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IEC 0 [923495]:  Commodity scale synthesis of 1-methylimidazole based ionic liquids using a spinning tube-in-tube reactor
James T. Ciszewski and Michael A. Gonzalez, Sustainable Technology Division, United States Environmental Protection Agency, 26 West Martin Luther King Drive, Cincinnati, OH 45268, Ciszewski.Jim@epamail.epa.gov 

Abstract
The continuous large-scale preparation of several 1-methylimidazole based ionic liquids was carried out using a Spinning Tube-in-Tube (STT®) reactor (manufactured by Kreido Laboratories). This reactor, which embodies and facilitates the use of Green Chemistry principles and Process Intensification, allowed for the solvent-free preparation of a number of high purity, commercially-relevant ionic liquid compounds on the scale of hundreds of grams per hour from the reaction of alkyl halides, tosylates, or triflates with 1-methylimidazole. Upon optimization of the individual reactions, production rates of greater than 15 kg/day have been realized for several of the prepared ionic liquids. 

IEC 0 [931955]:  Novel alkylation of indole and pyrrole derivatives using Iron(II)tetrafluoroborate as a catalyst in an ionic liquid solvent
Toshiyuki Itoh, Department of Materials Science, Tottori University, Koyama Minami 4-101, Tottori 680-8552, Japan, Fax: +81-857-31-5259, titoh@chem.tottori-u.ac.jp 

Abstract
Lewis acid mediated Friedel-Crafts alkylation of indole with unsaturated carbonyl compounds has attracted growing interest over the past few years. We found that 3-alkylated product 3 was obtained in excellent yield when vinyl ketones 1 was reacted with indole 2 using ionic liquid solvent system in the presence of 0.1 mol% ~ 3 mol% of Fe(BF4)2-6H2O catalyst, while no Lewis acidity was reported for Fe(BF4)2. Since the reaction was completely inhibited by addition of TEMPO, we suppose that this might be started from one-electron oxidation of indole or pyrrole with ferric ion generated from Fe(BF4)2 catalyst. Further, 3,4-disubstituted-2-acetylpyrrole 5 was obtained by the reaction of 2-acetylpyrrole 4 with vinyl ketone 1 in 50 ~ 60% yield. In addition, it was found that these reactions proceeded smoothly using a micro reactor reaction system. 




  


IEC 0 [939713]:  Fine-chemical and initial ionic-liquid syntheses in microstructured reactors
Volker Hessel1, Patrick Löb1, Holger Löwe1, and Marc Uerdingen2. (1) Chemical Process Engineering Department, Institut für Mikrotechnik Mainz GmbH, Carl-Zeiss-Str. 18 - 20, Mainz 55129, Germany, Fax: 00496131990305, hessel@imm-mainz.de, (2) Solvent Innovation 

Abstract
An overview about in-house and world-wide use of microstructured reactors and their plants in particular referring to industrial fine-chemical uses will be given. Some conclusions will be drawn which can be transferred also for ionic liquid synthesis. Furthermore, first in-house results on the use of microstructured reactors for ionic-liquid synthesis will be presented. 

Chemical micro processing can both improve current chemical processes and act as an enabling technology towards novel chemistry. Recently, microstructured reactors step into chemical production and thus micro-reactor process and plant design, including economic incentives, is the issue at this time. The potential of using microstructured reactors and their plants with exemplary new process developments. 

The formation of ionic liquids often uses reaction paths which comprise at least one feature which render reactions tailored for use in microstructured reactors – large heat releases which may result in impurity formation, if heat transfer is insufficient. 

The aim of the performed investigations was to obtain some generic relationships between heat release with connected temperature profile (hot spot formation)in a reactor set-up for continuous and solvent-free ionic-liquid synthesis. For this purpose, a typical micromixer-tube reactor (1/16 inch or 1/8 inch) embedded in a thermostated bath was equipped with seven temperature sensing elements distributed over the length of the tube. Total flow rate was varied from 100 to 400 ml/h and temperature between 30°C to 60°C. Hot spot formation up to 100°C was observed especially for the higher bath temperatures. Using two tube-reactor sections with smaller internal diameter (1/16 inch) in advance to other larger-sized sections resulted in better temperature control, which demonstrates the multi-scale reactor concept. 





IEC 0 [945395]:  Spectroscopic imaging for high-throughput analysis of ionic liquids and other materials under controlled environment
S. G. Kazarian1, T. Welton2, and K. L. A. Chan1. (1) Department of Chemical Engineering, Imperial College London, South Kensington Campus, London SW7 2AZ, United Kingdom, s.kazarian@imperial.ac.uk, (2) Department of Chemistry, Imperial College 

Abstract
A novel spectroscopic imaging approach has been developed for parallel analysis of ionic liquids under controlled environment. Spectroscopic imaging is based on the use of infrared array detector for measuring spectra from different locations in a sample. This approach also allows to simultaneously acquiring spectra of many samples arranged in a patterned grid on the surface of the crystal in the ATR spectroscopic cell. This approach was combined with a device that controls humidity inside the cell. It was possible to obtain “chemical snapshots” from a spatially-defined array of many samples of different ionic liquids under identical conditions. Simultaneous response (for example water or organic solvent sorption) of the array of samples of ionic liquids to the environmental parameters was studied. This high-throughput imaging approach will be of great value in the area of ionic liquids research where the number of newly synthesised ionic liquids is growing rapidly. 

