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Abstract: Continuous processes (often referred to as flow chemistry) offers multiple advantages over batch pro-
cesses and are of particular interest for industrial applications as they provide a more direct path towards process 
intensification, increased safety and efficiency. However, some chemical processes are still challenging to run in 
a continuous fashion, such as reactions producing fouling, using stoichiometric amounts of solids, or requiring 
long residence times. For those kinds of reactions, batch approaches are usually preferred even though some 
processes would still benefit from the advantages inherent to flow. We herein report our testing and development 
of a scalable continuous flow reactor equipped with active mixing that was designed to handle those challenging 
continuous processes, such as the continuous formation of a Grignard reagent from a magnesium powder slurry.
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ni CSTR,[13] which is equipped with a jacket for heating/cooling. 
This mini CSTR is capable of handling multiphasic reactions (sol-
id/liquid, gas/liquid) thanks to the implemented mechanical stir-
ring and supports various accessories such as Process Analytical 
Technology (PAT) and temperature probes. Prototypes of CSTR 
cascades have been reported,[14] and larger CSTR systems can also 
now be obtained commercially[15] although the technology is still 
not widely available. We herein report our testing and development 
of a new CSTR cascade reactor system manufactured by Fluitec 
mixing + reaction solutions AG (Neftenbach, Switzerland), which 
was designed to handle heterogeneous and homogeneous chemical 
processes that would be challenging to run in conventional flow 
reactors.

1.2 Fluitec’s Dynamic Cascade Reactor
The Dynamic Cascade Reactor (DCR), built and developed 

by Fluitec mixing + reaction solutions AG (Neftenbach, Switzer-
land), is a continuous reactor equipped with active mixing which 
acts as a cascade of 12 CSTR with a total volume of 420 mL (see 
Fig. 1 for full specifications). The DCR was designed to perform 
challenging continuous processes such as reactions that are mul-
tiphasic, prone to fouling or that require long residence times. 
The mixing elements on the rotating shaft are fully customiza-
ble, making the reactor modular and adaptable to a wide range 
of processes. Jackets with multiple injection points along the re-
actor length are also available for crystallization applications or 
processes requiring multipoint injections (see Fig. 5 in part 2.2).

2. Reactor Characterization

2.1 Residence Time Distribution Analysis
Residence time distribution (RTD) analysis was performed 

using a sodium chloride tracer and conductivity measurements 
(pulse method). A design of experiment (DoE) using the software 
MODDE 13 (Sartorius, Göttingen, Germany) was performed to 
produce a model of the residence time distribution, using flow-
rates (10 – 50 mL min-1) and stirring speeds (30 – 1000 rpm) as 
factors. The DoE analysis indicated that flowrate and flowrate 
squared were the only statistically relevant parameters for mean 
residence time modelling. Along with mean residence times, the 
variance of each distribution measured was calculated and was 
used to calculate Bodenstein numbers (Bo) for each scenario. 
From the residence time distribution curves and those Bodenstein 
numbers, the effective theoretical number of CSTR in a cascade 
for each scenario can also be calculated. The residence time mod-
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1. Introduction

1.1 Flow Chemistry – A Powerful Synthetic Tool with a 
Solid Problem

Over the last decades, flow chemistry[1] has established itself 
as a powerful method that allows a precise control over chemical 
processes in time and space. When compared to batch approaches, 
flow systems can offer attractive benefits such as increased heat 
transfer rates thanks to higher surface to volume ratios, faster re-
action times thanks to easy access to above boiling point of sol-
vent temperatures, a smaller footprint and a generally easier path 
towards process intensification.[2] For these reasons, continuous 
processes are of particular interest for industry. However, not all 
chemical processes are easily carried out in flow: reactions requir-
ing stoichiometric amounts of solid reagents or that are prone to 
fouling are challenging to run in conventional flow reactors, both at 
laboratory and industrial scales. In such processes batch is typically 
preferred to prevent pipe clogging with solids, although most pro-
cesses would in fact benefit from the aforementioned advantages 
of flow. This was demonstrated in a study of various processes at 
Lonza by Roberge et al.[3] where around half the reactions studied 
would have benefited from flow chemistry. However, around 63% 
of those reactions contained solids and could not be carried out in 
microreactors. Reactions that are prone to produce fouling such as 
organolithiations[4] can also be problematic to perform over long 
periods of time due to formation of lithium hydroxide salts. This 
can be avoided by drying the solvents, which in turn negatively im-
pacts productivity due to the additional operations and in-process 
controls required.

