market demand.
Less degradation for sensitive intermediates

No batch handling Increased operator safety
Production �ow continuous Easy scale-up through longer running time or in-

creased mass �ow
High product and manufacturing
understanding

Product quality inherent. Reduced batch-to-batch
variations

shipped to the next manufacturing facility. Shorter supply chains can directly im-
prove both the manufacturing footprint and the product quality when APIs or inter-
mediates are unstable or sensitive to environmental conditions.

Unit operations in continuous manufacturing often show higher ef�ciency com-
pared to the batch manufacturing equivalent, making the required size of the pro-
duction equipment smaller [3]. Since intermediates do not move between unit op-
erations and hence neither require suites nor dedicated modules for holding, the
footprint can be reduced further. Nonetheless, new production facilities and gener-
ation of process knowledge need an initial investment, and transitioning the current
batch manufacturing facilities into continuous manufacturing could be a �nancial
obstacle [4]. Thus, candidates to implement continuous manufacturing are likely
new therapeutics or already approved therapeutics with a large market that require
expansion of the manufacturing [5]. Some continuous manufacturing attributes and
possible advantages are summarised in Table 2.1 [5].

A growing interest has emerged during the last years in increasing drug quality and
safety, and at the same time implement more structured methods in pharmaceutical
development and manufacturing and increasing the manufacturing cost ef�ciency.
Examples of these approaches are the QbD approach by ICH and the PAT guidance
by FDA [6]. Both tools seem necessary to implement as the pharmaceutical industry
moves to continuous processing.

2.1.2 Pharmaceutical Quality by Design

Implementing QbD could facilitate the pharmaceutical industry and drug author-
ities transition into a more scienti�c, holistic and proactive approach to develop-
ment. The approach facilitates and promotes the understanding of the product and
its manufacturing through the whole chain from product development, basically
making quality inherent. This is a contrast to the traditional approach, which is
highly empirical and assures product quality by testing. With QbD, a product is
designed in a way that it meets the desired clinical functioning, and that the manu-
facturing consistently meets the desired quality attributes of the product [6]. Figure
2.1 illustrates the different steps a pharmaceutical process goes through during the
life cycle, i.e. de�ne, design, characterise, validate, monitor and control. The dashed
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FIGURE 2.1: An illustration of the phases in development of pharma-
ceutics. The dashed arrow represents possible process changes.

arrow represents the possible process changes due to process optimisation or im-
provements in robustness or performance. Above mentioned makes it necessary to
understand how raw material and process parameters could impact the �nal prod-
uct quality and requires the process to be continually monitored and updated, i.e.
using PAT.

2.1.3 Process Analytical Technology

PAT is an adaption of process analytical chemistry (PAC) that existed outside of the
pharmaceutical industry before the FDA PAT initiative [7]. As the pharmaceutical
industry moves into a new phase of advanced technology and the use of continu-
ous manufacturing, PAT was created to facilitate the implementation of more so-
phisticated manufacturing techniques with an emphasis on process monitoring and
control. Figure 2.2 illustrates how PAT can support this transition by [8]:

� Encourage the pharmaceutical industry to implement new modern technology

� Aid the pharmaceutical industry to adopt quality system approaches and mod-
ern quality management to all aspects of manufacturing and quality assurance

� Encourage the pharmaceutical industry and agencies to adopt risk-based ap-
proaches to critical areas

� Improve the consistency and coordination of the FDA drug quality programmes,
partly by adopting improved quality system approaches regarding review and
inspection activities into the agency business processes

� Make sure that state-of-the-art pharmaceutical science form the basis of regu-
latory review and inspection policies

The technical use of PAT is to analyse and control quality attributes of raw materials
and in-process materials during processing, to ensure �nal product quality [8]. As
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FIGURE 2.2: An illustration of how PAT can support the transition to
more sophisticated pharmaceutical manufacturing technology.

opposed to batch-wise manufacturing, continuous manufacturing lacks isolated in-
termediates and hence require real-time monitoring of process parameters and qual-
ity attributes.

