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NEW HYDROGENATION
REACTOR |

——

IDEAL INDUSTRIAL
REACTOR:

+ No mass transfer problem.

¢ Powerful heating/cooling
system + accurate temperature
control. |

¢ Low deactivation rate and easy
recycling of the catalyst.

¢ No sealing problems. Low
maintenance required.



THE BIAZZI HYDROGENATION
REACTOR |

Magnetic drive

High gas recirculation perfect sealing

=

=

A Powerful gas
= [‘7\ dispersion
No fouling | - LGl i / high mass transfer
[) A e '| No limitating
i ==2 ™ heat transfer
20 m2/m3
: no coil
7

Easy catalyst
recycling

>

(PATENTED)



THE BIAZZ1
HYDROGENATION
REACTOR

* & ¢ o o

¢

ORIGINAL PLATES ARRANGEMENT-
L

PARTICULAR REACTOR FEATURES

Permanent oversaturation of gas
Homogeneous conditions

Quasi isothermal conditions
Excellent heat transfer (20m2/m3)

Good cooling / heating even with
stirrer out of order

Minimum fouling



ADVANTAGES OF BIAZZI
REACTOR

 High mass transfer (ideal reactor)

+ High heat transfer (2()n’12/m3
reactor volume) |

¢ Short batch time due to powerful
heating and cooling

¢ Reaction usually without solvent
(no heat removal limitation)

¢ Homogenous repartition of gas
(permanent oversaturation of
catalyst)

¢ Pertect tightness = high safety (due
to magnetic drive)



ADVANTAGES OF BIAZZ1
REACTOR

¢ Integrated heat—exéhanger
(particularly useful in urgent
situations) |

¢ Practically no fouling

¢ Easy cleaning

¢ GMP Execution

¢ Easy maintenance (drive in gas
space)

¢ Easy catalyst recycling (settling in
reactor)

¢ Compact execution (more
economical)

¢ Possible external
recirculation/purification of gas
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FOREWORD

The present document is a technical description of the BIAZZI Kilo-lab unit (10 litres) for
hydrogenations and gas-liquid reactions under pressure.

BIAZZI also offers standardised pilot plant units with capacities up to 500 litres. Beyond thus limit,
BIAZZI offers industrial scale plants (from 1 to 50 m’) which can be specified according to the
customer's requests.

The information contained in this proposal shall be considered as STRICTLY CONFIDENTIAL and
shall not be disclosed to third party without BIAZZI's written authorisation.

1. INTRODUCTION

BIAZZI has extensive know-how and considerable experience in the design, construction and
operation of industrial catalytic hydrogenation plants.

BIAZZI is able to supply a complete and integrated know-how and engineering package as well
as the related process equipment required for catalytic hydrogenations and other gas-liquid
reaction plants, starting from the feedstock up to the corresponding final punified product and
including, when required, the related waste water treatment facility.

Our R&D facilities are fully equipped with laboratory and pilot plant hydrogenation units and
this also enables us to develop manufacturing process for new products. With the BIAZZI
system, all required guarantees, in particular scaling up of the process to industnal
manufacture, could be provided.

As a new development, BIAZZI, thanks to its experience accumulated in the last 10 years and
its patented system, can now offer to you a Kilo-lab unit, giving you the possibility :

= To develop processes in vour laboratorv, which you are ensured to scale up exactly to
industnal production scale by means of a BIAZZI system.

= To allow sample batch production.

