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[Fig 2.5 Flow diagram demonstrating extrusion process|]

As shown in above flow diagram (See fig 2.5), during the extrusion process, thermoplastic
polymers get converted into molten state to act as a binder and exit in desired shape and
finally solidify. Thus, extrusion process is capable of efficiently providing sustained release
tablets, implants, transdermal patches etc. Following column chart in fig 2.6 and pie diagram
in fig 2.7 (Crowley ef al, 2007) illustrates how the number of issued patents for melt

extrusion has increased since 1984 to 2002.
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[Fig 2.6 Increase in melt extrusion patents from 1984-2002 from Crowley ef al., 2007]
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2.3.3 Processing equipment

Extruders are majorly classified as plastics and pharmaceutical class extruders. Processing

equipment shown below in figure 2.9 is a pharmaceutical class extruder.

[Fig 2.9 Pharmaceutical class extruder]

The pharmaceutical class extruder has been adapted and evolved in a different way from
plastic extruders to meet some regulatory requirements in context of metallurgy of contact
parts (Crowley ef al, 2007). Contact parts of pharmaceutical extruders should be non-
reactive and non-additive with material. Pharmaceutical extruders are designed in respect to

achieving validation and cleaning requirements necessary for pharmaceutical conditions.
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[Fig. 4.2 Hydrogen bonding in (A) p-monoclinic form of carbamazepine (B) carbamazepine

dihydrate and chemical structure of carbamazepine from Jaysankar ef al., 2006]

In fig. 4.1 FTIR spectra of anhydrous carbamazepine (p-monoclinic form), free anti -NH and
syn —NH of amide groups show peaks at 3464.145 cm-1 and 3159.651 cm-1 respectively.
The hydrogen bond acceptor carbonyl group (-- C=0) of carboxamide shows peak at

1676.137 cm-1(Jaysankar et al., 2006).
4.2.1.1.2 Raman spectroscopy

Carbamazepine exists as four polymorphs namely; Triclinic (form I), Trigonal (form II), p-
Monoclinic (form III) and c-Monoclinic (form IV). Raman spectroscopy was accomplished
for polymorph identification (fig. 4.3). The description of vibrational modes of different

groups in carbamazepine at their typical wave number is shown below in table 4.1.

In the Raman spectra of carbamazepine, the peaks at wave numbers 646 cm™ and 1599.25
cm™' showed bending of the carbonyl group and —NH, respectively. All prominent peaks were
obtained from the Raman spectra of carbamazepine corresponding to p-monoclinic (form III)

of carbamazepine (O’Brien ef al., 2004).
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4.2.1.2 Thermal analysis

4.2.1.2.1 Thermo-gravimetric analysis (TGA)

In extrusion, processing is carried out at elevated temperature and thus, it is mandatory to
determine the onset of degradation of the API. Thermo-gravimetric analysis was carried out

to determine the onset of degradation of pure carbamazepine.
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[Fig.4.4 Thermo-gravimetric analysis of carbamazepine]

The above thermogram of carbamazepine (see fig. 4.4) was achieved by thermo-gravimetric
analysis which illustrates that onset of degradation of pure carbamazepine started at
200.04°C. But, after 239.04°C, rapid degradation of carbamazepine was observed which is
represented by rapid weight loss. The degradation of carbamazepine was found to be 91.46%

from 239.04°C to 261.02°C. Thus, it could be concluded that carbamazepine is thermolabile.
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4.2.1.3 X-ray diffractometry

Carbamazepine exists in four polymorphs namely; Triclinic (form I), Trigonal (form II), p-
Monoclinic (form III) and c-Monoclinic (form IV). The x-ray diffractogram of all

polymorphs is shown below in fig.4.6-
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[Fig.4.6 XRPD patterns of four polymorphs of carbamazepine from Grzesiak et al., 2003 ]

Hence, for further confirmation of the polymorphic form of pure carbamazepine, powder x-
ray diffractometry was accomplished. Pure carbamazepine showed XRPD pattern resembling
that of the P-monoclinic form of carbamazepine (form III) out of four polymorphs of

carbamazepine.

Form III has characteristic peak at 20= 1536, 19.56, 25.00 and 27.47. The x-ray
diffractogram shown below (fig 4.7) signifies that the starting component of solvent

crystallization is in the form of III/P- Monoclinic, (Grzesiak et al., 2003).
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PXRD of co-crystals (fig. 4.62) prepared at room temperature by V-RE screw geometry
revealed that the process has the potential to prepare co-crystal. But it was clearly seen that
characteristic peak at 20=7.0 did not possesses sharp peak which shows a decrease in the
percentage crystallinity of co-crystals. The obtained extrudates were subjected to dissolution

testing and coded as batch-P (Table 4.16).

It was seen that pure co-crystals can be prepared by TSE at room temperature. But, the
observed torque was very high which is considered as an unacceptable as far as life of the
extruder is concerned. High torque may cause wear and tear which may be dangerous for
operation of the extruder. Thus, the process of co-crystallisation by TSE at room temperature

was deemed to be substandard and imperfect. Following figure 4.63 shows co-crystal

prepared by solvent crystallisation and TSE.

[Fig. 4.63 A- Co-crystals prepared by solvent crystallisation, B- co-crystals prepared by TSE]
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