Another challenging class of reactions to run in flow are slow 
reactions, which require long residence times to reach high con-
versions. In larger pipes, static mixers are required to improve the 
mixing of reagents which is crucial for processes limited by mass 
transfer. For static mixers to be efficient, a sufficient flowrate needs 
to be used to ensure efficient mixing. For reactions with slow ki-
netics, this makes the common tubular flow reactor an unsuitable 
option, as an unreasonably long piece of equipment would be re-
quired to achieve a long residence time with suitable mixing due to 
minimum flowrate requirements.

Multiple strategies offer viable options to handle solids in con-
tinuous processes.[5] Oscillatory flow can be used to keep particles 
suspended when travelling along pipes.[6–9] Packed bed reactors are 
an attractive option, especially for heterogeneous catalytic process-
es. However, solid reagents used in stoichiometric amounts will 
deplete quickly and inevitably require a replenishing of the packed 
bed. Another common approach is to use available batch equip-
ment as semi-batch systems or continuously stirred tank reactors 
(CSTR), which combines the ability of batch reactors to handle 
particles in suspension and some of the advantages of classical tu-
bular continuous systems. Still, CSTRs are not without drawbacks. 
Cascades of a large number of CSTRs are required to reach high 
Bodenstein numbers and thus plug-flow like residence time distri-
bution, which is readily offered by classical plate or coiled reactors 
using a smaller footprint. To implement CSTRs in flow systems 
on a laboratory scale, multiple miniature CSTR systems[10–12] have 
been developed in the more recent years and are available com-
mercially or open-source.[10,13] Kapur et al. reported in 2017 their 
simple and versatile laboratory scale CSTR system, the fReactor[10] 
which is now commercially available from Asynt (Cambridgeshire, 
United Kingdom). We have recently reported our design of a mi-

Fig. 1. Left to right: specifications of the Fluitec DCR, Fluitec DCR (metal 
housing), Fluitec DCR (glass housing).



Enabling R&D with Flow Chemistry and Microfluidics� CHIMIA 2025, 79, No. 6  435

2.2 Thermal Characterization
The overall heat transfer coefficient (k) was determined by 

heating experiments involving isopropyl alcohol, raising the temp- 
erature from room temperature to 60 °C in the DCR. The jacket of 
the DCR was operated with water at a constant temperature and a 
high mass flow rate to maintain isoperibolic conditions. Several 
heating curves were measured by varying stirring speeds between 
0 and 980 rpm and flow rates between 20 and 400 mL/min as both 
parameters have an influence on convection and thus on the heat 
transfer. Multiple temperature measurements along the tube ena-
bled evaluation of the heating curve and deduction of the k values 
by segment-wise analysis.[16] The temperature measurement ports 
could also serve as multiple injection ports for cascaded dosing 
(Fig. 5).

Similar to the description in Zlokarnik[17] (Eqn. 1), an empir-
ical Nu function has been deduced. The proposed correlation 
(Eqn. 2) is valid for volumetric flow rates between 20 and 200 
mL/min, stirring speeds between 50 and 800 rpm and Reynolds 

el, detailed methodology and equations used for the RTD charac-
terization are available in the supporting information (SI).

As expected, the stirring speed has a major effect on the shape 
of the residence time distribution curve (Fig. 2, see SI for additional 
curves). Higher stirring speeds increase the amount of back mixing 
in the DCR and result in lower Bodenstein numbers (Fig. 3, 3 – 10 
Bo). This strong back mixing can be somewhat diminished if higher 
flowrates are applied but cannot be completely suppressed. At low-
er stirring speeds however, Bodenstein numbers in the ranges of 30 
to 40 can be reached and a plug-flow like distribution is observed. 
Higher numbers can theoretically be reached by either connecting 
multiple DCRs in series or by making smaller mixing chambers in 
the DCR, thus increasing the number of physical mixing chambers 
in the reactor. It is worth noting that at high flowrates and low stir-
ring speeds, the DCR effectively behaves like a cascade of a higher 
number of CSTRs than its 12 physical chambers (Fig. 4).

Fig. 2. Dimensionless residence time distribution curves for a flowrate of 
30 mL/min at various stirring rates.

Fig. 3. Contour plot describing Bodenstein numbers (Bo) as a function of 
stirring and flowrate.