However, the sampling interface for continuous manufacturing systems, i.e. where
the sample is presented to the PAT instrument/probe, can be a technical challenge.
Experience from the industry indicates that poor measurements often can be as-
cribed to sampling system issues rather than the analytical instrument itself [9].
Sampling errors could be reduced by in-line monitoring, but do not necessarily solve
all sampling issues [10]. Therefore, sampling considerations should be evaluated,
e.g. location of the probe for representable sampling, disturbance on the process of
the probe should be minimised, sample size, penetration depth and the number of
scans of the spectroscopic method. Also sampling frequency should be considered,
using high enough resolution for detection of a pulse variability as a result of pro-
cess disturbance.

PAT can also serve as a tool for process understanding, by using multivariate mod-
els to extract process knowledge, like blend homogeneity, from the data provided by
the analytical instruments. Furthermore, type of sensor should be carefully selected
for successful process monitoring. Spectroscopic methods like NIR are widely used
[11, 12]. NIR allows rapid and non-destructive measurements with little or no sam-
ple preparations and provides both chemical and physical information. The probes
can be integrated to the manufacturing system and are coupled to the spectrometer
by �bre optics, making it possible to monitor in-process.

Near-Infrared Spectroscopy

NIR is a molecular vibrational spectroscopic technique studying vibrational tran-
sitions in molecules and studies the absorption of electromagnetic radiation in the
near-infrared region (700-2500 nm). The principles and theory of NIR has been de-
scribed in several books and papers [12–18].
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FIGURE 2.3: (a) NIR absorption and (b) The anharmonic vibration
model.

FIGURE 2.4: (a) The vibration states of diatomic molecules, (b) An
X2 molecule experience no change in dipole moment during stretch
vibration and (c) An XY experience change of dipole moment during

stretch vibration.

When analysing using NIR, the sample is irradiated with near-infrared light. Com-
mon lights sources include incandescent or quartz halogen light bulbs and light-
emitting diodes. Light at some wavelengths of the near-infrared region will be ab-
sorbed by the material, bringing the molecules to a higher vibrational state. This is
illustrated in Figure 2.3 a. Vibrations which result in changes in molecular dipole
moment, i.e. the product of distance and charge, are the only near-infrared light that
can be absorbed. As can be seen in Figure 2.4 b, no change in dipole moment oc-
curs for an X2 molecule during stretch vibration, e.g. H2. However, an XY molecule
show a change in dipole moment during stretch vibration, as can be seen in Fig-
ure 2.4 c [12]. The vibration states of a diatomic molecule can be seen in Figure 2.4
a. Diatomic molecules require a permanent dipole to be infrared active, while mul-
tiatomic molecules only need an induced dipole by the vibration. R-H groups are
strong near-infrared absorbers, since the dipole moment is high. O-H, N-H, C-H and
S-H bonds show strong absorption as well.
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Molecules that absorb near-infrared light vibrate in two modes, stretching and bend-
ing. Stretching is when the interatomic distance along the bond axis continuously
change. Bending is when the bond angle changes. Figure 2.4 a illustrates vibrational
states of a diatomic molecule, and the potential energy of these vibrations varies
with the bond length. The potential energy is low at equilibrium. Repulsion is in-
duced as the atoms come closer together, which will increase the potential energy.
The atoms experience attraction as they start to pull apart, resulting in increased
potential energy as well. By keep adding distance between the atoms will eventu-
ally make them dissociate. However, quantum theory describes that only speci�c
vibrational energy levels, corresponding to speci�c wavelengths, are allowed [12].
See the horizontal lines in Figure 2.3 b. The energy levels do not have the same dis-
tance in an anharmonic vibration model. An NIR spectrum has both overtones and
combinations. It is possible to operate in diffuce re�ectance mode using NIR due
to the low molar absorptivity of the absorption band, making it possible to analyse
samples with little or no sample preparation. The re�ected light, i.e. the light not
absorbed by the sample, is measured in re�ection mode [19].

Due to the amount of overtones and possible combinations, NIR spectra are often
highly overlapping with poorly de�ned bands containing chemical information of
all sample components. Overtones and combination bands are less de�ned than the
primary absorption band, and additionally overlap, thus the NIR spectrum become
dif�cult to interpret. NIR is also sensitive to physical properties, like density and
particle size, which imposes baseline shifts. The acquired analytical information is
inherently multivariate. To interpret the spectra, mathematical and statistical meth-
ods (MVA and chemometrics) are required to extract relevant information and to
reduce the irrelevant information. It is also possible to reduce the effect of interfer-
ing variance in which one is not interested by pretreating the data [20].

