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The more the chemist can see, the easier it is for him to influence or change a process
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Glass plants in kilolabs

Glass is the ideal material for plants
producing kilograms of product
required for trials
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kilolab is usually employed at some stage between a
Aresearch laboratory and a pilot plant or production

facility. As the name implies, its main purpose is to
produce kilo amounts of products. These are often products
that have come out of a research laboratory and have not
been tested in a stirred vessel; so many parameters are still
unknown. Kilolabs also serve the function of developing
processes that can be easily duplicated in the pilot plant or in
a production facility.
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Assembling the join using four screws with springs gives a
perfect seal, even if the two pieces are misaligned
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The chemist who gets a receipt from the research laboratory
has to quickly produce considerable amounts of product. He or
she needs a flexible unit, but it should not be fully automated,
or if it is it should have a local override.

Such a unit consists usually of a reactor with a working
volume of 15 to 250 litres. This is an effective way of stirring
the content, usually with a retreat curve impeller and a
range of about O to 350 revolutions per minute. A heating
and cooling unit is also required, whose range depends on
the processes.

Solids are directly added through an opening on the reactor.
Liquids are either added through the feed vessels by opening
valves or by dosing pumps, which can accurately change the
flow rates.

In most cases, equipment is needed to distil and separate
phases. Distilling is usually done with one or several main
condensers in parallel and a vent condenser to protect the
vacuum pump from any chemicals. The phases can be separated
in the reactor through the bottom outlet valve, or with the
distillate through a phase separator. At this point sometimes
columns are needed.

The distillate is received in a secondary reactor or a simple
glass vessel to collect solvents. Condensers will need cooling,
using tap water, an in house glycol system or a separate chiller.

A nitrogen source is needed to overlay the system with the
inert gas, and a vacuum source needs to be hooked up for the
distillation process. The exhaust gases during the process need to
be scrubbed before they can be released into the environment.
This can be done with a dedicated scrubber in glass. Filters are
sometimes needed for further processes, or other equipment
such as centrifuges.

A kilolab can also be used to refine, change or re-evaluate
a process. It can also be assigned to a production facility to
quickly solve problems showing up during production runs.

Why use glass?

The most obvious critical parameter is chemical resistance.
Glass is resistant to all acidic reactions and some of the alkaline
reactions. Borosilicate glass is an obvious choice, since units
have to be used for a wide range of processes that have already
been conducted in a research lab where borosilicate glass has
been used. As well as having the advantage of transparency,
glass is less costly than any metal.

The more the chemist can see, the easier it is to influence
or change a process. In many cases the chemist likes to be able
to intervene directly; that is, manually. He or she also needs to
record and evaluate what is happening. This means parameters
including temperature, pressure, agitator speed and pH.

Because of these advantages, glass is the material of choice
for kilolabs.
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Safety issues

Using glass is not a problem in the laboratory, but with
bigger equipment safety departments are hesitant to use
glass as a material for process equipment. In Europe there
are strict requlations and calculations available to obey
before using glass for this purpose. This is why these plants
are limited in pressure from full vacuum to a maximum of
0.5 bar, and all units are further protected with rupture
discs. Sometimes the units are installed into hoods to further
protect the operator, but also to limit the environment
which needs to be explosion proof.

Heating and cooling

Another critical parameter in the choice of material is its
ability to be heated and cooled. Glassisa good insulator, a property
that improves with thickness. That's why the best reactors are
glass-lined steel vessels in the bottom section, with glass above
the working volume - again for visual reasons. This allows a
temperature range of -60°C to +200°C, or as low as - 80°C if
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Glass is resistant to all acidic reactions and
some of the alkaline reactions
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Protecting a kilolab against explosions

Chemists at kilolabs deal with large amounts of chemicals
and solvents. Even if they are contained, everything in the
same room or hood needs to be explosion—proof. Typical
parameters are:

Temperature: The reactor temperature needs to be controlled.
Depending on the heating cooling unit chosen the control might
come with such units. The local indication is easily solved with an
explosion proof indicating transmitter, whereas the change of set
point needs an explosion proof panel with a set point indication
and a knob for adjustment. Other temperatures to at least monitor
are vapour and condensate temperatures and if there is a column
installed each stage needs another temperature measurement.

Pressure: Since the reactions are done at atmospheric
pressure and during a distillation as much of a vacuum is drawn as
possible sometimes a simple indication with a gauge is sufficient.
For a recording of the pressure a sensor is necessary with a local
transmitter and indication.

Agitator speed: The changing of the rom can be done with
a stepless mechanical transmission or a variable frequency
drive. Control is not so much an issue since rpm is not a critical
measurement but should be known. Also it is rarely changed
during a process.

Other parameters are Flow rates and pH
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special glass lining is used). For reactions with temperatures down
to -125°C, a complete Hastelloy vessel without a glass section is
needed, with a specially designed jacket for liquid nitrogen. In
all these cases the glass upper section can remain glass, since all
separations will occur at somewhat elevated temperatures. The
glass upper section is designed for a range of -60°C to +200°C.
This limitation is not given by the glass but is dictated by the use
of PTFE for the gaskets.

Vacuum tightness

The vacuum tightness of the whole plant is another critical
parameter - and not just to minimise the size of vacuum pump
required. As introducing oxygen is usually detrimental to the
process, it is necessary to be able to create an inert environment.
This can be achieved by overlaying nitrogen and minimising the
leak rate at each joint or seal.

Biichi discovered a unique way of doing this by
designing each joint with a ball and socket arrangement.
The socket is a perfectly flame polished sphere, whereas
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The best reactors are glass-lined steel
vessels in the bottom section, with glass
above the working volume
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the ball has a machined PTFE gasket. Assembling the join
using four screws with springs gives an almost perfect seal,
even if the two pieces are misaligned. The four springs
will compensate for any misalignment of several degrees,
without compromising vacuum tightness and without
requiring any additional flexible elements. Because PTFE
flows, especially at elevated temperatures, the springs will
also compensate for any movement. All this together will
assure a minimum leakage rate and reduce the amount
of oxygen introduced into the reactor environment. The
leak rate of a medium-sized plant using this system is well
below 5 mbar per hour. m
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Process Equipment

3D engineering Large glass overheads
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minipilot chemreactors Nutsche-Filters
5 1o 10 liters 15 to 250 liters
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safe pressure reactions

Change the
vessel - not the
entire system!

Scrubbers
10 to 50 liters

Vessel type 1 Vessel type 3
o tainl teel,
tinyclave Borosﬂlcoge e ?—I?;sr:jlszys Tantalum, picoclave polyclave kiloclave
miniclave drive max. 12 bar SN 50 - 300 ml 0,255 | 0,5-201
Titanium, Zirkon
10 - 25/50 - 300 ml
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