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Comparison of Batch and Continuous Processes

Sergio Pissavini
 Corning

The comparison between the Batch and Continuous Process cannot be limited at the analysis of the Chemistry performance as yield and selectivity as usually discussed but has to consider all the process engineering frame including, process control, feeding system, on line analytics, plant-lay out.

The presentation is outlining several engineering aspects, their impact as timeline, capital investment as well their contribution to the economic return of the investment; a case study is investigated determining all the different impact, a possible engineering and chemistry approach and illustrating the overall economics of the shifting from batch to continuous process.

A brief analysis of the micro-reactor equipment spectrum is provided as part of the engineering and chemistry choice of the right equipment.
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Azide Synthesis in Microstructured Flow Systems

M. Weber, G. Wille, G. Yilmaz, 
 Sigma-Aldrich
Sigma-Aldrich Production GmbH, Industriestrasse 25, 9471 Buchs, Switzlerland.

gwille@sial.com
The synthesis, conversion and work-up of azides are delicate processes due to the compounds inherent potential of vigorous decomposition. They have significant importance as starting materials in 2+3 cycloadditions [1]. These points make them attractive to be handled in microstructured flow chemistry equipment providing excellent temperature control, diminished hold-up and instant submission of critical intermediates to follow-up steps.

A set of 20 aromatic azides was synthesised using a 2-stage set-up based on the Sigma-Aldrich S02 glass microreactor combined with an extraction unit and attached phase separation. 
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R = o, m, p – halide, methyl, methoxy, COOH and H.

All compounds, apart from the final products, were dissolved and handled in acidic aqueous liquids. Injecting an organic solvent between the two stages resulted in instant extraction of the title compounds that were sampled in concentrations of 0.6 – 1.1 M with an output rate of 3 – 4 L / 24. More polar intermediates and not converted starting materials such as (highly dangerous) HN3 stayed in the aqueous phase that was continuously separated and quenched on strong base. The process was not found be sensitive in terms of pump pulsation and mixing, particularly because of the instant gas formation on stage 2.

Solubility of some starting materials and diazonium salts were identified as the most critical points for an effective execution. Namely ortho and meta substituted aniline salts made more problems than the para-substituted derivatives. The use of co-solvents and in some cases switching to an in-situ quench approach helped us to overcome this obstacles. All presented products were found to be stable up to + 80 °C (Radex test) as 0.5 M solution in MTBE and became commercially available products [3].

[1] S. Bräse, Angew. Chem. 2005, 177, 5320-5374
[2] T. Tsuritani et al. OPRD, 2009, 13, 1407-1412
[3] www.sigmaaldrich.com
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Chemical Synthesis and Efficient Scale-up in Flow Reactors

Paul Watts

Chemtrix

Throughout the numerous stages of product development there are many associated risks, potentially none as costly as the failure to scale a synthetic process to achieve the required production capacity.  Micro reactor technology (MRT) is an emerging technique that enables those working in research and development to rapidly screen reactions utilising continuous flow, leading to the identification of reaction conditions that are suitable for use at a production level.  Furthermore, in addition to using conventional reaction methodology, the inherent safety associated with the use of small reactor volumes enables users to employ reaction conditions previously thought to be too hazardous for use within a production environment; such as extreme reaction conditions or the use/generation of ‘hazardous’ compounds.  Consequently, the types of reactions available to the R&D chemist increases through the use of this technology.

Compared to stirred reactor methodology, the benefits of MRT are acknowledged to be:
· Increased reaction control

· Efficient mixing

· Accurate control of reaction time, temperature and pressure

· Increased run-to-run and reactor-to-reactor reproducibility 

· Improved atom efficiency, product selectivity, yield and purity

· Increased catalyst turnover and lifetimes

· Increased process safety

· Due to rapid dissipation of heat of reaction

· Low reactant hold-up

· Real-time in-situ analytical evaluation of reactions

· Lower cost and shorter development cycles

· Higher chemical selectivity leading to higher yield

· Reducing the amount of reagents and catalyst

· Reducing the size of the plant

· Faster scale-up from lab- to plant scale

It is this system flexibility that has the potential to reduce both the time taken and risk associated with transferring reaction methodology from research to production.  In this talk, we will present an overview of chemical reactions conducted in these reactors and show that production scale synthesis may be realised.  
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Industrial Production using Continuous Flow Technology

Peter McDonnell

Genzyme Ltd
Abstract to follow
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Multi-stage CSTRs: Shaken, not Stirred

