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Process Development Approach for 
Continuous Chemical Processes

Mechanistic ApproachStatistical Approach

Conclusion
Quality by Design development of continuous processes is possible using
statistical or mechanistic approaches, just like in batch processes.
We performed feasibility and kinetic experiments in a short period of time
using small amounts of material, building deep process understanding in the
initial phase of development. The results gathered will be used to compare
statistical and mechanistic approaches by quantifying their benefits in order to
establish the most advantageous route to process development and
understanding.

Reaction Scheme

Confidence Interval

Kinetic constant (k @ 117ºC) 2.72 x 10-4 L/mol.s 11.8%

Activation energy (Ea) 58.66 kJ/mol 11.8%

Substrate Reagent Product Byproduct+ +

Temperature
(ºC)

Residence time
(min)

Product - model
(molar%)

Product - experimental
(molar%)

200 20 99.4 97.2
200 5 74.8 73.9
210 10 97.2 94.4
210 5 83.4 85.6
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Build kinetic model using available batch data
(predict best conditions in flow)

Feasibility in flow

Confirmation trials

Feasibility study in batch
(predict starting conditions in flow)

Screening of solvents, bases and equivalence of base

Acetonitrile, DIPEA, 1.2 eq. of base

Feasibility in flow applying Design of Experiments
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Introduction
Hovione builds upon its long experience in process chemistry development by incorporating new technologies and tools that are
more efficient and provide economic and environmental benefits. Statistical and mechanistic approaches are current standards in
batch process development at Hovione. Herein we present the use of the same approaches but in continuous manufacturing
projects with the aim to gain deeper process understanding in a shorter development time.
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Temperature

Equivalent of base

Temperature
(ºC)

Residence time 
(min.)

Equivalent of
base 

Product
(molar%)

70 7.5 1 52.5

Quench

Confidence Interval

Kinetic constant (k @ 35ºC) 3.17 L2/mol2s 38.7%

Activation energy (Ea) 37.78 kJ/mol 21.9%

SHORT DEVELOPMENT PERIOD
STRAIGHTFORWARD SCALE-UP

Temperature
(ºC)

Residence time 
(min.)

Product - model
(molar%)

Product - experimental
(molar%)

140 30 95.1 92.7
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