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1 Executive Summary

This document is deliverable D3.2 of the DESIRED project, funded under European Union’s Horizon 2021 research
and innovation programme under grant agreement No 101083355.

The D3.2 consists of results from the rheology testing, the design of the Level 1: 15 mL reactor and integration
scheme for a test rig. The D3.2 is associated with the Task 3.2 - Construction of a single-tube 15 mL reactor (Level
1) and design optimisation, of the Work Package (WP) 3 - Design and engineering of new concept reactor - being
a subset of the DESIRED project.

The deliverable describes the methodology of the rheology testing the continuous flow reactor and from this
derives the most important outputs for the design of the DESIRED Level 1: 15 mL reactor. Further it describes the

integration in a total test rig.

This D3.2 will set the basis for the upcoming D3.3, which includes the setup of a test-rig PR. By delivering D3.2,
the first single-tube reactor is built and ready for operation in first experimental studies.
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2 Introduction

The DESIRED project focuses on establishing a novel fuel production system capable of direct co-processing of
atmospheric CO, and water to produce energy-rich, multi-carbon (C2+) products, without overlooking C1 species
(e.g., methanol) using sunlight as primary energy source. The project is divided into 6 Work Packages assigned
to specific parts for execution.

One of the core innovations of the project is the new reactor concept for photocatalysis and photo-
electrocatalysis. The concept targets to maximize reaction rates and system efficiency with optimized solar
energy utilization by a concentrating solar system. DESIRED will engineer a reactor at two different volumes —
Level 1: 15 mL and Level 2: 350-500 mL.

The presented Deliverable focuses on the Level 1 reactor and includes the work within Task 3.2., aiming to
construct the single-tube 15 mL reactor. The single-tube reactor ready for operation will be available at the end
of D3.2.

2.1. Mapping DESIRED Outputs

Purpose of this section is to map DESIRED Grant Agreement commitments, both within the formal Deliverable
and Task description, against the project’s respective outputs and work performed.

Table 1: Adherence to DESIRED GA Deliverable & Tasks Descriptions

DESIRED GA
Component
Title

DESIRED GA Component Respective Document

Outline Chapter(s)

DELIVERABLE

D3.2 Level 1 Single-tube reactor 15mL.

The Deliverable includes the design and P&I drawings of the 15-mL, single-tube reactor, as well as the
delivered constructed reactor ready for experimental studies. It is produced by T3.2.

TASKS
This task will include the Section 3.1. The design of the reactor has been
design and construction of Methodological elaborated with the core
Task T3.2 - the single tube approach development partners CIRCC, IC2R

photoreactor (PR), at a
volume of 15 mL (Level 1 Section 3.2: Result 1:

Construction and UW. For this, 2 workshops in

of a single- combination with literature

tube 15 mL PR), based on the (?utcomes from research have been elaborated

reactor (Level requirements defined in literature research (see Deliverable D3.1). Further

1) and design Task 3.1. The process Section 3.3: Result 2: rheology test and literature

optimisation design will be based on Outcomes from research in close coordination with
the integration of the rheological and the above-mentioned partners

photocatalyst and functionality tests took place.
photoelectrocatalyst into
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a 15 mL tube and novel Section 3.4: Result 3:
rheology. Together with Reactor design

UW and IC2R, we will

optimise the catalyst

The final design is based on
literature and rheological test. The
o methodology is described in
positioning and Section 3.
application and define the

photocathode. We will

develop a design scheme

of the reactor, including a

control strategy and

definition of required

measurements for Task

3.3.

Based on this design, we
will assemble the reactor
and subsequently perform
the first rheology tests to
prove the rheology targets
under various conditions
(for batch and continuous
operation) in preliminary
experiments.

2.2. Deliverable Overview and Report Structure

This document is structured as follows:

e Section 1: Executive summary
e Section 2: Introduction

e Section 3: Results

o Section 3.1.: Methodological approach
= Section 3.1.1.: Literature research
= Section 3.1.2.: Rheological tests for different design options
= Section 3.1.3.: Calculations and engineering of the reactor set-up Section 3.2:

Rheological test for reactor design

o Section 3.2 Reactor design
= Section 3.4.1 Dimensions of the reactor tube
= Section 3.4.2 Test rig design for reactor integration
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3 Single-tube 15 mL reactor (Level 1) and design optimization

3.1. Methodological approach

Building upon the exchange within the consortium, literature research has been intensified. This included
technical literature and publications (scientific papers, reports, etc.) on existing approaches [1] and reactors for
operation in 1-phase (liquid or gaseous) [2-4] and 2-phase (liquid with gas bubbling) [5] respectively 3-phase
(liquid with gas bubbling and solid catalyst) systems for PC and PEC.