Gilda Gasparini

AM Technology

Multi stage CSTRs: Shaken, not Stirred AM Technology Coflore is a modular flow reactor with good scale up characteristics. It offers flexibility, low pressure drop and good handling capabilities for slurries, immiscible liquids and gas/liquid mixtures. The Coflore ACR is essentially a series of 10 CSTRs. Using a modular design and dynamic mixing, good mixing, plug flow and multiphase system handling are achieved independently of reaction time. The scale up of such systems is made easier by the fact that mixing and plug flow, key features to maintain, do not depend on the size of the reactor. The Pharmagen project is a EU FP7 funded project involving three European API manufacturers, one research lab and a number of equipment providers to move three API processes from batch to continuous. The Coflore ACR is used to optimize the three processes showing important improvements such as a cut in reaction time from 4 hours to 30 minutes or an enhancement of yield from 60% to 92% with consequent reduction in running and capital costs. The next step is to apply these findings to pilot plant for validation. This was performed by using the Coflore ATR, production scale version of the ACR. Results of this project and other examples will be shown and discussed to show that continuous processing is a viable way forward to achieve a more efficient process without the drawbacks that traditionally have been accredited to flow reactors.
----------------------------------------------------------------------------------------------------------------------------------------
Continuous Manufacturing: How do We Make it Succeed in the Pharmaceutical Industry
Clive Badman

GSK

One of the major challenges facing the Pharmaceutical Industry is to produce more products of value to its customers. We believe that Continuous Processing technologies can play a part in delivering this vision, by opening up new routes for sustainable chemical synthesis and allowing better control of physical product characteristics, but how do we get to the point where these technologies are part of our day-to-day toolkit?

To make this technology succeed in the Pharmaceutical Industry requires a strong sponsorship and a clear business case. It also needs an implementation plan that addresses all aspects of technology introduction; the physical technology and the knowledge of how to use it (expertise and operational competence).

Based on our experience in GSK, I shall explore where I believe the areas for business advantage are in the short, medium and long term. 
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Continuous Processing to Make Better Particles

Ian Laird

NiTech Solutions Ltd

Continuous manufacturing is beginning to make significant inroads into the pharmaceutical and process industries, and some of the most challenging aspects are around processes involving solids.  Crystallisation is one of the key manufacturing steps that is predominately still operated as a batch process. 

In this presentation NiTech¹s continuous oscillatory baffled crystallizer will be introduced and explained.  This offers near plug flow conditions under laminar flows with excellent heat transfer coefficient, and provides controllable temperature profiles that cannot be achieved in large batch operations, allowing well-defined continuous crystallization.

Examples of activity undertaken with industrial clients will be used to demonstrate the significant benefits obtained, e.g. consistent crystal morphology and size; better filterability; significantly reduced crystallisation time, space usage, utility and energy consumption.
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Comparison of a Continuous Flow Process versus a Batch Process
Beat Weber

Siegfried
Abstract to follow
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Growth of Continuous Flow Technologies in Pharma

Dominique Roberge

Lonza


Organic synthesis – and its application in the fine chemicals and pharmaceutical industries – is a mature discipline, dominated by batch-wise production processes that seemingly trace their roots back to the cauldrons of alchemical times. Today, the alchemist’s gold sought in synthetic processes takes the form of active pharmaceutical ingredients (APIs), where the pharmaceutical industry pushes on with its quest for innovative, proprietary drugs. The high value-added nature of such innovative pharmaceutical products, coupled with a profound reluctance to implement post-filing process changes, often relegates manufacturing considerations to a lower priority. Consequently, fine chemicals and pharmaceuticals have become industries of waste. The magnitude of the problem is starkly illustrated by the high environmental “E factor” that characterizes these industries, which is rarely lower than 25 (E = kg of waste per kg of product). These industries remain burdened with stoichiometric technologies that generate large quantities of waste. Low process efficiencies are exacerbated by poor track records in product quality, far exceeding that found in any other manufacturing industry. Lonza started a new initiative with the stated goal to bring pharmaceutical production technologies in line with modern, sustainable chemical and engineering practices namely the broader implementation of flow and microreactor technologies.

The key concept behind the utilization of flow is to achieve extreme process intensification. The intensification process enables inherently safer conditions that lead to the development of new processes, so-called “Flash Chemistry,” that could otherwise never be performed under batch conditions. In a microreactor it is possible to perform highly energetic reactions, work with unstable intermediates, employ more reactive reagents, and use more active catalysts that enable new, out-of-the-box chemistry. In addition, the workspaces can be designed for high temperature and high pressures reactions; a new domain for a typical chemist. A microreactor will be at the heart of flow processes to control the “Flash Reaction” but will be implemented in parallel with other flow unit operations such as liquid-liquid extraction, distillation and crystallization. The outcome will lead to highly intensified mini-plant approaches that will be the basis of the “Factory of the Future.” The ultimate results of the initiative are more sustainable, greener, and economical processes for producing a wide range of pharmaceuticals.