IEC 0 [947371]:  Hydrogenation of anthraquinone derivatives in a microreactor
Raghunath Halder and Adeniyi Lawal, New Jersey Center for Microchemical Systems, Department of Chemical, Biomedical and Materials Engineering, Stevens Institute of Technology, Hoboken, NJ 07030, Fax: 201-216-8306, rhalder@stevens.edu 

Abstract
Chemical synthesis in microreactors is a novel way of synthesis in which the reaction can be carried out in a highly controlled way to obtain better yield and selectivity. In the present work hydrogenation of anthraquinones, which is the first step of commercial hydrogen peroxide production by Reidl-Pfleiderer process, is carried out in a microreactor packed with supported palladium catalyst. The effects of reaction temperature, hydrogen to liquid reactant flow rate ratio, reactor pressure and anthraquinones concentration etc. on conversion and reactor productivity were studied. The data obtained from this microreactor study were compared with the data in conventional reactors reported in literature. The data show, among other advantages of microreactor over the conventional reactor, that the reactor productivity is much higher in the microreactor than the conventional reactors.

IEC 0 [947402]:  Scaling down kinetic measurements in ionic liquids
David W. Rooney1, Chris Hardacre2, Peter Goodrich2, Andrew Brennan2, and Brian O'Sullivan3. (1) School of Chemistry and Chemical Engineering, Queens University of Belfast, David Keir Building, Belfast BT9 5AG, United Kingdom, Fax: 0044-2890381753, d.rooney@qub.ac.uk, (2) School of Chemistry and Chemical Engineering, Queens University Belfast, (3) Department of Chemical and Processing Engineering, University of Sheffield 

Abstract
Ionic liquids are regarded as green solvents and are often defined as molten salts with a melting point less than 100oC. The current increased interest in ionic liquids as alternative reaction solvents is attributed to the potential engineering advantages of negligible vapour pressure and tuneable physical properties. However, for both engineers and chemists, the task of optimising reactions performed in ionic liquids is a difficult one given the vast number of these solvents potentially available as well as the problems associated with quickly obtaining the reliable kinetic data needed. Micro channel reactors (MCR) have been used successfully for high throughput chemistry, and could therefore offer a solution to this problem. 

Here we will detail the kinetics obtained using a (20-40ml) well controlled Hazard Evaluation Laboratory batch reactor and compare these measurements to those obtained using MCR systems developed at the University of Sheffield. The Aza Diels Alder reaction between N-benzylideneaniline (NBA) and 2,3-dihydrofuran (DHF) to form Tetrahydroquinoline (THQ) was chosen (Figure 1(a)) as a template reaction to act as an instructive example of the scale-down effects on kinetics. This reaction was studied in in [C2mim][NTf2] and catalysed by Sc(OTf)3. 
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Fig.1, (a) Aza Diels-Alder reaction studied, (b) Glass MCR 

  

The reaction was tested using wet etched glass MCRs (Figure 1(b)) fitted with the required services and controls. The results to be presented from large-scale batch studies and the small scale MCR tests showed water played a very important role in both the reaction mechanism and the physical behaviour of the solvents. In the case of the MCR system control and the use of refined and well executed procedures proved to be critical. 


IEC 0 [947414]:  Supported ionic liquid phase (SILP) catalysis – A promising new industrial process design?
Anders Riisager1, Betina Jørgensen1, Rasmus Fehrmann1, Marco Haumann2, and Peter Wasserscheid2. (1) Department of Chemistry and Center for Sustainable and Green Chemistry, Technical University of Denmark, Building 206, Kgs. Lyngby DK-2800, Denmark, ar@kemi.dtu.dk, (2) Lehrstuhl für Chemische Reaktionstechnik, Universität Erlangen-Nürnberg 

Abstract
Supported ionic liquid phase (SILP) catalysts are new materials consisting of an ionic liquid metal catalyst solution highly dispersed on a porous support. The use of a non-volatile, ionic liquid catalyst phase in SILP catalysts results in a stable heterogeneous-type material with selectivity and efficiency like homogeneous catalysts. This makes the catalysts well suited for many industrial homogeneous catalysed processes like, e.g. C-C bond forming reactions, in continuous, gas-phase design using fixed-bed technology. In this contribution we report very promising results for continuous gas-phase alkene hydroformylation using a highly selective and durable silica-supported SILP Rh-bisphosphine catalyst. Additionally, the concept of continuous gas-phase SILP catalysis is introduced for related C-C bond forming reactions of industrial importance, which usually are performed in batch, liquid phase systems, e.g. hydroformylation of higher olefins and alcohol carbonylation for acetic acid production. 


IEC 0 [947691]:  A microchannel device for studying chemical kinetics in ionic liquid solutions
Ray W. K. Allen, B. O’Sullivan, Z. Chen, P. Goodrich, J. Birbeck, and J. M. MacInnes, Department of Chemical and Process Engineering, The University of Sheffield, Sheffield S1 3JD, United Kingdom 

Abstract
Accurate and automated determination of reaction kinetics may prove crucial to identifying an optimum ionic liquid composition and catalyst for a given reaction. The paper describes a device based on a microchannel network that uses rapid mixing to produce an initial mixture that is then allowed to react for a specified time interval before being ejected for analysis by HPLC. 

The mixing time determines the uncertainty with which the start of reaction is known and the uniformity of the mixing determines the uncertainty in the composition conditions within the sample. Previous work by the authors has shown that it is possible to construct the mixing part of the network to produce any required degree of uniformity, but the greater the uniformity the longer will be the time taken to mix. Thus, there is a trade-off between uniformity and uncertainty in the initiation time for the reaction. A mixing time of around 100 ms and an rms deviation in composition of around 10% have been achieved in the current device. For reactions taking place in minutes this uncertainty in the starting time for the reaction introduces negligible error. 

The device is controlled by computer, allowing a series of tests at different reaction times and conditions to be carried out automatically. The device has been operated routinely for series of tests lasting up to 8 hours, with two such tests each day for one week. Preliminary results for a specimen reaction will be presented to illustrate the application of the device
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