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Chemisorption Unit 

Standard Operating Procedure 

Lab: 270 Davenport 

Department: Chemical and Biomolecular Engineering 

PI/Manager of Space: David W. Flaherty 

Written By: Jimmy S. Shih and Neil M. Wilson 

Section 1: Overview 

Type of SOP:    ☒Process  ☐Hazardous Material  ☐Hazardous Class of Materials ☒Equipment  

Synopsis:  

This SOP is designed to teach how to load, unload, and leak check the chemisorption unit as well as make 

the user aware of any potential hazards. 

Section 2: Risk Assessment Summary (Hazards and control measures) 

Information obtained from performing a risk assessment should be entered into this section. 

 

Materials: 

Material (name, CAS #, other ID) Hazards 

CO Highly toxic 

H2 Flammable 

 

Relevant References for Material Hazards: 

CO:http://www.praxair.com/~/media/North%20America/US/Documents/SDS/Carbon%20Monoxide%20C

O%20Safety%20Data%20Sheet%20SDS%20P4576.pdf 

H2: http://avogadro.chem.iastate.edu/MSDS/hydrogen.pdf 

 

Equipment Hazards:   

Multiple electronics within the system could pose as a potential ignition source. Take care not to expose the 

turbo pump to any pressures above 0.2 torr. 

Hazardous Conditions: 

This system could potentially contain H2 and O2 at high pressures. Ensure that they are not fed into the 

manifold together. CO is present and can be highly toxic. The CO detector will go off if there is a leak. 

Evacuate immediately if there is a leak. 

 

Technique Hazards: 

None. 
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Personal Protective Equipment 

Safety glasses.  

 

Engineering Controls 

CO detector. Fume hood cabinet for CO cylinder. 

 

Section 3: Procedures 

Loading, Evacuating, and Leak Checking the Reactor 

1. When chemisorption system has been idle, pressure should read from “-.003” to “+.000” Torr. If 

it does not read in this range, try changing the channel of the controller/readout device. If it is 

still not in this range, or the reactor is not attached to the system, proceed to step (4). 

 

 

 

 

 

 

 

 

2. Isolate the reactor from the pumps and manifold 

by closing V-5, V-6, and V-7 (turbo pump, roughing 

pump, and reactor). Prepare a clean area to work 

with and place a large kimwipe down.  

 

3. Remove the reactor by turning the wingnut on the 

aluminum clamps. Once these are removed, the 

vacuum may still hold the reactor relatively tightly. 

To release, open V-8 (Exhaust Valve) to introduce 

some air into the system, and the reactor should 

come off easily. Be careful not to drop the reactor 

and O-rings within. 

 

4. Use acetone and kimwipes to gently clean the Quick Flange (KF) connections on both sides of 

the reactor, making sure there are no particles or grease. If the pressure of the system was not 

near 0 Torr, make sure to isolate the manifold once again by closing all valves. If the pressure is 

above 100 millitorr, open valve V-6 (roughing pump) until the pressure reaches 100 millitorr. 

Once the pressure is below 100 millitorr, open valve V-5 (turbo pump) and close valve V-6 

(roughing pump) until pressure is around 0 Torr.  I 

Reactor 

Channel Selection 

Pressure Readout 

Aluminum Clamp 
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5. Add desired catalyst into the 

reactor (400-500 mg), on top of the 

frit. The catalyst may stick, and you will need to gently tap the side of 

the glass until it falls down. 

6. Clean the KF connections again after adding your catalyst. 

7. Use glass wool to block the catalyst from leaving the reactor. This will prevent the catalyst from 

being entrained by the gas and the glass wool should be compacted into a small “wad,” but not 

too compact as to block flow completely. Use the thin metal rod (pointy end) to push the glass 

wool into the KF connection.  

8. Place the O-rings back onto the KF connections without touching the rubber outside. The O-

rings should be clean; if they are not, use a kimwipe to wipe the surface, including the vacuum 

grease. Then using your finger, apply a thin layer of vacuum grease onto the O-ring. 

 

 

 

 

 

 

 

 

 

 

9. Attach the reactor back onto the chemisorption unit using the aluminum clamps. Finger tighten 

the wingnut until it can go no further (You do not need to crank down, nor should you require 

tools). Be careful not to put torque or pressure on the fragile glass reactor. Support your actions 

on the metal surfaces. 

10. Make sure that the manifold is isolated. This means that all valves except V-7(reactor) should be 

closed. 

11. Open V-6 (roughing pump) all the way. The pressure should begin to decrease. At around 10 

torr, you should change channels on the pressure controller to the lower reading. 
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12. Once the pressure is below 100 millitorr, open valve V-5 (turbo pump), then close valve V-6 

(roughing pump). Pressure should continue to decrease until in the range of “-.003” to “+.000” 

torr. 

13. To test the flow of gas, open the valve for the gas you would like to dose (V-1, V-2, V-3, V-4). 

Once the pressure gets close to 760 torr, open the exhaust valve. There should now be a steady 

flow of gas and the catalyst bed should be fluidized. 

14. Using the lab jack, raise the furnace so that the catalyst is completely immersed. In other words, 

raise the furnace until the thinner portion is completely inside the furnace and you can basically 

not raise it anymore. 

15. Place the heating blanket over the furnace and tuck it in as best you can. 

16. Start your heating profile using the temperature controller. 

17. For example, H2 uptake for < 1 nm SEA Pt nanoclusters can be done by the following: Heat at 

0.05 K s-1 until reaching 473 K. Soak for 30 minutes. 

18. Once finished, we will begin to desorb the adsorbents. 

19. Close the gas delivery valve that was opened in step 12. Then close V-8 (exhaust). At this point 

all valves except V-7 (reactor) should be closed 

20. Evacuate the system by opening V-6 (roughing pump) all the way. The pressure should begin to 

decrease. At around 10 torr, you should change channels on the pressure controller to the lower 

reading. 

21. Once the pressure is below 100 millitorr, close valve V-6 (roughing pump), then open valve V-5 

(turbo pump). Pressure should continue to decrease. Let this pump down for 15 minutes. 

22. Lower the furnace using the lab jack. Move away from the reactor so that convective heat does 

not affect the reactor temperature.  

23. Attach the thermocouple to the nipple of the reactor (be careful it’s HOT). 

24. Let the reactor cool for 15 minutes while continuing to evacuate with the turbo pump. 

25. Isolate the system by closing V-5 (turbo pump) and V-7.  

26. Leak a small amount of gas into the manifold by opening the desired valve. 

27. When the correct pressure is achieved in the manifold close the gas delivery valve, record the 

manifold pressure, then expand into the reactor by opening valve V-7 

28. Wait 10 minutes, record the pressure, then close valve V-7 

29. Repeat steps 26-28 until a full adsorption curve has been achieved (uptake is close to 0 for 

additional gas expansions at higher pressures) 

Section 4: Waste Disposal/Cleanup 

None. 

 

Section 5: Emergency Response 

If the CO detector goes off evacuate the area, alerting others to the danger. 
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Training Documentation 

Signing this document means that you have read and understand all aspects of this Standard Operating Procedure. 

The supervisor is the person that acknowledges you took the training and understand the procedure. They can be a 

lab manager or researcher assigned by the PI to oversee this particular SOP. 

Name (Printed) Name (Signed) Supervisor Date 

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 