NIR is suitable as a PAT tool since it performs measurements rapidly (seconds) and
non-destructively. However, it generates a massive amount of data used both off-
line or in-line. Multivariate statistics (MVA) can be used for data handling and inter-
pretation to extract useful information leading to process and material understand-
ing.

Multivariate data analysis and chemometrics

MVA and chemometrics are terms used for describing statistical methods associated
to establishing relationship between the complex analytical signal (e.g. NIR spectra)
and quality attributes. It is used in several sectors, the pharmaceutical industry bee-
ing one of them for e.g. classifying materials (qualitative work) and e.g. water con-
tent measurements (quantitative work). However, an NIR analyser must be trained,
i.e. calibrated, before it can perform quantitative analysis. In short, the calibration
process includes the following steps [18]:

1. Select representative samples in a calibration set.

2. Acquire spectra and determine reference values.

3. Mulivariate modelling to relate the spectral variations to the reference values
of the analytical target property.

4. Validation of the model.
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Light scattering, path length variations and random noise from variable physical
sample properties or instrumental effect could be possible interfering spectral pa-
rameters that can be corrected through pretreatment of the data. Pretreatment prior
to MVA reduces the impact on the spectra and makes standardisation possible. The
robustness of a calibration model can be improved by carefully choosing pretreat-
ment.

When performing quantitative analysis, sample properties that have to be related
to spectral variations have discrete values. These values represent a sample identity
or a sample quality. Multivariate classi�cation methods are used to solve issues re-
lated to selectivity and interference of NIR spectra for grouping samples with similar
characteristics. One fundamental purpose of these classi�cation methods is to estab-
lish mathematical criteria for parameterisation of spectral similarity. This allows to
identify similarities between samples or a sample and a class to be expressed quan-
titatively.

Design of Experiments

DoE, or statistical experimental design, is a common tool to utilise for increased
process understanding and can be used for optimisation and robustness testing of
operation variables in a manufacturing process. It can also be used for, among others
[21]:

� Construct a representative set of calibration samples

� Develop new products or processes

� Improve current products or processes

� Screen important factors

� Minimising costs or pollution related to manufacturing

It is a way of reducing the number of experiments in a systematic way. The number
of variables (factors) and levels of the factor, dictate the number of experiments per-
formed. E.g., the investigation of two variables to vary at two levels would generate
four experiments. An equation that describes the general number of experiments
when applying a full factorial design at two levels is 2 k, where k is the number of
variables. Going back to the simple example, four experiments are seldom suf�cient
during an investigation and the number of variables can easily be four, �ve or more,
giving for example 2 5 = 32 experiments. It is possible to investigate both main and
interaction effects using full factorial design, but at the cost of time and material
since the experimental load increases exponentially [22]. However, utilising frac-
tional factorial design (DoE) the number of activities can be systematically reduced
to 2k� p experiments, where 1/p is the size of the fraction.

By using DoE, one can construct a reduced set of experiments where all relevant fac-
tors are varied simultaneously. A DoE set usually does not exceed 10-20 experiments
but can be altered to meet certain requirements. The experiments are distributed in
a rectangular design space, making it possible to identify direction which will gen-
erate better results. Analysis of the data will identify which factors in�uence the
results and may be used for optimisation. To put it simply, DoE offers a reliable
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FIGURE 2.5: A �owsheet of continuous dry powder mixing and con-
tinuous direct compression.

foundation for decision-making, offering a structure for changing all the critical fac-
tors in a systematic manner, but requiring a reduced number of experimental actions
[21].

2.1.4 Continuous Direct Compression

The most common dosage form for marketed drug products is tablets, and the most
straightforward example of continuous tablet manufacturing is the integration of
continuous dry powder mixing and tablet compression [23]. It combines material
handling, feeders, two consecutive blenders and tablet compression. The process
is illustrated in Figure 2.5. The individual ingredients are transferred to dedicated
top up systems. Feeders can be integrated on the system, positioned before the in-
let of the two continuous dry powder mixers. The �rst mixer is used for intensive
mixing, while materials which are shear-sensitive, e.g. lubricants, are introduced in
the second mixer. The powder is discharged and guided to the feed frame of the
tablet press. PAT instruments can be placed between the two mixers and prior to
the feed frame for monitoring the powder blend uniformity. In continuous manu-
facturing, the powder feeders play a critical role for the overall performance of the
manufacturing line and hence the product quality. If the in�ow composition shows
high variability, so can the tablet quality, even if the mixer and tablet press perform
properly [24–26].

