
1.1.0  General 

NASA MSFC is interested in quotes on an analytical instrument for CO2 and water vapor sorption capacity measurements for CO2 removal on spacecraft.  Currently, NASA uses silica gel and zeolite 13X to desiccate the inlet air stream to less than -100 C dew point.  CO2 is removed with zeolite 5A.  The 5A is desorbed via vacuum and heating to 200 C. The desiccants are hot air purge desorbed at 200 C.

This effort will require a fully automatic Volumetric Gas and Vapor Dosing, Mixing, and Analysis System (VGVDMAS) capable of evaluating alternate sorbents and alternate system designs to measure pure gas sorption capacity at all conditions, as stated above, at temperature ranges of -25C to 200C, CO2 pressure ranges up to 10kPa, and H2O pressure ranges up to 2.5kPa.  Additional capabilities will include measuring mixed gas capacities (CO2 and H2O) and measurement of trace contaminants typically found in spacecraft atmospheres on activated carbons and other sorbents. 
Additional NASA requirements are as follows:
Task 1:  
1) Three (3) mass flow controllers for the carrier and sorbate gases (for example N2, He, CO2, O2,) dosed into the balance volume (V1, V2.1, and V2.2 Volumetric flow rate of 5 to 200 mlSTP/min, maximum pressure up to 1 atm). 
2) Three (3) shut-off valves for closing the gas lines coming from V1, V2.1, and V2.2 
3) All necessary preparations (scarring) for one (1) additional mass flow controller for a sorbate gas; to be used / installed at a later time. 
4) A gas saturator located in the heated part of the dosing system that shall be heated by a liquid circulator with a temperature range up to 80°C. 
5) A re-flux cooler in which the gas & vapor flow can be cooled to a temperature below the heater temperature by means of a Peltier element.  

6) Two sensors for measuring the dew point of the mixed gas & vapor flow such that the desired set point for the humidity can be reached and monitored.  The dew point sensor in the vapor pressure conditioning section shall have a dew point range of -40 °C to +90 °C (depending on sensor environmental temperature).  The Relative Humidity (RH) sensor in the MIX-FLOW section shall be selected for maximum range while subjected to the environmental temperature of 80 °C with the goal of having a -80 °C to +80 °C dew point range.
7) A vacuum pressure controller with the controlling range of 500 to 1000 mbar 
a. A rotary vane vacuum pump to be connected to the above pressure controller with the following main specifications: 

· Pumping speed of 2.5 m3/h 

· Ultimate pressure ≤ 0.005 mbar. 
· Connection material for operation to be included.

8) A vacuum pressure sensor with a range up to 2000 mbar and an accuracy of ±0.5%. 

9) An electromagnetically driven controlling valve and a fast PID controller. 
10) A heating system that shall heat the gas saturator, all valves, tubes and sensors that is in contact with the vapor as well as a heated tube for avoiding condensation in the gas & vapor mixture flowing into the volumetric gas mixing and dosing unit in the temperature range up to 80°C. 
11) A cooling trap for condensing the vapor in the carrier gas flow after leaving the volumetric gas mixing and dosing unit and before entering the pressure-controlling valve.
a. A circulating liquid thermostat (Type C&H) for cooling the cooling trap of the above gas & vapor dosing system.
12) A shut-off valve for connecting the dosing system with a vacuum pump for evacuation. 

Task 2: 

1) An accurate pressure sensor for measuring the pressure in the dosing volume (PM1, measuring range 0 to 1 bar). 

2) A dosing manifold (storage tank) made of stainless steel with the same volume as the GFE ARC. MSFC shall design the ARC between 130 ml and 500 ml and provide the ARC Volume after the completion of design.  
3) A gas circulation pump with magnetically coupled motor connection for circulating the gas & vapor mixture through the dosing volume and the GFE ARC. 
4) Two shut-off valves for closing the connection from the static volumetric gas dosing part to the GFE ARC. 
5) Two (2) shut-off valves for closing the connection from the external gas & vapor dosing and pressure controller to the static volumetric gas dosing part. 
6) A capacitive RH sensor for continuous monitoring the humidity of the gas mixture circulated in the static volumetric gas dosing part.