The concept of a Baffle Reactor has been used to perform rheology tests for the photocatalytic CO; reduction to
produce multi-carbon products for being used in WP3. To evaluate the rheology of gases in liquids a set-up for
testing the concept was used. To initiate the gas flow through the system, pressurized air with an inlet pipe of 3
mm diameter was used, at volume flow rates of 1-2,5 LPM, set via an installed flow meter. Bubble formation is
one of key factors to ensure the homogenous gas flow through the reactor. The parameters of the set-up used
are summarized in Table 2.

Table 2: Process parameters and specifications of the set-up

Diameter,D mm 25
Inlet Air pipe Diameter,mm 3.25
Inlet Air Pressure, bar 0.2

The baffles in different shapes influence the bubble formation and smooth flow of the gas. Initially, four
combined baffles at equal distances were tested. To initiate an optimum bubble formation and distribution
among the cross-section of the reactor, diffuser have been tested in a next step in combination with the baffles.

To reduce the catalyst need at the first stage, as representatives for the catalyst used in the system later, three
different-sized zeolite powders varying from < 500 - 1200 pum, to confirm the continuous fluid flow with a 3-phase
system (gas-liquid-solid) have been used. The used zeolite powders are shown in Table 3.
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Table 3: Overview on zeolites used for rheology tests

Particle size: < 500 pum Particle size: 600-800 um Particle size: 1000-1200 pm

The methodology to design the reactor set-up for the DESIRED reactor is based on calculations, to improve mixing
and achieve a plug flow effect. The fluid mechanics are defined by geometric (baffle spacing ratio, n, and open
baffle flow area, S) and dynamic parameters. The parameters are based on the baffle spacing, lp, the inner
diameter, D, the baffle constriction diameter, d., the fluid density, p, the superficial fluid velocity and u, the fluid
viscosity.

3.2. Reactor design

Based on the given values of 15 mL for the Level 1 reactor and results from the rheological tests, the final design
of the reactor has been elaborated. The reactor includes a glass tube (Borosilicate) with a wall thickness of 10
mm and an inner/outer diameter of 11,5 mm and 13,5 mm, respectively. The results show, that defining the
geometry of the reactor without taking baffles into account, results in a reactor length of 150 mm for a reactor
volume of 15,6 mL. The parameters are summarized in Table 4.
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Table 4: Overview on reactor tube dimensions

Parameter Value Unit
Material Borosilicate
Wall thickness reactor tube 1 mm
Inner diameter reactor tube 11,5 mm
Specific volume per mm 0,1 ml/mm
Length reactor tube 150 mm
Total volume reactor tube 15,6 ml

The test rig of the DESIRED Level 1: 15 mL reactor for the CO, reduction to produce multicarbon products is based
on the drawing shown in Figure 2.

The feedwater (water, catalyst, etc.) for the photocatalytic/photoelectrocatalytic tests are prepared in a feed
tank. To ensure a homogenous suspension, the tank is equipped with a stirrer. From the feed tank the liquid
suspension is pumped to the reactor tube. The pump is realized via a syringe pump including a 120° 3-port valve
(Tricontinent C3000), for a controlled motion of the liquid media.

Figure 1: Tricontinent C300 syringe pump with 120° 3-port valve

To initiate the gas flow through the system, any gas supplied by a bottle (e.g., CO,), controlled via a volume flow
meter, can be connected. The gas enters the reactor tube via a diffusor for optimal bubble creation and
distribution on the reactor cross-sectional area. Based on the targeted retention time, the liquid net flow can be
controlled via a volume flow meter. PH-settings for the reaction targeted can be controlled within the reactor
tube. After completely passing the reactor, the remaining liquid media can be discharged. In case recirculation is
needed, a by-pass back to the feed tank is included. The process products are stored in the gas/product collection
compartment on the very top of the reactor. From there the gas can be taken out manually. Via connection to a
gas chromatograph, continuous measurement is possible too.
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Figure 1: Test rig with integrated DESIRED Level 1: 15 mL reactor

3.3 Reactor build

Based on this design, a first prototype of the reactor has been built. The reactor is now prepared for experimental
studies, specifically focusing on the initial photocatalytic tests. The tests will be performed by IC2R, AEE INTEC,
CIRCC and UW. Tests will start during the period M13-M18 with initial results to be reported in the first periodic

report of the DESIRED project.
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4 Conclusions

Within Task 3.2 we have developed an initial design for a Level 1 single-tube reactor with a volume of 15 mL,
which is now prepared for experimental studies, specifically focusing on the initial photocatalytic tests. The tests
will be performed by IC2R, AEE INTEC and CIRCC.

Building upon these outcomes, the next task, Task 3.3., will consist first of photocatalytic performance testing.
These tests will inform subsequent iterations, adjustments, and optimizations to the reactor design, aiming to
enhance process efficiency, augment product yield and quality, and facilitate photocatalysis and photo-
electrocatalysis within the reactor.

Detailed calculations have been recorded and other sensitive information collected, which are available to the
Coordinator and Project Officer, upon request.
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