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For the Nitration of Aromatic Substrates

Background: 

Heat generation in exothermic Nitration 
reactions will decompose organic materials with 
explosive violence! This property is well 
respected by nitration practitioners and 
consequently industrial batch reactors are 
limited to 6000L volumes with long batch 
cycles.  

Reaction:

Experimental:

Side-by-side chemistry was performed 
comparing a 250ml batch autoclave and a 5ml 
continuous MicroFlo   . The MicroFlo    
configuration is designed to maximize mixing 
and heat transfer in a continuous flow enabling 
exothermic reactions to be run with precise 
control. High heat transfer rates are obtained 
using a 3D printed reaction chamber contained 
within a plate and frame heat exchanger, Figure 
1.

Figure 1: MicroFlo    reactor assembly (left) and reaction 
chamber modeled with CFD to show complete mixing of three 
(3) immiscible fluids (right). Mechanical design limits: 100bar, 
350 0C, 100 L/hr.

Results:

Testing indicates the MicroFlo   can safely 
perform nitration chemistry at much 
harsher conditions and consequently, 
higher production rates and with greater 
product flexibility. Operating 
temperatures between 10–20 0C and 
diluted solutions were required to avoid 
exothermic runaway in batch however the 
MicroFlo    was safely operated at 60-70 0C 
and with a non-diluted (neat) reaction 
mixture lowering the reaction time from 3 
hours to 5 min, Table 1. 

Table 1: Batch and MicroFlo    results for the nitration of an 
aromatic substrate. The MicroFlo    reactor increased 
production rates by operating with higher temperatures 
and neat reagents without exothermic runaway.

Parameter Batch Flow

Temperature

Reaction Time

Reagent

10-20C

2-3 hours

Mixed acid

60-70C

5-10 mins

Conc Nitric
Acid (70%)

Conclusions & Commercial Impact: 

This study demonstrates the MicroFlo 
significantly improves heat transfer rates 
when compared to traditional batch 
reactors enabling highly exothermic 
nitration chemistry to be performed with 
high production rates in neat solutions. 
This results in several process 
improvements including: higher 
profitability due to greater throughput, 
lower OPEX by simplifying downstream 
separation, lower OPEX by eliminating the 
solvent feed stream, greater process 
flexibility since the same equipment can 
perform more exothermic di and tri 
nitration reactions, and greater process 
safety since the process consumes the 
reactant mixture in real time eliminating 
large inventories of energetic molecules. 

Contact Applied Catalysts for quotes and 
additional information.
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Ideal for gas-liquid and liquid-liquid multiphase reactions
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3d Printed MicroFLO™ Reactor

Cross section view 
3d Printed MicroFLO™ Reactor
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MicroFLO    reactor is a compact plate type flow reactor with much greater surface area to volume 
ratio & heat transfer area than comparable reactors. This is achieved through our innovative 
space-filling patented design.

Available in 3D printed as well as plate-type arrangement
• Volume: 5 mL to 2 L
• Flow Rates: Up to 100 LPH
• Pressures: Up to 100 bar
• Temperature: -50°C to 350°C
• Material: SS-316, Hastelloy, etc.

Applications:

• MicroFLO    reactor is exceptionally suited for fast-exothermic reactions where tight 
temperature control is essential for safety and selectivity
• Lithiations, Grignard reactions, Nitrations, Oxidations, Sulfonations, Diazaotizations, 
Halogenations
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