2.2 Formulation of Oral Solid Dosage Forms

In addition to the API, medicines also contain excipients to enhance stability, pro-
cessability and performance of an oral solid dosage form. An excipient can serve
more than one function in a dosage form. The main functions are �llers that bulk
up at dosage form when the API content is too small for pressing a tablet; disin-
tegrants that make the tablet break apart after administration; lubricants that are
added to reduce friction between metal parts of the manufacturing system and the
powder blend; and �nally glidants that are added to improve �owability of the pow-
der blend. This section will describe physical properties of excipients and properties
that can in�uence the performance. The emphasis is on tablets produced by direct
compression.
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2.2.1 Fillers

Fillers are added to an oral solid dosage form when the API content is so small that
it would not be possible to compress it into a tablet. Fillers can also help to bind the
tablet when manufactured through direct compression due to the increased strength
as a result of enhanced binding properties, as well as bulking up the tablet. Fillers
also play an important role in regards to manufacturability and processability by in-
�uencing both �ow, compactibility and compressibility. In regards to performance
of the dosage form, �llers play an important role by impacting friability, overall
homogeneity, dissolution and stability [27]. One or many �llers can be used in a for-
mulation to parry complications that can emerge when using only one �ller, such as
sharp granulation endpoint or high expenses. One can categorise �llers as cellulosic
materials and sugars, e.g. MCC and mannitol respectively, that will be described
below, and inorganic salts that not will be included in this thesis.

Filler Performance

Important to consider is the in�uence an API will experience of the �llers used in
the formulation. It is therefore important to know about the physicochemical com-
patibility between the drug substance and the �llers. There are many properties
of the �ller that need to be considered. Based on the United States Pharmacopeia
National Formulary, these properties include particle size, particle size distribution,
particle shape, moist content, polymorphic form, crystallinity, density, speci�c sur-
face area, �ow characteristics, solubility, degree of polymerisation and compaction
characteristics. These characteristics affect both the manufacturability and the per-
formance and quality of a dosage form. Some are also co-dependent, for example
the crystallinity that can in�uence the compactibility, disintegration and dissolution
of a dosage form [28–30]. The compactibility is affected by the material being more
plastic in the amorphous state, whilst being more brittle in the crystalline state. An-
other example is increased dissolution rate of dosage forms containing less degree
of crystallinity versus standard degree of crystallinity of MCC.

Particle shape has also proven to be a critical factor in the aspect of performance of
a dosage form. Granulated powdered mannitol with less transparency and more ir-
regular morphology showed higher tensile strength after exposure to the same com-
paction pressure compared to crystal powders with smoother surface [31]. Tablets
with MCC have showed higher tensile strength with increased width-to-length ratio
[32]. In this case, changed dimensions may also in�uence both the speci�c surface
area and bulk density, where decreased bulk density further improves compactibil-
ity [33, 34]. Lastly, since the �ller content in a dosage form vary over a wide range,
the concentration of �ller, and properties and interactions of the other excipients will
ultimately determine how the quality will be affected.

Microcrystalline cellulose

Microcrystalline cellulose is a commonly used �ller that derives from a-cellulose
that has been puri�ed and partly depolymerised. The chemical structure is depicted
to the left in Figure 2.6. MCC is often applied in the range of 20 to 90 w/w-%. It
shows good compactibility even at relatively low pressures, and undergoes plastic
deformation when compressed [27]. However, selecting a grade with larger particle
size generates tablets with decreased compactibility. In return larger particle sizes
enhances the �ow properties of a blend. MCC is often used in combination with
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FIGURE 2.6: The chemical structure of microcrystalline cellulose (left)
and mannitol (right).

other �llers in direct compression processes. The reason binary �llers are used is
because MCC is sensitive to scale-up (dwell time), and mixing it with a brittle �ller
decreases that sensitivity. Another characteristic of MCC that needs to be considered
is its af�nity for water [35]. MCC is hygroscopic, making it essential to control the
water content when used in the formulation of a dosage form containing a drug
substance sensitive to moist. In addition, having either low or high moisture content
can have a negative effect on the compaction properties.

