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Manufacturing Concepts for Microreactors and
Continuous Flow Chemistry

Dr. Dirk Kirschneck, Microinnova Engineering GmbH

off

004
PIA

V-18

005
TIA

V-19

V-20

N2

V-21

E-1
001
TICA

V-14

V-25V-23
www.microinnova.com

V-25

Sample 
valve

V-23

content

• microinnova overview

• efficient flow processing

• flow miniplant systems

• manufacturing systems

microinnova overview
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aim of microinnova

make chemical
processing

more efficient
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specialists in process intensification

process
development

engineering
& plant

Microinnova combines
process knowledge

with plant competence

www.microinnova.com
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process intensification step by step

evaluation

plant

check

plant check report

step 1 milestone

potential

proof

verification

basic

feasibility

preliminary study

lab-scale plant

test matrix

step 2 milestone

basic

proof

development

technical 

feasibility

device screening

critical parameters

parameter optimization

data for engineering

step 3 milestone

parameter

optimization

realization

engineering

& plants

scale up

plant design

engineering

construction

step 4 milestone

industrial

plant

turn-key-plant

efficient processing

www.microinnova.com
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towards perfect processing

• narrow residence time distribution
• no backmixing
• no hot spots 

• ideal stoichiometry
• no high concentration spots 
• no dead zones

perfect
mixing

perfect
mixing

perfect
heat

exchange

perfect
residence 

time

perfect
heat

exchange

reaction
zone 1

reaction
zone 2

reaction
zone 3
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overview flow strategies

flow 

chemistry

new reagents

mass transfer

new routes explosive 

conditions

heat transfer

new process 

windows

better control
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drivers for microreactors & flow

drivers target

development speed development costs

reduction of process spread product quality/quality costs

better mixing mixing sensitive reactions

better heatexchange exothermic reactions

high pressure, high temperature new operation windows

complex reactions yield optimization

small reaction volumes safety

reduction of reaction steps new synthesis routes

Only for a group of processes significant benefits !
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strategy example: avoiding by-products

Friedl-Crafts-Alkylation

Yoshida, “Flash Chemistry”, Wiley, 2008

tool: plug flow & quench

Gerhard Emig, Elias Klemm, “Technische Chemie”, Springer, 2005

Process example
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impurity profile optimization
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substance specification 

value

actual 

status

API >98,2% 99,6%

Impurity 1 <0.80% 0,20%

Impurity 2 <0.05% 0,13%

Impurity 3 <0.09% 0,02%

Impurity 4 <0.02% n.d.

Impurity 5 n.d. n.d.

Best conditions
in each 
reaction zone
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heat release characteristics

Time

Heat
Release

Zone1 Zone2 Zone3 Zone4

Point of
Mixing

t

1

t2 t3 t4

.
Q1

.
Q2

.
Q3

.
Q4

Providing
Perfect 

Environment for 
the Chemical 

Reaction

realization considerations
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conti flow versus batch production

• TOP 30 petrochemicals are all 
made continuously 

• most of the TOP 300 organic 
chemicals are made continuously

• more than 90 % of the TOP 301-
3,000 organic chemical are made 
batch wise 

• more than 97 % of the top 3,001-
30,000 are made in batches. Why?
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comparison batch versus conti / flow 

advantage batch
• flexibility
• multipurpose

process is adjusted
to the plant

advantage conti/flow
• process performance
• safety

plant is adjusted 
to the process

concept necessary, which combines
batch flexibility with continuous performance
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on-module flexibility

on-module adaption by exchanging specific parts

engineered spaces for adaption

residence-time
module

reactor
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inter-module flexibility

feed 1 feed 2 feed 3 reactor 1 reactor 2 product

module storage
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scale out concept

a) internal numbering up

b) smart dimensioning
increase

increase

increase

constant

increase
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plant automation solutions

Quick &
Easy

High End 
Development

Manufacturing
Professional 

flow mini-plant
technology
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flow mini-plant

• link between development and manufacturing

• maximum flexibility by ready modular units

• simple adjustment to new processes

• easy operation

• freely selectable level of automation

• GMP or non-GMP kilo laboratory use

• applicable for small scale manufacturing

Development orientated:

S-Class 1-10 l/h

Manufacturing orientated:

M-Class 10-100 l/h
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target area



