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PIN CONTACT POINTS

· For membership information, offers of articles for PIN News, finding collaborators, and news of meetings, contact: David Reay, PIN Co-ordinator, PO Box 25, Whitley Bay, Tyne & Wear, NE26 1QT, UK.  Tel: 0191 251 2985; fax: 0191 252 2229; Email: DAReay@aol.com
· For news, past meeting reports, profiles of members, links with other networks etc., contact:  PIN Website: http://www.ncl.ac.uk/pin/ 
**********

THE PIN SPONSORS & STEERING COMMITTEE

The new PIN Steering Committee has had one meeting so far in 2003.  The full membership brings together those currently sponsoring PIN, and some of the original members from EPSRC-sponsored days.  The membership is as follows, with PIN Sponsors (current) being shown in bold:

Colin Ramshaw – Chairman

David Reay – Co-ordinator

Derek Colman – BP 

Janet Etchells – Health & Safety Executive

Emma Feltham – EPSRC 

Steve Flynn – DTI

Asterios Gavriilidis – University College London

Andrew Green – BHR Group

Jeff Howarth - HIE

Roshan Jachuck – Newcastle University

Mike Jones – Protensive

Henk van den Berg – Consultant (NL)

Dave York - Proctor & Gamble

Potential sponsors for 2004/5 are invited to contact David Reay or Colin Ramshaw for details of the benefits available to them.
**********************************

Chief appointed to lead special new cluster in North East England

A new organisation, which will represent over 100 companies in the Region, is set to become the voice of a local industry.

The Pharmaceutical and Speciality Cluster Limited (P&S Cluster Limited) – the first body of its type in the UK – has just been established at RTC North in Sunderland with Dr Stan Higgins appointed as chief executive officer.

Demand for the establishment of the cluster was driven by local companies and was brokered by Regional Development Agency One NorthEast, whose Strategy for Success identifies cluster development as a key driver towards competitiveness and growth.

The North East Pharmaceutical and Speciality Chemical Industry has great importance to the future strength of the Regional and national economies - generating £1.1bn of the UK’s GDP.  The industry employs around 12,000 people in the North East. It operates in global markets and has a reliance on technology, highly skilled scientists and engineers who compete through world-class manufacturing and research.

The main aims of the cluster are to create a working network between members, build academic partnerships, assist in attracting new businesses and attract and retain the best people within the Region.  Dr Higgins, who took up his new post on May 1, studied Chemistry, Economics and Technology as an undergraduate and also gained a Doctorate in Chemistry from the University of York.

He has held leadership roles for a number of companies in the Pharmaceutical and Speciality Chemical Industry, gaining experience of business, research and operations in the UK and Europe, North America and Asia. He can provide manufacturing, technical and commercial expertise to help drive the cluster’s ambitious programme forward. 

Dr Higgins also has experience of industrial development and collaborative research projects through his work with universities, RDAs and Industry Trade Associations.  He said: “The cluster will bring a focus to pharmaceutical and speciality chemical companies, enabling the community, universities and the Government to support a massive industry within the North East which has gained little recognition before.“

Bob Coxon, Chairman of the P&S Cluster board, said: “We are pleased to be able to announce the appointment of Stan Higgins as our CEO. This project is in the start up phase and it is important that the initiative does not lose momentum. A person of Stan’s calibre, with his understanding of our industrial sector and wide contacts within the industry, will enable the new organisation to hit the ground running.”

Gordon Ollivere, Managing Director of RTC North, said: “We are delighted that the P&S Cluster Limited is to be located here. Much of the work that we do has a lot of relevance to this new organisation and I expect we will see much liaison between Dr Higgins and the Regional Centre for Manufacturing Excellence which is also based at RTC North.”

1. The board of P&S Cluster Limited includes representatives of companies such as Avecia, GlaxoSmithKline, Merck Sharp & Dohme, Oxford Chemicals, Rhodia Chirex, ICI and Thomas Swan. The University of Sunderland represents all the Region’s universities. Regional and national Government agencies are linked to the cluster through One NorthEast and the Department of Trade and Industry (DTI).

2. RTC North’s core business is helping other organisations and individuals to adapt to change, harness technology and become more competitive and over the past decade the company has established a niche in the market place, in the North East as well as nationally and abroad. It has become one of the most successful technology transfer companies in Europe. RTC North, which is based in Sunderland, serves businesses, both large and small, universities and the public sector. 

3. The 'Strategy for Success' is the title of a major programme of activity being advanced by One NorthEast, the Regional Science & Industry Council and partners, to build a knowledge economy in the North East. Its primary objective is to bring about a radical transformation of the Region's economic prospects by maximising the Region's research and technology base and thereby generating innovation, competitiveness, jobs and growth.

The following Briefing Note was also issued:

Pharmaceutical and Speciality Cluster – Briefing Note

Presence in the region

· The north east of England has great strength in depth in manufacturing 

· Home to 150 Pharmaceutical, Speciality Chemical and Bio processing companies 

· These companies have 14000 employees 

· A downstream factor of 5 implies that 70,000 people have related employment. 

