Methanation Lab Manual

Pre-Lab Notes
The stoichiometry of the methanation reaction calls for a molar ratio of 3:1 (H2: CO).   Coking can occur unless a ratio of at least this size is used, preferably with a larger excess of H2.  The methanation reaction should occur at temperatures as low as 100°C.  Thus, if you find the reaction is not occurring at such temperatures, it is likely that the catalyst is coked.  To regenerate the catalyst, run a H2 flow over it at elevated temperatures for approximately 18 hours.

 To calculate desired volumetric flowrates of components, use the ideal gas law.  You must also account for the fact that the H2/N2 tank has only 18% H2 by volume, and the CO/N2 tank has only 2% CO by volume.


The IR analyzer reads the CO volume percentage at the output of the reactor.  There is no data available for along the length of the PFR reactor.


Both reactors contain one gram of nickel-alumina catalyst.
Pre-Lab Set-Up

Specify to lab techs: 

1) Turn on IR analyzer at least two hours before lab.

2) Specify reactor (CSTR or PFR) being used.

3) Specify desired temperature (degrees C).

4) Specify H2/N2 flowrate to run over the catalyst while the reactor is warming up.  Note: Flows below 100 sccm are not accurate and should not be used. 
5) If another group is running the experiment concurrently specify to run H2 overnight to ensure the catalyst is not coked. 

Computer Set-Up

1) Ensure that the reactor specified in the upper-left-hand side of the screen is the actual reactor being used.

2) Ensure that the data filtering knob in the upper-left-hand side of the screen is the actual filtering setting (it should match the knob setting on the actual analyzer, for example if the computer knob is at position 2, the IR analyzer knob should be at position 2). Make sure that the correct setting is being used, as well.  It should align with the expected CO output percent (setting 2 tends to work for most conditions).
Calibration

1) Set valve to calibrate

2) Run pure nitrogen though and make sure the voltmeter reads zero.

a. If the meter reads greater than zero, than zero the IR using the middle “zero” knob.

3) Run pure CO and set the inlet CO percentage to 2% on the computer

a. If the IR is not actually reading 2 (as it often reads less), then you will need to multiply or divide your output data by a factor to make up for the difference.

Types of experiments

1) Set residence time and vary concentrations.

a. Overall residence time of the reactants can be set by varying the N2 flow to keep the overall flow the same, despite changes in H2 and CO flows.

b. Running H2 in extreme excess removes the rate of reaction’s dependence on it.

i. In the CSTR, an excess of 1:5 (CO:H2) is sufficient.

ii. In the PFR, an excess of 1:10 (CO:H2) is necessary, as the concentration of H2 changes along the length of the reactor.

c. Running CO and H2 in the stoichiometric ratio of 1:3 (CO:H2) couples the rate of reaction’s dependence on the two reactants.

2) Set concentration and vary residence time.

a. Set the overall molar concentrations of reactants based on the desired total volumetric flowrate.

b. Same ideas as in part 1 apply.

Determine the volume of the reactor at room temperature to ensure that very little CO is converted to methane and to prevent possible coking. Doing this at room temperature will give a more accurate measure of volume. 

To determine the kinetics two experiments should be run

a. Constant T and total flow rate; vary one flow and adjust the inert

b. Constant T and CO concentration; vary total flow rate and adjust all flows

Conversion is determined by dividing the value of the IR reading in the run setting by the IR reading in the calibration setting and subtracting this result from 1. 

When running experiments at different temperatures to compare rate law parameters ensure that the total flow rate is kept constant between temperatures (i.e. If you run 1000sccm at 300C, run 1000sccm at 250C). 
Notes:

Conversions obtained in the CSTR were consistently below 10%. Although the reaction can occur at temperatures as low as 100oC we recommend running it at no lower than 250oC.
When running H2 at excess a ratio greater than 1:10 should be used. The previously stated 1:5 excess will result in a sizable amount of H2 still being consumed. 

It is recommended that you re-run a sample set of conditions during the laboratory to ensure that the conversion stays constant and no coking is occurring.  Day-to-day shifts in activity may occur. It is useful to verify data from previous lab sessions when comparing data from different days.  

Experimental Procedure

1) Allow reactor temperature to stabilize.  If the reactor is too hot, a high flowrate of N2 will help to cool it down.

a. Note that heating and cooling times are longer for the PFR than the CSTR.

b. It takes longer to cool the reactor down than it does to heat the reactor. Run lower temperatures first. 

2) Set your desired flowrates in the following order: N2, H2, then CO (to prevent coking).

3) As soon as the flowrate setpoint of CO is entered, begin data logging. (Ensure that the file name is changed for every run or data will be overwritten)
4) Let the reaction run until steady-state, either for five minutes or until an exit CO percent plateau is reached.

5) Stop data-logging.

6) Run a mixture of H2/N2 through the reactor, both to avoid coking and to push any leftover CO out of the reactor.

7) Once the voltmeter again reads zero, the reactor is empty and the next reaction can begin.
Safety

1) Always wear safety goggles

2) Always wear long pants

3) Methane and Hydrogen are extremely flammable

4) All gases used are pressurized

5) Carbon Monoxide can cause asphyxiation