Fig. 4. Contour plot describing the theoretical CSTR cascade numbers 
as a function of stirring and flowrate.

Fig. 5. DCR for thermal analysis with 5 temperature probe ports along 
the tube which could also serve as multiple injection ports for cascaded 
dosing.
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3. Continuous Emulsion Polymerization
Emulsion polymerization is used to produce polymers with 

high molecular weights to be used in a variety of applications 
such as coatings, adhesives and the preparation of synthetic rub-
bers.[18,19] The most common type of emulsion polymerization is 
the ‘oil in water’ type, where droplets of neat monomer stabilized 
by a surfactant are polymerized using a water soluble radical ini-
tiator.[20] At the end of the reaction, a latex (suspension of polymer 
droplets in water) is obtained and the polymer has to be used as 
such or it must be separated from the water and additives before 
further processing. Acrylates and styrenes are the monomers of 
choice for emulsion polymerization. Emulsion polymerizations 
can be problematic to run in tubular reactors, as the process is 
very prone to fouling through various pathways,[21,22] leading to 
pipe cloggages over time.[23] Moreover, a relatively long residence 
time (~20 to 60 min) is usually required, which exacerbates the 
fouling aspects. Sufficient mixing is also paramount to sustain 
the emulsion. Reactors equipped with static mixers are thus not 
ideal to perform such processes, as they require a certain minimal 
flowrate to mix efficiently. With the relatively long residence time 
associated with emulsion polymerization, this would lead to an 
unreasonably large equipment size necessary to run such polym-
erizations. Semi-batch or loop reactors can be used to mitigate 
some of the problems mentioned above.[23]

With its active mixing, we hypothesized that the DCR would 
be well suited to carry out emulsion polymerizations with lim-
ited fouling. Proof of concept experiments were carried out to 
visually assess the amount and main locations of fouling in the 
reactor over approximately 5 hours of reaction. An oil in wa-
ter type polymerization of butyl acrylate was chosen as the test 
candidate, as it gave the most fouling issues during our prelimi-

numbers (Re) between 200 and 8000 for the DCR described  
herein.

Where  is the flowrate given in mL/min,  the reference 
flowrate of 1 mL/min, η corresponds to the viscosity in the core 
flow and η

W
 to the viscosity at the wall. The formulae for Re and 

Pr are described in the SI, as are details on how k is calculated 
from Nu. The Nu function was chosen rather conservatively, i.e. 
the predicted k values are lower than the measured k values (Fig. 
6). This is favourable for the process engineering design of the 
reactor.

The heat transfer characteristics of the DCR are compared 
with those of static mixers in Table 1. As feed solutions are usu-
ally limited and expensive, small flow rates (~ 20 mL/min) are 
preferable. In contrast to the static mixer, there is an additional 
energy input in the DCR due to the stirrer, which enhances the 
heat transfer. While at 20 mL/min the k value of a static mixer 
with the same diameter (36 mm) is 6-times lower than with the 
DCR at high stirring speed (977 rpm), comparable k values are 
achieved using the lab-scale static mixer with a diameter of 7.8 
mm. However, a 20-times shorter residence time is obtained in 
the 7.8 mm static mixer compared with the DCR. The DCR is 
therefore suitable for laboratory reactions with a long residence 
time, whereas the static mixer is suitable for very fast exother-
mic reactions due to its very high specific heat transfer capacity.  
At similar heat transfer, the specific heat transfer capacity of a 
static mixer is approximately 9-times higher compared to the 
DCR.
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Fig. 6. Presentation of the k values calculated out of the Nu function 
(predicted) against measured k values.

Table 1. Comparison of the heat transfer characteristics of the DCR and 
static mixer.

DCR Static mixer

Internal diameter (mm) 36 36 7.8

Length (mm) 500 500 500

Volume (mL) 420 465 17

Flow rate (mL/min) 20 20 20

Stirring speed (rpm) 977 – –

Residence time (min) 21 23 1

Overall heat transfer 
coefficient k (W/m²/K)a 345 55 429

Specific heat transfer 
capacity (W/K/L)b 54 9 494

aCalculated using Fluitec software no. 92-27005.
bCalculated using Fluitec software no. 92-30001.

Table 2. Reaction conditions for the qualitative fouling experiment in 
the DCR. Concentrations correspond to the solution formed inside the 
reactor after mixing the two inlet feeds.

