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Development of crystallization technology for a continuous manufacturing system in
the pharmaceutical field
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In pharmaceutical industry, batch operation is the most common approach for crystallization. With existing
batch-based manufacturing methods, the time between the start of the first synthetic step and market release of the
finished tablets can be long. In recent years, the continuous manufacturing system has gained significant interest in both
academia and industry. Spherical crystallization enables the direct preparation of crystal agglomerates of active
pharmaceutical ingredients (APIs) with improved crystal handling properties, the concept of which is suitable for
continuous manufacturing. The continuous spherical crystallization of albuterol sulfate as a model API was developed
using a mixed-suspension, mixed-product removal (MSMPR) crystallizer. The application of a solvent recycling system
for reuse of the antisolvent in the single-stage MSMPR crystallizer was also demonstrated. Spherical agglomerates of
albuterol sulfate were obtained via antisolvent crystallization using the MSMPR crystallizer with water as the solvent
and an ethyl acetate/emulsifier (Pluronic L-121) mixture as the antisolvent. In the MSMPR crystallizer, the desired
solvent to antisolvent ratio was maintained by controlling the flow rates of the feed, antisolvent, and recycle stream, and
90% of the mother liquor was recycled during the continuous spherical crystallization of albuterol sulfate by optimizing

the rate of each stream.
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Fig. 1 SEM images of salbutamol sulfate crystals and

spherical agglomerates
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Fig. 2 Schematic diagram of the single-stage MSMPR

with solvent recycling
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	In pharmaceutical industry, batch operation is the most common approach for crystallization. With existing batch-based manufacturing methods, the time between the start of the first synthetic step and market release of the finished tablets can be long...
	研究目的
	医薬品産業は、バッチプロセスによる生産が主流であるため、生産コストが高く、効率が悪い産業と言われている。薬剤費の削減や患者数が少ない難治性疾患治療薬へ対応が急務とされている現在、医薬品製造プロセスの高効率化が必要である。錠剤など固形製剤における抜本的な生産高効率化製法として、連続生産システムが注目されている。このシステムは、開発コストや期間の面でメリットがある。また、フレキシブルな生産量調整が可能であり、厳格な品質管理を維持しつつ、製造コストを大きく低減できる。多くの医薬品の製造に連続生産システム...
	医薬品生産において、医薬品合成後のプロセス（ダウンストリーム）には、晶析、ろ過、乾燥、混合、造粒、打錠、カプセル充填など複数の工程が必要で、各単位操作の最適化が求められる。その結果、プラント製造に至るまでの研究開発のコスト・時間・労力は膨大なものとなる。申請者等はこれまでに、化合物の晶析中に球形の造粒物が得られる球形晶析法（Spherical Crystallization）の研究に取り組んできた。球形晶析法は、薬物を溶解する良溶媒と析出させる貧溶媒の適切な混合バランスを決定することで、ワンステッ...
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