CM4110 

Praxair Membrane Separation Unit

Experimental Notes

This NitroGEN Economizer Membrane System was donated to MTU by Praxair, Inc. This unit separates air (at about 100 psig and 70oF) into a nitrogen-rich stream and an oxygen-rich stream which both are re-mixed before being vented back into the UO lab. The nitrogen flow controls the P across the membrane.  This unit uses a hollow fiber membrane that allows oxygen to pass through the wall of the fiber faster than nitrogen. So nitrogen mostly stays ‘outside’ of the hollow tube and oxygen is ‘inside’ the hollow tube. This is how we generate a nitrogen rich and an oxygen rich stream. The inside of the hollow fiber membrane is at 0 psig (1 atm absolute pressure).

Get the handout from Tim Gasperich for manufacturer’s information on this equipment. It also discusses the membrane, etc. 

Start-Up

1. The main power disconnect is on the west wall labeled “Praxair Power”. Use left hand rule.

2. Turn on “Main Power” located on front of main control panel. Red light should go on above the switch you just touched.

3. Set to “Purge” on main control panel. 

4. When on “purge”, then the N2 rich stream goes through the membrane, but then mixes with O2 rich stream right after the membrane. Then the O2 rich stream rotameter really measures O2 rich and N2 rich stream, so you get bad mass balance results!

5. Set Inlet Isolation = “off” position. 

6. Open V2 (air vent to atm).

7. Open V1 = air supply.

8. Set Inlet Isolation = “on” position. You might get O2 rich flow out flow meter rotameter jumping (on the right side, says ABB on it). If do, close V2 to about 0.5 psi, then slowly open V2. 

9. Turn heater on. The switch is on the right side of the control panel. This heats the air going into the membrane. 

10. Now purge for 5 minutes. Wait. Watch % O2 decrease on N2 rich stream out until it gets to about 2 %. This is on the main control panel.
11. Then go to “on stream’ on the front of the control panel. You might get O2 rich flow out flow meter rotameter jumping. If so, close V2 to about 0.5 psi, then slowly open V2. 

12. When on “on stream”, then the N2 rich out stream stays separate until just before it vents to atm. So the N2 rich stream rotameter only shows N2 rich flow out. O2 rich rotameter only shows O2 rich flow out. 

13. Now adjust pressure  (Press control: coarse adjust) N2 rich stream out on front center main control panel.  This is a big black knob. If you want to close this valve, you turn it to the left. Assume you want to set this P N2 rich stream out to 8 psig. 

14. Then adjust flow of N2 rich stream (fine adjustment = flow control = smaller knob) out. These two (in step 18) are both related. If you change one, the other will change.

15. Record readings (pressures, temps, flow rates, mol% O2, etc- what do you think you need- for all 3 streams: Air in, N2 rich stream out, O2 rich stream out).

16. Wait at least 10 minutes before collect any data. Repeat again but with a different flow rate by changing the flow control (fine adjustment) on the main control panel. For this flow rate, try to keep the P N2 rich stream out about the same (within 0.5 psig). Next try a 3rd flow rate by changing the flow control (fine adjustment) on the main control panel. 

17. Repeat but with a significantly different P N2 out  (between 8 to 50 psig) and at 1 set flow rate. Record readings. Now change the flow rate some but keep P N2 rich stream out within 0.5 psig of where it just was. Record readings. Next try a 3rd flow rate by changing the flow control (fine adjustment) on the main control panel. Record readings.  You should do at least 4 significantly different pressures of N2 rich stream out.

On the left side of the control panel: O2 Rich Stream Out.

Set P at 5 psig for this analyzer by adjusting the black knob (left side) above Pressure gauge.  Put the rotameter by O2 rich stream out O2 analyzer on about 0.4 to 3. Tim Gasperich has already calibrated this analyzer for you. Set flow to “Sample Gas Mode” (on left side panel). This is where you read the % oxygen in O2 Rich Stream Out.

Front Main Control Panel: N2 Rich Stream Out.
We want at 5 psig for the analyzer P gauge (on front main control panel). To do this, adjust Fairchild valve on front main control panel. This is for the analyzer for the % O2 in the N2 rich stream flow out. 

We want about 100 cc/min on analyzer rotameter (mid range)- adjust flow valve below little rotameter for the N2 Rich Out Stream Analyzer (front main control panel). % O2 on N2 rich stream out is in mole% oxygen.  It is calibrated. Don’t change this!

On the main “center’ control panel the rotameter that says “F” on it measures the N2 rich stream flow rate out. Assume the temp of the N2 rich stream flow rate out is 70oF.

Other items on front center main control panel. 

“Inlet Pressure’ is pressure of air in and is usually 100 to 110 psig. Assume the air inlet temperature is 70oF.

“Outlet Pressure’ is pressure of the N2 rich out stream. A better gauge to use is mounted on the top of the N2 rich out stream rotameter (says “F” on it). 

On the right control panel:
Read the flow rate on O2 rich flow out rotameter (labelled ABB- on right). Assume the temp of the O2 rich flow out is 70oF.

Read the “O2 rich stream out” Pressure  on right by “ABB” rotameter. Should say  0 psig.

Air in flow meter (rotameter). Assume temp of air in is 70oF.

All O2 analyzers display mole%.

Shutdown

1. Turn off heater on side (switch) on control panel. 

2. Turn to Purge- on control panel

3. Off for Inlet Isolation. Now we are draining air out of system (membrane).

4. Turn Main Power Off.

5. Close V1 (air supply).

6. Turn off power switch on wall (Praxair Power). Use left hand rule.

7. Leave V2 (N2/O2 out to vent to atm) open (100% open).

Calculations

1. Do the overall and component mass balances for each case you ran (in lbm/min). How do these values compare? What is the % error? 

2. Calculate the permeability (= rate at which gas passes through membrane fiber wall) for each case you ran. Use units of standard ft3gas/(ft2membrane area.min.psi of P across fiber). The area of the membrane (ft2) is unknown (proprietary) but it is constant in all the cases you ran. 

3. Calculate selectivity (= permeability of O2 in O2 rich stream/permeability of N2 in O2 rich stream) for each case you ran. 

4.  What do you expect to happen. Cite your references. For example, as you increase the pressure of the N2 rich out stream (on the outside of membrane wall), what do you expect the permeability to do, etc.
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