· The region has excellent infrastructure with a highly skilled & flexible workforce

· The companies operating in these sectors are serving global markets

· The 18 Pharma companies alone generate at least £1.1 billion of the UK’s GDP (The whole UK Pharma industry generates £2.3b)

Many globally recognised companies have facilities in the region. Despite occasionally competing with each other, these companies have identified that there are many issues that can be more effectively addressed together than alone. Therefore they are collaborating through the Pharmaceutical and Speciality Cluster (P&S Cluster) in order to continue to meet and exceed world class performance measures and make their operations in the region even more competitive. Despite global competition the industry stakeholders aim to ensure that this industry is sustainable in the region in the future.

Founding and funding of P&S Cluster

· Formed by companies across the industrial sector and across the region

· Board appointed from member companies

· Supported by regional and national government

· Linked to local academic institutions. 

· Funded by the regional development agency ONE Northeast

A limited by guarantee company has been formed and named –P & S Cluster Limited. Since May 2003 they have engaged a full time CEO – Dr Stan Higgins. The CEO and the Board have been developing the cluster’s objectives and its business plan. “Official” Cluster membership is in the meantime growing strongly and will soon exceed 50 companies.

Summary of Cluster Objectives

To make the region a better place to do business

· Focus regional and national agencies on the needs of the industry

· Develop a program to encourage the best people into the industry and the region

· Ensure academia and training providers are aligned with the needs of the industry

· Encourage the industry to provide sufficient vocational training places 

· Conduit to Centres of Excellence in Process Innovation and Life Sciences

Membership

· To formally engage all companies in the sector as members

· To actively encourage membership of supply chain companies

· A comprehensive membership will ensure a strong and relevant voice for the industry

Satisfy Members Needs

· Identify and leverage the regions world class suppliers

· Develop a strong connectivity in the supply chain

· While recognising sectorial needs, provide an accessible knowledge network 

· Provide a conduit to government, academia and stakeholders

For further information please contact: 

Gordon Arnott, Senior Press Officer, One NorthEast.

Tel:(0191) 229 6309   Fax:(0191) 229 6234 Mobile: 07713 317883

e-mail:
gordon.arnott@onenortheast.co.uk    

Dr Higgins can be contacted on Tel: 07901 518860.            
*************************
© Ashe Morris Ltd 2003

Ashe Morris Constant Flux Reactor

Those of you at the Cranfield BHRG PIN meeting last year will recall the talk by Robert Ashe of Ashe Morris Ltd., a design company, when he introduced us to an interesting new concept, the variable area heat exchanger.  He described this as a different way of building and using heat exchangers, and illustrated it with an example for controlling the temperature of a chemical reactor, with a 10 kW heat load.

Subsequently, some research has been successfully completed, and the conclusions resulting from the tests completed in June 2003 are given below.
Conclusions
• Constant flux delivers unparalleled performance

– Very accurate heat measurement (accurate to within ±0.1% in some tests)

– Precise temperature control under the most severe load changes (generally better than ± 0.10C)

– Good power monitoring – with further improvements expected

– Fast heating and cooling with no overshoot

•Constant flux is a much simpler calorimetry technique

– No time consuming set-up (just turn on and use)

– No calibration (other than for background system losses)

•Constant flux offers a fully scalable solution

– For the first time, accurate calorimetry can be utilised through scale-up and manufacturing

– Accurate on-line monitoring can be used to improve process performance

For further information, Contact: robert.ashe@ashemorris.com
The test data are available on the PIN web site as a .pdf file for downloading.

*******************************

BRITISH STANDARDS INSTITUTE INTEREST IN NANOTECHNOLOGY

BSI has an interest in Nanotechnology, as evidenced from the data below.  This may mean that BSI has an interest in PI too!  Please contact the person below (Keith Seyde) directly if you are interested.

 From: KEITH.SEYDE@BSI-GLOBAL.COM

To: <group-pse/17@edd.bsi.org.uk>

Sent: 23 July 2003 12:53

Subject: PSE/17 : Nanotechnology and standardisation

I have received from BSI the attached request for feedback on any areas of industry dealing with nanotechnology.  Nanotechnology is defined in the attachment as the ability to manipulate matter at scales of billionths of a metre.

If you know of any work in this area in your industry could you please let me know.

Thanks

Keith

NANOTECHNOLOGY

We (BSI) are looking to identify areas of standardisation where there is an active interest in nanotechnology. 

Nanotechnology is the ability to manipulate matter at scales of billionths of a metre and there are applications in many areas, not 'grey goo' as you might have seen in recent press reports, but rather smart materials for medical devices, micromuscle/tissue engineering, diagnostics, imaging devices and power systems, plus crime prevention and detection through sensory devices, DNA testing, profiling techniques, cryptography, voice recognition systems and biosensors for warfare combat.  One UK company is already producing and exporting nano-powders to S E Asia petroleum manufacturers.

We have identified a number of areas already in the materials sector, such as advanced technical ceramics, paints and varnishes and ask whether your committees might be considering or developing related work.  

Please complete this short form and feel free to comment, then email your response to Sheila O'Reilly by 8 August 2003.