7) A gas sampling valve for taking a gas & vapor mixture sample from the atmosphere in the dosing system for external composition analysis.
8) Gas Chromatograph with the following specifications: 

· GC oven for the temperature range room temperature up to 400°C 

· Split / Splitless injector, flow range 0 – 1000 ml/min (/He)

· Thermal conductivity detector (TCD)

· GC column (will be chosen according to specified gas mixture)

· PC and software package for operation and data treatment with automatic and manual integration; calibration with internal and external standard; smoothing, comparison and subtraction of chromatograms; report generation tool; etc.

· The gas chromatograph specifications will be fixed after specifying the gas mixtures of interest.
9) A heater for heating the dosing system to a temperature of up to 80°C for constant thermal conditions in the gas dosing system. 
10) Measurement automation and data acquisition system that includes the following or proposer’s equivalent:

·   System Control Software (SCS)

· 1 (one) Dell 3020 mini tower with Intel® Core i5 processor complete with:

· 4GB of memory (RAM)

· 500GB hard drive

· Windows 7 professional Operating System (64-bit) (English)

· 16x DVD-ROM drive

· Dell E-series 24” monitor

Task 3: 
Contractor shall pick up, 1 (one) Adsorption/Reaction Chamber (ARC) complete with an adsorbent bed and a Temperature Control System (TCS) capable of controlling  the temperature adsorbent bed from -25 to 200°C.  The contractor shall integrate the ARC, complete with an adsorbent bed and TCS externally with the VGVDMAS for functional testing at their facility.  
Task 4: Functional Testing of the FMFG&V-LP at the contractor facility 
After fabrication, assembly, and integration of the ARC, complete with an adsorbent bed and TCS, GC, with the MFG&V-LP is completed, shakedown testing shall be performed to check for system/component performance, i.e. gas flow, leaks, electrical, heating, power, thermal, and any issues, etc., to confirm that the VGVDMAS and its integrated components have not been compromised during the integration effort.  
The contractor shall perform sufficient testing at the contractor’s facility to establish the capabilities of the VGVDMAS to obtain accurate equilibrium capacity data for pure carbon dioxide, pure water vapor, and mixed carbon dioxide and water vapor at temperatures from -25 to 200°C and sorbate pressures from the low range of the sensing instruments to that approaching saturation. Success criteria shall be based on a favorable comparison with data available in the open literature.
1.1.1 Payment Schedule

 TBD
1.1.2 GFE Items

The contractor shall pick-up GFE items as described in Task 3 at MSFC.
1.1.3 Deliverables
· GFE items as stated in Task 3.

· Telecons shall be held to update NASA-MSFC of the development status at the discretion of the MSFC technical lead.

· Monthly status reports shall be provided to the NASA-MSFC technical lead.  At the discretion of the MSFC technical lead PowerPoint or e-mail is acceptable.
· Contractor shall provide to MSFC within 2 months of Authority to Proceed, the facility requirements such as, but not limited to, gases, liquids, vacuum, cooling, electrical (amps, watts, volts) size of unit (HxWxD), and all necessary hardware/software, hook-ups, facility connections, etc. needed for a complete and successful installation and test run at building 4755.
· 1 (one) Volumetric Gas and Vapor Dosing, Mixing, and Analysis System  capable of a vapor pressure equivalent to a dew point of 80°C per task descriptions 1 – 4 delivered to NASA-MSFC.

· Contractor shall install 1 (one) VGVDMAS volumetric gas & vapor dosing and mixing system complete with all integrated components in building 4755.  
· Contractor shall provide a detailed and comprehensive user training of the VGVDMAS volumetric gas & vapor dosing and mixing system to include conducting a test run, per MSFC specifications at building 4755 after installation.
· Contractor shall provide a written 12 months warranty on all parts and labor.
· Associated documentation such as, but not limited to, schematics, drawings, parts list, user manuals, storage, operating instructions, system/component capability/limitations, stipulations, qualifiers, issues etc. 
1.1.4 Period of Performance

6 months from Authority to Proceed (ATP).
2.0   TRAVEL
· NASA-MSFC reserves the right to visit the Contractor facility to review the development and/or testing progress.
· Contractor shall travel to NASA-MSFC to install the VGVDMAS instrument in building 4755.  
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