S\TECHNOTE\KILOLAB DOC 3
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This BIAZZI Kilo-lab unit is designed for liquid phase catalytic hydrogenations, as well as for
other gas-liquid batchwise reactions, including :

. Hydrogenation of double/ttiple bonds to saturated derivatives
. Hydrogenation of aldehydes and ketones to alcohols

« Hydrogenation of nitro-compounds to amines

- Hydrogenation of nitriles to amines

« Aromatic ring saturations

- Hydrogenolyses

- Carbonylations

. Oxidations

. Alkylations

. Aminations

- Others

2.  BIAZZIPATENTED SYSTEM

2.1  Catalytic liquid phase hydrogenation

The hydrogenation reaction is characterised by being highly exothermic and having high muss
transfer resistance. An efficient hydrogenation system must therefore incorporate the following
features :

- High rate of heat removal s0 as to control accurately the temperature profile of the reaction
in accordance with the process requirements and to ensure an optimally short batch time. i.e.
high productivity, by avoiding the limitations resulting from poor heat transfer.

. High rate of gas-liquid transfer so as to overcome the mass transfer barrier and to ensure a
high reaction rate even at a low catalyst concentration.

. Efficient agitation providing a high shearing effect so as to renew continuously the product
layer surrounding the catalyst, which is critical for obtaining a high reaction rate.

BIAZZI, to overcome these difficulties, has developed a high performance hydrogenation
reactor of unique design.

The BIAZZI Kilo-lab reactor is a scale-down of this BIAZZI reactor, which consists of a
pressure vessel fitted with both a patented agitation systemn and patented cooling/heating
elements of high surface area.

S\TECHNOTEKILOLAB.DOC 4

BIAZZI SA - 25, ch. de fa Tavallaz, case postale 84, CH-1816 Chailly/Montreux - Tel.: +41 21 §89 21 21 - Telefax: +41 21 989 21 20
E-mail: general@biazzi.ch - Intarnat: httpllwww.biazzi.ch



BIAZZI SA

Date : 15.12.2000 TECHNICAL NOTE

By:

D. Descamps / DD-vs BIAZZ] KILO-LAB UNIT

The agitation system has a hollow shaft turbine agitator, which provides the required gas-liquid
mass transfer, high shearing effects, a high internal recirculation rate of hydrogen and liquid
circulation in an optimal way. A very high mass transfer rate (k.a valtue) is achieved.

The agitator is driven by means of a practically maintenance free magnetic coupling system
which avoids the well-known sealing problems associated with high-pressure equipment.

The cooling/heating elements are not of the pipe bundle type, which would impair the required
agitation, nor coils on which deposits of catalyst or product could form during draining
operation.

Rather, they are of a special vertical plate type and are arranged in such a way that proper
circulation as well as high turbulence of the reactor contents is ensured.

2.2 Advantages of the BIAZZI reactor

The advantages presented by the BIAZZI hydrogenation reactor design are numerous :

- High productivity due to the fast reaction rate which is achievable, and which allows the
batch time to be shortened to the minimurn.

. Low catalyst consurnption thanks to the high mass transfer rate obtained and the permanent
hydrogen over-saturation of the catalyst, which allows the operating cost to be minimised.

. High quality of the products thanks to the high conversion and yields obtained, as well as
the excellent selectivity during the hydrogenation reaction.

. Near isothermal conditions because the heat transfer elements are located in the reaction
zone and not externally as in certain other systems which attempi to give a high
performance. This is particularly important for heat sensitive products, the quality of which
could be aftected by local overheating.

. Absence of mechanical seals and an external circulation pump which require delicate and
time consuming maintenance in high-pressure duty. Most of the difficulties met with medium
and high-pressure hydrogenators arise from the sealing system of the dnives.

- Use of a magnetic drive, the design of which is such that practically no imaginable failure
could cause a leakage into environment.

- Excellent batch to batch reproducibility of results, because all operations are
automatically controlled.

» Recliable and guaranteed scaling-up from the Kilo laboratory plant to production plant
thanks to the know-how that has been developed.

. Safety of operation thanks to the reliable control and interlocking systems used, as well as
the safety devices incorporated in the plant.
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3.1

3.2

3.3

. Full ¢GMP execution. Many industrial ¢GMP plants have been delivered to the
pharmaceutical industry

GENERAL

Description of the BIAZZJ kilo-lab unit

The BIAZZI Kilo-lab unit, executed according to ¢cGMP standards, consists essentially of

+  One gas-liquid BLIAZZI pressure reactor, which provides high mass transfer and high heat
transter thanks to its unique patented design.