NANOTECHNOLOGY 
	IEC/International committee/other
	CENELEC/European committee/other
	UK mirror committee or national body
	Activity 
	Programme Manager/contact

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Comment 

From:………………………………………………date…………………………………………..

(Note – please copy this form & email to Keith, or send observations/interest areas in a separate email)

Can MEMS point the way ahead?

Honeywell says micro electromechanical systems could lead breakthrough in sensor and weapon guidance technology

Honeywell is pursuing development of micro electromechanical systems (MEMS) as a ‘potentially disruptive’ technology in aircraft avionics and weapon guidance.  The company is already developing an attitude and heading reference system. (AHARS) and standby display for commercial aviation applications using MEMS sensors.

MEMS combine micron-scale electrical and mechanical features on the surface of a silcon chip, and are batch-produced using integrated-circuit fabrication techniques “MEMS is an enabling technology across Honeywell”, says Eric Doremus, vice-president precision sensors and components.  Applications range from biomedical sensors to aerospace devices including attitude and pressure sensors and inertial measurement units.  

Doremus says MEMS offer significant reductions in cost, size, weight, volume and power over conventional sensors.  The company is already producing air-data systems using MEMS precision pressure sensors.  The next step is a flush-office air-data system, now in development, which uses distributed pressure sensors to eliminate the pilot probe, he says.  The first developmental MEMS-based inertial measurement units have been delivered to customers.

Honeywell is applying MEMS gyros to inertial systems small and robust enough to guide gun-launched projectiles.  In the longer term, the technology promises to provide navigation-grade performance, allowing MEMS gyros and accelometers to replace ring-laser and fibre-optic gyros in aircraft inertial systems.  Doremus expects the Lockhead Martin F-35 Joint Strike Fighter’s inertial navigator to be a MEMS-based device just 50cm3 (ein3) in size, compared with the F16’s 7,900cm3 laser-gyro unit.

Honeywell’s MEMS-based AHARS is scheduled for introduction in 2004-5.  GPS aiding will reduce errors, to provide an attitude accuracy of better than 0.1o, says Doremus.  Back-up true0airspeed aiding will provide and attitude accuracy of 1.2o.  The AHARS will be part of Honeywell’s new flat-panel standby display, which will combine the unit with MEMS-based air data sensor and magnetometer.  GPS integration and flight-control output will be optional features.

Honeywell has MEMS fabrication facilities in Redmond, Washington, and Plymouth, Minnesota.  Both are capable of producing 150mm (6in)-diameter wafers, each containing 700 micro-scale gyros.  The Plymouth side is being upgraded to handle 200mm wafers for the production of pressure sensors with 1.5 micron-sized features.

*********

Hornet is fuel-cell first (in a plane)

AeroVironment has begun flight testing its Hornet fuel cell-powered micro air vehicle.  The US Defense Advanced Research Projects Agency (DARPA) says the 380mm (15in)-span radio-controlled flying wing is the first air vehicle to fly entirely on fuel-cell power.

DARPA says fuel-cell power offers the potential for long-endurance flight.  The 0.17kg L(0.37lb) Hornet is being developed under the agency’s synthetic multifunctional materials programme and the fuel cell, which produced an average 10W of power, also acts as the wing structural member.

Hydrogen is stored on the vehicle in dry pellets and released when combined with water, also carried on board.  The hydrogen reacts with oxygen collected from the airflow over the wing to produce electricity.  The fuel cell includes a metal mesh that forms the wing substructure.

The Hornet is manually flown from the ground, with a radio channel to modulate hydrogen release.  The next Hornet version may include a simple autopilot and a video camera payload.

Abstracted from Flight International and/or Aviation & Space Technology Week
*********************

Piping heat from the microwave

Plazmatronika is a small, high-tech Polish company specialised in microwave technology.  Eager to export its solutions, Plazmatronika contacted IRC West Poland in 2001, and an IRC consultant (connected to the Wroclaw University of Technology) carried out a technology audit.  Many contacts later, the IRC disseminated three Plazmatronika technology offers through the IRC network and started promoting them at fairs.

Sicilian response

One of the offers, of a microwave technology for accelerated hardening of polymer resin, caught the attention of IRC Media, based in Sicily and Calabria.  Their client, Vetroresina Engineering Development (VED), was looking for a technology to replace a radiant-panel infrared (IR) heating system used to produce fibreglass pipes.

Fibreglass is made by mixing a polymer resin with fibreglass strands, then compressing and heating the mixture until it hardens.  IR heating consumes a lot of energy, and when the item to be heated is thick, its surface tends to overheat before the inside is hard.  Microwaves offer faster hardening, a lower peak temperature, regular heating through the thickness of the material (this favours a more consistent structure and increased strength), and lower energy consumption.

Technology testing

The first exchange between Plaxmatronika and VED took place in June 2001.  After three months of correspondence, VED sent Plazmatronika samples of its polymers for laboratory tests.  With the good early results, IRC Media sought out specialists at the University of Catania.  Once everyone was convinced of the promise of Plazmatronika’s solution, the two IRCs arranged a technical meeting at the pipe factory in Sicily.  “Lab tests are important,” says Grzegorz Barnakiewicz of IRC West Poland, “but things look different at the production site.  It is necessary to consider factors such as worker safety and the available power.”

