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Connection to the consortium's goals
Development of long lasting oligomerization catalysts
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Oligomerization to a distinct chain length

 e.g.: C2 + C2 + …   → C10

 C3 + C3 + C3 → C9

By highly active and selective catalysts

Developed via an experimental approach

H2C = CH2  →
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• Oxide supported HPAs show excellent conversion and selectivity for olefin 
oligomerization to SAF-chain length at low temperatures

• Support-HPA interaction depends on the coverage changing catalytic activity

• Moderate degradation, regeneration relatively simple

• Patent filed includes various (even better) catalyst systems («design»)

• We understand aspects of the mechanism

H3C − HC = CH2

H3C − CH2 − CH2 − ⋯ CH2 = CH2

A. Cesarini, et al., ACS Catal. 
2026, 16, 3, 2135–2148

Oxide supported Heteropoly acids oligomerization 
catalysts do the job very well

A. Cesarini, et al., Fuel 429, 
140882 (2027)
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Hetero Poly Acids -  what is a (solid) acid? 

A-  H+ + H2O → A- + H3O+   pH-value 

Phosphoric acid is an oligomerization catalyst
R. Bekker and N. M. Prinsloo, Ind. Eng. Chem. Res. 48 (2009) 10156
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Phosphotungstic acid

[PW12O40]3- H+
3  

(PO4)3-  3H+ →   A-  H+

The easier an acid is to lose its protons, the stronger it is.



Acidity – strength of liquid and solid acids (Hammet)

Aqueous systems
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Super acids

Unlike in the «normal pH» range with «pH» 
interpreted as «negative logarithm of the H+ 
concentration», the acidity is a measure of the 
interaction strength («pK») .

H3PW12O40 provides its H+ most easily



• Solid acid – olefin reaction

• Despite high acidity, activation is highly endotherm

• Controversial results on dependence of size of olefin (carbon number dependence) 

• Many details as known for zeolites such as coverage dependence and coupling reactions (e.g., 
dimerization) unknown

• Charges play an important role!

Activation of olefins via carbenium – alkoxide on HPAs

M.J. Janik et al. Catalysis Today 116 (2006) 90
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Caveat: DFT on tungsten is challenging
(E. Billeter, et al. PRB 103 (2021) 205304)



Activity of oxide supported HPA oligomerization catalysts have 
depends on electronic structure

• Interaction of HPA with support leads to 
reduction and new states

• The new («interfacial») states are less 
trivial, but their amount scales with 
activity
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Oxide supported HPAcid oligomerization catalysts
Where is the proton?

Pseudo-liquid 
proton/water 
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And can we tailor by 
interaction with support?



Neutrons measure the «Pseudo-liquid proton/water layer
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Y. Zhou, et al., JACS 136 (2014) 4954-4964
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A Pseudo-liquid proton/water layer is a proton conductor!

The support (the “interface”) 
is “acidified”.

(soggy sand electrolyte)
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https://www.microscopy.ethz.ch/catalysis.htm

How does our catalyst looks like?
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The support is active part of the catalyst 

Which means it is crucial

A. Cesarini, et al., Fuel 429, 140882 (2027)



«Even better» HPA oligomerization catalysts

• PTA is one example of heteropoly acid (HPA) - oxide catalyst systems

• Silico-tungsten acid (STA) proved to be the best choice

• Molybdenum based systems do not work

A. Cesarini, et al., to be submitted  (2026)

Tungsten mining: China controls over 80% 
of global tungsten production and has 
implemented strict export controls.



Olefin oligomerization – selectivity

M.J. Janik et al. Catalysis Today 116 (2006) 90
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A. Cesarine, PhD 2026 (to be published)
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The importance of the reactor

• Catalytic oxidation of methanol 

• 𝐶𝐻3𝑂𝐻 +
3

2
𝑂2 → 𝐶𝑂2 + 2𝐻2𝑂;

• 𝚫𝑯 = 𝟕𝟐𝟔 kJ/mol
• DRIFTS-cell kept at 400°C
• BUT this is not the temperature 

of the catalyst
• Oligomerization: 100 kJ/mol

• Gas reactors have a severe 
temperature problem

Alessia’s solution:

• Liquid reaction: olefin is dissolved in hexane 
(mixture is kept liquid due to high pressure)

• Better heat transport
• Intrinsic temperature control
• Low coking

Connor’s follow up project:

• Reactor length  selectivity



• Oxide supported HPAs show 
excellent conversion and 
selectivity for olefin 
oligomerization to SAF-
chain length at low 
temperatures

• Support-HPA interaction 
depends on the coverage 
changing catalytic activity

• Moderate degradation, 
regeneration relatively 
simple

• Patent filed includes various 
(even better) catalyst 
systems («design»)

• We understand aspects of 
the mechanism
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Backup Acidity of catalyst



Backup: Electronic structure of Interface 

• Mechanistic ideas: interaction of HPA with support leads to reduction and new states («interfacial»)

• The new states («interfacial») are also visible in the valence band, 
indicating band bending (shift of EF) and reduction (states at EF)

• The Idea: Electrically driven proton transfer promotes Brønsted acid catalysis (taken from Westendorff et al., 
Science 383, 757–763 (2024)
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   H 3 C − C  H 2 − C  H 2 − … C  H 2 − C  H 3


   H 3 C − C  H 2 − C  H 2 − … C  H 2 = C  H 2


  →


    →


   H 2 C = C  H 2     →


   H 3 C − HC = C  H 2


   H 3 C − C  H 2 − C  H 2 − … C  H 2 = C  H 2


  →


  →


  C  H 3 O H +    3 2 O 2 → C  O 2 + 2  H 2 O ;


  𝚫 𝑯 = 𝟕 𝟐 𝟔