. One temperature control unit, consisting of one pump, one expansion vessel. and two heat
exchangers (1 electrical heater, and | chiller with compressor, cooled with water). The heat
transfer medium is thermal oil.

«  One gas (usnally hydrogen) feed control system.

+  One catalyst filtration unit.

. One vent gas scrubber unit

The schematic diagram "kilo-lab unit (10L)" shows the arrangement of the above equipment.

Capacity

The capacity of the BIAZZT kilo-lab unit is :
- Useful capacity : 4 to 8 litres
- Operating pressure : 0 to 90 bar

. Operating temperature -10 to 250°C max.

Instruments and controls

The standard hydrogenation reactor is equipped with the necessary instruments for an efficient
process control. Additional instrumentation is also available to meet special requirements
(monitoring, data acquisition, semi-automatic operation).

The unit is oftered with the possibility of operating :
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= Manually :

The operator performs all operations. The temperature inside the reactor is controlled
automatically at its set point by means of temperature control system, which includes a
heating and chilling unit.

Or:

= With semi-automatic control :

The unit (installed on a explosion proof area) is controlled from a local control board
installed in a safe area.

A basic interlocking of the remote controlled valves and safety system is assured by means
of a PLC system.

Some autornatic or semi-automatic sequences are pre- defined, as well as the order in which
they may occur.

The temperature of the reactor contents as well as the pressunsation and venting of the
autoclave are automatically controlled.

Other operations are manually performed by means of local push-buttons on the control
panel.

A RS 232 plug enables to connect the PLC to a data acquisition system not included in the
standard delivery.

This system provides the flexibility required for operation of a multipurpose pilot plant,
without impairing its reliability and safety.

3.4  Codes of construction
The reactor is designed according o PED (European code) or ASME code section VI Div.l.
Other codes also possible on request.

3.5 Space requirement

3.5.1 BIAZZI Kilo-lab unit
The complete unit consisting of reactor, the agitation system, the gas scrubber, the catalyst
filtration unit, all piping and valving and the instruments, wired to a junction box, are mounted
on a stainless steel structure (skid) that can be installed in a standard walk-in fume hood.
This structure includes a pneumatic lifting device, which allows the reactor vessel to be raised
and lowered easily. The command for this device is local (start and stop buttons on the
structure).
The space required by the BIAZZI Kilp-lab unit 1s approximately :
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1200 mm x 550 mm x 1'500 mm (W x L x H)

3.5.2 Equipment installed outside the walk-in fume hood

» The control panel : approx. 600 mm x 500 mm x '300 mm (W x L x H)

« The temperature control unit ; approx. 460 mm x 550 mm x 1'340 mm (W x L x H)

3.6 Hazard classification

Equipments installed inside the walk-in fume hood :

All equipment, instruments and electrical connections installed on the skid in the walk-in fume
hood are designated as explosion proof (Eex).

Equipments installed outside the walk-in fume hood :

The control panel and the temperature control unit are not designated "Eex," but all signals
between these equipment itemns and the junction box installed on the skid are Eex-i.

4. BRIEF DESCRIPTION OF PLANT AND PROCESS

4.1  Operation of the plant

A typical operation of the plant can be briefly described as follows :

The catalyst suspension, previously prepared by the operator, is transferred manually by mean
of a funnel into the hydrogenation reactor (previously filled with material).

The temperature of the reactor contents is brought to the set point by circulating thermal fluid
from the temperature control unit through the reactor heat exchanger plates.