The visit took place in April 2002.  Technical experts from both IRCs assisted in the on-site evaluation and negotiations.  In the presence of these consultants, VED and Plazmatronika signed a technical co-operation agreement for analysis of VED's current system and for on-site performance testing of the new one.  This has led to a modified proposal: to combine microwave technology with conventional pre-heating of certain ingredients.  If VED makes the final decision to implant the microwave system, Plazmatronika will execute the work and grant a licence for the system’s use.

Polish success

IRC West Poland only recently joined the IRC network, yet already it has played a role in seven technology transfers, including three from Poland to the EU.  Banakiewicz remembers, “at first, local companies were unaware of the potential of the IRC, so we had to seek them out.  Today people call us.  We enjoy excellent relations with an expanding number of IRCs.  Factors in our success have been staff with technical training, close ties with the Technical University of Wroclaw, and a willingness to meet people personally and work as a team with companies and our counterparts in other regions.”

From Cordis (EU) information.

*************************

JOB OPPORTUNITIES AT CHART HEAT EXCHANGERS

Chart Heat Exchangers in Wolverhampton has two vacancies for chemical engineers:

1) Projects Engineer: To be employed on the design, selection and application of plate-fin heat exchangers to meet customers’ specifications, taking into account process & mechanical requirements together with overall plant installation and operation.  With growing experience, responsibilities will include providing the full technical & commercial tender followed up by customer visits and final contract negotiation.

2) Applications Engineer: This position is for a chemical engineer with specific knowledge of and experience in the application of reaction processes within the chemical industry.  A rage of duties that will vary to support the final development and commercialisation of a range of compact heat exchanger/rector devices will be performed.  This key product application position, with a small enthusiastic team, will be focused towards identifying suitable chemical reaction applications for the product range, developing market opportunities and implementing initial hardware sales.

Qualifications & Experience:  Suitable candidates will have an Honours Degree in Chemical Engineering, knowledge of computer use, PC program writing and an interest in thermal design and chemical engineering processes will be an advantage.

Knowledge of thermodynamics, heat transfer, fluid flow and pressure losses, with experience in manufacturing techniques and welding desirable.  Good communication skills with a willingness to learn and an ability to work professionally with people at all levels.

Initial starting salaries would be in the range of £18,000 to £20,000, depending upon experience.  Detailed job descriptions are available upon request.

Applications & CV to:

Mrs. J.F. Heath, Chart Heat Exchangers LP, Wobaston Road, Fordhouses, Wolverhampton WV10 6QB.

CHART PHONE NUMBER IS: 01902 394800; FAX 01902 398616, WEB www.chart-ind.com 

EPSRC CURRENT PROJECTS – PROCESS INTENSIFICATION

Emma Feltham of EPSRC has provided PIN with a listing of all current/recent projects in process intensification.

This information is available on the EPSRC website (www.epsrc.ac.uk under the Grant Progress Checker http://www.epsrc.ac.uk/website/gow/gowdefault.aspx?ZoneID=1&LozID=9 using a free text search for "process intensification”).  For those interested, heat exchanger and heat transfer current projects are published in the latest issue of HEXAG News, available on www.hexag.hw.ac.uk 
	Project title

	Investigator
	Institution
	£ Value

	[image: image1]
A Theoretical Investigation of Flow Boiling in Capillaries.

	Professor SK Wilson
	University of Strathclyde
	137,414

	[image: image2]
Kinetics and mechanisms of rapid radical polymerisations in spinning disc reactors

	Professor JR Ebdon
	University of Sheffield
	81,732

	[image: image3]
Kinetics and mechanisms of rapid radical polymerisations in spinning disc reactors

	Dr RJJ Jachuck
	University of Newcastle upon Tyne
	181,984

	[image: image4]
Downward Bubbly Flow In Microchannels

	Dr MJH Simmons
	University of Birmingham
	58,885

	[image: image5]
IMI: Spinning Disc Reactor For Desktop Drug Manufacture

	Professor C Ramshaw
	University of Newcastle upon Tyne
	597,588

	[image: image6]
Equipment for Enhanced, New and Interdisciplinary Research In the Physical/Biological Sciences and Engineering