Mannitol

Mannitol is another common �ller used in both the pharmaceutical and food sector,
and the chemical structur can be seen to the right in Figure 2.6. It is not hygroscopic,
hence being suitable for moisture-sensitive drug substances. When using mannitol
as a �ller, also the compression characteristics need to be considered and a suitable
polymorphic form chosen depending on requirements [31]. Spray-dried grades are
commonly used for direct compression processes because of the poor �ow and/or
binding characteristics of the other grades.

2.2.2 Disintegrants

Disintegrants are excipients that are added to a formulation for the �nished tablet
to disintegrate, i.e. break apart, after swallowing. The breakup works by the dis-
integrant rapidly taking up water upon entering the aqueous environment in the
stomach. The disintegration can include one or more mechanisms: swelling, wick-
ing or structure recovery [27]. When smaller fragments form from disintegrating, the
API dissolution rate increases by the increased interface between the fragments and
the aqueous environment. The disintegrant is normally added prior to lubrication
in direct compression manufacturing of tablets to promote the break apart.

Disintegrant Performance

The performance of the disintegrant is dependent on several factors, one being com-
pression force. Both increased and decreased disintegration times have been re-
ported in previous studies, depending on disintegrant [36]. This indicates that the
disintegrant performance varies depending on the mechanism of disintegrant action
and the deformation behaviour. This is due to the in�uence of compression force on
tablet porosity, where increased compression leads to decreased porosity. Tablets
with very low porosity can have decreased ability of water uptake, especially for
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FIGURE 2.7: The chemical structure sodium carboxymethyl cellulose.

disintegrants with wicking as main mechanism. In contrast, too high porosity can
lead to poor disintegration due to insuf�cient disintegrating force that is needed for
disintegrant action [27].

Another factor that can in�uence the performance is the solubility of other excipi-
ents. Disintegrants show higher ef�ciency when used in formulations with insoluble
excipients [27]. pH can also in�uence the ef�ciency of the disintegrant, for example
decreased swelling capacity in acidic environments as a result of lower liquid hold-
ing capacity [37]. Lubricants can also negatively decrease the ef�ciency by coating
particles and hence interfere with the wetting of tablets. Disintegrants with higher
swellability are affected in less extent compared with disintegrant that show lower
swellability [27].

Also moisture can in�uence the ef�ciency of a disintegrant [38, 39]. The natural
tendency of disintegrants to take up water can lead to swelling of tablets, which
may make them soft and friable. Additionally, the dissolution ef�ciency decreases
upon ageing as moisture uptake results in reduced ability to absorb water and swell.
Generally, disintegtants that more readily absorb water also show a higher tendency
to disintegrate with less ef�ciency. When tablets contain water soluble excipients,
this effect is even higher.

Sodium Carboxymethylcellulose

NaCMC is a polymer derived from cellulose where hydroxyl groups have been sub-
stituted with carboxymethyl groups. The chemical structure is depicted in Figure
2.7. Being hydrophilic, the polymer rapidly swells as a consequence of taking up
water upon entering an aqueous environment. The swelling ability is negatively
in�uenced in acidic environments due to carboxymethyl sodium converting to the
free form, which is less hydrophilic [27]. The disintegration can be impacted by the
particle size of CMC, where the tendency to swell increases with particle size. Ad-
ditionally, higher weight CMC shows somewhat higher capacity of taking up water
compared to CMC with lower molecular weight. Finally, the physical properties of
the CMC vary depending on what source of cellulose it derives from - wood pulp
or cotton linters. CMC from wood pulp tend to have lower molecular weight, in-
creased water solubility, somewhat lower pH, lower water capacity and swelling
rate compared to CMC derived from cotton linters [27]. CMC is used as a disinte-
grant at a concentration of 0.5-5 % w/w and is commonly used in direct compression
manufacturing [36, 38].
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2.2.3 Lubricants

Lubricants are added to a formulation to reduce friction between metal parts of the
manufacturing system and the blend. There are several proposals of their mode of
action [40]. One with more experimental evidence is that lubricants deposit on the
metal surfaces upon contact with the powder blend during e.g. tableting. This re-
duces the friction between the blend and metal. Materials commonly used as lubri-
cants include fatty acids, metallic salts of fatty acids, fatty acid esters and inorganic
materials [41].

