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Highlights

Production of pharma drug using continuous crystallization process

Experiments with different parameters to achieve the desired crystal size distribution
Dilution ratio, flow rate, and condenser coolant temperature are simultaneously optimized
to get the desired particle size distribution

Abstract

Crystallization is recognized as a standard unit operation used to isolate and purify products in
several pharmaceutical industries. It's one of the most critical separations involved in the
purification of producing intermediates and active pharmaceutical ingredients (APIs).
Crystallization processes in industry are attributed to the fact that crystallization acts as both a
purification and isolation or separation step. Crystal products of particle size, shape, and high
purity are produced in a single step. Crystallization processes have different advantages, but they
are monitored to obtain the desired crystal size, shape, and product quality and to ensure a cost-
effective and efficient crystallization process. The operating conditions of the crystallization
process determine the crystal size distribution. This study performed continuous crystallization
experiments using a laboratory pilot scale crystallizer. Effect of different process variables studied(
such as solvent ratio, inlet feed flow rate, and the cooling temperature )on the particle size
distribution of the product examined. From the results, it was observed that the PSD of D (10), D
(50), and D (90) increased with the increase in solvent ratio and feed flow rate. However, the
impact of condenser cooling temperature on the PSD was insignificant. The results also showed
the favorable conditions to achieve the required PSD (more amount of lower dilution, i.e., the
solvent ratio of 6) and higher feed flow rate, i.e., 90 ml/min).

Keywords: Continuous crystallization, Desvenlafaxine succinate, Process variable, Particle size
distribution (PSD), Particle shape.

Introduction

Crystallization is significant in producing a pharmaceutical product. Still, it is pretty complex
because of several physicochemicals during the particle formation, as medicinal formulations have
a diversified chemical nature [1]. Strict standards were set by regulatory agencies like the US Food
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and Drug Administration to regulate the efficacy and safety of the pharma product [2].
Crystallization operation is the mainstream in producing pharmaceutical products as this serves as
both separation and purification stages. A pharmaceutical product with the desired specifications
can be obtained in single or multiple steps [3]. Though the developments in the crystallization
process have continued for quite a long, there is still a need for a deeper understanding of the
crystallization process to produce the crystal of desired quality and to ensure a cost-effective and
efficient process[4]. The main parameters that influence the crystal size, shape, and distribution
are agitator type, speed of agitation, dilution factor, cooling pattern, and seeding mechanism in
crystallization. The final product is formed by filtration followed by drying operations. In a
pharmaceutical product, bioavailability, dissolution, and efficiency are related to particle size
distribution, constantly desired to suit immediate release (IR), sustainable release (SR), Extended
Release (ER), etc, to serve the market and patients' needs. Desvenlafaxine is a drug administered
to treat major depressive disorders. It is an active metabolite of Venlafaxine. Desvenlafaxine
inhibits the neuronal uptake of norepinephrine, serotonin, and dopamine to a lesser extent. Still, it
has no monoamine oxidase inhibitory activity and low affinity for brain muscarinic, cholinergic,
histaminergic, or alpha-adrenergic receptors[5-7]. The molecular structure of Desvenlafaxine
succinate is shown in Fig. 1.

Molecular formula: C20H31NOs

EE Molecular weight: 381.5 g/mol

OH

Fig. 1. Molecular structure of Desvenlafaxine succinate.

It is approximately ten times more potent at inhibiting serotonin uptake than norepinephrine [8,9].
It works by blocking the "reuptake" transporters for key neurotransmitters affecting mood, thereby
leaving more active neurotransmitters in the synapse[10, 11]. Efficiency for Desvenlafaxine has

been demonstrated, and no evidence of greater efficacy was observed with doses > 50 mg/day
[12]. Crystallization and modeling determination of crystal dissolution constant under different
operating conditions like cooling rate (°C/h), stirring rate (1/min), seeding temperature (°C),
Quantity of seed (wt %), of APIs like fesoterodine fumarate have been reported in the literature
[1]. Comparative studies on the Synthesis and structure of old and new Polymorphs of
Desvenlafaxine have been reported in the literature //3]. Controlled cooling pattern temperature
vs time experiments of the pharmaceutical crystallization process have been referred to in the
literature [14]. However, to our understanding, no literature reports were available describing the
continuous crystallization process of Desvenlafaxine succinate. Therefore, the main objective of
the present work is to study the effects of process parameters, such as solvent dilution ratio, inlet
feed flow rate, and condenser cooling temperature, on the crystallization process. Experiments are
targeted towards achieving the desired particle size distribution(PSD) of Desvenlafaxine succinate.
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Materials and methods