Monomer 20 wt% butyl acrylate in water

Surfactant 2 wt% SDBS

Initiator 1 wt% potassium persulfate

Jacket temperature 65 °C

Total flowrate 6 mL/min

Stirring 1000 rpm
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nary experiments in batch (Table 2). The initial emulsion (water, 
monomer, and surfactant) was generated in a separate tank and 
kept under vigorous stirring over the reaction time prior to its 
introduction in the DCR using a peristaltic pump. The initiator 
was solubilized in deionized water in a second container and 
was introduced through another inlet of the reactor also using a 
peristaltic pump.

After the reaction, the reactor was rinsed and inspected for foul-
ing. Fouling mainly occurred at the extremities of the stirring shaft 
(Fig. 7) close to the inlets at the bottom and the outlets at the top. 
The rest of the stirring shaft and the jacket exhibited minimal to 
visually undetectable fouling. Emulsion polymerizations using 
static mixers produced a much larger amount of fouling.  
The impact of other relevant parameters such as polymer molecular 
weight and latex particle sizes are outside the scope of this work. 

4. Continuous Aqueous Stahl-Hoover Oxidation
To test the DCR’s capabilities with gas-liquid systems, we set-

tled on the Stahl-Hoover[24–26] oxidation (Copper-TEMPO mediat-
ed) as a test reaction, with benzyl alcohol as the test substrate 
(Scheme 1 and Table 3). In order to work safely with air as the 
oxygen source for the reaction, we adapted a procedure[27] from 
Lipshutz and coworkers using an aqueous medium in the presence 
of a surfactant (TPGS-750M[28]) instead of pure acetonitrile. Dur-
ing the tests studies in batch prior to carrying out the reaction in 
flow, we ran into the issue of excess foaming when bubbling air in 
the reaction medium. It was found that the addition of 5 vol% of 
acetonitrile greatly reduced the formation of foam while still keep-
ing the flash point of the reaction below the working temperature.

Through a variety of tests in batch mode, it was found that at 
room temperature and ambient pressure the reaction was in most 
applicable cases kinetically limited rather than mass transfer lim-

Fig. 7. Stirring shaft after emulsion polymerization (left: top of the shaft, 
right: bottom of the shaft).

Scheme 1. Stahl-Hoover oxidation of benzylic alcohol.

ited. A relatively high amount of catalyst of 0.1 equivalent (rela-
tive to the benzyl alcohol) was thus used to obtain reasonable reac-
tion kinetics, where full conversions could be reached in about 90 
minutes in small scale batch mode during our initial tests. When 
attempting the reaction using the same conditions in flow using 
the DCR (experimental setup available in the supporting informa-
tion) at a flowrate of 4.2 mL/min, corresponding to a residence 
time of approximately 100 minutes, we achieved only 80% con-
version. Lowering the total flowrate to 2.5 mL/min enabled us 
to obtain the expected full conversion. After investigation, it was 
found that under those conditions the reactor only held about 217 
mL of liquid instead of 420 mL. This meant that under those con-
ditions a residence time of about 60 minutes was obtained using 
the initial flowrate instead of the targeted 100 minutes, which 
explained the lower conversion when compared to our initial tests 
in batch mode. This lower liquid volume is due to the very high 
air flowrate compared to the liquid flowrate (~96% of the total 
volume of the fluid introduced was air), and thus the presence of a 
volume of air in the reactor is unavoidable under those conditions, 
especially at high stirring intensities. Static mixer based systems 
would also show a lowered liquid volume under such a high air to 
liquid flowrate ratio.

With the corrected residence time, the oxidation reaction thus 
seems to perform similarly in flow or in batch. Further work will 
be carried out to investigate the effect of pressure and temperature 
on the reaction kinetics. Additionally, different stirrer geometries 
are also being investigated to increase the liquid hold-up and im-
prove gas-liquid mass transfer.