--------------------------------------------------------------------------------------------------------------------------------------

Continuous Processes of Hazardous Reactions from Lab to Commercial Scale



Dr. Günter Weingärtner

Dottikon

From Dottikon ‘s work in hazardous chemistry and more than 40 years experience in continuous processing. It is obvious that a continuous approach offers the opportunity to handle hazardous reactions like nitration to produce nitrate esters or nitro aromatic compounds on a large scale. Also other hazardous reactions like oxidations fit well into a continuous environment because often they cannot be done batch wise due to safety reasons. 

For process development in the lab micro reactors are perfect tools to test and to optimise the reaction conditions in short times. However for the realisation of a pilot / production equipment an intensive interaction with the chemical engineers is needed to design and to install the production equipment. Often only the reaction part is done continuously but our understanding of process intensification is that beside the reaction the quench and the further work up (e.g. by extraction) should be done continuously by installation of appropriate equipment. 

Some case studies to the mentioned reactions in pilot and production scale will be presented to cover all aspects of this technology.
--------------------------------------------------------------------------------------------------------------------------------------
Manufacturing Concepts for Microreactors and Continuous Flow Chemistry

Dirk Kirschneck

Microinnova Engineering GmbH

A fundamental need for pharmaceutical manufacturing is to keep flexibility, known from batch processing.  The big advantage from continuous processing is the process performance. To reach the expected benefits both advantages needs to be combined. Additional performance can be added by process intensification, for example by using microreactors, micro heat exchangers and ultrasound. To realise this advantages

Microinnova Engineering has developed three different concepts on full manufacturing scale. The possible drivers for the customers to implement one of these manufacturing concepts are multiple. One of the main drivers is to achieve significant higher yields, the other ones are to get a much better process control and energy savings or to have a significant safety increase.

Basic strategies for the process development are known now. Chemists and chemical engineers work interactively together on continuous flow lab equipment. Pilot scale trails be drastically reduced or left out, this means enormous time-savings for the customer. A small but reasonable number of suppliers for manufacturing equipment are available. Manufacturing scale concepts and experience is still limited.

Microinnova Engineering has transferred the proved benefits from lab to manufacturing scale and developed for the first time three different manufacturing concepts to realize these benefits for continuous flow chemistry and new technologies like microreactors:

Plant Redesign-Concept: This concept integrates, at adequate points, microreactors or other microstructured components into existing production plants to reach considerable improvements. This is based on the approach to achieve best results and still keep the interventions as small as possible. The starting point of this concept is one single process step or similar processes in existing chemical and pharmaceutical plants.

Unit Operation-Concept: The unit operation concept realises, in the form of a SKID construction, a chemical process step in a plant with all related aggregates and measuring devices. That way, individual reaction steps in a continuous process can be realised without changing the other process steps. This concept is a typical solution for inefficient or difficult process steps. Savings can be generated by higher yields, less raw materials and/or less energy. The unit operation concept is typical for one reaction step and is a dedicated or limited multipurpose concept. This concept is typically used in new chemical and pharmaceutical plant for one process step.

Modular Multipurpose-Concept: The modular multi-purpose plant concept combines the advantage of batch technology, its flexibility, with the advantage of continuous process management, its process performance. The variably combinable and replaceable modules, such as the feed module, the reactor module or the residence-time module, make it possible to create temporary chemical plants for a wide

range of different purposes adjusted to the respective product. This concept generates a solution for maximizing of flexibility and performance (e.g. higher yields, less raw materials, less energy…). The main areas of application for this concept are new chemical and pharmaceutical plants for a couple of process steps, multipurpose flexibility for a couple of reaction steps, fast response times to new processes & process

conditions and for the design for different plant environments (lab, pilot, manufacturing).

Realization example for the Unit Operation

Microinnova has put a pharmaceutical plant based on microreactors and flow chemistry with a throughput of 200 liter per hour into operation. This pharmaceutical manufacturing plant is expected to be the most powerful in terms of throughput of its kind. It was started up in May 2010.

A skid for executing a critical reaction step for the synthesis of an active pharmaceutical ingredient has been started up at Sandoz in May 2010. The reaction step is mixing sensitive and very difficult to realize in a batch mode. The capacity of the dedicated plant is 200 liters per hour total throughput. The yield difference between the lab plant system (non GMP) and the full scale plant is 0.1 %. The GMP compliant manufacturing plant was done without any pilot plant trials
Flow Chemistry – Modular, Flexible, and Efficient Production in the Chemical and Pharmaceutical Industry


Sigurd Buchholz

Bayer Technology Services GmbH, 51368 Leverkusen
Global competition in the chemical, biochemical and pharmaceutical industry is continuously increasing. It calls for reduction of process development time and investment costs necessary for implementing new technologies for (bio-) chemical products and pharmaceutical drugs. Taking into account also the scarcity of resources a number of challenges arise.

In order to develop future manufacturing strategies the chemical and pharmaceutical industry works on the implementation of process intensification and modularization. In this paper current challenges, process intensification approaches and future manufacturing initiatives are summarized and discussed.
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