	Professor TF Page
	University of Newcastle upon Tyne
	585,040

	[image: image7]
KINETICS OF BREAK DOWN OF DISPERSIONS IN MULTIPHASE FLOWS IN PIPES AND FITTINGS

	Professor BJ Azzopardi
	University of Nottingham
	113,475

	[image: image8]
KINETICS OF BREAK DOWN OF DISPERSIONS IN MULTIPHASE FLOWS IN PIPES AND FITTINGS

	Dr WBJ Zimmerman
	University of Sheffield
	97,346

	[image: image9]
KINETICS OF BREAK DOWN OF DISPERSIONS IN MULTIPHASE FLOWS IN PIPES AND FITTINGS

	Dr PS Grassia
	UMIST
	160,234

	[image: image10]
THE CONTINUOUS PRODUCTION OF FINE CHEMICALS IN SUPERCRITICAL CARBON DIOXIDE

	Professor M Poliakoff
	University of Nottingham
	194,772

	[image: image11]
DEVELOPMENT OF A NOVEL & EFFICIENT PROCESS FOR DETOXIFICATION & RE-USE OF CONTAMINATED FLY-ASH

	Dr VN Sharifi
	University of Sheffield
	115,072

	[image: image12]
ENHANCEMENT OF REACTION YIELD USING HYDROPHILIC ZEOLITE MEMBRANE REACTORS

	Professor R Hughes
	University of Salford
	95,526

	[image: image13]
ENHANCEMENT OF REACTION YIELD USING HYDROPHILIC ZEOLITE MEMBRANE REACTORS

	Dr PM Budd
	University of Manchester
	99,120

	[image: image14]
PROCESS INTENSIFICATION NETWORK

	Professor C Ramshaw
	University of Newcastle upon Tyne
	52,261

	[image: image15]
THE DEVELOPMENT OF OSCILLATORY FLOW REACTORS FOR PROCESS INTENSIFICATION IN THE CHEMICALS INDUSTRY

	Professor MR MacKley
	University of Cambridge
	212,856

	[image: image16]
PROCESS INTENSIFICATION IN HEAT EXCHANGERS USING FLOW PULSATIONS

	Dr S Balabani
	King's College London
	43,247

	[image: image17]
INTENSIFICATION OF SEWAGE SLUDGE DISPOSAL PROCESS

	Professor J Swithenbank
	University of Sheffield
	56,219

	[image: image18]
RAPID PRESSURE SWING REACTION PROCESSES

	Dr E Alpay
	Imperial College London
	9,739

	[image: image19]
CLEAN TECH CHEM PROCESS USING HIGHLY SELECTIVE CATALYSTS WITH MASS TRANSFER EFFICIENT 3-PHASE REACTORS

	Professor JM Winterbottom
	University of Birmingham
	161,099

	[image: image20]
PROCESS INTENSIFICATION FOR GAS-LIQUID REACTIONS

	Professor BJ Azzopardi
	University of Nottingham
	31,029


Total number of projects: 20

++++++++++++++++++++++
From maximum to most efficient production using a continuous oscillatory baffled reactor

Professor Xiong-Wei Ni1, Dr Andrew Fitch1 and Dr Philip Webster 2

1Centre for Oscillatory Baffled Reactor Applications (COBRA), Chemical Engineering,

School of Engineering and Physical Sciences, Heriot-Watt University, Edinburgh, EH14

4AS, UK

2James Robinson Ltd, P.O. Box B3, Hillhouse Lane, Huddersfield, HD1 6BU, UK

Nowadays we talk less of manufacturing technologies in chemical engineering as traditional batch stirred tanks have proved to work for a variety of chemical and biochemical engineering applications in both commodity and speciality sectors. In financial terms, the capital costs for manufacturing technologies are marginal to the overall operational profits, but the key question is always how much extra profit would any new manufacturing technology bring, in comparison with the existing one? The answer has to be “substantial” if such a new manufacturing technology would be adopted by industrial producers.

Current Manufacturing Processes

The next question is where any additional profits would come from if the new manufacturing technology is to be implemented? There are a variety of sources for additional profits, but the main one relies on consistent product quality, which entails uniform composition, size distribution and morphological properties. The consistent size distribution also means that there are less under and oversize particles in polymer applications (Ni et al. 1998, 1999), thereby a reduction in waste.

From the chemical engineering viewpoint, consistent product quality should automatically be associated with consistent fluid mechanical conditions in reactors, such as plug flow. We have learnt from the standard textbooks of Chemical Reaction Engineering that plug flow can be achieved by either running a number of continuous stirred tank reactor (CSTR) in series, or by operating high net flow Reynolds numbers in tubular reactors. To incorporate a number of CSTRs in series in a chemical factory would physically require a set-up of N CSTRs, each with an identical control unit. Ultimately this would significantly increase the capital costs and bring down the overall profits of the operation. For the tubular type of reactors, on the other hand, the main bulk phase would flow through the reactor with other reactants added in at different stages. Without going into too much detail, such an arrangement would certainly have many advantages over the former in terms of the inventory required and capital costs.

The vital drawback for this type of reactor is, however, that significantly high net flow Reynolds numbers are needed in order for plug flow to be achieved, this translates as a very long reactor length for even low to moderate residence times. Consequently there have been very few continuous operations in relation to the production of fine and speciality chemicals. There are however examples of continuous operation in commodity chemicals, such as sulphonation and nitration on a scale of 100-1000s tonnes per annum. 

