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A.1. Batch reactor 

The experimental unit of Figure A.1 was built to study the methanol steam 

reforming reaction in a batch reactor. 

 

Figure A.1 – Batch reactor experimental set-up. 

 

A detailed scheme of this unit is presented in Figure A.2. The reactor is placed in 

an oven, at the required temperature, with the catalyst inside. The feed mixture of 

methanol and water is introduced in a vessel placed also inside the oven and 

homogenised using a magnetic stirrer. After reaching the thermal equilibrium, the 

valve between the reactor and vessel is opened and then closed, allowing the mixture 

to flow into the reactor, which is under vacuum. The reaction progress is followed by 
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the pressure variation and by periodic sampling of the reaction mixture, analysed in a 

gas chromatographer with a thermal conductivity detector (TCD). 

Vessel

T

Reactor

GC

T

P

Stirrer

vacuum

Inert gas

Relief ValveRelief Valve

CH3OH

+

H2O

P

Stirrer

Oven

 

Figure A.2 – Set-up design for batch reactor unit for the methanol steam reforming reaction. 

 

Due to the high operating temperatures (200-300 °C), the magnetic stirrers could 

not be placed inside the oven, thus had to be adapted. As show in Figure A.3, the 

control system of the stirrers was kept outside the oven while the plate remained 

inside the oven. 
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(A)      (B) 

Figure A.3 – (A) - View of the magnetic stirrers adapted for high temperatures from outside 

the oven; (B) – View of the mixture vessel, reactor and magnetic stirrers’ plates at the inside of 

the oven. 

Figure A.4 shows the gasket which holds the methanol steam reforming catalyst. 

The gasket is placed inside the reactor and is kept under rotation to promote good 

gas phase mixture (reactants and reaction products). Its rotation is controlled by the 

magnetic stirrer presented in Figure A.3. 

 

Figure A.4 – Gasket for holding the methanol steam reforming catalyst. 
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To avoid water and methanol condensation in the tubes placed outside the oven, 

heating tapes were used to keep the temperature at 150 °C as show in Figure A.5. 

 

Figure A.5 – Heating tapes to avoid the reactants condensation. 

This unit employs Swagelok™ stainless steel valves, more specifically:  1/8" 3-

ways valves (ref. SS-41GXS2), 1/8" on-off valve (ref. SS-41GS2) and 1/4’’ relief valves 

(ref. SS-RL3S4). The pressure sensors used, model PMP 4010 from Druck, have a 

range from 0 to 10 bar with a precision of 0.08 % FS.  

A data acquisition system was developed based on LabVIEW software (National 

Instruments) and its front page can be seen in Figure A.6. 
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Figure A.6 – Front page of the LabVIEW data acquisition system used for controlling the 

experimental unit. 
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A.2. Continuous reactor and permeation unit 

The experimental unit of Figure A.7 was built for both reaction and permeation 

studies, as described below. 

 
Figure A.7 – Experimental unit of the continuous reactor and permeation. 

 

This unit is suitable for studying the steam reforming reaction in a packed bed reactor 

or a membrane reactor. Mono and multicomponent permeation measurements can 

also be performed in this unit. Figure A.8 shows the different modules as well as the 

MSR catalyst. 
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Figure A.8 – (A) – Membrane module with 15 fibbers; (B) – Membrane module with 1 fibber; 

(C) – MSR catalyst; (D) – View of the membrane reactor module placed inside the oven. 

 

A detailed scheme of this unit is presented in chapter 5. The packed 

bed/membrane module/membrane reactor is placed inside a temperature-controlled 

oven. Mass flow controllers from Bronkhorst (model F-201C, ± 0.1 % FS) are used to 

control the gas feed flow rate. A CEM-System (Controlled Evaporation and Mixing) 

from Bronkhorst promotes controlled mixing and evaporation of the feed mixture. A 

Back Pressure Regulator from Swagelok™ ensures a constant pressure in the reactor. 

Both feed and permeate pressures are monitored with Druck pressure transducers 

(PMP 4010, ± 0.08 % FS) and the respective flow rates are measured with Bronkhorst 

mass flow meters (models F-111B and F-110C, ± 0.1 % FS). 

 

Permeate 
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Module 

A B 
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The condensable reactants are separated from the gas mixture in two 

condensers (permeate and retentate) at ca. -10 °C placed outside the oven (Figure A.9 

(A)). The liquid is collected in a small vessel (Figure A.9 (B)) and analysed in a Karl 

Fisher titrator from Metrohm for water concentration quantification (Figure A.10 (A)). 

The product gas stream is analysed in a quadruple mass spectrometer, Pfeiffer 

Vacuum OmniStar GSD 320 (detection limit < 1 ppm) (Figure A.10 (B)). 

 
(A)      (B) 

Figure A.9 – (A) - Condensers placed outside the oven; (B) – Vessel for collecting condensed 

reactants. 
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(A)      (B) 

Figure A.10 – (A) - Karl Fisher titrator from Metrohm for water concentration quantification; 

(B) - Quadruple mass spectrometer, Pfeiffer Vacuum OmniStar GSD 320. 

 

This unit employs Swagelok™ stainless steel valves, more specifically:  1/8" 3-

ways valves (ref. SS-41GXS2), 1/8" on-off valve (ref. SS-41GS2) and 1/4’’ relief valves 

(ref. SS-RL3S4).  The pressure transducers used, model PMP 4010 from Druck, have a 

range from 0 to 10 bar and 0 to 350 mbar, with a precision of 0.08 % FS.  

A data acquisition system was developed based on LabVIEW software (National 

Instruments) and its front page can be seen in Figure A.11. 
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Figure A.11 – Front page of the LabVIEW data acquisition system used for controlling the 

experimental unit. 

 

 

 

 


