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Outline

A Status on industrial deployment by our customers
I Lonza public statements
I PCAS public statements
I DSM public statements

A Corning Advanced Flow Reactor
I Customized reactor made of standard microstructures
I Mass transfer
I Heat transfer
I Multi injection reactor module

A From lab process development to industrial production
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Continuous versus batch process

A Continuous processes are much better suited for product and process
optimization / understanding compared to batch

I Almost 100% of Petrochemicals and basic chemicals processes

I Limited implementation in Pharmaceuticals and fine chemicals
production

A The current large vessels used for continuous processes do not meet the
Pharma and Fine chemicals tighter requirements

I Not providing the product quality
I Not being economical (lower tonnage to be made)

A Microreaction Technology has demonstrated significant improvements of
chemistry / product quality at the Research level
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Corning focus: The reactor and its integration
Into your production system
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CPAC Rome workshop March 2008
Status on industrial deployment by our customers

30 multistep _ _

: Typical tonnage Number of lines
reactors in — aximum 6 ka/h
place in 2007-08 (In isolated rocessed per line

product) eeds concentration
iIn wt%

20 50 100

10 kg in one day

100 kg in one week
5 mT in one month 6 3 2
50 mT in 3 months 20 8 4
1,000 mT per year 97 39 20
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CPAC Rome workshop March 2009
Status on industrial deployment by our customers

30 multistep _ _

" : Typical tonnage Number of lines
reac O.FS N needs aximum 6 kg/h
place in 2007-08 (In isolated rocessed per line

product) eeds concentration
: iIn wt%
First 20 | 50 [ 100
Installations 10 kg in one day 1 1 1
done 100 kg in one week 1 1 1
5 mT in one month 6 3 2
50 mT in 3 months
1,000 mT per year
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CPAC Rome workshop March 2009
Status on industrial deployment by our customers

30 multistep _ _

" : Typical tonnage Number of lines
reac O.FS N needs aximum 6 kg/h
place in 2007-08 (In isolated rocessed per line

product) eeds concentration

: In wt%

First 20 | 50 | 100
Installations 10 kg in one day
done 100 kg in one week

5 mT in one month 6 3 2
Under 50 mT in 3 months 20 8 4
development 1,000 mT per year 97 39 20
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LONZAQ

c-SSP Track Record

= Organolithium exchange reaction:
= Up to 1 ton of product; few weeks of operations
= Corning multi-injection reactor and Lonza module

= At the end of the campaign the reactor was cleaned by standard
procedure and used again for a new project.

= Organolithium coupling reaction:

O geveral kg of product; operation 7 consecutive days; 24 hours per
ay

= Corning multi-injection reactor & Corning single-injection reactor for
validation, Lonza module

= Nitration reaction (kg-lab): Fabio Rainone - Lonza
= Few kg of product; 24 hours operations; CPAC workshop

= Corning multi-injection reactor.

Rome 2008
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The Scale-Up of Chemical Processes 15 - 17 September 2008 Rome, Italy

The RITTER reaction :
Pilot unit / Continuous flow

Multi-injection with residence time for mass
and heat transfer between injection points
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The Scale-Up of Chemical Processes 16 - 17 September 2008 Rome, lkaly

& ! The RITTER reaction:
) Pilot unit / Continuous flow

e Conditions : Continuous Flow Process
e Corning Micro-Reaction Technology
e Economic improvements In collaboration with
Higher vield and selectivity
Reduced energy consumption
Continuous processing
Dilution reduction
Consistent quality CORNING
Ease of scale-up
o Safety improvements
Reduced reactant inventories
Less handling of solvents
Optimized confrol parameters
Prevention of run away temperature
Elimination of batch critical operations
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CPhl 2008 - DSM Corning announcement

A DSM as manufacturer of fine chemicals and active pharmaceutical ingredients

and Corning Incorporated as manufacturer of modular micro-structured flow-
through reactors have collaborated to develop and pilot a new process to
perform a selective nitration under cGMP conditions. Nitration reactions are
difficult to handle due to the exothermic properties of organic nitrates. In order to
achieve high selectivity, classically high dilution conditions are used. DSM
devel oped and intensified a process tc
reactor technology, combining the advantages of the micro-structured devices
with extraction equipment. This combination has resulted in a highly efficient
process, which was quickly and easily transferred from the laboratory to
production, resulting in the processing of more than 25 metric tons of
material and in the production of more than 0.5 metric tons of the desired

qguality product under cGMP conditions
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Corning Advanced Flow Reactor:
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Industrial Production

Two production banks, each
made of 4 reactor in parallel.

- 1,000 tons/year processed feeds

Includes
AGrounding
Avlechanical protections
AContainment

Conventional production environment
Mlant utilities
AShift workers
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In the lab:
reactor design in order to develop a safe and highly efficient
process

AStrict control of reaction
parameters is crucial for
both quality and safety

Aemperature
AStoichiometry
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From lab process development to Industrial Production

A In 9 months demonstration of a commercially viable approach to a cGMP nitration

reaction
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Starting with 1 kg lab sample

Parallelization of 8 identical reactors,

integration into the production plant

Execution of a campaign under cGMP

conditions
More than 25 mT materials processed

More 500 kg of quality product

produced

Safety performance and product quality

were perfectly maintained

Corning Proprietary and Confidential 14



