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Master Thesis
Kinetic Model Development for
High-Pressure Ammonia Cracking

The Max Planck Institute for Dynamics of Complex Technical Systems is looking
for a Master’s student (m/f/d) in the Process Systems Engineering group.

The aim is to derive and compare reaction kinetic models for NH; cracking that
remain thermodynamically consistent near chemical equilibrium, using published
conversion data [4]. The project is purely simulative.

Motivation

Kinetic models for ammonia cracking are commonly parameterized using experi-
mental reaction-rate data, for example for Ni/Al,O3 catalysts as reported in [4].
Depending on the intended application, different levels of model complexity can
be employed. Empirical power-law expressions contain comparatively few param-
eters and can often reproduce experimental data within the investigated operating
range. However, their predictive capability may deteriorate when extrapolated be-
yond the conditions used for parameter estimation. Mechanistically motivated rate
expressions, such as Temkin-Pyzhev or Langmuir-Hinshelwood-Hougen-Watson
models, account for adsorption, surface reaction, and desorption phenomena and
therefore provide a stronger physical basis for extrapolation. The increased mech-
anistic detail, however, introduces a substantially larger number of kinetic and
thermodynamic parameters, making parameter estimation and model discrimina-
tion considerably more challenging.

For this reason, this thesis therefore asks a focused modelling question:
Which reaction kinetic model, when fitted to the published conversions of [4], de-

scribes the data best and how do they compare for prediction within the fitting
window and for cautious use outside it?
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Work packages

1. Framing and data basis

e Survey of NH;-cracking kinetics with emphasis on high pressure and equilib-
rium consistency [1-5].

¢ Compile the published conversion data of [4] for integral reactor fitting (steady
isothermal PFR).

2. Equilibrium-consistent candidate models

Fit a small set of thermodynamically consistent rate laws to the same data, cho-
sen from the forms standard in the NH;-cracking literature [1,3,5]:

o Power law with equilibrium affinity term (as used for high-pressure data in [5]),
e Temkin-Pyzhev model,
o LHHW-type models (cf. [3]).

Parameters are estimated by nonlinear fitting through the integral reactor model.
3. Comparison and limits of use
Compare candidates objectively on:

o fit quality within the fitting window,
e residual structure (temperature, pressure, composition),
e behavior when used outside that window, with clear uncertainty statements.

Conclude which description is preferable for further modelling use, and where it
must not be stretched.

4. Documentation and handover

Reproducible scripts, concise methods chapter, and a short recommendation for
subsequent reactor modelling.

Requirements

e Completed Bachelor's degree in chemical engineering, process engineering,
applied mathematics, or a comparable technical program

e Experience with scientific programming and willingness to work in Python

e Interest in mathematical modelling, parameter estimation, and chemical reac-
tion engineering

o Ability to read kinetic papers critically and to write precisely in English

e Advantageous: previous course work in heterogeneous catalysis

Page: 2/3



MAX-PLANCK-INSTITUT :
FUR DYNAMIK KOMPLEXER :
TECHNISCHER SYSTEME :
MAGDEBURG

PROZESSTECHNIK

Start: by arrangement

Mode of work: hybrid

Work language: English or German

Thesis language:  English

Character: simulation only; no laboratory campaign
Contact

Please send a short CV, transcript, and a few sentences on modelling/coding
experience to:

bicer@mpi-magdeburg.mpg.de

The Max Planck Society aims to employ more people with disabilities. Applica-
tions from people with disabilities are expressly welcome. The Max Planck Soci-
ety strives for gender equality and diversity. It also aims to increase the proportion
of women in areas where they are underrepresented. Women are therefore ex-
pressly encouraged to apply.

Please note the information on the collection of personal data at: https://www.mpi-
magdeburg.mpg.de/data-protection-for-applicants
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