2.1. Materials

Desvenlafaxine Succinate (mol. wt. = 381.5 g/mol; density = 1.46 g/cm?; boiling point = 403.8 °C,
melting point = 127 °C), with 99.9% purity, was procured from Lupin Ltd. (Mumbai, India) and
Acetone purchased from Sigma-Aldrich Chemicals (Bangalore, India).

2.2. Experimental procedure

Crystallization experiments are carried out in a 3-liter jacketed round bottom flask equipped with
a mechanical stirrer. Hot oil is used to heat the contents in the reactor. An automatic cooling system
with a PID controller fitted to the closed tank was employed for continuously monitoring and
controlling the flow. The experimental setup is shown in Fig. 2.

In this experimental study, a hundred grams of the product of Desvenlafaxine succinate was used

to prepare the feed solution. The mixture of Acetone and water(ratio of 88 % acetone and 22%
water) was used as a solvent to prepare the solution. For continuous operation, three different
dilution factors were considered. For 1% set of experiments, i.e., 6 volume ratio, a total of 600 ml
solvent mixture; for 2"set of experiments, i.e., 8 volume ratios; and for 3"set of experiments, i.e.,
10 volume ratio was used. The prepared solution was heated to around 75 °C till transparent. Then,
the solutions were passed through the condenser under a controlled discharge rate to progress the
crystallization process. The crystallization mass was filtered, and the cake was dried using a
laboratory tray dryer at around 90 °C under vacuum. Obtained products from the crystallizer were
analyzed for particle size distribution and shape.
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Fig. 2. Continuous crystallization experimental setup with heating and cooling provisions.

2.3. Analytical details

2.3.1. Particle size distribution (PSD) analysis

Malvern 3000 model instrument(United States) is used to analyze the particle size distribution of
D (10), D (50), and D (90) with an auto-feeding system. Laser diffraction measures particle size
distributions by measuring the angular variation with the intensity of light scattered as a laser beam
passes through a dispersed particulate sample. Large particles scatter light at small angles relative
to the laser beam, and small particles scatter light at large angles. The instrument measure D (10):
The portion of particles with diameters smaller than this value is 10%. D (50): The parts of particles
with diameters more minor and more significant than this value are 50%. Also known as the
median diameter. D (90): The portion of particles with diameters below this value is 90%.The
instrument detects the various particle sizes and gives the data of PSD. In the present study, the
powdered sample was dispersed in liquid paraffin to estimate the PSD using the Malvern
instrument.

2.3.2. Particle shape identification
A laboratory microscope (Olympus, CX211, Japan) was used to identify the particle's shape. The
powdered samples were placed on a glass slide, and then microscopic images were captured.

3. Results and Discussions

This study studied the effect of operating variables such as solvent ratio, inlet flow rate, and
condenser cooling pattern on the particle size distribution of the crystallization product using a
continuous crystallizer. The solvent ratio considered in the experimental study is 6-8, and the inlet
flow rate was maintained in the range of 30-90 mL/min. Two different types of condenser cooling
patterns, such as primary and secondary condenser, were considered to study their impact on the
particle size distribution. The design of experiments to perform the continuous crystallization
process is shown in Table 1. The obtained particle size distribution values in terms of D (10), D
(50), and D (90) are shown in Table 2.

Table 1. Experimental planning of continuous crystallization process.
Inlet Flow rate +/- 1 ml Coolant temp. (°C)
Exp. Solvent ) ) )
No. ratio Slow - Medium - High - Primary Secondary
30 mL/min | 45 mL/min | 90 mL/min | cooling cooling
Base Sample| - - - - - -
DIV 1 6 30 30
DIV 2 6 45 15
DIV 3 6 90 30 15
DIV 4 8 30 30 0
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DIV 5 8 45 15 0
DIV 6 8 90 30 15
DIV 7 10 30 30
DIV 8 10 45 15
DIV 9 10 90 30 15

Table 2. Particle size distribution of the pharma drug obtained at various experimental conditions.