Are there any other continuous reactors that allow both plug flow and much better performance than the two cases above? The answer is certainly yes. The oscillatory baffled reactor (OBR) would be one such reactor. The OBR generally consists of a column or tube containing periodically spaced orifice baffles with an oscillatory motion superimposed onto the flow. The mixing in an OBR is completely different from that in a stirred tank, and is provided by the generation and cessation of eddies (Ni et al. 2002). Such mixing is enhanced and much more uniform than traditional stirred tank vessels, as the intensity of the radial mixing is similar to that of the axial one (Mackely and Ni, 1991, 1993). Each baffled cell effectively acts as a continuous stirred tank vessel (Ni 1995, Ni et al. 2000). The use of an OBR to achieve plug flow condition coupled with a small steady flow component to obtain a long residence time allows production to be operated in a continuous manner. But the critical question is, has such reactors been proved to work in industries? Well, there were a few batch and continuous OBR units sold to various industrial companies worldwide during the 1990s, who attempted the OBR technology for manufacturing of different types of products and failed to make it into a commercial development! This article is to address this specific issue of continuous manufacturing utilising the OBR with a real industrial and commercial development.

Process conversion to OBR currently in hand

James Robinson Limited (JRL) is an autonomous subsidiary of Yule Catto plc based in Huddersfield. The company has a world-wide reputation as a manufacturer of hair dyes and intermediates, photographic chemicals, photochromic dyes and fuel marking dyes. An intermediate for a photographic chemical is currently produced on a several hundred-kilogram scale by a batch operation. The current process involves three stages: wetting, diazotisation and cyclisation, and two batch stirred tanks are employed and operated in a cascaded format, occupying a floor space of 12 m by 10 m by 10 m. The wetting and diazotisation are done in the 1st stirred tank and the content of which is then discharged into the 2nd one for the cyclisation. The batch volume throughput after the diazotisation is 3000 litres and after cyclisation is 13000 litres. Each batch operation takes about 18 hours to complete, including 12 hours for both the wetting and preparation of the buffer in the two stirred tanks; 2 hours for diazotisation; <1 hour for cyclisation and 3 hours for isolation. The current operational parameters permit the manufacture of a single batch per day. 

Converting the above batch process into a continuous operation requires one glass OBR unit of two sections: Section A consists of a number of 40 mm diameter tubes and Section B of 80 mm diameter tubes. The wetting and diazotisation take place in Section A, while the cyclisation in Section B. Figure 1 is the schematic diagram showing the set up of the continuous OBR (see copy on PIN web site). Parts of the glass tubes are jacketed for the purpose of cooling and heating. These tubes, each 2 m long, are connected by U-bends and are arranged in a snake formation, starting from the top to bottom and then from the bottom back up to top and once more. The total flow path is of about 70 m in length, providing a residence time of about 2 hours. There are various ports fitted along the flow path for inputting components, sampling and measurements of temperature, pressure and pH. 

Orifice baffles with an optimal restriction ratio are equally placed in both the straight sections and bends of the reactor. The baffles are made of PVDF and are designed to fit closely to the wall of the tubes. Each set of baffles is supported by three 3 mm diameter longitudinal PVDF rods. Two out-of-phase stainless steel bellows at the starting ends of the glass tubes provide fluid oscillation and are driven by a helical geared motor through a frequency inverter. A frequency range of 0-6 Hz can be achieved, and oscillation amplitude of 0 to 20 mm can be obtained by adjusting the off-centre positions of the crank in a flywheel. For both sections, the net flow of the bulk aqueous phase is taken from the water mains and the flow rates are monitored by flow meters. Non-return valves are used in the flow inlets in order to reduce any propagation of oscillation upstream. In Section A, the limiting reactant is premixed with water and wetting agent and the mixture diazotised along the length of the OBR. At the same time, the preparation of a buffer for cyclisation is taking place in Section B. The stages of wetting and diazotisation are completed independently. Once the two streams meet, the cyclisation stage commences and the product is continuously formed. 

The Table below summarises the key operational indicators for both the existing batch and the continuous OBR processes.

Note that the yield and quality data are from batch OBR assessments. It is very clear from the Table that by converting the existing batch production into continuous operation, we achieve product quality and yield consistent with the batch process; an increased productivity through the removal of down-time and more compact reactor set-up so that reduced capital cost, energy and space usage, improved intrinsic safety and reduced environmental impact become feasible. This has significant impact on the profit margins for such an operation. The project is scheduled for completion in 9 months, and by the end of that, the OBR unit will be dismantled, transported and resembled at James Robinson Ltd and will be ready for continuous production on an industrial scale. The continuous manufacturing will replace the existing batch operation.

	
	The existing batch stirred tank production
	The converted continuous OBR manufacturing

	Reactor volume (l)
	16000
	270

	Factory space (m3)
	1200
	60

	
	
	

	Wetting stage (hr)
	12
	0.3

	Diazotisation (hr)
	2
	0.3

	Cyclisation stage (hr)
	0.3
	0.3

	
	
	

	Yield (%)
	83
	83

	Product purity (%)
	99.5
	99.5

	Output (kg@100%/day)
	180
	150


Conclusion

This article shows that the continuous OBR manufacturing technology is real and viable in the production of a sophisticated and multistage organic chemical product. The product is made using hazardous and corrosive chemicals. We hope that this article would clear up the apprehension and hesitation on taking up this technology and would bring in a new outlook to your operation.  The continuous OBR technology is best suited to reactions with multi inputs of a multiphase nature, and can find applications in a range of industrial operations including phase separated synthesis, inorganic and organic crystals and particles, flocs, dyes, paints, pigments, surface coatings, adhesives, organic and pharmaceutical intermediates. Professor Ni’s group at Heriot-Watt University offers various services on converting batch operations to continuous productions for any of the above products. The duration of each of those projects would take usually from 6 to 12 months depending on the specific requirement of the work. We look forward to hearing from you.  

