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1 Introduction

1.1 Purpose

This procedure provides instructions for regeneration of the LArIAT filter.  The LArIAT filter bed consists of a 50-50 mix of Sigma-Aldrich 4A molecular sieve (water removal) and BASF CU-0226 S (oxygen removal).  

1.2 Scope

This procedure covers only LArIAT filter regeneration.

2 Precautions and Limitations

A. It is assumed that an operational readiness clearance has been obtained.

B. The liquid argon dewar should be at about 40 psig (22 psig min/60 psig max) and must contain sufficient gas and liquid to carry out this procedure.

C. The GAr/H2 tube trailer should be connected to the system.  Only two trailer tubes should be open to the system at any given time to prevent accidently venting the entire trailer.  

D. Do not open FCV-653-A or FCV-424-H while they are under vacuum.  It is not recommended by the manufacturer.

E. If the filter bed has been exposed to ambient air the oxygen filter material will be saturated.  Introduction of too much of the 2.5%H2/Ar mixture will cause substantial self heating due to the exothermic regeneration reaction.  Bed temperatures above 250 oC will damage the oxygen filter material by sintering the copper and greatly reducing surface area.  A rule of thumb established by LAPD is 0.25% H2 balance Ar introduced at a rate of 200 volume exchanges per hour for safe regeneration of a saturated filter.   

F. If a regenerated or partially loaded filter bed is exposed to ambient air the reaction that removes oxygen from air is exothermic and the self heating can damage the oxygen filter material by sintering the copper and greatly reducing surface area.  To repair a filter a 1 SCFH of air should be bled into the filter over several days to saturate the filter in a controlled manner prior to opening it up to atmosphere.  

3 Prerequisite Actions

3.1 Documents

[1] Flow schematics, drawing 9219.100-ME-497449 sheets 1 thru 3.

[2] Initial Piping Purge and Clean Up procedure must be completed.  

3.2 Special equipment, tools, parts, and supplies

[3] A dry scroll vacuum pump must be available with a hose and fittings to connect to HV-420-A.

3.3 Special approvals

[4] Obtain approval from Jason St. John or the LArIAT run coordinator.  Filter regeneration will stop the flow of liquid argon to the cryostat and the TPC detector will be uncovered such that data taking will not be possible.  

3.4 Special training

[5] Attend training course xyz

4 Procedure

4.1 Filter Regeneration

[6] HV-425-A, HV-423-Ar, HV-422-A, HV-427-A, HV-411-A, HV-420-A should be closed.  

[7] Close LCV-105-A.  

[8] If there is liquid argon in the filter allow the filter to boil off either thru the cryostat and out PCV-220-A or open HV-228-A and again vent out PCV-220-A.   The liquid argon has boiled off once TE-194-A indicates a temperature greater than 130 K.  

[9] Close HV-301-A and HV-300-A.  

[10] Open valve V-6 if its not already open.  

[11] Make sure mass flow controllers FCV-653-A and FCV-424-H are set to provide zero flow.  

[12] Open HV-427-A, HV-411-A, HV-422-A, and HV-425-A.

[13] Set FCV-653-A to a flow of 9.2 SCFM Ar and allow the mass flow controller to establish a stable flow.  

[14] Once a stable 9.2 SCFM flow of Ar is established set HE-416-A and HE-412-A to 55% power with a 195 oC set point.  

[15] Close HV-849-A and HV-848-A.  Open HV-822-A, and HV-856-A.  Start Vapor Compressor 2 and set the control loop for PVC-852-A to maintain the Vapor Compressor 2 discharge pressure at 25 psig.  Set FCV-857-A to a flow of 5 SCFH.  This will pull gas from the regeneration vent thru AT-605-H2O allowing it to sample the dewpoint in the regeneration vent.  

[16] Allow the filter bed to warm up.  Once the filter bed is above 150 oC but below 200 oC its ready for the introduction of the 2.5%H2/Ar mixture.  If any part of the filter bed reaches 225 oC reduce heater power to lower the bed temperature.  

[17] Once the filter bed is between 150 oC and 200 oC open HV-407-H and set FCV-424-H to 0.8 SCFM 2.5%H2/Ar mixture.  Reduce FCV-653-A from 9.2 SCFM to 8.3 SCFM of Ar.  

[18] Observe the filter bed self heating due to the regeneration reaction.  A temperature bump of about 10 oC should be observed at each temperature sensor in the bed as the regeneration wave passes thru the filter bed.  

[19] Once the regeneration wave has passed thru the filter increase the flow of FCV-424-H to 1.7 SCFM of the 2.5%H2/Ar mixture.  Reduce FCV-653-A from 8.3 SCFM to 7.5 SCFM of Ar.  If no additional self heating is observed the regeneration is complete.  If additional self heating is observed continue regeneration until the self heating stops.    

[20] Turn off HE-416-A and HE-412-A when the regeneration is complete.  Unplug heater control box AC power to prevent the heaters from accidental powering. 

[21] Set the flow on both FCV-424-H and FCV-653-A to zero SCFH.  

[22] CLOSE HV-427-A, HV-411-A, HV-425-A.

[23] Shut off Vapor Compressor 2.  Close HV-426-A, HV-822-A, and HV-848-A.  

[24] Connect a dry scroll pump to HV-420-A.  Open HV-420-A and vacuum pump on the filter while it cools.  

[25] After the filter bed temperature drops below 75 oC (350 K) close HV-420-A to isolate the vacuum pump.

[26] Open LCV-105-A to back fill the evacuated filter with argon gas from the dewar.  

[27] Start procedure XXXXXXXX. 