7

www.microinnova.com

E-4E-3

V-12

V-16

E-1

N2

off-gas

001
TICA

003
PIC

002
PIA

002
LICA

003
LICA

V-14

N2

V-5 V-2

004
PIA

002
TIA

003
TIA

V-6

off-gas

V-17 V-15

V-4V-11

FIA

Sample 
valve

E-2

off-gas

001
PIA

001
LIA

V-10

004
TIA

V-13

V-9

N2
V-7

V-8 V-1

thermostat

product product waste

V-3

E-4

N2

off-gas

002
PIA

002
LICA

V-2

003
TIA

gas

V-15

V-4

V-7

V-8

product

flow mini-plant example

endothermic
reactions
200 -270°C

product module
with gas release
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flow mini-plant module examples

module examples:

liquid feed module with buffer tank

reaction module with plate-reactor

reaction module for 2 step
reaction and multi injection

gas feed module heating/cooling
module
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development process

flow chemistry-development

traditional batch-process development

laboratory-phase pilot-phase

benchtop-
system

flowmini-plant

flow chemistry development

flow chemistry-manufacturing

traditional-batch-manufacturingtraditional-batch-development

savings

time & cost savings due to shortening
the pilot phase and cancellation of the pilot plant

manufacturing solution
plant redesign      
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plant redesign-concept

Kirschneck et al.; Chem.Eng.Technol. 2007, 30(3), 305-308

• starting point: one single process 
step

• integration of microreactors or 
micro-structured components

• interventions as small as possible

case study example:

• capacity: 3 tons/hour

• effect
• double plant capacity

• energy savings

• investment costs: 1/10 compared 
to conventional
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first test run

manufacturing solution
unit operation
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unit operation - solution

• typical for one process step

• typical solution for inefficient or 
difficult process steps

• implements individual reaction 
steps in a continuous process

• no modification of remaining 
process steps

• dedicated or limited multipurpose

• on-module flexibility

• savings:

• higher yields

• less energy consumption

• less raw material input
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case study unit operation-concept

case study example:

• mixing-sensitive reaction

• barely feasible in batch mode

• microreactor plant results: 30 % 
higher yield compared to batch

• total throughput is 200 l/hour

• the pilot/production plant has 
been started up successfully in 
May 2010

• yield difference (lab-manufactur-
ing): 0.1%

•

oneone ofof thethe
biggestbiggest
cGMPcGMP

plantsplants withwith
microreactormicroreactor
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case study unit operation-concept

on-module adaption by exchanging specific parts of the 
module (configuration)

original
part

exchange
part
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fast track realization  

2009 2010

09

first lab-experiment launch of the plant 
at the customer site

case study example

10 11 01 02 03 04 05 0612

October 2009 May 2010

time scale
7 months manufacturing solution

modular multipurpose
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modular multipurpose-concept

• combines advantage of batch 
technology (flexibility) with advantage 
of continuous processing (process per-
formance)

• interchangeable modules temporarily 
assembled and variably combined

• functional units, which can be combined 
individually according to the process

• fast adaption to new processes and 
easy plant extension

• optimization of plant utilization

• totally new plant concept in chemical 
industry
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modular multipurpose-concept

module storage

production area

utilities-hub

feed 1 feed 2 feed 3 reactor 1 reactor 2 product

utilities
automation + supply

• bus /plc
• electricity
• control air
• nitrogen

heating + chilling

tank farm

plug in for the supply of all 
modules with uniform plugs

control room
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modular multipurpose-concept

feed 1 feed 2 feed 3 reactor 1 reactor 2 product

utilities-hub

production area

tank farm

utilities
automation + supply

• bus /plc
• electricity
• control air
• nitrogen

heating + chilling

module storage
control room

off

004
PIA

V-18

005
TIA

V-19

V-20

N2

V-21

E-1
001
TICA

V-14

V-25V-23

V-25

Sample 
valve

V-23

modular multipurpose-concept

feed 1 feed 2 feed 3 reactor 1 reactor 2 product

utilities-hub

production area

tank farm

utilities
automation + supply

• bus /plc
• electricity
• control air
• nitrogen

heating + chilling

module storage
control room

unplug the
module supply

module change

plug in the
module supply
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case study modular multipurpose
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Evaluation Feasibility Development Realization

product and service map of Microinnova 

engineering services
plant check

conceptual eng.

detailled eng.

basic eng.

automation hardware and software
quick and easy 

high end development

manufacturing (ATEX, GMP..)

development services
basic feasibility

process optimization

scale up data

plants for lab and manufacturing

flow mini-plant

Dedicated plant 

unit operation

modular multipurpose
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summary

fast track
realization

flexibility safety

process performanceflexibilityfast track realizationsafetyprocess performancemicroinnova solutions

microinnova solutions

turning process 
performance into money

moves forward!