It is worth clarifying that the aim of this article is not to suggest that the OBR technology should replace or supersede conventional technologies, such as the stirred tank, but to highlight that the OBR is a real and viable alternative where appropriate, is easily accessible and can successfully be applied to niche processes or products, especially given that the modern trend of Chemical Engineering is to move away from large commodity manufacturing to speciality and high added value products. Continuous manufacturing is the key switching from the maximum to the most efficient production of those products.
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NOTE:  Prof. Ni has already sent PIN members this article, with data on associated Workshops.  See also the PIN Web site.

For further information contact Prof. Ni on X.Ni@hw.ac.uk 

*******************

Recent Literature & Patents

In this regular section of PIN News, recent publications are briefly reviewed, and patents believed of interest to readers are identified.  The Editor invites contributions identified by PIN  members in order to increase awareness of PI activities world-wide.  The transfer of technology from one sector to another allows you to eliminate unnecessary R&D, and helps the solution of problems which may be outside your normal areas of experience or expertise.  Some of the reviews are obviously aimed at encouraging this.  In this issue, some additional patent web sites are detailed - data which first appeared in HEXAG News issue 13 and which will be incorporated in the forthcoming 'Guide to Process Intensification'.

"Searches in all databases can be done on the basis of key words for the technology, patent numbers, (where known), companies or inventors.  Care should be taken in ascertaining where 'free' access stops and charges begin, e.g. for ordering the full patent specification.

The UK Patent Office has its own web site, offering a variety of facilities.  Free access to patent abstracts and other services is available:  http://www.patent.gov.uk/ 

Once onto the UK Patent Office Home Page, directions to the patent search are given.  On clicking on this, one is given access to the interface to the published patent application databases of the UK Patent Office, the European Patent Office and other European national patent offices.  There is also access to the database of published patent applications:  Esp@cenet 

Full copies of the specification, drawings and claims can be viewed on line, if they are available.  Using a key word search for compact heat exchangers, for example, the user will find patent abstracts from Eastern and Western Europe, as well as the USA.

Perhaps the best data sources for patents, in terms of web accessibility and ease of searching, are those associated with United States Patents.  Abstracts, and other limited access is free of charge, (except for your own web time charges) at two sites:

http://www.uspto.gov/   - This is the United States Patent and Trademark Office Home Page and is the official site for searching the US patent database.

http://www.delphion.com   The Delphion Intellectual Property Network also lists US patents, searchable by key words, patent numbers, assignees, etc.  *(Note that this has now replaced the IBM patent web site address listed in the last issue of HEXAG News).

For access to more specific data sources on patents, such as vehicle patents, use the web search engine with key words such as 'patents' or ''US patents' to obtain a full listing.  

One useful feature of some patent databases is that you can view a picture of the device being patented - not available with most abstract services, such as the one I use for the abstracts below.  Patents are one area where a picture is worth many thousands of words!"

Patent Number    06546998

Issue Date    15/04/2003

Patent Title   Tube structure of micro-multi channel heat exchanger

A micro-multi channel heat exchanger includes a lower header having a hollow for receiving refrigerant and an upper header opposite to the lower header.  A plurality of tubes are arranged in a length direction of the upper and lower headers at fixed intervals, each having opposite ends fixed to the upper header and the lower header.  A plurality of channels are formed in the tubes and elongated to be in communication with the hollows of the two headers.  Each channel has an area of a section, parallel to a length direction of the two headers, reducing at a fixed ratio as the channels go from an air inlet side to an air outlet side.  A plurality of fins are located between the tubes for heat exchange with the air

Assignee    LG Electronics Inc

Patent Number    06541274

Issue date    01/04/2003

Patent Title    Integrated devices and method of use for performing temperature controlled reactions and analyses

Reactor systems that include a reaction receptacle that includes a plurality of reservoirs disposed in the surface of a substrate.  The reactor system also typically includes a temperature control element having at least a first heat exchanger thermally coupled to it.  The heat exchanger is, I turn, disposed within the at least one of the reservoirs whereby the heat exchanger transfers heat to or from a fluid disposed within the reservoir, which heat is conducted to or from the temperature control element.

Assignee    Caliper Technologies Corp.