Once the set temperature is established, hydrogen feed to the reactor is initiated. Heat removal
is carried out by the circulation of thermal fluid, which is cooled by passage through the cooling
heat exchanger in the temperature control unit. When the reaction is completed, the contents of
the reactor can be cooled down to the appropriate temperature, prior the filtration of the
catalyst. The contents of reactor are transferred by means of nitrogen pressure into the catalyst
filter.
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4.2 Temperature control unit

The internal heat transfer elements in the reactor are connected to a temperature control unit
using thermal oil and providing accurate temperature control, particularly during the transition
phases of the reaction during which heating has to be switched to cooling and vice versa.

This compact unit has a very fast heating and cooling rate and provides a cooling capacity of
higher than 4'000 W at 100°C.

The choice of the model of temperature control unit and of thermal oil depends on the of the
temperature range of the reaction.

4.3 Hydrogen feed control system
The hydrogen feed is controlled :
Either :
= Manually by the operator :
A flow indicator (flow range : 0 .... to 40 NL/min.), a manual needle valve and the local
manometer allow the H, feed and the pressure in the reactor to be controlled. According to
the process requirements, the operator will open or close the manual needle valve and adjust
the H, feeding pressure on the compressed hydrogen bottle.
Or:
= Automatically by the PLC :
[n this case, the system consists of a thermal mass flow meter (execution Eex 1 b [IC T4). an
Ex-control valve (execution Eex E II T4) and a pressure transmitter (0 ... 100 bar). The
operation of the control valve is made via the PLC. The flow range is 0 .... to 40 NL/min.
4.4 Catalyst filtration
The hydrogenated reaction mixture containing the catalyst in suspension is fed by nitrogen
pressure (3 - 4 bar) into the filtration unit. The filter is basically formed of a vertical cylindncal
body and filtration is carried out by passage through a horizontally placed filter medium (this
can be e.g. paper, sintered metal...). The hydrogenated product is discharged wia the bottom
valve and the solid is recovered on the filter medium This operation is manual.
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4.5 Gas scrubber

All the gases discharged by venting during loading/unloading operations of the reactor are sent
to a gas scrubber where they undergo a washing with water (or solvent) before release. Possible
further gas treatment is under the Customer's responsibility.

MATERIAL OF CONSTRUCTION - MAINTENANCE

All the parts in contact with the product are of stainless steel 316 L or equivalent or in
Hastelloy (on request).

Gaskets are made out of PTFE or Kalrez (chosen to avoid frequent replacements).
All equipment 1s mounted on a stainless steel structure. The hydrogenation reactor is submited
to the tests defined in the official construction code. The whole unit (including the temperaturc
control unit) is then workshop assembled, pre-mounted and tested before shipment.
Thanks to the proven and reliable technology provided (the magnetic drive of the agitation

system, in particular), the maintenance of the plant is limited to routine checks and occasional
replacement of valving gaskets.

PRODUCTS AND UTILITIES

6.1 Products and catalyst
Materials processed would be expected to include :
+ Liquid produects, such as :
. organics,
- aqueous solutions with pH > 4 (except for Hastelloy execution).
«  mixtures, suspensions, etc.
* Hydrogen, with a supply pressure of 100 barg maximum (reduction of hydrogen pressure to
100 barg, if necessary, is in the customer’s scope of supply). The use of other gases 1s also
possible. Please contact BIAZZI.
e Catalyst of different types, such as :
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« mnickel or cobalt powder (Raney type),

+ nickel on support (silica or others),

- noble metal on support such as activated carbon,
« others as required.

6.2  Utilities required

« Process water (for vent gas scrubber)
e Cooling water (to cool the compressor included in the temperature control unir)

» Nitrogen (for pressurisation of the reactor and filtration)

.+ max.pressure 7 barg
« min. pressure 3 barg

s Elcetric power :
« 3x400/230 V; 50 Hz or 60 Hz

BIAZZI SA

Enclosures ;
* BIAZZI kilolab unit Kilolab 10L "schematic diagram”
* Kilolab_cote.pdf’
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