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MOTIVATION

@ Chemical hydrogen storage in Liquid Organic Hydrogen Carriers (LOHCSs)

- Increase of volumetric energy density; safe and stable liquid for handling ['! - Data and sample-efficient optimization for expensive experimental systems

« Perhydro benzyltoluene/benzyltoluene (H12-BT/HO-BT) as potential LOHC system - Identification of promising catalyst candidatas with few experiments
- Efficient exploration of large catalyst design space /

® Bayesian Optimization of catalyst design \

® Promotion of Pt/Al,O, catalysts to increase catalyst performance
- Extensive literature on promoter effects in H12-BT dehydrogenation -]
« Multi-promoter systems enable tuning of activity and selectivity
K. High-dimensional black-box optimisation problem with constraints

@ Initial training dataset
- Combination of prior knowledge and exploratory catalyst compositions

APPROACH - Used to train the initial Gaussian Process (GP) surrogate model

. L. Promoted Pt/8-3-Al,0, Objectives
Bayesian Optimization (BO): max, . x f(x) catalyst design space qg
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® Various optimization strategies

6-3-Al,0,
B Synthesis of promoted Pt/6-0-Al, O, catalysts

based on u(x) and o(x)
Balances exploration-exploitation trade-off
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- Multi-objective: identification of Pareto-optimal trade-offs
- Single-objective: optimisation of a single objective (e.g. activity)
- Sequential BO: iterative experiment selection
- Batch BO: parallel candidate proposals
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Implemented in BolTorch (PyTorch-based BO framework)
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® Activity: measure for H12-BT & H6-BT conversion

B Selectivity: measure for suppression of methylflourene (MeFl) formation

K ® Costs: measure for cost of promotor precursors HO-BT
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Kernel: Matérn 3/2, ModelListGP architecture \
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» Systematic Bayesian Optimization of catalyst composition
- Extension of design space: Pt loading, promotor set, support material
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