Patent Number    06537506

Issue Date    25/03/2003

Patent Title    Miniaturised reaction apparatus

A stacked plate chemical reactor in which simple plates, each incorporating no surface features other than an opening, are stacked together.  When openings in adjacent plates are properly aligned, a fluid pathway is defined between inlet ports for each chemical reactant and an outlet port for a chemical product.  In one embodiment of the invention, sixteen simple plates are stacked to provide a reactor incorporating three heat transfer fluid pathways, two reactant fluid pathways, one product fluid pathway, multiple mixing chambers, multiple reaction chambers, two reactant pretreatment heat exchangers, two reaction chamber heat exchangers, and multiple temperature sensor pathways.  Precise dimensional control of the reactant fluid pathway height enables stacked laminar flow paths for the reactants to be achieved, allowing efficient and rapid diffusion mixing to occur.  Because the simple plates incorporate no features other than openings, fabrication of such plates is easily achieved.  Different reactor designs, having additional reactant pathways, more or fewer heat transfer fluid pathways, more or fewer heat exchangers, more or fewer mixing chambers, more or fewer reaction chambers, and more or fewer sensor pathways can readily be achieved by adding or removing plates from the stack, and or by changing the pattern and number of openings in the simple plates that are used.  The simple plates can be field in the stack during use of the chemical reactor using pressure exerted on opposite outer simple plates of the stack, or can be permanently joined.  A preferred material for the fabrication of the plates is stainless steel, although other materials such as glass, plastic, and other metals can alternatively be used, which are compatible with the selected reactants and the desired product.

Assignee    Cellular Process Chemistry Inc.

***********************

Patent Number    06540843

Issue Date    01/04/2003

Patent Title    Method of preparing a catalyst layer over a metallic surface of a recuperator

A method of coating a catalyst layer on a metallic substrate includes preparing a metal oxide and binder slurry to coat onto a metal surface and forming a catalytic layer over the slurry coated surface.  The slurry may be made from a binder containing, for example, fully dissolved alumina in the presence of excess nitric acid.  The binder may then be mixed with a metal oxide mixture to form the metal-oxide binder slurry.  The metal oxide mixture may contain aluminum oxide or partially hydrated aluminum oxide.  The metal oxide-binder slurry can be used to coat the surfaces of a variety of metals such as aluminum, titanium, nickel, cobalt, chromium, iron, copper, etc., or their alloys that include brass, as well as stainless steel with or without Al as a component.

Assignee    Honeywell International Inc.

+++++

MEETINGS/CONFERENCES

UK National Heat Transfer Conference, Oxford, 9-10 September 2003.

hosted by David Kenning at Oxford University, will be held at St. Anne’s College Oxford on 9 & 10 September 2003.  Details of the Conference are on the web site: 

http://www.heat-transfer.org.uk/ukht2003/

Data on the next BHRG Conference on PI are include as a separate document.

************************
CALL FOR PAPERS
13th International Heat Pipe Conference, Shanghai, China, 21-25 September 2004.

The 13th International Heat Pipe Conference will be held in Shanghai, September 21-25, 2004. This conference is planned to provide a forum for exchange of information and experience between scientists and engineers working in the field of heat and mass transfer and thermal engineering as related to heat pipes. This international meeting will provide an opportunity to review the state-of-the-art of heat pipe and closed two-phase heat transfer system technology. The conference will be organised under the auspices of the International Heat Pipe Conference Committee.

Topics for the 13th International Heat Pipe Conference

	· PRIVATE
¡¡ 
	Fundamental study on thermal and fluid dynamic phenomena associated with heat pipe and two-phase closed thermosyphons

	· ¡¡ 
	Theoretical and experimental studies on heat pipes including CPL, LHP, oscillating heat pipes, micro-heat pipes, etc.

	· ¡¡ 
	Applications in manufacturing process and material processing. Including new developments in wick, fluid, and envelope technology, experimental studies and modelling of corrosion and life phenomena

	· ¡¡ 
	Microelectronics and power electronics cooling and thermal control applications

	· ¡¡ 
	Industrial applications including heat pipe heat exchangers or new energy system, etc.

	· ¡¡ 
	Aerospace applications of heat pipes including spacecraft thermal control, space power systems, space experiments and high speed aircraft applications

	· ¡¡ 
	State-of-art survey of heat pipe development in different countries and different fields and new ideas of heat pipe development.


Deadlines

	PRIVATE
December 31, 2003:
	Receipt of extended abstracts.

	January 31, 2004:
	Notification of acceptance of paper

	June 15, 2004:
	Deadline of Manuscript of Full Papers

	July 15, 2004:
	Notification of Acceptance of Full Papers


Correspondence Address

	PRIVATE
Prof. Hou Zengqi 

Dr. Xu Xiaoping 

Chinese Academy of Space Technology 

¡¡

	P. O. Box:
	9628-5, Beijing,100086, P. R. China

	Tel:
	(+86)-10-62658791

	Fax:
	(+86)-10-68378449

	E-Mail:
	ihpc@ihpc2004.org.cn n
houzengqi@e-cast.com.c


Information can be found at:

http://www.ihpc2004.org.cn 

The Next PIN News

The next PIN News will be issued in February 2004.  Please send your contributions to David Reay by 15 January 2004.

THE NEXT PIN MEETING- THE NEXT PIN MEETING- THE NEXT PIN MEETING- THE NEXT PIN MEETING- THE NEXT PIN MEETING

DATE: 19 NOVEMBER 2003.

VENUE:  TO BE AGREED.

Full information and registration forms will be sent to all PIN members in mid-October, 2003.  Members will be notified of the venue in September.
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