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Summary

After startup finalization, the first test runs with a heterogeneous catalyzed oxidative cyclization with the tubular reactor are carried out successfully. The
comparison between the reference experiment done in a special stirred autoclave with pure oxygen and the test experiment of the tubular reactor with air as
oxidant, lower reaction temperature and 10x higher reaction mass shows good correlation.

Motivation

The novel laser sintered tubular reactor! allows to control highly exothermic
reactions and to perform them under isothermal conditions. This concept
offers the following deliverables:
v’ Site independent, reproducible quality
v’ reduction of risks due to intrinsic safety
v" higher quality because of better

thermal control (less hot/cold-spots)
v’ cost-efficient and ecological

(less transport, storage and bureaucracy)
v’ reduced energy consumption
v’ decreased capital expenditure (CapEx)
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Reactor Design

The laser sintered tubular reactor?® is built like an inverse packed bed
reactor and represents an interesting option to other innovative chemical
reactors relating to process intensification.
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The process unit is designed for a pressure of 300 bar at 200 °C. Combined
with small volumes and fast shut down times the safety is enhanced.

Heat recovery units (not installed), less additive-consumption and the high
reactor porosity (small Ap, less pump performance) will increase the
sustainability.
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fig. 4: Full set-up with laser sintered tubular reactor

Outlook

Based on the demonstrated performance of the tubular reactor, the next
steps are the increase of the oxygen content (up to 100 %) and the testing of
different heterogeneous catalysts. Additionally, the catalyst decomposition
and the leaking rate are under investigation.

Model Reaction

The suitability of the novel tubular reactor concept for multi-phase reactions
is demonstrated by using the following model reaction? (fig. 5).
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2-Aminopyridine Benzonitrile N-2-Pyridinilbenzamidine

Intermediate

2-Phenyl-1,2 4-Triazolopyridine

fig. 5: oxidative cyclization reaction 2

In contrast to literature?, the process is heterogeneously
catalyzed with copper / copper(ll)oxide (fig. 6).

For safety measurements gas phase explosions* in presence
of the liquid reaction mixture were performed with the
model reaction in a special stirred autoclave (fig. 7).
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fig. 6: dispersed catalyst vs. coated reactor

Results

The reaction mass is loop-wise circulated through the tubular reactor with
time-constant gas phase pressure control (addition of oxidant). For this
operation mode the idealized residence time could be determined as the
quotient of reactor volume to the overall liquid reaction mass volume in
relation to the reaction time. For the shown test experiment the ideal
residence time is 1.28 min in comparison to 180 min of the reference
experiment.

The results from the tubular reactor correspond with the batch-mode
experiments. Almost the same product amount could be detected at more
than factor 5 lower oxygen partial pressure and lower reaction

temperature. Tab. 1: comparison to reference experiment

special stirred autoclave |tubular reactor
(reference experiment) |(test experiment)

fig. 8: sketch of the tubular reactor

operation mode batch mode

reaction mass 04¢g

oxidant 100 % oxygen 20 % oxygen
pressure (gas phase) |3 bar(g) 2.5 bar(g)
temperature 150 °C 120/130 °C
stirring / circulation 180 min 240 min
time

ideal residence time | 180 min 1.28 min
product amount 3.0 red. area % (GC-FID) 2.3 red. area % (GC-FID)
conversion 8.1% 3.7%

yield 3.0% 2.4 %
selectivity 37.5% 65.0 %
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