PSD (pm)
Exp. No.
D (10) D (50) D (90)

Base Sample 3.64 16.1 60.3

DIV 1 3.05 15.5 74.6

DIV 2 3.25 18.5 92.8

DIV 3 4.11 37.1 141

DIV 4 5.55 38.7 89.7

DIV 5 5.14 37.5 99.5

DIV 6 6.18 50.2 121

DIV 7 3.83 24 91.7

DIV 8 593 40.6 95

DIV 9 6.13 47.6 114

3.1. Effect of solvent ratio on the particle size distribution

In the study, crystallization experiments were performed at three different solvent ratios to
investigate the effect of solvent dilution volume in terms of solvent-to-pharma drug powder ratio
(termed solvent ratio). The solvent ratio effect on the pharma drug particle size distribution is
shown in Fig. 3.

From Fig. 3, it is observed that the PSD of D (50)and D(90)significantly increased with respect to
the inlet feed flow rate from 30 ml/min (low flow rate) to 90 ml/min (high flow rate) under a fixed
solvent ratio. In addition, as the solvent ratio increases, the PSD also increases at lower flow rates,
whereas the PSD of D (90) decreases with the solvent ratio at higher flow rates, i.e., 90 ml/min.
The data further shows that a lower solvent ratio and higher flow rate offer a maximum amount of
D (90) PSD, which indicates that these conditions are more favorable for getting the required PSD.
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Fig. 3. The effect of solvent dilution ratio on the particle size distribution of the product.

3.2. Effect of feed inlet flow rate on the particle size distribution

Continuous crystallization experiments were performed at three different feed flow rates to
investigate the effect of feed inlet flow rate on the particle size distribution of the pharma drug.
The effect of feed flow rate on the particle size distribution of the pharma drug is shown in Fig. 4.
From Fig. 4, it is observed that as the inlet feed rate increases, the PSD also increases for a fixed
solvent ratio. In addition, the PSD of D (90) plays a significant role in obtaining better with the
increase in feed flow rate.
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10 ¥ —Dilution— DIV 7.8 & 2 Sample

2866



China Petroleum Processing and Petrochemical Technology

Catalyst Research Volume 23, Issue 2, October 2023 Pp. 2861-2870

Fig. 4. The effect of feed inlet flow rate on the particle size distribution of the product.

3.3. Comparison of the particle size distribution obtained from batch and continuous
crystallization processes.

In the study, the particle size distribution of the batch crystallizer is compared with the continuous
crystallizer. The resulting data is shown in Fig. 5. From the data, it is noticed that the PSD of D
(10) and D (50) are almost comparable with the PSD of the batch, as well as continuous
crystallization processes. However, the PSD of D (90) from the ongoing process is lower than that
of batch process D (90). However, The PSDs of the continuous process are higher than those of
the base or reference samples. The data further reveals that the continuous process is favorable
over the batch process for large-scale production.

PED ws Process {Bateh & Continous)

Fig. 5. Comparison of PSD of pharma drug obtained from batch and
continuous crystallization processes.

3.4. Microscopic analysis of the prepared pharma drug

The shape of the pharma drug particles is observed using microscopic analysis. The obtained
microscopic images of the pharma drug samples are shown in Fig. 6. From Fig. 6, it is observed
that most of the particles are needle-shaped. In addition, a lower solvent ratio and higher flow rate
are favorable conditions to achieve a number of D (90) crystals.

(@
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Fig. 6. Microscopic images of the pharma drug at different solvent ratios of (a) 6,
(b) 8, and (c) 10 with respect to different feed flow rates.

4. Conclusions

In the study, continuous crystallization experiments were performed using a laboratory-scale
crystallizer. The effect of process variables such as solvent ratio, inlet feed flow rate, and the
cooling temperature on the particle size distribution of the product was examined. From the results,
it was observed that the PSD of D (10), D (50), and D (90) increased with the increase in solvent
ratio and feed flow rate. However, the impact of condenser cooling temperature on the PSD was
insignificant. The results also show that the favorable conditions to achieve the required PSD
(more D (90)) are lower dilution, i.e., the solvent ratio of 6, and higher feed flow rate, i.e., 90
ml/min.
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