5. Continuous Grignard Reagent Formation
To illustrate the DCR’s ability to handle the presence of solids, 

we decided to synthesize a Grignard reagent from a slurry of mag-
nesium powder in 2-methyltetrahydrofuran (2-MeTHF). The No-
bel prize winning Grignard reaction[29] is still used extensively to 
create C-C bonds in a vast array of processes for fine chemicals.[30] 
Grignard reagents are typically prepared industrially under batch 
conditions,[31] but continuous systems have been developed in the 
last decades.[31–37] CSTRs have been employed to produce Grig-
nard reagents on multi kilogram scale.[36,37] Due to the difficulty 
of handling solids in flow reactors, most reported continuous syn-
thesis of Grignard reagents use packed bed reactors containing a 
cartridge of magnesium turnings/powder. Well activated magne-
sium is required for those packed-bed type reactors in order to 
ensure that the reaction will proceed during the residence time, so 
those reactors can only run for a fixed amount of time due to the 
stoichiometric consumption of the magnesium bed during the re-
action. Common chemical options[38] to activate magnesium are 
iodine, 1,2-dibromoethane, DIBAL-H or Grignard reagents them-
selves. Menges-Flanagan and coworkers from the Fraunhofer In-
stitute developed[31,34,35] a continuous reactor where magnesium 
turnings can be fed from the top of the reactor to run in a fully 
continuous fashion. The fed magnesium is activated mechanically 
by grinding, which ensures that the reaction will proceed swiftly. 
Our approach to continuously prepare a Grignard reagent in the 
DCR was to pre-activate 20–230 mesh magnesium and pre-fill the 

Table 3. Reaction parameters used for the continuous Stahl-Hoover 
oxidation.

Reaction concentration 0.5 M

Air flowrate 100 mL/min

Total liquid flowrate 4.2 mL/min

Jacket temperature 21 °C

Pressure ambient

Stirring 900 rpm
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5.1 Grignard Reagent Formation – Thermal Safety
As the formation of a Grignard reagent and its quench are 

known to be highly exothermic, we first studied the thermal safety 
of the process in order to guide us into safe reaction parameters 
prior to any experimentation in flow. The reaction enthalpy of 
the Grignard reagent formation and its quench were measured 
using the RC1mx reaction calorimeter from Mettler-Toledo. The 
reaction enthalpy measured experimentally for the formation of 
4-methoxyphenylmagnesium bromide from 4-bromoanisole and 
magnesium was -295 kJ/mol, which matches well with reported 
reaction enthalpies of other Grignard reagents in the literature.[39,40] 
For the quench with water, an enthalpy of -352 kJ/mol was  
obtained. From those values, we decided to start our investigations 
targeting a relatively low concentration of around 0.16 M in the 
DCR, which would result in a safe adiabatic temperature raise 
(ΔT

ad
 = 31°C) to carry out our first tests.

5.2 Continuous Grignard Reagent Synthesis – Results 
and Discussion

As mentioned in the previous thermal safety section, we first 
started our investigation at a relatively low halide concentration of 
0.16 M of halide in the reactor to get a feeling of the heat transfer 
and jacket response during the reaction. Pre-activation of the mag-
nesium suspension in 2-MeTHF was performed using 1 mol% 
(relative to magnesium) of either commercial DIBAL-H solution 
in toluene or 4-methoxyphenylmagnesium bromide in THF. Both 
activation methods gave similar results overall. Samples of the 
produced reagent were collected every 10 minutes and quenched 
in an ammonium chloride solution to monitor the conversion of 
4-bromoanisole to the Grignard reagent. The release of heat cor-
responding to the start of the reaction could be observed when 
monitoring the temperature at the outlet of the jacket.

For the experiments at a lower concentration, 4-bromoanisole 
was converted rather slowly into the Grignard reagent and re-
quired extended time to reach maximum conversion. Full conver-
sion could not be reached in a reasonable amount of time during 
our first attempt (Table 4, Entry 1), and to remedy this issue we 
decided to increase the initial amount of magnesium in the reactor 
in order to accelerate the reaction. This was partially successful, 
as shown in Entry 2 where full conversion of 4-bromoanisole was 
reached after 50 minutes. Any further samples later collected dur-
ing that experiment were then fully converted, but obvious down-
sides of this approach are that a larger excess of magnesium is 
required and that the first 50 minutes of reagent solution produced 
will be impure due to the presence of unreacted starting material. 
A more efficient approach was then found when running the reac-
tion at a higher concentration (and lower flowrate to avoid pump 
clogging), where a portion of the halide solution in 2-MeTHF was 
introduced into the reactor and was left to react in batch mode 
for 30 minutes to ensure that the magnesium inside the reactor 
would be fully activated. After this activation period the pumps 
were restarted and 4-bromoanisole was absent in every sample 
collected at the outlet of the reactor. This approach was repeated 
with the lower concentration reaction at higher flowrate to check 
if the reaction would still be fast enough under those conditions 
and it gave similar results (Entry 4).