Lubricant Performance

Lubricants are also added in low levels, from under one percent to a few percents
depending on which lubricant is being used [27]. The lubricant is often screened
through a sieve prior to addition to break apart possible lumps. The addition to the
rest of the formulation is often performed by �rst mixing the lubricant with a small
amount of the blend, before adding and distributing to the entire blend. Except
to lubricate blends, the lubricants can in�uence the tablet or capsule formulation
in an unintentional way. Some lubricants are hydrophobic and insoluble in water,
which can lead to a "water-proo�ng" effect and decrease the dissolution as the lubri-
cant coats the powder blend. The extent of this effect depends on the solubility of
API, where the effect increases with decreased water solubility [42]. Several process
parameters during blending operation can increase the deleterious effects of lubri-
cant, namely blending time, speed and scale [43]. Softer tablets can be a result of
overmixing due to prevention of bonding of powder blend during tableting. More
hydrophilic API or formulations containing high-swelling superdisintegrant tend to
be less sensible to overmixing.

Sodium stearyl fumarate

Different materials can be used as lubricants within the pharmaceutical industry,
fatty acid esters being one of them. NaSF is a fatty acid ester commonly used for
tablet compression when other lubricants fail to provide proper tablet strength and
show a negative effect on tablet dissolution [40]. The molecular structure of NaSF is
shown in Figure 2.8.

2.2.4 Glidants

Glidants are added to a formulation to improve powder �owability. A uniform pow-
der �ow is essential for providing a consistent product dosage, whether it is a tablet
or other oral dosage form. Free �owing powder can reduce the amount of material
that stick to the walls of the transfer system, tabletting and other equipment. Silicon
dioxide can be used as a glidant in a dosage form [44]. It us usually added at around

FIGURE 2.8: The chemical structure sodium stearyl fumarate.
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1 % or less. It can also improve structural stability and tensile strength, and reduce
the friability of a tablet.
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Chapter 3

Methods

3.1 Probe holders

3.1.1 Development of the in-house made probe holder

A probe holder called the Revolver was developed. A visual prototype is depicted
in Figure 3.1. The probe holder consists of a tube that will be placed between the two
powder blenders in the CDC. A wheel with �ve compartments was mounted inside
the tube, where the powder could fall, be collected and presented to the NIR probe.
The probe was mounted from the outside of the tube, through the upper hole of the
tube in the upper left corner in Figure 3.1. The wheel was manually rotated from
the outside of the tube using a ratchet wrench. Since this was the �rst prototype,
developed with the aim of evaluating whether the principle works, it had a simple
construction with no automatisation or electronics. The Revolver was developed
and manufactured by Bönhult Industriteknik AB.

FIGURE 3.1: A visual prototype of the in-house made near-infrared
spectroscopy probe holder called the Revolver, (courtesy of Anders

Klevensparr).




	Abstract
	Acknowledgements
	Introduction
	Introduction
	Aim of the Project


	Background
	From Batch to Continuous Manufacturing of Pharmaceuticals
	Continuous Manufacturing Opportunities
	Pharmaceutical Quality by Design
	Process Analytical Technology
	Near-Infrared Spectroscopy
	Multivariate data analysis and chemometrics
	Design of Experiments

	Continuous Direct Compression

	Formulation of Oral Solid Dosage Forms
	Fillers
	Filler Performance
	Microcrystalline cellulose
	Mannitol

	Disintegrants
	Disintegrant Performance
	Sodium Carboxymethylcellulose

	Lubricants
	Lubricant Performance
	Sodium stearyl fumarate

	Glidants


	Methods
	Probe holders
	Development of the in-house made probe holder
	Probe holder from ExpoPharma

	Preparations and pre-experiments
	Experimental design of the calibration set and test set
	Materials used and mixing method of the powder blends
	NIR measurements
	Off-line calibration models
	Local centring
	In-line calibration models



	Results and Discussion
	Powder blend composition
	Calibration models
	Off-line calibration model
	Local centring
	In-line calibration model using the Revolver
	In-line calibration model using ExpoPharma probe holder

	Comparison of the probe holders

	Conclusion and future work
	Conclusion
	Future work

	Bibliography

