
 
 

 
Reactor temperature control for silver catalyzed formalin plants 
 
The heart of formalin production units is the reactor where methanol is partially oxidated by the presence 
of air to form formaldehyde. Significant amounts of hydrogen, water, CO2 + some minor side reaction 
products are formed as well due to the combination of dehydrogenation, partial oxidation and fully 
oxidation of methanol that takes place when the reaction gas is passing through the catalyst. In sum, 
these chemical reactions are exothermic. The reactor is adiabatic by design (apart from some 
insignificant heat losses to the environment), hence controlling the reaction gas composition is critical 
in terms of controllability, yield, availability, catalyst degradation, plant safety and more. 
 
The reaction gas is composed mainly by the gas mixture leaving the vaporizer. Temperature, pressure 
and compositions in the vaporizer, as well as heat duty, circulation flow rates and other process streams 
in connection to the vaporizer are all variables that will affect the reaction gas composition. Furthermore, 
disturbances of varying intensity are always present in industrial plants, and they must be counteracted 
or handled in a rigorous way. In order to catch all disturbances and to get the complete picture of the 
reaction gas composition at any time, Dynea uses the temperature feedback from the fixed catalyst bed 
as the process variable. As the silver catalyzed process for producing formaldehyde is operating above 
the upper flammability limit (UFL) and the chemical reactions are oxidative dominant, the catalyst 
temperature will increase with leaner mixture and decrease if richer. The catalyst temperature 
measurements are highly reliable, they are producing a high process gain and they are representing 
very well the actual reaction gas composition or how far/close the reaction gas is towards the UFL as 
long as the catalyst is fully activated and dry (which is always the case except from plant start-up and 
shut-downs). 
 
Despite the good properties of the catalyst temperature as a process variable for control, it is subject to 
lack of performance due to its feedback nature – dead-time (primarily process dead-time caused by 
heat and mass transport delay) and the following time constant are both limiting the control 
performance. Dynea uses a sophisticated control scheme to facilitate fast and safe control of the 
catalyst temperature which involves combining two individual PID controllers, each assigned a 
manipulated variable towards the process (please see the typical set-up in drawing below). However, 
there is room for improvement e.g. transient periods are very often challenging for the controllers. 
 
A suitable scope of a specialization project for a student would be to make a dynamic model of that part 
of the formalin process that is somehow influencing the catalyst temperature e.g. the process 
components and piping upstream the reactor. How advanced the model should be is more up to the 
student to decide along with the supervisor, and will depend on skill level, knowledge and timeframe. 
Dynea can support with relevant process data and guidance. Depending on the comprehensiveness of 
the model and if there is time, the student may analyze the process to find promising control schemes 
to improve the existing method of controlling the catalyst temperature. MPC could also be an option if 
desirable. Further evaluation and tuning of the selected controlling schemes would probably come later 
in an eventual master’s thesis, but if there is time left it could still be relevant. An analytical approach to 
study the dynamics of the process, identifying disturbances and to justify proposals for improved tuning 
parameters should be done alongside. 
 
N.B. the work and outcomes of the master’s thesis by Vo (from the spring semester 2023), which so far 
has carried out great results and decent material for further work about this project, shall be the basis 
and the starting point for your specialization project autumn 2023. The actual scope of the project must 
be clarified together with the student and the supervisors. 
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Typical set up - today 
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