With the ability to perform the magnesium activation in batch 
mode prior to starting the flow process, we also investigated if 
any pre-activation was necessary, as well as if dry 2-MeTHF was 
required for the process to run smoothly. The same procedure and 
reaction conditions from Entry 3 were used again in Entry 5 with 
technical grade 2-MeTHF that was not submitted to any drying 
agent. Additionally, no pre-activation was performed on the mag-
nesium powder. After pre-loading the magnesium in the reactor, a 
portion of the halide was introduced and left to react in batch mode 
similarly to Entry 3. However, no exotherm could be detected from 
the jacket temperature measurements, indicating that the desired 

reactor with about one equivalent of the metal powder suspended 
in 2-MeTHF. The suspension is then heated, and the halide in 
solution is introduced into the reactor from one inlet (see Fig. 8 
for the experimental setup used). Another inlet is used to introduce 
a slurry of fresh magnesium powder in 2-MeTHF, with a molar 
flowrate matching that of the halide’s to ensure that the amount of 
magnesium in the reactor stays as constant as possible. We hy-
pothesized that thanks to the active agitation, there would be suf-
ficient back-mixing in the vessel for the formed Grignard reagent 
to further activate the fresh magnesium entering the system, thus 
sustaining the reaction throughout the reactor’s volume. The pro-
duced Grignard reagent would then be collected and directly 
quenched in a thermostated reactor containing an aqueous ammo-
nium chloride solution.

It is worth noting that pumping suspensions at a fixed molar 
flowrate is not a trivial task for multiple reasons, mainly the set-
tling of the solids in the transfer lines, and the difficulty of main-
taining homogeneity of the stirred suspension in the feeding tank. 
The choice of a usable pump for such an application is also quite 
limited since it must be able to handle the presence of solid parti-
cles as well as 2-MeTHF which was found to be incompatible 
with most tubing material used in peristaltic pumps. The relative-
ly low flowrate used for this experiment (10 - 20 mL/min) also 
prohibits the use of industrial centrifugal pumps, which would be 
a common choice to pump such slurries.

We chose 4-bromoanisole as the test halide (Scheme 2), as it 
is less prone to common side reactions in Grignard reagent for-
mation (e.g. Wurtz coupling). Furthermore, 4-bromoanisole and 
its post-reaction quenching product anisole are easily quantifiable 
by GC-FID or NMR.

Fig. 8. Experimental setup for the Grignard reagent formation.

Scheme 2. Synthesis of 4-methoxymagnesium bromide.
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Grignard reagent formation was either not occurring at all or that 
the reagent was forming at a very slow rate. It was then possible to 
initiate the reaction by injecting 1 mol% of DIBAL-H solution (rel-
ative to the total amount of magnesium used) directly in the DCR, 
which instantly triggered a response from the jacket due to the heat 
released. When no more noticeable exotherm was detected, the 
pumps were restarted and 4-bromoanisole was again absent in all of 
the collected samples. It is thus likely that the magnesium activation 
step is still crucial to ensure a rapid reaction initiation, but the use 
of undried technical solvents does not cause any practical problem 
for the reaction system. It is worth mentioning that although no 
experimental issue was observed using undried technical solvents, 
any water in the system will react with the formed Grignard rea-
gent, decreasing the actual yield and potentially forming additional 
impurities during the following addition step. 

6. Conclusion and Outlook
In summary, we have reported the characterization and ap-

plication tests of a new commercially available dynamic cascade 
flow reactor. The reactor is highly modular, with the possibility 
to fine-tune mixing elements along the stirring shaft or to apply 
cascaded dosing to accommodate a wide range of processes. The 
reactor has already been scaled-up to a 100 L version. The reactor 
was used successfully for processes that are usually more chal-
lenging to run in flow such as emulsion polymerizations that are 
prone to fouling. Gas-liquid reactions can also be carried out in 
the reactor, although with a diminished overall liquid volume. We 
expect that this will be improved in a future version of the stirring 
unit, with a geometry better suited to increase the liquid hold-up 
in the reactor.

It was also shown that the reactor performs well in solid-liq-
uid reactions, as shown in its ability to carry out Grignard reagent 
formations with powdered magnesium metal. This final applica-
tion is of particular interest, as few production scale continuous 
reactors exist to perform such reactions in a similar fashion. More 
specialized systems are available from various companies to pro-
duce Grignard reagents, but the DCR looks to be a viable and 
likely more versatile option than some commercially available 
systems.
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